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DEPARTMENT OF THE AIR FORCE PLAN OF INSTRUCTION J3ABR56631 000
USAF TECHNICAL TRAINING SCHOOL (ATC) (PDS Code AWT)
SHEPPARD AIR FORCE BASE, TEXAS 76311 4 June 1984

FOREWORD

1. PURPOSE: This publication is the plan of instruction (POI) when the pages
listed on page A are bound 'Into a single volume. When separated into units of
instruction, it becomes the lesson plan/part lc The POI contains the
qualitative requirements for course J3ABR56631 000, Environmental Support
Specialist, in terms of objectives for each unit of instruction and shows
planned time, training standard correlation, and support materials and guidance.
This POI was developed according to ATC 52-18.

2. COURSE DESIGN/DESCRIPTION: The instructional design for this course is
Group/Lock Step. This course trains airmen to perform duties prescribed in AFR
39-1 for Apprentice Environmental Support Specialist, AFSC 56631. Training
included an introduction to water and wastewater processing, instruction in
water and wastewater analysis, operating principles of water treatment plants,
operating principles of wastewater treatment plants, and maintenance of water
and waste processing system components. In addition, military training on
traffic safety education, commander's calls and physical conditioning.

3. REFERENCES: This POI is based on Specialist Training Standard, 566X1,
Feb 79 and Course Chart J3ABR56631 000, 7 Jun 83.

4. Deviation from the sequence of instruction listed in this POI is authorized
when it is necessary to minimize the detrimental effect of adverse weather,
inoperative equipment, or other factors of temporary duration which would
otherwise cause training deficiencies.

ID Colonel, USAF
Commander, 3770 Technical Training Group

315iiiiBbs POI J3ABR56631, 9 February 1983
OPR: Electrical Branch
Prepared by: James W. Phillips
DISTRIBUTION: Listed on Page A



J3ABR56631 000, 4 June 1984 is changed as follows:

1. Remove replaced or deleted pages and insert changed and new pages according
to listing on page A.

2. The asterisk (*) indicates that the page is a replacement or addition or has
been changed by this change notice.
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WILLIAM W. MILLER, Col, USAF
Commander 3770 Technical Training Group

6



PLAN OF INSTRUCTION/LESSON PLAN PART I
nTIAME 0 Ir INSTRUCTOR I COU RSE TI TL E

I Environmental Support Specialist
BLOCK TITLE

Environmental Fundamentals and Support Equipment
L COURSE CONTENT 2. TIME

. Course Orientation

a. Welcome

b. TDY Student Processing

(1) Necessity of clearing through in-processing

(2) Instructions for completion of STTC Form 120

(3) Attendance is mandatory unless officially excused

(4) Student departure from training for personal reasons:
A TDY military or civilian student who aband9ns his or
her training mission prior to completion, for personal
reasons, will be responsible for part or all of the
travel and living expenses. (Ref: Joint Travel Regu-
lations, paragraph C4464 for civilian personnel and the
Comptroller General Decision, 49 Comp Gen 663, for
military members.)

c. Overview of Course Content and Administration

d. Types, Use, and Care of Training Literature

e. Effective Study Techniques

f. Benefits of Community College of the Air Force

g. Exercises, General Safety, and Conservation While in the
Training Areas

h. Branch/Course:

(1) Policies and directives pertinent to attendance in
technical training courses.

(2) Contact who will assist the student in resolving
problems during duty hours.

(3) What is expected of students in school.

2

Day 1
(2)

,
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(4) School schedules.

(5) School grading; student testing, progress checks,
and student recognition program

(6) Washback, proficiency advancement, special individual
assistance, counseling and elimination.

(7) Proper dress and personal appearance while in training
areas.

i. Student Critique Program

j. Fraud, Waste and Abuse

k. Sexual Harassment

SUPPORT MATERIALS AND GUIDANCE

Student Instructional Materials
1773711756671715-0-7-777iFiTtTrientation
ATC PT 52-11, Study Skills

_TEirlirla_kigg1941
(i.5 hrs)

Performance (.5 hr)

Instructional Guidance
Welcome the students to the course. Begin orientation and distribute SW,
WB and PT. Explain the course and class name and number. Give an overview
of the course and explain what is taught in each area. Have the students
complete orientation exercise. Show students the fire exits, break areas,
tornado shelter, latrines and immediate course areas.

J3ABR56631 000 I 1 4 June 1984 2



PLAN OF INSTRUCTION/LESSON PLAN PART 1
AM E 0 r INSTRUCT° k COU RSE TI TI. E

Environmental Support Specialist
BLOCK TITLE

Environmental Fundamentals and Support Equipment
L COURSE CONTENT [2. TIME
2. Career Ladder

a. Given an extract from AFR 39-1, select information that
(.describes the duties and respoilsibilities of the 566X1 Career
Field. Four of the five must be correct. STS: lb MEAS: PC_

(1) Specialty Summary

(2) Duties and Responsibilities

(3) Qualifications

b. Using the 566X1 career field ladder, list the AFSC titles
and the methods of advancing from one step to another. Ten of
fourteen must be correct. STS: la MEAS: PC

(1) AFS code digits

(2) Steps of an AFSC ladder

(3) Methods of upgrading from one step to another

SUPPORT MATERIALS AND GUIDANCE

(1)

(1)

Student Instructional Materials
SW J3ABR56631 000-1-2, Career Ladder
Audio Visual Aids
Training Film: FLC 7/100, The Gifts

Training Methods
Lecture/Discussion (1 hr)
Performance (1 hr)

Instructional Guidance
Show film, The Gifts, before starting first objective. Discuss
the duties and responsibilities as described in AR' 39-1. Discuss
the digits that make up an AFSC. Present an AFSC ladder and dis-
cuss how each step may be obtained. Discuss the training required
to progress through the career field. Use progress checklist to
evaluate students.
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PLAN OF INSTRUCTION/LESSON PLAN PARTI
NV F IN RU TOR COU RSE II TL E

Environmental Su. ort S ecialist
BLOCK TITI. E

Environmental Fundamentals and Support Equipment
L COURNOMMTENT 2 TIME

. Civil Engineering Management

a. Given four statements, select the one that
the BCE mission. STS: 5a MEAS: PC

(1) Mission of CE Units

(2) PRIME BEEF

(3) RED HORSE

b. Given an incomplete BCE organizational structure
complete the chart by writing the names of the missing
areas in the appropriate spaces. Three of five
STS: 5a MEAS: PC

(1) Branches

(2) Sections

(3) Units

c. Using a representative list of functions,
and a list of CE units, match the functions and
to the CE unit to which they apply. Six of nine
STS: 5b MEAS: PC

(1) Functions and responsibilities

(2) Units

d. Define property accountability and responsiblity.
MEAS: PC

(1) Pecuniary liability

(2) Custodial responsibility

(3) Property accountability

SUPPORT MATERIALS AND GUIDANCE

best identifies

chart,
functional

must be correct.

.

responsibilities
responsibilities
must be correct.

STS: 5c

3

(.25)

(I)

(.75)

(1)

Student Instructional Material
ManagementSW J3ABR56631 000-1-3, Civil Engineering

SUPERVISOR APPROVAL OF LES 2 N P ..
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Training Methods
Lecture/Discussion (1.5 hrs)
Performance (1.5 hrs)

Instructional Guidance
Discuss the Base Civil Engineering organizational structure, policy, and
function. Discuss the pecuniary liabilities, property accountability and
custodial responsibilities of Air Force personnel. Complete PC J3ABR56631
000-I-3a, b, c, d. Use progress checklist to evaluate students.

Instructional Reference Material
AFR 67-10, Responsibility for Management of Public Property in Possession of

the Air Force
AFR 85-10, Operation and Maintenance of Real Property

J3ABR56631 000 I 3 4 June 1984 6
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. PLAN OF INSTRUCT1ON/LESSON PLAN PARTI
NAME 0 r INSTRU-CTOR COURSE TITLE

Environmental Support Specialist
BLOCK TITLE

Environmental Fundamentals and Support Equipment
L COURSE CONTENT 2. TIME

4. Security (OPSEC)

a. Given information pertaining to
activities related to AFSC 566X1, select
indicate OPSEC vulnerabilities. STS:

(1) Secure areas

(2) Contingency operations

SUPPORT MATERIALS AND

the operational
three

2f MEAS:
activities which

PC

Support Career
complete

of AFSC 56631 to
students.

EV.
SIGNATURE AND DATE

1

(1)

GUIDANCE

Student Instructional Materials

have students

to evaluate

OF L MON

SW j3ABR56631 000-1-4, Security

Training Methods

(OPSEC)

the Environmental
and
Vulnerabilities

checklist

Lecture/Discussion (.5 hr)
Performance (.5 hr)

Instructional Guidance
Discuss the vulnerabilities of
Field to possible OPSEC violations
Progress Check J3ABR56631 000-I-4a,
OPSEC Violations. Use progress

SUPERVISOR APPROVAL

SIGNATURE AND DATE

-

P01 NUMBER

J3ABR56631 000
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I
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PLAN OF P4STRUCTION/LESSON PLAN PART I
NAMEOF INSTRUCTOR COU RSE T1 TL E

Environmental Support Specialist
BLOCK TITLE

Environmental Fundamentals and Support Equipment

. COURSE CONTENT 2. MAE

5. Technical Publications

a. Use numerical indexes
title of a manual, a regulation
numbers are known, with no
STS: 3a MEAS: PC

and requirement tables, locate the
znd a technical order when the

more than three instructor assists.

publications

publications

of indexes

indexes

a technical order and a
the answer to a given problem with
assists. STS: 2b, 5h MEAS: PC

technical publications

of equipment and units

publication file

to a technical order defi-
should be taken to correct the
must be correct. STS: 3d MEAS:

for reporting technical order

GSA supply catalog and an incomplete
locate and list the miss-

than two instructor assists.

of supply catalog

catalog

PC

6

Day 2

(2)

(2)

(1)

(1)

(1) Purpose of technical

(2) Types of technical

(3) Identification

(4) How to use the

b. Using a manual, a regulation,
commercial publication, find
no more than three instructor

(1) Proper use of

(2) Identification

(3) Maintain commercial

c. Given information pertaining
ciency, select the action that
deficiency. Three of the four

(1) Who is responsible
deficiencies

(2) AFTO Form 22

d. Using the parts of a
list of stock numbers and nomenclatures,

ing information with no more
STS: 3c MEAS: PC

(1) Purpose and advantages

(2) Parts of a supply

SUPERVISOR APPROVAL OF L P

SIGNATURE AND DATE SIGNATURE AND DATE
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(3) How to use a supply catalog

SUPPORT MATERIALS AND GUIDANCE

Student Instructional Materials
SG AF5 53, 54, 55, 56, Publications
AFR 0-1, Numerical Index of Standard and Recurring Air Force Publications

AFR 39-1, Airman Classification Regulation
AFR 91-26, Maintenance and Operation of Water Supply, Treatment and

Distribution Systems
AFM 91-32, Operation and Maintenance of Domestic and Industrial Wastewater

Systems
TO 0-1-01, Numerical Index, Alphabetical Index Cross-Reference Table
TO 0-1-02, General Technical Order
TO 00-5-1, Technical Order System
TO 00-5-2, Technical Order Distribution System
TO 40W4-9-1, Operator and Organizational Maintenance Manual WPU Trailer

Mounted 600GPH
TO 40W4-9-14, Organizational Maintenance Repair Parts and Special Tool Lists,
TO 40W4-13-1, Water Purification Unit, Reverse Osmosis 600GPH Trailer

Mounted
AFTO Form 22, Technical Order System Publications Improvement Report and

Reply

GSA Catalog

Training Methods
Lecture/Discussion (3.0 hrs)
Performance (3.0 hrs)

Instructional Guidance
Discuss the TO system and how to identify and use the indexes. Assist
students in locating publication information pertaining to Progress Checks.

Explain the Air Force regulation and manual system and how to use Air Force
Regulation 0-2. Explain the purpose and use of regulations, manuals, and
commercial publications. Explain the GSA catalogs and how to use them.

Assign Progress Checks. Use progress checklist to evaluate student.

J3ABR56631 000 1 5 12 May 86 (Chg) 10
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. PLANOF INSTRUCTION/LESSON PLAN PARTI
NAMEOF INSTRUCTOR COURSE TITLE

Environmental Support Specialist
BLOCK TITLE

Environmental Fundamentals and Support Equipment

,

. COURSE CONTENT 2. TIME

6. Safety Program and Accident Prevention

a. Identify two basic facts about the Air

Accident Prevention Program. STS: 6a MEAS:

(1) Purpose of the safety program

(2) Consequence of unsafe acts

(3) Main points in the accident prevention

b. Given a list of shop and plant safety
method of eliminating each hazard in accordance
directives with no more than one instructor assist.
MEAS: PC

(1) General shop and plant safety hazards

(2) Specific shop and plant safety hazards

(3) The use of protective clothing and

SUPPORT MATERIALS AND GUIDANCE

Force Safety and

PC

program

hazards, write the
with Air Force

STS: 6b

equipment

and accident
and hazards in

the proper care and
the removal of

students.

Supply, Treatment and

and Industrial

2

Day 3

(.5)

1.5)

,

Student Instructional Materials

a good safety
ground safety

Explain
Emphasize

to evaluate

of Water

of Domestic

SG AFS 54, 55, and 56, Safety,

Training_Methods

All Courses

of

general

plants.
equipment.

checklist

Lecture/Discussion (1 hr)
Performance (1 hr)

Instructional Guidance
Explain the purpose and advantages
prevention program. Dlscuss
and around water and wasZewater
utilization of shop tools and
all jewelry. Use progress

Instructor Reference Materials

AFR 91-26, Maintenance and Operation
Distribution Systems

AFM 91-32, Operation and Maintenance
Wastewater Systems.

SUPERVISOR APPROVAL OF LES_SCB.Elati

SIGNATURE AND DATESIGNATURE AND DATE
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PLANOF ItISTRUCT1ON/LESSON PLAN PARTI
IN lit'-03064 COU RSE T1 Ti.. E

Environmental Support Specialist
BLOCK T1 TL E

Environmental Fundamentals and Support Equipment
. COURSE CONTENT 2. TIME

7. Corrosion Control

a. Using information pertaining to corrosion,
and the types of corrosion. Five of eight must
MEAS: PC

(1) Corrosion Process

(2) Types of Corrosion

b. Identify the three methods used to control
process. STS: a MEAS: PC

(1) Design

(2) Cathodic Protection

(3) Protective Coating

SUPPORT MATERIALS AND GUIDANCE

list the causes
be correct. STS: Cj

the corrosion

Protection

and the methods of
the principles of

gmphasize the main
the training films.
progress checklist

)ay 3
(2)

(2)

Student Instructional Material

Utility Corrosion

and explain

Show
Use

SW J3ABR56631 000-I-7,torrosion

Audio Visual Aids

Control

of Prevention
Works

types of corrosion
the types

protection.
films.

check.

Training Film: 28117, An Ounce
Training Film: 1F6142, Public

Training Method
Lecture/Discussion (3 hrs)
Performance (1 hr)

Instructional Guidance
Discuss the factors and the
preventing corrosion. Name

operation of each type of cathodic
points to look for in the training
Have students complete the progress
to evaluate students.

SUPERVISOR APPROVAL Op LESSON PLAN

SIGNATURE AND DATE SIGNATURE AND DATE
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PLAN OF INSTRUCT1ON/LESSON PLAN PARTI
NAME OF INSTRUCTOR COU RSE TI TL E

Environmental S 'sort S.ecialist
BLOCK 11TLE

Environmental Fundamentals and Support Equipment
.

COURSE CONTENT 2. TIME

8. Hand and pecia oots

a. Given a list of tasks and a list of tools,
that should be used to complete each task. STS:

(1) Types of common handtools

(2) Uses of tools

(3) Safety of tools

(4) Care of tools

(5) Tool inventory

b. Given an electric grinder, a checklist
form the required inspection and maintenance on
more than one instructor assist. STS: 7b MEAS:

(1) Inspection requirements

(2) Maintenance requirements

* Physical Conditioning

SUPPORT MATERIALS AND GUIDANCE

select the tool
7a MEAS: PC

and handtools, per-
the grinder with no

PC

3

(1.5)

1.5)

(1.0)

Student Instructional Material
ToolsSW J3ABR66631 000-1-8, Hard

Audio Visual Aids

and Special

of HandtoolsTraining Film: TF 1-4603 ABCs

Training Method
Lecture/Discussion (1.5 hrs)
Demonstration (.5 hr)

Performance (1.0 hr)

SUPERVISOR APPROVAL 0 LE 2 , - .

SIGNATURE AND DATE SIGNATURE AND DATE

Iet.00c
I
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8
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Instructional Guidance
Identify and discuss common handtools, their purpose and the correct way to

use them. Emphasize that there is a right tool for each job and you must use

the right tool. Show the film and give a brief demonstration on how to use
handtools using parts of the pump trainer as demonstration support equipment.
Complete progress check on handtools. Stress safety when working with tools.
Use progress checklist tc evaluate students. The instructor will assist with
the most difficult parts of the task.

J3ABR56631 000 I 8 12 may 86 (Chg) 16



PLAN OF INSTRUCTION/LESSON PLAN PART I
F IN RU TOR

..--
COU RSE n 11..E

Environmental S siort "mecialist
BLOOC TITL E

Environmental Fundamentals and Support Equipment
. COURSE CONTENT 2. TIME

9. uperation and maintenance of -Water
Support Equipment

a. Given four control devices, identify,
the function and operation of each.

(1) Purpose of control devices

(2) Types of control devices

(3) Function and operation of

(4) Preventative maintenance

b. Identify the purpose, operating
tenance requirements for air compressors.
correct. STS: 11a(8), 11b(8) MEAS:

and Wastewater Treatment

inspect, and state
STS: 11a(5), 11b(5) MEAS: PC

control devices

procedures

features and operator main-
Three of the five must be

PC

types and inspection
STS: 11a(9), 11b(9) MEAS: PC

about various valves,
valve. Seven of the ten

PC

38

Day 4

(2)

(1)

(1)

(1)

(1) Purpose of air compressors

(2) Operating features

(3) Operator maintenance

c. Using AFR 91-26, list the purposes,
procedures for water storage tanks.

(1) Purposes of storage

(2) Types of storage tanks

(3) Inspection of storage tanks

d. Given a set of incomplete statements
make written responses to identify each
must be correct. STS: 11a(2) MEAS:

(1) Purpose of valves

(2) Types of valves

(3) Valve components

SUPERVISOR APPROVAL 0 L. 2

SIGNATURE AND DATE SIGNATURE AND DATE
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e. Given a check valve, disassemble, inspect, and reassemble
the valve with no more than one instructor assist. STS: 11b(2)

MEAS: PC

(1.5)

(1) Types of check valves

(2) Maintenance of check valves

f. Using a gate valve on the pump trainer, remove and replace (1.5)

the valve packing to prevent water leakage, with a maximum of two
instructor assists. STS: 11b(2) MEAS: PC

(1) Replace packing

(2) Maintenance
Day 5

g. Using AFR 91-26 and information pertaining to electric motors (3)

and power connectors, list the operational checks and operator main-
tenance requirements for the motors and connectors. STS: 6b, 7b,

11a(7), 11b(7) MEAS: PC

(1) Operational checks

(2) Power connections

(3) Maintenance

h. Given information pertaining to chemical feeders, identify
the three types of chemical fEeders by completing written statements.
STS: 11a(3)(a), 11a(3)(b), 11a(3)(c) MEAS: PC

(1) Purpose of chemical feeders

(2) Types of chemical feeders

i. Given chemical feeders and working as a team. Perform the

required maintenance on the chemical feeders with a maximum of five
instructor assists. STS: 11b(3)(a), 11b0)(b), 11b(3)(c ) MEAS: PC

(1) Safety precautions and tool selection

(2) Preventive maintenance

(3) Disassemble/Inspect/Reassemble

(1.5)

(2.5)

J3ABR56631 000 I 9 12 May 86 (Chg) 18
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* Physical Conditioning (1)

j. Given information pertaining to different types of
measuring devices, write the function and application of each
and record a meter reading. Five of the seven must be correct
STS: 11a(4) MEAS: PC

(1) Types of measuring devices

(2) Reading meters/recorders

k. Given a meter, disassemble, inspect and reassemble the
meter using a checklist or manufacturer's brochure with no more
than one instructor assist. STS: 11b(4) MEAS: PC

(1) Servicing meters/recorders

(2) Disassembly/reassembly procedures

1. Monitor the operation of selected backflow preventers
and list four methods of backflow prevention with no more than
one instructor assist. STS: 12b(1) MEAS: PC

(1) Backflow

(2) Cross connection

(3) Hazards

(4) Types of backflow preventers

m. Given four types of backflow preventer malfunctions,
select the maintenance required to correct the malfunction.
Three of four must be correct. STS: 12c(1) MEAS: PC

(1) Operation

(2) Maintenace

Day 6

0.5)

(1.5)

(2)

(1.5)

J3ABR56631 000 I 9 ------12 May 86 (Chg) 19
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n. Using AFR 91-26, list three operational services which (1.5)

are common to standby engines. STS: 11a(6), 1.1b(6) MEAS: PC

(1) Use of standby engines
Day 7

(2) Operational checks

o. Given a list of pump types and a list of pump chacter- (3)
istics, match the pump type to its chacteristic. Three of five
answers must be correct. STS: 11a(1) MEAS: PC

(1) Purpose of pumps

(2) Types of pumps

p. Using the sewage lift station trainer and working as

a team, monitor/operate the trainer in accordance with stan-
dard operating procedures, with no more than two instructor
assists. STS: 12d(1) 12d(2) MEAS: PC

(1) Purpose of operation

(2) Principles of operation

(3) Types of lift stations

(4) Safety

(5) Operation of the trainer

q. Using the sewage lift station trainer, and working
as a team, perform operator inspection and maintenance on
the trainer in accordance with a checklist, with no more
than two instructor assists. STS: 12d(3) MEAS: PC

(1) Safety items

(2) Preoperation inspection

(3) Maintenance procedures

(3)

(2)

J3ABR56631 000 1 9 12 May 86 (Chg) 20
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*r. During a field trip to the base water and wastewater

facilities, use a checklist to monitor and inspect the support
equipment. Students checklist must correspond to 60% of
instructor's evaluation of the facility. STS: 11a(1), 11a(2),

11a(3)(a), 11a(4), 11a(5), 11a(6), 11a(7), 11a(9), 11b(3)(a),
11b(3)(c), 11b(6), 11b(7), MEAS: PC

(1) Safety procautions to be observed

(2) Preview of water facility

(3) Preview of wastewater facility

(4) Monitor and inspect water treatment equipment

(5) Deficiencies noted and corrective actions

recommended

Monitor and inspect wastewater treatment equipment

Deficiences noted and corrective action recommend.

(6)

(7)

Day 8

(7)

* Physical Conditioning (1)

* In case of inclement weather or unavailability of trans-
portation, the class schedule will be altered so that the field
trip can be taken when weather moderates or transportation can
be arranged.

SUPPORT MATERIALS AND GUIDANCE

Student Instructional Materials
SW J3ABR56631 000-1-9, Operation and Maintenance of Water and

Wastewater Support Equipment

Training Equipment
Lift Station Trainer
Water Pump Trainer
Bench Items - control devices, water meters, valves, drive

equipment
Gas Chemical Feeder and Trainer
Solution Feed Trainer

Audio Visual Aids
Training Film: 4682, Water, Water Everywhere

J3ABR56631 000 I 9 12 May 86 (Chg) 21



Training Methods
Lecture/Discussion (14 hrs)
Demonstration (4 hrs)

Performance (20 hrs)

Instructional Guidance
Discuss and demonstrate the operation, service and adjustment of control
devices. Distribute the devices among the students to view. Discuss and
explain the types, purpose and maintenance procedures of air compressors,
storage tanks, and the corrosion prevention of steel tanks. Show films
about backflow prevention. Take the class to room 37 to monitor the opera-
tion of backflow preventors using the backflow trainer. Explain and discuss
drive equipment, electric motors and the safety and maintenance requirements
involved with each item. Show the available support and drive equipment to
the students. Discuss and demonstrate the procedures and what to look for
during an inspection of drive equipment and motors using the pump trainer.
Explain the types, purpose and maintenance of chemical feeders, meters, and
metering devices, recorders, valves, engines and pumps. Distribute the var-
ious visual aids to the students to enforce learning concept. Discuss the
operational procedure of each. Have students perform on a cnemical feeder,
meter and valve. Explain and operate the sewage lift station trainer. Go

on a field trip to the base water and wastewater facilities. Explain and
discuss the plant components and support equipment. Have students complete
the study guide/workbook and progress check while on the fieldtrip. Stress
safety while operating the trainers and during the field trip include health
hazards and personal hygiene. Use progress checklist to evaluate students
when they complete workbooks.

J3A8166631 000 1 9 12 May 86 (Chg) 22
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PLAN OF INSTRUCTION/LESSON PLAN PART I
,-- FIMa RU TOR COURSE TITLE

Environmental Support Specialist
BLOCK TITLE

Environmental Fundamentals and Sulsort buisment
. COURSE CONTENT

pump, and working
the pump with no

5h, 6b, 7a, 11a(1),

select the proper tools

trainer and working
reassemble and install

more than two instructor
MEAS: PC

Trainer

pump

install pump

area

AND GUIDANCE

as a team, disas-
more than two
11b(1) MEAS: PC

as a team,
the pump to its
assists.

12. TIME
13

Day 9
(6)

(2)

Day 10

(5)

10. Pump and-ET057;e7E-Taintenance

_ -

a. Given a centrifugal
semble, inspect and reassemble
instructor assists. STS:

(1) Inventory and

(2) Pump disassembly

(3) Pump reassembly

b. Using the water (pump)
remove, disassemble, inspect,
operating condition with no
STS: 6h, 7a, 7b, 11a(1), 11b(1)

(1) Pump and Water

(2) Remove and disassemble

(3) Inspect

b. Continued from Day 9

(4) Reassemble and

(5) Operate pump trainer

(6) Tool inventory/clean

SUPPORT MATERIALS

Student Instructional Material

Maintenance

Maintenance

SW J3ABR56631 000-1-10, Pump

Audio Visual Aids

end Equipment

PumpTraining Film: IFS 56/5 Centrifugal

SUPERVSOR APPROVAL OF LEMILekiStg
SIGNATURE AND DATESIGNATURE AND DATE

POI NUMBER

J2ABR56631 000
BLOCK

I

UNIT

10

DATE

12 May 86 (Chg)
PAGE NO.
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Training Equipment
Centrifugal Pumps
Handtools
Pump Trainer

Training Methods
Lecture Discussion (3 hrs)
Demonstration (1 hr)
Performance (9 hrs)

Multiple Instructor Requirements
Equipment and Facilities - 2

Instructional Guidance
Show the film on pump maintenance and repair. Divide the class irto two
groups of two students each and assign each group to a pump. Check the
pump after disassembly to make sure all the parts are serviceable. Check
the pump after reassembly to insure correct assembly and that the shaft
turns freely. Have students remove the operating pump from the trainer
and install the previously reassembled pump. Operate the pump and check
for leaks; stop %ny leaks found. Use performance checklist to evaluate
students.

MIR: The class is divided into six teams, two members each, during the
pump performance projects. Two instructors are required to provide the
teams with individual assistance and instructions while they work on
the pumps. Continuous class supervision is required for each team to
preclude damage to the equipment, correct procedures and safety factors.

11. Written Test and Test Critique (2)

PHYSICAL CONDITIONING (1)

* DENOTES MT
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PLAN OF INSTRUCTION/LESSON PLAN PART I
4AME 0 It INSTRUCTOR COU RSE T1 TL E

Environmental S ..ort Ssecialist
BLOCK TITLE

Water and Wastewater Analysis
. COURSE CONTENT 2. TIME

1. Related Mathematics

a. Solve problems in addition, subtraction, multiplication, and
division of whole numbers. STS: 8a MEAS: PC

(1) Need for mathematics in the environmental support field

(2) Review of arithmetic

b. Solve problems in addition, subtraction, multiplication, and
division of decimals. STS: 8a MEAS: PC

(1) Definition of a decimal

(2) Reading decimals

(3) Rules for working with decimals

(4) Rounding off decimals

c. Solve problems in addition, subtraction, multiplication, and
division of fractions. STS: 8a MEAS: PC

(1) Definition of a fraction

(2) Types of fraction

(3) Reading fractions

(4) Conversion of fractions to decimals

(5) Conversion of decimals to fractions

(6) Rules for solving problems

d. Given the formulas, dimensions, and a geometric figure of a
square, rectangle and circle, compute the area of each. STS: 8a

MEAS: PC

(1) Computing the surface area of a square

(2) Computing the surface area of a rectangle

10

Day 11

(1)

(1)

(1.5)

(1.5)

SUPERVISOR APPROVAL OF LESSON PLAN

SIGNATURE AND DATE SIGNATURE AND DATE

POI NUMBER

J3A8R56631 000
MOO(

II

UNIT

1

DATE

4 Nov 85 (Chg)
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25

ATC JF1,7479 133 PREMOUSEPTIONOMMLETE

2'1



(3) Computing the surface area of a circle

e. Given the formulas, dimensions and a geometric figure
of a square, rectangle and cylinder, compute the volume of
each. STS: 8a MEAS: PC

(1) Computing the volume of a cube

(2) Computing the volume of a rectangle

(3) Computing the volume of a cylinder

(4) Computing the volume of a pool

f. Given problems pertaining to a typical water supply
system and a maximum of three instructor assists, follow the
correct procedures to complete each problem. STS: 8a

MEAS: PC

(1) PSI in a given container

(2) Pumping rate of a water pump

(3) Gallons of water in a given container

(4) Weight of one gallon of water

(5) Chemical computation

g. Given the temperature conversion formulas, convert
temperatures between the metric and English systems. STS: 8a
MEAS: PC

(1) Reason for conversion

(2) Temperature conversion

SUPPORT MATERIALS AND GUIDANCE

Student Instructional Materials
SW J3ABR56631 000-11-10 Related Mathematics

Training Methods
Lecture scussion (4 hrs)
Performance (6 hrs)

Instructional Guidance
Discuss the need for a refresher in basic mathematics, and
explain typical examples or problems which are common to the
water and wastewater field. Write examples on the chalkboard to
enhance learning objectives. Have students complete progress
check and evaluate on a progress checklist.

J3A8R56631 000

(1.5)

(1.5)

Day 12

(2)
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PLAN OF INSTRUCTION& ESSON PLAN PART I
F IN TOR COU RSE TI TL E

Environmental Sultort Ssecialist
eLoac TITLE

Water and Wastewater Analxsis
L COURSE CONTENT 2. TIME

2. Principles of Physics

a. Using information and a list of eight incomplete statements
coricernifig physics, complete the statements. Five of the eight
statements must be correct. STS: 8bj MEAS: PC

(1) Define physics

(2) Energy

(3) Matter

(4) Structure of matter

SUPPORT MATERIALS AND GUIDANCE

4

Day 12
(4)

Student Instructional Materials
Physics

emphasize the importance of
and monitor student

progress checklist to

SW u3imm56031 u00-II-2, Principles
_ .

2TPT5120-03, Basic Physics-Matter

Training Methods

of

and
field. Assign

Use

Lecture/Discussion (2 hrs)
Performance (2 hrs)

Instructional Guidance
Discuss the principles of physics
physics in the 566X1 career
accomplishment of progress check.
evaluate students.

SUPERVISOR APPROVAL 0 LESSON PLAN

SIGNATURE AND DATESIGNATURE AND DATE

,

POI NUMBER

J3ABR56631 000
BLOCK

II

UNIT

2

DATE

12 May 86 (Chg)
P AGE NO.
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PLAN OF INSTRUCT1ON/LESSON PLAN PART 1
NAME OF INSTRUCTOR MORSE TITLE

Environmental Support Specialist
BLOOC TITLE

Water and Wastewater Analysis
L COURSE CONTENT 2. TIME

3. Principles of Chemistry

a. Given a list of twenty chemical terms,
and other related terms, match them with their
symbols. Sixteen of the twenty terms must be
MEAS: PC

(1) Chemical terminology

(2) Solutions

* PHYSICAL CONDITIONING

b. Given a list of 15 chemical compounds
match the chemical compounds with their formulas
whether the compound is an acid, base, or salt.
15 must be correct. STS: 8b(1) MEAS: PC

(1) Acids (inorganic)

(2) Bases

(3) Salts

c. Given a list of ten compounds, write formulas
each compound. Seven of the ten formulas must
STS: 8b(1) MEAS: PC

(1) Steps required in writing balanced
compounds

(2) Use of subscripts

(3) Enclosing radicals in parenthesis

d. Given five sets of reactants, write balanced
tions. Three of the five must be correct. STS:

(1) Define chemical reactions

(2) Common types of chemical reactions

elements, radicals
definitions and/or

correct. STS: 8b(1)

and their formulas,
and indicate
At least 12 of the

describing
be correct.

formulas for

chemical equa-
8b(1) MEAS: PC

(2)

Day 13

(7)

(1)

Day 14
(2)

(4)

(2)

SUPERVISOR APPROVAL 0 L 2 P _ .

SIGNATURE AND DATE SIGNATURE AND DATE

.

POI NUMBER

J3ABR56631 000

BLOCK

II

UNIT

3

.
DATE

4 June 1984
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3d. Continued from Day 14

(3) Steps involved in writing balanced chemical
equations

SUPPORT MATERIALS AND GUIDANCE

Student Instructional Material
SW J3A8R56631 000-11-3, Principles of Chemistry

Audio Visual Aids
Periodic Chart

Training Methods
Lecture/Discussion (10 hrs)
Performance (10 hrs)

Day 15

(3)

Instructional Guidance
Discuss the basic principles of chemistry. Explain the importance of
chemistry in the 566X1 career field. Write examples of chemical symbols.
fonnulas and equations on the chalkboard to enhance learning objectives.
Assign and monitor PC accomplishment. Use the Periodic Chart in the
discussion of elements. Use progress checklist to evaluate students. Release
students for physical conditioning.

May hg
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. PLAN OF INSTRUCTION/L ESSON PLAN PART I
NAME 0 I%(INSTRUCTOR COURSE TI TLE

Environmental Support Specialist
BLOCK TITLE

Water and Wastewater Analysis
L COURSE CONTENT 2. TIME

. Laboratory Safety

a. Given information pertaining to laboratory chemicals,
identify the statements pertaining to their use and care as true or
false. Three of the five answers must be correct. STS: 9a

MEAS: PC

(1) Laboratory chemicals

(2) Purpose and care uf each chemical

(3) Precautions when handling each chemical

b. Given a list of 10 statements pertaining to the use and care
of laboratory equipment, match the identifying statements to the
correct piece of equipment. Seven of the ten answers must be

correct. STS: 6b, 9b MEAS: PC

(1) List of laboratory equipment

(2) Specialized laboratory equipment

(3) Laboratory safety equipment

(4) Percautions when using laboratory equipment

SUPPORT MATERIAL AND GUIDANCE

2
Day 15

(1)

(1)

Student Instruction Material
Safety

Safety
NSS 56-3, Intro to Basic Equipment in

SW J'ABR56631 000-11-4, Laboratory

Audio Visual Aids

Training Film: LFS 56-1, Laboratory
Slide: Prenarrated Slide Set,

Chemistry Laboratory

Training Methods
Lecture/Discussion (1 hr)
Performance (1 hr)

SUPERVISOR APPROVAL OVLESSON PLAN

SIGNATURE AND DATE SIGNATURE AND DATE

POI NUMBER

J3A8R56631 000
BLOCK

II

UNIT
4

DATE

12 May 86 (Chg)
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Instructional Guidance
Discuss the proper use and care of laboratory chemicals and equipment. Show

training film and slides on laboratory safety. Group students into teams and

assign lab work stations. Show students where the lab equipment is located
and explain procedures and use of the various equipme-t. Take inventory of
chemicals and equipment to be used. Use inventory checklist for each lab

station. Assign, monitor, and assist the students in the completion of the
study guide/workbook exercise. Assign progress checks. Use progress
checklist to evaluate students accomplishment of the progress checks.
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PLAN OF INSTRUCTION/LESSON PLAN PARTI
AMEOF INSTRUCTOR COURSE TITLE

Environmental Support Specialist
BLOCK TITLE

Water and Wastewater Analysis
TIME

4

Day 15
(2)

(1)
Day 16

(2)

,

L COURSE CONTENT

5. Co lect ater an. Wastewater amp

a. Given information, the appropriate
maximum of one instructor assist, collect
to test for various impurities. STS:

(1) Purpose of samples

(2) Samples taken from the ground

(3) Samples taken from the surface
etc.)

(4) Samples for dissolved gas

(5) Samples for bacteriological

(6) Safety and personal hygiene

* Physical Conditioning

b. Using given information, and
assist, list the procedures required
wastewater and sample of sludge. STS:

(1) Types of Samples

(2) Pracedures for collecting

(3) Problems related to collecting

(4) Sludge samples

(5) Sampling devices

(6) Procedures for collecting

(7) Safety and personal hygiene

es

sampling
and

9c(1)

device and a
label a water sample

MEAS: PC

water)

rivers, streams,

of one instructor
a sample of

9c(3) MEAS: PC

samples

samp;es

(well

(lakes,

analysis

a maximum
for collecting

9c(2),

wastewater

wastewater

sludge samples

SUPERVISOR APPROVAL 0 L

SIGNATURE AND DATE SIGNATURE AND DATE

POI NUMBER

J3A8R56631 000
BLOCK
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UNIT
5

DATE
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SUPPORT MATERIALS AND GUIDANCE

Student Instructional Material
SW J3ABR56631 000-11-5, Collect Water and Wastewater Samples

Training Methods
Lecture/Discussion (3 hrs)
Performance (1 hr)

Multiple Instructor Requirements
Equipment and Facilities - 2

Instructional Guidance
Empiasize the importance of proper sampling procedures when taking samples
from various sampling points and sources. Explain that the water samples will
be collected throughout the building during the water analysis criterion
objective. The wastewater samples will be collected from the refigerator in
Block II for test purposes and classroom practicality. Explain that the per-
formance of collecting wastewater samples will be accomplished in Block IV
during the field trip. Stres3 personal hygiene and safety. Assign progress
checks. Use progress checklist to evaluate students. Release students for
physical conditioning.

* DENOTES MT
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PLAN OF INSTRUCT1O4/LESSON PLAN PART I
IN'AMEOP INSTRUCTOR COURSE TM- E

Environmental Support Specialist
BLOOC TITLE

Water and Wasterfater Analysis I

L COURSE CONTENT 2. TIME

6. Water Analysis

a. Using appropriate laboratory equipment

dures, test various samples of water for pH, temperature,
specific conductance. No more than one instructor
for each test. STS: 9d(1), 91d(2), 9d(11) MEAS:

and testing proce-
and

assist is :illowed
PC

and testing proce-
residual, turbidity,
assist is allowed

MEAS: PC

18

(4.5)

(1.5

Day 17

(5)

(1) Purpose of water

(2) .Expression of test

(3) Commonly used methods

(4) Temperature

(5) Characteristics

(6) pH scale

(7) Use of a pH meter

(8) Specific conductance

b. Using appropriate laboratory
dures, test various water samples
iron, end fluoride. No more
for each test. STS: 9d(3),

(1) Colorimetric method

(2) Chlorine residual

6b. Continued from Day 16

(3) Turbility

(4) Iron

(5) Fluorides

analysis

results

of testing water

of pH

(solu-bridge)

equipment
for chlorine

than one instructor
9d(14), 9d(17), 9d(25)

SUPERVISOR APPROVAI OF .. I,AtiL..FP

SIGNATURE AND DATESIGNATURE AND DATE
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C. Given laboratory equipment, HACH DR3000 spectrophotometer (1)

methods manual, and a water sample, test the sample for true
color, with no more than one instructor assist. STS: 9d(24)
Meas: PC

(1) Types of color

(Z) CGUS2S of color

(3) Testing for color

NOTE: CO 7e must be moved forward and started at this time
due to the nature of the test to be performed.

7e. Given information, laboratory equipment, and a
wa;tewater sample, perform a 3iochemi..:a1 Oxygen Demand Test.
No more than two instructor assists are allowed. STS: 9d(7),

9d(8) MEAS: PC

(2)

(1) Volumetric method

(2) Dissolved Oxygen Procedures (DO)

(3) Biochemical Oxygen Demand Procedures (BOD)

d. Given information, laboratory equipment, and various Day 18
water samples, test the samples for hardness, acidity, and (3)
alkalinity. No more than two instructor assists are allowed
for each test. STS: 7d(4), 9d(5), 9d(6) MEAS: PC

(1) Hardness

(2) Acidity

(3) Alkalinity

e. Givn the types of phosphate compounds and a list of
statements pertaining to phosphates, match each type of
compound to the statements. Three out of five statements must
be correct. STS: 9d(151 MEAS: PC

(1) Types of phosphates

(2) Uses of phosphates

(3) Testing phosphates

(1)

J3ABR-56631 00u II 6 4 Nov db (Cng) 36
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f. Given five incomplete statements concerning chloride compounds,
complete the statements as they pertain to the compound type, source and
testing procedures. Three of the five completed statements must be correct.
STS: 9d(13) MEAS: PC

(1) Types of chloride compounds

(2) Sources of chloride compounds

(3) Testing for chlorides

SUPPORT MATERIALS AND GUIDANCE

Student Instructional Material
SW-TWORTEVT1177r, Water Analysis

HO J3ABR56631 000-11-6, Laboratory Manual
HACH 0R3000 Spectrophotometer Manual

Training Equi2ment
tiectric pH Neter
Solu-bridge
Color Comparator
Nephelometric Turbidimeter
Spectrophotometer

Training Methods
Lecture/Discussion (6 hrs)
Demonstration (2 hrs)
Performance (10 hrs)

Multiple Instructor Requirement
Equipment and Facilities - 2

Instructional Guidance

Discuss the methods of testing water samples and how to report the results.
Explain each test to be performed and assist students in the performance of
the water tests. Assign and monitor student completion of workbook exercises.
Assign students to their lab stations, give them to their lab manual handout
and emphasize personal safety throughout all training exercises. Assist
students on the hardest parts of the tests. Assign progress checks. Use
progress checklist to evaluate students.

MIR: Two qualified Block II instructors are required while students are
performing tests in the laboratory. The students will require close super-
vision while handling acids, caustics, and delicate laboratory equipment
Two qualififed Block II instructors will also insure maximum participation
in accomplishing criterion objectives.

J3ABR56631 000 II 6



PLAN OF INSTRUCTION/LESSON PLAN PART 1
NAME OF INSTRUCTOR 1 COURSE TITLE

Environmental Support Specialist
BLOCK TITLE

Water and Wastewater Analysis
L COURSE CONTENT 2. TIME

7. Wastewater Analysis

a. Given information, laboratory
sample, test the sample for
instructor assists are allowed.

(1) Define settleable

(2) Settleable solids

(3) Expression of test

* PHYSICAL CONDITIONING

b. Given information, laboratory
sample, perform Total Solids
than two instructor assists
9d(19) MEAS: PC

Settleable
STS:

solids

test procedures

results

and Volatile
are allowed

procedures

procedures

Suspended
STS:

Test Procedures

Calculations

coliform
for Coliform

PC

equipment,
Solids.
9d(9) MEAS:

and a wastewater
No more than two

PC

and a sludge
tests. No more
test. STS: 9d(10)

16
Day 18

(2)

(1)

Day 19
(6)

(2)

Day 20
(2)

equipment,
Solids

for each

equipment,

Solids.
9d(18)

and a wastewater
No more than two
MEAS: PC

complete four
Three of the

(1) Gravimetric method

(2) Total solids test

(3) Fixed solids procedures

(4) Volatile solids

c. Given information, laboratory
sample, test the sample for
instructor assists are allowed.

(1) Suspended Solids

(2) Dissolved Solids

d. Given information about
statements concerning the tests
four statements must be correct.
STS: 9d(20), 9d(21) MEAS:

testing,

Bacteria.

(1) Total coliform

SUPERVISOR APPROVAL. OF LESSON PLAN

SIGNATURE AND DATE
SIGNATURE AND DATE

POI NUMBER
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(2) Fecal coliform

(3) Equipment used to test coliform

e. Given information, laboratory equipment, and a
wastewater sample, perform a Biochemical Oxygen Demand test.
No more than two instructor assists are allowed. STS: 9d(7),
9a, 9b, 9d(8) MEAS: PC

(1) Volumeteric Method - Performed on Day 17

(2) 0.0 Procedures - Performed on Day 17

(3) B.O.D. Procedures - Performed on Day 17

(4) Review of initial DO/BOD setup

(5) B.O.D. Procedures - complete

(6) Calculations of test results

f. Given information related to wastewater analysis and
five facts concerning the purpose of Chemical Oxygen Demand
(COD) testing method, match the facts with the information.
Three of the five must be correct. STS: 9023), MEAS: PC

(1) Principle of the COD test

(2) Test Procedures

(3) Advantages/Disadvantages of the COD Test

SUPPORT MATERIALS AND GUIDANCE

Student Instructional Material-NTJAililisTeT,vater Analysis
HO 3ABR56631 000-11-6, Laboratory Manual

Audio Visual Aids
LFS 56-2, Gravimetric Analysis

Testing Equipment
Drying Oven
Muffle Furnace
Analytical Balance
Imhoff Cone
Imhoff Cone Stand

(2)

(1)
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Training Methods
Lecture/Discussion (7 hrs)
Demonstration (1 hr)
Performance (8 hrs)

Multiple Instructor Requirement
Equipment and Facilities - 2

Instructional Guidance
Discuss and explain tge types of tests performed on wastewater samples.
Explain to the students that they will perform a total, fixed, volatile
and suspended solids test. Explain the relationship that one test has on
the other. Make sure that the students realize that the fixed solids test
is a part of the volatile solids test. Observe the students while they
use their precision equipment. Assign, monitor and assist the students in
the SW performances. Objective 7e, BOD/DO test must initially be prepared
and set up to allow approximately a three to five day incubation period.
Completion of this test WI be performed on training day 20, Block II.
Objective 7b (2)(3)(4) accomplishes three tests in sequence; these
tests are all performed on the sate sludge sample and naturally follow a
given order. Suspended solids will be run with wastewater samples, raw,
primary and final. Dissolved solids are derived mathematically from
the results of 7c(1) and 7b(2). Emphasize safety when handling irt
samples. Assist the students on the hardest parts of the tasks. Assign
progress checks. Use performance checklist to evaluate students
accomplishment of the progress checks. Release students for physical
conditioning.

MIR: Two qualified Block li instructors are required while students
are performing tests in the laboratory. The students will require close
supervision while handling acids, causzics, hot samples, and delicate
equipment. Two instructors will also insure maximum participation in
the accomplishment of criterion objectives.

8. Written Test and Test Critique (2)

* Physical Conditioning (1)

* Denotes MT
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PLAN OF INSTRUCTION/LESSON PLAN PART I
NAMEOF INSTRUCTOR COU RSE T1 TL E

Environmental Support Specialist
BLOCK TITLE

Water Supplies and Treatment
L COURSEIOMNTENT

---=TiEW-11' 2. TIME

Day 21

(5)

(3)

WiTeliViicl TiThtenance

a. Given incomplete statements about ground water and water
wells, complete each statement by making written responses. Four of
the six responses must be correct. STS: 10a MEAS: PC

(1) Origin of ground water

(2) Exploration for ground water

(3) Well construction

(4) Well problems and maintenance

b. Using data pertaining to wells, define tenns and calculate
static, pumping, and drawdown levels with a maximum of one
instructor assist. STS: 10b MEAS: PC

(1) Definition of tenns

(2) Mathematical formula

SUPPORT MATERIALS AND GUIDAZE

Student Instructional Material
SW J3ABR56631 000-III-1, Water Well Operation and Maintenance
AFR-91-26 Maintenance and Operation of Water Supply, Treatment and

Distribution Systems

Training Equipment
Trainer, Water Well

Training Methods
Lecture/Discussion (5 hrs)
Performance (3 hrs)

SUPERVISOR APPROVAL OF LESSON PLAN
SIGNATURE AND DATE SIGNATURE AND DATE

POI NUMBER

J3ABR56631 000
Bl. 0 CK

III
UNIT

1

DATE
12 May 86 (Chg)

PAGE NO,

43
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SUPPORT MATERIALS AND GUIDANCE (CONT'D)

Instructional Guidance
Emphasize the importance of well water as a major supply of water fior military
installations throughout the world. Discuss the components of wells,
principles of water well operation and maintenance. Demonstrate calculation
of static level, pumping level and drawdown. Operate water well trainer to
demonstrate well operation. Have students complete progress check. Use
progress checklist to evaluate students.

J3ABR56631 000 lIT 1 12 May 86 (Chg) 44



PLAN OF INSTRUCTION& ESSON PLAN PART I
,r- INSTRU COURSE TITLE

Environmental Support Specialist
!mock TITLE

Water Supplies and Treatment
. COURSE CONTENT 2. TIME

2. Water Treatment Processes

a. Given information related to
statements identifying the facts and
clarification. Six of the nine must
MEAS: PC

(1)- Clarification defined

(2) Plain sedimentation

(3) Coagulation - flocculation

(4) Chemistry of coagulation

(5) Factors affecting the coagulation
process

(6) Determine the correct chemical
flocculation (Jar Test)

(7) Sedimentation (In Plant)

(8) Filtration

b. Using infonnation about water
terms by completing ten statements.
rect. STS: 10c(2) Meas: PC

water clarification, match
terms which pertain to water
be correct. STS: 10c(1)

14

Day 22
(6)

(2)

- flocculation

- flocculation

dosage for coagulation -

softening, identify facts and
Seven of the ten must be cor-

from water

(1) Softening defined

(2) Kinds of hardness

(3) Methods used to remove hardness

SUPERVISOR APPROVAL OF LESSON PLAN
SIGNATURE AND DATE SIGNATURE AND DATE

POINUMBER

J3ABR56631 000
BLOCK

III
UNIT

2

DATE

4 June 1984

PAGENO.

45
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c. Given information related to removal of taste, odor and Day 23
color, list the methods used to remove taste, odor, and color in (2)
water supplies. Five of the seven must be correct.
STS: 9d(26), 10c(6) MEAS: PC

(1) Causes of Taste and Odor

(2) Removal of taste and odor

(3) Causes of color

(4)- Removal of color

d. Given information reated to water treatment processes,
match facts and terms relatec to stabilization, disinfection,
fluoridation and defluoridation. Six of the ten must be correct.
STS: 10c(3), 10c(5), 10c(7), 10c(8) MEAS: PC

(1) Stabilization

(2) Disinfection

(3) Fluoridation

(4) Defluoridation

SUPPORT MATERIALS AND GUIDANCE

Student Instructional Materials
SW J3ABR56631 000-111-2, Water Treatment Processes

Training Methods
Lecture/Discussion (10 hrs)
Performance (4 hrs)

Audio Visual Aids
47903, A Silent Toast to Water

(4)

Instructional Guidance

Introduce clarification by showing film: "A Silent Toast to Water". Discuss
the processes of clarification; softening; taste, odor and color control;
stabilization, disinfection, fluoridation, and defluoridation. Set up Jar
Test and let it run during Lecture/Discussion period. After appropriate time
for coagulation, complete Jar Test. Have students complete progress check.
Use progress checklist to evaluate students.

J3ABR56631 000 lU 2 12 May 86 (Chg) 46
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PLAN OF INSTRUCTiON/L MON PLAN PART Im-a-rmrrrk-rm-------
,

COURSE TI TL E
.....

Environmental Support Specialist
BLOOC TITLE

Water Supplies and Treatment
L COURSE CONTENT 2. TIME

. Monitor/Operate and Maintain

a. Given statements about
true or false the statements
of chemical mixing tanks.
STS: 10d(2) MEAS: PC

Water Treatment

chemical mixing
concerning the monitoring

Three of the four must

tanks

to the local municipal
operation of plant
a checklist. No

STS: 6b, 10d(3),
11a(3)(c),

Plant Equipment

tacks, identify as
and operation

be correct.

water
components by

more than three
10d(4), 10d(7),

14

Day 23
(1)

(1)

Day 24

(8)

(1) Rapid mix

(2) Slcw mix

(3) Dilution/mixing

* Physical Conditioning

b. During a field trip
treatment plants, monitor the
making a written response IAW
instructor assists allowed.
11a(1) 11a(2), 11a(3)(a), 11a(3)(b), 11a(4), 11a(5)
Meas: PC

(1) Safety

(2) Plain sedimentation

(3) Measuring device',

(4) Chemical feeders (gas, solution, dry)

(5) Horizontal sedimentation clarifier/softner

(6) Filters

(7) Control devices

(8) Pumps and valv

(9) Upflow clarifier

(10) Review of field trip

SUPERVISOR APPROVAL OF LESSON PLAN
SIGNATURE AND DATE SIGNATUR2 AND DATE

POI NUMBER

J3ABR56631 000
BLOCK

III

UNIT

3

DATE

4 Nov 85 (Chg)
--.....

PAGE NO.

47
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c. Using information and the water plant trainer, work as flay 25

a team to mmtor/operate the trainer, with no more than three (3.0)
instructor assists. STS: 10d(3), 10d(7) MEAS: PC

(1) Plain sedimentation tank

(2) Chemical mixing tank

(3) Horizontal sedimentation clarifier/softener

(4), Filters

(5) Clear wells

(6) Water tower (1.0)

d. Using information and the water plant trainer and
equipment, work as a team to perform the required maintenance
on the trainer equipment. No more than two maintenance
problems may be missed. STS: 10e(4, 10e(3), 10e(7)
MEAS: PC

(1) Plain sedimentation tank

(2) Chemical mixing tanks

(3) Horizontal sedimentation clarifier/softener

(4) Filters

(5) Clear wells

(6) Water tower (.5)

e. Using AFR 91-26, complete statements concerning the
purpose and types of aerators. Five of the seven must be
correct. STS: 10d(1) MEAS: PC

(1) Purpose of aeration

(2) Types of aeration (.5)

f. Using AFR 91-26, match the maintenance procedures used
for each type of aerator. Three of the five must be correct.
STS: 10e(1) MEAS: PC

(1) Types of aerators

(2) Maintenance of aeration units

J3ABR56631 000 fT 3 4 Nov 85 (Chg) 48
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SUPPORT MATERIALS AND GUIDANCE

Student Instructional Material
SW iKABR56631 000-111-3, Monitor/Operate and Maintain Water Treatent Plant

Equipment
AFR 91-26, Maintenance and Operation of Water Supply, Treatment and

Distribution Systems

Audio Visual Aids
LFS 56-7, Water Treatment Plant Operation

Training Equipment
Trainer, Water Treatment Plant System

Training Method
Lecture/Discussion (5.0 hrs)
Performance (8.0 hrs)

Instructional Guidance
tr-Ss-s-iiieW"--r-itied trip and while operating water trainer. Stress safety
in handling chemicals and when working around electrical equipment and moving
parts. Show training film LFS 56-7, Water Treatment Plant Operation at snci-
Med criterion objectives. Have students complete workbook exercise during
field trip. Operate the water plant trainer with hands on training for the
students, monitoring the students closely for safety purposes. Place five
malfunctions in water trainer for progress check. Have students work in pairs
to correct them. Clean equipment and room prior tc dismissal of students.
Use progress checklist to cvaluate students.

J3ABR56631 000 III 3 12 May 86 (Chg) 49
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PLAN OF INSTRUCTION/LESSON PLAti PART I
r, IN COU RSE T1 TI- E

Environmental S ort Specialist
BLOCK TITLE

Water SupplissAIdTreatment
L COURSE CONTENT TIME

17

Day 25

(2)

(1)

Day 26

(3)

(5)

Day 27
(4)

(3)

4. Monitor/Operate and Maintain Ion
Units

a. Given terms and statements pertaining
unit, match the terms to the statements.
must be correct. STS: 10c(4) MEAS:

Exchange (Demineralization )

to an ion exchange
Twelve of the seventeen

PC

resins

softener and demineraliza-
the ion exchange

assists. STS: 10d(8),

(l) Purpose

(2) Theory of ion exchange

(3) Characteristics

* Physical Conditioning

4a. Continued from Day 25

(4) Types of ion exchangers

(5) Components of demineralizers

(6) Cycles of operation

b. Given information, ion
tion units, work as a team to
units, with no more than four
10d(9), 10d(10) MEAS: PC

of ion exchange

exchange
monitor/operate
instructor

a ion exchange
more than

MEAS:

trainer, work as a team
one instructor assist.
PC

(1) Water softener

(2) Dual bed demineralizer

4b. Continued from Day 26

(3) Mixed bed demineralizer

c. Given infonmation and
to maintain the unit, with no
STS: 10e(8), 10e(9), 10e(10)

SUPERVISOR APPROVAL OF LESSON_ Plata

SIGNATURE AND DATESIGNATURE AND DATE

POI NUMBER

J3ABR56631 000
I BLOCK

III

UNIT DATE

4 4 Nov 85 (Chg)

[PAGE NO.

51
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(1) Water softener

(2) DuAl bed demineralizer

(3) Mixed bed demineralizer

SUPPORT MATERIALS AND GUIDANCE

Student Instructional Material
SW J3ABR56631 000-111-4, Monifor/Operate and Maintain Water Treatment

Plant Equipment

Training Equipment
Trainer, Water Plant

Training Methods
Lecture/Discussion (6.0)

Performance (9.0)
Demonstration (2.0)

Instructional Guidance
Explain what an ion exchange (demineralizer) unit is used for and how it
works. Discuss the operating procedures and point out the various components,
explain their purpose. Have students operate the unit according to your
guidance and operating instructions. Place three malfunctions in the unit for
students to correct. Use care and stress safety throughout performance of the
unit. Assign and monitor student accomplishment of progress check. Use

progress checklist to evaluate students. Annotate ATC Forms 98 and 667.

J3A8R56631 000 III 4 12 May 86 (Chg) 52
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PLAN OF INSTRUCTRIN/LESSON PLAN PART I
"V'AVETTINITAITeFi51 I COURSE TITLE

Environmental Support Specialist
BLOOC TI TLE

Water Sueplies and Treatmen-.
. COURSE CONTENT 2. TIME

5. Monitor/Operate and Maintain Electrodialysis Demineralizer Unit

a. Given information and an electrodialysis demineralization
unit, work as a team to monitor/operate the unit, with no more than
three instructor &ssists. STS: 10d(5) MEAS: PC

4

Day 27
(1)

Day 28

(1)

(2)

(1) Application

(2) Principle of operation

5a. Continued from Day 27

(3) Components of unit

(4) Operating procedure

b. Given information and a electrodialysis demineralizer, work
as a team to maintain the unit, with no more than two instructor
assists. STS: 10eC5 MEAS: PC

(1) Test for salinity (TDS)

(2) Electro-membrane stack probing

(3) Electro-membrane stack disassembly/reassembly

SUPPORT MATERIALS AND GUIDANCE

Student Instructional Materials

SW J3A6R56631 000-111-5, Monitor/Operate and Maintain Electro-
dialysis Demineralizer Unit

Training Equipment

Trainer, Electrodialysis Demineralizer Unit

Training Method
.

Lecture/Discussion (2.0)
Performance (1.5)
Demonstrate (0.5)

SUPERVISOR APPF:.__P/ALO
SIGNATURE AND DATE SIGNATURE AND DATE

POI NUMBER

J3A8R56631 000
BLOOC

III

UNIT

5

DATE 1 P AGE NCL

12 May 86 (Chg) 53
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SUPPORT MATERIALS AND GUIDANCE CONT'D)

Instructional Guidance
Explain what an electrodialysis unit is used for and how it works. Discuss
the operating procedures and point out the various components, explaining
their purpose. Have the students operate and maintain the unit according to
your guidance and trainer checklist. Use care with equipment and stress
safety throughout performance of unit. Assign and monitor student
accomplishments of progress checks. Use progress checklist to evaluate
students.

Instructor Reference Material
Aquamite I, Operating and Maintaining Manual

J3A8R56631 000 III 12 May 86 (Chg) 54



PLAN OF INSTRUCT1ON/LESSON PLAN PART I
NAME 0 F INSTRUCTOR COURSE TITLE

Environmental Support Specialist
LOCK TITLE

Water Supplies and Treatment
L COURSE CONTENT 1 rid--
6. Field Water Purification Units

a. Given a sketch of a proposed
criteria, locate and identify the correct
according to TM 5-700. Three of the
STS: 8e, 14a, 14b, 14c, 15e(1)a, MEAS:

water point
site

four must
PC

needed

related

the twelve
MEAS:

gph)

related
to

unit

filter

fifteen

and site selection
to set up the unit
be correct.

to the ERDLATOR,

statements must
PC

to the operation
the operation of the

STS: 14e Meas: PC

12
Day 28

(2.0)

(2.0)

(1)

Day 29
(1.0)

(2.0)

(1) Determine amount

(2) Select raw water

(3) Perform stream

(4) Lyster bag

b. Given a diagram and

locate and identify components.
be correct. STS: 14d(1),

of water

source

survey

information

Ten of
14d(2), 14e

units

(600

information
pertaining

must be correct.

of

of

procedures

statements

and troubleshooting
Nine of the

PC

(1) Purpose of F.W.P.U.

(2) Types of field

(3) Principles of operation

(4) Components of ERDLATOR

* Physical Conditioning

c. Using TO 40W4-9-1, and
of the ERDLATOR, match statements
unit. Twelve of the fifteen

(1) Operational procedures

(2) Operational procedures

(3) Shutdown and safety

d. Using TO 40W4-9-1, complete
ventive maintenance procedures
lems of a 600 gph ERDLATOR.
correct. STS: 10e14) MEAS:

pertaining to pre-

operational prob-
statements must be

SUPERVISO APPROVAL
SIGNATURE AND DATE SIGNATURE AND DATE

POI NUMBER

J3A8R56631 000 I III

UNIT
6

DATE
I 4 Nov 85 (Chg)

1 PAGE NO.
55
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(1) Preventive maintenance services

(2) General troubleshooting

e. Given a diagram and information related to the Reverse (3)
Osmosis Water Purification Unit (ROWPU), locate and identify
the ROWPU components IAW TO 40W4-13-1. Seven of the eleven
matched components must be correct. STS: 10d(6), 14d(2)
MEAS: PC

(1) Principle of reverse osmosis

(2) Types of reverse osmosis components

(3) Application of reverse osmosis units

(4) Advantages/Disadvantages of reverse osmosis units

f. Using TO 40W4-13-2 and related information, write the (2)

correct procedures used to perform maintenance on the Reverse
Osmosis Water Purification Unit. Six of the ten procedures
must be correct. STS: 10e(6) MEAS: PC

(1) Operator preventive maintenance (ROWPU)

(2) Maintenance procedures (ROWPU)

SUPPORT MATERIALS AND GUIDANCE

Student Instructional Material
SW J94056631 000-VI=1-6, Field Water Purification Units
TO 40W4-9-1, Field Water Purification Unit 600 gph
TO 40W4-13-2, Operator's Maintenance Manual
TM 5-700, Field Water Supply

Audio Visual Aids
Training Films: LFS 56-3A, Site Selection and Set Up of the 600 gph Field

Water Purification Unit
LFS 56-4, Operation of the 600 gph Field Water Purification

Unit

MN 11001A, Safe Water-Field Sanitation and Hygiene

Slides: Slides on Reverse Osmosis Water Purification Unit

J3ABR56631 000 III 6 12 May 86 (Chg) 56
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Training Equipment
Field Water Purification Unit 600 gph (ERDLATOR)

Training Methods
Lecture/Discussion (6 hrs)
Performance (6 hrs)

Instructional Guidance
Explain and discuss the purpose and importance of the field water purification
units and their role in the Air Force and with contingency operations. Dis-
cuss the importance of securing a safe site location and water source.
Explain the operation and maintenance requirements of these units using both
technical publications. Show training films LFS 56-3A, LFS 56-4, and MN
11001. Show slide of ROWPU and explain the presentation. Assign and monitor
student accomplishment of progress check. Use progress checklist to evaluate
students. CO #6e and 6f will be completed during the field trip on training
day 30.

T3AU56611-770-- Iri 6 12 May 86 (Chg) 57



PLANOF INSTRUCTION/LESSON PLAN PARTI
NAMEOP INSTRUCTOR COURSE TITLE

.

Environmental Su..ort S'ecialist
BLOCK TITLE

Water Supplies and Treatment
. COURSE CONTENT 2. TIME

I. Swimming Pools

a. Using information from
principles of swimming pools,
identifying statements. Eight
be correct. STS: 13a MEAS:

AFR 91-26 relating
match the facts and
of the twelve matched
PC

features and
to complete

be correct. STS:

the maintenance
assist is allowed.

PC

(chlorine cylinder)

to the operational
terms to the

stitements must

major components of
a diagram. Eight

13b, 13c MEAS: PC

5

Day 30
(2)

(1)

(1)

(I) Principles of operation

(2) AF Form 708

(3) Safety

b. Identify the construction
the pool by making written responses
of the twelve responses must

(I) Construction features

(2) Major components

c. Given information, list
pool. No more than one instructor
STS: 11b(3)(a), 13d MEAS:

requirements of the

(I) Hair catcher

(2) Filter servicing

(3) Pumping equipment

(4) Chemical feeder

(5) Safety equipment

SUPERVISOR APPROVAL OF LESSON PLAN

SIGNATURE AND DATESIGNATURE AND DATE

--
POI NUMBER

J3ABR56631 000

BLOCK

III

UNIT

7.

DATE

I 12 May RR ((hg)

P ADE NO.

RO
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SUPPORT MATERIALS AND GUIDANCE

Student Instructional Material
SW JgABR56631 000-111-7, Swimming Pools
AFR 91-26, Maintenance and Operation of Water Supply, Treatment and

Distribution Systems

Audio Visual Aids
Film 51884, Clean Clear Water

Training Equipment

Training Methods
Lecture/DiscusiTbn (1.5 hrs)
Performance (3.5 hrs)

Instructional Guidance
Discuss the operation and maintenance of swimming pools and associated
equipment. Observe and stress safety precautions associated with activites
around the pool. Assign students progress checks. Use progress checklist to
evaluate students. Show Training film, 51889, Clean, Clear Water.

8. Written Test and Test Critique

* PHYSICAL CONDITIONING

* DENOTES MT

J3ABR56631 000 III 7 12 May 86 (Chg) 60
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FLAN OF INSTRUCTION/LESSON PLAN PART I
NAME 0 F INSTRUCTOR COU RSE 1'1 TI- E

Environmental Support Specialist
BLOCK TI TL E

Wastewater Treatment and Disposal
. COURSE CONTENT 2. TIME

1. Characteristics of Wastewater

a. Given information concerning
sition of wastewater and a list
phrases, write the terms or
Fifteen of the twenty statements
Meas: PC

(1) Characteristics

(2) Sources

SUPPORT MATERIALS

Student Instructional Material
SVTAIMIT611-0-Wric17-Chaacteristics
AFM 91-32, Operation and Maintenance

Wastewater Systems

Audio Visual Aids

the characteristics and compo-
of incomplete statements and

phrases to complete each statement.
must be correct. STS: 8d

AND GUIDANCE

of Wastewater
of Domestic and Industrial

the characteristic of wastewater,
if not treated correctly. Show the

monitor student accomplishment of
checklist to evaluate students.

4

Day 31
(4)

Training Film: 46842, The Valley

Training Methods
Lecture/Discussion (2.5 hrs)
Performance (1.5 hrs)

Instructional Guidance
Discuss the importance of knowing
and the problems which may occur
film, The Valley. Assign and
progress checks. Use progress

SUPERVISOR APPROVAL OF LESSON FoLttac

SIGNATURE AND DATE SIGNATURE AND DATE

POI NUMBER

J3A8R56631 000
BLOCK

IV

UNIT

1

DATE

12 May 86 (Chg)

PAGE NO.I
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PLAN OF INSTRUCTION/LESSON PLAN PART I
N EOF IN.TUCTORA...RI COURSE TITLE

Environmental Support Specialist
BLOCK TITLE

Wastewater Treatment and Disposal
. COURSE CONTENT lar"A

2. Wastewater Plant Safety

a. Given a list of unsafe conditions
safe rule or practice to eliminate the
the ten must be correct. STS: 6a Meas:

(1) Safety regulation

(2) Safety program

(3) Protective equipment

(4) Safety rules and practices

(5) Hazardous operation

SUPPORT MATERIALS

Student Instructional Materials

and violations, select the
safety violation. Seven of

PC

AND GUIDANCE

Safety

shop safety program at the
protective equipment is avail-

and practices. Complete
of dangers encountered around
personal involvement and the

treatment plant. Assign
Form 98 and 667.

2

Day 31
(2)

SW J3ABR56631 000-IV-2, Wastewater

Training Methods

Plant

a good
and what
safety rules
the types

Stress
the wastewater

on ATC

Lecture/Discussion (1.5 hrs)
Performance (.5 hrs)

Instructional Guidance
Discuss the importance of having
wastewater treatment plant,
able. Later talk about the
the lesson by talking about
a wastewater treatment plant.
buddy system when working in
progress check. Record results

SUPERVISOR APPROVAL OF LESSON PLAN

SIGNATURE AND DATE SIGNATURE AND DATE

POI NUMBER

J3ABR56631 000
BL 0 CK

IV

UNIT

2

DATE

12 Ma 86 Ch.

PAGE NO.

63
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PLAN OF INSTRUCTION/LESSON PLAN PART I
NAKE OF INSTRUCTOR I COU RSE T1 TL E

1 Environmental S ..ort S'ecialist
BLOCK TITLE

Wastewater Treatment and Disposal
. COURSE CONTENT 2. TIME

3. Pollution Control Policies and Program

a. Given information concerning
Policies and Program and a list of incomplete
phrase or term to complete each statement.
correct. STS: 8d Meas: PC

(1) Why controls are necessary

(2) Federal and state regulations

(3) Military regulations

(4) Wastewater pollution control

(5) Maintain and submit forms

b. Given information related to
ect the phrase or term which correctly
statements; Seven of the ten answers
Meas: PC

(1) Types of hazardous wastes

(2) Sources of hazardous waste

(3) Disposal methods

(4) Containment and storage

(5) Safety in handling/treating

SUPPORT MATERIALS AND

Student Instructional Materials

Environmental Pollution Control
statements, write the

Seven of ten must be

as required by directives

hazardous waste material, sel-
answers the written

must be correct. STS: 8e_

hazardous waste

GUIDANCE

Policies and Program
Handbook
Domestic and Industrial

4

Day 31
(2)

Day 32
(2)

;44 J3ABR56631 000-IV-3, Pollution Control
AFP 19-5, Environmental Quality Control
AFM 91-32, Operation and Maintenance of

Wastewater Systems

SUPERVISOR APPROVAL OF Lizsgizum
SIGNATURE AND DATESIGNATURE AND DATE

POI NUMBER

J3ABR56631 000

BL 0 CK

IV

UNIT

3

DATE

12 May 86 (Cng)

PAGE NO.
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Training Methods
Lecture/Discussion (3 hrs)
Performance (1 hr)

Instructional Guidance
Discuss the importance of environmental Pollution Control Policies and
Programs. Discuss the problems in the treatment and handling of hazardous
waste. Assign and monitor student accomplishment of progress check. Use

progress checklist to evaluate students.

J3ABR56631 000 IV 3 12 may 86 (Chg) 66



1
PLANOF INSTRUCTION/LESSON PLANPARTI

NAME OF INSTRUCTOR COURSE Time
Environmental S .,ort_lpecialist

BLOCK TITLE

Wastewater Treatment and Disposal
. COURSE CONTENT 2. TIME

4. Operation and Maintenace

a. Given a list of statements
features, operational practices
complete each statement. Ten
STS: 12b(21), 12c(21) Meas:

of Septic

concerning
and maintenance

of the fifteen
PC

of

tanks

field

protect tile

septic tanks

AND

Tanks

the construction
of septic tanks,

must be correct.

septic tanks

fields

and leaching fields

GUIDANCE

Maintenance of Septic Tanks

treatment and disposal
today's modern treatment

use and operation of a
State the maintenance

record keeping. Assign and
check. Use progress

2

Day 32
(2)

(1) Construction features

(2) Operation of septic

(3) Operation of leaching

(4) Methods used to

(5) Maintenance procedures

(6) Records kept on

(7) Dosing siphon

SUPPORT MATERIALS

Student Instructional Materials
SW J3A8R56631 000-IV-4, Operation

Training Methods

and

wastewater
tanks and
the purpose,
connection.

items for
of progress

Lecture/Discussion (1.5 hrs)
Performance (.5 hrs)

Instructional Guidance
Discuss a brief history of our
system up to the use of septic
and disposal methods. Explain
septic tank and leaching field
and care of septic tanks and
monitor student accomplishment
checklist to evaluate students.

SUPERVISOR APPROVAL OF LEIWN PLAN
SIGNATURE AND DATE SIGNATURE AND DATE

POI NUMBER

J3ABR56631 000
BLOCK

IV

UNIT

4
DATE

12 May 86 (Chg)
I PAGE NO.

67
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PLAN OF INSTRUCTION/LESSON PLAN PART I
NAME OF INSTRUCTOR COU RSE TI Tt. E

I Environmental Support Specialist
BLOCK TITLE

Wastewater Treatment and Disposal
. COURSE CONTENT 2. TIME

5. Operation and Maintenance

a. Given information pertaining
processes, match the terms
unit. Ten of the fifteen must
12c 20), 12d(1), 12d(3) Meas:

of Pretreatment

and phrases
be correct.
PC

pretreatment

separators

collection

of collection

stations

AND

to pretreatment
to each

STS:

system

system

GUIDANCE

Maintenance

Domestic

for using
contaminants
the

stations,

students.

Units

units and
type of processing

12a(1), 12bi20),

1

Day 32
(1.0)

of Pretreatment

and Industrial

special treatment
before they

makeup of waste-
pumps, wells or
of progress

(1) Definition of

(2) Purpose of Pretreatment

(3) Grease traps/oil

(4) Makeup of wastewater

(5) Common troubles

(6) Screens and lift

SUPPORT MATERIAL

Student Instructional Materials
SW J3A8R56631 000-u-5, Operation

Units
AFM 91-32, Operation and Maintenance

Wastewater System

Training Methods

and

of

reason
wastewater

plant. Explain
include lift
student accomplishment

to evaluate

Lecture/Discussion (.5 hr)
Performance (.5 hr)

Instructional Guidance
Discuss the purpose and primary
devices to separate the harmful
reach the domestic treatment
water collection systems to
screens. Assign and monitor
check. Use progress checklist

SUPERVISOR APPROVAL OF LESSON PLAN

SIGNATURE AND DATESIGNATURE AND DATE
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BLOCK
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UNIT

5
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PLAN OF INSTRUCTION/LESSON PLAN PART I
NAMEOF INSTRUCTOR I COU RSE TI TL E

1 Environmental Support Specialist
BLOCK TITLE

Wastewater Treatment and Disposal
. COURSE CONTENT 2. TIME

6. Operation and Maintenance

a. Demonstrate a knowledge
ment units and subsystems by
that pertLin to preliminary
responses must be correct.
Meas: PC

(1) Definition of preliminary

(2) Screens

(3) Grit removers

(4) Shredders

(5) Preaeration

b. Using information, list
screens, grit removers, shredders,
according to AFM 91-32. Six
12c(2), 12c(3) 12c(4) Meas:

(1) Screens

(2) Grit removers

(3) Shredders

(4) Preaeration

(5) Measuring devices

c. Using AFM 91-32, solve
the preaeration unit on the
STS: 12b(4) Meas: PC

of Preliminary Treatment

of the purpose
making written responses
wastewater treatment.
STS: 12a(2), 12b(2),

treatment

the required maintenance
preaerators

of ten must be correct.
PC

three operational
preliminary treatment

Units

of preliminary treat-
to questions

Seven of the ten
12b(3), 12b(4)

.

for

and measuring devices
STS: 11b(4),

3.0

Day 32

(1.5)

(.5)

(.5)problems concerning
process.

(1) Purpose of preaeration

(2) Monitoring

SUPERVISOR APPROVAL OF LESSON PLAN
SIGNATURE AND DATE SIGNATURE AND DATE

P01 NUMBER

J3ABR56631 000
-

BLOCK

IV
UNIT

6

DATE

12 May 86 (Chg)
PAGE NO.

71
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d. While on a field trip to a local municipal wastewater treatment plant, (.5)
monitor the operation of the grit remover, screens and shedders. Use a
checklist to evaluate the operating procedures against the standards set forth
in AFM 91-32. Students checklist must correspond to 60% of entries made by
instructors' evaluation of each item. STS: 12b(2), 12b(3) Meas: PC

1. Grit remover

2. Screens/shredders

SUPPORT MATERIAL AND GUIDANCE

Student Instructional Materials
SW J3ABR5601 000-IV-6, Operation and Maintenance of Preliminary

Treatment and Units
AFM 91-32, Operation and Maintenance of Domestic and Industrial

Wastewater Systems

Audio Visual Aids
Slide Set - Preliminary Treatment

Training Equipment
Trainer, Wastewater Plant

Training Methods
Lecture/Discussion (2 hrs)
Performance (1 hr)

Instructional Guidance
Discuss the operation and maintenance of preliminary treatment units and their
components. Explain the purpose and location of each wi.Ain the wastewater
plant. Show the preliminary units on the i:rainer to the students. Show and
narrate a slide presentation of this equipment. Assign and monitor student
accomplishment of progress check. Objective 3d will be accomplished on Day 33
on the field trip. Use progress checklist to evaluate students.

J3ABR56631 000 IV 6 12 May 86 (Chg) 72

6 5



. PLAN OF INSTRUCTION/LESSON PLAN PART I
NAME OF INSTRUCTOR I COU RSt TITLE

] Environmental Support Specialist
BLOCK TITLE

Wastewater Treatment and Disposal
. COURSE CONTENT 2. TIME

7. Operation and Maintenance

a. While visiting a municipal
operation of the plant and equipment.
flow through the system and
safety items with no more than
6b,*11a(1), 11a(2), 11a(3)(a),
12a(1), 12a(2), 12a(3), 12i(7),
12c(3), 12c(4), 12c(5), 12c(16),
PC

(1) Overview of field

(2) Plant safety and

(3) Pretreatment (lift

(4) Preliminary units

(5) Primary units

b. Using given information
as a team, collect a wastewater
sampling points within the plant,
assists. STS: 9c(2), 9c(3)

of Frimary

wastewater

a checklist
three instructor
11a(4),

12b(5),
12c(17),

trip

personal

station)

and a
and a
with

Meas:

(grab/composite)

ireatment Units

plant, observe the
Use a schematic to trace the
to list the maintenance and

assists. STS: 6a,
ila(5), 11a(8), 11a(9),
12b(16), 12b(17), 12c(2),

12d(1), 12d(2), Meas:

15

Day 33
(6)

(1)

(1)

hygiene

sampling device, and working
sludge ample from various
no mc ,. than two instructor
PC

(1) Types of samples

(2) Methods of collection

(3) Sampling points

*Physical Conditioning

SUPERVISOR APPROVAL OF LESSON PLAN
SIGNATURE AND DATE SIGNATURE AND DATE
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Day 34
c. Following written instructions, identify the operation of (5)

primary wastewater units by making written responses to questions
according to AFM 91-32. Seven of the ten answers must be correct.
STS: 9d(27), 12a(3), 12a(7), 12b(5), 12b(16), 12b(17), 12b(18),
12b(19) Meas: PC

(1) Definition of primary treatment

(2) Primary settling tanks

(3) Lmhoff tank

(4) Separate digester and components

(5) Sludge drying

(6) Sludge disposal

d. Following written instructions, list the maintenance prac- (2)

tices of primary wastewater units by making written responses to
questions according to AFM 91-32. Eight of the twelve responses
must be correct. STS: 12(43), 12c(5), 12c(16), 12c(17), 12c(18),
12c(19) Meas.. PC

(1) Primary settling tanks

(2) Imhoff tanks

(3) Separate digester and components

(4) Sludge drying

(5) Sludge disposal

e. Given five statements concerning the grease and volatile
acids test, indicate if the statements are true or false. Three of
the five statements must be correct. STS: 9d(12), 9d(16) Meas: PC

(1) Test for grease

(2) Test for volatile acids

(1)

J3ABR56631 000 IV 7 12 May 86 (Chg) Tr
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SUPPORT MATERIALS AND GUIDANCE

Student Instructional Materials
SW J3ABR56631 000-IV-7, Operation and Maintenance of Primary Treatment Units
AFM 91-32, Operation and Maintenance of Domestic and Industrial Wastewater

Systems

Audio Visual.Aids
Slides - Primary Wastewater Treatment
Film - FLC 13/94, Municipal Sewage Treatment Process
Film - LFS - 56-6, Everything You Wanted to Know About Wastewater

ETra1914:112Tn
Trainer: Wastewater Treatment Plant System

Training Methods
Lecture/Discussion (8 hrs)
Performance (7 hrs)

Instructional Guidance
Discuss the operation and maintenance of primary wastewater treatment units
and components. Explain the difference between primary treatment and the
previous systems. Show the wastewater trainer when explaining and describing
the operation and construction features of these units. Give a slide presen-
tation to the students concerning primary treatment units and components.
Visit the Wichita Falls wastewater plant and explain and identify the
wastewater systems available. Observe all safety precautions and practice
shop and plant safety during the entire field trip. If inclement weather or
unavailable transportation prevents taking the field trip, these days will be
alternated with another lesson. After discussion of wastewater samples, take
students to the base wastewater plant to collect wastewater samples, com-
pleting their criterion performance ,)bjective. Assign and monitor student
accomplishment of progress theeks. Use progress checklist to evaluate
students. Insure that Progress Check 6d and 7a are accomplished on the field
trdp, annotate ATC Form 98 and 667.

J3ABR56631 000 IV 7 12 May 86 (Chg) 75
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PLAN OF INSTRUCTRWill MON PLAN PART I
AMEO . COURSE TITLE

Environmental Support Specialist
LGOC TITLE

Wastewater Treatment and Disposal
,

. COURSE CONTENT 2. TIME
8. Operation and Maintenance

a. Given a lis4 ..,: incomplete

and phrases relative to the
the statements IAW AFM 91-32.
statements must be correct.
Meas: PC

(1) Definition of secondary

(2) Basic features

(3) Principles of filter

(4) Factors affecting

(5) Types of Filters

(6) Operational problems/corrective

(7) Final settling

b. Given information and
maintenance requirements for
troubleshooting guide with a
STS: 12b(6), 12c(6_1 Meas:

of Secondary Treatment Units

statements and a list of terms
operation of trickling filters, complete

Eight of the twelve completed
STS: 12a(4), 12b(6), 12c(6)

treatment

of trickling filters

operation

filter operation

actions

tanks

a troub/eshooting guide, identify the
trickling filters by following a
maximum of one instructor assists.
PC

table

incomplete statements related to
c ,-rect term or phrase to each state-
S.x of the ten responses must be

Meas: PC

features

and operation

27

Day 35
(4)

(1)

(2)

(1) Maintenance checklist

(2) Troubleshooting

C. Given information and
wastewater lagoons, write the
ment according to AFM 91-32.
correct. STS: 12b(12), 12c(12)

(1) Types of lagoons

(2) Site and construction

(3) Lagoon processes

SUPERVISOR APPROVAL ..
' SIGNATURE AND DATE SIGNATUP.E AND DATE

-

POI NUMBER
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(4) Maintenance of oxidation ponds

(5) Laboratory testing

(6) Odor control

*Physical Conditioning

d. Define the activated sludge process and principles, by
matching the correct phrase or term to a statement related to
activated sludge. Seven of the eleven responses must be correct.
STS: 12a(4), 12b(9), 12b(10), 12b(11) Meas: PC

(1) Define activated sludge

(2) Description of the process/principles

(3) Description of the equipment

e. Indicate the basic facts about activated sla44? systems by
matching the proper facts to a list of various types of systems.
Twelve of the seventeen must be correct. STS: 12b(9),

12b(10), 12b(11) Meas: PC

(1) Conventional activated sludge units

(2) Contact stellization activated sludge units

(3) Extended aeration activated sludge units (oxidation
ditches)

f. Indicate the corrective action to take, when operational
problems develop, by listing the proper corrective action for each
problem according to AFM 91-32. Iwo of four must be correct.
STS: 12a(4). Meas: PC

(1) Aeration tint's

(2) Secondary clarifier (final)

(3) Organic/Hydraulic loading

MXIA56631 060

(1)

Day 36
(2)

(3)

(1)

IV 8 4 Nov 85 (Chg) 78



g. Match a list of incomplete statements concerning submerged

contact aeration units with the correct term to complete them.

Three of the five statements must be correct. STS: 12b(7)

Meas; PC

(1) Construction features

(2) Principles of operation

(3) Factors which affect efficiency

h. Given five statements concerning a rotating fixed media

biological unit, indicate if the statements are true or false.

Three of the five statements must be correct. STS: 12b(8), 12c(8)

Meas: PC

(1) Construction features

(2) Principles of operation

(3) Maintenance

i. Given a list of statements concerning wastewater plant

safety, correct the statements which are false. Seven of ten must

be correct. STS: 61, Meas: PC

(1) Plant safety

(2) Personal hyfiene

(1)

(1)

Day 37
(1)

J3ABR56631 000 IV 8 4 Nov 85 (Chg) 79



j. While visiting a municipal wastewater plant, observe the

operation of the plant and equipment. Use a schematic to trace the
flow and identify the components. Use a checklist to list the

maintenance and safety items. With no more than three instructor

assists.

(5)

STS: 11a(1), 11a(2), 11a(3)(a), 11u;4), 11a(5), 11a(8), 11a(9),

12a(1), 12a(2), 12a(3), 12a(4), 12a(6), 12a(7), 151-5T:

12b(5), 12b(6), 12b(10), 12b(11), 12b(12), 12b(16),

12b(17), 12c(2), 12c(3), 12c(4), 12c(10), 12c(11), 12c(12), 12c(16),

12c(17) Meas: PC

(1) Secondary treatment (Slide Presentation)

(2) Overview of Trip

(3) Plant safety 61 personal hygiene

(4) Extended ae-acion (Burkburnett)

(5) Oxidation ponds (Electra)

(6) Contact stabilization (Iowa Park)

*End-of-Course Appointments (2)

Day 38

k. Given information related to laborattry test controls of an (1)

activated sludge system, identify the type and reason for each test
control according to AFM 91-32. Four of six must be correct. STS:

9d(22) Meas: PC

(1) Dissolved oxygen (D.0.)

(2) Sludge age (SA)

(3) Mixed liquor suspended solids

(4) Settling Rate (SVI/SDI)

(5) Microscopic examination

1. Given information and a troubleshooting Ode, identiy the (1.5)

maintenance requirements for each activated sludge system by
select-7.7.g the correct action to take. Three of five must be

correct. STS: 12c(7), 12c(9), 12c(10), 12c(11) Meas: PC

(1) Operating and maintenance checklist

(2) Troubleshooting table

J3ABR56631 auu----- IV 8 4 Nov 80 (Chg) 811
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m. Working as a team and using a schematic to operate (1.0)

the wastewater plant trainer, locate the correct valves and pumps
to control the flow of water through each processing unit with no

more than one instructor assist. STS: 11a(1), 11a(2), 12a(1), 12a(2),

12a(3), 12a(.41, Meas: PC

(1) PreView of trainer operation

(2) Flow through primary treatment unit

(3) Flow through pretreatment units

(4) Flow through secondary treatment

(5) Draw sludge to drying beds

n. Using the operating wastewater plant trainer and performing (2.5)

in groups of two, direct the flow of wastewater through all the
wastewater processing units with no more than three instructor
assists. STS: 12b(2), 12bC3), 12b(4), J2b(5), 12bC6), 12b(16),

12b(17) Meas: PC

(1) Drain and clean trainer

(2) Grit remover

(3) Screens/shredders

(4) Primary ;ettling tanks

(E) Digestlrs

(6) Imhoff tank

(7) Drying beds

(8; Trickling filter

(9) &tut down system and clean

*End-of-Course Appointments

SUPPORT MATERIALS AND GUIDANCE

(2)

Student Instructional Materials
SW J3ABR56631 000-IV-9, Operation and Maintenance of Secondary Treatment Units
AFM 91-32, Operation and Maintenance of CAmestic and Industrial Wastewater

Plants

Audio Visual Aids
Slide Set (BIk fir)

Film - LFC 13/94, Municipal Sewage Treatment Process

12 May 86 Chg 81
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SUPPORT MATERIALS AND GUIDANCE (CON'T)

Training Equipment
Trainer: Wastewater Plant

Training Methods _

Lecture/Discussion (13 hrs)
Performance (14 hrs)

Instructional Guidance

Discuss the operation and maintenance of secondary wastewater treatment, unit
and components. Explain the difference between secondary treatment and
previous systems. Show the wastewater plant trainer when explaining and
describing the operation and construction features of these units. Give a
slide presentation to the students concerning secondary treatment units and
components. Visit local municipal wastewater plants and explain and identify
the wastewater system available. Observe all safety precautions and.practice
shop and plant safety during the entire field trip. If inclement weather or
unavailability of transportaion prevents taking the field trip, these days
will be alternated with another lesson. Operate the wastewater trainer.

Guide the students while using the progress check directions of operation.
Flow water through the complete system following SOP in the progress check.
During trainer operation, troubleshoot the system. Assign and monitor student
accomplishment of progress checks. Use progress check to evaluate students.

J3ABR56631 000 IV 8 12 May 86 (Chg) 82



. PLAN OF INSTRUCTION& ESSON PLAN PART I
NAME 0 r INSTRU-CTOR

I

I COURSE line
Environmental Support Specialist

BLOCK TITLE

Wastewater Treatment and Dissosal
L COURSE CONTENT 2. TIM

9. Tertiary-TAdvancidjTiiitment
_ -

a. Given a list of incomplete statements and a list of terms
and phrases related to advanced wastewater treatment, select the
correct term or phrase that pertains to each statment. Seven of
the ten selections must be correct. STS: 9d (27), 9d(28), 91(30),

Day 39
(2)

(2)

12a(5), 12b(13), 12b(14), 121;1.15), 12c(13), cr14), 12c(15
Meas: PC

(1) Define Tertiary (Advanced) Treatment (AWT)

(2) Methods of tertiary treatffent

b. Given information and a troubleshooting guide and four
problems, list one corrective operational or maintenance procedure
for a phosphate tank, denitrification unit and a carbon filter IAW
AFM 91-32. Two of the four procedures must be correct. STS:
12c(13), 12c(14), 12c(15) Meas: PC

(1) Operation and maintenance problems

(2) Troubleshooting

SUPPORT MATERIALS AND GUIDANCE

Student Instructional Material

SW J3ABR56631 000-IV-9, Tertiary (Advaaced) Treatment
AFM 91-32, Operation and Maintenance of Domestic and Industrial

Wastewater Systems

Audio Visual Aids
Films: 46817 - A Towr That Washes Its Water

46626 - The Living Filter

Training Methods

Lecture/Discussion (2.5)
Perfonmance (1.5)

SUPERVISOR APPROVAL ougiattzuti__,
SIGNATURE AND DATE SIGNATURE AND DATE

POI NUMBER

J3ABR56631 000

Bt. 0 CK

IV

UNIT
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- PLAN OF INSTRUCTION/LESSON PLAN PART I
NAME OF INSTRUCTOR COU RSE TI TL E

Environmental Support Specialist
111-00C TITLE

Wastewater Treatment and Disposal
L COURSE CONTENT 2. TIME

10. Disinfection Process

a. Given a schematic of
points where chlorine may be
related to wastewater disinfection.
statements must be correct.

(1) Definition of

(2) Applying chlorine

(3) Forms of chlorine

(4) Chlorine handling

(5) Other disinfectants

*End-of-Course Appointments

SUPPORT MATERIALS

Student Instructional Material

a wastewater plant,

applied and complete
Ten of the

STS: 12a(6) Meas:

identify the
written statements

fifteen completed
PC

and Industrial

wastewater system.
it is applied

and safety of
Briefly

maintenance of
and guidance.

check.

2
Day 39

(2)

(2)

disinfection

and storage

AND

process

GUIDANCE

Process
Domestic

the
how and where

importance
of chlorine.
and the

information
of progress

SW J3ABR56631 000-IV-10, Disinfection
AFM 91-32, Operation and Maintenance

Wastewater Systems

Training Methods

of

throughout
and
the

forms

91-32 for

students.

Lecture/Discussion (1.0)
Performance (1.0)

Instructional Guidance

Discuss the disinfection process
Explain the chemistry of chlorine
within the plant system. Emphasize
handling and storing the different
discuss the other types of disinfectives
chlorine equipment. Use AFM
Assign and monitor student accomplishment
Use progress checklist to evaluate

sueeRvIsoRmeRoyAumougautug
SI(MATURE AND DATE SIGNATURE AND DATE

POI NUMBER

J3ABR56631 000
BLOCK

IV

UNIT
10

DATE
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, PLAN OF INSTRUCTION/LESSON PLAN PART I
NAME 0 F INSTRUCTOR

1

I COURSE TITLE

Environmental Support Specialist
BLOCK TITLE

Wastewater Treatment and Disposal
L COURSE CONTENT 2. TIME

11. Logs and Reports

a. Given pertinent data about a
1462 and 1463, complete the forms. Four
be correct. STS: 51, 8d Meas: PC

(1) Purpose of records

(2) Types of records

(3) Requirements of records

SUPPORT MATERIALS AND

Student Instructional Material

wastewater plant and AF Forms
of the seven entries must

GUIDANCE

reports an operator should

purpose and use of equipment
of AF Forms 1462 and 1463.

of these forms.
of progress check. Use

End-of-course Appointments

2

Day 40

(2)

2

2

2

SW J3ABR56631 000-TV:11, Logs

Training Methods

and Reports

logs and

Explain the
finportance

and documentation

students.

and

Lecture/Discussion (1.0)
Performance (1.0)

Instructional Guidance
Discuss the various types of
document and keep on file.
and utility logs. Stress the
Assist students with information
Assign and monitor student accomplishment
progress checklist to evaluate

6. Written Test and Test Critique

7. Course Cr4tique and Graduation

*Predeparture Saf,ty Briefing

*DENOTES MILITARY TRAINING

SUPERVISOR APPROVAjOp LESSON P AN__
SIGNATURE AND DATE SIGNATURE AND DATE

POI NUMBER

J3A3R56631 000

BLOCK

IV

UNIT

11

DATE

12 May 86 (Chg)
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ASSIGNMENT SHEET

This assignment sheet should be used when:

You are to complete only a part of this text.

Your assignment within this text is divided into two or more
reading periods.

Your instructor will make assignments by identifying specific objectives,
text material, and review questions.

IOBJECTIVES
(by No)

ASSIGNMENTS

TEXT MATERIAL
(by Page)

REVIEW QUESTIONS
(by Nol

79



MATTER

OBJECTIVES

1. Write the definition of matter.

2. List the three states of matter.

3. Identify the states of matter from a given list of diagrams which
show the transfer of each state of matter from une container to
another.

4. Match the terms volume, mass, universal attraction, weight,
density, inertia, porosity, impenetrability with a list of
statements describing these terms.

5. Draw the "Magic Circle" for weight, volume, and density; and
write the formula for finding:
a. weight
b. volume
c. density

6. Match the terms element, compound, molecule, and atom with a

list of s*.tements describing these terms.

641.11i

1
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1. The earth and the planets, or anything tnst can be

found on or in them, take up space and have weight

(a vacuum doe.s not have weight).

These things are called matter.

Matter is anything that has weight and occupies

SPACE 2. The pencil you are writing with has weight and

occupies space. The pencil, therefore, is

considered

lATTER 3. You are surrounded by mitter. The air you breathe,

the food you eat, your own body are all matter.

These things and anything that has weight and

occupies space are called

MATTER 4. The definition of matter is anything th.t

and

HAS WEIGHT

OCCUPIES SPACE

5. What is the definition of matter?

CONTINUE CN PAGE 3



(From page 6A)
2A

You will be embarrassed whel, you return to page 6A and look at the dia-

gram you said represents a solid. Go back now and think about vour

choice. You will find that it aoes not have the properties of a soli3.

Choose the correct one and continue the program.

(From pages 4A or 63)
23

Good. You know how liquids react and look when transferred from one con-

tainer to another. Gases will react in a certain way,too. They will

assume the shape and the volume of a new container, as shown by helium

being blown into a balloon. A set of diagrams showing the transfer oi

gas from one container to another wouio look like:

If your answer is:
Turn to page:

TO

TO

4B

6A

2



ANYTHING THAT
HAS WEIGHT AND
OCCUPIES SPACE.

6. Matter exists as d solid. It also exists as a

gas and a liquid.

The three states in which matter existc are

and

SOLID
LIQUID
GAS

STATES
MATTER

7. Water, blood, and gasoline are liquids. Steel,

wood,and ice are solids. Oxygen, CO2, and water

apor are gases. Gases, solids, and liquids

are the three cf

3. What are the three states of matter?

1.

2.

3.

SOLID
LIQUID
GAS

9. Each state of mtter !..haves differently when

moved from one container to another. When the

BAR from a can of "Spare Tire" is released into a

tire, it occupies the volume and assumes the shape

of the tire. If milk is poured from a pint bottle

into a quart pan, will the liquid assume the shape

and rile volume of the pan?

If your answer is: Turn to page:

Yes 4A

No fqs

83



(From page 32frame 9)
4A

Incorrict. It does not assune the volume of the pan. If pour the

milk (1 pint) irto the pan (1 quart), will it fill the pan? Of course

pot, but it will assune the shape. This is the way liquids react in the

transfer process. They assume the shape but NOT the VOLUME. The trrns-

fer ol liquid shown as a diatram would look like:

If your answer is:

TO

TO

(From page 2-*
4B

Turn to page:

2B

8A

Gas will take up the entire space and assume the shapg of the new con-

tainer when transferred. Return to page 2B and look at the diagrams;

see which set of diagrams representsa gas and then turn to the correct

answer page.

4 84



ANSWER TO 20A

W DV

D
V

CHEMICAL

ELDLENTS

N

10. You are not reading what you should be! If you

had followed instructions,you wouldn't be reading

this frame. Return to frame 9 and continue the

program.

(From page NA)

11. An ELEMENT is a substance that cannot be reduced

to simpler substances by chemical means. Gold,

oxygen, and platinem cannot be reduced to

simpler substances by means

because they are

12. A substance that cannnt be broken down into a

simpler ;Albstance by chemical means is called --

a/xn

ELEMENT 13. Elements are the basic substances that azg- com-

bined to form the many things that we know as

compound!. Water and sugar are examples of com-

pounds because they are a combiation of two or

more elemsnts. An element cannot be reduced to a

chemical means, and a/an

by

is made up of two or more elements.

CONTINUE ON PAGE 7

5
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(From page 23)
6A

Right. You have shown that you know a gas will take the size and shape

of a new container if transferred. So far, you know what liquids and

gases do when they are transferred from one containr to another.

Solids react entirely differently.They. assume NEITHER the shcoe nor the

volume of the nom container. Move a block of wood from a small box to

the back'of a truck. It does not change in shape or volume. Shown as a

dinrsts, transfer of solids would look like:

If your answer is: Turn to page:

111111111111111

to

11111111
2"

108

(From page 30frame 9)
513

Very gdod. As you nave ahown, liquids assume the shape of a new containe

but nc't the volume (unlit. the twr volumes are the same) This can be

shown in a diagram, which ,T,ight look like:

If your answc.. is:. -urn to page:

23

I3B

6

8 6



SIMPLER
SUBSTANCE

COMPOUND

14. There are many common things that are elements

or compounds. Hydrogen, iron, aluminum, carbon,

and tin are all examples of

because it has been found that they cannot be

broken down or changed into something simpler

(by chemical means).

15. Some common examples of compoundB arc earth,

wood, paper, salt, and air. In order to be

classed as a compound, the substance must have

at least elements.

16. Plastic, co-'-on, and eir can all be reduced to a

materto! or substance that is simpler or different

siuct they are made up of several dffierent ele-

ment,. They are known as

17. Matter is made up of very small particles called

atoms and mol-,cules. These two small particles

are differemtlsince it takes 2 or more atoms to

make a molecule. Another way to say it is-- an

atom combined with another atom or atoms makes

a/an

CONTINUE ON PAGE 9
AUrr- lekTeilKinAWM

7



(From page 4A)
aA

Wrong. The diagram shows that the liquid is assuming the shape and the

volume. Liquids will assume the shape and the volume MY when the two

containers have the save volume . This, of course, is not characteristic

of liquids. Go to page 4A and choose the diagiams showing the transfer

of liquid from one container to another.

(From page 103)
8B

ANSWERS TO PAGE lOB - - a. L, b. S, c. G

Identify the state of matter in the diagrams below that show the transfer

of matter from one container to another. The shaded area represents

matter. Fill in the blank between each set of diagrams, using a G for

gas, L for liquid, and S for solid.

a.

b.

11.

a.

f.

4111D

Tu)n to page 10A

8



MOLECULE

(From frame 17, page 7)

18. An atom is the smallest particle of an element

that can combine with other atoms to fora mole-

cules. A molecule is the smallest part of a

substance that will have all the characteristics

of that substance. The smallest part of water

that stfll has all the properties of water is

a/an

19. A wrIlccule will have all the properties of a sub-

stance. The particles that make up the noltcules

aL3 do not necessarily have any of the proven:tes

of the subatance are called

20. Remembo, that a/an have to

have any of the properties of th. ance of

which it is a part. The smallest particle of a

substance that does have all the properties of

it is a/an

85

CONTINUE ON PAGE 11A

9



i

(From page 8B)
10A

-INNEWA.6marmwwwwwww6.-

ANSWERS TO PAGE 88 - - a. Sp b. L, c. s, e . f. G.

There are several general properties which matter ha3 in common.

These are; volume, mass, universal attraction, weight, density, inertia,

porosity, and impenetrability. Would steel have the same general proper-

ties as wood?

If your answer is; Turn to page:

Yes

No 12A

(From page 6A)
108

RIGHT. As a quick review- liquids assume the shape but not the volume;

gas will take both the new shape and volume: a solid w.!.11 not change

either its shape or its ..Polume. All these transfers from container to

container can be shown by diagrams.

Identify the st.i.1.1s of matter in the diagrams below. Use G for gas, L

for lfquid, and S for solid.

a.

C.

b

Turn to page 88

10



(From page 9, frama fl)

11A

ANSWERS TO FRAME - - atom, molecule

Identify each :-:::,tement below as a description of either an element, com-

pound, molecule, or atom. Write the name in the provided blank.

a lething that is made up of several different elements.

b. A small particle that when combined with other particles of

simi/sr size makes molecule.

c. This cannot be reduced to a simpler substance by chemical

means.

d. The smallest part.of a substance that retains all the properties

of that substance.

TURN TO PAGE 14C

.(From page 15A)

118

Very good. Apparenr,y you know how to use the magi- circle. Any one

of the three properties is just as easy to find. Turn to page 17A to

check your understanding of the magic circle.

(From page 13A)
11C

Your answer, water, is incorrect. Remember that density is the weight

per unit volume of matter. The density of mercury is 850 pounds per

cubic foot, whereas fresh water has a density of 62.5 pounds per cubic

foot. In other words,ia unit volume of mercury (in this case,a cu'Jic

foot) meighs more than a unit volume of water; consequently, mercury is

derwer than water. Now return to page 13A and select the correct answer.

.4ScIONIMSswiestsiall'

91
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(From page 10A)
12A

Your answer, no, is incorrect. We said that there were several general

properties which all matter has in common. Even though steel

are different states of matter, they are sti11 matter; and, e,

have the same general properties. Return tr; page 10A and select the

correct answer.

do

(From page I4B)
12B

You're right, very go:cl. All matter occupies space; therefore, .t has

volume. The next general property we will cover is mass. The measure

of the quantity of matter in a body is called its mass. The mass of a

given body is constant. it does not vary. As an example of mass,

consAer a sponge. It contains a definite measurable amount of mass.

Whether we squeeze, stretch, or soak rhe spcAge in water, the mass will

not change, even though the size and shape may be altered. The amount o

sponp will remain unchanged. In other words, the mass of the sponge

will remain constant.

If you squeeze a rubber balloyou are also decreasing its mass.

If your answer is:

True

False

"...11111111111,

12

Turn to page:

18D

I4A
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(From page 16A)

13A

Weight is the attractive force of the earrh for a body.

The next general property of matter we wil/ cover is density. DensIty

is the wei ht of a unit volume of matter. Iron if; denser thew. ood.

This means that one cubic foot of iron weighs more than one cubic foot of

wood. The more matter (mass) there is in a given volume of a substance,

the denser that material is. Shown below are some examples of densities.

LEAD
905

DENSITIES
LBS./CU. FT.

IRON
475

MAPLE
45

CORK
15

Which would be denser, water or mercury?

If yot.r answer is: Turn to page:

water 11C

mercury 20B

BALSA
T. 5

(From page 6B)
I3B

Wrong. The diagram shows that the liqid is assuming the shape and the

volume. Liquid3 will assume the shape .Ind the volume ONLY when the two
44IW

containers have the same volume. This, of court,, is not characteristic

of liquids. Go back to page 6B and choose thecorrect nr,swer.

13



(From page 12B)
14A

You selected false, and you're right. Always remember that the mass of
a given body is constant. The next general property of matter we will
cover is universal attraction. All matter attracts all other matter.
This fact was first stated b: Sir Isaac Newton, and it is known as New-
ton's-law of universal gravitation. As an example, the earth is bound
to the sun by the mutual attraction cf the matter contained in the sun
and the earth. Would universal.attraction have anything to do with
why we are bound to the earth?

If your answer is: Turn to page:

Yes 16A

No 198

(From page 10A)
143

You are absolutely riet We said that the gener: properties of matter
were common to all matter.

kow discuss each one of the general properties of natterostarting

wit-j1 7Olume,

If ma.ter occupies space, as we found it does, it must have length, width,
aod .1.eight. In other words, volume is the measure of the amount of space
v!,ich tter occu
Does tlr,

If your answet is: Turn to page:

Yes 12.8

No '5B

(From page 11A)
14C

,..... 00

ANSWERS TO PAGE 11A: a. Compound Atom c. Element d. Molecule

1.!is completes the program on matter. Review the ob'ectives before taking

the self-test.

14
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arom page 163)
15A

No. You can only put the other two values to the ri ht of the = sign.

Thus W=VD. The formula was derived like this---

W= DV

As you notice in the circle, the V and the D are side by edde. They
are also side by side when they are substituted in the formula. If you
want to find the volume or the density, then your formula will change.
What is the formula for finding volume?

If your answer if Turn to page:

W = DV 17B

V = WD 19A

V is W

(From page 14B)
15B

11B

Wrong, think again. Doesn't the air, which is a gas, occupy a certain
amount of space in a balloon? The CO2 in a life raft occupies a
certain amount of space, doesn't it? The volume of gas is determined
the size of the container in which it is contained and this quantity .

volume is measured in cubic units such as cubic inches, cubic feet,
Now return e..o page 14B and select the correct answer.

(From p2ge 18A or 18C)
15C

Wrong. The formula for finding volume is not V = WD. T:.e magic circle

has the W rne D. It would beco,tt

Turn to page 17A and cotinue the prcram.

,711111111111111k
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(From pare 14A)
16A

You're right. We are attracted to the earth, as is the earth attracted
to us, by universal attraction (gravitation). Of course, the farther
away from the earth's surface a body isothe less gravitational attraction
there will be on that body.

Now, let's move on to the next general property of matter --- weight.
The attraction of the earth for a body acts as a poll on that body. We
may say that the earth exerts an attractive fort.p sn the body. The
measure of the attractive force of the earth for a body is called the
weight of the body. As an example, if you we.gh 1..6 pounds, the mass of
your body and the mass of the earth mutually attract each other with a
force of 145 pounds. Therefore, weight is the

Turn to page 1314

(From page 19C)
168

Answers from page 19C. -- 1 - G, 2 - E, 3 - F, 4 - A. 5 - B, 6 - C,
7 - D, 3 - H.

Now let pe introduce you to the 'Magic Circle!'

W= Weight
V= Volume
D= Density

There is Lothing magic about it, but it does make memory work a little
easier. With it,we can find any ONE of three characteristics of matter
(volume, density,or weight). You must know two in order to find the
third. To do this, take the one you wish to find from the cjrcle and
place the letter to the left of the = sign. Then place the other two,
just as they appear in the circle, to the right of the = Agn. For
instance, if you wish to find the weight of an ,Aject, take the W out
of the circle, put an * sigr after it, and place remaining two known
values after the * sign like this:

If your answer is: Turn to page:

W
VD

= 15A

W = DV 18A

18C

16



(From page 118, 15C, 18A, 18C, or 19A)
17A

Right! You should be ready for a test in writing formulas and the magic
circle. If you don't feel you can derive a formula from the magic circlej
return to page 16C and go through the frames on the magic circle again;
otherwise,.draw the magic circle and write the formula for finding
density.

Magic Circle Formula

Turn to page 183 for answer

(From page 15A)
173

w = Dy. is the formula for finding weightonot volume. The unknown must go
to the left of the = sign; so, for finding volume, the V goes to the left
(V=). Return to page 15A and select the correct formula as you get it
from the magic circle.

(From page 22A)
17C

Yes, water will seep through a cement block foundation unless the blocks
are waterproofed because of the porous nature of cement.
The last general property of matter we will cover is Imenetrabilitt.
No two ob ects can occu y the same space at the same time because all
matter is impenetrable. A nail driven into a board does not penetrate
the wood, but pushes the fibers aside. The drawing shown below illus-
trates the impenetrability of matter. Explain why.

17

97

CONTINUE ON PAGE 22B



(From page 168)
18A

Very good. As you have indicated by your formula, the W is taken from
the magic circle and placed to the left of the = sign. The V and the D

are side by side. This, of course, means volume times density = weight.
If you were going to find the volume of an object, the formula would be:

It'your answer is: Turn to page:

V = WD

v =1'51

15C

17A

(From page I7A)
188

ANSWERS TO PAGE 17A: and D=
V Turn to page 20A

(From page 168)
18C

No. V is not correct. If you ta W from the magic circle,

to find weight you will have this ---

The V and the D are side by side. It is also that way in the formula.

W=Dir means weight equals volume times density.

If you want to find the volume of an object, you substitute from the
magic circle and have this formula:

If your answer is:

V= WD

V= /-.-1

Turn to page:

15C

17A

(From page 128)
18D

Wrong. Remember, we said that the Mass of a given body is constant;

it does not vary. By squeezing the rubber ball, all we have done is

answer.
change its volume. Now return to page 12B and select the correct

18
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(From page 15A)
19A

Draw a magic circle ... Now look at the W and the D.
Are they side by side as you indicated in your formula? As you have
noticed by now, the W is OVER the D with a line between them. The
problem asked for the formula for finding volume. As you take the
letters from the magic c!rele, they will fall right into their proper
places and look like this:

Turn to page 17A and continue the program.

(From page 14A)
19B

Your answer, no, is incorrect. Remember, universal attraction means
that all matter attracts all other matter. Therefore, we are bound to
the earth's surface by a certain force because of the attraction between
our bodies and the earth's surface.
Now return to page 14A and select the correct answer.

(From page 22B)
19C

Match the terms with the statements.

1. Weight

2. Volume

3. Mass

4. Universal
attraction

5. Density

6. Inertia

7. Porosity

8. Impenetrability

A. All matter attracts all other matter

B. The weight of a unit volume of matter

C. Matter lacks the ability to either start or
stop itself.

D. All matter is granular (space between parti-
cles).

The measure of the
matter occupies

The measure of the
body. It is consta

The measure of the
earth for a body

No two objects can
the same time.

amount of space which

quantity of matter in a
nt.

attractive force of the

occupy the same place at

CONTINUE ON PAGE 16B
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(From page 188)
/OA

Draw the magic circle for weight, density,and volume, and write the for-
mulas for finding weight, density,and volume.

Magic Circle here: Formulas here:

Turn to page 5, frame 11

(From page 13A)
20B

Very good. Mercury is denser than water. Remember, we said that density
is the weight of a dnit volume of matter. The density of water (fresh)
is 62.5 pounds per cubic foot, whereas the density of mercury is
approximately 850 pounds per cubic foot.
The next general property of matter we will cover is inertia. According
to Newton's law of inertia, a body continues it. its state of rest, or
uniform motion, unless an unbalanced force acts on it. In other words,
matter lacks the abilit to either start or sto itself. Some examples
of inertia are-- the inability to stop a speeding car when the brakes
fail and the inability of an aircraft to make a carrier landing without
arresting gear. In the sketch shown below, the inertia of the coin
(inability to start itself) allows us to flick the card from under it,
.and the coin drops ditectly into the glass.

I. 2.
Would inertia ever be a factor on your body if you were a passenger rid-
ing in an automobile? Yes/No

Give an example.

Turn to page 21A

20
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(From page 20B)
2IA

Yes,it would. An example might be as follows: if you were a passenger

riding in a car traveling at 60 miles per hour and the car stopped

suddenly, what would be the action of your body if you were not wearing

seat belts? According to the law of inertia, a body in motion continues

in motion unless acted upon by an outside force. Therefore, your body

would be thrown forward and through the windshield. If the car acceler-

ated suddenly, the action of your body would be being thrown against the

back of the seat. These are both examples of inertia.

Porosity is the next general property of matter we will cover. All

matter is granular, that is, it has space or pores between the particles.

The amount of space between the particles depends upon the structure of

the material. In the sketch shown below, notice that when a pint of

water and a pint of alcohol are mixed,they do not equal a quart of the

mixture.

WATER

I PiNT

ALCOHOL MIXTURE

This would suggest that the alcohol partially fills the sp.m.-as between

the particles of water.

CONTINUE ON PAGE 22A

4
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(From page 21A)
22A

To illustrate the point more clearly, look at the illustration below.

COARSE
GRAVEL

SAND

1!!!!!!!ft
it"otek?.4667
v,i4cA4,,;.*r
te);V^T 6.11;

CrGeq0.9,
; t"';

COARSE GRAVEL
AND SAND

If we had two similar containers, one filled with gravel and one filled
with sand, and if both cf these containers were emptied into a 1rger
one, the container with the sand and gravel mixture would not be com-
pletely fill,because the sand would fill the spaces between the &ravel.
Could water seep through the cement foundation of a house? Yes/No

Why?

Continue on page 17C

(From page 17C)
22B

Impenetrability of matter :s shown in the illustratinr .aecPuse the water
level rises. The objr.ct Se.og lowered into thr. wArer takes some of the
water's space,which inuicz.1-!s no two objeccs can occupy the same
place at the same time.

Continue on page 19C

22
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SELF-TEST

MATTER

1. Write the definition of matter.

2. List the three states of matter.

1.

2.

3.

3. Identify the state of matter by writing a G for gas, S for solid,
and L for liquid in the spaces provided between each set of diagrams
showing the transfer of states of matter from container number 1 to
container number 2. The lined area represents the space occupied by
matter.

CONTAINER NO. I CONTAINER NO.2
a.

b.

C.

cl.

e.

f,

I HP

di]

[11
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4. Match the terms volume, mass, universal attraction, weight, density,
inertia, porosity, and impenetrability with the list of statements
describing these terms.

1. Weight

2. Volume

3. Mass

4. Universal
attraction

5. Density

6. Inertia

7. Porosity

8. Impenetrability

A. All matter attracts ill other i.atter.

B. The weight of a unit volume of matter.

C. /.1tter lacks the ability to either
start or stop itself.

D. All matter is granulir (space beiween
particles).

E. The measure of the amount of space
which matter occupies.

F. The measure of the quantity of matter
in a body. It is constant.

G. The measure of the attractive force of
the earth for a body.

H. No two objects can occupy the same
place at the same time.

5. Draw the "Magic Circle" for weight, volume, and density, and write
thc correct formula for finding each of them.

Weight --

Volume ----

Density ---

Draw the magic circle here

6. Identify each of the following phrases or statements as an element,
compound, molecule, or atom. Place the correct name in the space
provided below the statement.

a. Matter that contains several different elements.

b. The smallest particle of an element that can 7ombine with
other particles to form molecules.

c. Water, trees, dirt, ana snow are all examples of

24
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Tffim.

d. Gold, hydrogen, and mercury cannot be reduced to a simpler sub-
stance by chemical means. They are known as

e. A substance that is broken down to the smallest particle possible
and still retains all the properties of that substance is a/an

f. Each particle that combines with other particles to form a mole-
cule is called a/an

g. Matter that cannot be reduced to a simpler substance by chemical
means is knowm as a/an

25

1115

vrC-SAFB.17 81-59



STUDY GUIDE/WORKBOOK
J3ABR56631 000-I-1 thru 10

Technical Training

Environmental Support Specialist

ENVIRONMENTAL FUNDAMENTALS AND SUPPORT EQUIPMENT

3700 TECHNICAL TRAINING WING
3770 Technical Training Group
(Civil Engineering Training)

Sheppard Air Force Base, Texas

ATC Form 214 JAN OS

DESIGNED FOR ATC COURSE USE

DO NOT USE ON THE JOB

PREVIOUS EDITIONS ARE OBSOLETE. 1 06 21c114,CARD COVERSHEET



TABLE OF CONTENTS

Number

Study Guide/Workbook J3ABR56631 000-I-1 thru 10

Title Page

1-1

1-2

1-3

Course Orientation

Career Ladder

Civil Engineering Management

1-1

2-1

3-1

1-4 Security 4-1

1-5 Technical Publications 5-1

1-6 Safety Program and Accident Prevention 6-1

1-7 Corrosion 7-1

1-8 Hand and Special Tools 8-1

1-9 Operation and Maintenance of Water and
Wastewater Treatment 9-1

I-10 Pump and Equipment Maintenance
10-1

ACKNOWLEDGEMENT

Preparation of Unit 1-9 of this study guide/workbook was aided through
tion and courtesy of the Watts Regulator Co., CLA-VAL Co., and FEBCO Sales,
companies furnished the technical information and illustrations pertaining
installation, operation, testing and maintenance of the backflow prevention
Permission to use their publications is gratefully acknowledged.

Supersedes SW J3ABR56631 000-1-1 thru 10, February 1988

1 07

the coopera-
Inc. These

to the
devices.



3770 Technial Training Group
(Civil Engineering Training)
Sheppard Air Force Base, Texas

COURSE ORIENTATION

OBJECTIVE

SW J3A13R50631 000-I-1

This study guide/workbookliill acquant you with the course organization, contents,
objectives, instruction and measurement program, and course, branch and group policies.

INTRODUCTION

This orientation study guide is an introduction. In it, we will try to introduce
you to the contents, policies, 'and objectives of the course for which you have been
selected. In our instruction, we will cover the daily schedules, the instruction and
measurement policies, the type of training materials used and other items of interest to
you as an entering student. Above all, we want you to feel welcome in our course and we
will do everything we can to make your stay at Sheppard worthwhile and pleasant for you.
The more you put into the course, the more you will get out of it.

Materials presented in the following pages will be under the major topic headings as
follows:

O AIR FORCE CAREER PROGRAM DN CAREER ADVANCEMENT

o COURSE ORGANIZATION

o COURSE OPERATING POLICIES, ALERT PROCEDURES, AND MEASUREMENT AND GRADING
PRACTICES

O HIGH PERFORMANCE STANDARDS AND HONOR GRADUATE PROGRAM

O INSTRUCTIONAL METHODS AND TRAINING LITERATURE USED IN THE COURSE

O STUDY SKILLS AND STUDENT NOTEBOOK

O ACCIDENT PREVENTION AND SAFETY

o STUDENT CRITIQUE PROGRAM

O FRAUD, WASTE AND ABUSE

O SEXUAL HARASSMENT

AIR FORCE CAREER PRGRAM AND CAREER ADVANCEMENT

INFORMATION

To effectively accomplish the mission of national defense, the Air Force has grouped
many jobs and duties into many different career fields. Some of these career fields (or
the personnel in these career fields) take care of food service, pay, transportation,
personnel records, aircraft maintenance, communications, and many other jobs necessary
to the Air Force Mission.

You have been assigned into one of the career fields which support Air Force Civil
Engineerine activities. Air Force Civil Engineering has the responsibilities for the
procurement, operation, and maintenance of base property in general. This property
includes land (grounds); roads; buildings; water supply, sewage, electrical, air condi-
tioning, and heating systems; airfield runways and runway lighting systems; and other
utilities and faciliites required to keep a base oprcationa and to make it a safe,
healthful place to work. Three career fields which are regarded as civil engineering
are the mechanical/electrical, the construction, and the sanitation (the one you are in)
career fields.



Sanitation Career Field (5(3)

This career field (called the 5(3 career field), in which you are now assigned,includes the specialties responsible for the operation and maintenance of water andwasteawter equipment and systems. The specialties within this field are EnvironmentalSupport (yours) and Entomology. The 56 career field is by far one of the more interest-ing career fields in which to be assigned.

The above general summary of Civil Engineering career fields has been given so thatyou will have a knowledge of other specialities in Civil Engineering. The details ofyour career field are provided in SG J3ABR56631 000-1-2, Career Field Progression andTraining. Study it very carefully. It will help you understand the importance of yourjob. Success in any job depends upon a thorough understanding of that job.

Importance of your Job

To realize the importance of your job as an Environmental Support Specialist, allyou have to do is to stop and think a moment about all the uses of water. The foods weeat today--meats, fish, poultry, fresh vegetables, and fresh fruits--simply would not beavailable without water. Also, critical medicines which are used in hospitals every daycould not be prepared without safe, clean water. Can you imagine what it would be liketo need a drink of water and not know if it was safe to drink?

A safe water system needs a lot of equipment and all of it requires installation,servicing, maintenance, and operation. From this, you should be able to see the
importance of your job both while you are in the service and after you return tocivilian life.

Your job is not only one in which it is interesting to work, it is also one in whichthe pay and prestige in civilian life makes it well worthwhile. Water in our country
and the entire world is gradually becoming more and more polluted. People with yourtraining will be in constant demand to purify this water.

A real opportunity is before you, so make the most of it. Both you and the nation
will profit from your good work. We will help you every stop of the way. Just let usknow when you need help.

Benefits Gained from Course Completion

By now, you should be able to see all the benefits you can gain by completion ofthis course. These benfits can be summarized as the completion of an activity started,
an interesting and important position while in the service, an important and well-payingjob upon your return to civilian life, and last but not least, a direct and importantcontribution to the security of our country. All of these benefits are worth a lot ofhard work on the part of each of us.

Consequences of Course Failures

This is one aspect of your Air Force experience that we don't like to think about.Most of us have a strong desire to successfully complete any undertaking we begin. Thesame way with the course in which you have been enrolled. It is to your best interest
to work as hard as you can to complete the course. It should become a matter of pride
to be successful in your undertaking.

If you should fail, after all the efforts you and the instructors put forth, you
would m:,st likely be reassigned to a career field with lower entrance requirements andone which is less technical. This means, of course, that even if you fail the rourse,through no fault of your own, you are still in the Air Force and will be reassigned tosome other specialty.

If you should fail and the elimination board determines it to be your fault becauseyou did not apply yourself or from some other unsatisfactory action on your part, youcould receive disciplinary action. As we said before, this is an aspect we don't like
to talk about, so just apply yourself and don't fail.
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Career Advancement through OJT

OJT means on-the-job training. This is the part of your career development where
you really learn to do by actual work on the job. At thc sale time, you will be able to
expand your knowledge by self-study.

Upon graduation from the course you are now enrolled in, you will be awarded a
3-skill level Air Force Specialty Code (AFSC). Specifically, you will be awarded AFSC
50631, (remember the 56), Apprentice Environmental Support Specialist. You will then
be ready to gain the job performance experience and the knowledge you need to advance to
the 5-skill level which is the journeyman or specialist level.

Your OJT program will consist of what you may consider as three distinct parts:
work, study, and record keeping.

When you report to your organization of assignment, you win be assigned to an OJT
trainer. This trainer will enter you on OJT and will mark a copy of the specialty
training standard (STS) to show the items for which you are to be trained. This train-
ing standard, STS 566X1, lists the knowledge and skill levels you must acquire before
being awarded the next higher AFSC. An AF Form 623, On-the-Job Training Record, will
also be filled out for you. In this training record, your trainer will keep the STS,
which shows the progress you make during your OJT. He will also enter a record of all
other training you get, and give you periodic tests to see that you are developing the
skills and task knowledge you need for progression to the 5-skill level.

In addition to the OJT you get by doing actual work, you will also be enrolled in
the career development course (CDC) for your specialty. In your case, it will be CDC
56651, Environmental Support Specialist. The CDC is a self-study course. You will be
tested on the CDC course, as well as the on-the-job performance part of your training.
When you have successfully completed both parts of your training, the actual on-the-job
work and the CDC, you will be eligible for award of the 5-skill level.

Academic Credits for Course Completion

The American Council of Education receives copies of the course control documents
for the course you are in, and all other courses of this type. They have evaluated
these control documents and have arrived at the academic credits which can be granted
for successful course completion. The number of semester hours credit for this course
is given in a catalog issued by the Community College of the Air Force. By the time you
leave the service, you will be able to apply a number of semester hours of credit to a
related field of study at most educational institutions. At present, this course is
valued at 11 semester hours.

COURSE ORGANIZATION

This course is set up to present the instruction in a step-by-step sequence. That
is, fundamentals and principles are presented first and are followed by performance to
insure that you acquire both the knowledge and skills you need to do your job as an
apprentice in the 566X1 field.

Course Content

This course is 320 hours or 8 weeks in length. It is divided into four blocks or
instruction. A breakdown of the course subjects is listed below:

Block I, Environmental Fundamentals and Support Equipment

Course Orientation

Career Ladder

Civil Engineering Management

Security (OPSEC)

Technical Publications

Safety Program and Accident Prevention
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Corrosion Control

Hand and Special Tools

Operation and Maintenance of Water and Wastewater Treatment SuppolEquipment

Pump and Equipment Maintenance

Written Test and Test Critique

Block II, Water and Wastewater Analysis

Related Mathematics

Principles of Physics

Principles of Chemistry

Laboratory Safety

Collecting Water and Wastewater Samples

Water Analysis

Wastewater Analysis

Written Test and Test Critique

Block III, Water Supplies and Treatment

Water Well Operation and Maintenance

Water Treatment Process

Monitor/Operate and Maintain Water Treatment Plant Equipment

Monitor/Operate and Maintain Ion Exchange

Monitor/Operate and Maintain Electrodialysis Demineralizer Unit

Field Water Purificaiton Units

Swimming Pools

Written Test and Test Critique

Block IV, Wastewater Treatment and Disposal

Characteristics of Wastewater

Wastewater Plant Safety

Pollution Control Policies and Programs

Operation and Maintenance of Septic Tanks

Operation and Maintenance of Pretreatment Units

Operation and Maintenance of Preliminary Treatment Units

Operation and Maintenance of Primary Treatment

Operation and Maintenance of Secondary Wastewater Treatment

Tertiary Treatment and Disposal

Disinfection Process

1-4
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Logs and Reports

Written Test and Test Critique

Course Critique and Graduation

The sequence of instruction has proven to be very effectie. Many students have
completed this course in its present form. You can also successfully complete it. It
will require much effort on your part, but then anything worthwhile requires effort.

Organizational Structure

For any large grcup of people to work together effectively, an organization must be
established. This course is no exception, and here the operation must be effective to
accomplisl. the mission of technical training.

This organization is simple. All courses are assigned to training branches. The
training branches are in turn a part of the 3770 Technical Training Group. This train-

' ing group is one of several training groups that make up the 3700 Technical Training
Wing. The organization structure of the 3770 Technical Training Group is illustrated in
Figure 1-1.

3700 Technical Training Wing

I

1

I 3770 Technical Training Group

Mechanical Construction

____J______

Electrical Power Production
Branch Branch Branch Branch

Figure 1-1. Group Organizational Chart

FiLure 1-2 shows a simple straight line chain from you to the group commander. The
group commander is responsible to the wing commander, who, in turn is responsible to the
training center commander. What this means to you is that while you are in school, the
instructors are your immediate supervisors. They will help you in any way and wi.21
arrange for you to meet one of the higher level supervisors or chiefs if the need should
arise.

Group Commander
3770 Technical Training Group

Branch Chief
1 Electrical Branch

Course Supervisor
J3AB1156631 Course

I--Tirstructor I

I -gfiiderif--I

Figure 1-2
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The Instructor-Supervisor coordinates all course activities with personnel at theBranch and Group. Be ensures that training is conducted as set forth in course outlinesand directives. Be is also responsible fo7 assigning instructor personnel to teach eachunit of the course.

You will be taught by both military and civilian instuctors who have as theirprimary goal, student learning. You should take full advantage of each instructionalperiod by participating in class discussion, take notes, and asking questions.

Course Objectives

The learning objectives for the course are called "Criterion Objectives." You mustsatisfactorily accomplish these course learning objectives to graduate. A brief explan-ation of these objectives is as follows:

A Criterion Objective is defined as: "The specification of the behavior which leadsto or satisfies a job performance requirement or standard." Simply stated, for eachelement of training which you must do in this course, there will be a criterion objec-tive. You must do all of these criterion objectives. The instructor or supervisor willsign off the objectives on a Criterion Checklist as you do them. He/she must show allcriterion objectives as being done before he gives you a measurement test. You will notbe given a test for advancement to the next blcck or unit of instruction until you havedone all the objectives for the unit in which yu are assigned. Additional instructionwill be provided if you need it; hard work and study on your part are very important.

Your instructor must determine the progress you are making toward acquiring theknowledge and skill needed to do the course criterion objectives. The instructor willcheek your attainment of this knowledge and skill by observing your work; checking yourcompleted workbooks; giving you oral or written quizzes; having you do special projects;checking your notebook, and finally by administering a written measurement test.

COURSE OPERATING POLICIES, ALERT PROCEDURES AND
MEASUREMENT AND GRADING PRACTICES

Training Schedule

This course operates on "S" shift. The shift starts at 0600 hours and ends at 1500hours. Student training activity is scheduled as follows:

0600 - 0610 Class Preparation

0610 - 0710 Instruction

0710 0725 Break

0725 - 0825 Instruction

0825 - 0830 Break

0830 - 0030 Instruction

0930 - 0945 Break

0943 - 1045 Instruction

1045 - 1050 Break

!050 1150 Instruction

1150 1300 Lunch

1300 - 1400 Instruction

1400 - 1410 Break

1410 1450 Instruction

1450 1500 Cleanup/dismissal
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This course will also operate on "T" shift, only if there is a double-class entry.
The shift starts at 1500 hours and end3 at 2400 hours. Students' training activity is
scheduled as follows:

1500 1510 Class Preparation

1510 - 1610 Instruction

1610 1625 Break

1625 - 1725 Instruction

1725 - 1835 Lunch

1835 - 1935 Instruction

1935 - 1940 Break

1940 2u40 Instruction

2040 - 2055 Break

2055 - 2155 Instruction

2155 - 2200 Break

2200 - 2300 Instruction

2300 2310 Break

2310 - 2350 Instruction

2350 - 2400 Cleanup

This is the normal schedule for classroom instruction. This schedule may vary
slightly due to field trips, inclement weather, missing schedules and so forth.

Breaks

Break schedules are posted on each classroom bulletin board. Your instructor will
dismiss you for breaks and designate the break area you should use breaks will
normally be taken outside. The inside break area may be used during inclement weather.
All students must leave classrooms for the entire break period.

Facilities are provided for you to buy gum, candy, beverages, and so forth. In
order to minimize fire hazards, your cigarette butts will be placed in butt cans
(painted red) and trash placed in proper containers. Each student is reE,ponsible for
keeping the break area clean. No smoking is allowed in the inside break area.

Be sure to stay in the break area during break, do not loiter on sidewalks or in
front of doors, and be certain to obey all signs and follow the directions of the break
monitor. Most of all, be sure and take your break, leave the classroom, and relax.

Cleanup Responsibilities

All areas of isntruction must be kept clean, therefore, it will be your responsi-
bility to do the cleanup assigned. During your tour of the course instructional areas,
your instructor will show you where all cleaning supplies are located. The authorized
cleanup time is 10 minutes prior to dismissal. To do a good job, cooperation is manda-
tory of all personnel.

Uniform for Attendance and Military Appearance

The uniform worn to school is prescribed by the base commander in accordance with AP
regulations. Your uniform for this course is fatigues (long or short sleeves), fatirr,
caps, and brogans. Your squadron will be notified by the commandant of troops on a
daily basis of any change in wearing apparel. All students will have clean, pressed
fatigues and shined shoes, and be well groomed. Any discrepancies noticed by the
instructor will be reported to the supervisor for corrective action.
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Sick Call

Procedures for reporting to sick call will be discussed by your squadron tainingpersonnel. Should you become ill when in the classroom, inform the instructor of thenatUre of your illness.
Arrangements for transportation to the base hopsital will be

made by the instructor if necessary.

Absence from Class

You may be excused from class for legitimate reasons; however, it is desirable thatyour personal affairs and appointments be conducted so as not to interfere with school.
Your squadron will be notifed within two hours to determine the cause of yourabsence if you miss the class roll call.

Emergency Leave Procedures

Inform your parents that they should contact their local Red Cross in case ofserious illness or a death in your immediate family. In turn, the Red Cross will notifyyou through your squadron, and if emergency leave is warrented, arrangements will bemade for a speedy departure.

COURSE POLICIES

Certain procedures to be followed by course personnel are referred to as coursepolicies. Be sure you thoroughly
understand these policies.

Selection of Class Leader

Technical School regulations require each class entering training to have a classleader. The course supervisor will select one student from each class to serve as"Class Leader" during those periods when students are in training. The duties andresponsibilities of the class leader according to ATC Regulation 52-15 are as follows:
a. Insure that students enter and leave the classrooms in an orderly manner.
b. Assume control of the class in the absence of the instructor or as directed.
c. Encourage students to assume proper attitudes towrrd instructors, course super-visors, course policies,

instructional material, and all 41ther problems which tend toaffect the morale of students.

d. Act as class spokesman.

e. Encourage the class to maintain a high standard of military bearing, neatnessand appearance at all times.

f. Assist responsible personnel in supervising cleanup and other details requiringparticipation by the class.

Student Conduct

While attending this course, student conduct will be of the highest caliber.Profanity and horseplay will not be tolerated at any time. Students who do not displayproper conduct may be eliminated from the course.

Fire Alarm and Alert Procedures

Fire evacuation plans and alert procedures are posted in each classroom on thebulletin board. The instructor will brief you on evacuation procedures and reassemblylocation.

The instructor will also brief you on the alert signals used in storm warnings andfor drills required by simulated or actual attacks by enemy forces. He will informof the location of your fallout shelter and the evacuation
procedures to be used. ureinforce what he tells you, locate alert warning procedures on your school and squadbulletin boards and become familiar with the required procedures. It is a poor timestudy the fine print when fact to face with a Texas tornado or an enemy attack. Beprepared.
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Measurement and Grading Practices

Briefly stated, your progress will be measured in two ways; the Criterion Progress
Check and the Written Test. Since you must complete all criterion objectives for a unit
of instruction prior to being given the measurement test, the instructor will make a
continuing assessment of your progress in accomplishing the criterion objectives. He
will watch your performance to insure that you complete all workbooks, and he may give
you a short quiz to satisfy himself that you have done each criterion objective. When
he is satisfied with the results of these criterion progress checks, he will sign off on
the criterion checklist that you have done the criterion objective in question. When
you have done all the criterion objectives in a given unit or block of instruction, he
will sign off that you are ready for the written test.

The Written Test is an objective type test designed to measure knowledge as applied
to Jpecialty tasks. It is used as a record of your progress in the course. The tests
you will take may have 50 test items, in multiple-choice form. Remember, your score on
these tests will go on your permanent course record. Do the very best you can to make
good grades. It is well forth the effort.

The test for a unit or block of instruction normally has at least one queston on
each objective. It may have more than one question for each objective but you can
expect at least one. The test may cover any aspect of the couree: self-study, discus-
sions and demonstrations, and performance of all steps in tbe workbook exercise.

You must make a score of 60% or above to pass the written (block) tests. If you are
well-prepared and have done your work well, you need not be concerned with the minimum
grades as you will likely score higher. Written instructions will be furnished you at
the beginning of each test period. REad these instructions carefully; they affect YOUR
future.

Questions missed on each test will be reviewed (critiqued) by the isntructor and
class to help you identify mistakes you maee during the test. During these critieuqes,
you will not be perfmitted to make notes as the rules for protection of tests are very
strict. You will be informed of your test scores as soon as possible after the test
period. You probably won't fail any tests, but if you should, you will be given
additional instruction and retested or washed back to repeat the unit of instruction.

Counseling, Washback, and Elimination

If you should fail a test, the instructor or supervisor will discuss the failure
with you and will counsel you on the best action to take. During these counseling
sessions, remember that the instructor or supervisor is interested in your problems.
The have nothing against you and are only trying to arrive at the solution to whatever
the problem was that caused you to fail. Be honest with them and discuss your problem.
The discussion will benefit both of you.

Should you fail a test, two avenues are open: Washback or elimination. Washback
simply mean.; you will be assigned to a class behind you so that you can repeat the bloc!.
in which you failed to make a passing grade. If you fail to pass the test, after you
repeat a block, you may be considered for elimination in your best interest or in the
best interest of the Air Force.

Proficiency Advancement

This is a program to allow you to be tested on any portion of the cour3e in which
you have already had training or experience. In other words, it isn't economical tr qse
time training you in a subject in which you are already proficient. If you should
identify a block in the course which contains materials for which you have had good
training and for which you feel you can pass the tests, you should apply for proficiency
advancement. If you pass all the required tests, you can bypass these materials and
graduate ahead of your class.

HIGH PERFORMANCE STANDARDS AND HONOR GRADUATE PROGRAM

The Honor Graduate program is used to reward those students who have shown out-
standing academic performance. In short, it is a program which allows for recognition
of those students who really apply themselves so that they will get as much as possible
from their training.



The top 10 percent of graduates from a course in a year will be Honor Graduates. Tobe an Honor Graduate, you must complete the course with a high average course grade,and you must have a good record of conduct in both the school and the squadron.Students who have washed back or who have been allowed to continue on probationarybasis, due to low grades are not eligible to compete for Honor Graduate. Also,personnel who violate the established rules of good conduct will not be considered.

Those students who earn the Honor Graduate designation are awarded an Honor GraduateCertificate. This special recognition certificate is signed by both the group and wingcommanders. It is a certificate you will be proud to receive since it will reflect yourown efforts. While the instructors are required to provide you the best possible
instruction, the grades required to become an Honor Graduate can only be made by you.Your efforts alone are rewarded when you make Honor Graduate. The certificate will be arecognition of the high standards you have maintained; however, your efforts in accom-plishing the course objectives to the best of your ability will also result in yourgetting top notch training. These extra efforts will serve you well during your tour inthe Air Force, and through the rest of your life. Do your best to maintain the veryhighest standards. Do this for us and also for yourself.

The Community College of the Air Force grew out of efforts to find ways to increasethe benefits of Air Force training. The representatives of the US Air Force Academy,Air University and Air Training Command met in February of 1971. They found a way toshow and record Air Force training as formal education by starting the CCAF. This helpsyou by allowing you to get college credits for your Air Force training. You can add tothese credits by going to conventional college courses. This will lead to a college
degree which shows the level of training you have achieved.

You received 4 semester hours of credit by completing Basic Training. This coursewill add on 11 more hours to make a total of 15 hours you can apply toward the 64 hoursyoU need for an Associate degree with a major in Environmental Services.

INSTRUCTIONAL METHODS AND TRAINING LITERATURE USED IN THE COURSE

Study guides and workbooks are issued to each student as an aid in understanding thesubject matter. The material in these study guides does not include all the materialswhich you are required to know. The notes taken in class plus the training materialswill give you the information you need. At the end of each study guide are questionsyou must answer. Answer the questions, then return to the text and check your answers.
The instructor may pick up and review these questions from time to time.

You will find instructions for performing laboratory or problem-solving tasks in theworkbook and in Technical Orders. Before you start a workbook or project, read thewhole project and then take each step in its proper sequence. If in doubt, be sure toquestion the instructor. You must answer questions in the project or at the end of eachproject.

Programmed Instruction Packages/Texts

These books are a relatively new and scientific approach to learning. ProgrammedInstruction Packages (PIPs) are a combination of study guides and workbooks whichrequire student response throughout. We think you will enjoy this new way of learning.

Methods of Presenting Course Material

There arc several methods used by instructors to insure student understanidng.
These include:

LECTURE (Instructor-Centered). A telling lesson. You are expected to be alert,
awake, and attentive although no student response is required. Only a small part of thecourse will be presented as lecture.

DISCUSSION (Student-Centered). The instructor allows the students to express theirideas and opinions as applied to technical problems.

DEMONSTRATION (Instructor-Centered). The student observes as the instructordemonstrates methods and procedures used in operating, disassembling, inspecting,
cleaning, and assembling equipment.
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PERFORMANCE (Student-Centered). From the instructor's demonstration, you are now
expected to complete the work project exactly as shown by the instructor and as directed
by the workbook.

STUDY SKILLS AND STUDENT NOTEBOOK

You must do a great amount of study to complete any course if you are to have a good
understanding of its content. This is a problem for many of us since we really don't
know how to study effectively. To help you overocme this drawback, you will be given a
copy of a programmed test on how to study. This text, ATAC Programmed Text 52-11, Study
Skills, msut be completed. It will do you more good than you can imagine, so be sure
you do it as assigned. Have your instructor check it.

Student Notebook

This item in your education and training must be done by by you. No one else can
make an effective notebook for you.

Like everything else worthwhile, making a good notebook takes time and work.
Perhaps you can develop a good method far yourself. One effective method is for you to
study your study guide assignment and make an outline of the major topics and subtopics,
jotting down items which look important to you. This should be in an informal form.
After reviewing your study guide assignment and your rough notes, you should be prepared
to participate in the classroom discussion of the subject.

During the classroom discussion, you should correct your material as required and
add the important items identified by the instructor. You should also add to these
notes during your performance exercises. Make sure you get down all tIL: key parts of
the training literature and from the instructor's discussions. This is the material you
need for good course grades and satisfactory performance in the field.

Once you have everything of importance written in your notes, you are ready to sit
down and copy it into your permanent notebook. Now organize your material, and use an
ink pen or typewriter to transcribe your notes into a notebook you can retain for later
use and reference. Work! Yes, but it is worth it. You won't appreciate a good note-
book until later in your career, but it will be worth more than its weight in gold to
you.

ACCIDENT PREVENTION AND SAFETY

This is another outstanding Air Force program which is established for the benefit
of all of us. The safe, economical accomplishment of our job can only be done by strict
adherence to established rules for safety and accident prevention.

The Air Force accident prevention program is covered in a series of publications
numbered in the 127 series. This series, Air Force Occupational Safety and health
Program (AFOSh), is the primary guide used in the field for awoiding accidents in our
type work. You will become acquainted with his regulation here in the school. You must
use it in the fieli. It is to your advantage and also to the advantage of the Air Forc
to learn to do your work well and safely.

While in this school, you will be issued a safety guide which covers the more
specific items of safety and accident prevention. Study it carefully. Your well-bcing
and the well-being of your fellow workers depends upon how well you learn thc lessorw of
safety. In fact, the safety you learn now will also serve you well when you return to
civilian life.

STUDENT CRITIQUE PROGRAM

Air Training Command Regulation (ATCB) 52-29, Student Critique Program, provides the
guidance and instructions for administering this program.

The rec*ulation lists the objective of this program as: "The student critique
pror,ram was established to obtain, from students' constructive criticism of trainin,
the training environment, base support facilities, and services."



You can see why we need a program of this type. We, who work in the school day inand day out, know how the school looks to us. Unless you tell us on your critique form,we will not know how it looks to you. The overall policies for the critique program areas follows:

You are required to be briefed on the critique program--this study guide willprovide some of this briefing.

You will receive specific instructions upon being presented the end-of-the
course critique forms. Generally, critiques are submitted by you on graduation
day; however, you may submit on any time you see a need to do so.

You do not absolutely have to identify yourself on the critique form, but youare encouraged to do so. You can submit a signed critique without fear ofprejudice or Teprisal. We are interested in obtaining your constructivecomments, so don't hesitate to put them down and put your name on the form.

You may make changes to your critique form before you submit it; however, noalterations may be made after you submit it.

Your comments are not disclosed to other students. They are entitled to theirjudgments of the course, as well as you.

o Your critiques are reviewed by personnel responsible for all aspects of thetraining program. Often we find that students identify things which we may haveoverlooked.

Your critique of the school and training program will include your appraisal as tothe effectiveness of: Instruction, Individual Assistance, Training Methods, TrainingLiterature, Visual Aids, Training Equipment, Written and Practical Tests, Classroom andTraining Area, and an Overall Evaluation of the Course. To make sure you are in aposition to make worthwhile comments of these elements of the training program, you maywant to keep notes at the end of each block. If you keep notes from every block ofinstruction, you can simply review your notes and complete the end-of-course critique.Remember, we are concerned with constructive comments which can be used to improvetraining.

In addition to the training critique, you may also complete a form dealing with basefacilities and services. The base commander reviews these for ideas for improving thebase services. This critique will cover such items as Dining Hall, Club, Recreation,Base Services, Security Police, Base Transportation, Mail, Administration (pay, etc.),Medical, and again Overall Education.

So, once again, keep the notes you need as you go through our course and at the endgive us a critique which will be of assistance in improving the training for others whocome after you are gone. We will appreciate your help.

FRAUD, WASTE AND ABUSE (FW&A)

Fraud, Waste and Abuse is a multi-billion dollar problem in the Department ofDefense. As taxpayers, we whuld all have an interest in the efficient, effective opera-tion of our government agencies. Misuse of Air Force resources detracts from ourreadiness, and could damage our national security. A responsibility of good citizenshipis not only to insure that he/she does not commit acts of fraud, waste, and abuse, butalso to report suspected wrongdoing to the prcper authorities.

SEXUAL HARASSMENT

The intent of the regulation is not to govern the off-duty activities of Air Forcemembers, or to imply that social inequality exists between all members. The intent isto preserve good order and discipline and thereby enhance operational effectiveness.

It is sometimes extremely difficult to be democratic and disciplined. Simultan-eously, in the military, developing a personal relationship with other members can, andoften does, prejudice good order. Discipline requires our adherence to publishedstandards of conduct and behavior.
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SUMMARY

It has been our aim in this study guide to tell you a little about our school and
your job within the Air Force. We hope we have made a good impression ob you and hope
that you can understand the importance of your position in the Air Force.

The modern Environmental Support Specialist must be a well-trained and highly-
skilled person. In civilian life, he is constantly needed. You have been fortunate in
having been selected to become this type of technician. It is important to you to study
and work hard to take advantage of your opportunity. We will help yoo as much as
possible; however, it is up to you to take care of your futuke. So work witb us, and
together we will succeed.

QUESTIONS

In this space we normally present you a listing of questions and ask you to answer
them. Since this study guide has been about us, we hope you will ask us some questions.
We will try to answer them for you, or we will find you the answers.

REFERENCES

1. Air Force Regulation (AFR) 39-1, Airman Classification Regulation

2. ATC Programmed Text 52-11, Study Skills

3. ATC Regulation 52-3, Student Measurement

4. ATC Regulation 52-29, Student Critique Program

5. Technical School Regulation 50-30, Orientation and Motivational Practices
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EXERCISE I-la

INSTRUCTIONS

Using SU J3ABR5G631 Q00-I-1 and your class notes, fill out the following blanks.

1. Class number and name of course:

2. Length of course:

3. Start Date:
Graduation Date:

4. Class hours from

5. Course telephone numbers:

G. Instructor's name:

7. Building number:

8. Break schedule:

a.

c.

d.

e.

to

9. Smoking area:

10. Eating and drinking area:

11. Tornado Shelter:

12. Nuclear disaster area:

13. 3770th Technical Training Group Commander:

14. Electrical Branch Chief:

15. Environmental Support Course Supervisor:

16. Minimum passing score:
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3770 Technical Training Group
(Civil Engineering Training)
Cheppard Air Force Base, Texas

CAREER LADDER

OBJECTIVES

SW J3ABR50631 000-1-2

Given an extract from AFR 39-1, select information that describes the duties and
responsibilities of the 566X1 career field. Four of the five must be correct.

Using the 566X1 career field ladder, list the AFSC titles and the methods of advanc-
ine; from one step to another. Ten of the fourteen must be correct.

INTRODUCTION

Every person desires to get ahead. We usually want something better in life than
what we now have. You can get ahead by advancing in rank. How do you advance in rank?
This study guide will help you to understaand what you must do.

This lesson will be divided into three main topics:

O DUTIES AND RESPONSIBILITIES

o CAREER FIELD PROGRESSION

o TRAINING

INFORMATION

DUTIES AND RESPONSIBILITIES

Duties of AFSC 56631/51/71

The duties that you will perform as an Environmental Support Specialist are outlined
in the specialty description in Air Force Regulation 39-1, Airman Classification Manual.

The 3- and 5-level duties are combined into one specialty description. Your
specialty description is shown in Figure 2-1.
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A30-11
MSC 85551

SegnhildBed AFSC $4431
Helper AMC 54811

AIRMAN AIR FORCE SPECIALTY

ENVIRONMENTAL SUPPORT SPECIALIST

1. SPECIALTY SUMMARY

Operates, maintains, and repairs water supply and water processing plants and systems and waste water processing plantsand systems; and monitors solid waste collections, transportation, and disposal Kooning facilities. Raised DODOccupational Subgroup:720.

2. DUTIES AND RESPONSIBILITIES

a. Operates water supply systems. Operates water pump-
ing, storage, and distribution components and equipment
such as pumps, engines, motors, valves, and associated
mechanical and electrical measuring and control devices.
Operates valves and switches or &busts automatic con-
trols to pump water from wells, surfs= supplies, water
mains, or storage tanks and supply water to potable water
treatment and distribution systems; or nonpotable
industrial and fire protection systems. Locates and calcu-
lates quality of water sources. Calculates water require-
ments and tank capacities. Locates water system lines,
valves, and control. oy use of maps, drawings, and
schematic diagrams. Interpretsgauges and meters to con-
trol pumping, storage, and distribution of water. Main-
tains logs and submits reports on water usage and opera-
tion of systems equipment. Advises and issues instruc-tions on water conservation. Maintaines file on current
maps, plans, and equipment manufacturer's instructions
for installed water distribution systems.

6. Operates water processing plants andequipment.Moni-
tors raw water supply for detection of chemical and
biological contaminants and operates portable field water
treatment equipment. Analyzes both raw and treated
water by use of chemicals and water testing apparatus to
detect contaminants and to ascertain chemical contentand physical characterisitics to determine appropriate
treatment methods and chem:cal dosages for water
purification, softening, and stabilization, and scale and
corrosion control. Applies chemicalsto water using equip-
ment such as dry gravimetric and volumetric feed
machses, solution and slurry mixing devices, automatic
gas pi zportioners, and chlorinators. Operates water treat-
ment equipment such as electrodialysis demineralizers,cation and anion exchangers, hot snd cold process water
softeners, water distillation units, pressure and gravityfilters and photomcmc controls, and all allied industrial
and swimming pool water processing equipment.c. Operates waste water processingplants and systems and
performs waste processing functions. Operates sewage and

industrial waste water treatment and dispose] facilities,
systems, and equipment to control effluent quality. Oper-ates or monitors equipment such as sewage lift pumps,ejector stations, distributors, meters and metering flumes
and weirs, oil separators, sedimentation tanks, aeration
tanks, waste gas burners, name safety units, comminu-
tors, shredders, screens, rotary sludge collectors, sludge
pumps, chlorinators, and electrical, mechanical,hydraulic, and pneumatic control devices. Monitors
sewage and industrial waste water for detection and
measurement of chemical and biological contaminants.
Disposes of sewage in isolated and combat areas. Coordi-
nates with site developers in locations for latrines and
pits. Conducts laboratory testing of waste products, using
special test equipment and materials, to determine
purification and disposal matters. Tests and analyzes
incoming sewage and plant effluents to evaluate plant per-
formance. Determines proper methods and materials and
chemicals required, pc' for application, and time
scheduling of treatment phases. Operates waste water pro-
cessing plants and systems and performs waste water pro-
cessing functions.

d. Monitors solid mute collection. .tunsponation and dis-
posal processing facilities. Monitors discarding units for
proper segregation of materials suchas combustible nosh,
metals, glass, paper, wood, salvageable materials art4
ashes. Monitors the collection and transportation of com-
bustible and noncombustible solidwaste from pickup sta-
tions to points of disposal. Posts operating records daily
for each collection vehicle indicating :ype of materiel col-
lected and total cubic yards delivered to place of disposal.
Coordinates with base medical service on procedures for
radioactive waste disposal. Plans collection routes, con-
trols deliveries to disposal facilities, and exPedites
unloading operation for economics and safety. Maintains
material inventory at disposal points for metals, paper,
wood, and other reuseable waste. Responsible for effi-
cient utilization of mechanized equipment.

e. Performs organizational and field maintenance of
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Figure 2-1. Environmental Support Specialist Description
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miller. mute wow. and solid waste swocessing equipment
systems and controls Assists in major overhaul of above
equipmeat; services power source engines with fuel, oil,
coolants, and lubricants. Performs maintenance and
repair of water plant and systems components such as
pumps, engines, motors, valves, tanks, condensers, cool-
ing towers, chlorinators, fluoridators, and distillation,
demineralizing, and softening units. Performs mainte-
nance and repair a liquid waste products plant and
systems components such as pumps, ejector stations, dis-
tributors, screens, rotary sludge collectors, chlorinators,

and wood, metal, masonry, and concrete structures.
Locates pipe:inns, valves, and fittings by use of current
maps and electronic locator equipment. Maintains special
water and waste products testing and analyzing equipment
and materials.

f. SuperWses environmental support personnel. Instructs
subordinates in techniques of operation and maintenance
of water, waste water and solid waste processing plants,
systems, and equipment. Assigns and monitors work to
ensure compliance with local procedures and applicable
technical orders.

S. SPECIALTY QUALIFICATIONS

a. Knowledge. Knowledge of principles of chemStry
and physics that apply to water procurement, purifYing,
and distribution; and waste products processing and dis-
posal is mandatory. Possession of mandatoty knowledge
will be determined according to AFR 35-1.

b. Education. Completion of high school with courses
in chemistry and biOlogy is desirable.

c. &potence. Experience in functions such as the
operation of water supply and distribution systems; waste

Figure 2-1.

products testing, and analyzing equipment and materials
is mandatory.

d. Training. Completion of a basic environmental sup-
port course is desirable.

e. Other:
(1) A mit im um of Grade I color vision as defined in

AFM 160-17 is inandatory.
(2) Physical qualification for military drivers accord-

ing to AFR 160-43 is mandatory for entry into this AFSC.

B8-221

Environmental Support Specialist Description (Continued)
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EXERCISE 1-2-2a

INSTRUCTIONS

Use SW J3ABR56631 000-1-2 and list at least 4 duties of the following AFSCs.

1. 56631/51

a.

b.

C.

d.

2. Name other types of jobs under the 56 career field.

a.

b.

C.

d.

e.

f.

3. What Air Force Regulation gives the duies of an Environmental Support Specialist?

PROGRESS CHECK

You should be ready for the progress check. If you feel you need to review some ofthe previous instruction, do so. The progress check is prepared as a separate publica-tion and controlled by the instructor. You must do the progress check under instructorsupervision and complete it prior to leaving for the day.



INFORMATION

CAREER FIELD PROGRESSION

What is a career field? A career field includes all similar or related Air Force
specialties. Each career field is made up of certain types of work that people are
assigned to do. For instance, airplance mechanics are in a certain career field; so are
plumbers. You have been assigned to the Sanitation Career Field.

Why do we need career fields? The career field puts the right person in the right
job. It also allows the Air Force to set up specific training programs for each career
field. A career field also allows the Air Force to list the duties for a specialty
which prevents overlapping of jobs and unfair promotions.

Evcry career field in the Air Force is given a number. If you were a cook, your
career field number would he 62. If you were an airplane mechanic, you would be in the
43 career field. Your career field number is 56.

Air Force Specialty Code (AFSC)

The Air Force Specialty Code (AFSC) is made up of five numbers. Every person in the
Air Force has an AFSC. You have one. We will explain the meaning of your AFSC in the
next few paragraphs. Since you are assigned to Sanitation, your first two digits are
56

When you were in basic training, your AFX was 99000. At the present time, you are
classified as a sanitation helper, and your AFSC is 56611. This AFSC indicates that you
have not yet been trained to do a job.

When you graduate from this course, you will be awarded your 3-level AFSC. It will
be 56631. Notice that the next to last number changes from a 1 to a 3. This change
means you have learned a trade and are qualified to do some of the work in that trade.

After you have worked in the field for awhile and have also completed some addi-
tional training you will be awarded a 5-level AFSC. This means you will qualify to work
on more complicated equipment and will do many jobs without someoae helping you. The
next step is the 7-level and then the superintendent 9-level. Figure 2-2 shows a
picture of the career field ladder and AFSC breakdown.

3

SANITATION
CAREER

FIELD LADDER

/ /
Aglignr1W //Superintendent

/ CMSgt - SMSgt - MSgt

/ /Technician
MSgt - TSgt - SSgt

Specialist A1C - SrA - SSgt - Sgt

/Apprentice AB - A1C

Helper AB - A1C

Basic Trainee-AB

Figure 2-2. Career Field Ladder and Breakdown of AF3C 5GGX1

2-5

126



Career Field Chart

In the sanitation career field, there are two different types of work that carry the56 number. One is Environmental Support Specialist and the other is Entomology. Anentomologist keeps a base free of flies, mosquitoes, and all types of insects as well aspests such as mice and rats, and undesirable vegetation.

Figure 2-2 is a chart showing progression in eacn 56 career field ladder.
Methods of Skill Progression

How can you go from one skill level to the next? The 3-level will be awarded to youupon graduation from this course. The 5-level and 7-/evel wi71 come after on-the-jobtraining. This means you will have to study more advanced books, do good work on yourjob, and pass a written test.

TRAINING

The following are Air Force training resources:

a. Technical Schools

b. Career Development Courses (CDCs)

c. On-the-Job Training (OJT)

d. Extension Course Institute (ECI)

e. College Credit by Examination (CLEP) and (DANTES)

Ncw, let us discuss each of these resources and find out what each will do for youin your Air Force career.

Technical Schools

This is a technical school you are now attending. Throughout your Air Force careeryou will be given the opportunity to atterd advanced technical schools. This type oftraining in your career will not normally result in an upgrade in your AFSC but willgreatly aid you toward this end. All Air Force technical schools for the EnvironmentalSupport Specialities are taught here.

Career Development Course (CDC)

A CDC is aself-study course that you will be required to take. You will take it atthe same time you do your on-the-job training. A separate CDC has been developed forthe 5- and 7-level of your specialty. When you enter 5-level training, CDC 56631 is thecourse you will take. Later, you will take CDC 56671 as part of your 7-level training.
On-the-Job Training (OJT)

OJT is a planned training program designed to qualify you for upgrading in yourAFSC. It consists of self-study and supervised instruction while you actually work in aduty assignment. The dual-channel OJT program consists of career development coursesand job skill improvement. An AF Form 623, On-The-Job Training Record, will be main-tained for you and will serve as a continuous record of all the career training youreceive. This form is kept by your supervisor in the office of the shop where you willwork.

Job Proficiency Training

A Specialty Training Standard (STS) will be used by your supervisor as a trainingdocument to identify the training you will receive at that duty assignment. This STSwill now be placed in a training folder (AF Form 623) and will now be called a JobProficiency Guide (JPG).

2-G
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Extension Course Institute (ECI)

This is an aaency of the Air University. It is better known as ECI with head-
quarters at Gunter AFS, Alabama. In addition to administering the career development
courses, ECI also provides a program of voluntary off-duty military vocational training
through correspondence study. These courses are referred to as extension courses.

The ECI program complements resident schools and other programs in meeting the USAF
educational and training requirements. Correspondence study is a means whereby you may
increase your knowledge and value to the Air Force. Completion of an extension course
does not prevent you from taking a career development course or attending a resident
course at a later date should the opportunity arise. ln fact, completing an extension
course will probably give you a background for the resident course. To apply for an
ertension course offered by ECI, all you have to do is fill out a Form 23 at the base
education office stating which course you would like to take. There is a catalog at the
base education office listing all thc courses that you may take.

Colleee Credit by Examination

The College-Level Examination Program (CLEP) General Exams battery includes five
tests: English, Social Science, Natural Science, Humanities, and Mathematics. Scores
from the tests may be evaluated by individual schools for as much as 30 semester hours
of college credit. The CLEP Subject Exams measure proficiency in specific courses and
result in college/university credit for successful examinees. Like the CLEP, the DANTES
Subject Standardized Tests examine knowledge in specific course areas and result in
college/university credit.

Credit by examination can be a tremendous accelerator for people seeking college
degree completion.

Basic Skills Development

The Air Force's educational objective for enlisted personnel is for all enlisted
members to be high school graduates. Your base education office provides free basic
skills development classes (Reading, English and Math) during duty hours. In addition
to helping prepare people for a high school diploma, these classes are also available to
help people who are on OJT to strengthen their basic skills.
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EXERCISE I-2-2b

Part 1

INSTRUCTION

Use SW J3ABR56631 000-I-2 to complete the following exercise.

1. Using your notes from today's discussion, complete the following statements.
a. Your assigned AFSC is

b. Your AFSC at completion of this school will be

2. Identify the parts of the following AFSC number.

56 6 3 1

3. Study the Career Field Chart (see SW J3ABR56631 000-1-2) and in the spaces belowenter the AF Specialty Title and AFSC at each skill level in your career field.

Skill Level

1

3

5

9

Air Force Specialty Title AFSC

4. Career knowledge training is administered under one 3f two methods.

a.

b.

5. Job proficiency training is administered by supervisor's annotation of current

, in order to develop the

6. Study the Rank-Skill Level Chart in SW J3ABR56631 000-1-2 and complete thefollowing statements.

a. From your present skill level of 1, you can attain the 3-level by

b. Ask a 3-level you can become an AlC. To attain the 5-level you must

2-8
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You can be promoted as high as

advance from the 5- to 7-level, you must

with a 5-skili level. To

d. To advance to the 9-level, you must

7. Complete the following statements.

a. The number of the Lir Force Regulation that contains an airman's specialty

description is

b. The AFSC of an airman before he is assigned to a career field is

c. Airmen being awarded AESC 56691 may have formerly held AFSCs

d. The Sanitation Superintendent carries the minimum grade of

PART 2

INSTRUCTION

Use SW J3ABR56631 000-1-2 to complete the aatching exercise listed below.

Mat.:n the followng AFSCs in Column A with the appropriate (,irade/Rank in Column B.
%itch 6raue/Hank may be used more than once.

1. 990u0

2. b6611

3. 56631

4. 56651

5. 56G71

6. 56691

COLUMN A

a. CMSgt

b. SMSgt

c. MSgt

d. TSgt

e. SSgt

f. Sgt/SRA

a. AiC

h. Amn

i. AB

COLUMN B



PART 3

INSTRUCTIONS

1.

2.

3.

Use SW J3ABR56631 000-1-2 to compelte the

Match the AFSCs in Column A with the job

COLUMN A

matching

titles

a.

b.

c.

exercise below.

in Column B.

COLUMN 9
99000

Apprentice Pest Management
Technician

Sanitation Superintendent

Environmental Support Technician

56611

56630

4. 56631

O. Basic Airman5. 56650

e. Pest Management Technicianb. 56651

f. Evironmental Support Specialist7. 56670

g. Pest Management Specialist8. 56671

h. Apprentice Environmental Support9. 56691

i.

Specialist

Sanitation Helper
PART 4

INSTRUCTIONS

Use SW J3ABR3663] 000-1-2.

List the four methods of career training progression and describe each as they applyto career progression.

METHOD
DESCRIPTION

PROGRESS CHECh

You should be ready for the progress check. If you feel you need to review some ofthe previous instruction, do so. The progress check is prepared as a separate publica-tion and controlled by the instructor. You must do the progress check under instructorsupervision and complete it prior to leaving for the day.
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SUMMARY

Career field progression is a means of advancing in skill as well as rank. In your
career field of Sanitation, you have an Air Force Specialty Code of 56611. When you
graduate from this course, you will be awarded your 3-skill level.

Training programs in the Air Force are designed to fit all people regardless of what
they do or where they are. You will be expected to enroll in one of them shortly after
reaching your next assignment.

REFERENCES

AFR 35-1, Military Personnel ClassifiCaiton Policy Manual

2. AFR 39-1, Airman Classificaiton Manual, Vol II

3. AFR 50-23, On-the-Job Training



3770 Technical Training Group
(Civil Engineering Training)
Sheppard Air Force Base, Texas

CIVIL ENGINEERING MANAGEMENT

OBJECTIVES

SW J3A1.11t56631 000-1-3

Given lour statements, select the one that best identifies tlte BCE mission.

Given an incomplete BCE organizational structure chart, complete the chart by writ-
ing the namc.s of the missing functional areas in the appropriate spaces. Three of the
five must be correct.

Uslng a representative list of functions, responsibilities and a list of CE units,
mntah the functions and responsibilities to the CE unit to which they apply. Six of
nine must be correct.

Define property accountability and responsibility.

INTRODUCTIUA

When you leave here, you will be assigned to the Civil Engineers. Although much of
your work will be maintaining mechanical equipment, you will have other jobs.

Paperwork is a necessary part of any job. Nobody really enjoys paperwork, but your
job will be more rewarding if you know the correct procedures to accomplish it.

Information on resources and work force management will be covered under the follow-
ing topics.

o BCE MISSIONS

o ORGANIZATIONAL STRUCTUEE CHART

o FUNCTIONS AND RESPONSIBILITIES OF UNITS

o'PROPERTY ACCOUNTABILITY

INFORMATION

BCE MISSIONS

The primary mission of Civil Engineering activities is to provide the necessary
assets and skilled personnel to prepare and sustain global installations as stationary
platforms for the projection of aerospace power in peace and war. The dual mission of
war reaoiness aLd asset sustenance will be accomplished with an integrated military and
civilian work force capable of rapid transition between missions. Specifically, Base
Civil Engineering activities are organized to:

a. Maintain in the most economical .ner all active property (or structures
furnished in lieu of real property) to a btandard that prevents deterioration beyond
that which results from normal wear and tear, and inactive facilities to a standard
commensurate with reactivation requirements.

b. Conserve natural resources through efficient land and forestry management and
environmental pollution control and abatement.

C. Provide fire prevention and protection engineering services to prevent loss of
life and property at all installations.

d. Furnish refuse collection and disposal, custodial, and insect and rodent control
(entomology) services efficiently and economically.

e. Furnish military services required to accomplish assigned missions efficiently
and economically.

f. Formulate and maintain a maintenance program that will accurately reflect the
backlog of essential maintenance and repair.
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g. Use contract services effectively to support or satisfy installation missionsand requirements.

h. Accomplish alteratin and minor new construction necessary to provide essentialfacilities needed in support of mission changes (or other circumstances) which precludeprogramming under normal construction budget procedures.

i. Provide management and professional engineering services to ensure the mosteffective and economical operatin of all activities.

j. Support civil and air base disasters and emergenices, using the personnel andmaterial resources of Civil Engineering as necessary to save lives, mitigate humansuffering, and to minimize daMage (see An 355-1).

k. Provide forces to recover air bases damaged by natural disasters or enemyattack, if damage or disaster is beyond local capability. Prime BEEF assistance will berequested of the major command (see AFR 93-2, AFR 93-3, and AFM 93-6).

EXERCISE I-3-3a

INSTRUCTION

Use SG J3ABh56631 000-1-3.

List four of the Civil Engineering activities.

a.

b.

c.

d.

PROGRESS CHECK

You should be ready for the progress check. If you feel you need to review some ofthe previous instruction, do so. The progress check is prepared as a separate publica-tion and controlled by the instructor. You must do the progress check under instructorsupervision and complete it prior to leaving for the day.
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INFORMATION

ORGANIZATIONAL STRUCTURE CHART

The structural alignment required for the Base Civil Engineer organization is pre-
scribed by Air Force Manual 26-2. The Basc Civil Engineer (BCE) is responsible for
everything that goes on in his or her organization, however, one person cannot supervise
everything. The BCE has executive manage:3, called branch chiefs, who help manage the
organization.

BRANCH. There are seven branches in most Civil Engineering (CE) organizations. See
figure 3-1. They are: Finaacial Management, Industrial Engineering, Family Housing
Management, Squadron Section and Administraiton, Operations, Engineering and Environ-
mental Planning, and Fire Protection. Each of these branches has a branch chief. Most
branches are so large that the branch chief needs help managing what is going on.
Therefore, most of the branches are broken down into sections.

SECTION. Each section is managed by a superintendent. Looking at figure 3-1 again,
you will see that the Family Housing Management branch has three sections. They are
Housing, Housing Referral, and the Programming and Studies section. Operations is the
largest branch in CE. This branch has eight sections. These sections are: Resources
and Requirements, Pavements and Grounds, Structures, Mechanical, Electrical, Electrical
Power Production, Sanitations and Systems Management. Most superintendents would be
over-worked if they tried to issue every order and assign every job to the workers in
their sections. Again, looking at figure 3-1, you can see that most sections are brokeln
down into units.

UNITS. Units, sometimes called shops, are controlled by supervisors. In the past
these managers were called foremen, so don't be too suprised if the old timers still
call the supervisor by that term. The sanitation section superintendent can have as
many as four unit supervisors working for him or her. As an environmental support
specialist you will work in the water or wastewater unit.
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EXERCISE I-3-3b
INSTRUCTION

1.

2.

3

4.

5.

Use SW J3ABR56631 000-1-3.

Fill in the blank spaces on the Base Civil Engineering Organizational Chart, figure
3-2, then give the major function of each shop in the space below.

4.
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PROGRESS CHECK

You should be ready for the progress check. If you feel you need to review some of
the previous inStruction, do so. The progress check is prepared as a separate publica-
tion and controlled by the instructor. You must do the progress check under instructor
supervision and complete it prior to leaving for the day.
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INFORMATION

FUNCTIONS AND RESPONSIBILITIES OF UNIT
Functions of Civil Engineering

The Base Civil Engineer (BCE) is responsible for nine specific functions. Afunction is a special duty that must be performed by an organization. The ninefunctional responsibilities of the BCE are explained next.

MANAGEMENT OF AIR FORCE REAL ESTATE. There are people within CE who keep records onevery piece of real estate that belongs to that base.

PLANNING AND PROGRAMMING.
Someone needs to plan all work. This means from smalljobs to large construction programs.

ENGINEERING AND CONSTRUCTION. CE has engineers who manage and supervise construc-tion and related programs. They also inspect and accept completed real propertyconstructed for the Air Force..

UTILITY SERVICE. Provides basic utility service in the most economic manner. As anenvironmental support specialist you will be providing the water and/or wastewaterutilities at the base. Other utilities that CE is responsible for are electricity, gas,heating, cooling or air conditioning and sometimes ice manufacturing.

MAINTENANCE AND gEPAIR OF STRUCTURES AND EQUIPMENT. .When real property is main-taineu and kept in gJod repair it can last for many years. Your job will also includethe maintenance and repair of plant equipment and real property.

TRAINING AIDS. Some Air Force bases have CE personnel who build and .repairtrainers. The trainers that you will be using here at school are built and repaired byCE people.

SERVICES. Cleaning buildings, removing snow from the runway and roads around thebase and the refuse collection around base are some of the services that CE provides.
FIRE PROTECTION. What community czuld get along without fire proteciton. CEprovides the fire protection on an Air Force base.

FAMILY HOUSING MANAGEMENT. The Air Force knows that if the member's family is welltaken care of, he or she will be a good worker. CE is responsible for seeing that thereare clean homes for the personnel at that base.

Nine functions didn't sound like much at first, did it? Through the proper use ofhis or her resources, the BCE can get this job done.

Use of Resources

The BCE has two ways of getting the work done. They are, contract and in-service.
CONTRACT. Most BCEs use contractors to do the custodial services of office spacesand to do large construction projects.

IN-SERVICE. Military and civilian personnel are assigned to the CE organization.
Responsibilities

Were you surprised to find out that there will be civilians assigned to your unitswith you? Let's see if there is any difference between their responsibilities.
CIVILIAN PERSONNEL. Civilian personnel are used chiefly to perform maintenance andrepair of real property facilities, structures and equipment and to operate the utilitysystems. They may also be used to perform minor construction.

3-G
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MILITARY PERSONNEL. Military personnel, in the BCE organization, are used chiefly
for direct combat support roles in support of the Air Force mission, under the Prime
Base Engineer Emergency Force (BEEF) concept. In addition, you will perform those
duties cited for civilian personnel. Your duties will be diversififed enough to
maintain the competence necessary for you to carry out your direct combat support roles.

UNIT. Your responsibilities in the water treatment area will be to operate, main-
tain and repair water plants, water distribution systems, and water pollution control
plants and systems. You may also operate and maintain a demineralized water treatment
plant, in order to treat water for aircraft use. If you work in a wastewater treatment
plant you will find yourself operating, maintaining and repairing wastewater plants and
equipment. You will find yourself concerned with meeting federal regulations that
prevent environmental pollution. As you can see, the environmental support unit, of the
sa.litation section, is a very important place to be working.

EXERCISE I-3-3c

INSTRUCTION

Use SW J3ABR50031 000-1-3 to complete the following questions.

1. In your own words, or those of this text, define the word "functions".

2. Name the two functions within the BCE responsibilities, that you will most likely
find yourself involved with.

3. Name the two types of in-service personnel resources that will be found within a CE
organizatin.

4. What is the chief role of the military personnel assigned to a Civil Engineering
organization?

PROGRESS CHECK

You should be ready for the progress check. If you feel you need to review some of
the previous instruction, do so. The progress check is prepared as a separate publica-
tion and controlled by the instructor. You must do the progress check under instructor
supervision and complete it prior to leaving for the day.
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INFORMATION

PROPERTY ACCOUNTABILITY

Management of public property is the process of providing for the proper allocation,control, care, use, and safeguarding of public property under control of the Air Force.This process applies to each individual, whether or not property is receipted for orissued to that individual for care or custody. Property management responsibilitiesrequire limiting the use of these resources.

Responsibility for managing public property is an obligation shared by all Air Forcepersonnel, military and civilian, regardless of duty assignment and level of supervisionor command.

Property management responsibility includes pecuniary liability for the loss,damage, or destruction of property resulting from unauthorized issue, gross negligence,willful misconduct, or deliberate unauthorized use.

Great quantities of equipment and material are needed to allow a large organizaitonsuch as the Air Force to function properly.

Equipment and material needed in the Air Force are costly and someone must bedirectly responsible for its safeAeeping. Custodians are assigned for this reason.

Custodial Accontability

Each functional area in the Air Force has its own custodian who is responsible foraccountable equipment and material assigned to that area. All items of accountableequipment and material are recorded on a machine run listing and made a matter of recordfor the custodian. Periodic inventories are performed to insure that accountableequipment and material are still on hand and being maintained.

Personal Responsibility

Indiviudals are directly responsible for equipment such as toolboxes that areassigned to them.

Indirectly you are responsible for the safekeeping of all Air Force property eventhough you are not the custodian in charge.

TEMPORARY ISSUE RECEIPTS (AF Form 1297)

The Temporary Issue Receipt, sometimes called an issue turn-in slip, is used byevery section in the Air Force. Equipment may be loaned to other sections to help Olemto do some of their work. When you loan out this equipment, you must have some type ofreceipt to show who loaned the equipment and who received it. The form used in thiscase will ue the Temporary Issue Receipt, AF Form 1297. The original of this form iskept by the person responsible for safekeeping of the equipment and the duplicate isgiven to the person that signs for the borrowed equipment. Following is an example of acompleted 1297.



EXERCISE I-3-3d
PART 1

INSTRUCTION

Use SW J3AB1156631 000-3, to answer the questions below.

1. When loaning a piece of equipment, which form would you use to transfer
responsibility for the equipment?

2. Who is directly responsible for equipment assigned to a functional area?

3. Who is indirectly responsible for AF equipment?

PART 2

INSTRUCTION

Use your notes to complete this exercise.

Temporary Issue Receipts (AF Form 1297)

"Aie following list of items below are entries normally used in filling out a
temporary issue receipt. Fill out the temporary issue receipt below and place the
entries in the correct block.

1. John Cochran 4. 10 July 80 7. 5 Jul 80 10. 41.80

2. ea 5. MSgt Gibeau 8. 10 11. Mai henseley

3. 6810-463-2789 6. $6.95 9. Valve, 12. John Cochran
Gate, 1/2" AMN, CES

TYPED OR PRINTED NAME. GRADE AND 011CANITATION TO: (Res Oswalt/. rIII54.) ONG CC/ MO l',/1 II/W 'I TO II REEURNFO

STOCK NO. DESCRIPTION UNIT OvANItlY
.SSUt 0

COST

I ACKNOWLEDGE !maw AND RESPONSIBILITY FOR ITEm(S) SHOWN IN **QUANTITY ISSUED** COLUMN, WHICH WILL BE RETURNED ON DATE SPICreEDA BOVE,

DATE

-- .(1.14A

SIGNATURE DUTY PHONE ISSUED SY

HITO 4
/INS wM

TEMPORARY ISSUE RECEIPT WM... 111,1 / 1111



PROGRESS CHECK

You should be ready for the progress check. If you feel you need to review some ofthe previous instruction, do so. The progress check is prepared as a separate publica-tion and controlled by the instructor. You must do the progress check under instructorsupervision and complete it prior to leaving for the day.

SUMMARY

The organizational chart breaks down the Civil Engineer chain of command, whichincludes the Sanitation Section. The Sanitation Section is responsible to theOperations Branch.

If you loan equipment out, use the Temporary Issue Receipt (AF Form 1297) totransfer responsibility and safekeeping of the equipment to the borrowing person.
A custodian is responsible for accountable equipment that is used in his or herarea. Periodic inventories are made to insure that the equipment is still on hand andin good condition.

REFERENCES

1. AFR 85-1, Resources and Work Force Management

2. AFR 85-10, Operation and Maintenance of Real Property

3. GSA Stock Catalog

3-10
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3770 Technical Training Group
(Civil Engineering Training)
Sheppard Air Force Base, Texas

SECUH1TY (OPSEC)

OBJECTIVE

SW J3ABRAG31 U00-1-4

Given information pertaining to the operational activities related to AFSC 5GGX1,
select three activities which indicate 01,SEC vulnerabilities.

INFORMATION

Operations security (OPSEC) in squadron contingency operations is one zTea of
vulnerability. The BCE has an important role in contingency operations for the base.
We have certain responsibilities related to alerts during wartime operations. Our Prime
BEEF teams are another area of vulnerability. During your stay in the Air Force and in
CE, you may possibly be assigned as a member of a Prime BEEF contingency team and as a
member you will have access to such information as strength figures, alert status,
destination of a team on alert status, etc. This type of information should not be
talked about with individuals not having authorization, and a need to know. An enemy
agent obtaining bits and pieces of this information could find out the extent of the
whole operation and take action which could result in the failure of the mission, and
possible loss of many lives.

There are also OPSEC vulnerabilities related to your own job. In the environmental
field we do things which gain us access to information which would be vulnerable to
OPSEC. We at times must enter areas which have classified information. For example,
when we must work in an alert facility, or hangars, base operations and even in the
command post. During this time we may learn such things as status of aircraft, duty
lists. of the crews, and pore information. While we are producing demineralized water,
we may see planes being camouflaged, materials being loaded on planes or being stored to
support an operation. This kind of information in the wrong hands could be very deadly
and you should not talk about it.

In the environmental field we have access to other information which would be
vulnerable to OPSEC. We have such information as the total number of gallons and type
of water we treat. This in itself could show excess aircraft activity and base popu-
lation. We would also know if any portable water purification units were being made
ready for use for a Prime BEEF operation. This kind of information is also vulnerable
to OPSEC.

Emphasis on OPSEC must continue during peacetime. This emphasis is maintainet; by
developing a strong OPSEC training program, by using sound OPSEC principles, by
stressing enemy intelligence colleciton capabilities, and by conducting OPSEC surveys of
various peacetime operations such as exercises, unit movements, systems development, and
logistics support. Additionally, continuous command attentions is required to assure
that plans, procedures, and training, encompass imaginative and practical OPSEC consid-
erations, and that personnel were motivated to use effective OPSEC principles.

UPSEC, CUMSEC, information security, and physical security are interrelated and
mutually supporting programs. However, OPSEC has broader application in that it seeks
to protect unclassified and otherwise highly visible aspects of an operation as well as
classified aspects. It makes little sense to protect an operation by classifying some
parts of it, or to expend COMSEC resources protecting information about it, when
unclassified conversations, sterotyped procedures, and other readily available data
could provide an enemy with meaningful intelligence indicators. An effective OPSEC
program will eliminate or control many of these indicators.

OPSEC must be a matter of continuing concern throughout the life of an operation.

Specific operations orders, programs, standard operating procedures, and supportii,r
plans and procedures must be:

* Developed with the awareness that the enemy can identify and exploit vulnerable
activities.

4-1
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* Designed to provide the highest possible degree of security without degrading theeffectiveness or safety of an operation.

* Designed to degrade or d.,ny to the enemy sources of information vulnerable toexploitation. In order to degracc the validity of the sources of information, the useof counterintelligence activities and deception should be considered, whcre appropriate.
Security safeguards must be continued through the execution phase of an operation.This effort includes appropriate supervision to ensure that sound OPSEC practices arefollowed during execution as well as during planning. OPSEC survey techniques andassistance from other agencies may be helpful in this supervision.
In the same manner, the critique and reporting phases of an operation can yieldvaluable intelligence to an enemy if OPSEC principles are not continued.

COMMON OPSEC VULNERABILITIES

Operaitonal Indicators

Stereotyped sequences of events comprising various phases of the operation.

Coordination with other agencies that do not have proper safeguards for sensitiveinformation.

Submission of unclassified reports at specific intervals to specific units of levelsof command.

Sterotyped patterns of flight activity at a particular location.

Procedural indicators

Public information releases.

Posting of operational plan information in insecure areas.

Posting of rosters, transportation scheules, and dining hall schedules in insecureareas.

Distinctive emblems or paint on vehicles, buildings or aircraft.

Markings on supplies which could reveal the location or starting date of the opera-tions, such as, nicknames, delivery deadlines, etc.

Logistics buqd-up or positioning of support materials and facilities.

Special briefings, meetings or reliLious services.

The use of nicknames;
particularly hazardous since they provide an esasily recog-nizable flag for identification of an operation.

Exercising or testing portions of a plan.

Comlunicutions Indicators

Plain language communications associated with a planned operation and conductedduring the planning preparatory and execution phases.

Use of unchanging or infrequently chaning call sings and/or radio frequencies.
Stereotyped message characteristics which are indicative of particualr types ofmilitary activity.

A significant increase or decrease in message traffic volume.

Activities of new communications facilities in support of an operations plan.

4-2

14,1



SUMMARY

Operations Security is a program which surveys and applies controls to COMSEC,
information, and physical security to deny valuable information to the enemy.

The need for overall security is not limited to major combat operations, but is also
important for any operation, including peacetime maneuvers. In the case of combat
operations, prior knowledge by the enemy can give hir time to take defensive action
which will cause the operation to be ineffective or fail compl-tely. Peacetime opera-
tions which are known to a potential enemy can give him/her an advantage militarily and
diplomatically.

We have shown you some of the job related situations which are vulnerable tc OPSEC.
Ycli will be obtaining bits of unclassified information which if talked about with the
wroal; individuals could given an enemy agent insight into an operation which is
classified.

QUESTIONS

1. What squadron contingency operations are vulnerable to OPSEC?

2. What type of duties do we perform in the environmental field which would give us
access to information which could be vulnerable to OPSEC?

3. What type of information do we have access to that would be vulnerable to OPSEC?

EXERCISE I-4-4a

From the following list of operational activities related to AFSC 5UGXI, place a
check mark next to those activities taht indicate OPSEC vulnerability.

I. You are a member of a Prime 3EEF team and you are en alert, you discuss this
with your next door neighbor.

2. You discuss, with your supervisor, a problem that you are having with the unit
that supplies water for the aircraft.

3. You tell a friend of yours that you are going to be working on a new type or
portable purification unit the base is receiving for the Prime BEEF exercise.

4. During your trip to take a well reading in the flight line area you see air-
craft being camouflaged. You then discuss this information with a buddy you
know at a local drinking establishment.

PROGRESS CHECK

You should be ready for the progress check. If you feel you need to review some of
the previous instruuticn, do so. The progress check is prepared as a separate public-
tion and controlled by the instructor. You must do the progress check under instructor
supervision and complete it prior to leaving for the day.



3770 Technical Training Group
(Civil Engineering Training)
Sheppard AFB, Texas

TECHNICAL PUBLICATIONS

OBJECTIVES

SW J3ABR56631

Use numerical indexes a:J requirement tables, locate the title of a manual, a
regulation, and a technical order when the numbers are known, with no more than three
instructor assists.

17h
Using a manual, a regulation, a technical order and a commercial publiation, find
rtnswer to given prcblems with no more than three instructor assists.

Given information pertaining to a technical order deficiency, select the action
that should be taken to correct the deficiency. Three of tle four must be corroct.

Using the parts of a GSA supply catalog and an incomplete list of stock numbers and
nomenc1ature3, locate and list the missing information with no more than two instructor
assists.

INTRODUCTION

Civil Engineering also has the functiol of maintaining, preparing and filing
information on current plans which pertain to various structures and equipment on base.
Structures may include a facility, building or a piece of equipment attached to that
building. The structure can be either permanently or temporarily installed or
constructed. These structures are called Real Property Installed Equipment (RPIE).
These various structures can include water pump stations, lift stations, water plants,
wastewater plants, electrical control panels, pavements, curbing, and support equipment.
Government furnished domestic appliances that are part of public quarters, dormitories
or base support facilities are also considered real property. Specific standards and
records are maintained on real property, materials and equipment to meet the design
requirements for construction, capacity, fire safety, expenditure of resources, current
and planned usage, replacement costs, and several other type criteria to make the most
economical and practical use per cost capita. Real property facilities and equipment
will be evaluated according to requirements included in technical publications or at
least once each year or more often if extensive usage or environment makes it necessary
in order to complete work requirements.

Files and current plans on Real Property Installed Equipment must be maintained and
updated consistantly. The maintenance information required may include:

1. Active installations

a. Airfield pavements

b. Permanent and semi-permanent buildings

c. Temporary buildings and structures

2. Inactive installations

a. Facilities programmed for future use

b. Fire and guard protection

c. Utility systems

d. Facilities and equipment awaiting disposition

A master publications library is authorized at base level by AFR 5-31. The
library will include many types of publications issued by the base or hiOer authority,
Air Force Regulations (AFRs), Air Force Manuals (AFMs), and Air Force Pamphlets (AFPs)
are issued by higher authority and apply to the base.
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The Air Force Technical Order (TO) system is the only official medium for dissemin-ating technical information. Instructions and safety procedures for maintenance ofequipment is covered by the TO system.

The General Services Administration (GSA) catalog gives you information you needfor supply items, stock, and nonstock in the GSA supply system.

INFORMATION

First is the purplse of technical publications, the types of technical publica-tions, identification of indexes and how to use the indexes.

EXERCISE I-5-5a

PART 1

INSTRUCTIONS

Use TOs 0-1-01, 0-2-1, 0-1-40, 00-5-1, 40W-4-9-1, 40W-4-9-14, and AFR 0-2 tocomplete the following questions with title or numbers.

NUMBER

1. 0-1-11-6

2. 0-1-10

TITLE

3. Shop Machinery and Associated Equip

4. Standard and Special Tools Technical Orders

5. AFR 91-26

6. AFM 91-32

5-2
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PART 2

INSTRUCTIONS

Use SG 53, 54, 55, 50, Publications to complete the following.

I. Identify
in

a.

b.

c

U.

what each of the following numbers stand for when it follows the last
a TO number:

-I

-2

-3

-4

2. Identify each digit of the following TO number on the blank lines provided.

TO 40 W 4 -9

3. List the numerical Technical Order index number.

4. List the alphabetical Technical Order index number.

b. List the TO index number for the 40 category TOs.

146
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INSTRUCTIONS

Match the following publication
response may be used once,

COLUMN A

more than

a.

b.

in Column A with the response in Column
once, or not at all.

COLUMN B

B. Each

1. AFR 0-2

TO 0-1-01

TO 0-2-1

Alphabetical listing of equipment and technical
publications number groups

Numerical and subjective index of standard
publications and recurring periodicals

2.

3.

4. TO 0-1-40 c. Commercial air conditioning, heating, plumbing,
refrigerating, ventilating and water treatment5. TO 00-5-1 equipment TO

G. TOs d. Numerical Index, Master

7. AFR 91-26 e. Maintenance and operation of water supply,
and distribution systems

treatment,
S. TO 00-5-2

f. Pertains to accident prevention9. AFM 91-32
g. Index of water plants

h.

i.

j.

k.

Operation and maintenance of domestic and
wastewater systems

Airman's Classification Manual

Air Force Technical Order System

Tell how to obtain and distribute TOs

industrial

1. Detailed information and illustrated parts breakdown

PROGRESS CHECK

You should be ready for the progress check. If you feel you need to review some ofthe previous instruction, do so. The progress check is prepared as a separate publica-tion and controlled by the instructor. You must do the progress check under instructorsupervision and complete it prior to leaving for the day.

5-4
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INFORMATION

Using a manual, a regulation, a technical order, and a commercial publication,
correctly locate information about equipment operation, maintenance, overhaul and parts
breakdown. Also there is the guide and rules that we must follow day-by-day.

EXERCISE I-5-5b

PART I

INSTRUCTIONS

Using AFR 91-26, find and circle the errors in the statements listed below.

1. Before operation service of gasoline engines check fuel pipe to see if trozen. If
fuel pipe is frozen do thaw with open flame.

2. When repacking gate valves (not buried), check and service all parts of valve
completely. Remove stem polish lightly with fine file to put stem in good
condition.

PART 2

INSTRUCTIONS

Using AFM 91-32, find and circle the errors in the statements listed below.

I. Heat the primary digester to about 105°F to 110°F.

2. Disinfection of wastewater is the killing of disease causing or pathogenic micro-
organisms in water. The pathogens most often found in industrial wastewater can
cause dysentery, cholera, typhoid and paratyphoid.

PART 3

INSTRUCTIONS

Using AFR 39-1, find and circle the errors in the statements listed below.

1. The duties and responsibilities of the plant operator consist of eight duties.

2. In the specialty qualification the completion of college with courses in chemistry
and physics is desirable.

PART 4

INSTRUCTIONS

Use the TO indicated in the statements listed below to complete the phrase.

1. Using TO 0-1-40, find the TO for Operating Purification Unit. Models 600-2500, 600
gal per hour trailer mounted.

2. Using the TO found in step 4, locate the electric control box and components and
complete the following statement.

The low water level warning light works in conjunction with the

when the water level is in the well.



3. Use TO 40W4-9-14, Organizeti:)n Maintenance Repair Parts and Special Tool List:
locate and recod the figure number

, Item number
and stock number

of the warning buzzer on the electricalcontrol box.

PART 5

INSTRUCTIONS

Using TO 40W4-13-1, find and circle the errors in the statements listed below.
1. Cartridge filter tube elements should be changed when cartridge filter gaugedifferential pressure rises above 40 psid.

2. In choosing the site, your raw water hoses can reach about 50 feet.

PART 6

INSTRUCTIONS

Using 94 series solution metering pump instruction book, find and circle the errorsin the statements below.

1. Cleaning pumping parts, a white deposit may form on all parts in contact with thesolution. This is most easily removed by soaking the parts in sulfuric acid whichcan be obtained locally.

2. When reassembling pumping parts, screw the diaphragm onto the cam unit. Turn theknob to 0 on dial and position the pump mechanism to fully retract the diaphragm.

PROGRESS CHECK

You should be ready for the progress check. If you feel you need to review some ofthe previous instruction, do so. The progress check is prepared as a separatc publica-tion and controlled by the instructor. You must do the progress check under instructorsupervision and complete it prior to leaving for the day.



INFORMATION

The correction of minor inaccuracies of a non-technical nature will not be
recommended on improvement reports unless such inaccuracies change the meaning of
instructive information and procedures.

EXERCISE I-5-5c

INSTRUCTIONS

Use TO 00-5-1 to find the correct responses to statements below.

1 Who is responsible for reporting mistakes or deficiencies in technical orclers?

2. List the form number and title of the AFTO form used to report TO deficiencies.

3. Select the action which should be taken when these deficiencies are found.

a. Correct the error using black ink

b. Fill out AFTO Form 22 and report it to your supervisor

C. Report it to your supervisor and make the correction in black ink

d. Report it to your supervisor.

PROGRESS CHECK

You should be ready for the progress check. If you feel you need to review some of
the previous instruction, do so. The progress check is prepared as a separate publica-
tion and controlled by the instructor. You must do the progress check under instructor
supervision and complete it prior to leaving for the day.

INFORMATION

Air Force Supply Manuals and Catalogs are very valuable in your job. In order for
these manuals and catalogs to aid you, you must know the purpose and breakdown of these
manuals and catalogs.

Purpose of Supply Manuals and Catalogs

Air Force Supply Manuals and catalogs aid you when you need to find the information
to order equipment and materials that you use.

GSA Federal Supply Catalog

The General Services Administration (USA) Catalog giv(Js you intormation you need
for all supply items, stock and nonstock in the GSA Supply System.
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EXERCISE 1-5-5d

PART I

INSTRUCTIONS

Using the GSA Stock Catalog, Part I, locate the stock numbers, prices, and pagenumbers for the following listed items.

NAME OF ITEM
STOCK NUMBER

PAGE/
PRICE COLUMN

1. Helmet, Construction, Workers

2. Envelope, Wallet 4 x 9 1/2"

3. Handle, Chisel and Gauge Lg 5 1/2"

PART 2

INSTRUCTIONS

Using GSA Federal Stock Catalog Part I and II, locate the name, unit of issue, pageand column number of the following stock numbers.

STUCK NUMBER

1. 5210-00-243-3349

2. 6640-00-051-9490

3. 3750-0U-255-7734

NAME OF ITEM
UNIT 'CT --PACE/
ISSUE PRICE COLUMN

PROGRESS CHECK

You should be ready for the progress check. If you feel you need to review some ofth r! previous instruction, do so. The progress check is prepared us a separate publica-tion and controlled by the instructor. You must do the progress check under instructorsupervision and complete it prior to leaving for the day.

b -8
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SUMMARY

Air Force Regulations announce policies, asign responsibilities, and direct
actions.

Air Force Manuals contain permanent and detailed instructions, procedures, and
techniques that enable personnel to perform their duties.

Air Force Pamphlets usually contain informative material, rather than directive
material. However, some are directive, as in the case of AFP 85-1.

Air Force Manuals, Pamphlets, and Regula:ions are indexed in AFR 0-2 along with
Recurring Periodicals and Visual Aids.

A Publications Bulletin is issued bi-weekly to advise on the availability of
publications and forms distributed by the AF Publications Distribution Center.

To be of maximum value to your organization and the Air Force, you should make a
great effort to keep current on new publications and changes to publications pertaining
to you and your organization. You should especially review new indexes frequently for
the purpose of identifying new publications which will assist you in your work.

REFERENCES

SG AFS 54, 55, 56, Publications
AFR 0-1, Numerical Index of Standard and Recurring Air Force Publications
AFR 39-1, Airman Classification Regulation
AFR 91-26, Maintenance and Operation of Water Supply, Treatment and Distribution Systems
AFM 91-32, Operation and Maintenance of Domestic and Industrial Wastewater Systems
TO 0-1-01, Numerical Index, Alphabetical Index Cross-Reference Table
TO 0-1-02, General Technical Order
TO 00-5-1, Technical Order System
TO 00-5-2, Technical Order Distribution System
TO 40W4-9-1, Operator and Organizational Maintenance Manual WPU Trailer Mounte6 600 GPH
TO 40W4-9-14, Organizational Maintenance Repair Parts and Special Tool Lists, Water
Purification Unit, Trailer Mounted 600 GPH

TO 40W4-13-1, Water Purification Unit Reverse Osmosis, 600 GPH, Trailer Mounted
AFTO Form 22, Technical Order System Publications Improvement Report and Reply

515 4



3770 Technical Training Group
(Civil Engineering Training)
Sheppard AFB, Texas

SAFETY PROGRAM AND ACCIDENT PREVENTION

OBJECTIVES

SW J3ABR56631 000-I-6

Identify two basic facts about the Air Force safety and accident prevention
program.

Given a list of shop and plant safety hazards, write the method of eliminating each
hazard in accordance with Air Force directives with no more than one instructor assist.

INTRODUCTION

As an Air Force specialist or technician, you should have two primary atms in life:
one, to do a first-class Job in your assigned duty; the other, to return to civilian
life, either by discharge or retirement, in as good a physical condition as possible. A
thorough knowledge of the hazards confronting you, the established safety rules to
protect you, and your observance of these safety rules, may determine what condition you
will be in when you return to civilian life. In fact, it could determine whether or not
you live long enough to become a civilian again.

INFORMATION

This study guide/workbook is designed to help you prevent injury or death to
yourself or to your fellow worker, and to prevent damage or destruction of Air Force
equipment. This valuable information will be presented as follows.

o ACCIDENT PREVENTION PROGRAM

o SHOP AND PLANT SAFETY HAZARDS

EXERCISE I-6-6a

INSTRUCTIUNS

Use study guide AFS 54, 55, and 56 to complete the following statements.

1. What is the general purpose of the Air Force Safety Program?

2. What are the three causes of accidents?



3. What are some ways of preventing poor housekeeping?

PROGRESS CHECK

You should be ready for the progress check. If you feel you need to review some ofthe previous instruction, do so. The progress check is prepared as a separate publica-tion and controlled by the instructor. You must do the progress check under instructorsupervision and complete it prior to leaving for the day.

EXERCISE I-G-Gb

INSTRUCTIONS

Using your notes, answer the statements below to eliminate the hazard.
1. A plant operator has fallen into a tank.

2. A plant operator has lost two fingers because of moving part at plant.

3. A plant operator became very sick after eating lunch in break area.

4. The lab operator has gotten serious acid burn.



5. The lab technician uses a lab beaker for a substitute cup and shortly thereafter
becomes sick.

6. A plant worker is using a tool that starts a fire.

7. A plant operator finds his/her fellow worker laying face down in the chlorine room.

8. An unauthorized person was looking around the plant, while inside the plant the
person lights up a cigarette and causes an explosion.

PROGRESS CHECK

You should be ready for the progress check. If you feel you need to review some of
the previous instruction, do so. The progress check is prepared as a separate publica-
tion and controlled by the instructor. You must do the progress check under instructor
supervision and complete it prior to leaving for the day.

SUMMARY

The Air Force maintains a ground safety program designed to prevent accidents.
Don't forget that most accidents can be prevented. Your part in this ground safety
program is to become familiar with the causes of accidents and to follow the rules and
precautions to prevent them. Some of the conditions which breed accidents are poor
housekeeping, horseplay, improper use of tools and equipment, nonobservance of warning
signs, and lack of an adequate fire prevention program. Of course, there are many other
causes, among these are cases of personnel working with unfamiliar equipment ormaterial. Therefore, to prevent accidents, it is necessary to know as much as you
possibly can about the equipment and materials you work with. As an Environmental
Support Specialist you will be working with, or near, such items as mechanical
equipment, electrical equipment, liquid and compressed gases, acids and possibly even
radioactive materials. Take the time to learn as much as you can about these things.
Air Force manuals, pamphlets, technical orders, and commercial texts are available foryou to learn this material.

REFERENCES

AFR 127-12, Air Force Occupational Safety and Health Program
AFOSH STD 127-66, General Industrial Operations

6-3
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3770 Technical Training Group
(Civil Engineering Training)
Sheppard AFO, Texas

CORROSION CONTROL

OBJECTIVES

SW J3ABR56631 000-1-7

Using information pertaining to corrosion, list the causes and types of corrosion.
Five of eight must be correct.

Identify the three methods used to control the corrosion process.

14TROnUCTiO1

Corrosion is the process of metals changing back to their natural state. Corrosion
is essentially the same in all metals. However, the rate of corrosion will vary with
different types of metal, and more so in different environments. Therefore, corrosioncan be defined as the deterioration of metals as a result of an unfavorable environment.
This study guide will discuss the basic causes of corrosion, types of corrosion, and
methods of preventing corrosion under the following main topics.

THE CORROSION PROCESS

TYPES OF CORROSION

PREVENTION OF CORROSION

This study guide will not contain all the information you need to know about
corrosion. Therefore, research of the reference material at the end of this study guide
is highly recommended.

The Corrosion Process

We already know that corrosion of metal is deterioration which is the result of an
unfavorable environment. We need to know what causes some of these unfavorable environ-
ments.

For many years there seems to have been little thought regarding the causes of
corrosion, even though a few observations were made. Due to the results of these obser-
vations many in-depth studies have been made in the last few years. From these studies
it has been found that the contrca of corrosion is a big factor in the operation of
water and waste systems. Corrosion on utility systems can interfere with the
accomplishment of the base mission since it will cause plants to be shut down ior
repair. It has been found by the National Association of Corrosion Engineers that
corrosion will cause losses of more than 6 billion dollars per year. The Air Force
share of this huge cost runs into several million dollars per year. This shows the need
for an effective control program. Such a program cannot do away with all corrosion, butit can reduce it by a high percentage.

You must first know some of the facts about corrosion so that you can control it.
Corrosion is the deterioration of metal in the process of returning to its natural
state. It will change into a different substance. An example is the rust on iron. The
iron goes through a change or chemical reaction. The change from iron to iron oxide
(rust) is the process of iron changing back to its natural state. If you could collect
enough iron oxide it could be refined into iron once more.

This deterioration of metal known as corrosion takes place in one of several forms
which we will talk about in more detail later in this lesson. The most common types or
forms of corrosion that you will see in the water and waste field will be either theChemical or Electrochemical type. These two types or forms of corrosion are caused by
the flow of electrical energy from one point to the other.
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Where does this electrical energy come from? Most of you have some knowledge ofelectrical energy, but in most cases not enough for a good understanding of corrosi.pncurrents.

All metals have an electrical potential voltage. This is in the form of storedenergy. It might be said that this energy is trying to find a place to go. When twometals are joined in the presence of an electrolyte (any liquid or moist substance thatwill conduct electricity) the one with the higher potential gives up electrical ions tothe metal that has the lower potential.

This flow of electricity, together with the type of electrolyte involved, creates afavorable environment for the metal that has the highest potential to corrode. Theorder of potential of the different common metals is given in the E.M.F. (ElectromotiveForce Series) Chart shown in figure 7-1. The speed of corrosion is determined by theamount of separation of the metals in the E.M.F. series. This can be seen if you willread the potential in the right column of the series chart. Therefore, the greater theseparation, the greater the chance for a corrosion cell to exist.

The E.M.F. series was developed through experiment and by measurement of thedifference in electrical potential of these metals. The difference in electricalpotential is caused by the atomic structure of the metal.

ELECTROMOTIVE FORCE SERIES CHART

Anodic End or Most Corrosive

METAL
ELECTRICAL POTENTIAL

MAGNESIUM
- 2.37ALUMINUM
- 1.66MANGANESE
- 1.18ZINC
- 0.76CARBON STEEL
- 0.7!CAST IRON
- 0.62LEAD
- 0.13HYDROGEN

0.00TIN
+ 0.15BRASS
+ 0.20COPPER
+ 0.34BRONZE
+ 0.47MERCURY
+ 0.79SILVER
+ 0.80GOLD
+ 1.68

Cathodic End or Least Corrosive

Figure 7-1. Electromotive Force Series Chart

Figure 7-1 does not include all of the corrosive metals, and the metals listed willhave different electrical potentials in different electrolytes.

The motll that has the highest potential is known as the anode. Current will flowfrom the anode to the cathode (the point with the lowest potential); this current flowwill carry metallic ions with it and cause the metal to waste away. The proees tsknown as galvanic corrosion. We discussed the source of electrical energy !...arlier inthis lesson; the same basic principle that was discussed will apply to allelectrochemical (galvanic) attack corrosion.

There are two rules to remember about galvanic corrosion currents. These ruleswill apply to all electrochemical corrosion cells.

1. Where the electrical current leaves the metal (anode) it corrodes.
2. Where the electrical current enters the metal (cathode) it is being prote,:ted.
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These rules can be applied to all galvanic conditions. For a better understanding
of a galvanic corrosion cell, let us use a dry cell battery as an example. The dry cell
battery has a cathode (carbon rod), anode (zinc can), electrolyte (salmonic paste), and
an electron path (the connection between the cathode and anode). This electron path is
not completed until the battery is installed for operation. All dry cell batteries are
built with these parts and all galvanic corrosion cells will have these same parts. See
figure 7-2 for an example.

When the connection is made between the two terminals of the battery the ions start
to flow, this is called current flow. This flow will continue until you break the
connection or the anode is completely eaten up or displaced.

ZINC CONTAINER
( ANODE)

BLOTTING PAPER

Figure 7-2. Dry Cell Battery

Electrochemical reaction means that a chemical change and an exchange of electrical
energy take place at the same time. Thus, when corrosion occurs, there is a current
flow from the corroding portion of metal into the electrolyte or conductor, such as
water or soil.

The current flow from the metal takes particles of metal with it. The charged
particles are called ions. As the metallic ions are dissolved in the electrolyte, they
are exchanged for hydrogen ions, which flow to the cathode and tend to deposit a
hydrogen film on the cathode. The metal particles carried from the parent metal are
usually changed to oxides as they move into the electrolyte and are deposited as
corrosion products, most often near or on the anode. In the case of steel, these oxides
form rust.

There are several ways in which a galvanic cell may be formed. We have already
discussed the dry cell battery type. Another type of corrosion cell is one with two
metals and one electrolyte as shown in figure 7-3.



IRON OR STEil. PIPE
BRASS OR 'COPPER FITTING

EL ECTROLYTE-...+0.
H 2 0

CORROSION CURRENT

Figure 7-3. Corrosion Cell

CATHODE

In the above example the iron or steel that has the higher elec-trical potentialgives up ions to the lower potential of the brass or cop'per, therefore creating agalvanic cell.

Another type of galvanic corrosion cell found in water and waste Systems is one onmetal with a dissimilar surface on the same structure. See figure 7-4 for an example.

EL ECTROLYT E -
H 2 0

ANODIC AREAS

CATHODIC ARE.A

111[0MIti
FRESH THREADS PIPE WRENCH CUTS

Figure 7-4. Galvanic Corrosion Cell

In figure 7-4 the new threads and pipewrench cuts become anodic to the remainder ofthe pipe, due to the dissimilarity of the two surfaces even though it is on the samemetal. These bright spots rust (corrode) at a high rate, and cause the pipe to be weakat that point.

Chemical Attack

This is a type of corrosion that is found in water and waste plants e.nd is causedby large amounts of chemicals used in these plants.

Chemical attack of metal is easy to find and is also easy to stop. Most metalswill corrode when they come into contact with acids. If you place a drop of strong acidon a piece of iron, you can see it boil. After a short contact with the metal, you cansee the pits or holes left in the metal by the chemical attack of the acid. Some metalswill resist chemical attack by acid, but will corrode readily when exposed to alkalies.Almost all metals will have some reaction with either the acid or the alkali and somewill be affected by both.

Most chemical attack of metal will take place in industrial waste or by chemicalspillage. Both of these would cause an unfavorable environment because they increasethe amount and rate at which corrosion will spread.
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Chemical attack corrosion can be stopped most of the time by preventing chemical
spills, venting chemical fumes away from equipment, or by using equipment built of
materials that will not be harmed by chemical attack. Generally any measure that will
eliminate the unfavorable conditions will slow down chemical attack corrosion.

Bacteriological Type of Corrosion

.This is a type of corrosion which is caused by the electrolytic or galvanic cell
action of biological organisms. By definition, bacterial corrosion is the deterioration
of metals by corrosion processes which occur as a result of the activity of bacteria in
water or soil. The organisms which cause bacterial corrosion are bacteria, slime, and
fungi.

M:crobiological Corrosion

Microbiological corrosion action in the soil is due to physical and chemical
changes of the soil by bacteria. Some types of aerobic bacteria produce galvanic ce'ls.
These cells are produced by variations of oxygen in the soil (differential aeration) r
the loss of the hydrogen film over the cathodic areas (depolarization).

Anaerobic bacteria are responsible for the reduction of sulfate salts into sulfide
compounds. As already studied, sulfides, like hydrogen sulfide, vigorously attack most
metals. Anaerobic bacteria is mostly found in water logged, sulfate bearing, blue clay
type soils. Tte bacteria concentration as well as the corrosion rate varies consider-
ably between the different seasons of the year. Cast iron and steel piping will rust
due to sulfide production.

Prevention of Corrosion

Since we have discussed some of the causes and types of corrosion, now let's cover
the most important aspects of corrosion. That is the control of corrosion.

In a given.situation, corrosion may '1!ive one cause or many. Therefore, control
measures must be planned to meet the spe c condition.

Designing Against Corrosion

Two steps are used in the general design to stop corrosion: (1) Use features that
cause less corrosion from the start; (2) Design plants that make it easier to fight
corrosion in the plant. Good design will use the least corrosive materials for a given
enl'ironment. Among light metals, aluminum, magnesium, and cadmium are best; heavy
metals include cast iron and lead. Metals such as copper and bronze are more corrosion
resistant, than the iron based metals. In many cases nonmetallic materials may be used
in place of metal.

Where possible, use the same metal in the whole system to stop the action caused by
dissimilar metals. When you must use dissimilar metals, use those as close together on
the electromotive series chart as possible. The closer two metals are, on the E.M.F.
series chart, the slower the rate of corrosim. See figure 7 for the E.H.F. series
chart. The top of the chart is the most corrosive metals and progresses to the least
corrosive metals at the bottom of the chart.

EXERCISE I-7-7a

INSTRUCTIONS

Use SW J3A13R56631 000-1-7 to complete the following statements.

1. What is corrosion?

2. What is the most common type of corrosion?



3. What are the four requirements needed for galvanic corrosion to occur?
a.

b.

C.

d.

4. How can galvanic corrosion be prevented?

5. Name the four types of corrosion that appear on iron.

a.

b.

c.

d.

6. Explain how painting protects metal objects from corrosion.

7. In what portion of a galvanic cell does corrosion occur?

8. What is the meaning of EMF?

9. When connecting a brass fitting to a steel pipe, which is most likely to corrode
first?

PROGRESS CHECK

You should be ready for the progress check. If you feel you need to review some ofthe previous instruction, do so. The progress check is prepared as a separate publica-tion and controlled by the instructor. You must do the progress check under instructorsupervision and complete it prior to leaving for the day.

INFORMATION

Cathodic Prutection

Another method used to stop or slow down corrosion is cathodic protection.Cathodic protection, by definition, is the use of the right amount of direct current tostop currents from leaving the anodic areas of a metal structure. The whole object thenbecomes negative (cathodic) to its surroundings. With this in mind, we can use theknowledge of the electromotive potential of a metal and impress a current to make theobject have less electrical potential than another metal with which it is in contact.

Cathodic protection may be used to (stop or slow down the) corrosion of any metalsurface which is in contact with an electrolyte. It may be used on buried metalsurfaces such as steel pipelines and metal storage tanks. It may also be used toprotect the bottom of storage tanks built on the ground, the inside surfaces of watertanks and other metal structures in water.
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THEORY OF CATHODIC PROTECTION

If the flow of current between the cathode and the anode can be stopped, or its
direction changed, in theory, the metal will not corrode. In cathodic protection, the
current flow is slowed down by passing a current through the electrolyte to the metal to
be protected.

METHODS OF CATHODIC PROTECTION

The use of sacrificial anodes is one means used to cause current flow (galvanic
method); the use of an impressed current is another means.

Sperificial Anode System

To get cathodic protection by the sacrificial anode method, a metal that is more
prone to corrosion than the one being protected, is put in the electrolyte and connected
to the object. Current will then flow from the more anodic or corroding metal, through
the electrolyte to the metal for which there is a need to be protected. The connection
between the two objects makes the circuit, and lets the current flow to the corroding
metal. The corroding metal is the anode of this dissimilar metal cell, and the metal
which needs protection is cathode. The position of the metals in the electromotive
series determines which way the current will flow. The current from the sacrificial
anode is strong enough so that no current will leave the metal that needs protection.
Since the cathodic protection currents flow from the electrodes, they act as sacrificial
anodes and will be destroyed in time. The protected metal is cathodic, or negative to
its surroundings, until the sacrificial anode is completely destroyed.

Metals such as magnesium and zinc which are higher on the electromotive series
chart have been found to be very good sacrificial anodes when used with iron. Iron, on
the other hand, is an anode when used with copper. For large structures or pipe
systems, cathodic protection by the galvanic method is not economical and a direct
current must be used.

Impressed Current System

To get protection by the ir_pressed current method of cathodic protection, direct
current from a source such as a wet or dry cell battery, rectifier, or generator must be
used. The positive side of the circuit is connected by an insulated wire to the iron,
carbon, or graphite electrodes buried near the structure. If it-is a water tank, the
electrodes will be in the water. The negative side of the circuit is connected to the
structure. The power source is used to force the current through the ground (or water)
to the structure and then back to the power source through the negative terminal. This
current stops the normal flow of galvanic current from the structure. Figure 7-5 shows
this form of protection.

EQUIPMENT PROTECTED

Cathodic protection is limited in application and it cannot be used to stop corro-
sion in all situations. For instance, the outside surface of a buried pipe can be
protected cathodically, but not the inside of the pipe. In an elevated storage tank or
ground storage tank, only the inside surface that is submerged will be protected. The
outside of the tank is protected from atmospheric corrosion by paint or other coatings.

Buried Pipelines

Buried pipelines are most commonly protected by use of the impressed current. It
is necessary to force the current into the soil and, through it to the pipeline being
protected and then send it back to the source.

The best way to do this is to bury scrap metal or carbon rods. See Figure 7-5.
The current flow gives complete protection depending on many different factors such as,
pipe coating, area of exposed metal, soil resistance, metal-to-soil potentials, poten-
tials of anodic and cathodic areas, and the kind of metal in the structure. The main
factor of these is the amount of metal that is exposed. For example, on a mile of barc:
12-inch pipe with about 18,000 square feet of metal surface, 100 to 150 amperes of
current might be necessary for good protection.



7:o hard ar.d rule can be used, although for rough estimates, 0.003 amperes persa.:(;e foot of bare ,!urfack-: i used for iron structures. When cathodic protection isused, the externAl current ts app1,e0 until the pipe-to-soil potential dro; to at leastminus 0.8 volts. This is checked wii.S a multimeter and a copper-copper sulfate halfcell. When the protection is mItAntained, corrosion will be greatly reduced.

GROUND BED SCRAP IRON OR CARBON RODS

1.:

Figure 7-5. Cathodic Protection of Buried Pipeline Using
External Power Source

Steel Water SLorage Tanks

Cathodic protection stops ccrrosion by the flow of direct current to the tank wallin steel tanks. This is the re'erse ot current flow that is caused by corrosion. Theequipment used will include a rectifier to change an AC source of power to DC, controlrheostats, an ammeter, and electrodes hung from the roof of the tank and into the water.The electrodes are not connected to the tank bottom. The circuit is completed from theelectrodes through the water to the tank. Current density must te about 5.0
milliamperes per square foot of bare metal; less if the metal has a coat of paint on it.It is essential that the electrodes be hung at different levels throughout the tank tomaintain adequate protection. It may be necessary to hang the electrodes in a circle inlarge tanks, for good protection. The riser (if any) will have an electrode in it towithin a few feet of ground level.

A great deal of emphas is placed on the intermittently submerged surface of thetank. This and the area al), .e the normal water line will corrode. It is for this
reason that the entire interior of the tank must have a good coat of paint.

MAINTENANCE OF CATHODIC PROTECTION SYSTEMS

Impressed Current System

When the impressed current system is in operation, note and write down the currentflow shown by the meters. If there is no current, check the fuse, electrodes, groundwire to tank or pipe, and immersion of the electrodes. Check polarity and direction ofcurrent flow. If the connections to the rectifier are reversed, rapid damage to thetank will take place.
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Check the records and other data to be sure electrodes are covered with water.
Keep enough water in the tank to cover the electrodes.

Check deterioration of electrodes. The amount of corrosion will increase as the
size of the Oectrodes decrease. Replace electrodes that are badly corroded. Watch for
a reduction in current flow which is a sign of a worn or failing electrode, (sacrificial
anode).

Protect the electrodes in elevated storage tanks from ice, which may damage tiem or
tear them from their mounts. If ice is a problem, the only way to protect them is to
take them out when it is cold; put them back in at the end of the cold weather.

To test the equipment, drop the water level and remove the paint from a spot on the
w-11. Check this spot every three months to see if the protection is good.

Prevention of Corrosion

Since you know that the requirements for a corrosion cell are an anode, a cathode,
an electrolyte, and an electrical path, it is apparent that to stop corrosion, it will
be necessary to take away one of the requirements. Methods used to do this are as
follows:

1. Use only corrosion resistant materials,

2. Do not mak:: galvanic cells by connectit7 dissimilar metals, such as iron and
copper, together.

3. Use insulated couplings when such cout':.1ings mu,.t be made, to break the path of
electron flow.

4. Do away with the electrolyte.

5. Use cathodic protection to do away with all anodic areas.

6. Paint the equipment to stop the electrolyte from contactinc the surface of the
metal.

Of all the met:hods used to stop corrosion, the ohe most used and tho most practical
way to stop corrosion is paint or some other type of coating.

There are many types of coatings used for this purpose. Asphalt, coal tar,
plastic, mastic, grease, and concrete are a few. These are insulating materials, and
are used to insulate or isolate the metal from the electrolyte and stop corrosion.

All er these coatings are not Lood for all environments, but each one can be used
for certain types of corrosion environMents. The list below shows some of the coatings
and their uses.

Metallic coatings, such as zinc galvanizing is effective in protecting metallic
structures or pipe grom atmospheric type corrosion. This type of coat is for cold water
lines and metals that are exposed to normal temperatures. However, at high tempera-
tures, metals such as iron will rust rapidly. The reason for this is that at a
temperature of approximately 140°F, iron becomes anodic to zinc. This will cause the
iron to become the sacrificial anode which rusts readily,

Portland cement coatings have been used with success when used on pipes to be laid
in corrosive soils such as areas that have acid mine drainage or in a salt marsh. Well
mixed portland cement, of about a 1 to 2 mix is applied to a pipeline. The coat of
cement may be up to two inches thick. If the cement is properly mixed and tamped around
the pipe, it may last for forty years. However, cement will absorb moisture and crack,
in many ways this will limit its use. In fact, where the cement cracks, electrolysis
will start to corrode the material. This corrosion can be reduced by painting the pipe
with a bituminous primer before coatiag or by grounding the pipe, and by filling the
cracks with asphalt or coal tar.
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The portland cement coating previously discussed is used on the outside of pipes tostop corrosion. Portland cement coatings are now being used on the inside of pipes by aprocess known as the centerline process. This involves cleaning the pipeline andcoating the interior with a layer of concrete. The process can be used on pipe with adiameter of four inches or more.

Grease coating is another type of coating used on pipes. This grease is made froma petroleum base and looks like wax. It can be applied either hot or cold; however, itmust be protected by some type of wrapping to keep the grease from being absorbed by thebackfill soil.

Asphalt and coal base coatings are by far the most common types of coatings used.Asphalt base coatings are made from petroleum. These coatings can take a lot of abuseand temperature cliange without creating a corrosive condition. However, a coat of thistype absorbs water and dissolves to form other petroleum products. Some types ofasphalt coats are more expensive than coal tar.

Coal tar coatings are the most common type used on pipes today. It has been provcdthat these coatings last longer, and they have continuity, hardness, adhesion, andresistance to corrosion. Coal tar coatings are less expensive than asphalt basecoatings. This type of coating has the disadvantage that it does not have a very goodimpact resistance, and a wide cl-ange of temperature will often cause the surface tocrack.

Another group is the paint and enamel coatings. Coal tar, asphalt, rubber, andvinyl are just a few of the paints used to coat metal surfaces to protect them fromcorrosion.

Coal tar paints can seal out water and will not breakdown from the effects ofwater, this resists electrolytic ,.eaction. These paints are used on piers, floodcontrol structures, sewage disposal plants, and industrial concrete Tipes.
Asphalt based paint is weather resistant and will resist industrial fumes,condensation, and sunlight; since it has a high resistance to water, it is used on steeltanks and concrete reservoirs.

Rubber based paints such as the chlorinated rubber base type are resistant toacids, alkalies, salts, alcohols, petroleum products, and inorganic oils. Resistance tothese products makes this type of coating good for use on the inside of metal andconcrete tanks. If these structures are built in water or under the ground, a specialform of this paint must be used to fight condensation.

Vinyl type paints are some of the many synthetic resin base paints. This paintdries to a film that is tough and resistant to electrolysis. The film is not harmed byoil, fat, wax, alcohol, petroleum solvents, formic acid, organic acids, amoniumhydroxide, and phenols. This makes it good for use on tanks, pipes, well heads,off-shore drilling rigs, pipes in the oil industry, railroad hopper cars, dairy andbrewery equipment, storage tanks used for acids and alkalies, gasoline storage tanks,and concrete exposed to corrosion.

Most paint coatAngs or bonding material must have a thin layer of primer so it willfill the pores of the metal and stick to both the metal and the paint.

Preparation of Surfaces for Protective Coating - The protective coating fails indirect proportion to the lack of adhesion to the surfane. Hence, it is important thatthe surface is clean to be sure that the paint will stick.

The surface preparation methods fall into three basic classes as follows:mechanical surface preparation, chemical surface preparation, and solvent cleaning anddegreasing.

Mechanical Surface Preparation

Hand cleaning is the best way to clean spots and is not good for use on largeareas. The cleaning is done with a wire brush
P sand paper, scrapers, knives, chisels,and hammers. Hand cleaning is for the most part used to take off loose scale, paintfilm, and caked soil.
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Power cleaning works better than hand cleaning on large areas. Power tools may be
pneumatic or electric grinders, sanders, and brushes which can take off corrosion down
to the bare metal. You should remove oil and grease with a solvent before you clean
with tools to stop the spread of these products over the whole surface.

Sand or shot blasting is a mechanical means used to take off mill scale, rust, and
rust scale dowiA to the base or white metal. The process involves abrasives shot under
high pressures against the surface of the metal to be cleaned. For best results, the
surface should be primed immediately to stop corrosion on the crater-like surface
depressions, ridges, or metal ' lirs caused by sand blasting.

F'ame cleaning is another way to clean surfaces and is used where it will not cause
a problem if the surface works or dries out. Flame cleaning is used to take off
unlonderl mill scale and old mill scale which had not been painted. A flame cleaned
r;uriacc must have paint on it before it is affected by condensation, this is gelerally
done within two hours after flame cleaning while the metal is still warm.

Chemical Cleaning

The second methcd v,',ied to clean a surface is by the use of chemicals. Chemicals
will include alkali. steam, and phosphates.

In the alkali treel:ment, a strong alkali is used to take off oil, grease, and some
types of rust. i does not take off heavy or carbonized oils, or rust inhibitive
oils. The surface :Rust be neutralized with a weak acid so that the alkali does not
attack the primers, after the alkali treatment has been used.

Acid pickling is another type of chemical treatment of metal surfaces. A weak acid
such as a diluted muriatic acid is r.ried on grease free iron or steel to take off all
mill scale and corrosion. Weak pbosphoric or chromic acid is used soon after the acid
cleaning to protect the surface. ':7..n the surface is dry, a protective coat of paint is
put on to give a more permanent coht on surfv.-e.

Steam can be used to take off diti. grime, gease, and loose paints, but it does
not take off rust or mill scale. Detergent steam cleaning has been used with good
success to take off grease. After steam is used, the surface is rinsed so that the
alkali on the surface does not attack the prime coat.

The phosphate treatment is a chemical process used to treat the surface with an
insoluble metal phoT.Thate which will give long life to the paint used. The surface must
have been treated by some means to take off the corrosion prior to the phosphate treat-
ment, since the metal phosphates have no effect on corrosion. These phosphates give
long life to the paint film b) imprr' ing adhesion, retarding underfilm corrosion,
reducing electrochcmical reaction, aDd reducing the decomposition of the paint. This
treatment can be put on by immersion, with a brush, or with a spray. Care must be used
when the chemical methods are used for cleaning, since some of the chemicals are
hazardous.

Solvent Cleaning and Degreasing

The third method used to clean a surfacc is the solvent cleaning and degreasing
method. Solvent cleaning is used to dissolve oil and grease but does not take off rust,
mill scale or corrosion. The fire hazard and toxicity of solvents must be observed when
this type of treatment is used.

Application of Protective Coatings

Technical Order 1-1-8 deals with application techniques, paint equipment, surface
preparation, and a discussion of individual coatings. To provide the best protection
for corrosion, the best treatment (combination of pretreatment, primer, and topcoat)
must he used for each specific case.

The selection of the best treatment will depend on the material to be coated, the
environment to which the item will be subjected, and the service life requirement of tho
coating. No one coat or coating system can work best in all cases. For example, a
phenolic paint which meets Specification MIL P-12507 is good for water immersion or wheo
the humidity is high, but poor for exposure to an industrial atmosphere.
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Many primers and topcoats can be used in various combinations; however, someprimers are made for a particular type of topcoat. The coating systems presented in AirForce Technical Order 1-1-8 adequately cover most Air Force painting requirements.

EXERCISE I -7 -7b

INSTRUCTIONS

Use SW J3ABR56631 000-1-7 to complete the following statements.
1. What are the two systems used in cathodic protection?

a.

b.

2. Identify three items that can be protected by cp,thodic protection.

a.

b.

c.

3. Where can cathodic protection be used?

4. What is the most important step in applying protective coatings?

5. In a galvanic cell whIch metal would have the highest electromotive force, the
anode ;ar the cathode?

6. What kind of siviace preparation is stieam cleaning?

7. Whu.t is the most coetmonly vsed protective coating today?

8. What factors determine the selection of the proper coating of a metal?

9. Wht, is the purpose of cathodic protection?

10. In which direction must the current flow in oraer to protect the metal?
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11. How often is the interior of a water tank checked for cathodic protection?

12. What is the copper-copper sulfate half cell used for in cathodic protection?

13. How is the inside of the riser on an elevated storage tank protected?

PROGRESS CHECK

You should be ready for the progress check. If you feel you need to review some of
the previous instruction, do so. The progress check is prepared as a separate publica-
tion and controlled by the instructor. You must do the progress check under instructor
supervision and complete It prior to leaving for the day.

SUMMARY

Corrosion is the deterioration of metal ana can occur because of direct chemical
attack or by an electrochemical reaction. Most corrosion is caused by electrochemical
reaction. A corrosion cell will be created when there is an anode, cathode, electro-
lyte, and metal path present at the same time.

The best way to prevent or control corrosion is to eliminate any one of the neces-
sary elements of a galvanic cell. .This can be done in many ways, but the most practical
way is the use of a protective coat of paint or other insulating material to keep the
metal object from coming into contact with the electrolyte.

There are many different types of protective coatings, but all of these are not
effective for all environments. For this reason you must have an understanding of the
type of coating and the environment in which you would use each coating.

Cathodic protection is a method used to prevent corrosion of both new and old
structures. It is usually the only sure method that can be used to stop corrosion on
underground structures. The use of impressed current redures the rate of corrosion of
metal surfaces in contact with an electrolyte. It does this by making the metal
structure cathodic to its environment. The two methods by which cathodic protection may
be applied are, the sacrificial anode system and the impressed current system. The
anodes must be made of a metal higher on the EMF series chart than that of the metal
being protected.

kEFERENCES

1. AFM 91-32, Operation and Maintenance of Domestic and Industrial Wastewater Systems.

2. AFR 91-26, Maintenance and Operation of Water Supply, Treatment and Distribution
Systems.

3. TO 1-1-8, Application of Organic Coatings

4. TO 1-1-":, Corrosion Control and Treatment for Aerospace Equipment.

5. Elements of Chemistry, By Russell T. DesJordin

6. Introduction to Metallic Corrosion, By Ulick R. Evans

I. Corrosion Causes and Prevention, By Frank N. Speller, DSC
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3770 Technical Training Group
(Civil Engineering Training)
Sheppard AFB, Texas

HAND AND SPECIAL TOOLS

OBJECTIVES

SW J3A13R50631 000-1-8

Given a list of tasks and a list of tools, select the tool that should be used to
complete each task.

Given an electric grinder, a checklist and handtools, perform the required
.inspection and maintenance on the grinder with no more than one instructor assist.

1NThODUCTION

Some of your duties will require you to use handtools. In order for you to use and
maintain handtools in the proper manner, there are some facts that you must know.

The information will be presented under the following headings:

* Types of Common Handtools

* Use of Tools

* Tool Safety

* Care of Tools

* Tool Inventory

* Electric Grinder

INFORMATION

TYPES OF COMMON HANDTOOLS

Screwdrivers

One of the most commonly used handtools is the screwdriver. It is used to tighten
or loosen screws. Screwdrivers have three main parts: the handle, shank, and blade.
These parts are shown in figure 8-1.

STANDARD C--.355-SLOT

A

SANK

Ii54BLADES

BLADE SHANK HANDLE

Figure 8-1
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When you select a screwdriver for a job, you should use one that has the proper sizeof blade tip. The blade tip must fill the slot of the screw in both width and depth andshould also fill most of the length of the slot. See figure 8-2.

INCORRECT

TIP ROUNDED, OR IMPROPER SIZE FOR SCREW
170.014

Figure 8-2.

Hammer

CORRECT

TIP SQUARE AND PROPER SIZE FOR SCREW

Another handtool that you may be required to use is the hammer. All hammers arc notthe same. Some of the different types of hammers are shown in figure 8-3.

SALL.PEEN NAmMER

Figure 8-3.
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Pliers

There are many different types of pliers. The combination, adjustable (water pump),
long-nose, flat nose, and side-cutting are just a few. All of these tools are shown in
figure 8-4.

SIDECUTTING

FLATNOSE

Wrenches

ADJUSTABLE COMBINATION

Figure 8-4.

WATER PUMP

A good mechanic must know the proper wrenches to use on a job. Some of the types of
wrenches you may use are the allen, box-end, socket, adjustable, combination, and open-
end. See figure 8-5.
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Figure 8-5.
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Hacksaw

Another handtool that you may have a need to use is the hacksaw. The hacksawconsists of two parts: the frame and blade as shown in figure 8-6.

ADJUSTABLE FRAME

T F -042

Figure 8-6.

Hacksaws are used to saw round or flat metal, such as pipe or sheet metal.

T.TY: OF TOOLS

Every tool has a function. If you i4h0 the wrong tool for the job, you could injureyourself or damage the tool. You will learn the correct use of each tool as you completea workbook on handtools.

SAFETY OF TOOLS

Handtools, no matter how simple they are, can be the cause of an accident. This isespecially true if the tool is not used properly or the tool is not in good repair.

All handtools should be of good quality, adequate for the job, and used only fortheir intended purpose. Be sure to use the correct tool for a particular job.

Objects on which you are working with a sharp instrument, such as a screwdriver, youshould not hold the work in your hand or on your lap. All work should be placed on aflat surface or held in a vice, and when finished with a vice the jaws should be looselyclosed.

A tool with a "mushroom" head, such as a cold chisel or punch, should not be usedbecause metal chips are apt to fly from the mushroom head when it is struck with ahammer. Gricl off the mushroom head before use. Always remove jewelry and wear eyeprotection to protect yourself from injury.

CARE OF TOOLS

Tools tell a great deal about their user. Dirty, greasy, or rusty tools are themark of a shade-tree mechanic. This type individual spends a great deal of time justlooking for a workable tool. The work area is seldom cleaned.

Tools properly placed, cleaned and oiled and in good sound working orde aremark of a skilled specialist. There is a place for every tool, and every t.)(31 is ;r. iLsplace. Tools should be in good operating order and ready for use. The work area silouldbe (7lean and orderly.

TOOL INVENTORY

After a job is finished the tools should be given a complete inventory. You areprobably wondering why }rut*: must inventory your tools. It is very simple; tools ,2ostmoney, there must be a direct line of responsibility. If a person is not held
respopsible for their tools, they will not take care them.

Another reason for the tool inventory is to make certain you did not leave a tool atthe job site. This could cause considerable damage to equipment if undetected.

6-4
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EXERCISE I-8-8a

PART 1

INSTRUCTIONS

Use SW J3ABR56631 000-1-8 to complete the following matching exercise. Match ColumnA with Column B.

COLUMN A

1. Vice-Grip Pliers

2. Standard Screwdriver

3. Ball-Peen Hammer

4. Slip-Joint rliers

5. Long Nose Pliers

6. Plastic Hammer

17b
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e.

COLUMN B
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PART 2

INSTRUCTIONS

Use SW J3ABH56631 000-1-8 to complete the matching questions. Match Column A withColumn B.

COLUMN A
COLUMN B

1. Phillip Screwdriver
a. What tool is used for an extra set

of fingers?
2. Universal Joint b. What tool is used for tapping on

light metals?
3. Adjustable

c. Used on small pieces of metal
which cannot be reached with the
fingers.4. Slip-Joint Pliers

d. Allows you to apply a force from
different directions. It '8 usedn. Ball-Peen hammer
between the socket and socket
handle.

6. Long Nose Pliers
e. What type tool is used for a cross

head?

f. When no other wrench will fit a
nut or bolt you may have to usli
this type of tool.

PART 3

INSTRUCTIONS

Use SW J3ABR56631 000-1-8 to answer the ;ollowing questions.
1. Name four common handtools?

2. List the thr.. wain parts of a screwdriver.

3. Name three different types of pliers.

4. What is the purpose of ft hacksaw?

PROGRESS CHECY

You should be ready for the progress check. If you feel you need to review some ofthe previnus instruction, do so. The progress check is prepared as a separate publica-tion and controlled by the instructor. You must do the progress check under instructorsupervision and complete it prior to leaving for the day.

8-6
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INFORMATION

ELECTRIC GRINDEE

Bench Grinder. The bench grinder is A tool used for grinding operations. These
include sharpening chisels, screwdrivers, drills, and punches. They are also used to
remove excess metal from work and smooth metal surfaces. It is usually fitted with both
medium- and fine-grain abrasive wheels. These wheels may be removed and other wheels
substituted for them. Such wheels may include wire brushing wheels, buffing wheels, or
polishing wheels.

Before you operate a bench grinder, look at the unit to identify any hazards or
maintenance needed. Look for such things as: the electrical cord freying; the ground on
the plug must be there; the casing must not be cracked or damaged; the eyeshifild and tool
rest must be the there and tightly secured; any loose connections must be tightened; the
grinding wheels must be firmly held on the spindles by the flange nuts, these must be
tight; the grinding wheel must be dressed and must not wobble; and the grinder must be
secured to the floor or bench.

During the operation, first listen for unusual noises then check for odors. If any
unusual noises are found find the cause and fix it if possible. The work should be held
firmly at the correct angle on the tool rest provided. Next feed the work into the wheel
with enough pressure to remove the desired amount of metal without generating too much
heat. If too much heat is generated by the grinding, cool the tool by dipping in water
to cool it.

Remember, the abrasive wheel which grinds metal easily, grinds human fingers more
easily.

NOTE: If wheel needs dressing, follow these steps:

1. Adjust tool rest to permit wheel dresser to contact abrasive wheel on center lineof

2. Start wheel revolving, then support the dresser on tool rest with handle tilted up-
ward at angle.

3. Slowly press the wheel dresser against face of revolving wheel !il it "bites" then
move dresser from side to side across wheel to obtain a straigh: l'Airface on the
wheel. CAUTION: Hold the dresser rigidly enough on tool rest to prevent vibration.

4. Smooth wheel by passing an abrasive type dresser back and forth over the face of the
wheel, smoothing with a very light pressure.

If you need to dress the wheel, refer to the NOTE above or to TO 30-1-101. For more
maintenance information, refer to the manufacturer's manual.

EXERCISE I-8-8b

INSTRUCTIONS

Using the electric grinder, inspect and repair as required.

a. To test the grinding wheel, tap it with a ball-peen hammer. Yes No

b. When tapped, a dull thudding sound indicates an operational Yes No
wheel.

c. Is the grinder securely anchored 'In floor? Yes No

d. Is a face shield used with the Yes No

e. Is the wheel properly dressed? Yes No

8-7
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PROGRESS CHECK

You should be ready for the progress check. If you feel you need to review some ofthe previous instruction, do so. The progress check is prepared as a separate publica-tion and controlled by the instructor. You must do the progress check under instructorsupervision and complete it prior to leaving for the day.

SLMMARY

It isn't a pretty sight to 63e you loose a finger, hand, arm, or your own lifebecause you have bad habits or a "don't care" attitude when you use hand or power tools.No one likes to tell you that they don't want to work with you because of your poor workhabits. A mechanic, who keeps his tools in good repair and works in a safe manner willalways get willing help when they need it.

REFERENCES

TO 30-1-101, Maintenance Ind Care of Handtools



3770 Technical Training Group W J3A8R56631 000-1-9
Sheppard Air Force Base, Texas

OPERATION AND MAINTENANCE OF WATER AND WASTEWATER
TREATMENT SUPPORT EQUIPMENT

OBJECTIVES

Given four control devices, identify, inspect, and state the i'unction and operation
of each.

Identify the purpose, operating features and operator maintcnance requirements for
air compressors. Three of the five must be correct.

Using AFR 91-26, list the purposes, types, and inspection procedures of water
storage tanks.

Given a set of incomplete statements about various valves, make written responses
to identify each valve. Seven of the ten must ue correct.

Given a check valve, disassemble, inspect, and reassemble the valve with no more
than one instructor assists.

Using a gate valve on the pump trainer, remove and replace the valve packin6 to
prevent water leakage .ith a maximum of two instructor assists.

Using AFR 91-26 and information pertaining to electric motors and power connectors,
list the operational checks and operator maintenance requirements for motors and
connectors.

Given information pertaining to cl ical feeders, identify the three types of
-hemical feeders by completing written atements.

Given chemical feeders and working as a team, disassemble, inspect and reassemble
the feeder to operating condition with a maximun, of five instructor assists.

Given information pertaining to different types of measuring deuices, write the
function and application of each and record a meter reading. Five of the seven must be
correct.

Given a water meter, disassemble, inspe-- and reassemble the meter using a
checklist or manufacturer's brochure with no more than one instructor assist.

Monitor the operation of selected backflow preventers and list four methods of
backflow prevention with no more than two instructor assists.

Given four types of backflow preventer malfunctions, select the maltenance
required to correct the malfunction. Three of the four must be correct.

Using AFR 91-26, list three operational services which are common to standby
engines.

Given a list of puinp types and a list of pump cbaracteristics, match the pump type
to its characteristic. Three of five answers must be correct.

Using the sewage lift station trainer and working as a team, monitor/operate the
trainer in accordance with the standard operating procedures with no more than two
instructor assists.

Using the sewage lift station trainer, and working as a team, perform operator
inspection and maintenance on the trainer in accordance with a checklist with no more
than two instructor assists.

During a field trip to the base water and wastewater facilities, use a checklist
monitor and inspect the support equipment. Students checklist must correspond to 60%
instructor's evaluation of the facility.

9-1
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CONTROL DEVICES

INFORMATION

All water systems need to be regulated. Control devices are useti for this purpose.These devices are grouped under tour headings; mechanical, electrical, hydraulic, andpneumatic.

TYPES OF CONTF401, DEVICES

Mechanical

?..Aechanica/ control devi,.:es operate througL a mechanic inkage. This type ofdevice is normally used to control the liwAd level in a tai,, or other container.

Electrical

Electrical control devices have been designed for many different functions.Electrical control devices are designed to open or close an electrical circuit or toadjust the operation of a piece of equipment. They may be very simp1,1' in oi,eration suchas in a float switch or highly complex as in a probe which will detect the temperat..;-e,chlorine residual, or pH in a water storage tank. The various dlsigns are toc u.:azp.trcusto discuss here. It will be your responsibility to /earn about the types in useyou are assigned.

Hydraulic

Hydraulic controls use fluid pressure and a diaphragm to operate. The controllingpressurtt ,Aay be provided from an outside source or extracted from tbe system beingcontroll.A.

Pneumatic

Pneumatic control devices are very similar to hydraulic devices except that theyuse compressed gas pressure instead of fluid pressure to operate the control. Altbr.)ghair and nitrogen gas are the most common, other gases may be used.

FUNCTIONS AND OPERATION OF CONTROL DEVICES

Mech- .1cal

A vE y common mechanical contr ievice is used in the toilet in your home. Byn float that rises and fallJ ,n the level of the water in the tank, the flow ofwate:- ,.ka be controlled. When tL is low the float falls opening a valve allowingwater to refill the tank. When tL.. wat reaches the desired 1.yvel, the float closesthe valve, stnoping the flow of water. Mecha 11 control de-ires may also use springtension or wf, hts to control the level in tw,y..!... A typical mec nical control deviceis shown in iire 1-9a-1.
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STEEL WASHER
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Figure 1-9a-1
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Electrical

Using a f2.J ,,ing element such as a probe or a pressure switch, a pump may be
started, stop... or adjusted automatically to maintain water system pressure. An
electrical probe may also be used to control a particular cond/T.ion of the water. For
example, if the temperature of the water in a heated swimmir ,-711 is low the probe
sends a signal to the heater which in turn heats the water. 'Itte control device in
figu.c I-9a-2 is a float t-iwitch. The float activates the electrical switch which
controls a piece of equipment such as a pump.

2 PARE SWITCH

JUNCTION PANEL

3 WIW! SWITCH

FLOAT CHAMDEN

JUNCTION
BOX

POD

Figure I-9a-2. Electrical Control Device

Hydraulic

When a large amount of pressure is being used to hold a valve in position, a
hydraulic control device is being used. Since pressure is equal on all sides of this
control, it is easy for the valve to open or close.

HO.raulic control devices are very common. They provide an easy and accte
controi over system pressure, filters and other water and wastewater plant equIpment. A
typical hydraulic control will use a diaphragm which has a. larger surface area on one
side than the other. The diaphragm is connected to a device which opens or closes a
valve. A common type of hydraulic control has a sensing line which connects system
pressure to one side of the diaphragm so that pressure on both sides of the diaphragm
are equal. Control is obtained because of the difference in the area of the sides of
the diaphragm. A slight adjustment in the pressure on the smaller area side will result
in a large change in pressure on the other side. hydraulic control device is shown ia
figure I-9a-3. It uses system pressure to operate. The sensing line in thi- control
device is the pilot tube.
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Figure I-9a-3. Hydraulic Control Device

pneumatic

For a pneumatic control device to operate, compressed gas must le supplied to thecoctroller at a constant prossure. The controller is connected to a valve, a damper orother piece.of equipment to operate it. The pneumatic control device applies a variablepressure to the piece of equipment being controlled according o the variation in thecondition being controlled. Basically, the pneumatic control device is an automaticallyPtdjusted pressure reducing valve. Figure I-9a-4 shows a pneumatically controlled,3ystem.
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Figure I-9a-4. Pneumatically Controlled System
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PREVENTIVE MAINTENANCE PROCEDURES

A good, sound, well organized and energ?.tically pursued preventive maintenance
program will provide a tremendous cost savings over a long period of time. ThiS program
should include but not be limited to; lubrication, cleaning and testing of the control
device. The unit you are assigned to should have technical publications covering the
specific control devices installed at your base. These publications should be consulted
to perform maintenance on the devices. Listed below are a few general maintenance
guidelines for control devices.

Mechanical

Most riechanicaI devices have pivot. points which require cleaning and lubrication.
The device should be inspected for proper alignment, freelom of movement (-oo close to
thes tank wall), and corrosion.

Electrical

Electrical controls also need cleaning from ti.ie to time. Those that use
mechanical linkage must also be checked for lubrication and corrosion. Some electrical
c)ntrol devices may need calibration after repair or at certain int;e2vals. Check with
the manufacturers manual to see if you arc .ble to do the calibra.:.:..on, otherwise report
it to your supervisor. re sure to check electrical connections to insure they are free
of corrosion and secure.

Hydraulic

Hydraulic control devices may have mechanical linkage which needs to Ue checked.
Hoses and tubes must be inspected for leaks, loose supports, wear and gerpral condition.
The diaphragm on the control device must also be inspected for cracks, tc11:s, and
general condition.

Pneumatic

Pneumatic systems require a source of air or gas to operate. Check hoses, tubing
gas cylinders and components for secure mounting, leaks and corrosion. If an air
com2ressor is used to supply the for the control device, maintenance will be
required for the air compressor aiso. We will cover maintenance of air compressors in
the next section.

SUMMARY

Control devices are esseutial pieces of support equipment f:Jf: the environmental
support career field. Knowledge of how they operate and the maintenance procedures for
them wiLl keep the control devices in service for a long period cf time.

9-5
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EXERCISE I-9a

INSTRUCTIONS

Use SW J3ABR56631 000-1-9 to complete the following.

1. List the four types of cpntrol devices.

a.

b.

C.

d.

2. Which type of control device uses a float valve to control the lev c,. in a tank?

3. Electrical control devices use a

to start or stop a pump.

4. Pneumatic control devices use

a constant to operate.

5. Hydraulic control devir;es use a

or a

with a larger

on one side than the other,

supplied at

6. Preventive maintenance on mechanical control devices should include

, and

7. Preventive maintenance on electrical control devices should include checking

to insure they are secure and free from

8. Hydraulic hoses and tubing should be checked for

and

9. Check pneumatic system
for serure mountings, leaks and corrc _on.

PROGRESS CHECK

and

You should be ready for the progress check. If you feel you neeC to review some ofthe previous instruction, do so. The progress check is przl,pared as a senaratepublication and controlled by the inntructor. You must do the progress check underinstructor supervision and complete .1 prior to leaving for the day.
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AIR COMPRESSORS

INFORMATION

Air compressors are used tor a variety of different jobs at water and wastewater
treatment plants. There are many different types of compressors, but the principles of
operation of all of them are similar. Keep in mind that wherever you are working, there
may be different types of air compressors. Your section should have technical
publications for the units in use.

Purpose

Compressed air systems are used in water plents, lift stations, wastewater plants,
and laboratories. Pneumatic control devices may require air compressorL; ttr operation.
Valves at various points throughout the water system and treatmert plants may
operated with air assistance. Pneumatic tools also use compressed air for operation.

Operating Features

The air is compressed in an olectric, gasolinP or diesel driven compressor and
stored in a tank until needed. Air is drawn into _he compressor, where it is reduced in
volume and passed Kh.ough a c;leck valve into the storage tank. A combination pressure
control and safety valve regulates the operation of the compressor and power unit. When
the amount of air stored in the tank reaches the desired pressure the compressor shuts
off automatically. If the pressure control fails to operate, a safety valve functions
and relieves tl.ie pressure in the tank to prevent it from exploding. The compressor
equipment ts commonly housed in a oentralized location. The location hould be clean,
dry, acoessible and well ventilatod. This will provide for proper opz..cating conditions
for the compressor.

Air compressol-s used in th-. Air Force ev'e normally of two types; piston-type or the
rotary-liqu'd 'type.

PISTON TYPE. PisTon-type compressOrs are usually twc stage compressors with tho
compression taking place in two distinct steps in separate cylindeYs. For shops, a
single compressor is most often used, compressing and delivr,-r'-' mir at pressures up to
100 psi.

ROTARY-LIQUID TYPE. Rotary-liquid type air compress
revolving in a casing which is partially filled with a ilq .
same purpose as the piston in a piston-type compressor,

* .nult-bladed rotor
"he rotor serve: :he

CONTROLS. Air compressors usually operate automatically. The operation is
controlled by a diaphragm-type pressure switch. A pressure gage is usually located ilext
to the pressure switch. Safety valves should be installed on the compressor comporonts,
such as the inter/after cooler, the air receiver (storage tank), and compressed air
discharge lines.

AIR FILTERS. Each compressor has an intake air filter to prevent dirt and grit
from entering the compressor. The filter also serves to muffle intake noises.

Operator Maintenance Requirement

It is v important that the water and oil in the air receiver and lines be
drained daii;, Water can cause watar hammer in pipes and lines, reduced capacity of the
lines and watJ.ing away of the lubricant in pneumatic tools. Water can also freeze in
th' lines in cold climate. In addition to draining this condensate, other daily
maintenance procedures include; checking the system for air leaks, checking for loose
drive belts, and checking the oil level in the air compressor. Other maini:enance
includes perisodic checking of the inter/after cooler for cleanliness and an occasional
cleaning of the air filter.

Problems which could cause inefficient operation in your air system include low
compression and leaking valves. These are problems which you can prevent or delay with
proper operator maintenance. However, equipment will eventually wearout and require
major repairs. Major repairs are usually done by the people in the refrigeration shop,
howevsir, it may be different where you are assigned.
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Figure 1-9b-1. Typical Air Compressor

EXERCISE I-9b

INSTRUCTIONS

Use SW J3ABR56631 000-1-9 to complete the following.

1. Compressed air systems a used in

and

CO 134

2. Air is drawn into the compressor, reduced ia

check valve into a

3. If the
fails to operate a

prevents the tank from exploding.

4. The air compressor should be located in an area that is

, and

and passed through

5. Tne common typeF of compressors found in use in the Air Force are the

type and the
type.

6. Air filters prevent and from entering
the unit and muffle

7. Daily maintenance of air compressors includes draining

checking for

level. and checking the

8. Major repairs on compressort; are done by the shop.
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STORAGE TANKS

Purpose of Storage Tanks

Storage serves to equalize demand, improve flows and pressure and provide reserves
fe:- firefighting and power outages. The norral demand for a community varies
considerably between ..ight and day and different days of the week. For this reason it
is importnt to equalize the demand. During low demand periods 'tater is placed in
storage for use during periods when demand exceeds the capacity cf pumps, treatment
plants, supply lines or the source.

Water i--, storage can be used to equalize distribution system pressure in r-sponse
to varied flows. Elevated storage serves to keep a constant pressure on the system or
to even out the distribution flow patterns.

Fire ( may have to be met at time. Storage enables water to be supplied
during emergenc_ conditions _esulting from fires, power failures, breakdown of supply
pumps, failure of supply mains, flooding or other conditions that may result from
natural causes, accidents or enemy action.

Types of Storage Ttnks

Storage can be constructed in three different ways depending on the requirements of
the system. They may be built on the surface of the ground, undergound, or elevated off
the ground.

GROUND STORAGE. Ground storage tanks may be located at any point in the water
system but are usually located near the point of production. Ground storage reservoirs
should have waterproof covers to prevent contamination from airborne dust and bacteria,
animals or birds. The cover also serves to safeguard against accidental drownings. If
covered the reservoirs must be vented to allow the passage of air as the water level
changes. The vents must be screened to prevent the entrance of birds, insects or
animals. In cold weather climates it is important to check the screens to insure they
are free of frost and ice. If ground storage tanks are used Inly for fire protection it
may be necessary to operate the fire pumps to recirculate the water thus preventing
freezing. Ground storage tanks may be made of steel, concrete. or wood with steel and
concrete being the most common.

UNDERGROUND STORAGE. Underground tanks serve the same basic purpose as do ground
level tanks. Both types are commonly used to maintain the iil'efighting capability of a
base. Underground storage tanks will be constructed in the same manner as ground level
tanks. They will be vented and covered and constructed of concrete or steel.

ELEVATED STORAGE. Elevated storage is provided by means of elevated tanks that are
supported on columns or legs. The tanks may be cylindrical, spherical, ellipsoidal,
conical or other shapes. Steel is generally used for elevated tanks but concrete may
also be used. Sometimes small temporary -torage tanks may be constructed of wood.
Water that is stored at higher elevations is generally used to maintain pressure on the
system without the use of pumps. It is desirable to have at least 50 percent of all
storage as elevated or high level storage in case of power outages or failure of supply
rains.

Problems with freezing are more apt to occur in elevated tanks. To guard against
freezing of water in the riser of the tank, cover the pipe in the riser of the tank with
insulating material. In climates where insulation alone may not 6ive adequate
protection, hot water circulatio, or steam coils in the riser may be used.

Inspection Pronedures for Storage Tanks

Inspection procedures for storage tanks are basically the same regardless of the
type of tank in use. For specific procedures see AFR 91-26v pgs 228 and 229, Table 8-4.
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EXERCISE I-9c

INSTRUCTIONS

Use SW J3ABH56631 000-1-9 to answer the following.

1. What are the three types of storage facillties for water?

2. What are the three purposes of storage tanks?

3. If storage tanks are covered what munt be installed to allow for air passage?

4. How do you prevent birds, insects,

tanks?

nimals from entering the vents on storage

5. What procedures are k,-led to keep water in ground storage tanks from freezing?

6. What are the two most common materials used to build storage tanks?

7. What is the simplest method to prevent wAter in the riser of an elevated storage
tank from freezing?

8. How much of the total amount of storage should be stored in elevated tanks?

PROGRESS CHECK

You should be ready for the progress check. If you feel you need to re lew some ofthe previous instru(!tion, do so. The progress check is prepared as a separalpublication and concrolled by the instructor. You must do the progress chech underinstructor supervisi,:n and complete it prior to leaving for the day.
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VALVE-

Valves are the traffic cops in any kind of piping system. This study guide will
deal with the purpose, types and components of valves. Remember that one manufacturer
cannot copy anothers design exactly, so there will he minor differences even though
valves look and function the same.

Purpose of Valves

Valves are devices used to stop, start, or regulate flow of 11-44.1a through,
or from piping. Essentially, a valve consists of a body with an opening and a means of
,qosing the opening with a disk or plug which caa bp tightly pressed against a ,:eating
Jrface or within the opening.

Tyit's of Valves

There are four basic types of valves which are common in any piping system. These
ae: gate, globe, check, and plug valves. In the following information each of these
:ypes will be .-2xplained. There are other devices usea to control flow in a piping
system, such as regulators, and flushometers. These are modifications of a basic valve
design.

Gate Valves, As the name implies, a gate valve has a gate which opens and closes
across the path of flow. See figure 1-9d-I below.

Gate valves are used for 'ervices requirtng infreq-,Aent valve operation and where
the disc is kept either full upen or full closed. When full open, the seat design of
the valve permits the fluid to move through the valve 'n a straight line with a minimum
restriction of flow and a minimum loss of pressure at the valve.

This type of valve is not suitable for a throttling operation (where the valve is
kept only partly open), since the velocity of flow against the partly open valve disc
may cause vibration and damage to the disc and seat surfaces.

In piping systems most large valves will be gate valves. So in a large piping
system if flow must be regulated it is normally done by some other means.

BODY

WHEE!

Figure 1-9d-1. Gate Valve

NOTE: TWG common variations of the gate valvc are the ball and butterfly valves.
These two types of valves are quAck operating as they only require a 1/4
turn to open or close.
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Globe Valves. The valves you are most familiar with are globe valves, such as;bath faucets, kitchen faucets, or hose connections. A globe valve is easilydistinguished by its round bulging body. See figure I-9d-2. Due to their design aglobe valve restriets flcw and creates turbulence in the flow.

A globe valve has a horizontal interior partition which shuts off the inlet fromthe outlet, except through an opening in the partition. The lower end of the valve stemholds a replaceable fiber or metal disc shaped and fitted to close the hole in thehorizontal partition. The valve is closed by turning the handwheel clockwise until theiisc presses firmly on the opening. The volume of flow through globe valves is roughlyprop,artional to the number of turns of the handwheel. The globe valve can be used forthrottling flow.

BODY

Wilt Et

Figure I-9d-2. Globe Valve Figure I-9d-3. Angle Valve

common des'-n of a globe valve is the angle valve. See figure I-9d-3. Thisadu4it.:411 allows ar,. Ilstallation which reduces the number of fittings needed and thebody O-7-s4:', !;Iso ir:..Les the amount of flow restriction.

'ives. There are two types of check valves which we will discuss. Theseare the and swing check. The purpose of a check valve is to ,:ontrol the fltw inone direction only. Check valves are not positive buckflow preventers.

Swing check valves are designed with a disc (gate) that swings out of the way andis held there by the flow of water through the system. When flow ceases, the discswings to the c7-,7ed position by gravity force. (See figure Swing check valvesare normally 1, ..t.filed in the horizrital position. If the flow is upward, they may beplaced in the vertical position. ,ae swing check valve is normally used with a gatevalve s it offers little resistance to flow. Lift check valves are often used in a

SedingCheekVellve

Figure I-9d-4
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pipi_ stem and seri', the same purpose as a swing check.
usea 1._ place of a swi., 2-seck as it restricts flow like a
normally used in line with a globi. valve. If necessary, a
place of a lift check. X lift check can unly be used in a
figure I-9d-5.

*sea

Lai Cheek Valve

Figure 1-9d-5

A lift check -qiould not be
globe valve, so it is
swing check may be used in
horizontal position. See

Plug Valves. Plug valves gate 'c-1-4e offer very little restriction to flow
as the flow is straight through. off, r one big advantage as it only takes 1/4 turn
to open and close ihem. Most are ,gned so yhe handle can only go on in one position,
this makes the handle line 71p with the pipe whea the valve is opea. Plug valves are
often used in sludge lines. See figure I-9d-6.

Valve Components

The following figures identify the different valves witY a breakdown of thc-r
components. Although we will not discuss all the components, L:ie major items will be
covered.

STEM. The stem is the component which connects the hand wheel to the gate or dies':
making I possible to operate the valve. Valves are furnished witn rising stems or
non-rising stems. A rising stem valve allows the stem to rise abwe the hand wheel as
the valve is opened. A rising stem valve is also known as an indlcating valve as you
can tell if it is open or closed at a glance. (See figure I-9d-11)

GATES. In gate valves there are four different type
wedge, split wedge, double disc, and the flexible wedge.
is installed will determine the type disc to be used.

discs in use. They are solid
The system in wt the valve

BONNETS. .L,opok on the globe and g.2.:e valve at the top part labeled bonnet.
are three general typs of bonnets used valves. They are screwed, union and
Most large valves have a bolted bonnet as it would be too difficult to maintain
tight seal with eitner a screwed or union bonnet.

Fioire I-9d-6. Cross Section of a Plug Valve
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Figure I-9d-7. Gate Valve
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Figure I-9d-8. Globe Valve with Plug Disc.
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CAP BOLTS
CAP

DISC'HINGE
PIN

DISC HINci-i

DISC FACE

DISC HINGE
NUT

DISC

BODY SEAT RING
BODY

Figure I-9d-9. Cross Section of a Swing Check Valve

CAP

UNION CAP
RING .

BODY
SEAT
RING

Figure I-9d-10. Cross Section of a Lift Check Valve

Figure I-9d-11. 0 S & Y Valve
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Summary

Now that we have covered the purpose, types, and components of valves, you can seethey are not colaplicated. You will have the opportunity next to do maintenance on acheck valve and a gate valve.

EXERCISE I-9d

INSTRUCTIONS

Use your SW J3ABR56631 000-1-9, to complete the following questions on valves.
1. A gate valve must be either fully or

2. A gate valve

3. A globe valve

(can, cannot) be used to control the rate of flow.

(can, cannot) be used to control the rate of flow.

4. A check valve provids free flow in

5. Neme the two basic types of check valves.

a.

b.

direction only.

PROGRESS CHECK

You should be ready for the progress check. If you feel you need to review some ofthe previous instructions, do so. The progress check is prepared as a separatepublication and controlled by the instructor. You must complete the progress checkunder instructor supervision and complete it prior to leaving for the day.

9-16 1 94



MAINTENANCE OF CHECK VALVES

Check valves are easy to maintain and in most cases can be done while the valve is
installed. Normally all that is required is a good cleaning and lubrication of the disc
pin on a swing check. Be sure any lubricant used is non-toxic.

Swing Check Valve Repair

The swing check valve is very simple to disassemble for repair. The fi-st step is
to place the valve body in a vise if it is out of the line. Grip the valve by the ends
with the vise. Be sure the vise has soft jaws or protect the ends with a rag. Next
remove the cap. Some valves have .,o3ts, while others screw on. (See figure 1-9e-1 and
I-Pe-2)

CAP BOLTS
CAP

DISC HINGE
PIN

DISC HINGE

DISC HINGE
NUT

BODY SEAT RING

Figure I-9e-1.
Cross Section of a
Swing Check Valve

BODY

Figure I-9e-2.
Check Valve

Next, remove the hinge pin. Some hinge pins screw in while other slip in and are
held in place by plugs. Remove the plugs and slip the pin out or unscrew it. Remove
the disc using care not to damage it. Inspect the disc, if metal, for any scratches.
If the disc is compositional, it may be removed and replaced with a new one. A metal
disc may be smoothed and cleaned using fine emery cloth. Inspect the seat. Small
scratches may be smoothed out with fine emery cloth. Clean the hinge pin with fine
emery cloth or steel wool. Reassemble in reverse order of disassembly. Lubricate the
hinge pin with a non-toxic lubricant.

Lift Check Valve Repair

Like the swing check valve, the lift check valve is easy to repair in the line or
out. Remove the cap as you did on the swing check valve. After removing the cap,
simply lift the disc, also known as a poppet, from the valve body. Inspect and clean
the disc and seat as you did on the swing check valve. The disc and seat can be cleand
and faced by using a lapping compound. Place a small amount of lapping compound on the
disc. Place it in the body against the seat. Then rotate the disc back and forth
applying a light pressure. Not all valves can be done this way because thc disc slips
in guide slots which prevent it from rotating. Reassemble in reverse of disassembly.

9-17
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Suliimary

Check valves are easy to maintain but normally require very little maintenance.Once the valve is installed there is no way you can tell if it is working unless youdisconnect the supply side.

EXERCISE I-9e

PROCEDURES

Complete the following statements by filling in the blanks. You may use the studyguide.

1. To disassemble a check valve, remove the first.

2. Some swing check hinge pins are in and others in.

3. A lift check may be cleaned and scratches removed from seat and disc at the same
time by

4. Any lubricant used it a valve must be

PROGRESS CHECK

You should be ready for the progress check. If you feel you need to review theprevious instructions, do so. The progress aheck is prepared as a separate publicationand controlled by the instructor. You must do the progress check under instructorsupervision and complete it prior to leaving for the day.
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REPACKING GATE VALVES

A very common maintenance problem with valves is leakage at the stem. Many times
this leakage problem can be corrected by tightening the packing nut. When this does not
stop the leak, then the packing must be replaced.

Types of Packing

Different varieties of valves use different types of packing to prevent leakage at
the stem. Some valves use rubber "0" ring packings or flat packings. Some valves,
especially large ones use graphite impregnated fiber packing. The packing may be solid
flat rings, split flat rings or string type. All packing must be the correct size. The
inride diameter must fit the stem and the outside diameter must fit the stuffing box.
(See figure I-9f-1) String packing is asbestos string impregnated with oil and
graphite. Graphite provides the.lubricant with a non-toxic lubricant to achieve the
same results.

Exercise I-9f contains the step by step procedures for repacking a gate valve.

WHEEL LOCK NVI

GIAND

STUFFING SOX

DODY-SONNIT
1013

TAPIR WEDGE
IOUS DIX

PACKING NUT

MEADE° STEM

GASKET

Figure 1-9f-1. Gate Valve

SUMMARY

Repacking a valve stem takes very little time and should be accomplished as soon as
possible after the leak is detected. This will prolong the life of the valve and
prevent a constant cleanup problem.

EXERCISE I-9f

INSTRUCTIONS

Using the gate valve on the pump trainer, remove and replace the valves packing
using the step-by-step procedures.

1. Remove the round haudle, and place the nut and handle on the workbench.

9. Remove the top packing nut.



NOTE: Now you can see the packing gland.

3. Use a rag in the jaws of a pair of pliers and carefully remove the packing gland.

4. Use either a packing puller or a pointed metal probe, carefully remove the packingfrom the stuffing box.

NOTE: DO not nick the valve stem.

5. Clean and polish the valve stem with fine emery cloth or steel wool.

6. Obtain the correct size packing and Cut to length.

a. To determine the correct length, wrap the packing around the stem until itbutts together.

b. Make the cut at a right angle to the length of the packing (this is to insurea water-tight seal) as the ends will lay parallel.

CAUTION: Never wrap the packing around the stem more than once without cutting it.
7. Insert as many rings of packing as necessary to fill the stuffing box to within1/16 inch of the top. Always stagger joints in the packing rings.

8. Reinsert the packing glaad.

9. Install and tighten the packing nut.

NOTE: Tighten the packing nut just enough to eliminate the possibility of leaks.
10. Reinstall the handle and retaining nut.

11. Pressurize the valve and check your work. If you have a leak, slowly tighten thepacking nut until the leak stops.

PROGRESS CHECK

You should be ready for the progress check. If you feel you need to review some ofthe previous instructions, do so. The progress check is prepared as a separatepublication and controlled by the instructor. You must do the progress check underinstructor supervision and complete it prior to leaving for the day.
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ELECTRIC MOTORS

You, as a water or wastewater plant operator, will do minor maintenance of the
electric motors in your plant. When you find a motor that needs repairs, report it to
the Civil engineering Service Call Desk. The electric shop or civilian contractors will
repair the motors. You will do before operations inspections, operational checks, and
after operations inspections. If you are required to service an electric motor, you
must follow manufacturer's instructions. It will be your responsibility to do the
maintenance on the list that follows.

Operational Checks

Operational checks are divided into three areas. They are preoperational checks,
opeational checks, and post operational checks.

PREOPERATIONAL CHECKS

1. Keep motors free of dirt and moisture

2. Keep operating area free of articles that may block air flow

3. Check wiring for condition

4. Check for oil leakage from the bearings

5. Check mounting belts for tightness

6. Check to make sure guard is in place and secure

7. Check drive linkage for conditions

8. Lubricate bearings

a. Check oil in sleeve bearings, replenish if required

b. Check grease in ball or roller bearing

c. Fill drip oiler supply

OPERATIONAL CHECKS

Report any of the fnllowing defects to the Service Call Desk for correction by the:
electrical shop:

1. Unusual noises

2. Motor fails to start or come up to normal speed. Sluggish operation

3. Motor or bearings feel or smell hot

4. Continuous or excessive sparking at commutator or brushes; blackened
commutator

5. Intermittent sparking at brushes

6. Fine dust under coupling with rubber buffers or pins

7. Smoke, charred insulation, or solder whiskers extending from armature

8. Excessive hum

9. Regular clicking

10. Rapid knocking

11. Brush chatter

12. Vibration
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POST OPERATIONAL CHECKS

1. Check mounting bolts for tightness

2. Check wiring to be sure it is secure

3. Insure power is off

4. Check guards for security

5. Check drive linkage for condition

Power Connections

Belts, chains or couplings are used to connect motors to the equipment they drive.The maintenance of these components is part of the plant operators job.
BELT DRIVES. Belt '.rives in use today are generally of two types; "V" belts andflat belts.

"V" Belts. The "V" type belt is the most common type in use these days. Theadvantages of a "V" belt are that they are thicker so they are stronger, tension can beadjusted easier and they may be operated at higher speeds. Multi belt drives are morepractical with "V" belts. The v provides a three sided gripping surface so the beltgrips the pulley stronger.

Flat belts. Flat belts are used, but transmission is poor as the belts tend to gethard, slick spots on them and they begin to slip. They are also difficult to adjust andkeep in adjustment. Uthout an idler pulley it is extremely difficult to prevent themfrom slipping. Flat belts do work well when used with a heavy fly wheel. The rotationof the fly wheel provides inertia energy. For best results, flat belts are used at lowspeed.

Belts s'ould be stored in a cool dark place. The belts should also be tagged sothat you can rind the belt you need.

CHAIN DRIVES. Chain drives are used frequently in the operation of water andwastewater plant1;. The two types of chain drives used are pintle chains and rollerchains.

Pintle Chains. Pintle chainS are used for slow speeds. An example of where youwill see a pintle chain is in a settling basin. The chain moves skimmer/scraper barsthrough the water very slowly so as not to disturb whatever has settled in the tank.Pintle chains used in settling basins are usually lubricated by natural grease in thewastewater or are water lubricated.

Roller Chains. Roller chains are high and medium speed chains and will be used todrive another piece of equipment. Lubrication for medium speed chains is usually doneby means of a drip type oil feeder while high speed chains will usually be enclosed inan oil tight case for constant lubrication.

COUPLINGS.
also permit easy

SHEAR PINS.
prevent damage to

Maintenance

Couplings are used to connect a drive shaft to a driven shaft. Theyassembly of equipment and motors.

Shear pins may be found in many sewage plant units. These devicesequipment in case of sudden overloads.

Maintenance is the life line of all mechanical systems. Periodic inspectionsreveal minor discrepencies that may become critical at a later date.

INSPECTION. Periodic inspections should be made on all parts and types of drivesystems. These inspections should include but lot be limited to alignment, wear, andtension. They may be made daily, weekly,
monthly, quarterly, etc.

9-22
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ELECTRIC MOTORS. Listen for unusual noises, look for abnormal sparking and
overheating. After operation, check the mounting bolts, wiring grounds, guards and
drives.

BELT DRIVES. Look at the edges of the belt for fraying. Look for oil or other
foreign material on them.

Adjusting Belt Tension and Alignment. A properly adjusted belt has a slight bow in
the slack side when running. When the belt is idle, it has a spring to it when thumped
with the hand; an improperly tightened belt feels dead when thumped. If tightening the
belt to proper tension does not correct slipping, check for overload, oil on belts, or
other possible causes. Never use belt dressing to stop slippage. Rubber dropp4ng3 near
the drive are a sign of improper tension, incorrect alignment, or damaged sheaves.

Cleaning Belts. Keep belts and sheaves free of oil which causes belts to
deteriorate. To remove oil, remove belts and clean with a residue free solvent.

Replacing Belts. Replace belts as soon as they become frayed, worn, or cracked.
Never replace one belt on a multiple systems (2 or more). Replace the complete set with
a set of matched belts. All belts in a matched set are machine checked to insure equal
size and tension. Before installing a belt, replace worn or damaged sheaves, then slack
off on adjustments. Do not try to force belts onto a sheave. After the belt is
installed, adjust the tension then recheck tension after eight hours of operation.

To correct the alignment lay a long straight edge or string across outside faces of
pulleys and allow for differences in dimensions from center lines of grooves to the
outside of the faces of the pulleys being aligned. Be especially careful in aligning
drives with more than one belt on a sheave, since misalignment can cause unequal
tension.

CHAIN DRIVES. Some common symptoms of improper chain drive operation and their
remedies are as follows:

1. Excessive Noise: Check alignment, proper chain slack and lubrication. Be
sure all bolts are tight. If the chain or the sprockets are worn, reverse, or
renew if necessary. Frequently, additional chain life can be obtained by
turning the chain over.

2. Wear on Chain Sidewalls and Sides of Teoth: Remove the chain and correct the
alignment.

3. Chain Climbs Sprockets: Check for poor fit between chain and sprockets, and
replace if necessary. Make sure a tightener is installed on the drive chain.

4. Broken Pins and Rollers: Check for chain speed, which may be too high for the
pitch. .Check for poorly fitting sprockets. Replace them if necessary.
Breakage may also be caused by shock loads.

5. Chain Clings to Sprockets: Check for incorrect or worn sprockets, or heavy
tacky lubricants. Replace or reverse sprockets, or change to proper
lubricant.

6. Chain Whip: Check for centers that are too long or high pulsating loads and
correct the problem.

7. Chain Gets Stiff: Check for misalignment, improper lubrication, or excessive
overloads. Make the necessary adjustments and corrections.

8. Spare Links: Check to see if spare links are clean oiled and ready for use

9. Guards: Guards should be properly placed and secured.

COUPLINGS. Proper alignment of the coupling essential. If the coupling is not
lined up it will cause damage or excessive wear to the coupling itself, the driven
machinery, or the driving equipment. Burned out bearings, broken shafts and excessively
worn 6ears are also results of misaligned couplings.

01
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To check the alignment up and down, and left and right as in figure I-9g-1A use athickness guage or wedge to see if the shafts are at an angle as shown in figureI-9g-1B. The shafts are straight when the gap in the coupling is the same all the wayaround. It is a good policy to use the same gauge all the way around, this avoids errordue to a worn guage. To operate properly the coupling must be no more than 0.005 of aninch out of line.

A

CNC 134

Figure 1-9g-1. Alignment of Couplings

Flexible couplings (figure I-gh-2) permit the easy assembly of equipment. They arenot designed to make up for poor alignment. The same procedures and care just discussedare used to align flexible couplings. Coupling alignment should be checked when thebearing or motor temperature is high.

ALUS-CHALMERS FLEXIBLE COUPUMG

Figure I-9g-2. Flexible and High Speed Coupling

SHEAR PINS. It is important that if a shear pin breaks it should be replaced withone of the same strength. A bolt or nail should never be used in place of a shear pin.When the pin breaks, determine the cause and remedy the problem before replacing thepin. To replace a broken shear pin, remove the pin. Lubricate the parts if necessaryand operate the motor for a short time with the shear pin removed to smooth out anycorroded or rough spots on the shaft and other parts. Grease the shearing pin surfaceswith WB or QE 30 grease. Then replace with a new pin.

More information can be found in AFR 91-26, Chapter 4, Section B.
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EXERCISE I49g

INSTRUCTIONS

Use SW J3ABR56631 000-1-9 to complete the following.

1. Inspect an operating electric motor.

2.

3.

4.

a. Is there any unusual noise in the motor? Yes - No

b. Does the shaft wobble or shake? Yes - No

c. Is the motor securely mounted? Yes - No

d. Is the motor overheating? Yes - No

e. Are there any sparks coming out of the motor? Yes - No

Inspect after operation.

a. Is the motor dirty with mud, grease, rag lint, or leaves and
grass?

Yes - No

b. Does the motor have an oiling hole or grease zerk? Yes - No

c. Are the electrical wires in good condition? Yes - No

d.

What

Are there any exposed wires?

is the reason for performing daily inspections?

Yes - No

List

a.

b.

three possible maintenance problems concerning electric motors.

c.

5. Belts and chains should be checked for and

6. Name four conditions that you would observe during a daily inspection of a chain
driven piece of equipment.

a.

b.

c.

d.

7. What is the purpose of a sheer pin?

9-25
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8. Inspect the coupling between the motor and the Peerless Fluidyne pump.
a. What absorbs the shock of starting and pumping vibrations?

b. What wrench is needed to loosen this coupling from the shaft?

PROGRESS CHECK

You should be ready for a progress check. If you feel you need to review some ofthe previous instructions, do so. The progress check is prepared as a separatepublication and controlled by the instructor. You must do the progress check underinstructor supervision and complete it prior to leaving for the day.



CHEMICAL FEEDERS

Water treatment usually includes the addition of various chemicals at a controlled
rate, which is proportional to the volume of the water being treated. The three types
of chemical feeders that can be used to accomplish this are: Solution feeders, Dry
feeders, and Gas feeders. The state of the chemical being added to the water determines
the type of feeder needed.

Solution Feeders

Solution feeders are uSed for dispensing a chemical which is in the liquid or
dissolved state.. The rate at which the chemical is added may be controlled manually or
automatically by the quantity of flow. These feeders are positive dispiacdmeat pistcn
or ,!iaphragm pumps. They have a solid metal or plastic piston or a rubber diavirLgm
that pulls the solution into the pump and pushes it out using a reciprocating or back
and forth motion.

A hypochlorinator is a common example of the chemical solution feeder. Its
principle function is to add chlorine, in the form of calcium or sodium hypochlorite
solution, to the water supply. This type unit may be used to add other chemicals also.
Hypochlorinators are usually modified positive displacement, piston or diaphragm pumps,
however, hydraulic displacement hypochlorinators are also used. Figure I-9h-1 shows a
typical hypochlorinator setup.

110v
: PUMP
, STARTER
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CHECK
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Figure 1-9h-1. Solution Feeder Used With a Well
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Dry Feeders

Dry feeders are used for dispensing a chemical or other fine material in the solidform. Like solution feeders the rate at which the chemical is added may be controlledmanually or automatically by the rate of flow. There are two types of dry chemicalfeeders; gravimetric or volumetric. Volumetric feeders dispense a preset volume ofchemical and will deliver as little as three to four ounces per hour to treat suppliesof 200,000 gallons or more daily. Gravimetric feeders displace a definite weight ofchemical and are usually used for systems of 5 million gallons a day or more. Chemicalswhich are commonly fed in the dry condition include lime, soda ash, and fluoridecompounds. Figure I-9h-2 shows a gravimetric dry chemical feeder.

HOPPER

SCALE SEAM

LEAD SCREW DRIVE

TOTALIZER

AGITATOR LEVERS

ROTOLOCK FEEDER

FLEXIBLE CONNECTION

SCALE SYSTEM

ROTATROL

OSCILLATOR

WEDGE

Figure I-9h-2. Gravimetric Dry Chemical Feeder

Gas Feeders

The gas feeders you'll be operating while in the Air Force will usually be gaschlorinators. There are two types of gas chlorinators; direct feed and vacuum feed.

DIRECT FEED CHLORINATORS. Direct feed chlorinators feed chlorine gas directly intothe water being treated. They are used chiefly as emergency equipment or on smallinstallations. They cannot be used where the pressure of the water system is greaterthan 20 psi. Since the chlorine is under pressure as a gas at all times this type ofchlorinator is highly susceptible to leaks. Water reacts with clorine to form a highlycorrosive acid, so any leakage results in extensive corrosion and danger.

VACUUM FEED CHLORINATORS. Vacuum feed chlorinators feed chlorine gas into d watersupply by means of a chlorine solution. The solution is formed by drawing the gas intoa jet stream of water at the low pressure point of an ejector mechanism. Because thechlorine gas is kept under a partial vacuum this type chlorinator is less susceptible toleaks than is the direct feed chlorinator. Figure I-9h-3 shows a typical vacuum feedchlorinator connected to a chlorine gas cylinder. The chlorine solution is feed intothe line carrying the water.
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Figure I-9h-3. Vacuum Feed Chlorinator

EXERCISE I-9h

INSTRUCTIONS

Use SW J3ABR56631 000-1-9 to complete the following.

1. A hypochlorinator is an example of which type of chemical feeder?

2. What type of pump is commonly used for solution feeders?

3. What are the two types of dry chemical feeders?

4. Which type of dry feeder diplaces a definite weight of chemical?

5. What are the two types of gas chlorinators?

6. Which type of gas chlorinator produces the most leaks?

PROGRESS CHECK

You should be ready for the progress check. If you feel you need to review some of
the previous instruction, do so. The progress check is prepared as a separate
publication and is controlled by the instructor. You must do the progress check under
instructor supervision and complete it prior to leaving for the day.



CHEMICfL FEEDER MAINTENANCE

INFORMATION

A comprehensive maintenance program is essential to the long life of chemicalfeeders. The following information is designed to give you a general overview ofmaintenance procedures for ehemical feeders. For specific maintenance procedures youshould refer to the manufacturers' manual that came with the feeder.

Safety Precautions and Tool Selection

As *as discussed in the earlier unit on safety all chemicals should be treated asif they are dangerous. For this reason it is important that you take the necessaryprecautions when performing maintenance on chemical feeders. Solution feeders need tobe purged of the chemical in them before working on them. Gas feeders are required tobe in rooms with forced air ventilation in case of gas leaks. Selecting the proper toolto use when performing maintenance will prevent unnecessary damage to the feeder.Manufacturers' specifications may help with tool slection. The only tool required forplastic parts, however, is your hand. Plastic parts need only be hand tightened,because wrenches or other tools could easily crack the plastic parts.

Preventive Maintenance

SOLUTION FEEDERS

a. Each Day the equipment is operated:

(1) Check operation. Inspect sight-feed indicators to insure that solutionis being fed.

(2) See that automatic controls start and stop properly.

(3) Make sure there is enough prepared solution.

(4) Check for leaks in piping joints and packing glands.

b. Weekly

Clean Feeder: Remove and clean glass and plastic parts of sight-feedindicator. Remove white coating caused by hard water in the hypochlorite solution, bysoaking in a five percent solution of muriatic (hydrochloric) acid.

c. Monthly

Clean and flush solution tank.

(1) Clean suction strainer and hose.

(2) Disassemble, inspect and clean solution diaphragm chambers and checkvalves.

(3) Clean screens and strainers on water-operated feeders.

(4) Exercise all shut-off valves and length of stroke controls.

d. Annually

Overhaul feeders

(1) Replace worn parts and packing.

(2) Touch up and paint all metal parts.

2, b
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DRY FEEDERS

a. Each Day the equipment is operated.

Clean and Check. Clean feeder, feeder mechanism and surroundings. See that
scale is sensitive to small weight changes. When the feeder is completly empty,
determine its tare weight or see that the scale shows zero weight. Look for oil drips
and wiring defects. Observe general performance of feeder and changing tare weights of
the scale. Probe solution tank for sediment or undissolved chemical. Clean the tank
and improve dissolving conditions if necessary. If the feeder is out of service see
that the hopper and feed mechanism are empty and that condensation is not causing
corrosion or deterioration.

b. Weekly

Inspect for loose bolts and defective parts. Carefully wipe clean all parts
of feeder and make necessary repairs.

c. Quarterly

Service drive mechanism and moving parts according to manufacturers
instructions.

d. Annually

Overhaul Feeder and Scale: Disassemble feeder and clean and inspect all parts
for wear or deterioration. Clean and paint feeder inside and out where necessary. Make
required repairs and properly lubricate all mechanical parts. Service motors and drive
mechanisms.

GAS FEEDERS

a. Each EIE the equipment is operated.

(I) Inspect for leaks. Examine chlorinator and all piping for chlorine or
water leaks. All chlorine leaks are serious because they increase rapi6ly in size and
cause extensive corrosion and damage. Red discoloration means scale. To locate
chlorine leaks, hold the mouth of an open ammonia-water bottle near all joints, valves,
and along pipes; any white fumes from the bottle are ammonium chloride and indicate a
chlorine gas leak. Keep the ammonia-water bottle tightly closed when not in use to
prevent a loss of strength.

(2) Operate Chlorine Valves. Open and close all chlorine valves to keep
threads on the valve stems from becoming set in one position. Do not use force to close
a valve. Cheek stuffing boxes. Repair or replace faulty valves at once.

(3) Check Gas System. Check to see that all pipes and parts that carry
chlorine gas are operating properly. See that metering devices, pressure reducing and
shut-off valves function properly. Disassemble and clean where necessary, determining
the cause of the fault. At first sign of weakening, replace any faulty parts.

(4) Check Vacuum Relief. Make stre that the entire assembly operates
properly and that the relief hose is not plugged. Insects, such as mud daubers, may
plug such lines by building nests in them.

b. Weekly:

Throughly clean chlorinator cabinet, glass parts, floats, metering devices,
and other parts in which dirt might interfere with the operation or make equipment
unsightly. Clean and cover bare metal that might corrode, with a good film of
petrolatum or similar protective compound.

e. Monthly:

Check water system. Clean the water strainers and check pressure-reducing
valve for proper operation. See that float valves are properly controlling water levels
and that there is little or no leakage. See that water flowing to waste is not
excessive and that water levels are kept at their proper elevations. See that ejectors
have the right capacities. If they do not, remove and clean with muriatic acid.
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d. Quarterly:

Disassemble or Operate Hard Rubber Threads, Valves, and Parts. Hard rubberthreads or parts on a chlorinator freeze or stick when not operated for long periods,this will cause them to break when they are disassembleG. To Xeep the threads fromfreezing, operate all parts needed to keep chlorinator in servtce. Do this more oftenif necessary. Before you reassemble such parts, cover them with graphite.
e. Annually:

(1) Overhaul. Disassemble and clean all chlorinator parts thoroughly. Paintchlorinator cabinet inside and out with rust-resistant pairt. Carefully examine eachchloritator part. Reassemble and check for proper operation.

(a) The only safe liquids you can use to clean chlorine lines are woodalcohol and trichlorethylene. After cleaning, allow cleaning solution to evaporate todry the lines. Ethyl alcohol or ether must NOT be used as they react with chlorine toform a solid waxy substance which is very difficult to remove. Water reacts withchlorine to form a highly corrosive acid.

(b) Oil or grease react with chlorine to form a bulky, frothy substance.Therefure, they should NOT be used as lubricants at points where they may come incontact with chlorine.

(c) Condensation that forms on chlorine cylinder outside walls maycorrode scales and other equipment around the cylinder. Guard agaiast such damage byinsuring that there is sufficient ventilation around the equipment to keep it dry. Anelectric fan may suffice. Do not apply direct heat to dry the cylinder.

(d) It is dangerous to attempt to increase the rate of gas withdrawal byheating chlorine cylinders or containers above the normal room temperature with hotwater baths or other means. Inspect regularly to see that chlorine cylinders are not .exposed to direct sun heat or near steam or hot water lines or other sources of heat.
(e) Use a new lead gasket each time you connect a valve or thbe and whenyou replace empty chlorine cylinders. Use only ONE lead gasket.

All the maintenance procedures that have been listed above are general proceduresfor all types of feeders. For more specific procedures you should refer to AFR 91-26 orthe manufacturers' specifications.

CHEMICAL FEEDER DISASSEMBLY/INSPECTION/ AND REASSEMBLY

Chemical Feeder disassembly, inspection and reassembly. Read and beuome familiarwith the instruction procedures on Chemical feeders. Upon completion lf this area ofipstruction, you will be given a progress check along with the units to accomplish theinspection procedures.

Chemical Solution Reeder

DISASSEMBLE UNIT

1. Remove suction and discharge tubing

2. Remove poppet valves

3. Remove four (4) screws and pump head

4. Remove flexible diaphragm

5. Remove rubber boot

2iu
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INSPECT COMPONENTS

6. Inspect for cracks and tears on rubber boots and flexible diaphragm.

7, Inspect for cracks on plastic pump head.

8. Check the 0-ring for worn areas and cracks.

9. Insure chemical passage channels are clear.

10. Insure poppet valves are free from scale or chemical buildup - insure valves
seat properly.

11. Check to insure chemical feeder lines are unobstructed.

REASSEMBLE UNIT

12. Before installing feeder parts, turn feeder control knob to #10 feed rate.

13. Install rubber boot on pump shank.

14. Install rubber diaphragm.

15. Install plastic pump head with four (4) screws.

16. Install suction and discharge tubing and poppet valves.

17. Prime the chemical feeder.

18. Operate the chemical feeder and pump a liquid through the feeder lines.

19. Adjust control knob to #6 feed rate.

Disassemble Unit

Inspect Components

Reassemble Unit

Dry Chemical Feeder
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Gas Chemical Feeder

Disassemble Unit

1. Remove upper and lower half unions

2. Remove back screws

3. Remove back panel

4. Remove diaphragm guide plate assembly

5. Disassemble diaphragm guide plate assembly

a. unscrew top plate

b. remove diaphragm

6. Remove flowmeter

a. remove top fitting

b. remove glass window

c. remove bottom fitting

d. remove bottom seal plug

Inspect Components

1. Check half unions for cracks, cross threading.

2. Check back and front body assemblies for cracks, corrosion.

3. Check diaphragm guide plates and diaphragm for cracks, tears, corrosion.
4. Check flow meter for dirt, obstructions.

5. Check seal plug and 0-rings for cracks, leaks.

Reassemble Unit

1. Install flowmeter

2. Install diaphragm and guide plate assembly

3. Install front and back panels.

4. Instal' upper and lower half unions.



EXERCISE I-9i

PART 1

INSTRUCTIONS

NOTE: These procedures apply (in general) to all chemical feeders.

1. Disconnect the power from the source.

CAUTION: Do not perform maintenance on any equipment unless the power source is
disconnected.

2. Disconnect the solution lines.

CAUTION: Do not let the solution come in contact with the skin.

3. Refer to the mnufacturer's instructions for further disassembly procedures. (94
Series Solution Metering Pump instruction book.)

PART 2

NOTE: Use the P4 Series Solution Metering Pump instruction book to answer the
following questions.

4. What type of tool is used to loosen and tighten four head bolts on solution feeder?

5. What must you check the diaphragm and boot for after disassembling?

6. What is the indicator knob set on before reassembling?

7. All plastic parts must be tight.

8. If solution feeder pump doesn't pump solution, there are two things to check for,
what are they?

a.

b.

PROGRESS CHECK

You should be ready for the progress check. If you !eel you need to review some of
the previous instruction, do 'Ao. The progress check is prepared as a separate
publication and controlled by the instructor. You must do the progress check under
instructor supervision and complete it prior to leaving for the day.
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MEASURING DEVICES

INFORMATION

Water meters and flow measuring devices, measure volume and rate of flow of water.They may work on one of three principles - volume displacement, velocity or pressuredifferent3al.

Types of Measuring Devices

There are various types of measuring devices used in this career field. Three ofthe more common types are weirs, water meters, and parshall flumes.
WEIRS. Weirs are used to measure flow in open channels or streams. A weirconsists of a bulkhead or dam across the channel or stream and a sharp level crest orspecially shaped notch mounted on the crest. The volume or flow over the weir varieswith length of the crest or shape and size of the notch and with the elevation of thewater surface above the crest or the bottom of the notch. Because both the head and thecross-sectional area of flow over the weir vary with the flow, it is a head areameasuring device. Weirs are easily built and give fairly accurate measurement ifproperly installed. The most common type of weirs are the rectangular and V-notch weir.Rectangular weirs are used for flows over 150 to 200 gpm and the crest should be a sharpbeveled metal plate. The V-notch weir is preferred for flows less than 1,000 gpm and isparticularly suitable for very low flows.

WATER METERS. Water meters are devices that are installed in a pipe under pressurefor measuring and registering the quantity of water passing through the pipe. The fourmain types of water meters are, positive displacement, turbine or velocity, compound,and venturi meters.

Positive Displacement, The positive displacement type meters use an "oscillatingpiston" or a "nutating disc" measuring device that drives a register to "count" thenumber of times the measuring chamber is filled and emptied. Positive displacementmeters are often used when the flow in the line is consistently low. These metersshould be accurate within plus or minus 2% with changing flow rates. At high flow ratesthis type meter restricts the flow of water. Figure I-9j-1 shows a nutating disc watermeter.

OUTLET

REGISTER DIALS

METER GEARS

STUFFING-SOS NUT

.44; e

SUSSERGED
GEAR TRAIN

SCREEN

MUTATING DIM;

INLET

Figure 1-93-1. Nutating-Disc Water Meter
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Current Velocity. The current meter or turbine type meter uses a propeller devize
that depends on the velocity of the water to turn the recording mechanism. These meters
do not restrict the flow as much as high flow rates. Their chief disadvantage is that
they will not accurately measure low flow rates (se.? figure I-9j-2).

Lwirwp
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Figure I-9j-2. Current or Turbine Type Meter

Compound. The compound meter is a combination of a positive displacement and a
velocity meter. At low flow, all the water is forced through the positive displacement
met:ir. When the velocrty increases, a weighted check valve opens and allows most of the
wattr to pass through the velocity meter. Thus, the advantages of both meters are
utilized (see figure I-9j-3).

Figure I-9j-3. Compound Meter
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Venturi Tube and Orifice Meter. The venturi tube or orifice meter uses theprinciple of pressure differential to measure flow. The pressure differential through aventure or an orifice in a pipe indicates the rate of flow. You read the volume ofwater from recorder charts (see figure I-9j-4).

WIGS MISSUN IOW MUM

Figure I-9j-4. Venturi Meter and Orifice Meter
The venturi meter has no moving parts in the stream and it causes only a slightreduction to the flow. It is not accurate at low flow rates. The orifice meter causesconsiderable restriction to the flow but is accurate at low flow rates.
The venturi meter is more accurate than other flow measuring devices. They alsocost more than other measuring units and they must always be operated with the pipefull. They are not often used in wastewater plants.

PARSHALL FLUME. The Parshall flume is often used to measure wastewater flowbecause it is simple and has no problems with sand or suspended solids. The operatorcan build a Parshall flume like the one in Figure I-9j-5, or buy one already built. Thebasic parts of a flume are the converging section, a constricted section or "throat", adiverging section, a float or gauge.

Figure I-9j-5. Parshall Flume with Metering Device
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Still Well. A still well is a small well located on the side of the Parshall flume
and connected to it by a pipe. The connecting pipe should have a valve. The valve is
to be wide open at all tines except for cleaning and repairs. The pipe should be large
enough for easy cleaning and should be level or should slope toward the flume. A float
well drain is usually provided to make cleaning the float well easier. 'Ads allows the
water in the float well to stay at the same level as the water in the flume. The float
well or stilling well should be located upstream from the throat. It ;thould be 213 of
the way up the side of the coverging section. The still well gauge is often connected
to a device which measures the "head" in the flume and records the flow in gallons per
minute, or gallons per day. The flow may also be checked by placing a measuring stick
in the flume at the same place as the float well and reading the head in inches. Once
the head is measured, it can be used to find the flow in million gallons per dA.y.

A flow of clear water should be sent into the still well (float well) Eu keep a
fio from the well to the flume. This will be of great help in preventing accuhllation
of solids on the float, walls of the float well and in the connecting pipe. If drinking
water is the source, the supply pipe should stop at least two inches above the top wall
of the gauge well, thereby preventing pollution by cross connection.

RECORDERS. Recorders are devices that translate the action of the water flow on
the primary element in terms of water quantity or rate of flow. These devices are
circular clock driven charts or strip charts where the flow rate is reflected by the
movement of a pen upon the chart. The pen traces a contl.nuous ink line on the round or
strip chart which is ruled so that a direct reading can be made of the volume of flow.
The chart is marked to represent the hours in a day. Recorders may be used with an type
of measuring device.

Reading Meters/Recorders

Water is measured in terms of flow rate or total volume passing in a unit of time.
When reading a meter or a recorder, the operator should first determine whether it is
measuring the water volume in cubic feet or in gallons. Two general types meter dials
are the straight reading type and the circular reading type. The straight reading dial
may be read in the same way as the mileage on an automobiles' odometer. When the meter
register has one or more fixed zeros be sure to read these fixed zeros in addition to
the other numerals. In the circular reading dial when a hand is on any scale in between
two numbers, the lower number is read. If the hand seems exactly on any figure, check
the hand on the next lower scale. If the hand has passed the zero, read the figure on
which the questionable hand lies, if the lower scale has not yet passed the zero read
the next lower figure.

Figure I-9j-6
Straight-Reading
Meter Dial
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EXERCISE I-9j

INSTRUCTIONS

Using SW J3ABR56631 000-1-9 answer the following questions.
I. List the three most common types of measuring devices.

a.

b.

C.

2. List the four types of water meters.

a.

b.

C.

d.

3. Positive displacement meters use an or ato drive the register or totalizer.

4. What is disadvantage of a current velocity or turbine meter?

5. What is the principle of operation in a venturi or orifice meter?

PROGRESS CHECK

You should be ready for the progress check. If you feel you need to review some ofthe previous instruction do so. The progress check is prepared as a separatepublication and controlled by the instructor. You must do the progress check underinstructor supervision and complete it prior to leaving for the day.



MEASURING DEVICE MAINTENANCE

Servicing Meters/Recorders

Repair and maintenance of the different meters are very similar. The common
failures are due to swollen discs, scale clogged chambers, worn measuring disc:, and
chambers, or corrosion in the meter. A water meter should operate 5 to 10 years without
trouble. A meter that loses its accuracy in a short time can usually be corrected by
being cleaned and having the clearances rechecked. Hot water will swell the hard rubber
disc and stop the meter.

Cleaning must remove rust, scale and any organic material. You can remolik) ,cnic
and corrosion by a brief application of hydrochloric (muriatic) acid dilute:4 to 3.
Organic matter requires detergent solvents for removal.

You can watch the action of a water meter by observing the gallon indicator on the
register as water flows through the meter. Use a flow rate of about 5 gallons per
minute for a meter up to 1 1/2 inches. If you see no movements, remove the register and
watch the drive gear for movement. If the drive gear does turn, the register is faulty
or the drive gears are out of mesh.

You can check a meter for accuracy by placing it in series with a meter known to be
accurate. This method is accurate enough for meters used for water treatment
monitoring. For very accurate measurement, check the meter by flowing a measured volume
of water through it (see Figure I-9k-1).
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Figure 1-9k-1. Testing Water Meters
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Daily servicing of records includes:

1. Changing the charts (Round charts)

2. Aligning the chart with the correct time

3. Checking the ink pen for ink supply

You must be careful not -.0 damage the pen when you change charts on the recorder.Lift the pen gently when you remove a chart. If you start a new chart at 8 o'clock inthe morning, be sure that you turn the chart so that the 8 o'clock line will be directlyunder the pen. Be careful not to drop the pen when you replace it on the chart. WhenyOU add ink to the pen, be careful to put in only the amount required. Too much ink inthe pen will flood it and ruin the chart.

Be sure to mark the chart with the starting date, time and the finish date andtime. If the chart has a spring drive, wind the spring, but do not Alnd it so tightthat the mechanism will be damaged.

You should perform periodic maintenance on recorders according to manufacturer'sspecifications. Maintenance includes checking pen travel, checking calibration,cleaning all parts, and lubricating all moving parts.

Disassembly/Reassembly Procedures

Read and become familiar with the instruction procedures on disassembly andreasscnthly of a water meter. Upon completion of this area of instruction you will begiven a progress check concerning inspection of a water meter.
METERS

1. Disassemble and reassemble a water meter.

a. Set the Hersey meter on the workbench.

b. Remove the large flange bolts.

c. Lift the top body of and lay it on its side.

d. You can now see the wobble plate and the small drive pins in thecenter plate in the bottom section of the meter.

e. Notice the filter screen at the inlet port.

f. Now look at the bottom of the top section. Notice the spinner. Turnthe spinner with your finger and watch the dial of the meter. Whathappens?

g. Can you determine how the meter registers the amount of water flowingthrough the meter?

h. Carefully replace the top section on the bottom section, install theflange nuts and bolts. Tighten the nuts fingertight only, as the meterwill be taken apart again very shortly.

PROGRESS CHECK

You should be ready for the progress check. If you feel you need to review some ofthe previous instruction do so. The progress check is prepared as a separatepublication and controlled by the instructor. You must do the progress check underinstructor supervision and complete it prior to leaving for the day.
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BACKFLOW PREVENTION

Public health standards require that all parts of a water supply system be free
from sanitary defects and health hazards. Any physical connection between a supply of
good quality and an unsafe supply will not be permitted. This includes any connections
between a potable supply and a sanitary or storm sewage system. Yoh must also be wary
of manholes, pumps, valve pits, or any other location that will allow unsafe or
contaminated water to enter the potable water supply.

Backflow

Backflow is the flow of water or other liquid mixtures or substances int,'
distributing pipes or a potable supply of water from one or more sources, oilltr :.hah
intended source.

CAUSES. Backflow conditions frequently occur because of carelessness of the user.
Other causes of backflow are improper plumbing design and modifications in the plumbing
system.

TYPES. There are two types of backflow which can occur in a water system;
backsiphoaage and backpressure.

Backsiphonage. Backsiphonage is reversal of the normal flow in a system. It is
caused by negative pressure in the supply piping. This can be illustrated by covering
the procedures for winterizing water li.nes. After turning off the water to a buildtng,
you open both the high and low faucets in the building to drain the system. If you now
put your finger in the opening of the higher spout, you feel a vacuum as the system
drains. This negative pressure.

Here is an example of how backsiphonage can and does occur;

A pump (such as a fire engine) is connected to a water main near a uilding. The
suction at that point lowers the pressure and water in the system on both sides of the
pump would be pulled to that point. Some water would be pulled back even if all the
outlets were closed. If an outlet were open all water in that part of the system would
be siphoned back.

Backpressure. Backpressure is a positive pressure placed on any downstream
component of a system relative to any upstream component. A good example of how
backpressure could occur involves a boiler system and the feedline to the boiler. If
the boiler operates at 20 psi, everything is fine as long as the pressure in the
feedline stays above 20 psi. However, :If the feedline pressure drops below the boiler
pressure, then the contaminated water in the boiler will flow into the supply line and
possibly into the water main.

Cross Connection

The three cluses of backflow mentioned earlier all result in something known as a
cross connection. A cross connection is any hookup or piping arrangement that allows a
path of flow between a potable water supply and another water source of questionable
quality.

Types of Cross Connections

In order to identify, correct or provide protection from cross connections, it is
important for you to understand the types of piping arrangements you might encounter.
There are two types of cross connections. They are the direct and indirect type
connections.

DIRECT. A direct cross connectiol occurs when a potable water line is connected to
a line carrying a non-potable liquid. The example used to illustrate backpressurs isalso an example of a direct type cross connections.

INDIRECT. Indirect cross connections are made thousands of times a day. If a ho
connected to a potable supply and the other end is submerged in a container, you have

an indirect cross connection and the possibility for backflow. If this hose were
connected to the faucet that was left open in the example with the fire pump you caneasily see how backsiphonage could result in a potential hazard to the consumer.
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Hazards

Approved backflow devices are used to prevent and combat cross connections. Thetype to use is based on the degree of hazards. These hazards are divided into threeclasses. They are determined by the director of base medical services.

CLASS I, LOW DEGREE OF HAZARD. The backflow of a Class I substance into thepotable water supply would cause a minor change in water quality, such as taste, odor,or color. The foreign substance must be non toxic and non bacterial, with nosignificant health effect.

CLASS II, MODERATE DEGREE OF HAZARD. The backflow of a Class II substance into thepotable water supply would significantly change the water quality. The foreignsubstance must be non-toxic to humans.

CLASS III, HIGH DEGREM OF HAZARD. The backflow of a Class III substance into thepotable water supply could cause illness or death if consumed by humans. The foreignsubstance may be toxic to humans either from a chemical, bacteriological or radiologicalstandpoint.

Types of Backflow Preventors

In this section, we will discuss five methods of preventing backflow. One of thesemethods is physical while the others are mechanical.

AIR GAP. An air gap is a physical separation between the end of the supply and thereceiving vessel. It is the best method to prevent backflow and may be used on anyclass of hazard.

VACUUM BREAKERS. There are two types of vacuum breakers. They are atcmspheric andpressure types. Vacuum breakers cannot be used if backpressure may occur.

Atmospheric Type. The atmospheric type vacuum breaker is simply a body whichhouses a poppet that serves as a check valve in two directions. It is used on a Clacs Ihazard.

Pressure Type. The pressure vaccum breaker differs from the atmospheric type inthat the poppet is separated into two spring loaded check valves. It is used on a ClassI hazard.

Double Check Valve. A double check valve is composed of two spring loaded checkvalves, one behind the other. The theory being that both valves won't leak at the sametime. It is used on Class I and II hazards.

Reduced Pressure Principle Device. This is commonly _eferred to as a RP device.It consists of two spring loaded check valves with a relief valve between them. Theymay be used on any class of hazard.

SUMMARY

Your Joh is to furnish a good quality of drinking water for base personnel. Inorder to accomplish this, you must insure that contamination is not voiding all youreffort. Rackflow devices are receiving continuing emphasis both in the Air Force andcivilian communities. Be aware of potential and direct cross connections.



EXERCISE 1-91

INSTRUCTIONS

Use SW J3A8R56631 000-9 to complrLe the following statements.

1. What degree of hazard is caused by a substance that creates a minor change in the

water quality?

2 A cross connection that would cause significant change in the potable wat,t quality

would be given what classification?

3. What classification would be given to a cross connection that would cause people to

become ili or die?

4. Which type of backflow preventer can be used only on Class I substances not

subjected to continuous pressure?

5. Which type of backflow preventer can be used in a cont...nuous pressure system to

prevent back-siphonage of Class I substances only?

6. Which type of backflow preventer can be used to protect the potable water system

from Class I and II substances but not Class III substances?

7. Which type of backflow preventer should be used in a direct connection-type system

to protect the potable water supply from a Class III substance?

8. Which type(s) of backflow prevention devices can be used to protect the potable

water system from Class III substances?

9. How does an air gap protect the potable water system from backflow?

PROGRESS CHECK

You should be ready for the progress check. If you feel you need to review some of
the previous instructions, do so. The progress check is prepared as a separate
publication and controlled by your instructor. You must do the progress check under
instructor supervision and complete it prior to leaving for the day.
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OPERATION AND MAINTENANCE OF BACKFLOW PREVENTERS

We have defined causes and types of cross connections, classes of hazards, andlisted the type of backflow preventers. In this section you will learn about theoperation and maintenance of these devices.

Operation of Backflow Preventers

In this lesson we will cover the five types of backflow preventers and theiroperation.

AIR GAP. An air gap is a physical separation of the potable aad nonpotable systemby an air space (figure I-9m-1). The vertical space Let7teen the supply line and thefloodlevel rim must be at least two times the inside diameter of the supply pipe. Itcannot be less than one inc% and need not be more than 12 inches. This means that, ifthe supply pipe is two inches in diameter, then the air gap must be at least four incheswide. An air gap is used on an open or nonpressure receiving vessel. It can be used onall three classes of substances.

NOTE: This is the only positive method of backflow prevention.

Figure I-9m-1. An Air Gap

ATMOSPHERIC-TYPE VACUUM BREAKER. This type of breaker is a device to preventback-'71phonage of Class / substances into a potable water supply. It has a moving discfloating in the body which, during flow, stops water from spilling from the device(figure I-9m-2). When the flow stops, the disc float drops down to provide a vent tothe atmosphere. This prevents a vacuum from occurring on the discharge lihe by allowingair to enter the line. This device must be installed on the discharge side of the lastcontrol vtive and at least 6 inches above the highest (valet. It cannot be used undercontinuous pressure for more than 12 hours or be subjected to back-pressure. Should besame size as system piping.

Figure I-9m-2. An Atmospheric-Type Vacuum Breaker
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PRESSURE-TYPE VACUUM BREAKER. This device prevents back-siphonage of Class I
substances into a potable water supply. It may be used under continuous pressure, but
must not be subjected to back-pressure. This device has a moving, spring-loaded disc
float and check valve in the body (figure I-9m-3). A gate valve is on both the inlet
and the outlet of the body. The body also has test cocks on it. When the supply line
pressure drops to 1 psi or below, the s.pring-loaded disc float opens the atmospheric
vent. At the same time, the spring-loaded check valve closes the inlet. This keeps a
vacuum from occurring on the discharge line; tt...:s there is a no back-siphonage.

During the normal operation of the device, the flow of water through the device
pushes open the check valve. The flow also lifts the disc float, which closes the
atmospheric vent, thus preventing leakage. This device must be installed abo.,1! :h2
overflow level of the system being supplied.

10,

Figure I-9m-S. A Pressure-Type Vacuum Breaker

DOUBLE CHECK VALVE. The double check valve (figure I-9m-4) is used in direct
connection-type systems to prevent the backflow of Class I and II sutstances into the
potable water supply. It can be used in continuous pressure systems subject to
back-pressure or back-siphonage. This device has two independently operating,
spring-loaded check valves in the body. There is a gate valve installed before and
after the device. The device also has four test cocks on it. The spring-loaded check
valves close tight when the water pressure flowing through the device drops below 1 psi
or when the flow reverses. If. one check valve fails to close, it does not affect the
operation of the other check valve. It will still close tightly. (NOTE: The double
check should not be used to protect the potable water system from Class II: substances.)

loo Cook Oise Vivo SI chaa Volv. et

Figure I-9m-4. A Double Check Valve

REDUCED PRESSURE PRINCIPLE BACKFLOW PREVENTER. This type cf,. backflow preventer
(figure I-9d-5) may be used on all direct connection-type systems to prevent the
backflow of all three classes of substances into the potable water supply. This device
is used in continuous pressure systems subject to back-pressure or back-siphonage. It
has two independently operating, spring-loaded check valves in the body. A pressure
differential relief valve is located in a reduced pressure zone between the two check
valves. Shutoff valves are installed before and atter the device. Four test cocks are
installed on this device for testing.



During the normal operation of this device, both of the check valves are open andthe relief valve is closed. The first check valve reduces the supply-line pressure by apredetermined amount. This is so that during normal flow, and at cessation of normalflow, the pressure between the two check valves will be lower than the supply-linepressure. Both check valves close, and the relief valve stays closed when back-pressureoccurs. If either check valve fails to close during back-pressure, then the reliefvalve opens, discharging water out of the zone. The relief valve will stay open untilthe pressure in the zone drops below the supply-line pressure. In the event ofback-siphonage, both check valves close and the relief valve opens, fully dischargingthe water in the zone.

NOTE: This is the most positive mechanical backflow preventer.
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Figure I-9m-5. A Reduced Pressure Principle Backflow Preventer

Maintenance

Any installed mechanical device will require scoe type maintenance and repair fromtime to time. When working on any backflow weventer you should use and follow themanufacturers' specifications. The followirg discussion will only cover these devicesin general tems.

AIR GAP. Remember the description of an air gap; we are talking about a forced airspace. No maintenance is required except to insure that the aZi.r gap meets thestandards, no hose attached, no pipe extended on the like.

ATMOSPHERIC VACUUM BREAM. Very little can go wrong with an atomspheric vacuumbreaker. If left under prolonged pressure the disc on the air side of the poppet maystick. If this happens it is simple to remove and replace. Sometimes the entire poppetmay need replacing.

PRESSURE VACUUM BREAKER. The pressure type vacuum breaker requires periodictesting to insure it operates. Most of these devices have replaceable disc and seats.The springs may need to be replaced in they become weak or broken. If test cocks leakreplace them. The shut off valve can be repaired or replaced.
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DOUBLE CHECK VALVE. Double check valves too must be tested periodically. If test
indicates nEed, repairs should be made. Disc, seats, and springs may be replaced. Test
cocks are replaced when needed. The shut off valves may be repaired or replaced.

REDUCED PRESSURE PRINCIPLE DEVICE. The check valves in the RP are maintained the
same as those in a double check. Be sure when you reassemble the device that the heavy
spring goes in the front check valve. The relief valve is somewhat different. You may
need to replace the diaphragm or unplug the bypass line or port. You can replace the
disc, seat and spring.

SUMMARY

In this section the operation and maintenance of backflbw preventurs
covered very briefly. If you are going to work on these devices be sure yua 6avi-
manufacturers instructions and follow them.

EXERCISE I-9m

Complete the following by filling in the blanks. You may use the study guides or
your notes.

1. An air gap is a tw:tween the supply line and
the receptacle.

2. The only positive backflow preventer is an

3. Atmospheric vacuum breakers are held open by

4. On a pressure vacuum braaker the air port poppet is opened by

5. A double check valve may be used when the backflow could be caused by either

or

6. Reduced pressure principle devices may be usaa on class , or

hazards.

7. If the poppet sticks open on an atmospheric vacuum breat:er replace the .

8. On a pressure vacuum breaker a weak spring should be .

9. The seal on a double check valve is badly sellitched, it should be

10. The mechanical device which provides the most positive backflow prevention is a

PROGRESS CHECK

You should be ready for the progress check. If you feel you need to review some of
the previous instructions, do so. The prouress check is prepared as a separate
publication and controlled by your instructor. 7ou must do the progress check under
instructor supervision and complete it prior to leaving for the day.



STANDBY ENGINES

In an operation such as water/wastewater treatment plants, we depend on electricalpower to drive pumps, lift stations, and related equipment. When a power loss occurs,some means must be provided so operetions can cont'Aue. To meet these emergencies weuse standby engines..

In this lesson we will discuss the purpose of components, operation, andoperational checks on standby engines.

Use of Standby Engines

There are two general purpoEes for which standby engines are maintained andoperated.

EMERGENCY ELECTRICAL POWER. Mere are many things whica can cause loss ofelectrical power and these power losses may be of 1;, short or long time span. To providebackup electrical power for these emergencies we use gasoline or diesel eagines to driveelectrical generators. These emergency generators are normally not large enough toprovide electrical power to operat'e all the equipment, but-wili provide sufficient powerfor only the essential equipment. Emergency power unite may be portable or installed.

STANDBY POWER. A unit for standby power would be oae which could be connecteddirect to the equipmPat to replace the electrical drive motors. This type installationonly handlee one part of the equipment although in some cases one engine may beconnected to more than one piece of equipment.

OPERATIONAL CHECKS

Pre-operational Checks

1. A visual check of fuel, oil, and water; add if necessary.

2. Check accesories.and drives such as carburetor, generator, regulator, sterter,belts, fan, fan shroud and water pump tor loose connection or mountings.
3. Check enginc for leaks (water, oil or gas) and then .trace all leaks to the source,and repair or report them to the proper authority.

4. Check battery and voltmeter.

5. Start the engine and let it warm up before putting it under load.

OperatioLal Checks

1. kfter you start the engine, check instruments, oil pressure, ammeter, tachometer,fuel gauge, voltmeter and temperature gauge.

2. After the engine is warmed to operating temperature, apply a 1.)ad to engine andcheck controls periodically to make sure engine is operating properly. If anyunusual noies occur, shut dr-wn the engine and notify the service call desk.If engine performs well under load, check the engine periodically to assure itcontinues to function properly.

Post Operational Checks

L. After the engine is shut down, check the water and oil and service ifnecessary, report any leaks that have developed.

2. Give engine a complete visual check.

3. Clean air cleaner and breather caps if dirty.

9_50 226



4. Change engine oil and filter at the elapse of specified engine running time.

5. Check fuel filters.

6. Check engine controls.

7. Check for leaks.

8. Check gear oil levels.

SUMV.ARY

Standby engines are vital to operation of a plant under emergency cond'tions.
These engines should be maintained in accordance with manufacturers' direntives and
1)cally devised check lists or procedures.

EXERICISE I-9n

PROCEDURES

Complete the following statements from the information in the study guide.

1. Standby engines are used for and

2. Emergency power units may be or

3. On a preop inspection check levels of
, and

4. During operation an unusual noise is heard, you

5. After use fluid levels should be

PROGRESS CHECK

You should be ready for the progress check. If you feel you need to review sme of
the previous instructions, do so. The progress check is prepared as a separate
publication and controlled by your instructor. You must do the progress check under
instructor supervision and complete it prior to leaving for the day.



PUMPS

INTRODUCTION

Pumps are used extensively throughout our career field for a variety of reasons.they can be used to move water, wastewater or other liquids, as chemical feeders or toprovide pressure for water systems.

Types of Pumps

Pumps are classified according to both design and use and they include five majortypes. They are: velocity, displacement, air lift, turbine, and ejector.

VELOCITY. The three types of velocity pumps are centrifugal (vertical orhorizontal), axial flow or mixed flow pumps.

Centrifugal. A centrifugal pump consists of rotating impeller, an impeller casing,and a flow receiving chamber. The impeller is a radial group of vanes curved backwardfrlm the direction.of rotation and may be mounted directly on a ebaft or on a singledisk (open impeller). The impeller and casing are usually enclosed by a flow receivingchamber with a volute or progressively expanding spiral passage. Tbe cross-sectionalarea of the volute increases toward the point of discharge. Centrifugal pumps have manyforms, such as single or double suction or single or multiple stages. A horizontal,double suction, volute pump is illustrated in figure 1-90-1.
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Figure 1-90-1. Horizontal Split-Case Double-Suction Volute Centrifugal Pump
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Centrifugal pumps are the most commonly used type of pump in the water systems
because they are well adapted to electric drives and a wide variety of operating
conditions. For reliable operation, suction head should not exceed 15 feet. Multiple
stare centrifugal pumps are used where high discharge pressures are required.

By observing the following operating precautions, you will eliminate many of the
commonly encountered problems with centrifugal pumps.

(1) Fill centrifugal pumps with water before you start them. This procedure known
as priming lubricates the close-fitting sealing rings and packing. Priming also
prevents a condition known as cavitation. Cavitation, caused by the air in aa unprimed
pump, results in pitting of .0..e impeller and casing.

'(2) Make certain that suction piping is airtight.

(3) To operate at the designed capacity, keep the rotation speed and total head as
close to design figures as possible. When the total head is less than that for which
the pump is designed, the motor may overload and overheat.

Axial-flow pumps. Axial-flow pumps, also known as propeller or screw pumps, have a
rotating impeller ressembling the propeller of a ship, a cylindrical casing and a
slightly expanding annular discharge passage (figure I-90-2). Axial-flow pumps are
suited only for very low head (5 to 30 feet) and high capacity service. Their principle
use is for industrial irrigation and storm water pumping.

Figure I-90-2. Vertical Axial-Flow Pump with Screw Type Impeller

9-53

231



Mixed Flow Pumps. Mixed flow pumps are similar to centrifugal pumps, with theexception that the impeller discharges water in a path inclined on the axis of theshaft. The flow receiving chamber is either a volute passage or an expanding dischargepipe similar to that of an axial flow pump (see figure 1-9o-3).

Figure I-90-3. Mixed-Flow Pumps

DISPLACEMENT. Displacement pumps may be rotary or reciprocating pumpn. They arecalled displacement pumps because the fill a chamber with a liquid and the displace thatvolume of liquid.

Rotary. A rotary pump is built with a stationary casing and one or more rotatingelements. Figure 1-90-4 shows four of the many types of rotary pumps, all with the samegeneral principle of operation. Rotary pumps are used in water works for priming largerpumps and for limited special applications. Rotary pumps discharge water in a smootheven flow. .
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Figure I-9o-4. Several Types of Rotary Pumps
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Reciprocating. Reciprocating pumps get their name from the reciprocating or back
and forth motion they use to operate. The three types of reciprocating pumps are
piston, plunger and diaphragm.

Piston pumps. A piston type pump has a piston which fits tightly and operates
inside a cylinder. The pump may have a direct or belt drive and may be single or double
acting. Most of the piston type pumps you will see in this career field will be used
for sludge pumping. Figure I-90-5 shows a horizontal piston pump, although, piston
pumps may also be vertical.
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Figure I-90-5. Belt-Driven Self-Oiling Piston Pump,
Single-Cylinder, Double-Acting Type

Plunger pumps. Plunger pumpS operate similar to piston pumps. On the suction
stroke the plunger draws liquid in through the inlet port and into the displacement
chamber. The discharge stroke or the pumps plunger exerts pressure on the liquid,
causing the inlet check valve to send and forcing the liquid through the outlet port.
Figure I-90-6 shows a reciprocating well pump which uses a plunger.

Figure I-90-6. Reciprocating Well Pump
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Diaphragm pumps. Diaphragm pumps also operate basically the same way as do pistonpumps. The major difference is that the diaphragm separates the liquid being pumpedfrom the moving parts of the pump. The chemical feeders you worked on earlier in thisblock were diaphragm pumps. In addition to being able to pump chemicals, diaphragmpumps can be USed to move sludges and other thick liqUids such as mud.

AIR LIFT. Air lift is a method of raising water by compressed air. The principleof operation is illustrated in figure I790-7. If the U-tube is filled with water, thewater stands at height H id both legs of the tube. When cempressed air is introduced asshown in the figure, a mixture of water and air is formed in one leg. The solid columnof water W weighs more thah the air-water column P, forcing it over the top of theU-tube. The pressure required for pumping depends entirely on the submergence; theheight to which the water must be raised has no effect. The starting pressure isalways greater than the working pressure after the well pumping.level is reached. Ifdrawdown is excessive, the high starting pressure may require an auxiliary compressorconnected in series with the main compressor and receiver. The auxiliary compressor isoperated only during starting.

Air lift pumps are useful for groups of wells discharging to a ground storage pointserved by a single compressor installation. Lower efficiendy is Offset by a lack ofmaintenance probleMs because there are no moving parts in the water: They areparticularly adapted for emergency deep well pumping, using a portable air compressorfor power. Air lift pumps cannot be used for direct pumping to a distribution system orfor horizontal transmission of water. The added oxygen ih air lifted supplies tends tomake water more corrosive.

Figure I-90-7. Principle of Air Lift

TURBINE. A turbine pump has a disc shaped impeller with many small radial vanesnear the edge. The inside of the casing is channeled around the impeller vanes,providing water passage from the suction port to the discharge port (figure I-90-8).
Turbine pumps are used for high head, low capacity service. They are commonly usedfor booster pumps for vacuum feed chlorinators.
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Figure I-90-8. Impeller and Housing of Turbine Type Pump
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EJECTOR. jector well pump consists of a centrifugal type single impeller pump
located above grQund and a stationary ejector assembly in the well. The ejector
assembly is made up of a nozzle within a tube which tapers down to a narrow throat
opening at the top of the nozzle (Figure I-9o-9).

STORAGE TANK
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Figure I-9o-9. Ejector Pump Installed Away from Well

Ejector well pumps are suitable for small wells with limited ranges of depth.
Because there are no moving parts in the well, they can be installed away from or
directly over a well.

EXERCISE I-9-90

INSTRUCTIONS

Use SW J3ABR56631 000-1-9 to answer the following questions.

1. What are the five major types of pumps?

2. How can you determine the direction of rotation of a centrifugal pump?

What purpose does priming a pump serve?
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4. What type of pump is used most frequenlly in a water system?

5. Explain the principle of operation in a plunger pump.

6. Which type of pump separates the liquid being pumped from the moving parts ofthe pump?

7. Explain the principle of operation in an air lift pump.

8. What are four types of rotary pumps?

9. What type of service are turbine pumps used for?

10. Where are ejector well pumps used?

PROGRESS CHECK

You should be ready for the progress check. If you feel you need to review thepreviOuS instruction, do so. The progress check is prepared as a separate publicationand controlled by the instructor. You must do the progress check under instructorsupervision and complete it prior to leaving for the day.
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SEWAGE LIFT STATIONS

Purpose of Lift Stations

Most of our wastewater collection systems are non-pressurized systems. This meansthat the wastewater is allowed to flow by gravity to the delivery point. The maindisadvantage to this system is that eventually the sewer line will be too deep to beuseful and readily accessible for servicing. Lift stations lift the wastewater from
these lower points back to near ground level to allow gravity to take over again.

Principles of Operation

As the wastewater moves along the sewer lines it will eventually reach i,ftstation. Here it falls into a section of the lift station known as the wet wril Infutch.toti to containing the wastewater the wet well will have the level control:- in it.The pumps used to move the wastewater may or may not be in the wet well.

Adjacent to the wet well is the dry well. The dry well will contain the electric
motors, piping, electrical controls and access to the wet well. The pumps may belocated in the dry well.

There are two types of pumps commonly used in lift stations. They are thecentrifugal and ejector pumps. These are the types preferred becaused they are notsubject to fouling with rags and sticks which wastewater may contain.

Periodic pumping of the wastewater is essential to keep from overlflowing the wetwell. Here is where a control device comes into use. Float switches, and electric
probes &le two of the types of controls that have been previously discussed. Anothertype of level controller frequently used is the bubble tube. This is really a
combination of a pneumatic and electrical control device. It uses a diaphragm which isconnected to an air compressor on one side. As the level in the wet well rises it
exerts pressure on the diaphragm which closes a switch, starting a pump to lower the
level in the wet well.

Lift stations may also have a timer to run the pumps during low flow periods. Thisprevents septic conditions in the lift station thus preventing odor problems.

Types of Lift Stations

There are two distinct types of lift stations. They are the combined design andseparate design. Both types may be prefabricated.

COMBINED DESIGNED. In a combined designed lift station the pumps and the
wastewater are both locz.ted in the wet well of the lift station. The motor and
discharge piping are located in the dry well.

SEPARATE DESIGN. The separate design lift station has a wet well and dry well justlike the combined design. The exception is that the pumps are housed in the dry well.
There is piping connecting the suction side of the pump to the wet well. This type ofdesign allows for easy maintenance of the pumps.

Safety

Safety around lift stations is imperative at all times. Toxic gases can collect inthe lift station due to the decomposition of the wastewater. Many people have died in
lift stations because of the accumulation of methane gas. For this reason the Air Forcehas made use of gas detectors mandatory. Besides the toxic gases, electrical hazardsare also present. Anytime you use fresh water in a lift station it is important that
you prevent backflow using the appropriate backflow preventers.

Operation of the Trainer

This trainer represents a combined design lift station. It is intended to provid(
realistic training in the operation of a sewage lift station. Incorporated into thetrainer are two non-clog sewage ejection pumps, a mechanical alternator/float switch,high water alarm and motor starting contactors.

To operate the trainer, follow the operating instructions in progress check I-9-9p.
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EXERCISE I-9-9p

INSTRUCTIONS

Use Si J3ABR55631 000-1-9 to answer the following questions.

1. What is the Tmrpose of a sewage lift station?

2. What two types of puilipq are commonly used in lift stations?

3. Name three ways the level is controlled in the wet well?

4. What are the two sections of a lift station?

5. What are the two types of lift stations?

PROGRESS CHECK

You should be ready for the progress check. If you feel you need to review theprevious instruction, do so. The progress check is prepared as a separate publicationand controlled by the instructor. You must do the progrest check under ilzstructorsupervision and complete it prior to leaving for the day.



Maintenance of Lift Stations

To insure a trouble free operation, lift stations must have continuing maintenance
performed. There are many makes and types of equipment, therefore Instruction:, cannot
be given for all of them. The operators will need to make judgment as to whether the
information applies to their equipment or will require modification by local commandand by manufacturers' instruction. Below are listed the more common maintenance actionsrequired on lift stations.

WET WELLS (Storage Well). Solids must not be allowed to build up on the sides and
bottom of a wet well, even if the pump staion is autow.tic. Use the following tips to
help maintain the wet well:

1. Draw the sewage level down as low as needed.

2. Flush the sides and bottom of the well with a heavy stream of water and scrape
them from time to time. This may require manual working of the pumps.

3. When the wet well pump has no automatic air relief valve, bleed the air
trapped in the pump by hand.

4. Remove grit from time to time by using a bucket and shovel if flushing doesn't
work.

5. Remove grease in the float tubes from time to time by flushing or scrapping to
prevent a build-up. Flushing of the wet well and removing the solids will help reduce
odors and harmful gases.

6. If the drinking water system is used for flushing, remove the hose from the
well to prevent a cross connection. Safety must be observed when cleaning wells. If
keeping the pump station running at all times is important, consider dividing the wet
well into two sections so that one section can be cleaned at a time. All pumps and
standby units should be tested often. Daily records should be kept at stations where
electric power and hydraulic flow are metered and where chemicals are used.

SCREENS AND GRINDERS. Bar and basket screens and grinders installed in pump
stations should be cleaned each day to keep trash from blocking the screens and letting
sewage back up and overflow.

DRY WELL. The housing structure for pumps, motors and compressors is usually near,
but separate from, the wet well. Water, from leakage in the dry well should be removed
at least each day by the sump suction valve of a wastewater pump if no Separate sumppump is there. The floor of the dry well should drain toward the sump.

STRUCTURES. Structures which house wastewater pumps also need to be well
maintained. Pump station floors, walls, and windows must be kept clean to reduce odors
and make the place more attractive. Chemicals from wastewater gases can corrode
concrete and masonry walls, equipment, steel-work and settings. Good ventilation willhelp reduce this problem. Forced ventilation is needed in stations built underground.
All metal must be protected with paint.

CHECK VALVE SLAM. Check valve "slam" may occur in cases where there is high lift
and long discharge piping. Check valve slam can fracture pipes or loosen pipe joints.
Installing slow-closing check valves, large air chambers with small compressors to
refill the chamber with air, and hydraulic shock absorbers will help reduce this
problem.

LUBRICATION. Lubrication is the secret of long lift in any mechanical system.
Lubrication may be accomplished by use of zerk fittings, screw type greasers or oil drip
containers. Locate all grease fittings and insure this maintenance is performed on atinely basis.



EXERCISE I-9q

Using the lift trainer locate the following components:

1) Co:Itrol devices

2) Check valves

3) Grease fittings

4) Pump couplings

5) Stuffing box

PROGRESS CHECK

You should be ready tor the progress check. If you feel you need to review some ofthe previous instruction, do so. The progress check is prepared as a separatepublication and controlled by the instructor. You must do the progress check underinstructor supervision and complete it prior to leaving for the day.
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WATER/WASTEWATER FIELD TRIP

Water and wastewater treatment equipment is designed to operate many years without
mechanical breakdown. A scheduled maintenance program must be developed and inspections
must be performed periodically to insure the equipment is operating efficiently at all
times. As an Environmental Support Specialist you must be able to recognize potential
equipment failure and be prepared to repair any defect as rapidly as possible.

Subjects in this unit of instruction will give you an overall view of an operatin6
lift station, water pumping station and a wastewater plant. While on a field trp of
these facilities, note the maintenance being pertormed. Pay particular attention to the
components discussed in this unit. You will be given a progress check on idor,i,ying
the condition of these items.

WLE.e. Pumping Station

Sheppard Air Furce Base is similar to any small city in the United States. It
contains a residential area and industrial complexes. The base requires potable water
for consumption, recreation and firefighting. To deliver this water, a complex design
of support components are required. These components must be well maintained in order
to provide uninterrupted water service to this base.

VALVES. Numerous types of valves are required in a water treatment facility. The
maintenance required on valves is minor, however, the maintenance stated in AFR 91-26
must be performed to insure operation.

Altitude Valve. This valve is located at the base of the water tower. It's
purpose is to maintain a pre-set water level in the tower. These valves operate by
atmospheric pressure which causes it to open and close. Failure of this valve will
result in low water level or overflowing of the tank.

Pressure Regulating Valves. There are two sixteen inch regulating valves installed
on the distribution lines at the base of the tower. These valves operate on line
pressure to maintain a constant pressure on the main distribution system. This valve is
vital because it prevents over-pressurization which will cause damage to the water
distribution system. Notice the smaller regulator attached to the larger one. This is
a pi. r ot regulator which controls the operation of the larger valve. Most regulators
have strainers installed to keep sand out of the operating mechanism. Clerning the
strainer periodically will extend the life of these valves. Gauges on these regulators
are critical for presenting accurate readings and making adjustments in pressure.

Gate Valves. There are numerous gate valves installed in the water plant. Size
range from 3/8" up to 16". Maintenance consists of repacking the gland and oiling the
stem. Accomplishing this maintenance along with the periodic opening and closing of the
valve will insure its proper operation when an emergency exists.

CHEMICAL FEEDER. After the water enters the water treatment plant, it is treated
with chlorine by a chemical feeder. This insures the proper amount of disinfectant is
added to maintain a safe potable water. The type feeder used here is a solution feed,
vacuum type, "V" notch gas chlorinator. This feeder draws chlorine from the storage
cylinder by a vacuum created by a booster pump. Proper adjustment of this feeder is
essential to safe potable water.

PUMPS. Following the chlorination process, the treated water is directed to the
booster pumping facility. This facility utilizes six centrifugal pumps. There are
three 50 horsepower, 500 gallon per minute electric pumps and two, 2000 gallon per
minute diesel powered pumps installed. Normally, only one electric pump is required to
maintain distribution system pressure. In case of high water demand, other pumps may be
operated in tandem. Diesel pumps are used primarily in event of power outages.
Maintenance is essential tu these pumps. Continuous operations places excessive w'lr
unless the unit is properly lubricated.

ELECTRIC MOTORS. Electric motors are the most common drive mechanisms used in
military water systems. When servicing the pump, also lubricate the motor bearings.
!tisure all mounting bolts are tight.
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Motor Couplings. Motor couplings are used to provide a physical connection betweenthe motor and pump. They are designed to absorb shock and torque between the two units.They are not intended to allow for misalignment between the pump and motor, Couplingalignment must be within .005 inch and securely tightened. There are two types ofmisalignment of couplings. They are parallel and angular misalignment. Parallelmisalignmert is when the outside edges of the couplings do not meet at a 1800 angle.Angular misalignments occurs when faces of couplings are not square.

Power Take-off Assemblies. Power Take-off assemblies are similar to a motorcoupling, however, they are utilized with the diesel engine and pump. The PowerTake-off assembly operates li4e a clutch on an automobile. When engaged, they are thephysical connection between the motor and pump. Inspection of these devices is alwaysperformed during normal operating conditions. Maintenance services to this equipmentwill be performed in accordance with manufacturers manuals.

CONTROL DEVICES. Pressure activated control devices are located on each pump.They activate due to the amount of pressure on the discharge side of the pump. Insurethe pumps activate at the set pressure and adjust accordingly.

TANKS. This facility has three ground storage tanks with a total capacity of 2million gallons. These three tanks supply the .5 million gallon elevated storage tank.This elevated storage tank is the pressure source for the base distribution system.Note the condition of the tank. There should be no corrosion apparent.

MEASURING DEVICES. A venturi meter and chart recorder is used to measure theincoming flow. A turb-ne meter is used to measure the effluent of the plant. Thesemeters will require periodic calibration to maintain accurate readings.

Wastewater Treatment Plant

Wastewater is treated at the base wastewater treatment plant. Components forwastewater treatment are similar to water treatment equipment. In the following unit,we'll discuss components of the wastewater plant.

PUMPS. Piston type pumps are used in the movement of sludge from the primarysettling tanks to the digester. They are also used to move sludge from the secondaryclarifiers to the head of the pr'iaary tanks. You can see why maintenence of these pumpsis essential.

VALVES. Gate valves are used at various points throughout the plant and yourinstructor will point out their location. Remember, gate valves are for full operationand should not be throttled. Plug valves are located on the yl'imary and secondarysettling tanks and are used in controlling the flow of sludge. Most plug valves have agrease fitting located directly on top. Globe valves are located between the oLgesterand are used to transfer sludge between them. Globe valves are used when it isnecessary to throttle the flow.

CHEMICAL FEEDERS. A "V" notch gas chlorinator is located in the chlorineIts operation and maintenance is the same as mentioned in the water plant.
ruoo

MEASURING DEVICE. A Parshall flume is located at the head of the plant. Presentlythis item is not being used. An ultra-sound measuring device measures the incomingflow. This device operates a sonar wave directed toward a pre-determined size charinclin the influent flow. This device measures the distance from the transceiver to thesurface of the wastewater flow. This distance is converted into gallons of total flow.
CONTROL DEVICES. Float or mechanical control devices activate the pumps whichrecirculate the wastewater back to the high rate trickling filter. Adjusting the floatlevel is necessary periodically.

ELECTRIC MOTORS. Electric motors located throughout the wastewater plant aresealed type. They present no electrical explosion hazard when exposed to flammablegases.



SAFETY. As in all aspects in military service, safety is a number 1 priority. As
an Environmental Support Apprentice you are and will be exposed to a number of safety
hazards. The following are areas you should be constantly aware of:

Falls
Improper L-tfting
Electrical Shock
Use of Sharp Edged Tools
Infections
Working in Oxygen Deficient Areas
Toxic Dusts
Dangerous Chemicals
Fire Prevention
Toxic, Flammable Gases and Vapors

There are several basic safety measures that can be taken to help prevent
accidents. These apply to all aspects of water/wastewater treatment and distribution
work.

Safety Record Keeping
Locating and Correcting Safety Hazards
Equipment, Plant Arrangement, and Working Methods
Personal Protective Equipment
Safety Instructions
Fire Protection
Power Drives and Shaft Guards
Adequate Help and Teamwork
Protection of the Public

EXERCISE I-9r

Answer the following True or False

1. Altitude valves are found at the wastewater plant.

2. Lift stations are required to move wastewater from a lower elevation to a higher
elevation.

3. A motor coupling acts on the same principle as a clutch in an automobile.

4. Sealed type motors are required in water treatment plants.

5. Pressure activated control devices are located on i:he discharge piping of centri-
fugal pumps.

6. Motor couplings are designed to correct misalignment between pumps and motors.

7. Plug valves do not require lubrication.

8. Periodic monitoring and calibration is required to chlorinators.

24d
9-65



PROGRESS CHECK

You should be ready for the progress check. If you feel you need to review some ofthe previous instruction, do so. The progress check is prepared as a separate publica-tion and controlled by the instructor. You must do the progress check under instructorsupervision and complete it prior to leaving for the day.

SUMMARY

By reading this study guide on the maintenance of drive equipment and accessories,you can now realize the importance of preventive maintenance. It is your job to knowhow and when to realign, oil, grease, clean and paint operating equipment. Also, youmust know how to repair or replace parts of equipment that show signs of wear or deter-ioration. If a piece of equipment does break down or fails to function properly, followthe manufacturer's specifications and instructions for repairing the piece of equipmentor refer to AFR 91-26 and AFM 91-32.

Inspection of operating equipment must be conducted at certain times and duringoperation of the euqipment to insure proper running. In this way, you can detecttrouble in the equipment before it becomes serious. For example, let us take a gasolineengine driving some type of equipment. When you inspect it and find that it has no oilpressure you must shut the engine down and check it over and find if it is just low onoil or maybe an oil line broke causing the loss of oil pressure. At any rate, you havesaved the engine from burning up, and with a few minor repairs it is off and runningagain.

You also have to know what to look for when you are inspecting the equipment attreatment plants. This study guide should have given you the basic knowledge of what tolook for when you inspect the drive equipment at treatment plants and how to take careof this equipment.

Most methods of water treatment involve the addition of some type of chemical tothe water. To feed these chemicals under controlled conditions, we must use chemicalfeed pumps. The three main types of chemical feeders are gas feeders, solution feedersand dry chemical feeders. The best way to keep the chemical feeders operating properlyis by strict adherence to the preventive maintenance schedules, as prescribed in AFR91-26

Due to close tolerances used in the manufacture of water meters sticking or bindingmay develop from accumulations of scale and sand or the use of hot water. When troubledevelops you should clean the meter and check it for accuracy. A chack with anotherdependable water meter is accurate enough for normal water treatment control purposes.
Recorders are sensitive instruments. You should handle them with care to preventdamage. To perform daily servicing of recorders, change the chart, align the chart forthe correct time, and check the ink supply. Keep the chart6 as a daily record of totalplant flow.

Leaky or inoperative valves are another problem common to the distribution system.Valves should always be kept in good operation for proper control of water flow. Themust widely used types of valves are the gate, globe, and check valves.

Back siphonage can become a health hazard. Where the possibility of back siphonagecould exist, backflow preventers must be installed.

Many pumps are required in both water and sewage plant operation. These pumps areclassified according to design and use. Since pumps are subject to malfunction, youmust be familiar with the commonly encountered types of pumps and to be able to performmaintenance on them.

Maintenance of sewage treatment equipment is not an every day job; however,inspection of the equipment is a constant jr)b.

Anytime you look at the grit chamber, bar screen or comminutor, you are observingfor operation, unusual noises or anything out of the ordinary.

Sewage treatment equipment must be kept in good operating condition and occasion-ally cleaned. Exposed iron must be protected from corrosion, worn parts removed andreplaced, tanks occasi,nally drained and hosed down.
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3770 Technical Training Group
Civil Engineering Training
Sheppard Air Force Base, Texas

PUMP AND EQUIPMENT MAINTENANCE

OBJECTIVES

SW J3ABR56631 000-1-10

Given a centrifugal pump, and working as a team, disassemble, inspect and
reassemble the pump with no more than two instructor assists.

Using the water pump trainer and working as a team, remove, disassemble, Inspect,
reassemble and install the pump to its operating condition with no mom Ltri. +.wo
ins4ructor assists.

INTRODUCTION

Pumps are machines, and being machines, you must perform minor maintenance to keep
them in operating condition. Some of the problems that you may encounter are, setting
up a pump, changing the packing, alignment of the coupling, and priming.

There are two main topics in this chapter titled:

o MAINTENANCE OF PUMPS

o PUMP INSTALLATION

INFORMATION

MAINTENANCE OF PUMPS

Selecting the Proper Tools

Bcfore beginning any maintenance on any piece of equipment, it is necessary to
inventory your tools to insure the needed tools are there.

Pump Disassembly and Components

A manufacturers checklist is used for disassembly procedures in the field. For our
purposes here you will receive an SOP on pump maintenance. It will describe the
procedures to follow when disassembling a pump.

COMPONENTS. The components you will encounter while performing maintenance on a
centrifugal pump are many. What follows is a brief description of each of these
components.

Stuffing box, packing, lantern ring and packing gland. The stuffing box is located
around the shaft at one end. It contains the packing and the lantern ring (Figure
I-10a-1). The packing used in our pumps is made of asbestos fibers soaked in graphite.
It prevents excess leakage from the main cavity of the pump. The lantern ring
lubricates the packing by allowing a liquid to enter from an outside supply. Finally,
the packing gland is used to compress the packing to provide a better seal or prevent
leakage.

LATTERN RING
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If the liquid pumped is dirty, gritty, or is acidic; pipe a sealing liquid to thestuffing box from a clean outside source in order to prevent damage to the packing andshaft sleeve.

Fit the pipe supplying the sealing liquid tightly so that no air enters. Onsuction lifts, a small quantity of air entering the pump at this point may result inloss of suction.

Always remove and replace all of the old packing. Do not reuse some of the oldrings because they "look" all right. If, for instance, you replace only the outermostaccessible rings, then they will be the only rings compressed when you t:ghten thepacking gland. As a result, the new rings will have to do all the work of sealing thebox and accelerated packing wear will result. The old rings, having been previouslycompressed, will move as a unit and fail to provide a good seal.

To remove packing, use a puller, as illustrated in Figure I-10(:-2. It consists ofa short corkscrew section, on the end of a piece of flexible wire, attached to a handle.If the packing should break up while being pulled out, remove J.l the broken pieces toinsure a clean and clear stuffing box before you insert the new packing. A small pieceleft in the box will make it impossible to repack the pump prolorly.

Figure I-10a-2

If the new packing is slightly large, never try to flatten it with a hammer. Placethe packing on a clean flat surface and roll it with a piece of pipe until the thicknessis such that a slight effort is required to push it into the box. When you place a ringof packing over the shaft, do no pull the ends apart. Twist it over the shaft as shownin Figure I-10a-3.

Figure I-10a-3

10-2
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Tamp each ring into place. This may be done with a dummy gland which can be a
split sleeve of metal or wood which fits over the shaft. The outside diameter should be
slightly smaller than that of the stuffing box bore. The last few rirgs may be pushed
into place using the packing gland.

Stagger the packing ring joints as you install each ring (180° apart if only two
rings, are used, 90° apart for three or more rings).

Install the lantern ring so that when the packing is compressed it lines up with
the cooling liquid opti.ning. When you unpack the box, note the arrangement of the gland
and the number of packing rings behind and in front of the lantern ring, and repack in
the same way.

When you have the box fully packed and the last ring is firmly tightened with the
gland, rotate the shaft a few times by hand to "Glaze" the packing. Then back o'f the
gland nuts and retighten finger - tight only. This allows the packing to expand as it
warms up.

Important. Many pump failures occur because inexperienced maintenance personnel
see liquid dripping from a gland and try to stop it by tightening the gland bolts. For
a very short period the leakage will stop. The packing then becomes overheated and
burns or scores the shaft sleeve and the pump must be shut down.

A requirement of all packings is that they be lubricated at all times and this
requires constant leakage. When the gland is properly adjusted and the packing has been
"run in," only a few drops of leakage a minute are necessary, but it is essential.
Three to six drops is the recommended rate.

You must take care when you tighten the gland so that it remains square to the
shaft. To do this tighten the gland bolts alternately only a slight amount at a time.
If you do not do this, shaft sleeves may be scored by contact with the inner edge of the
gland, and the scored area could lead to rapid packing failure.

Volute and Casing. The volute and casing serve to house the impeller. The volute
is a progressively expanding chamber which changes the liquid velocity into pressure.

Impeller. The impeller is a circular disc with vanes curved backward to the
direction rotation. It moves the water through the pump.

Shaft Sleeve. The shaft sleeve is located on the shaft and is designed to protect
the shaft from exes:Ave wear and tear.

Shaft. The shaft runs the length of the pump and supports all the pump components.

Bearings. Bearings are located on the shaft. They allow the shaft to rotate
freely without excessive wear. Bearings may be either sealed or open type bearings.

Water Seal. The water seal or slinger is also located on the shaft. It prevents
water from enteritv the bearings.

Coudling Alignment

A minimum dimension for the separation of the coupling halves is usually specified
by the coupling manufacturer.

The tools you will need to check the alignment of a flexible coupling are a
straight edge and a taper gauge.

Make the check for angular alignment by inserting the taper gauge at four points
between the coupling faces and comparing the distance between the faces at four points
spaced at 90° intervals around the coupling. The unit wi:1 be in angular alignment when
the measurements show that the coupling faces are the same distance apart at all points
(Figure 10-4).
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Make the check for parallel alignment by placing a straightedge across bothcoupling rims at the top, bottom and at both sides. The unit will be in parallelalignment when the straight edges rest evenly of! the coupling rim at all positions.Allowance may be necessary for temperature changes and for coupling halves that are notof the same outside diameter. You must take care to have the straight edge parallel tothe axis of the shafts (Figure 10-4).

Correct angular and parallel misalignment by adjusting the shims under the pump ordriver, or relocating units on the baseplate. After each change, you must recheck thealignment of the coupling halves. Adjustments in one direction may disturb adjustmentsalready made in another direction.

Flexible couplings are not universal joints. You should take the same care in thealignment of equipment using flexible couplings as if solid couplings were to be used.
No permissible misalignment standard can be established. What might be toleratedin one instance might cause trouble in another. It is good practice to do the best jobof alignment possible.

When the units are lined up cold, you may need to make an allowance for thevertical rise of the driver and/or pump, caused by heating.

When you note running vibration and the alignment seems to be correct, do notoverlook the possiblity that the coupling bore is not centered; this would require a newflexible coupling.

-
1.4 11;1\

Figure 10-4
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Below is a chart that lists many of the operating problems that you may encounter.

PROBABLE CAUSE

TROUBLESHOOTING GUIDE

REMEDY

FAILURE TO DELIVER WATER, OR SUFFICIENT WATER AND SUFFICIENT PRESSURE

Pump not primed. Reprime.
Pump not up to speed. Check for incorrect motor voltage

and motor overload.
Discharge head beyond pump shut-off. Alter installation or provide pump

suitable for higher pressure.
Excessive suction lift. Reduce lift: use larger suction

pipe.
Incorrect direction of rotation. Reverse rotation.
Insufficient positive head on
suction for hot liquids.

Give pump more submergence, simplify
and increase size of suction piping.

Footvalve too small. Replace with adequate size foot-
valve.

Strainer clogged. Clean out.
Worn bearing ring or damaged
impeller.

Recondition or replace worn parts.

High spot or air pocket in suction
line,

Repipe to pump suction to eliminate
loose and high spots.

PUMP LOSES PRIME AFTER STARTING

Excessive suction lift. Reduce lift: use larger suction
pipe.

Air leaks in suction line. Check joints, make up tight with
ipe joint compound.

MOTOR OVERHEATS

Total head is higher than rated. Larger motor is required. Check
with dealer to see if head is in the
operating range of the pump.

Liquid handled is of higher
viscosity or specific gravity than
that for which the pump was
designed.

Check with dealer; a larger motor is
required.

Mechanical trouble in pump or motor. Check impeller fit, shaft straight-
ness and ball bearings. See if
motor turns freely.

Low voltage or incorrect voltage. See that power supply is as
required, check electrical connec-
tions to motor, check to see that
wiring to motor is large enough.

PUMP VIBRATES nR IR NAIRY

Impeller partially clogged. Disassemble pump and clean out
impeller.

Insecure foundation. Rebuild to give rigidity to pump
and motor.

Bent shaft, impeller, or worn ball
bearings.

Dismantle and replace worn parts.

Misalignment between motor and pump. Check alignment.

Figure 10-5

10-5
24;)



Figure 10-5. Single Suction Centrifugal Pump

1 CASING
29 LANTERN RING*2 IMPELLER
32 IMPELLLR KEY*6 SHAFT*
35 BEARING COVER9 SUCTION COVER

INBOARD*13 PACKING*
37 BEARING COVER14 SHAFT SLEEVL*

OUTBOARD*16 BEARING-INBOARD*
38 SHAFT SLEEVE GASKET*17 PACKING GLAND*
40 DEFLECTOR*18 BEARING-OUTBOARD*
69 LOCKWASHER*19 BEARING BASE*
73 CASING GASKET26 IMPELLER SCREW*

*INDICATES INTERCHANGE-
ABILITY AMONG SINGLE
SUCTION PUMPS
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PUMP DISASSEMBLY/REASSEMBLY

Single Suction Pumps. Refer to Figure 10-6.

1. See coupling manual for coupling disassembly.

2. Drain suction and discharze lices eine. pumo

3. Remove suction and discharge piping from pump flanges.

4. Remove bolts and dowel pins from pump feet. Pump may now be removed from baseplate
for bench work if so desired.

5. Remove cap screws holding suction cover (Part 9) to casing (Part 1) anJ pull
h,uction cover straight out to remove. If suction cover cannot be removed by hand,
screw in the two square head jack screws in the suction cover flange.

6. Screw out impeller screw (26). Remove impeller washer (69), impeller (2) and
% impeller key (32).

7. Remove packing gland nuts and packing gland (17). Packing gland is split type and
can be removed from shaft. Pull out front packing (13)-see STUFFING BOXES AND
PACKING - and slide lantern ring (29) back against deflector (38). Remove balance
of packing.

8. Remove cap screws holding casing (1) to bearing base (19). Casing is now free to
be removed. Take care not to score shaft sleeve (14) when you remove the casing.

9. Slip shaft sleeve (14), lantern ring (29), deflector (40) and shaft sleeve gasket
(38) from shaft.

10. Remove cap screws from bearing cover - inboard (35) and bearing cover - outboard
(37). Remove bearing covers.

11. Shaft (6) and ball bearings (16 & 18) may now be PULLED (or PUSHED) from bearing
base (19) in either direction. DO NOT HAMMER SHAFT AND BEARINGS FROM BEARING BASE.
If difficulty is encountered in removal, use an arbor press or similar equipment to
apply more force. PUSH ON OUTER RACE ONLY!

12. If bearings do not slip off shaft after removal from bearing base, use same
precautions for removal as mentioned above. PUSHING ON INNER RACE ONLY!

13. Wrap bearings immediately in clean waxed paper or clean lint-free rags.

ASSEMBLY PROCEDURE

Single Suction Pumps. The assembly procedure is directly reversed from the disassembly
procedure, with the following precautions:

1. Give the ball bearings an ample coat of grease or oil just prior to assenbly.

2. Push the bearings onto the shaft, pushing against the inner race. Do not hammer on
the bearings!

3. For best service, use new gaskets (38 & 73). To prevent casing gasket (73) from
sticking to flanges, coat flanges with mixture of flake graphite and motor oil.

4. Draw flange bolts up slowly and evenly.

5. Follow directions in STUFFING BOXES AND PACKING when repacking pump.

6. Check coupling alignment carefully. See COUPLING ALIGNMENT.
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EXERCISE I-10-10a

INSTRUCTIONS

Use the pump disassembly/reassembly to complete this performance exercise locatedon.page 10-7.

PROGRESS CHECK

You should be ready for the progress check. If you feel you need to review some ofthe previous instruction, do so. The progress check is prepared as a separate publica-tion and controlled by the instructor. You must do the progress check under instructorsupervision and complete it prior to leaving for the day.

EXERCISE I-10-10b

INSTRUCTIONS

Use your SW J3ABR56631 000-1-10 to answer questions.

1. What will be the result, if the packing is pressed too tight in the stuffing box?

2. How many degrees should the packing be staggered when repacking the pump?

3. Why must the packing nuts be finger tight after repacking?

4. What tools are used to check the alignment of a coupling?

5. What is the purpose of priming a pump?

6. What are two causes for a pump to lose its prime after starting?

PROGRESS CHECK

You should be ready for the progress check. If you feel you need to review some ofthe previous instruction, do so. The progress check is prepared as a separate publica-tion and controlled by the instructor. You must do the progress check under instructorsupervision and complete it pri(.1" to leaving for the day.

SUMMARY

Since pumps are subject to malfunction, you must be familiar with the commonlyencountered types of pumps so that you will be able to perform maintenance on them.
REFERENCES

1. AFM 91-32, Operation and Maintenance of Domestic and Industrial Wasteweier Syscems
2. TM 5-661, Water Supply Systems at Fixed Installations

10-8
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3770 Technical Training Group
Civil Engineering Training
Sheppard APB, Texas

CAREER LADDER

OBJECTIVE

PC J34BR56621 000-1-2a

Given an excerpt from AFR 39-1, select the information that describes thq duties
and responsibilities of the 566X1 Career Field. Four of five must be correct.

REFERENCE/MATERIAL/EQUIPMENT

Extract, 39-1

INSTRUCTIONS

1. This progress check consists of 5 items. You must solve 4 items correctly to
receive 4 satisfactory rating.

2. When you have completed the progress check, return it to your instructor.

3. If you have no questions, start your progress check.

nlimmoms

From the following list of statements match the descriptive term(s) for each
statemcint. Terms may be used once, more than once, or not at all.

STATEMENT TERMS

1. Operates water processing
plants and equipment.

2. Monitors solid waste collec-
tion, transportation and
disposal processing
facilities.

3. Completion of basic environ-
mental support course is
desirable.

4. Operates, maintains, and
repairs water supply and
water processing plants and
systems and wastewater
processing plants and
systems.

5. Completion of high school
with courses in chemistry
and biology is desirable.

STOP

a. Special summary

b. Duties and responsibilities

c. Special qualifications

Before proceeding any further, have the instructor check your work.

2-1
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3770 Technical Training Group
Civil Engineering Training
Sheppard AFB, Texas

CAREER LADDER

OBJECTIVE

PC J3ABR56631 000-I-2b

Using the 566X1 career field ladder, list the AFSC titles and the methods of
advancing from one step to another. Ten of fourteen must be correct.

REFERENCE/MATERIAL/EQUIPMENT

SW J3A8R56631 000 1-2 thru 10

INSTRUCTIONS

1. This progress check consists of fourteen items. You must solve ten items correctly
to receive a satisfactory rating.

2. When you have completed the progress check, return it to your instructor.

3. If you have no questions, start your progress check.

DIRECTIONS

From the
Column R.

following list of job titles, match Column A with the appropriate AFSCs in
AFSCs may be used once, more than once, or not at all.

COLUMN A COLUMN B

1. Environmental Support Helper a. 99000

b. 56691
2. Environmental Support Apprentice

c. 56690

3. Apprentice Entomologist d. 56671

e. 56670
4. Entomology Technician

f. 56651

5. Environmental Support Specialist g. 56650

h. 56631
6. Entomology Support Specialist

i. 56630

7. Environmental Support Technician j. 56611

k. 56610
8. Sanitation Specialist

1. 56600

9. Sanitation Superintendent m. N/A

10. Basic Airman



Part 2.

INSTRUCTIONS

Write the correct method of advancing from one skill level to the next highest skill
level in our career field.

FROM TO METHCO OF
SKILL LEVEL SKILL LEVEL PROGRESSION RANK(S

1. 56611 56631 AB thru AlC

2. 56631 56651 SrA thru SSgt

3. 56651 56671 SSgt thru MSgt

4. 56671 56691 SMSgt thru CMSgt

STOP

2-3
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3770 Technical Training Group
Civil Engineeriug Training
Sheppard AFB, Texas

CIVIL ENGINEERING MANAGEMENT

PC J3ABR56631 000-I-3a

OBJECTIVE

Given four statements, select the one that best identifies the BCE mission.

REFERENCE/MATERIAL/EQUIPMENT

None

INSTRUCTIONS

1. This progress check consists of one item. You must solve it correctly toreceive a satisfactory rating.

2. When you have completed the progress check, return it to your instructor.

3. If you have no questions, start your progress check.

DIRECTIONS

Place a check ( /) mark to the left of the statement(s) that best explains the
mission of a Civil Engineering Squadron.

I. Making of ice, transportation of ice to facilities.

2. Operate and maintain aircraft on flightline.

3. War readiness.

4. Control, operate and mainta,m computer machines.

3-1
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3770 Technical Training Group
Civil Engineering Training
Sheppard APB, Texas

CIVIL ENGINEERING MANAGEMENT

OBJECTIVE

PC J3ABR56631 000-I-3b

Given an incomplete BCE organization structure chart, complete the chart by writing
the names of the missing functional areas in the appropriate spaces. Three of
five must be correct.

REFERENCE/MATER1AL/EQUIPMENT

Organizational Chart (Blank)

INSTRUCTIONS

I. This progress check consists of five items. You must solve three items correctly to
receive a satisfactory rating.

2. When you have completed the progress check, return it to your instructor.

3. If you have no questions, start your progress check.

DIRECTIONS

Fill in the blank spaces on the Base Civil Engineering Organizational Chart below.

STOP

Before proceeding any further, have the instructor check your work.

3-2
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3770 Technical Training Group
Civil Engineering Training
Sheppard AFB, Texas

CIVIL ENGINEERING MANAGEMENT

OBJECTIVE

PC J3ABR58631 000-I-3c

Using a representative list of functions, responsibilities and a list of CE units,
match the functions and responsibilities to the CE unit to which they apply. Six ofnine must be correct.

REFERENCE/MATERIAL/EQUIPMENT

None

INSTRUCTIONS

1. This progress check consists of nine
receive a satisfactory rating.

2. When you have completed the progress

3. If you have no questions, start your

DIRECTIONS

items. You must solve six items correctly to

check, return it to your instructor.

progress check.

From the following list of civil engineering functions and responsibilities, match
each responsibility statement in Column A to the correct BCE functional areas in Column
B.

1

2.

3.

4.

5
6

COLUMN A

Manage and supervise construc-
tion and related programs.

Provided fire fightinv,
personnel and equipment.

Build and repair training
equipment.

Responsible for providing gas,
heating, cooling, water and
wastewater.

Record keeping on real estate.

Keep real property and equip-
ment in good living end work-
ing condition.

_7. Arrange and coordinate all
small to large Jc9 programs.

8. Responsible for clean
residences on base.

9. Cleans buldings, removes snow,
and refuse collection.

STOP

COLUMN B

Training aids

Maintenance and repair of structures
and equipment

Not a function

Planning and Programming

Engineering and Construction

Management of AF real property

Services

Family Housing management

Fire protection

Utility service

Before proceeding any further, have the instructor check your work.

3-3
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377J lechnical
Civil Engineering Training
Sheppard APB, Texas

CIVIL ENGINEERING MANAGEMENT

OBJECTIVE

Define property accountability and responsibility.

REFERENCE/MATERIAL/EQUIPMENT

None

INSTRUCTIONS

PC J3A8R56631 000-I-3d

1. This progress check consists of three items. You must solve all items correctly to
receive a satisfactory rating.

2. When you have completed the progress check, return it to your instructor.

3. If you have no questions, start your progress check.

DIRECTIONS

Listed below are three terms concerning property accountability and responsibility.
Define each term.

1. Pecuniary liability

2. Custodial :esponsibility

3. Property accountability

STOP

Before proceeding any further, have the instructor check your answers.

3-4
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3770 Technical Training Group
Civil Engineering Training
Sheppard AFB, Texas

SECURITY (OPSEC)

OBJECTIVE

PC J3ABR56831 000-I-4a

Given information pertaining to the operational activities related t ) AFSC 566XI,
select three activities which indicate OPSEC vulnerabilities.

REFERENCE/MATERIAL/EQUIPMENT

None

INSTRUCTIONS

I. This progress check consists of three items. You must solve all items correctly toreceive a satisfactory rating.

2. When you have completed the progress check, return it tra your instructor.

3. If you have no questions, start your progress check.

DIRECTIONS

Select three activities that indicate OPSEC vuerabilWes from Column B.

COLUMN A C.A,UMN B

1. e. Prime BEEF exercise

2.

3.

4-1

b. .:Filerational indicators

C. T7pe of water analysiic.

d. Procedural indicators

e. Type of wastewater analysis

f. Communications indicators



3770 Technical Training Group
Civil Engineering Training
Sheppard AFB, Texas

TECHNICAL PUBLICATION

OBJECTIVE

PC J3ABR56631 000-I-5a

Using numerical indexes and requirement tables, locate the title of a manual, a
regulation and a technical order when the numbers are known, with no more than three
instructor assists.

REFERE10E/MATERIAL/EQUIPMENT

TO 0-1-01
AFR 0-2

INSTRUCTIONS

1. This progress check consists of three items. You must solve all items correctly to
receive u satisfactcry rating.

2. You are authorized three instructor's assists.

3. When you have completed the progress check, return it to your _.structor.

4. If you have no questions, start your progress check.

DIRECTIONS

Write the publication titles to match the list of publication numbers listed below.

I. TO 40W4-9-1

2. AFR 91-26

3. AFM 91-32

STOP

Before proceeding any further, have the instructor check your work.

Instructor's Initials

5-1

2tEi



3770 Technical Training Group
Civil Enginec,ring Training
Sheppard AFB, Texas

TECHNICAL PUBLICATIONS

OBJECTIVE

PC J3ABR56631 000-I-5b

Using a manual, a regulation, a technical order and a commercial publication, find
the answer to a given problem with no more than three instructor Essists.

REFERENCE/MATERIAL/EQUIPMENT

TO 40W4-9-1 AFM 91-32
TO 40W4-13-1 AFR 91-26

INSTRUCTIONS

1. This progress check consists of five items. You must solve all items correctly to
receive a satisfactory rating.

2. You are authori7.6e Airee instructor assists.

3. When you have t:ou..ted the progress check, return it to your instructor.

4. If you have c.:e.stions, start your progress check.

DIRECTIONS

Using thz2 available publications in the classroom, locate and write the answers to
the problems listed below. There at least one problem involving the use of each of
the following publications: TO 40V4-9-1, 40W4-13-1, AFM 91-32, and AFR 91-26.

1. If the reverse osmosis pump oncits down by itslf and/or the R.O. pump, low pressure
lamp comes on, what action(s) shOuld tle taken?

2. What may be the probable causes if diatomite filter elements will not take a
precoat?

3. In a wastewater treatment plant using rotating biological contactors, you notice
large areas of white biomass forming on the filter media. What is the likely cause
and what action should be taken to correct this problem?

4. The aoft,ning capacity of a Zeolite bed has been depleted. Locate and list the
possible causes or actions to take to correct this problem.

STOP

Before proceeding any further, have the instructor check your work.

5-2 2 6 4
Instructor's Initials



3770 Technical Training Group
Civil Engineering Training
Sheppard AFB, Texas

TECHNICAL PUBLICATIONS

OBJECTIVE

PC J3ABR56631 000-I-5c

Given information pertaining to a technical order deficiency, select the action
that should be taken to correct the deficiency. Three of the four must be correct.

HEFERENCE/MATER1AL/EQUIPMENT

SW J3ABB56631 000-I-2 thru 10

INSTRUCTIONS

I. This progress check consists of four items. You must solve three items correctly to
receive a satisfactory rating.

2. When you have completed the progress check, return it to your instructor.

3. If you have no questions, start your progress check.

The following information will pertain to reporting and correcting technical
order deficiencies. Circle the correct action to take when a deficiency is found.

1. Select the most correct action which should be taken when a T.O. deficiency
is found.

a. Correct the error using black ink

b. Fill out AFTO Form 22 and report it to your supervisor

c. Report the error to your supervisor and make the correction in black ink.

d. Report te error to your supervisor.

2. When should an Improvement report be subm1tted for action?

3. List the three types of deficiency reports used when submitting AFTO Form 22.

a

b.

C.

t36,



4. What information is entered in the following blocks of AFTO Form 22?

a. Block - 1

b. Block - 2

c. Block - 3

d. Block - 7

e. Block - 8

f. Block - 10

g. Block - 11

h. Block - 12

STOP

Before proceeding any further, have the instructor check your work.

5-4
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3770 Technical Training Group
Civil Engineering Training
Sheppard AFB, Texas

TECHNICAL PUBLICATIONS

OBJECTIVE

PC J3ABR56631 000-I-5d

Using the three parts of a GSA supply catalog and an incomplete list of stock
numbers and nomenclatures, locate and list the missing information with no more than two
instructor assists.

REFERENCE/MATERIAL/EQUIPMENT

SW J3AHR56631 000-1-2 thru 10
GSA Catalog

INSTRUCTIONS

1. This progress check consists of six items. You must solve all items correctly to
receive a satisfactory rating.

2. You are authorized two instructor assists.

3. When you have completed the progress check, return it to your instructor.

4. If you have no questions, start your progress check.

DIRECTIONS

Use a GSA catalog to find the stock numbers and nomenclatures for the following list
of missing information.

1.

2.

STOCK NUMBERS

3. 5120-00-240-5328

UNIT
NOMENCLATURE PRICE

Reversible ratchet 3/8", 10"

Pliers, Needle-Nose, straight with
cutters, 6-1/2"

STOP

Before proceeding any furti-:- , have the instructor check your work.

5-.5
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3770 Technical Training Group
Civil Engineering Training
Sheppard AFB, Texas

SAFETY PROGRAM AND ACCIDENT PREVENTION

OBJECTIVE

PC J3A8R56631 000-I-6a

Given a list of shop and plant safety hazards, write the method of eliminating each
hazard in accordance with Air Force directives with no more than one instructor assist.

REFERENCE/MATERIAL/EQUIPMENT

None

INSTRUCTIONS

1. This progress check consists of items. You must each item correctly to
receive a satisfactory rating.

2. You are authorized one instructor assist.

3. When you have completed the progress check, return it to your insuctor.

4. If you have no questions, start your progress check.

DIRECTIONS

Complete the following questions pertaining to the safety program and accident
prevention. Pse SG AFS 54, 55, and 56, SAFETY, All Courses.

L. What is the general purpose of Air Force Safety Program?

2. What are the three (3) major causes of Eccidents in the Air Force?

STOP

Before proceeding any further, have the instructor check your work.

6-1
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3770 Technical Training Group
Civil Engineering Training
Sheppard AFB, Texas

SAFETY PROGRAM AND ACCIDENT PREVENTION

PC J3ABR56631 000-I-6b

OBJECTIVE

Identify two basic facts about the Air Force Safety and Accident Prevention Program.

REFERENCE/MATERIAL/EQUIPMENT

SG AFS 54, 55, 56, entitled "SAFETY"

INSTRUCTIONS

1. This progress check consists of two items. You must answer each item correctly to
receive a satisfactory rating.

2. When you have completed the progress check, return it to your instructor.

3. If you have no questions, start your progress check.

DIRECTIONS

1. Solve each of the following problems correctly.

Using SG AFS 54, 55, and 56, SAFETY, All Courses, write the method of eliminating
the safety hazards involved in and around a water or wastewater plant by listing the
action(s) to take below.

1. What action(s) should be taken if vapors from fuels, oils and greases are entering
and accumulating in the laboratory?

2. What aetion(s) should be taken when excessive tools are scattered about on the
floor, workstands or any other places?

3. What type of clothing should NOT be worn when working with moving machinery parts?

4. Bow should heavy articles be carried by one person?

5. When mushroom heads develop on cold chisels, pune.hes, hammers and other simiiar
tools, what preventive safety procedures should be taken?

6. List the four essential aspects of behavior when working in a hazardous area.

STOP

Before proceeding any further, have the instructor check your work.

tt
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3770 Technical Training Group
Civil Engineering Training
Sheppard AFB, Texas

CORROSION CONTROL

OBJECTIVE

PC J3ABR56631 000-I-7a

Using information pertaining to corrosion, list the causes and types of corrosion.
Five of eight must be correct.

REFERENCE/MATERIAL/EQUIPMENT

None

INSTRUCTIONS

1. This progress check consists of eight items. You must answer five items correctly
to receive a satisfactory rating.

2. When you have completed the progress check, return it to your instructor.

3. If you have no questions, start your progress check.

DIRECTIONS

Complete the following questions pertaining to corrosion control.

I. What are four elements that cause corrosion?

a.
b.

C.

d.

2. What are the four types of corrosion?

a.
b.

c.

d.

STOP

Before proceeding any further, have the instructor check your work.

7-1
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3770 Technical Training Group
Civil Engineering Training
Sheppard AFB, Texas

CORROSION CONTROL

PC J3A3R56631 000-1-7b

OBJECTIVE

Identify the three methods used to control the corrosion process.

REFERENCE/MATERIAL/EQUIPMENT

SG J3ABR56631 000-1-2 thru 10

INSTRUCTIONS

1. This progress check consists of three items. You must solve each item correctly to
receive a satisfactory rating.

2. When you have completed the progress check, return it to your instructor.

3. If you have no questions, start your progresh check.

DIRECTIONS

1. Solve each of the following problems correctly.

Complete the following questions pertaining to the identification of each corrosion
control process.

1. What step is used in the design of equipment to stop co-rosion?

2. What two methods of cathodic protection are used to protect equipment?

3. What kind of protective coating is used to guard against corrosion?

STOP

Before proceeding any further, have the instructor check your ork.

7-2
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3770 Technical Training Group
Civil Engineering Training
Sheppard AFB, Texas

HAND AND SPECIAL TOOLS

OBJECTIVE

PC J3ABR56631 000-I-8a

Given a list of tasks and a list of tools, select the tool that should be used to
complete each task.

REFERENCE/MATERIAL/EQUIPMENT

None

INSTRUCTIONS

1. This progress check consists of five items. You must answer each item correctly to
receive a satisfactory rating.

2. When you have completed the progress check, return it to your instructor.

3. If you have no questions, start your progress check.

DIRECTIONS

Complete the following question3 which pertain to the identification of handtools
and what tool should be used to perform a specific job.

1. What tool is used to remove a hex head bot?

2. What tool be used to remove a single slot screw?

3. Wh4t tool should be used to remove metal piping?

4. What tool should be used to cut metal wire?

5. What tools should be used to remove a recessed nut?

STOP

Before proceeding any further, have the instructor check your work.

8-1
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3770 Technical Training Group
Civil Engineering Training
Sheppard AFB, Texas

HAND AND SPECIAL TOOLS

OBJECTIVE

PC J3ABR56631 000-I-8b

Given an electric grinder, a checklist and handtools, perform the required
inspection and maintenance on the grinder with no more than one instructor assist.

REFERENCE/MATERIAL/EQUIPMENT

Preprinted Safety Checklist
Assorted Hand Tools

INSTRUCTIONS

1. This progress check consists of physically performing inspection and maintenance
on an electric grinder in accordance with a checklist.

2. You are authorized one instructor assist.

3. You must perform each step in the checklist in order to receive a satisfactory
rating,

DIRECTIONS

Attached is a checklist pertaining to inspection of the electric grinder. You must
perform all actions on the checklist as your instructor grades you in the performance of
each step.

1. Check fur lose wiring.

2. He sure that the grinder is properly secured to the floor, by four bolts.

3. Check the condition of the grinding wheel.

4. Adjust the safety guards to cover the spindle end.

5. Fill the temping bowl with water.

6. Adjust the work rest to support the tool.

7. Use a wire brush and clean grinding wheels.

S. Wear a safety shield and gloves, start electric grinder.

9. Allow one minute tor wheel to run at full speed, check for vibrations.

IO. Shut off grinder and unplug.

8-2 270



3770 Technical Training Group
Civil Engineering Training
Sheppard AFB, Texas

OBJECTIVE

PC J3A8R56631 000-I-9x

0:2t7iATION AND MAINTENANCE OF WATER AND WASTE-
WATER TREATMENT SUPPORT EQUIPMENT

Given four control devices, identify, inspect, and state the function and operation
of each.

REFERENCE/MATERIAL/EQUIPMENT

SW J3A13R56631 000-1-2 thru 10
Pneumatic Control Device
Hydraulic Control Device

INSTRUCTIONS

Mechanical Control Device
Blectrical Control Device
Assorted Hand Tools

1. This progress check will consist of inspecting and disassembling (if required)
various control devices. You must determine the function and operation of each
device with no instructor assistance.

2. When you have completed the progress check, return it to your instructor.

3. If you have no questions, begin your progress check.

DIRECTIONS

You will be given four (4) control device numbers 1, 2, 3, and 4. You must inspect
these devices and state the function and operation of each.

CONTROL DEVICE NUMBER

1.

2.

3.

4.

STOP

FUNCTION OPERATION

Before proceeding any further, have the instructor check your work.

9-1
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3770 Technical Training Group
Civil Engineering Training
Sheppard AFB, Texas

OBJECTIVE

PC J3A8R56631 000-I-9b

Identify the purpose, Nwrating features and operator maintenance requirements forair compressors. Three of the five must be correct.

REFERENCE/MATERIAL/EQUIPMENT

None

INSTRUCTIONS

I. This progress check consists of five items. You must answer three items correctly
to receive a satisfactory rating.

2. When you have completed the progress check, return it to your instructor.

3. If you have no questions, start your progress check.

DIRECTIONS

Answer the following questions concerning air compressors.

I. What is the purpose of an air compressor?

2. Which component prevents the air storage tank from rupturing?

3. What two purposes do the air filters on air ccipressors lerve?

4. Why must condensate be drained from air comp.essors daily?

5. In addition to draining condensate daily, what other operator maintenan"1 must beperformed on air compressomi? (name two items)

STOP

Before proceeding any further, have the instructor check your work.

9-2
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3770 Technical Training Group
Civil Engineering Training
Sheppard AFB, Texas

OBJECTIVE

PC J3ABR56631 000-I-9c

OPERATION AND MAINTENANCE OF WATER AND WASTE-
WATER TREATMENT SUPPORT EQUIPMENT

Using AFR 1-26, list the purposes, typc-,! and inspection procedures for waterstorage tanks.

REFERENCE/MATERIAL/EQUIPMENT

AFR 91-26

INSTRUCTIONS

1. This progress check consists of fifteen items. You must answer each item correctlyto receive a satisfactory rating.

2. When you have completed the prcgress check, return it to your instructor.

3. If you have no questionb, start your progress check.

DIRECTIONS

Using AFR 91-26, complete the following items pertaining to water storage tanks.
1. Whet are the three purposes of water storage tanks?

a.

b.

C.

2. What are the three types of storage tanks?

b.

3. List three inspection procedi as ft. each type of storage tank listed in question#2.

a.

b.

1.

2.

3.

1.

2.

3.

9-3
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C.

1.

2.

3.

STOP

Before proceeding any further, have the instructor check your work.

9-4
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Iechnical Training Group
Civil Engineering Training
Sheppard AFB, Texas

OBJECTIVE

PC J3ABR56631

OPERATION AND MAINTE-ANCE OF WATER AND WAtiTE-
WATER TREATMENT SUPPORT EQUIPMENT

Given a set of incomplete statements about various valves, make written responsesto identify each valve. Seven of the ten must be correct.

REFERENCE/MATERIAL/EQUIPMENT

None

IUSTRUCTIONS

1. This progress check consists of items. You must answer seven correctly te
receive a satisfactory rating.

2. When po t? have completed the progress check, return it to your instructor.

3. If you have no questions, start your progress check.

DIRECTIONS

Complete the following questions by making written responses to the incompletestatements pertaining to the identification of valves.

1. A valve is used for services requiring infrequent operation.

2. A valve is used for services requiring frequent operation.

3. A

direction.

4. A valve is used for services requiring sludge operations.

A disc thmt opens by water pressure and closes by gravity is used in a

valve is used when there is a need to control the flow in only ene

6. Two variations of the gate valve are

7. A valve is used tl regulate flow.

8. A valve opens and closes with 1/4 of a turn.

9. A lift check valve ^an only be installed in a line.

10. The three general types of valve bonnets are

and

9-5
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3770 Technical Training Group
Civil Engineering Training
Sheppard AIM, Texas

OBJECTIVE

PC J3ABR56631 000-I-9e

OPERATION AND MAINTENANCE OF WATER AND WASTE-
WATER SUPPORT EQUIPMENT

Given a check valve, disasemble, inspect, and reassemble the valve with no more thanone instructor assist.

REFERENCR/MATERTAL/EQU,IM8NT

Assorted Hand Tools

INSTRUCTIONS

I. This progress check consists of a performance item. You must accomplish each stepcorrectly to receive a satisfactory rating.

2. Your instructor will grade you on step by step p:ocedures.

3. If you have no questions, start your p. gress check.

DIRECTIONS

Follow the checklist below pertaining to the disassembly, inspection and reassemblyof a check valve. The check valve will be furnished to you by the instructor. Useproper tools and be safety conscious of damaging valve parts.

CHECKLIST

Check Valve

Disassemble

1. Remove valve cover.

2. Loosen and remove hinge pin.

3. Remove the c/Roper assembly.

Inspection

4. Inspect clapper, clapper arm, cotter pin, threads and nut.

5. Inspect seat face and clapper ring for pitting, scale or scars to insure properseating.

Reassemble

6. Place clapper assembly into valve case.

NOTE: Insure correc placement of clapper; note direction.

7. Insert hinge pin into valve casing and through the clapper

8. Hand tighten hinge pin.

9. Install cover and hand tighten.

STOP

Before proceeding any further, have the instructor check your work.

'27:1
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3770 Technical Training Group
Civil Engineering Training
Sheppard AFB, Texas

OBJECTIVE

PC J3ABR56631 000-I-9f

OPERATION AND MAINTENANCE OF WATER AND WASTE-
WATER SUPPORT EQUIPMENT

Using a gate valve on the pump trainer, remove and replace the valve packing toprevent water leakage with a maximum of two instructor assists.

REFERENCE/MATERIAL/EQUIPMENT

SW J3A0R56631 000-1-2 thru 10
Packing, Valve, Assorted Hand Tools

INSTRUCTIONS

1. This progress check cormists of a performance item. You must perform each itemcorrectly to receive a satisfactory rating.

2. Your instructor will grade you on step by step procedures.

3. YoL are authorized one instructor assist.

3. If you have no questions, start your progress check.

DIRECTIONS

1. Solve each of the following problems correctly.

Follow the checklist below pertaining to the removal and replacement of the packingaround the stem of a gate valve. Follow the instructions given by the instructor anduse the correct tools for cutting the packing and working on the valve. Be safetyconscious when using sharp and pointed tools. Go to the pump trainer at the rear of theclassroom and select one of two valves on the trainer to repack.

CHECKLIST

Repacking a Gate or Globe Valve

Disassemble

16 Open valve fulA

2. Remove wheel lo ,

3. Remove hand wheel.

4. Remove packing nut.

5. Remove packing gland.

6. Remove all packing threads from stuffing box.

Inspection

7. Insure all packing is removed and stu7fing box is clean and free of fersignmatter.

8. Check valve stem and threads for excolseive wear.

9. Check stuffing box and casing for cracks.



Replace packing

10. Fit packng around stem and cut to proper length. Cut packing on an angle soit will overlap.

11. While replacing the packing, stagger the packing around the valve stemaccording to the dia&ram.

Reassemble

12. Install packing gland.

13. Install packing nut and hand tighten.

14. Place hand wheel on valve stem.

15. Place wheel lock nut on valve stem and tighten lightly with wrench.

16. Close valve approximately half way.

17. Turn on main water valve.

18. Tighten packing nut until water stops lea; :.ng.

19. Close va1 fully.

STOP

Before proceeding any further have the instructor check your answers and to confirmproper operation of the gat.r.1 valve.

9-8
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3770 Technical Training Group
Civil Engineering Training
Sheppard AFB, Texas

OBJECTIVE

PC J3ABR56631 000-I-9g

OPERATION AND MI',Y:-AnA WATER AND WASTE-
1,17140MT UNIT

Using AFR 91-26 and information perta0V,E, tQ elect:rift moti,rs and power connectors,list the operational mainten4nce requirerw motors and connectors.

REFERENCE/MATERIAL/EQUIPMENT

SW J3A61166631 000-1-2 thru 10
AFR 91-26

INSTRUCTIONS

1. This progress check consists of sixteen items. You must complete each item
correctly to receive a satisfactory rating.

2. When you have completed the progress check, return it to your instructor.

3. If you have no questions, start your progress check.

DIRMCT1ONS

List the operational checks and maintenance requirements for motors and powerconnectors. You may use AFq 91-26.

Piece of Equipment Operational Checks Maintenance
1. Motors a. a.

b. b.

c. ".

2. Belt drives a. a.

n. b.

3. Chain drives a. a.

b.

4. Couplings a. a.

S



3770 Technical Training Group
Civil Engineering Training
Sheppard AFB, Texas

OBJECTPT

PC J3ABR56631 000-X-9h

OPFRATION AND MAINTENANCE OF WATER AND WASTE-
WATER SUPPORT EQUIPMENT

Given informatinr pertaining to chemical feeders, identify the three types of
chemical feeders 1* ,:ompleting written statements.

REFERENCE/MATERIAL/EQUIPMENT

None

INSTRUCTIONS

I. This progress check consists of three items. You must solve each item correctly toreceive a satisfactory rating.

2. When you have completed the progress check, return it to your instructor.

3. If you hti.ve no questions, start your progress check.

DIRECTIONS

1.

Column
twice

Solve each of the following problems correctly.

Identify the three types of chemical feeders by completing the statements in
A. Choose your answers from Column B. Words in Column B may be used once,or not at all.

COLUMN A COLUMN B

1. A chemical feeder displaces Solution
a definite weight of present volume of chemical.

2. A cheidical feeder injects a Volute
chemical solution into the water supply.

3. A chemical feeder may be las
either vacuum or direct feed.

Dry



3770 Technical Training Group
Civil Engineering Training
Sheppard APB, Texas

OBJECTIVE

PC J3ABR56631 000-I-9i

OPERATION AND MAINTENANCE OF WATER AND WASTE-
WATER SUPPORT EQUIPMENT

REFERENCE/MATERIAL/EQUIPMENT

Assorted Hand Tools
Dry Chemical Feeder
Gas Feeder
Solution Feeder

INSTRUCTIONS

1. This progress check consists o! parts. You must correctly perform all itemswith a maximum of five instruc,_ l::Lsts to receive a satisfactory rating.

2. When you have completed the prog --,, check, return it to your instructor.

3. If you have no questions, start your progress check.

DIRECTIONS

PROGRESS CHECK I-91 (1)

INSTRUCTIONS

Student's Name

Follow the checklist below pertaining to the disassembly, inspection and reassembly
of a chemical solution feeder. The feeder is located on the pump trainer at the rear ofthe c..assroom. Use the proper tools and be safety conscious; assistance will be givenby the instructor.

CHECKLIST

Chemical Solution Feeder

DIFIASSEMBLE UNIT

1. Remove suction and discharge tubing
2. Remove poppet valves
3. Remove four (4) screws and pump head
4. Remove flexible diaphragm
5. Remove rubber boot

INSPECT COMPONENTS

6. Inspe.t for cracks and tears on rubber boots and flexible diaphragm.
7. Inspec for cracks on plastic pump head.
8. Check the 0-ring for worn areas and cracks.
9. Insure chemical passage channels are clear.

10. Insure poppet valves are free from scale or chemical buildup - insure valves
seat properly.

11. Check to insure chemical feeder lines are unobstructed.

9-11
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REASSEMBLE UNIT

12. Before installing feeder parts, turn Itt,:gder control knob to #10 feed rate.13. Install rubber boot on pump shank.
14. Install rubber diaphragm.
15. Install plastic pump head with four ) screws.
16. Install suction and discharge tubing and poppet valves.
17. Prime ths chemical feeder.
18. Operate the chemical feeder and pump a liquid through no feedt-19. Adjust control knob to #6 feed rate.

STOP

At this time have the instructor confirm prowr operation of the chemical feeder andthat you have completed this objective.

9-12
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PROGRESS CHECK I-91 (2)

Instructions

Student's Name

Follow the checklist below pertaining to the disassembly, inspection and reassembly
of a dry chemical feeder.

Disassemble Unit

Inspect Components

Reassemble Unit

Checklist

ftlf Chemical Feeder

STOP

At this time have the instructor confirm proper operation of the chemical feeder and
*4.tt you have completed this objective.

Turn feeder off; clean area, store tools.

9-13
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'TIONS

.,Ilow the checkL.e below pertaining to the disassembly, inspection and reassemblyof a gas r:hemical feeder.

CHLORINE TRAINER PROCEDURES CHECKLIST

Chlorine Gas Room

1. Smell for chlorine gas odor.
2. Visually check feed controller.
3. Cneck safety chains.
4. Cylinder weight is

Exchange chlorine cylinder

lbs.

1. Secure scale.
2. Close main chlorine cylinder valve.
3. Wait until gas dissipates within feed etc)...troller.4. Disconnect plastic feed and 'gilt linee to chlorinator.

*5. Disconnect chlorinator loci, ---ew,
6. Remove chlorinator unit.
7. Install valve cap.
8. Install cylinder cap.
9. Unfasten safety chain.

*10. Remove empty cylinder from scale, set aside.
*11. Place full cylinder on scale.
12. Check cylinder valve position.
13- Secure safety chain.
14. Remove safety chain.
15. Insure that main cylinder valve is closed.
16. Remove valve cap and gasket.

Attach 011orinator to chlorine cylinder

1. Remove old gasket from chlorinator and replace
2. Clean stem and orifice area of chlorinator.
3. Mount chlorinator and secure locknut and bolt.

*4. Secure two (2) plastiè feed and vent lines to
5. Open chlorine cylinder valve.
8. Set switch on chlorinator from "no gas"
7. Check sight glass on feed controLiw to

indicating feed rate.
8. Check for chloiine leaks.
9, Adjust feed control,
10. Tag chlorine cylinder.
11. Weight of full cylinder is

it with new fasket.

chlorinator.

to "operate".
insure small black

lbs.

ball is .-...Jrational,

STOP

Before proceeding any further, have ,7 - instructor chock your work.

Instructor's Initials
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3770 Technical Training Group
Civil Engineering Training
Sheppard AFB, Texas

OBJECTIVE

PC J3ABR56631 000-1-9j

OPERATION AND MAINTENANCE OF WATER AND WASTE-
WATER SUPPORT EQUIPMENT

Given information pertaining to different types of measuring devices, write the
function and application of each and record a meter reading. Five of seven must be
correct.

REFERENCE/MATERIAL/EQUIPMENT

SG J3ABR56631 000-1 thru 10

INSTRUCTIONS

1. This progress check consists of seven items. You must correctly answer five items
to receive a satisfactory rating.

2. When you have comnleted the progress cheek, return it to your instructor.

3. If you have no questions, start your progress check.

DIRECTIONS

List the various water meter and measuring devices and state the operating function
of each device. State the purpose or application of each unit. Go to the pump trainer
at the rear of the classroom and record your water meter readings.

TYPES OF MEASURING DEVICES

I. Positive disp"acement

2. Curient Velocity (turbine)

3. Compound

4. Venturi

5. Orifice Meter

6. Parshall Flume

7. Reading taken from meter

a4U

APPLICATION FUNCTION



3770 Technical Training Group
Civil Engineering Training
Sheppard AFB, Texas

OBJECTIVE

PC J3ABR56631 000-I-9k

OPERATION AND MAINTENANCE OP WATER AND WASTE-
WATER SUPPORT EQUIPMENT

Given a water meter, disassemble, inspect and reassemble the meter using a checklist
or manufacturer's brochure with no more than one instructor assist.

REFERENCE/MATERIAL/EQUIPMENT

Manufacturer's Brochure, Water Meter, Assorted Hand Tools, Checklist

INSTRUCTIONS

1. This progress check consists of a performance item. You must correctly perform all
items to receive a satisfactory rating.

2. You are authorized one instructor assist.

3. When you have completed the progress check, return it to your instructor.

4. II you have no questions, start your progress check.

DIRECTIONS

Follow the checklist below pertaining to the disassembly, inspection and reassembly
of a water meter. The meter and manufacturer's brochure will be furnished to you by the
instructor. Use the proper tools and be conscious of all small, delicate meter parts.
Practice tool safety.

CHECKLIST

Water Meter

Disassemble Unit

1. Loosen seal screw on register assembly.

2. Remove six housing bolts.

3. Remove housing.

4. Remove plastic retainers strap -- CAUTION: DO NOT use excessive pulling
force, plastic strap will tear!

5. Remove meter chamber unit and plastic screen.

6. Disaisemble meter chamber CAUTION: Small, delicate Lifts require eare
when disassembling.

a. Separate chamber halfs -

I DO NOT DISASSEMBLE TOP HALF.

2 DISASSEMBLE BOTTOM HALF - ONLY.

b. Remove nutating disc -- CAUTION: Small parts.

c. Remove thrust roller and insert.

9-16
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Inspection

1. Check for worn, cracked or swollen disc.

2. Check for cracked or broken meter parts.

3. Check for scale and algae - remove if necessary.

4. Inspect plastic screen, clean if required.

5. Insure inlet and outlet passage ways are clean of scale and clear of foreign
matter.

6. Check rubber seal and gasket for wear and cracks.

7. Check meter bolts for corrosion and stripped threads - replace if necessary.

8. Insure dial recorder is operational; DO NOT disassemble dial unit.

Reassemble Unit

1. Place thrust roller and thrust insert into respective coAponents.

2. Insert nutating disc into bottom half of meter chamber, aligning the thrust
roller with the thrust insert.

3. Place the top disc chamber onto the bottom disc 4hImber aligning the two (2)
chamber guides - insure the outlet ports are matched tovther, side-by-sida.

4. Holding entire chamber together, check for freedom of disc movement by turning
the drive mechanism (magnet).

5. Install O'ring gasket on meter woe.

6. Install plastic screen on inlet side of meter case.

7. Insert disc chamber into bottom of meter case, using the guide post for proper
alignment.

8. Insert plastic chamber retaining strap CAUTION: DO NOT use excessive
force, plastic will tear!

9. Place meter housing top on housing base, aligning arrow with inlet side of
meter.

10. Insert six (6) bolts and washers.

11. Hand tighten meter bolts. DO NOT USE A WRENCH FOR TIGHTENING BOLTS!

12. Place meter dial and register on meter case.

13. Hand tighten seal screw.

STOP

At this time have the instructor confirm proper operation of the meter and that you
have completed this performance objective.

9-17
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3770 Technical Training Group
Civil Engineering Training
Sheppard APB, Texas

OBJECTIVE

PC J3ABR56631 000-1-91

OPERATION AND MAINTENANCE OF WATER AND WASTE-
WATER SUPPORT EQUIPMENT

Monitor the operation of selecte backflow preventers and list the four methoods of
backflow prevention with no more than one instructor assist.

REFERENCE/MATERIAL/EQUIPMENT

3 Backflow Preventer Devices
Assorted Hand Tools

INSTRUCTIONS

1. This progress cheek consists of two parte. Part I requires performance while Part
II is a written exam. All items must be performed satisfactorily and all written
responses must be correct.

2. You are authorized a total of one instructor assist on the entire combined progress
check.

3. When you have completed the progress check, return it to your instructor.

DIRECTIONS

PART I. Your instructor will provide you with the location of three permanently
installed, operating backflow preventors. Monitor the operation.

LOCATION

1. Room 30, Bldg 1921

a. Operate flow valve in chemical mixing tank.

b. Lift float rapidly to stop the flow of water.

c. Monitor backflow device to determine if backpressure is vented.

2. Outside lawn sprinkler
(between fence and storage
shed, west side, plumbing
area)

a. Open main controlling valve to activate sprinkler system.

b. Monitor operation to determine if poppet is operating.

3. Room 46, Bldg 1921

a. Monitor to determine if backflow preventer is in operation.

b. Determine flow direction.

PART II. List the four types of backflow preventers.

2.

3.

4.

9-18
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3770 Technical Training Group
Civil Engineering Training
Sheppard APB, Texas

OBJECTIV3

PC J3ABR56631 000-I-9m

OPERATION AND MAINTENANCE OF WATER AND WASTE-
WATER SUPPORT EQUIPMENT

Given four types of backflow preventer malfunctions, select the maintenance required
to correct the malfunction. Three of four must be correct.

REFERENCE/MATERIAL/EQUIPMENT

None

INSTRUCTIONS

1. This progress check consists of four items. You must correctly answer three items
to receive a satisfactory rating.

2. When you have completel the progress check, returd it to your instructor.

3. If you have no questions, start your progress check.

DIRECTIONS

Below are listed four backflow preventor malfunctions and a corresponding list of
maintenance actions required on these devices. Match the applicable maintenance action
with the backflow preventor requiring that type of maintenance. Each maintenance action
may be used once, more than once or not at all.

1. The spring loaded check valve
failed to close during testing.

2. The distance from the delivery
line to the receiving line looks
questionable on an air gap back-
flow preventor.

3. The relief valve between the
check valves on an RP device
leaks.

4. The poppet on an atmospheric
vacuum breaker has become stuck
due to continuous pressure.

a. Insure separation between pot-
able and non-potable water is
2 times the pipe diameter.

b. Replace with a preseure
vacuum breaker.

c. Remove and clean the diaphragm.

d. Replace springs.

e. Replace the poppet.

292
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3770 Technical Training Group
Civil Engineering Training
Sheppard AFB, Texas

OBJECTIVE

PC J3ABR58831 000-I-9n

OPERATION AND MAINTENANCE OF WATER AND WASTE-
WATER SUPPORT EQUIPMENT

Using AFR 91-26, list three operational services which are common to standby
engines.

REFERENCE/MATERIAL/EQUIPMENT

AFR 91-26

INSTRUCTIONS

1. This progress check consists of three items. You must correctly answer all items
to receive a satisfactory rating.

2. You may use AFR 91-26.

3. When you have completed the progress check, return it to your instructor.

4. If you have no questions, start your progress check.

DIRECTIONS

Below are three (3) phases of the operation of a standby engine, list three services
essential in each operation. Use AFR 91-26 to aid you.

1. preoperation Service

2. During operation

3. Post-operation



3770 Technical Training Group
Civil Engineering Training
Sheppard AFB, Texas

OBJECTIVE

PC J3ABR58831 000-1-90

OPERATION AND MAINTENANCE OF WATER AND WASTE-
WATER SUPPORT EQUIPMENT

Given a list of pump types and a list of pump characteristics, match the pump type
to its characteristic. Three of the five answers must be correct.

REFERENCE/MATERIAL/EQUIPMENT

None

INSTRUCTIONS

1. This progress check consists of five items. You must correctly answer three items
to receive a satisfactory rating.

2. When you have completed the progress check, return it to your instructor.

3. If you have no questions, start your progress check.

DIRECTIONS

Match the pump to it's characteristic. Match
column by entering the letter in space in front of

Pump Type

the
the

letter column to the numbered
number.

Characteristic

1. Centrifugal a. No moving parts in the water

2. Rotary b. Separates the liquid from the
moving parts

3. Piston c. May be single or double acting

4. Air Lift d. Used for priming larger pumps

5. Diaphragm e. Disc with vanes curved backward
from the direction of rotation

9-21
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3770 Technical Training Group
Civil Engineering Training
Sheppard AFB, Texas

OBJECTIVE

PC J3ABR56831 000-I-9p

OPERATION AND MAINTENANCE OF WATER AND WASTE-
WATER SUPPORT EQUIPMENT

Using the sewage lift station trainer and working as a team, monitor/operate the
trainer in accordance with standard operating procedures with no more than two
instructor assists.

REFERENCE/MATERIAL/EQUIPMENT

None

INSTRUCTIONS

1. This progress check consists of a performance item. You must correctly perform each
step to receive a satisfactory rating.

2. You will be a member in a team oi three.

3. When you have completed the progress check, return it to your itistructor.

4. You are authorized one instructor assist.

5. If you have no questions, start your progress check.

INSTRUCTION

Follow the checklist for the operation o sewage lift trainer. The instructor will
take you to the trainer. You will operate this trainer as a member of a team consisting
of no more than three.

CHECKLIST

1. Safety

a. Remove all jewelry.
b. Good housekeeping.
c. Disconnect power before filling.

2. Prepare for operation

a. Close valves 1 and 2
b. Remove filler plug 3
c. Fill holding tank
d. Move motor switches to automatic
e. Turn main breaker to off
f. Open valve 1
g. Move main breaker to on

3. Monitor the operation

a. Check motor during operation for overheating
b. Check control devices
c. Check for leaks
d. Check alarm
e. Take pressure gauge reading
f. Alternate pumps
g. Check packing leakage

9-22 295



4. Perform normal shutdown

a. Turn breakers to off
b. Drain all equipment

5. Perform emergency shutdown

a. Move main breaker to off
b. Disconenct main power cable
C. Drain all equipment
d. Notify the proper personnel

9-23
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3770 Technical Training Group
Civil Engineering Training
Sheppard AFB, Texas

OBJECTIVE

PC J3A13R56631 000-I-9q

OPERATION AND MAINTENANCE OF WATER AND WASTE-
WATER SUPPORT EQUIPMENT

Using the sewage lift station trainer and working ad a team, perform operatorinspection and maintenance on the trainer in accordance with checklist, with no morethan two instructor asaists.

REFERENCE/MATERIAL/EQUIPMENT

Checklist/PC J3ABRE56631 000-1 thru 10
Assorted Hand Tools

INSTRUCTIONS

1. This progress check consists of a performance item. You must correctly perform allitems to receive a satisfactory rating.

2. You will be authorized two instructor assists.

3. When you have completed the progress check, return it to your instructor.
4. If you have no questions, start your progress check.

DIRECTIONS

Follow the checklist for maintaining the sewage lift trainer. The instructorwill take you to the trainer. You will maintain this trainer as a member of a team notto exceed four students.

CHECKLIST

I. Safety

a. Remove all jewelry
b. Turn off power

2. Preoperation inspection

a. Inspect electrical wiring
b. Inspect control devices
c. Inspect coupling
d. Loose bolts
e. Check all valves
f. Inspect electrical control panel
g. Inspect for corrosion
h. Check grease fittings
I. Checa all nomenclatures

3. Maintenance

a. Lubricate according to manufacturer's manual
b. Replace packing
d. Unplug impeller

9
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3770 Technical Training Group
Civil Engineering Training
Sheppard APB, Texas

OBJECTIVE

PC JaABH1)6631 000-1 Or

OPERATION AND MAINTENANCE OF WATER AND WASTE-
WATER SUPPORT EQUIPMENT

During a field trip to the base water and wastewater facilities, use a checklist tomonitor and inspect the support equipment. Student's checklist must correspond to 60%of instructors evaluation of the facility.

REFERENCE/MATERIAL/EQUIPMENT

Study Guide J3ABR56631 000-I-1 thru 10

INSTRUCTIONS

1. This progress check consists of twenty items concerning the monitoring andinspection of Water/Wastewater support equipment which is permanently installed inthe Base facilities. Your instructor will select particular components for you tomonitor and/or inspect. You will note your comments in the "Condition Noted" and"Action" column. Your instructor will be noting his comments also. Your completedprogress check must correspond to 60% of the instructors evaluation on the selecteditem.

2. You may refer to your notes and SG J3ABR56631 000-I-1 thru 10.

3. If you have no questions, begin your progress check.

DIRECTIONS

During the field trip to the base water and wastewater facilities,

Attaciled are two equipment listings, one pertains to the water facility while theother pertains to the wastewater facility. Insure you are using the correct checklistas your instructor assigns the particular component you are to monitor/inspect.

9-25
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PROGRESS CHECK I-9r

INSTRUCTION
Student's Name

During the field trip to the base water and wastewater facilities, note the equip-ment listed on the checklist. Inspect for any deficiencies and write the recommendedactions to take to correct each deficiency. Provided is an equipment checklist for eachplant facility. Both checklists must be completed prior to beginning the next criterionobjective. C.O. 9h(3), STS: 11b(3) (a) chemical feeders, gas continued.

CHECKLIST

Water Pumping Facility

Equipment Listing
Condition Noted Actions

1. Pumps -

2. Valves -

3. Chemical Feeders -

4. Measuring Devices -

5. Control Devices -

6, Standby Engines -

7. Electric Motors -

8. Tanks -

9. Drive Devices -

10. Safety Precautions -

9-26
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CHECKLIST

Wastewater Treatment Facility

Equipment Listing
Condition Noted Actions

1. Pumps -

2. Valves -

3. Chemical Feeders -

4. Measuring Device -

5. Control Devices -

6. Standby Engines -

7. Electric Motors -

8. Tanks -

9. Drive Devices -

10. Safety Precautions -

STOP

Before proceeding any further, have the instructor check your work.

2
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3770 Technical Training Group
Civil Engineering Training
Sheppard Air Force Base, Texas

PUMP AND EQUIPMENT MAINTENANCE

OBJECTIVE

PC J3ABR56631 000-I-10a

Given a centrifugal pump and working as a team, disassemble, inspect and reassemblethe pump with no more than two instructor assists.

REFERENCE/MATERIAL/EQUIPMENT

SW J3ABR56631 thru 10
Assorted Handtools
Pump Packing
Gasket Material

INSTRUCTIONS

1. This progress check consists of a performance item. You must follow the step bystep procedures in this progress check in order to obtain a satisfactory rating.
2. You are authorized two instructor assists in the performance of this progress check.
3. Anytime there is danger to either you, other students, or the equipment, yourinstructor will stop your performance. This constitutes an instructor assist.
4. When you have completed this progress check, report to your instructor.

5. If there are no questions, start your progress check.

DIRECTIONS

Following is the SOP for the disassembly and reassembly of pumps. Follow theinstructions given by the instructor and use the correct tools for disassembly andreassembly of the pump. Use proper safety procedures while working on pump. Go tothe pump given to you by the instructor.

PUMP MAINTENANCE

SOP

Disassembly

1. Remove packing gland bolts
2. Remove packing gland
3. Remove packing and lanter ring from stuffing box

NOn: Remove lanter ring with a piece of wire

4. Remove volute housing
5. Remove impeller bolt with washer, then impeller
6. Remove key way
7. Remove stuffing box housing off the shaft
8. Remove shaft sleeve, lanter ring, and deflector
9. Remove bearing cover

10. Remove shaft from pump housing

NOTE: Use plastic mallet, tap lightly on impeller end until shaft comes out.

Inspection

1. Inspect all parts of pump for wear and tear
2. Clean all parts of pump

lo-1 3 01



Reassembly

1 Place O'ring on shaft with shaft sleeve
2. Install a...aft into pump housing
3. Install deflector and lanter ring on shaft
4. Place stuffing box housing on shaft and bolts into place
5. Install the bearing cover on and bolts
6. Install impeller on end of shaft with bolt and washer7. Install volute housing around impeller with gaskets, bolt to main body8. Let your instructor check pump before installing pump to electric motor9. After pump is installed on pump base with electric mator, and couplingis aligned up, continue on

10. Install packing into stuffing box, cutting it the proper size11. Two pieces of packing into stuffing box first
12. Place lanter ring into stuffing box
13. Place more packing into stuffing box
14. Place packing gland with nuts and bolts
15. Rotate shaft to detect binding

STOP

Before proceeding any further have the instructor check your pump for correctreassembly and operation according to the checklist and prior instructions.

3
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3770 Technical Training Group
Civil Engineering Training
Sheppard AFB, Texas

PUMP AND EQUIPMENT MAINTENANCE

OBJECTIVE

PC J3ABR56631 000-I-10b

Using the water (pump) trainer and working as a team, remove, dissassemble, inspectreassemble and install the pump to its operating condition with no more than twoinstructor assists.

REFERENCE/MATERIAL/EQUIPMENT

SW J3ABR56831 G00-I-1 thru 10
Assorter Handtools
Pump Packing
Gasket Material

INSTRUCTIONS

1. This progress check consists of a performance item. You must follow the step bystep procedures in this progress check in order to obtain a satisfactory rating.
2. You are authorized two instructor assists in the performance of this progress check.
3. Anytime there is danger to either you, other students or the equipment, yourinstructor will stop your performance. This constitutes an instructor assist.
4. When you have completed this progress check, report to your instructor.
5. If you have no questions, begin your progress check.

DIRECTIONS

Following is the SOP for removal of a pump from the trainer, disassembly,inspection, reassembly and installing pump on the trainer. Follow the instruc-tions given by the instructor, and use the correct tools with safety procedureswhile working on pump. Go to the back of room to the pump trainer given to youby your instructor.

REMOVAL OF PUMP FROM TRAINER

Use the below procedures for disassembling a centrigual pump.

NOTE: Remove jewelry before beginning this exercise.

1. Remove the pressure gauge and store under the trainer.

2. Remove the coupling cover.

3. Loosen the one set screw on the coupling on pump side only.

4. Break loose both the suction and discharge unions.

5. Remove both the suction and discharge unions - use the wrenches provided, metalslivers hurt!

6. Remove the four pump hold down bolts, making sure you hold on to pump. The pump istop heavy.

7. Pull the pump forward and off stand, leave the key on t!'s shaft of the electricmotor.

8. Take the pump to the drain on the floor, tip suction end forward and drain, ifnecessary.

9. Take the pump over to the worktable.

10-3
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PUMP MAINTENANCE

SOP

Disassembly

1, Remove packing gland bolts
2. Remove packing gland
3. Remove packing and lanter ring from stuffing box

NOTE: Remove /anter ring with a piece of wire

4.
5.

6.
7.
8.
9.

10.

Remove
Remove
Remove
Remove
Remove
Remove
Remove

volute housing
impeller bolt with washer,
key way
stuffing box housing
shaft sleeve, lanter
bearing cover
shaft from pump housing

then impeller

off the shaft
ring, and deflector

NOTE: Use plastic mallet, tap lightly on impeller end

Inspection

1. Inspect all parts of pump for wear and tear
2. Clean all parts of pump

Reassembly

until shaft comes out.

1. Place O'ring on shaft with shaft sleeve
2. Install shaft into pump housing
3. Install deflector and lanter ring on shaft
4. Place stuffing box housing on shaft and bolt into place
5. Install the bearing cover and bolts
6. Install impeller on end of shaft with bolt aud washer
7. Install volute housing around impeller with gaskets, bolt to main body8. Let your instructor check pump before installing pump to electric motor
9. After pump is installed on pump base with electric motor, and coupling

is aligned, continue on
10. Install packing into stuffing boxo cutting it to the proper size
11. Two pieces of packing into stuffing box first
12. Place lanter ring into stuffing box
13. Place more packing into stuffing box
14. Place packing gland with nuts and bolts
15. Rotate shaft to detect binding



INSTALL PUMP ON TRAINER

Use the below procedures to install a eentrifugal pump.

I. Put coupling on pump shaft with key inserted.

2. Connect coupling but do not align it or tighten set screw.

3. Put pump hold down bolts on finger tight.

4. Connect both suction and discharge elbows and line them up with their correctpipes, do not connect unions at this time.

5. Align coupling using a straight edge (it will be checked when you are ready).
6. This step requires two people. One person connects and tightens union,the other person will keep the straight edge on the coupling to recheckthe alignment.

7. Tighten the set screw on the coupling.

S. Install the coupling guard.

9. Install the pressure gage.

10. Open suction valve slightly and close discharge valve and prime the pump usingthe top petcock on the pump.

11. After priming - open the suction valve all the way.

12. Turn on the power.

13. Open the discharge valve slowly about 5 or 6 slow turns and watch the pressuregauge for cavitation (lost pressure).

14. If pressure is steady, open the valve all the way. If not, reprime the pump.
15. Grease the two fittings on tha pump - about 5 squirts, wipe fitting before andafter greasing.

16. Adjust packing nut for proper leakage.

17. Keep pump running until you are told to shut it down.

STOP

At this time have the instructor confirm proper operation of the pimp and that youhave completed this objective.

Instructor's initials
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3770 Technical Training Group
(Civil Engineering Training)
Sheppard AFR, Texas

OBJECTIVES

Solve problems in addition
numbcrs.

Solve problems in addition

Solve problems in addition

RELATED MATHEMATICS

, subtraction, multiplication and

, subtraction, multiplication and

, subtraction, multiplication and

Given the formulas, dimensions, and a geometric figure of
circle, compute the area of each.

Given
cylinder,

the formulas, dimensions, and a geometric figure of
compute the volume of each.

SW J3ABR56631 000-II-1

division of whole

division of decimals.

division of fractions.

a square, rectangle and

a square, rectangle and

Given problems pertaining to a typical water supply system, and a maximum of three
instructor assists, follow the correct procedures to complete each problem.

Given the temperature conversion formulas, convert temperatures between the metric
and English systems.

INTRODUCTION

Many parts of your job as an Environmental Support Specialist require the use
of math. The purpose of this section is to review some math skills you have now,
and develop some new skills which you will need on the job.

WHOLE NUMBERS

Whole numbers are any of the natural numbers, the negatives of these numbers, or
zero. Tfie numbers -6, 12, 0 are all examples of whole numbers. If you c.re a little
rusty on addition, subtraction, multiplication and division of whole numbers, you
should do some extra practice.

Exercise II-1-a

Instructions: Solve the following problems

67856.
22851 2,498
444238- - 1 539

+ 9/156

1059
X 218

PROGRESS CHECK

You should be ready for the progress check. If you
of the previous instruction, do so. The progress check
publication and controlled by the ipstructor. You must
instructor supervision and complete it prior to leaving

1-1
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23 12,558

feel you need to review some
is prepared as a separate
do the progress check under
for the day.



DECIMALS

A decimal is a fraction which has a denominator that is a power of 10 (10, 100,
1000, etc.), and is written by using a decimal point (period). That is, two tenths
(2/10) is written .2, and sixty-two hundreths (62/100) is written .62. These areread the same as common fractions, that is .6 is six tenths, and .47 is forty-sevenhundredths. See Figure 1. Working with decimals is usually easier than working with
fractions, but certain rules must be followed.

3,256,734 029455
Millionsj I_Millionths
1,000,000 1/1,000,000

or .000001

Hundred
Thousands

100,000

Ten
Thousands

10,000

Thousands 1,000

Hundreds 100

Tens 10

Units 1

Hundred
Thousandths
1/100,000
or .00001

Ten Thousandths
1/10,000 or .0001

Thousandths
1/1,000 or .001

Hundredths
1/100 or .01

Tenths 1/10 or .1

Decimal Point

FIGURE 1

When we add or suotract decimals the decimal points must be "lined up."
For example:

42.6 16.05
+ 8.43 - 10.6
51.03 5.45

We add or subtract the numbers in the normal way. We start from the right and
borrow or carry as needed, but the decimal point acts as our reference point. Thefirst digit to the right of the decimal point in one number is combined with thefirst digit to the right of the decimal point in the other number and so on. If nodigit is written in a position we may assume that digit to be zero. 42.6 is assumed
to be 42.60, and 10.6 is assumed to be 10.60. Notice that 42.60 is the same as 42.6.
You may add as many zeros as you like to the right of the last digit to the right ofthe decimal point without changing the value of the number.

When multiplyirz numbers which contain decimal points, the answer must have as
many digits to thc right of the decimal point as there were digits to the right of
the decimal point in both of the original numbers. For example if .02 and .5 were
multiplied the answer should have the three digits bo the right of the decimal point.The answer is .010. The last zero ean be dropped without changing the number, that
is .01 is the same as .010. This rule is used in these problems:

2.61 10.2 8.34
X .43 X 5 X 7.5

7 83 51.0 4170
1044 5838

-171-517 62.550

1-2

3



To divide numbers which contain decimal points you must move the decimal point of
the divisor (what you are dividing by) to the right of all the digits which are not

zero. For example in 2.54 the decimal point must be moved to the right of the 4 (254.),
In 2.10 the decimal point must be moved to the right of the 1 (21.0). If we move the
decimal point to the right in the divisor only, we will not get the same answer to the

problem. To correct for this, the decimal point is moved in the other number (dividend:

as well. The decimal point must be moved the syme distance and direction in both divi-
sor and dividend. Look at the problem 2.10 4 2.54. The symbol is read "divided

by." So 2.54 is the divisor and 2.10 the dividend. The decimal point must be moved to
the right two digits too make the divisor 254.. So the decimal point must be moved two
places to the right in the dividend as well. The problem we now read as 210. 4 254..
This problem has the same answer as the problem we started with.

Perhaps you have noticed that 254 is larger than 210. This means that 254 goes
into 210 less than once. It also means that we will need to add zeros to the right of
the decimal point in 210. to make our calculations. The decimal point in the answer
goes directly above the decimal point in the dividend, after it has been moved.

.8267
254./210.0000

2032
680
508
1720
1524
1960
1778
182

In the problem we have just done we could have continued to add zeros to 210. and
continued to get more digits in our answer but this is not a practical way to spend a

lifetime. So if we want to stop and round off our answer to the thousandths position
(.827) the 6 is changed to a 7 because the next digit to the right (the first one we
dropped) was larger than five. If the first dropped digit is smaller than five, no
changes are made in the digits which remain. If the first dropped digit is a five the
digit to its left is increased only if it is an odd digit. So, .25 is rounded to .2,
and .35 is rounded to .4. When we multiplied 2.61 by .43 our answer was 1.1223, this
can be rounded off to 1.22. The accuracy of the equipment used to obtain the original
number determines where the answer should be rounded off.

In some cases you may need to convert a decimal to a common fraction. You can
do this by recalling what a decimal is. Three tenths may be written .3 or 3/10.
Twenty-five hundredths, .25, may be written 25/100 and reduced to 1/4.

Exercise II-1-b

Instructions: Solve these decimal problems using either addition, subtraction,
multiplication or division.

45.56 + 31.87 + 13.89 + .16

38.34 + 8.347 + .2984 + 1.2

387.09 - 283.51 =

0.0073
X 5.4

548.9 - 1.384 =

7.85
X6.66

.58 / 259. 2.5 / .625

PROGRESS CHECK

You should be ready fol., the progress check. If you feel you need to review some
of the previous instruction, do so. The progress check is prepared as a separate
publication and controlled by the instructor. You must do the progress check under
instructor supervision and complete it prior to leaving for the day.
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COMMON FRACTIONS

A fraction is a ratio of two whole numbers (2/3, 1/2, 3/4). A fraction can be
thought of as showing a part of a whole. The number on the bottom of the fraction.
(the denominator) shows how many equal parts the whole is divided into, and the top
number (the numerator) shows how many of these parts we are talking about. A frac-
tion can also be thought of as a division problem; 2/3 is the same as 2+3.. In this
case the numerator is 2 and the denominator is 3.

We will use three types of fractions: proper, improper and mixed. In a proper
fraction the numeraor (number on the top) is less than the denominator. Proper
fractions are always less than oae. Some examples are 1/2, 2/5 and 3/10. Improper
fractions may be written as a whole number or a whole number and proper fraction.
5/2 is the same as 2 1/2 and 10/3 is the same as 3 1/3. These are called mixed
numbers. 2/1 is the same as 2 which is not a mixed number. So we cannot say all
improper fractions may be written as mixed numbers.

You must be able b3 change improper fractions to mixed numbers, and mixed numbers
to improper fractions. To change an improper fraction to a mixed number, divide the
numerator by the denominator. The answer to this division is the whole number. The
remainder is the numerator of the fractional part. The denominator stays the same.
To change 7/5 V3 a mixed number divide 7 by 5. You get 1 with a remainder of 2. So
7/5 is the same as 1 2/5. To change a mixed number to an improper fraction, multiply
the denominator by the whole number, then add the result to the numerator of the.frac-
tion. This gives you the numerator of the improper fraction. The denominator stays
the same. To change 2 1/6 to an improper fraction multiply 2 times 6 to get 12. Then
add 1 to get 13. So 2 1/6 is the same as 13/6.

To add or subtract fractions they must first have the same (a common) denominator.
After the fractions are written with common denominators the numerators can be added
or subtracted. For example 1/3 + 1/3 = 2/3 and 5/7 - 1/7 = 4/7. To change fractions
like 1/3 and 1/2 with common denominators, you must use the fact that the numerator
and denominator of a fraction may be multiplied or divided by the syme number. For
example 2/3 is the same as 4/6 or 6/9. If the numerator and denominator of 1/3 are
both multiplied by 2, 2/6 is obtained. If we use three as a multiplier 1/2 becomes
3/6. So 1/3 + 1/2 is the same as 2/6 + 3/6. Now all we do is add 2 and 3, and the
answer is 5/6. You will save yourself work by using the lowest common denominator you
can find. That is to add 1/4 and 1/6, use 12, not 24 or 36, as a common denominator.
Like this:

1 1 3 2 5
4 + 6 = 12 + 12 = 12

To multiply fractions, the numerators are multipliec to find the numerator of the
answer. The denominators are multiplied to find the denominator of the answer.

For example: 2 4 8
3 x 5 = 15

To divide fractions we change the division problem into a multiplication problwn
by taking the reciprocal of the divisor. The reciprocal of a fraction is found by
switching the numerator and denominator. Every number other than zero has a reciprocal.
Whole numbers or mixed numbers must first be written as improper fractions, then their
numerators and denominators are interchanged. The reciprocal of 2/3 is 3/2. The
reciprocal of 6 is 1/6, aad the reciprocal of 2 1/2 0/2) is 2/5. Multiplying by the
reciprocal has exactly the opposite effect of multiplying by the original number,
Multiplying by the reciprocal has the same effect as dividing. This fact is used to
divide fractions. We change 2/3 * 2 U3 2/3 x 1/2 which equals '-d/0 or 1/3. Notice we
did two offsetting things: (1) we changed from division to multiplication, and (2) we
used the reciprocal of 2 which is 1/2.
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To convert common fractions to decimals you do the division indicated by the
fraction. 3/8 means 3 divided by 8 so:

.375
8 /3.000

2 4
60
56
40

shows 3/8 = .375.

Remember we said a fraction is a division problem.

Exercise II-1-c

Instructions: Solve the following fraction problems using either addition, subtraction,
multiplication or division.

PART I

1. 3/4 + 1/2 = 6. 1/2 - 1/3 =

2. 8/15 + 3/5 = 7. 3/4 - 2/3 =

3. 1/64 + 3/8 = 8. 2 7/8 - 1 1/6 =

4. 1/6 + 2/9 = 9. 28 1/2 - 19 1/4 =

5. 3/7 + 1/21 = 10. 1 1/4 - 3/4 =

1. 1/3 X 2/3 =

2. 1 5/6 X 13

3. 10 1/2 X 3 1/3 =

4. 7/12 X 3/5 =

5. 9 1/2 X 3 2/5 =

PART II

6, 3/8 2/3 =

7. 5/8 5/16 =

8. 9 3/4 =

9. 2 2/3 3

10. 3/4 3/20 =

PROGRESS CHECK

You should be ready for the progress check. If you
of the previous instruction, do so. The progress check
publication and controlled by the instructor. You must
instructor supervision and complete it prior to leaving

COMPUTING AREA

feel you need to review some
is prepared as a separate
do the progress check under
for the day.

In the environmental support career field you will need to find the volume and
surface area of tanks. Lets talk about surface area first.

Area is usually measured in square units, such as square feet or square inches.
A square foot is a square which measures 1 foot on all sides.

If a tank has a surface area of 500 square feet, that means 500 one foot by one foot
squares would cover it exactly. Area is a measure of how many square units it will take
to cover an object, or surface area.

To find the area of a square or a rectangle multiply its length by its width. In
the case of a square, the length and width are the same number. Because of this,
mRltiplying a number by itself is called squaring the number. Four "squared" ,s written
44 and is equal to 16, or the area of a 4 by 4 square. If the squarR is 3 feet by 3
feet, the area is 34 or 9 square feet. This is usually written 9 ft4.
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How do you find the area of a rectangle that is 2 feet long
Is it 36 footinRhes? The problem is that we don't measure area
square feet (ft4) or square inches (in4). So both length nod win the same units. To do this we can substitute "12 in" for "f
becomes 2 (12 in) or 24 in and the area is 24 x 18 or 432 in2.
the same problem is to substitute "1/12 ft" for "in". So 18 in
or 3/2 ft (18/1 x 1/12 30 18/12 or 3/2). The problem is now:
2/1 ft x 3/2 ft 0, 6/2 ft2 or 3 ft2.

The formula for the area ofasquare isAsxsor e2.
and s is the length of the side as shown in figure 2.

016.111

FIGURE 2
Square Area

and 18 inches wide?
in footinches. We use

idth must be measured
t". So 2 ft
Another way to work
becomes 18 (1/12 ft)

Where A is the area

The formula for the area of a rectangle is: A 1 x w. A is the area, 1 is thelength and w is the width as shown in figure 3.

t. ;

FIGURE 3
Rectangular Area
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There are three measurements of a circle we must be familiar with before we can
calculate the area of a circle. They are the aircumference, the diameter and the
radius. The circumference is the distance around the circle (figure 4). The diam-
eter is the distance across the circle going through the center. The radius is the
distance from the center to the circle itself. The radius is half of the diameter.
If you measure the circumference and the diameter of a circle, you find that the
circumference is about 3.14159 tiOs the diameter. This number, 3.14159, is called

, (pronounced pie). We use because we can always/Write another digit and
get closer to the exact number, but we can never write iyexactly as a decimal. We
use 3.14 for most of our problems.

gFER
$'

FIGURE 4
Circle

To find the area of a circle use the formula A = 1 r2. A is the area and r is
the radius of the circle.

What is the area of a 50 ft circle? First find the radius. If the diameter is
50 ft then the radius must be 25 ft. Now square the radius (25 ft x 25 ft = 625 ft2).
Then multiply by (3.14 x 625 ft2 = 1961.5 ft2).

Exercise II-1-d

Instructions: Using appropriate formulas and given the dimensions, correctly determine
the area of given geometric figures.

1. Write the formula used to find area of a square.

2. What kind of unit is used to express area?

a. Find the area of the following squares:

1. s = 10" 4.

2. s = 49" 5.

3. s = 36" 6.

1-7
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b. Find the area of the following rectangles:

1. 1 = 10", w = 3"

2. 1 = 43", w = 6"

3. 1 = 68', w = 45'

4. 1 = 8", w = 2'

5. 1 = 12', w = 14'

6. 1 = 6', w = 36"

c. Find the area of the following circles:

1. r = 27" 4.

2. r = 62" 5.

3. r = 129' 6.

r = 14"

d = 14"

d = 9'

d. Find the area of the following geometric figures:

1. 1 = 60', w = 49' 6.

2. d = 156' 7.

3. s = 24' 8.

4. s = 159" 9.

5. r = 35" 10.

PROGRESS CHECK

You should be ready for the progress check. If you
of the previous instruction, do so. The progress check
publication and controlled by the instructor. You must
instructor supervision and complete it prior to leaving

COMPUTING VOLUME

s = 92"

1 = 411 , w = 2"

d = 29'

s = 47"

r = 2.9"

feel you need to review some
is prepared as a separate
do the progress check under
for the day.

To find the volume of a cube, figure 5, or a rectangular container, figure 6,
multiply the length by the width to get the area of the bottom. Then multiply by
the height, or third dimension. If all the sides are in feet, then the volume has
units of cubic feet, written ft3.

Formula:
V =sxsxsor s3
V = volume
s = side (cu. units)

Cube

Is-- -.I
Gme-I«

FIGURE 5
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Formula:

V =1XwXh
V = volume (cu. units)
1 = length
w = width
h = height

Rectangular Container

FIGURE 6

To find the volume of a cylinder, figure 7, you first find the area of the bottom,
use A = t R2 (circle). Then multiply the total area by the height (H) of the cylin-
der, or the third dimension. If all measurements are in feet, the answer will be cubic
feet (ft3).

Fofmula:

V = 17 r2h
V = volume
ir = 3.14 (pie)
R = radius
2 =rXr
h = height

Cylinder

FIGURE 7

1-9
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Exercise II-1-e

Instructions: Using appropriate formulas and given dimensions, correctly determine the
volume of given geometric figures.

1. Write the formula used to find the volume of a cylinder.

2. What kind of unit is used to express volume?

3. Write the formula used to find the volume of a straight sided swimming
pool.

4. Find the volume of the following cubes:

a. s = 10"

b. s = 49"

c. s = 36'

d. s = 124'

5. Find

c. 1

d. 1

e. s = 6"

f. s = 9.9'

g. s = 12.2'

h. s = 1"

the volume of the following rectangles

= 10", w = 3", h = 4" e. I =

= 43', w = 6", h = 26' f. 1 =

= 68', w = 45', h = 54' g. 1 =

= 108", w = 64', h = 86' h. 1 =

2", w = 62", h = 2'

3", w = 8", h = 14"

8", w = 4", h = 6'

14", w = 81", h = 27"



6. Find the volume of the following cylinders:

a. d = 144", h = 50' e. r = 2', h = 24"

b. r = 12', h = 100' f. d = 16", h = 12"

c. d = 12, h = 8' g. r = 8', h = 6'

d. r = 30', h = 50' h. r = 16", h = 2"

7. Find the volume of the following geometric figures:

a. s = 156' f.

b. d m 118", h = 75" g.

c. r = 242', h = 10' h.

d. 1 = 9", w = 6", h = 8" s = 2.22"

1 =

d =

s =

4',

4',

114'

w - 2',

h = 22"

h = 100'

e. s = 359' j. r 44', h = 24"

PROGRESS CHECK

You should be ready for the progress check. If you feel you need to review some
of the previous instruction, do so. The progress check is prepared as a separate
publication and controlled by the instructor. You must do the progress check under
instructor supervision and complete it prior to leaving for the day.
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WATER SYSTEM PROBLEMS

Now that we have reviewed some basic mata, we can apply it to actual operating
concepts. In order to do this, it is necessary to know a few formulas that are
fundamental to our career field.

Pressure (psi)

A water supply system cannot be operated without putting water under pressure.
Pressure is due to force beinc, applied mechanically as with a pump, or due to the weight
of the liquid. Pressure is defined as the force acting on 4 certain area or force per
unit area. The pressure in a water works systems is usually stated in pounds per square
inck: (psi).

Pressure is not affected by the shape of the container or the volume of water, but
by the depth of the water measured vertically. Stated as a formula:

psi = feet of water x .43

For example, what is the water pressure at the bottom of a storage tank holding 170 feet
of water? We substitute 170 feet into the above formula to get - psi = 170 feet x .43 =
73.1 psi.

Sometimes we may use the reciprocal of the formula to find the number 3f feet of
water when we know the pressure it exerts. This formula is used when taking pressure
gauge readings to determine how much water is in a well or enclosed tank. The formula
is:

Feet of water = psi x 2.31

For example, if the pressure gauge at ground level reads 93 psi, how high is the water
level in the storage tank? Substituting 93 p8i into the formula, we get Feet = 93 x
2.31 = 214.8 feet.

Pumping Rates

Pumping rates give information about the volume of water that ciLn be pumped over a
period of time. Rates are commonly expressed as gallons per minute (gpm), gallons per
hour or millions of gallons per day (MGD).

Pumping rates can be used to estimate how much watk.r can be pumped in a specific
period of time by using the formula:

Pumping rate time = gallons of water

For example, how many gallons can be pumped in 3 hours by a .)ump with a pumping rate of
20 gpm? To work this problem the periods of time must be in the same units: therefore,
3 hours must be changed to minutes. After substituting in the above formula, we get 20
gpm x 180 min = 3,600 gallons.

The same concept can be used to find out how long it will take a pump to fill a
container of a specific volume. In this case the formula used is:

Gallons

Pumping rate = time

For example, how long will it take a 15 gpm pump to fill a 10,000 gallon tank?
Substituting into the above formula, we get

10,000 gallons
15 gpm

1-12
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Since it is not easy to know how long 667 minutes is, we can change the answer to
hours by dividing by 60 min/hour.

667 min 60 min/hr = 11 hours, 7 min

Volume of Water in a Given Container

You may need to know how much water a tank can hold in gallons. First you need to
calculate the volume of the container in cubic feet. Knowing this information, it is
easy to change cubic feet to gallons using the following fofmnla:

Cubic feet x 7.5 ga1/ft3 = gallons

For example, hcw many gallons of water are in a tank 20 feet long by 10 feet wide by 10
feet deep? First we have to determine the volume of the tank by multiplying the length
by the width and the height. The volume of the tank is 20 ft x 10 ft x 103ft = 2,000
ft3. Substituting this in the formula above, we get 2,000 ft3 x 7.5 gal/ft3 =
14,960 gallons.

In the case of a swimming pool with an uneven bottom such as pictured below, a
slight change must be made in the calculation of the volume of the pool. In this case
an average depth may be found by adding the depth at the shallow end to the depth at the
deep end and dividing by 2.

L

CMS- 111111

Suppose this pool is 60 feet long by 25 feet wide. It is four feet deep in the
shallow end and 12 feet deep at the deep end. How many gallons of water does it
contain? First, find an average depth by adding the two depths and dividing the sum by
2. 4 + 12 8 ft average depth. The volume of the pool can now be calculated by

2

multiplying the length ty width by average depth. 60 ft x 25 ft x § ft = 12,000 Xt3.
Now mulAply 12,000 ft a by 7.5 to change it to gallons. 12,000 fta x 7.5 gal/ft°
= 90,000 gallons in this swimming pool.

Veight of a Specific Volume of Water

A gallon of water weighs 8.34 pounds. Knowing this will let you estimate how much a
specific volume of water weighs. Therefore, using the formula:

gallons x 8.34 lbs/gal = weight

we can calculate the weight of 1 million gallons of water. Substituting 1,000,000
gallons into the above formula, ye find 1,000,000 x 8.34 = 8,340,000 poundR.

Chemical Computations

Two terms are commonly used to express the concentration of chemicals in water or
wastewater. One term is "parts per million" (ppm). A concentration of 1 ppm chlorine
means there is one pound of chlorine in one million pounds of water. The other term
commonly used is milligrams per liter (mg/L). A concentration of one mg/L of chlorine
means that there is one milligram of chlorine in one liter of water. The use of mg/L
and ppm for practically the same thing is confusing. Generally the mg/L term is used
for chemical analysis results to show the concentration of substances in the water, and
ppm is used for chemical addition to water at the plant. In our operation 1 ppm is the
same as 1 mg/L.

1-13
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This information is used in calculating the amount of chemicals required to treat a
specific amount of water to a particular dosage. The formula used is:

lbs of chemical = ppm x 8.34 x MG

In this formula, the ppm is the dosage or concentration of the chemical that is to be
added 0 the water. MG is the amount of water expressed in terms of millions of
gallons.

For example, how many pounds of chemical are required 0 treat 500,000 gallons of
water to a concentration of 3.0 ppm? Substitlting into the above formula we get
lbs of chemical = 3.0 ppm x 8.34 x .5 MG. (E4nce we do not have a million gallons of
water, we ean find out what part of a million gallons we have by dividing our number of
gallons by 1,000,000.) Working this out we find that we need 12.51 lbs of chemical to
treat our Water.

In many cases the chemicals we buy from the suppliers are not 100% pure. If this is
so, we would have to incrDase the amount of chemical added to give us the same amount of
usable chemical. The above formula ean be changed to take this into account. In the
case of using chemicals less than 100% pure, the formula becomes:

ppm x 8.34 x MG
lbs of impure chem.cal =

7. purity (decimal value)

Exercise II-lf

Solve these mathematical problems pertaining to a typical water supply system.

1. A swimming pool measures 75 ft by 50 ft and is 4 ft deep at one end and 12 ft deep
at the other end.

a. How large (what volume) is the pool?

b. How many gallons of water will this pool hold?

c. If a pump delivers 60 gpm to this pool, how long will it take to fill it up
in minutes? In hour and minutes?

2, How long would it take a 120 gpm pump to fill a pool 50 ft long, 20 ft wide and an
average depth of 7 ft?

3. A water storage tank 60 ft high with a 30 ft diameter will hold how many gallons
of water?

4. Assuming the tank in #3 is full, what would be the psi at the bottom of the tank?

5. You are told to disinfect a tank of water which holds 500,000 gallons of water.
In stock there is some dry powder chlorine that is 65% pure. How many pounds of
this chlorine will it take to treat the water 0 a 5.0 mg/L concentration?

PROGRESS CHECK

You should be ready for the progress check. If you
of the previous instruction, do so. The prugress check
publication and controlled by the instructor. You must
instructor supervision and complete it prior to leaving

feel you need to review some
is prepared as a separate
do the progress check under
for the day.

Temperature Conversion

Temperature is usually measured on either of two scales, Fahrenheit (°F) or
Celcius (°C). You are probably more familiar with the Fatrenheit scale on which water
freezes at 32°F and boils at 212°F. Most of the world uses the Celsius scale on which
water freezes at 0°C and boils at 100°C. From freezing to boiling is 180 Fahrenheit
degrees and 100 Celsius degrees. So in terms of change of temperature, 180°F = 100°C

Which means 180°F/100°C = 1

1-14
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Reducing we get 9°F/5°C =1, so 5°C/9°F = 1 too.

Because these ratios are equal to one they can be used to change from one scale
to the other. If the temperature has risen by 10°C then 9°F/5°C x 10°C = 18°F, the
temperature has risen by 18°F. To change from one scale to the other we must also
adjust for the fact that freezing is zero on ene scale and thirty-two on the other.

To change 20°C to Fahrenheit think of it as 20 Celsius degrees above freezing.
Multiply by 9°F/5°C to get 36 Fahrenheit degrees above freezing or 68°F. So the formula
is F = 9/5C t 32. Where F is the Fahrenheit temperature and C is the Celcius
temperature.

To change from Fahrenheit to Celsius first find out how far from freezing the
temperature is. For example 98.6°F is 66.6 Fahrenheit degrees above freezing which is:
5°C/9°F (66.6°F) = 37°C since zero is freezing no further adjustment is needed. So the
formula is: C = 5/9 (F-321 where C is the Celsius temperature F is the Fahrenheit
temperatur and the parenthesis means to subtract 32 before multiplying.

Exercise 11-1-2

1. Write both formulas for converting the temperature scale.

2. Change the following C° temperatures to Fa and F° to C°.

a.

b.

c.

d.

C° = 10°

C° = 26°

C° = 18°

C° = 100°

e.

f.

g.

h.

F° = 68°

F° = 20°

F° = 100°

F° = 212°

PROGRESS CHECK

You should be ready for the progress cheek. If you
of the previous instruction, do so. The progress check
publicatica and coltrolled by the instructor. You must
instructor supervision and complete it prior to leaving

SUMMARY

feel you need to review some
is prepared as a separate
do the progress check under
for the day.

In this study guide, we have discussed some of the common mathematical problems and
formulas used in water treatment. We discussed the basic procedures on how to solve
decimal and fractional problems. We learted how to find area and volume of a container,
how to convert volume to gallons, and how to use pumping rate to find the time it takes
to fill a container. We learned how to use psi to find depth of water in a tank and how
to convert temperature scales.
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3770 Technical Training Grr,'-..p SW J3A13H56631 000-11-2
Sheppard AFB, .exas

PRINCIPLES OF PHYSICS

OBJECTIVE

Using information and a list of eight incomplete statements concerning physics,
complete the statements. Five of the eight statements must be correct.

INTRODUCTION

The fundamental concepts of physics are essential for you to thoroughly understand
and perform in the environmental support field. Following are the fundamentals of
physics which will contribute greatly to your understanding of the water and wastewater
treatment processes.

* Principles of Physics * Matter

* Energy * Structure of Matter

INFORMATION

PRINCIPLES OF PHrSICS

Physics is a science that deals with matter and energy. Physics deals with
physical changes in matter and changes caused by the application of energy. P. physical
change is a change in the form or state of a substance in which no new substance is
formed. An example of a ph?sical change is the freezing of water to form ice.

Energy

Energy is defined as the capacity W do work. It ma7 appear in many forms. Some
forms of energy you may be fmmiliar with are heat, light, sound, mechanical energy,
electrical energy, and chemical energy. Energy can be changed from one form to another.
For example the energy stored in fuel can be released during burning to produce heat, a
different form of energy. The erergy produced by falling water can be used to drive a
generator and produce electricity, another form of energy.

Two general classifications of energy often studied are potential energy and
kinetic energy. Potential energy is due to the position or composition of something;
kinetic energy is due to its motion or change. A compressed spring has potential energy
due to its position which is changrd tc kinetic energy when it is released.

Matter

Matter is defined as anything that occupies space and has mass or weight.
Experience has shown that under ordinary circumetaeces, matter cannot be created nor
destroyed. It can however, be changed from one tom Z4) another.

Matter may exist in three different physical states or forms: solid, liquid, or
gas. Solids are rigid and have a definite volume and shape. Liquids flow and assume
the shape of the container they are in, but they do keep a definite volume. Gases on
the other hand have neither a definite volume nor shape. Gases will diffuse and "fill"
any container in which they are placed.

It is possible to change matter from one form be another by changing the condition
under which it is stored. One way to change matter from one form to another is to
change the temperature. Water is easily changed from its solid form (ice) to its lioid
form to its gaseous form (vapor) by changing the temperature of its surroundings. This
is true of all matter. Another way to change the form of matter is to change the
pressure it is under. If we increase the pressure on chlorine gas in a container, it
will liquify. If we increased the pressure sven more, it would begin be change into the
solid form.
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Structure of Matter

ATOMS: All matter is made up of basic units called atoms. An atom is the smallest
part of an elemqnt that can show the properties of the element. An atom of any element,
if we could obtain just one atom, would look, feel, smell and act like i larger number

of atoms of the element. Atoms are complex systems composed of smaller particles.
Three of these are of interest to us: protons, neutrons and electrons.

PROTONS. Protons are positively charged particles in the nucleus of an atom. The

number of protons in the nucleus determines which element we have.

NEUTRONS. Neutrons are neutral or uncharged partilles tn the nucleus of an atom.
They may vary in number in atoms of the same element.

ELECTRONS. Electrons are negatively charged particles in orbit around the Lucleus.
These electrons move according to definite patterns sometimes called shells. Since all
elements are observed to be electrically neutral, then there must be the same number of

electrons as there are protots.

MOLECULES. Two or more atoms which are chemically combined form a molecule. The

atoms may be of the same element or different elements. The elements hydrogen, oxygen,
nitrogen, fluorine, chlorine, bromine and iodiae consist c/ diatomic molecules (two
atoms per molecule). If the atoms are of different elements, they form what is called a
compound which we will discuss in greater detail in the following unit. Regardless of
whether the molecule is of an element or a compound, the molecule is the smallest part
of a substance which has all the properties and characteristics of that substance.

SUBSTANCES. Substances have two major classes of properties: physical and
chemical. Physical pi-operties describe a substance as it is. We use physical
properties to tell one substan.ze from another, for example: density, color, odor,
boiling point and solubility. Chemical properties are those which tell how the
substance reacts in the presence of other substances, for example: reaction with water,
rusting in air, decompoaition by electicity. These are actually chemical changes which
produce new products.

SUMMARY

Physics is an essential part of understanding the processes of water and wastewater

treatment. The principles of physics covered in this chapter will aid you greatly in

your success in the environmental support field.

Exerc:se 11-2-a

Instructioas: Complete the following statements.

PART I

1. Physics is the science dealing witb

2. Snergy is defined as

3. Some forms of energy are

4. The three forms of matter are

5. Tae smallest part oZ an element is called

6. The sub-atomic particle with a negative charge is

7. The sub-atomic particle which determines the identity of the element is

8. Two or more atoms which are chemically combined form

9. Why is a shadow not considered matter?

10. Color is considered a property.

2-2
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PART II

Instructioner After accomplishing the basic physics and matter training manual,
2PTP-5120-03, complete the following exercise. Identify the states of matter by
writing "G" for gas, "8" for solid, and "L" for liquid in the spaces provided
between each set of diagrams, showing the transfer of states of matter from one
container to the other. The lined area represents the space occupied by matter.

a.

0.

CONTAINER HO. I

(I)

Li

OCINTAIPER Wt.!1

PROGRESS CHECK

a,

1

101

You should be ready for the progress check. If you
of the previous :nstruction, do so. The progress check
publication and controlled by the instructor. You must
instructor supervision and complete it prior to leaving

2-3
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3770 Technical Training Group SG J3ABR56631 000-11-3
Sheppard AFB, Texas

PRINCIPLES OF CHEMISTRY

OBJECTIVE

Given a list of twenty chemical terms, elements, radicals and
match them with their definitions and/or symbols. Sixteen of the
correct.

Given
compounds
salt. At

a list of fifteen chemical compounds and their formulas,
with their formulas and indicate whether the compound is
least twelve of the fifteen must be correct.

other related terms,
twenty terms must be

match the chemical
an acid, base, or

Given a list of ten compounds, write formulas describing each compound.
the ten formults must be correct.

Seven of

Given five sets of reactants, write balanced chemical equations. Three of the
five must be correct.

INTRODUCTION

To fully and effectively treat and test water and wastewater involves the use of
chemicals, reagents, and laboratory equipment. You do not have to be a chemist to be
able to test or treat water and wastewater, but an understanding of basic chemistry is
useful. The study of chemistry raises many different and challenging ideas.

INFORMATION

Chemistry is the branch of science which
matter and with the changes which that matter
chemistry in this course to those areas which
Information in this unit will be presented on

* Chemical terminology
* Solutions
* Acids, bases and salts
* Balancing formulas
* Balancing equations

Chemical Terminology

deals with the composition of all forms of
can undergo. We will limit our study of
pertain to water and wastewater treatment.
the followtng subjects:

TERMS

Certain commonly used terms are part of the language of chemistry. A basic
vocabulary must be built in order to understand some of the fundamental ideas in the
field of chemistry.

CHEMISTRY. Chemistry can be defined as the study of the composition, structure, and
properties of matter, and the changes which it undergoes. Matter is anything that has
weight or mass, and occupies space. Matter is made up of either pure substances or
mixtures of pure substances. Most of our discussion will be directed toward the study
of the pure substances.

MATTER. Matter can be generally divided into two large groups, organic matter or
inorganic matter. Organic matter was once defined as anything that is living or has
lived at one time. A more up to date definition would be any substance which has the
element carbon as part of its composition. The elements hydrogen and oxyger are
combined with carbon in most organic substances. Examples of organic matter are oil,
coal, sugars, methane gas, and proteins.

3-1
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Inorganic matter is the opposite of organic matter in Mat it has never lived and
does not contain the element carbon. bike most rulez, this rule has exceptions. Carbon
monoxide (CO), carbon dioxide (CO2), carbonate (CO2) compounds, and bicarbonate
(HCO2) compounds conta:Ln carbon and yet are considered inorganic.

ELEMENTS. We briefly touched on the subject of elements in the previous unit of
this study guide. Now we will go into more detail. An element is the simplest form of
matter. It cannot be formed from simpler substances nor can it be decomposed into
simpler substances. Some elements exist free in nature. Others are found only combined
with other elements. Either way, elements are the things which make up every kind of
matter in the world.

Periodic Table of the Elements. The Periodic Table is a systematic arrangement of
the elements used by scientists around the world. It gives useful facts at a glance
&bent every element known to man. Information about each element can be found in the
box which has both its name and symbol. A symbol is a letter or combination of two
letters which represents thy name of the element. It is a type of chemical shorthand or
abbreviation. The elements are listed in order of increasing atomic number. The atomic
number tells bow many protons are in the nucleus of an atom of that element. The atomic
weight is a way of comparing the weight of one atom of an element with one atom of
another element. You can tell whether an element is usually liquid, gas or solid by
looking at the color of the symbol. You can also predict whether it is a metal,
metalloid, or non-metal by looking at its position on the table.

COMPOUNDS. Most matter occurs as compounds or mixtures of compounds. A compound is
a slbstance composed of two or more elements which are chemically combined. When a
chemical combination takes place, the elements that are combining lose their properties
and the compound formed will have a whole new set of properties that identify it. For
example the element sodium is a soft silvery-white metal that can be ignited by the
moisture on your skin. The element chlorine is a greenish-yellow gas that is deadly to
breathe. These two elements combine to form a new substance, a compound known as "table
saltTM, that has no resemblence to the elements that make it.

The chemical shorthand for the name of a compound is known as a formula. It is made
up of the symbols of all the elements that are a part of the compound. Small numbers
called subscripts show how many atoms of each element are combined in one molecule of
that compound. A molecule is the smallest part of a compound which can still exhibit
all the properties of the compound.

Compounds are named according to several methods. Binary compounds consist of two
elements. The name of the compound consists of the names of the two elements, with the
second name having its ending changed to -ide, such as NaC1 = sodium chloride; AgC1 =
silver chloride. An old method of naming compounds made from certain metals is to add
=ic or -ous to the Latin name; of the metals. FeC12 = ferrous chloride; FeC13
ferric chloride. There are also many common names that are in use for chemicals that
are used in water systems. Lime is Ca(OH)2 = calcium hydroxide. Caustic is NaOH =
sodium hydroxide. The common names are frequently used in the field in place of the
chrical names. Therefore it will help you to know them also.

BONDING. Bonds are the forces which hold the atoms together to form molecules.
Without bonding we would not have any compounds. There are two types of bonds:
electrovalent (ionic) and covalent.

As we have mentioned before, electrons are in orbit in "shells" around the nucleus
of the atom. Each shell has a maximum number of electrons it can hold. When the
outermost shell is filled with electrons (never more than eight), the atom is in its
most stable form. Atoms which do not have filled shells will gain, lose or share
electrons with other atoms in order to get a filled outer shell. The electrons which
are involved in this gain, loss or sharing are called valence electrons. The valence or
oxidation state is defined as the relative combining capacity of an element and shows
how many electrons are involved in the bonding.

Covalent Bonding. If the electroni are shared between atoms, a covalent bond Is
formed. The simplest example of covalent bonding is found in the molecule of hydrogen
gas. The hydrogen atom has one electron only. Since this is unstable, if no other
element is available for hydrogen atoms to react with, two hydrogen atoms will combine
with each other to form a hydrogen molecule. The two hydroger atoms share their
electrons between them forming a covalent bond.

3-2
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Electrovalent Bonding. Electrovalent bonding is a chemical combination of two or
more elements in which a transfer of one or more electrons occurs. This type of bonding
is also called ionic bonding. Consider for a minute the structure of an atom of sodium.
It has eight electrons in its next outermost shell and one electron in its outermost
shell. If the lone electron could be removed from the sodium atom, the remaining
electron shells would be filled, leaving sodium in a more stable form. Removing an
electron would cause the sodium atom to have one extra positive charge. We call a
charged particle of this type an ion.

Next consider an atom of the element chlorine. It has seven electrons in its
outermost shell. The gain of one more electron would give it a filled shell and a much
more stable form. The chlorine atom will accept the electron from the sodium atom and
in doing so will gain an extra negative charge. Once the electron has been transferred
from the sodium atom to the chlorine atom, we then have oppositely charged ions which
can attract one another electrically. They do so to form an ionic or electrovalent
bond, making the compound sodium chloride, ordinary table salt.

gas
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NAME

Acetate

Ammonium

Antimony

Barium

Bicarbonate

Bismuth

Bromide

Aluminum

Cadmium

Calcium

Carbon

Carbonate

Chlorate

Chloride

Chlorite

Chromate

SYMBOL & CHARGE

Chromium

Cobalt

Copper (Cuperic)

Cupric Ammonia

Copper (Cuperous)

Cyanide

Dichromate

Ferricyanide

Fluoride

Formate

Hydrogen

Strontium

Sulfide

(C2H302)-

(NH4)+

sb+++

Ba++

(HCO3)-

Bi+++

Ca++

C++++ or C---

(CO3)m

(C103)-

Cl-

(C102)-

(Cr04)m

Cr+++

Co++

Cu++

Cu(NH3)4++

Cu+

(CN)-

(Cr207)-1

Fe(CN)6°

F-

NAME

Hydroxide

Hypochlorite

Iodate

Iodide

Iron (Ferrous)

Iron (Ferric)

Lead (Plumbous)

Magnesium

Manganous

Mercurous

Mercuric

Nickel

Nitrate

Nitrite

Oxalate

Oxide

Perchlorate

Permanganate

SYMBOL & CHARGE

(OH)-

(0C1)-

(103)-

Fe++

Fe+++

Pb++

mg++

Mn++

Hg+

Hee.

Ni++

(NO3)-

(NO2)-

(C204).

(C104)_

(Mn04)-

Phosphate (ortho) (1004)21-

Potassium K+

Silicate (ortho) (SiO4)2"1

Silver

Sodium

Sulfate

Sulfite

Thiosulfate

Tin (Stannous)

Zinc

Ag+

Na+

(SO4)m

(503)n

(5203)=

Su++

Zn++

FIGURE 3-3. Chemical Data and Valence of Common Ions
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Exercise II-3a

PART I

Instructions: Using a periodic chart of the elements, and given the element name,
fill in the chart below by finding the symbol, atomic number, atomic weight andmost stable valence of each element given.

ELEMENT SYMBOL ATOMIC NUMBER ATOMIC WEIGHT VALENCE
1. Carbon

2. Calcium

3. Magnesium

4. Sodium

5. Iron

8. Oxygen

7. Hydrogen

8. Nitrogen

9. Aluminum

10. Copper

11. Chlorine

12. Manganese

13. Potassium

14. Silver

15. Gold

PART II

Instructions: Enter the chemical symbol beside each of the following elements andindicate va ence.

1. Hydrogen 5. Calcium 9. Potassium

2. Oxygen 8. Chlorine 10. Barium

3. Sodium 7. Carbon 11. Aluminum

4. Magnesium 8. Iron 12. Fluorine

PART III

Instructions: Name the following binary compounds.

1. NaC1 4. AgI

2. Ca0 5. KBr

3. ZnS 8. Ba0

NON-ELECTROLYTES. Solutions which are not able of conducting an electrical currentare called non-electrolytes. These solutions are generally made by dissolving compoundsformed with covalent bonds is water. Solutions made with sugar or alcohol in water aregood examples of non-electrolytes.

ELECTROLYTES. Solutions which are able to conduct an electric current are called
electrolytes. The current is carried when charged particles called ions move through
the solution. The ions are formed when compounds held bogether by ionic bonds are
dissolved in the water or when a reaction occurs between molecules of water and other
covalently bonded compounds creating ions. This process is called ionization.
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If the ions are positively charged from the loss of electrons, they are called

cations. Negatively charged ions formed by the gain of electrons are called anions.

There is also a group of polyatomic ions (formed from more than one atom) which are

sometimes called radicals. These radicals keep their identity as a charged particle and

do not separate under normal chemical conditions. A radical may be either a cation or

an anion. Nine common radicals which we deal with are as follows:

1.

2.

CO3.. carbonate

HCO3- bicarbonate

6.

7.

PO
4
-3 phosphate

NO3- nitrate

3. OH- hydroxide 8. 0C1- hypochlorite

4. SO4b, sulfate 9. N0 4
+

ammonium

5. Mn04- permangahate

Positive and negative ions have the ability to carry an electrical current through

water. To prove this we can fill a glass with water, dump in a teaspoon of salt, and

rig up an electrical extension and light bulb as shown in the figure below. When

ionization occurs the current is carried through the water and the light bulb will glow.

CC-0410.

FIGURE 3-4. ,Bodium Chloride and Water

PART IV

Instructions: Write the chemical formula for each of

negative charges.

the following ions. Show

the positive or

1. Ammonium 4. Bicarbonate 7. Nitrate

2. Hydroxide 5. Sulfate 8. Phosphate

3. Carbonate 6. Permanganate 9. Hypochlorite

Instructions: Write the

PART V

name of the following ions:

1. Ca" 7. Al+++

2. Cl- 8. PO4m-

3. CO3m 9. e
4. Mg" 10. OH-

5. SO4' 11. No.+

6. Fe" 12. e

3-7

332



Solutions

What is a solution? A solution is a uniform mixture of two or more substitices. The
possible combinations of components which will form solutions include gas into gas, gas
into liquid, liquid into liquid, and solid into liquid. We will confine our solutions
to water or liquid solutions in this field, however. This will gtve us three forms of
solutions: gas in liquid, liquid in liquid, and solid in liquld.; In each case the
liquid is the dissolving medium called the solvent. The substance being dissolved is
the solute. Since almost all the chemistry of water treatment takes place in solutions,
it is important to be familiar with the ways of expressing concentrations of solutions.

_ .

Types of Solutions

CONCENTRATED. A concentrated solution is one in which a large amount of solute is
dissolved in the solvent.

DILUTE. A dilute solution is one in which a small amount of solute is dissolved in
the solvent.

SATURATED. A saturated solution is one in which the solvent holds all the
that it can at that particular temperature.

SUPERSATURATED. A supersaturated solution holds more solute than would be expected
at that temperature. Sometimes a saturated solution prepared at a higher temperature
can be carefully cooled so that the solute does not get a chance to come out of
solution. At the cooler temperature the solution holds more solute in solution than it
would for saturation and is said to be supersaturated.

NORMAL. A normal solution is one that is.prepared specifically for laboratork use.
A one normal solution is indicated by the symbol 1 N on the label of the container and
means that it contains one gram-equivalent of solute in one liter of solution.
Obviously a solution that is .1 N is not nearly as concentrated as one that is 1 N.

WATER - THE UNIVERSAL SOLVENT

By any standard, water is the most important chemical compound on earth. It is also
the most abundant compound. It is important to all life processes. It is a necessary
part of most chemical reactions, either as a reactant or as the medium in which the
reactions take place.

Molecular Structure. Much of the behavior of water can be explained by studying the
water molecule itself. The water molecule is made up of two hydmgen atoms hcmded
covalently to one oxygen atom. The hydrogen atoms do not bond on either side of the
oxygen like this: H - 0 - H. Instead they are both af to one side of the oxygen
similar to this:

This structure gives the water molecule what is called a polar characteristic or a
positive end and a negative end. There is also an attraction for the positive end of
the water molecule for the negative end of nearby water molecules creating what is
called hydrogen bonding. The hydrogen bonding and the polarity of the water molecule
are two of the factors which make water such a good solvent or able to dissolve so many
different things.

Ionization of Water. As we Lave seen ions can create a way for electricity to be
carried through water. Water has the ability to ionize slightly, creating hydrogen ions
and hydroxide ions. Pure water is a very poor electrolyte because there is such a small
concentration of ions.

Reaction with Metal Oxides. Many metals are combined with oxygen to form a group of
compounds called metal oxides. These metal oxides will react with water to form a group
of chemicals we call bases. Many of these reactions release a lot of heat as well.

Reaction with Non-Metal Oxides. A few compounds are formed by non-metals with
oxygen. These compounds are called non-metal oxides. Some of these non-metal.oxides
will react with water to form a group of compounds called acids.
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PART VI

Instructions: The purpose of this exercise is to aid you in learning the definitions
of chemical terms. Place the letter identifying the correct term in the bllnk space
precedi-g the definitions in Column I.

COLL N I COLUMN II

1. ( ) Anything that has weight, or mass a. solute
and occupies space.

b. (CO3)m, (804),(NH4)+
2. ( ) Radicals

c. solvent
3. ( ) Science pertaining to reactions

of elements and compounds d. chemistry

4. ( ) Two or more elements chemically e. Ca, Mg, Na, H, 02
combined

5. ( ) Compounds composed of carbon f. matter

6. ( ) Symbols g. compounds

7. ( ) A type.of bonding h. organic matter

8. ( ) Smallest particle of element i. energy

9. ( ) A solution containing all the solute j. electrovalent
it will dissolve at that particular
temperature k. concentrated solution

10. ( ) A solution which can conduct an 1. saturated solution
electric current

m. element
11. ( ) A substance composed of only one

kind of atom n. atom

12. ( ) A solution containing a large amount o. electrolyte
of solute per unit volume

p. valence
13. ( ) A substance which has been dissolved

q. solution
14, ( ) A substance which will dissolve

another substance

15. ( ) A uniform mixture of two or more
substances in liquid form

PROGRESS t:HECK

You should be ready for the progress check. If you feel you need to review some
of the previous instruction, do so. The progress check is prepared as a separate
publication and controlled by the instructor. You must do the progress check under
instructor supervision and complete it prior to leaving for the day.
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ACIDS, BASES, AND SALTS

Whether you are aware of it or not, you have dealt with acids, bases, and salts all
your life. There are three groups of chemicals which include many of the substances you
eat and use for cleaning.

Acids. An acid is a substance, usually a liquid, that contains hydrogen and is
ionized in water. Acid solutions have the following common ch&racteristics: They have
a sour taste; they react with many metals to give off hydrogen gas; they neutralize
bases; they are electrolytes.

Since they are electrolytes, we can classify acids as stong or weak according to how
much they Ionize in water. Strong acids will ionize easily and should be handled with
care. When an acid is poured into water, the hydrogen in the acid breaks away and is in
the water as an ion. It is very active and will react with almost anything it contacts.
Weak acids on the other hand do not ionize to a great degree, so the number of hydrogen
ions available to react is smaller. Therefore the reaction will be slower and less '
violent.

Acids like other solutions, may be -lassified as concentrated or dilute according to
how much water is present as the solvent. A concentrated acid is an acid which contains
.very little water. An example of this is concentrated sulfuric acid which is 98% acid
and only 2% water. Sulfuric acid happens to be a strong acid as well, but we can make
it a dilute acid by adding it to a large amount of water. It will still be a strong
acid, but now it is a dilute strong acid.

Most of the acids we use in this field have common names that they are referred to
by. Sometimes we call them by their chemical formulas as well. The most common ones
are listed below. Notice that the formula for each acid begins with a hydrogen ion.

H2SO4 Sulfuric acid

HC1 Hydrochloric acid

H2CO3 Carbonic acid

Bases. A Base is a substance that contains the hydroxide ion and is ionized in
water. Bases are considered ton be the opposite of acids. Bases share some similar
characteristics: They have a bitter taste; they have a slick feeling; they neutralize
acids; they are electrolytes.

Bases can also be classified as strong or weak according to how much they ionize in
water and form hydroxide ions. They can be concentrated or dilute according to how mbch
water they are mixed in.

Two of the bases we commonly use in this field are iisted below. They also are
known many times by their common names rather than the proper chemical mume. Notice
that the formula for the bases ends in OH.

NaCH Caustic or caustic soda

Ca(OH)2 Lime or slaked lime

Salts. Salts are ionic compounds that do not release either hydrogen or hydroxide
ions when dissolved in water. Many times they are made by neutralizing an acid with a
base. This reaction will 41^rM a salt and water. Salts vary greatly in their properties
except their ionic bonds. They may taste salty, sour, bitter, sweet, or have no taste
at all. They are all electrolytes. Some examples of salts are sodium chloride, calcium
chloride and barium sulfate.
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Instructions: Inorganic

Exercise II-3-b

compounds are classed as either acids, bases, o' salts.
in the correct column in the table.the following compounds

1. Na(OH) 5. H3(PO4) 11. Mg(OH)2 16. Mg(CO3)

2. Ca(uH)2 7. NaC1 12. K(OH) 17. H(NO3)

3. CaC12 8. MgC12 13. A1(OH)3 18. H2(CO3)

4. H2(SO4) 9. Ca(CO3) 14. Ca(SO4) 19. FeC12

5. Ca(HCO3)2 10. HF 15. HC1 20. Fe2(SO4)2

ACIDS BASES SALTS

PROGRESS CHECK

List

You should be ready for the progress check. If you feel you need to review some
of the previous instruction, do so. The progress check is prepared as a separate
publication and controlled by the instructor. You must do the progress chock under
instructor supervision and complete it prior to leaving for the day.
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WRITING BALANCED FORMULAS

When writing chemical formulas there are certain steps that must be followed inorder to come up with the correct formula. The chemical mume is a good starting pointfor writing the formula. Common names are usually not helpful.

STEPS REQUIRED IN WRITING 3ALANCED FORMULAS FOR COMPOUNDS

Sodium Chloride Calcium Hydroxide
1. Write the symbol for the cation. Sodium - Na Calcium - Ca

2. Indicate the valence of the cation. No.+ CA++
3. Write the symbol for the anion. Chloride - Cl HydroxLde - OH

4. Indicate the valence of the anion. Cl- 0H-

5. Balance the electrical charges of the cation
and anion with the use of subscript. ft.+ Cl- Ca++ 0H-2

6. Enclose polyatomic ions in parenthesis when
more than one is required.

Ca++(OH-)2

A subscript is a small number (written below the line) following a symbol or ion ina formula. It shows the number of that particular atom or ion contained in thatformula. In the formula Fe203 there are two atoms of iron combined with three atoms,of oxygen.
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Exercise II-3c

PART I

Instructions: Write the formulas in the blank spaces provided showing the compounds
which would be formed when each of the cations combine chemically with each of th.3
anions.

///// Om Cl- (OH)- (CO3)m (304)m (HCO3)- (PO4)-

H+

Na+

Ca++

Mg++

Fe+++

Fe++

Al+++

Pb++

Zn++

Cu++



Instructions: Write the formulas for

PART II

the following compounds, include symbols,
subscripts and valences.

1. Sodium carbonate 16. Ferric oxide

2. Sodium chloride 17. Silicon dioxide

3. Calcium bicarbonate 18. Zinc carbonate

4. Calcium carbonate 19. Magnesium bromide

5. Calcium chloride 20. Barium carbonate

6. Magnesium carbonate 21. Sulfuric acid

7. Magnesium oxide 22. Hydrochloric scid

8. Hydrogen sulfate 23. Carbonic acid

9. Hydrogen carbonate 24. Hydrogen fluoride

10. Potassium hydroxide 25. Silicon fluoride

11. Potassium chloride 26. Ammonium hydroxide

12. Aluminum hydroxide 27. Silver nitrate

13. Aluminum sulfate 28. Zinc carbonate

14. Calcium oxide 29. Ferric hydroxide

PROGRESS CHECK

You should be ready for the progress check. If you
of the previous instruction, do so. The progress check
publication and controlled by the instructor. You must
instructor supervision and complete it prior to leaving
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WRITING BALANCED CHEMICAL EQUATIONS

A chemical equation is a statement which shows a chemical change. It is written
using chemical symbols which can be easily interpreted. The format for writing a
chemical equation is as follows:

reagents(s)--- product(s)

A reagent is a substance which is going to change and a product is a substance which is
formed during the reaction. The arrow is read "yields" or "produces".

Common Types of Chemical Reaction. In looking at written equations, there seems to
be four basic types. These are combination, decomposition, single displacement, and
double displacement.

COMBINATION. Combination can also be called synthesis. This means a new compound
is formed by the addition of elements. An example of this type is

2 H2 + 02--N 2 H20

In this type of reaction two or more different reactants add together to form a single
product.

DECOMPOSITION. In a decomposition reaction a breakdown
example of this type of reaction is

2 HO 2 Hg + 02

In this type of reaction a single reactant is decomposed to form two or more different
products.

DISPLACEMENT. Sometimes called single displacement,
substance is displacing another. An example of this is

of a compound occurs. An

Fe + Cu304-1 Fe804 + Cu

In this type of reaction an element and a compound react
compound.

DOUBLE DISPLACEMENT. In this type of reaction there
partners to form new compounds. An example of this type
form new compounds. An example of this type of reaction

AgNO3 + NaC1--- AgC1 + Na1403

In this reaction two compounds reacted to form two new compo
important type of equation because so many reactions are of
type.

it is a reaction where one

to form another element and

is
of
is

OXIDATION-REDUCTION. Another, more complicated type of
oxidation-reduction. In these reactions a change in valence
One substance will undergo oxidation which is a loss of elec
will at the same time undergo a reduction which is a gain in
this type of equation is

an actual exchange of
reaction is of partners to

unds. This is an especially
the double displacement

reaction is called
or oxidation state occurs.
trons. Another subvtance
electrons. One example of

4 Fe(OH)2 + 02 + 2 H20 Fe(OH)3

In this equation the valence of iron increases from +2 to +3 and the valence of oxygen
decreases from 0 to -2. The iron is oxidized and oxygen is reduced.
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Exercise II-3d

Part

Instructions: Write the type of reaction shown by the following equations.

1. 2 KC103.---1.2 KC1 + 302

2. H2 + C12-1 2 HC1

3. Zn + Cu(NO3)2---N. Cu + Zn (NO3)2

4. AgNO3 + AgC1 + KNO3

5. FeC13 KOH----1Fe(OH)3 + KC1

6. Fe203 + 3 C 2 Fe + 3 CO

7. CaCO3 Ca0 + CO2

Balancing Equations

Ordinarily it is not required for water supply personnel to balance chemical
equations while working in the field. However, to fully understand the chemical
treatment of water, it is important to bs able to solve chemical reactions by using
equations. Learning to add chlorine to water every three hours is not enough. To
know what the chlorine does is necessary. The following equation states, that when
you add sodium hydroxide to sulfuric acid, there is a chemical reaction and sodium
sulfate (a salt) and water will be formed.

H2 (SO4) + 2Na(OH) --> Na2(SO4) 2H(OH)
Sulfuric Sodium yields Sodium Water
acid hydroxide sulfate

NOTE: When balancing chemical equations, consult a periodic chart for the valences of
each element. Remember, any time a small number (subscript) is used in a chemical
formula, it applies only to the element or radical which precedes it. A large number
(coefficient) is used in front of an entire compound and applies to everything within
that compound. Any ttme you write a chemical equation, you do not lose or gain a single
ion. It is said you can neither create nor destroy matter. Everything you start out
with must be found when you complete your reaction. It may be arranged into new or
different compounds in the reaction, but the total amount of each element must be equal
on both sides of the arrow. Again, a step-by-step procedure is provided to help you
balance equations.

An Electromotive Force Series Chart (EMF), figure 3-5, is an aid to solving
equations. An EMF series Chart is a grouping of the elements according to their
electrical potential or activity. An element will replace any other element listed
below it on the chart.

3-16
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POSITIVE CHART NEGATIVE CHART

Lithium Li Fluorine F

Potassium K Chlorine Cl

Calcium Ca Oxygen 0

Sodium Na Bromine Br

Magnesium Mg Iodine I

Aluminum Al Sulfur S

Manganese Mn Phosphorous P

Zinc Zn Nitrogen N

Chromium Cr Carbon C

Iron Fe Silicon Si

Tin Sn

Lead Pb

Hydrogen H

Copper Cu

Silver Ag

Platinum Pt

Gold Au

RULES

1. With reference to the above chart, any element which appears
above another element will replace the lower element from its
compound.

2. With reference to the above EMF Series, any element which
appears below another element will not replace the higher
element from its compound.

FIGURE 3-5. Electromotive Force (EMF) Series Chart

Fast Reference for Common radicals and their valences:

(1) (CO3)m Carbonate

(2) (HCO3)- Bicarbonate

(3) (OH) Hydroxide

(4) (SOX Sulfate

(5) (Mn04)= Permanganate

(6) (PO4)m- Phosphate

(7) (NO3)- Nitrate

(8) MU- Hypochlorite

(9) (NH4)+ Ammonium
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Exercist II-3-d

PART II

Instructions: Write the balanced equation opposite each of the following double

displacement equations. In this type of reaction, think of the positive ions changing

places in the two original compound. This will result in two new compounds. Include
subscripts, coefficients and valences if needed.

a. Silver nitrate + Sodium chloride

AgNO3 + NaC1

b. Copper sulfate + Barium hydroxide

CuSO4 + Ba(OH)2 --------N

c. Ammonium nitrate + Sodium hydroxide

NH4NO3 + NaOH

d. Ammonium chloride + Calcium hydroxide

NH4C1 + Ca(OH)2 ------1

e. Sodium hydroxide + Hydrochloric acid

NaOH + HC1

f. Silver nitrate + Potassium chloride

AgNO3 KC1 ------1

g. Copper sulfate + Barium chloride

CuSO4 + BaC12

h. Ammonium chloride + Sodium sulfate

i. Ammonium sulfate + Calcium hydr^xide

J, Potassium hydroxide + Hydrochloric acid
________u

k. Calcium hydroxide + Sulfuric acid

1. Aluminum hydroxide + Phosphoric acid

m. Magnesium carbonate + Calcium hydroxide
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PART III

Instructions: Finish balancing the following single displacement reactions. Refer to
the E.M.F., (electromotive force), chart to see if a reaction takes place. If no
reaction takes place, write the letters N. R. Equation one is complete.
Note that a metal in its element form is neutral in valence.

a. Metallic zinc in a solution of lead nitrate

Zn + Pb (NO3)2 -------1 Zn (NO3)2 + Pb

b. Lead in a solution cf zinc nitrate

c. Iron in a solution of copper sulfate

d. Copper in a solution of silver nitrate

e. Magnesium in a solution of copper sulfate
-----____N

You should be ready for the progress check. If you feel you need to review some
of the previous instruction, do so. The progress check is prepared as a separate
publication and controlled by the instructor. You must do the progress check under
instructor supervision and complete it prior to leaving for the day.

SUMMARY

The understanding of commonly used chemical terms is essential to the understanding
of water treatment. Topics such as solutions, specific gravity, acids, bases, and salts
all give us the information so badly needed in this field. Balancing equations consists
of making all totals equal, following eight steps or rules in order. Practice in
applying these rules will enable you to solve all water treatment results.
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3770 Technical Training Group SW J3ABR56631 000-11-4
Sheppard AFB, Texas

LABORATORY SAFETY

OBJECTIVES

Given information pertaining to laboratory chemicals, identify tne statements
corresponding to their use and care as true or false. Three of the five answers must
be correct.

Given a list of ten statements pertaining to the use and care of laboratory
equipment, match the identifying statements to the correct piece of equipment.
Seven of the ten answers must be correct.

INTRODUCTION

The work of a laboratory technician in water treatment can be safe if you will use
a few simple precautions when mixing chemicals, handling glassware, and operating
equipment. Accidents do not just happen; they are caused by unsafe acts or conditions.
The skilled operator must know the proper chemicals, the proper method of mixing
chemicals, the correct names of the equipment, and the importance of keeping your mind
on the work. The last is very important. Many times after an accident, victims have
remarked, "I was not thinking." Information of importance to you in gaining an
understanding of how accidents are caused and prevented is presented in this study
guide. However, not all of the information you need to know is contained here.
Additional study on this subject is recommended. The topics in this chapter will be
presented as follows.

* Handling Acids, Alkalies, and Other Chemicals
* Laboratory Glassware
* Laboratory Safety Equipment
* Do's and Don'ts of Laboratory Work

INFORMATION

Handling Acids, Alkalies, and Other Chemicals

Acids and alkalies can cause severe burns when they come in contact with the skin.
When handling chemicals, never put your hands to your eyes or face without first wash-
ing them. The skin tissue of your face is more sensitive and is more easily irritated
than the skin of your hands. Rubber gloves must be worn when handling large amounts
of concentrated acids to protect your hands. You must wear a rubber apron to protect
your clothes. Before using these protective devices, they should be inspected to
assure they will give the protection for which they were made. When mixing acids with
water, the acid should be slowly poured into the water and the solution should be con-stantly stirred with a glass stirring rod to prevent a concentration of the acid in
a small area of the water. Failure to follow this procedure may result in the acid
boiling and splattering the surrounding area, causing severe burns to the worker.
Never pour water into acid. Should any of your co-workers get a spray of acid in the
face or eyes, do not let that person put their hands to their face. Instead, immedi-
ately place that person under a shower where plenty of water can wash away the acid.
Then take the injured person to the hospital for treatment. A helpful addition to any
laboratory is a container of water and baking soda. This will neutralize the acid incase of an accident.

Other chemicals used in the laboratory are also hazardous and must be handled with
care. In addition to burns, chemicals may also be poisonous. The poison can be taken
into the body orally, through skin exposure, or by breathing vapors. All chemicals
should be considered poisonous whether they are labeled as such or not.

Laboratory Glassware

Before us Any glassware for testing water, an inspection of the article should be
made for crack,, tnd rough edges. Neve- work with broken or cracked glassware. When
heating a liquid in a beaker or flask, always apply the heat gradually. A large amount
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of heat concentrated in a small area can set up a strain on the beaker or flask that

might cause it to crack. Also, never heat a closed container. If a piece of glassware
should break oz be damaged when you are using it, stop the procedure and start over with
another piece of equipment. Dispose of the broken glassware properly so that it will
present no further hazard.

Laboratory Safety Equipment

Although some differences will be found in safety equipment which has been provided

for use in the water testing laboratories, most laboratories will have similar items of

safety equipment.

1. Rubber aprons are provided and will be worn whenever you are working in the

laboratory.

2. Heat resistant gloves are used when removing hot samples from a muffle furnace.
Several types of tongs are also available for hot samples, and may be used for
handling equipment which cannot be picked up with your bare hands.

3. An emergency shower and a special eye washer should be near the laboratory
working area to provide clean water for rinsing oneself in case of chemical
spills. An operational check at regular intervals should be made on both
pieces of safety equipment to insure proper operation.

4. Properly equipped laboratories must be well ventilated. Exhaust fans will
provide for quick removal of toxic or noxious fumes.

5. Walkways in the laboratory should be covered with rubber floor mats to lessen
the chance of slipping and falling. They also act as an electrical insulator
and decrease the possibility of receiving an elee.trical shock when operating
electrically powered machines.

Do's and Don'ts of Laboratory Work

1. Always try and keep a blue color flame on your Bunsen burner. This is done by
allowing enough air in through the vents. Do not allow the tubing to become

twisted. You could burn the tube and thus allow gas to escape which could lead
to an explosion. Also, remember to light your match first and then turn the
gas on.

2. Never allow the steam bath to burn dry, and never leave boiling samples
unattended.

3. Always use heat resistant gloves and long tonf;s when working with the muffle
furnace.

4. Never put a sample straight from the muffle furnace into the desiccator. Such
heat differences could cause the desiccator to crack.

5. Always make sure the indicating dial on the analytical balance is in the zero
position (off) before you put a sample in or take a sample out.

6. Never use excessive pressure to unstop the valve on a burette.

7. Always remove all jewelry before entering the laboratory area.

8. Never take deep breaths of chemical to identify their contents.

9. Never "experiment" with mixing of chemicals or lab materials.

10. Immediately wipe up spills to prevent akin and clothing contamination.

4-2
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SUMMARY:

Do not forget that most accidents can be prevented. Your part in safety programsis to become familiar with the causes of accidents and to follow the prescribed rulesand precautions to prevent them. Some of the conditions whIch cause accidents are poorhousekeeping, horseplay, improper use of equipment and noncompliance of warning signs.Pay attention to the safety procedures while working with laboratory equipment, and theaccidents will be prevented.

Exercise II-4-a

Instructions:

1. What type of injury may result from contact with acids or alkali?

2. What chemical is a safe antidote for acid burns?

3. List five items of safety equipment which s.7.1.11d be available in water testinglaboratories.

4. When should personnel put on a rubber apron?

5. Safety in the laboratory is the responsibility of whom?

6. In what two conditions.should you never use a piece of glassware?

7. You should remove what when entering the laboratory area?

8. List three good practices and three bad practices while working in the laboratoryarea.

PROGRESS CHECK

You should be ready for the progress check. If you feel you need to review someof the previous instruction, do so. The progress check is prepared as a separate
publication and controlled by the instructor. You must do the progress check under
instructor supervision and cooplete it prior to leaving for the day.

4-3
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Exercise II-4-b

Instructions: Place the letter indicating the correct term in the bland preceding the
statement in Column I. Each answer in Column II may be used once, more than once or not
at all.

1.

2.

)

)

3. ( )

4.

5.

6.

7.

8.

9.

11.

12.

13.

14.

15.

)

)

)

( )

16. ( ) Used when mixing or testing solutions

COLUMN I

Used to transfer exact quantities of liquid reagents

Used to measure a reagent while titrating a water
sample

Used to evaporate water samples under controlled
conditions

Used to measure exact amounts of water samples

Used to volatilize organic matter

May be used as a container when heating samples
over a burner

Used to heat samples

Used to measure temperature

May be used to contain sample being titrated

Used to weigh samples during gravimetric analysis

Containe; in which "solids" samples are placed
to cool

Used to measure exact volumes of dry powder

Used to stir samples during titration

Container for sample which is swirled during
titration

a.

COLUMN II

Bunsen burner

b. graduated cylinder

c. pipette

d. dessiccator

e. burette

f. casserole

glass rod

h. Erlenmeyer flask

i. steam bath

beaker

g

k. analytical balance

1. thermometer

m. chemical dipper

n. muffle furnace

Used for biochemical oxygen demand test o.

PROGRESS CHECK

p
Li

reagent

evaporating dish

incubator

You should be ready for the progress check. If you feel you need to review some
of the previous instruction, do so. The progress check is prepared as a separate
publication and controlled by the instructor. You must do the progress check under
instructor supervision furl- complete it prior to leaving for the day.



3770 Technical Training Group SW J3ABR56631 000-11-5
Sheppard AFB, Texas

COLLECT WATER AND WASTEWATER SAMPLES

OBJECTIVES

Given information, the appropriate sampling device and a maximum of one
instructor assist, collect and label a water sample to test for various impurities.

Using given information, and a maximum of one instructor assist, list the
procedures required for collecting a sample of wastewater and sample of sludge.

INTRODUCTION

The collection of water samples and the care given the samples before they reach
the water testing laboratory are very important. The biggest problem in the collec-
tion of water samples is to collect samples which are truly representative of the
water from which they are taken. Frequent chemical analysis of both raw and treated
water are commonly made to plan and control treatment and to insure that the water
is satisfactory for industrial purposes, or that it is safe and potable to drink.
Water and wastewater processing specialists are responsible fcr the collection of
wetter samples from many sources, and may also be responsible for the collection of
samples from the wastewater processing plant on base. The information on the col-
lection and care of water samples will be included under the following main topics.

* Purpose of Water Sampling
* Procedures used in Collecting Water Samples
* Dissolved Gas Samples

lamples for Bacteriological Analysis
* Labeling Water Samples
* Purpose of Wastewater Sampling and Types of Samples
* Procedures Used in Collecting Sludge Samples

INFORMATION

Purpose of Water Sampling

The collection of water samples is a preliminary step to water testing. The purpose
of water simplify; is to obtain representative simples in order that water tests may be
performed. The water tests may be required for a variety of reasons. Included are
tests to find the kind and amount of impurities, the treatment needed, if the treatment
is working, if the correct amount of chemicals are being used, and last and probably
most important, to determine if water is safe for the purposes which it will serve.

Procedures Used in Collecting War.er Samples

Collecting samples from the ground (raw) - The procedures for collecting a raw water
sample from a well that is equipped with a pressure pump are as follows:

1. The point of sympling should always be as close to the source as possible.

2. The most desirable points of collection are either from the pump housing itself
or from the discharge line as close to the pump as possible. A small rubber hose eon-
nected to a short piece of copper tubing and a valve is satisfactory for a sampling
line.

3. Always flush colt the sampling line before you take the sample.

4. Use only clean containers to collect water samples. It is a good practice
to always rinse container and Its cover with some of the sample water before taking
samples.
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5. Cap the container immediately after you draw the sample to avoid contamination.

6. Label the sample.

7. 'Post Rs snnh as possible.

Collecting simples from the surface (raw) - Surface water usually m-ans water from
a lake, stream, or spring. It is difficult to say exactly where the point of sampling
point should be because of the varied conditions of surface water. You need to use
good jcagment and reasoning to select the sampling point where the water is most repre-
sentative. You should never take a sample from a lake or stream at or near the inlet,
a stagnant pool, along the shore, or near the surface. To obtain a &ample from a lake,
stream, or spring, thoroughly rinse the container and then submerge and uncork the
container beneath the surface. When the !2ontainer is full, put the cork back in and
withdraw the sampler from the water. This procedure will help prevent contamination of
your sample by other undesirable levels of water.

Dissolved Gas Samples

Take samples for dissolved gas tests carefully. Use special apparatus to prevent
changing the gas content of the sample by contacting it with the air. Use marrow mouth
eight ounce bottles with glass stoppers. Testing should be conducted as soon after
collection as possible or within one hour.

Samples for Bacteriological Analysis

In obtaining samples for bacteriological analysis, contamination of the simple
bottle, stopper, or the sample itself may cause potable water supplies to be reported
as nonpotable. Full compliance with the following precautions is necessary to assure
the correct analysis.

1. Bottles: use only clear, sterilized bottles with glass stoppers.

2. Sampling from a Tap: After testing for C12 residual, close the tap and heat
the outlet to destroy any contaminating material that may be on the tip of the faucet.
Flush tap long enough to draw water from the main source. Remove stopper, but do not
touch the bottle mouth or the sides of the stopper. Fill the bottle three fourths full;
this is done to leave room for the chemicals you will add during the tests. Replace the
cap and fasten the protective cover with the sime care.

3. Sampling from Tanks, Pools, Lakes or Streams: When you collect samples from
standing water, remove the stopper as above and plunge the bottle, mouth down, at least
3 inches beneath the surface. Fill the bottle by moving it away from your hands so
the water that has contacted your hands does not enter the bottle. Discard one quarter
of the water and replace the stopper. To collect simples frum swimming pools, collect
the sample from the side of the pool near the deepest part. Take the sample while the
pool is in use, preferably during the heaviest bathing load. To collect simples from
lakes and ponds, take the samples from a boat or pier about 25 feet from shore and in
water at least 4 feet deep. Do not collect simples at the shoreline. Collect stream
samples from a point whet.e water is flowing, not from a stagnant pool. In a meandering
stream, collect a sample at a point where flow velocity is normal.

Labeling Water Samples

Water symples are of little or no value unless they are properly identified. Many
times samples lose their identity while being transported from the point of collection
to the point of testing. If the containers are properly labeled, there will be little
chance of a mix-up. Properly labelr:' water samples also aid you when you fill out the
reports as you test the water. The iformation required to be written on the label
varies, but usually includes name ot the collector, temperature, source, date of sample,
and the type of analysis needed.

5-2
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Purpose of Wastewater Sampling and Types of Samples

The purpose of wastewater sampling is to get a representative part of the
wastewater so that tests mLy be made to find the composition and characteristics of
the flow. Samples must also be obtained to determine the effectiveness of treatment
and to find out whether or not there is a need for a change in treatment.

Types of samples - Wastewater is made up of 99.9 percent water and 0.1 percent
solids. This 0.1 percent consists of both organic and inorganic matter which may
be dissolved, or may be in a suspended condition with varying characteristics. The
solids tests that you make will give you a good idea of how the wastewater should be
treated. Before the testS can be made you must collect representative samples of the
flow. Waste samples are grouped into two general types depending upon the manner in
which the sumples are taken.

The two types of samples are grab samples and composite samples. Grab samples
are taken at one point at one time. This type of sample is very important when the
condition of the raw wastewater must immediately be known. They tell you the condi-
tion of the wastewater at that time only. Very often it is necessary to alter
operations slightly to take care of an immediate, temporary problem. Grab samples
will tell you when rapidly changing situations occur. A grab simple would not how-
ever, help you much if you wanted to know the average wastewater condition. You will
generally take grab samples for the following tests: dissolved oxygen (0.0.), pH,
chlorine demand, chlorine residual, settable solids, and temperature. They are also
used to determine the concentration of mixed liquor and the concentration of sludge
in "activated sludge processes."

Composite samples consist of individual samples taken at regular intervals uver
a selected period of time and then thoroughly mixed prior to testing. We might say
that a composite sample is made up of several grab samples taken at one place, but
many times during a certain period of time. Remember, the same amount of time is
allotted between each new sample when making a composite. This sample may be mixed
after the addition of each individual sample, or at the end of the sampling period.
Raw wastewater samples are collected hourly unless special studies or tests are being
made. The volume of individual samples taken should be in proportion to the volume
of wastewater flow at the time the sample is taken. The sample may be kept in a wide
mouthed, stoppered glass bottle, or covered enamel pails, which must be kept refrig-
erated until they are tested. This helps to slow down the rate of decomposition ofthe wastewater. The usual sampling period is 24 hours, although shorter periods may
be used. Composite samples are necessary when planning the overall operation of the
wastewater treatment plant. A composite sample is generally biken to determine
suspended solids, total, volatile, fixed solids of sludge, grease, and the biochemical
oxygen demand (B.O.D.) of wastewater.

Procedures used in Collecting Sludge Samples

Composite sludge simples should be taken from raw sludge going to a digester and
digested sludge going U3 the drying beds. Samples should be individually collected at
regular intervals over the pumping or drawing off period. Space these intervals to
provide for the collection of at least five or six individual samples over a certain
period. The composite sumple must represent all pumping periods for the entire day.
Sludge samples may be taken from a digester with a device shown in figure 5-2. Its
use in the sumpling hole of a digester is illustrated in figure 5-3. The chain is
marked to indicate depth of one-foot intervals. Collect samples of digester sludge
at intervals of 3 to 5 feet, starting at the top and working down. This will avoid
agitating the lower sludge from which the next samples are taken. Pour each sample
into a wide mouth bottle, appropriately marked, and rinse the sampler thoroughly before
the next sample is taken. A pitcher pump with a hose marked at one foot intervals may
also be used. A checklist is provided below for you to follow when taking sludge
samples.
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Checklist

Sludge Sampling Procedure

1. Lower a bacon bomb sampler through the sampling compartment or the top of the
digester.

2. At 3-5 foot intervals pull the chain that opens the sampler allowing sludge
to flow into the device.

3. Remove sampler and pour the sludge into a container that is properly labeled.

4. Repeat Step 1, but lower the sampler 3-5 feet deeper than the last sampling
point. Keep repeating this process until you reach the bottom of the digester.

SUMMARY

A water sample should be collected so that it represents what is supposed to
represent. It should not be diluted, concentrated, or contaminated before testing.
Samples should be labeled so that they do not become mixed up and so that the report
may be sent to the right place.

Measuring the impurities in wastewater is very important in the operation of a
wastewater treatment plant. To be able to make these measurements, it is necessary
to be careful in both collecting the simple and in making the test.

FIGURE 5-1 - Sampling from a
Tank Ahead of the Weir
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FIGURE 5-3 - Collection of a
Sludge Sample from a Digester

FIGURE 5-4 - Dissolved Oxygen
Sampler

Exercise II-5-a, b

PART I

Instructions: Complete the following questions which pertain to water and wastewater
sampling. Because of the closely related subject matter, both water and wastewater
objectives may be completed as one subject.

1. What is the biggest problem in obtaining a water ample?

2. What type bottle is used as a container for a water sample?

3. Name two precautions which should be observed to prevent a water sample from
becoming contaminated by the atmosphere.
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4. Why should samples be labeled as soon as they are taken?

5. What items are usually required on a water sample label?

6. Where should a water sample be taken from a water supply well?

7. Where would be a good place to collect a water sample if your source is a lake?

8. What are grab samples? Ccmposite samples?

9. Which tests require composite samples/grab smmples?

10. What type bottle is used along with the sampling device to collect samples for the
D.O. test?

11. It is essential to use what type of containers for a bacteriological analysis?

12. What is the recommended level to fill bottles for a bacteriological analysis, and
why do you do it this way?

13. Where are samples taken from flowing wastewater?

5-6

354



14. Name three collection points when baking a grab sample of sludge.

15. What device is used to take a sludge sample?

PART II

Instructions: Following written instructions collect and label a water sample from
a given source which could be used to test for dissolved gases. Sample will be taken
1rom an area designated by the instructor.

1. Collect a water sample

a. Obtain a clean water sample bottle from the lab

b. Go to sampling point designated by the instructor

c. Open tap and allow water to flow long enough to draw
collecting sample.

d. Rinse sample container with some of the sample water.

e.
hose.

f. Drop end of hose to bottom of simple bottle and
fill sample bottle to overflowing.

g. Turn off bap and immediately cap sample bottle.

water from main before

Attach rubber hose to tap and let water flow until all air is removed from

2. Label sample giving the following information:

a. Name of collector

b. Date of collection

c. Temperature

d. Source

e. Type of analysis needed

PART III

using a slow, steady flow,

Instructions: List the step by step procedures for collecting and labeling a wastewater
sample. Use AFM 91-32 as a reference.

1.

2.

3.

4.

5.

8.

7.

8.

9.
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PART IV

Instructions: List the step-by-step procedures for collecting

1.

2.

3.

4.

5.

6.

7.

8.

9.

a sludge samples

PROGRESS CHECK

You should be ready far tby progress check. If you
of the previous instruction, co so. The progress check
publication and controlled by the instructor. You must
instructor supervision and complete it prior to leaving

feel you need to review some
is prepared as a separate
do the progress check under
for the day.
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Sheppard APB, Texas

WATER ANALYSIS

OBJECTIVES

Using appropriate laboratory equipment and testing procedures, test various samples
of water for pH, temperature and specific conductance.

Using apropriate laboratory equipment and testing procedures, test various water
samples for chlorine residual,.turbidity, iron and fluoride.

Given lt --atory equipment, HACH DR 3000 Spectrophotometer Methods manual, and a
water sample, test the sample for true color with no more than one instructor assist.

Given information, laboratory equipment and various water samples, test the samples
for hardness, acidity, and alkalinity.

Given the types of phosphate compounds, and a list of statements pertaining to
phosphates, match each type of compound to the statement to their purpose and their
usefulness. Three of the five selections must be correct.

Given five incomplete statements concerning chloride compounds, complete the
statements as they pertain to the compound type, source and testing procedures. Three
of the five completed statements must be correct.

JNTRODUCTION

The purpose of this chapter is to help you undersUnd and become familiar with water
analysis and the importance of how and why the tests are performed. Correct information
gathered from water samples is neceesary to monitor the plant efficiency and plant
effluent. Federal and state standards must be met. Test results advise the operators
of problems and let them use prompt corrective actions. Records of test results are
kept on f!.le to show a history of operations and problems within the system.

For domestic purposes, water tests may be related to the protection of property
such as corrosion to metals or scale deposits. Naturally, the welfare of the consuming
population is well conaiderlIC The US Department of Health and Human Services and other
agencies have net water quality standards and are the inspecting and controlling
agencies to ensure our water is safe to use. Water analysis and documentation is a
must. Some of the important tests to analyze in this group are pH, acidity, total and
calcium hardness, although the determination of conductivity and total solids may be
included.

Water takes on various characteristics and properties as it passes over and through
the earth. These characteristics and proparties vary and are dependent on the materials
encountered. They may be classified according to means of detection: physical (detected
by one or more of the five senses), and chemical (detected by chemical analysis). The
most important physical -haracteristics are turbidity, color, odor, taste and tempera-
ture. The most importa,.c chemical characteristics are acidity, alkalinity, and
hardness. Sometimes these two types of characteristics overlap, for example: iron in
water is a dissolved mineral detectable by chemical analysis, yet its color and taste
are by physical analysis.

CLASSIFICATION OF NATURALLY OCCURRING WATER SUPPLIES

durface Water

For convenience, naturally occuring surface water supplies may be divided into
three primary categories: fresh water, brackish water, and salt or sea water.

Fresh Water. Fresh water includes flowing streams or rivers and water impounded
by lakes or reservoirs. Most of the surface waters in the United States is fresh water.
Air Force standards permit maximum chlorides of 250 ppm (parts per mil/lon), maximum
sulfates of 250 ppm, and maximum total dissolved solids o! 5,(4,1 ppm.
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Brackih Water. Brackish water is found in many regioz :. throughout the world, but
occurs most frequently as ground water in arid or semiarid climates. Brackish water is
highly mineralized and contain dissolved solids in excess of 500 ppm. This makes it
objectionable as a drinking water supply. Total dissolved solids may be as high as
15,000 ppm. Both alkalinity and salinity range from very high to very low.

Salt or Sea Water. Salt or sea water usually contains total dissolved solids above
15,000 ppm. This is an approximation since no clear-cut line of .istinction can be
drawn between brackish and salt water. Typical salt water has a very high sodium
chloride content and a low alkalinity. It is generally found only in a free body of
water such as ocean, sea or estuary. The most abundant source, the oceans, may contain
total dissolved solids up to 35,000 ppm. Inland seas such as the great Salt Lake may
have total dissolved solids of 200,000 ppm.

Ground water

Ground water is made up of all water found beneath the surface of the earth. To tap
this sonrce of water, a digging or drilling of a well must be accomplished. The depth
of the well depends on several factors, chiefly the depth of the water table. More
information on wells will be covered in Block 3.

PHYSICAL CSARACTERISTICS

Conk:uctivity

Conductivity is the ability of a substanze to car-'4 an electric current.
Resistivity is the term used to describe Om effira.:icy a substance can conduct the
electric current. Before the advent ot so.sttuad modern-day equipment, the
resistivity of an object was,measured by 14);ying a current of known volmge t ttvAt

objective buried in a box of fullers earth Algiled a conductivity box) and meauring the
amount of voltage that traveled one centimetor across the substance, The difference of
the two voltages was measured in either oh c micromhos. The gVeater ohms or
micromhos, the greater the conductivity and the smaller the resistivity. The smaller
the ohms or micromhos, the smaller the conductivity and the larger thQ resistivity. In
water testing the unit of measurement is micromho3/cm. The 'enit denotes Ihe distance
the electric curre t traveled. Instruments used today can measnre conductivity without
burying in a conductivity box.

Water which has been treated to remove all ions except HOH, will not conduct
electricity. However, if ions are added to this water, it's conductivity will increase
in proportion to the amount added. The amount of ions in water is referred to as total
dissolved solids. Thus, the more micromhos/cm water has, the more total dissolved
solids it has.

The most common use of this test is in determining the quality of distilled or
deminerelized water. The iess the total dissolved solids, the higher the quality water.

In the classroom we will be measuring various samples of water using two different .

types of conductivity meters. The ions or total dissolved solids (TDS) we will measure
are sodium chloride crystals or salt. Follow the instructions in your lab manual and
directions from the instructor.

Turbidity

Turbidity is a muddy or unclear condition of water, caused by suspended particles
of sand, silt, clay or organic matter. As water goes through the hydrological cycle, it
picks up impurities of dust, smoke, silt, minerals and disease organisms. Turbidity is
a suspended solid that can be detected by one or more of your five senses. Also, the
faster water flows, the more material it picks up and the larger the size of the pieces
carried along. As water slows down, the larger particles settle out. When the flow
stops, all but the finest particles settle out. Clay and silt remain suspended in water
the longest because the particles are so small.

The removal of turbidity is essential in the production of potable water. Such
removal reduces contamination, extends the time between backwashing of filters,
decreases chlorine demand, improves disinfection and improves the acceptability of the
finished water. The Air Force Medical Service requires turbidity removal beca7ve
suspended particles often contain disease-producing organisms.
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For the most precise turbidity measurements, a laboratory turbidimeter is
recommended. This is a true Nephelometer which meets the turbidity measurements
described in APHA Standard Methods and other EPA approved publications. The unit
mentioned above is used in our lab and requires extreme care when in use. Turbidity is
measured in turbidity units, Nephelometer Turbidity Units (NTU).

Color

Color in water may be due to dissolved, colloidal, or suspended solids. It may he
Measured as apparent color or true color. Apparent color (as it appears to the eye) is
measured before removal of suspended solids, by filtration. True color is the color
after filtration. Most color problems in raw water supplies are due to vegetable dyes
from decaying organic matter or colloidal precipitates of iron and manganese. Indus-
trial wastes may produce special color problems. These should be prevented or treated
at the source. Color as such is harmless but will be objectionable from the standpoint
of appearance and may be associated with taste and odor problems. No one treatment
method will remove all colors and no rule will apply to all waters.

Odors and Taste

Taste and odor found in water are caused by algae (small aquatic plants),
decomposing organic matter, dissolved gases, or industrial waste. Mineral substances
may also be a eause. The chlorination of water may produce odors and tastes of its own
or increase those of the responsible organisms through destruction. Potability is not
normally affected by the presence of odors and tastes. On th other hand, palatability
is frequently affected, particularly when an agent such as bo.- or fish oil is present.
liater containing one of these agents in noticeable quantities is unpalatable.

Temperature

Temperature is a physical characteristic which is many times not controllable by
the water treatment operator. However, problems which are temperature related can be
anticipated by the operator and any changes in operation, if possible, can be initiated.

In the summertime the water temperature of deep lakes and reservoirs ehanges
sharply from the top xo the bottom surfaces. Due to the differences in density of water
at different temperatures, cold water will rise up to the top, usually bring up sediment
from the bottom. This causes a higher intensity of taste and odors. In the wintertime,
water at temperatures of less than 45°F will slow down reaction times on many chemicals
causing a reduced treatment rate. Overall water is usually easier to treat at a cool
temperature due to the simple fact that it tastes better cool.

CHEMICAL CHARACTERISTICS

Hardness

The total amount of solids in water depends upon the material with which it has
been in contact, the length of exposure and the amount of carbonic acid present.
Hardness results from the presence of soluble salts of alkaline earths. The most common
alkaline earths are calcium and magnesium. Hardness is undesirable in that it consumes
soap, and produces scale in boilers and distillation units.

Iron

Iron may be found in water supplies as soluble or insoluble compounds. It is more
common in well water than in surface water. Water low in dissolved oxygen converts iron
from the insoluble state to the soluble state. In the soluble state, the mineral is
colorless. When the iron comes into contact with air during pumping or aera;.:ion
activities, the iron will convert to an insoluble form. Iron is undesirable because it
imparts a rusty color and objectionable taste to water. It also forms crust in plumbing
and piping. When iron is present in water, bacteria may also be present. One of the
most common type bacteria that develop in water that has iron is "Crenothrix". This
type bacteria needs iron for food and lives in the dark and will not grow well when
there is a lot of dissolved oxygen. If these bacteria should die due to poor living
conditions, they will create bad tastes and odors in the water. The precipitation of
iron and dead 'eacteria will also cause clogging of pipes. The removal of iron from the
water and the increase of dissolved oxygen by aerating the water will prevent the growth
of Crenothrix. The total iron concentration in potable water should not exceed 0.3
milligrams per liter.
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Manganese

While not encountered as often as iron, it is found in both surface and groUnd
water. Its presence in water normally causes a gray or black color. The total
concentration of manganese in potable water rfAould not exceed .05 milligrams per liter.

Chlorides

Chlorides ions can sometimes be found in water sources. They can be the result of
natural contamination by way of coastal infiltration of salt water, or as a result of
man-made contamination from .astewater or ion exchange discharges. Chloride
concentrations of over 250 mg/L will impart a salty taste in the water, while chloride
content over 30,000 mg/L will cause sickness to the consumer. Three common chloride
compounds found in drinking water include MgC12, CaC12, and NaCl.

pH

Literally, pH stands for "power of hydrogen". The amount of 11+ ions in a water
sample is, through a mathematical formula, translated to a scale from 0 -14. Below is
an example of the pH scale.

0

Acid Neutral Base
7 14

It is to remember, however, that pH is NOT a measure of the amount of
acid or akaliniq, but merely the tendency of the water to be either corrosive or not.

Acidity/Alkalinity

The amount of acid compouhts and alkaline compounds represents an important test
series in water treatment. Acidity and alkalinity are exact opposites of each other.
Acidity is the ability of wate..' tc tr-.1tralize a strong base and alkalinity is the
ability to neutralize a Strong tkcin. wost tim-.s natural waters of the surface type have
an amount of alkalinity while watet !omcd in the ground usually have a small amount et
acidity.

Three ions make up alkalinity in the water: OH-, CO3', and HCO3-. OH-
is not found naturally in raw waters but is used in various water treatment processes.
If found in raw Water seUrces, OH- indicates that a pollution sovxce is discharging
into the water. CO2= and 11CO3- are both found naturally in water sources and
they too are used in various water treatment processes. Alkalinity can be found in the
water from a pH of 4.5 to 14 pH.

Acidity is made up of the fr mineral acids, ie., HC1, H2SO4, H31.104, and

HNO3, and the carbonic acids made up of 142CO3. Free mineral acids, FMA, are not
usually found naturally and exist in water with pH from 0 - 4.8 pH. Carbonic acids,
usually caused by CO2 gas dissolved in water forming H2CO3, can be found in water
up to an 8.3 pH.

For proper treatment of water to occur, a balance must be maintained between
acidity and alkalinity. This balance is achieved by the addition of chemicals to the
treatment process. Without accurate test zesults, however, this balance will be
impossible to accomplish, illustrating the importance of lab work.

Fluorides

Fluoride is a mineral that many municipalities have decided to add to their water
systems. Through numerous studies, fluorides have proven to prevent dental cavities in
children through age 12. Fluorides are not without critics, for some feel that
fluoridation of water is unhealthy. Use of fluoride, however, has been approved by the
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Phosphates

Phosphates are mostly found in soaps and fertilizers. If you look at the box of
any laundry detergent, it will state the percent of phosphates it contains. The higher
the amount of phosphate, the more powerful the detergent and the more it will polute.
Remember, phosphates will not decompose naturally. Phosphates come in two parts,
ortho-phosphates and poly-phosphates. Ortho-phosphates are used to soften water for
domestic and industrial uses. Poly-phosphates are used to stablize water after it has
been treated. Stabilization will prevent corrosion and scale in our water lines and
machinery. Each type in small quantities serves a useful purpose. We can only maketests for ortho-phosphates. So we must change all poly-phosphates in a sample to
ortho-phosphates by heating.

Chlorine

Chlorine is a major disinfectant used for both water and wastewater. While it is
not known how chlorine kills bacteria, what is !mown is that when chlorine is present in
waters known as chlorine residual, bacteria can not exist. This fact is very useful for
assuring a drinking water system is safe for consumption. A 0.2 ppm reading is
considered potable (safe to drink).

DISSOLVED GASES

The concentration of a gas in the water is directly proportional to the concentra-
tion and pressure of that gas in the atmosphere. In general, this involves the water
temperature, its salinity and altitude. The gases of primary interest to water supply
are listed below.

Oxygen

Large amounts of dissolved oxygen are found in rain water. The amounts in surface
water vary greatly depending on the amount and type of pollution, the degree of self-
purification, the action of algae and the temperature of the water. Polluted water will
exhaust the dissolved oxygen supply, while cleaner water will maintain a greater
dissolved oxygen supply. Colder water contains larger amounts of dissolved oxygen thanwarmer water. As the temperature rises, the dissolved oxygen is released to the
atmosphere. Decreased pressure on water has the same effect, releasing oxygen to theatmosphere. One disadvantage of a high dissolved oxygen content is that it will causemany metals to corrode. Figure 6-1 shows a D.O. sampler.

FIGURE 6-1. Dissolved Oxygen Sampler
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Carbon Dioxide

The presence of carbon dioxide in water contributes to the degree of hardness and
acidity of the water. Water acquires this gas in four ways: from the air by natural
movements of water coming in contact with the air, such as currents and wave action; by
contact with decomposing vegetation, which jives off carbon dioxide freely; by the
reaction of alum and soda ash in the coagulation process; by contact with the gas in
underground deposits. A high carbon dioxide conterk':4 suAlly makes water more corrosive
to metals.

Hydrogen Sulfide

Hydrogen sulfide in solution lends a disagreeable taste and rotten-egg odor to
water. Ground water absorbs sulfides by passing over sulfur bearing rocks. Hydrogen
sulfide is also responsible for the destruction of cement and concrete as well as the
corrosion of metals. In small amounts it is unpleasant but not dangerous. In large
amounts it is harmful.

SUMMARY

Water takes on its own physical and chemical properties as it passes over and
through the earth. Some of these properties ean be in the form of turbidity, color,
odor, taste, temperature and dissolved minerals. Surface and ground water are two
supply sources for our use. Surface water is divided into three categories, fresh,
brackish and salt water. Some characteristics of water are hardness, acidity and
alkalinity. Oxygen, carbon dioxide ana hydrogen sulfide are common dissolved gases
found in our water source today.

Exercise II-6-a

PART I

Instructions: Complete the following list of questions with full explanations.

1. What are some distinguishing properties and characteristics of water?

2. What are the two sources of water?

3. What is meant by "brackish" water?

4. Explain why hydrogen sulfide gas is found in some of our water.

5. What will the effect of an excessive amount of manganese do to our water supply?

6. List the two elements that are undesirable in that they cause a high soap
consumptio4:.
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7. What are two types of phosphates used in water treatment?

8. What test measures the TDS content of water?

Exercise II-6-b

Instructions: Fill in the blanks with the correct response to make each of the
following a true statement.

1. Colorimetric method of testing is used to test for

, and

e

2. does not occur naturally, but is added ba kill bacteria. Potable water

may have a residual of Pra

3. Iron is objectionable at pPm

4. is added to help prevent tooth decay. The most desired amount is

ppm. 3 to 5 ppm causes
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PART 11

Instructions: Given a set of facts concerning the testing of water for temperature,
pH, and specific conductance, correctly match each fact with its statement. Place the
letter indicating the correct term in the blank preceding the statement in Column I.

COLUMN I COLUMN Il

1. ( ) pH a. neutral

2. ( ) TDS b. parts per million

3. ( ) mg/L c. polarization

4. ( ) mL/L d, standardize the pH meter

5. ( ) standby position e. prepare the meter

6. ( ) to determine kind of f. hydrogen ion concentration

treatment required

7. ( ) buffer solution g. grains per gallon

8. ( ) uncover probes h. acid

9. ( ) pure water should have a i. base (alkaline)

pH of

10. ( ) ppm j. electric meter

11. ( ) gpg k. purpose of water analysis

12. ( ) use of low range probes 1. C° and F°

13. ( ) use of high range probes m. purpose of specific conductance

14. ( ) method used to test for n. H+ ions

pH and conductance

15. ( ) pH ms 7 o. OH-ions

16. ( ) pH I 9 p. milliliter per liter

17. ( ) pH mi 4 q. milligram per liter

18. ( ) acidity r. demineralizers

19. ( ) alkalinity a. raw or treated water

20. ( ) two scales which temperature t. pH 7

can be measured by

EXERCISE II-6e

1. Two types of color are and

2. color is caused by solids such as vegetable
matter and algae.

3. color is caused by solids such as iron and
maganese.

4. color cannot be removed by filtration.



Exercise II-6-d

Instructions: Fill in the blanks with the correct response so that etch statement will
be true.

1. Two types of phosphates are and

2. Phosphates are found in and

3. We can only test for

4. We change all to by heating the sample.

5. will prevent corrosion in our water lines.

Exercise II-6-e

PART I

Instructions: Under the general clasifictions of impurities listed below, list the
causes of each impurity.

HARDNESS ACIDITY ALKALINITY C LORIDES

(1) (1) (1) (1) i

(2) (2) (2) (2) \

(3) (3) (3) (3)

PART Il

Instructions: List tibe following compounds in the correct columns in the table below.

a. MOH e. MgCO2 i. Ca8O4 m- HC1

b. CaC12 f. CtCO2 j. Mg604 n. Ca(HCO2)2

c. H2604 g. NaHCO2 k. Na2CO2 o. Mg(HCO2)2

d. KOH h. Fe(HCO2)2 1. MgC12 p. Mn(HCO3)2

Compounds causing Compounds causing both
hardness alone hardness and alkalinity

Compounds causing Compounds causing
alkalinity alone acidity
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PART III

Instructions: List the followiag compounds in the correct column in the table below.

a. NaOH f. Ca(HCO3)2

b. CaCO3 g. CaC12

C. KOH h. MgCO3

d. CaSO4 i. NaHCO3

e. Na2C0:, j. MgSO4

k. MgC12

Compounds causing
hardness alone

Ccorids causing both Compounds causing
hardiA.ss and alkalinity alkalinity alone

PART IV

Instructions: The following chart gives the relationship between "P" alkalinity and
"M" alkalinity. Using the chart, solve problems 1 thru 10 and list your answers on
the blank lines. You are to determine the amount of alkalinity (OH, CO3 and HCO3)
and concentration present.

Condition of alkalinity Hydrate OH Carbonate CO3 Bicarbcnate HCU3

P=0 0 0 Same as M

P=M Smile as M 0 0

P=1/2M 0 Same as M 0

P is more than 1/2M 2p-M 2(M-P) G

P is less than 1/2M 0 2P M-2P

1. When the total alkalinity (M) is 40,
and P is also 40 ppm.

2. When M = 60 ppm. and P = 30 ppm.

3. When M = 25 ppm. and P = 0 ppm.

4. When M = 40 ptn. and P = 10 ppm.

5. When M = 50 ppm. and P = 30 ppm.
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PART V

Instructions: The following chart gives the relationship between hardness and
alkalinity. Using the chart, solve problems 1 thru 10 and list your answers on
the blank lines. You are to determine the amount of carbonate hardness and the
amount of non-carbonate i....1rdness.

KINDS OF HARDNESS PRESENT:

Hardness and Alkalinity
relationship

H is less than M
H = M
H is more than M

Ca-H = Calcium hardness
Mg-H = Magnesium hardness

H = Total hardness
M = Total alkalinity

1. When H is 125 and M is 125

Carbnate hardness Non-Carbonate hardness

same amount as H
same amount as H
same amount as M

NONE
NONE
difference between H & M

2. When M is 124 and H is 100

3. When H is 150 and M is 125

4. When Ca-H is 60, H is 90 and M is 90

5. When M is 120, Ca-H is 50 and H is 150

Exercise II-6-e

PART I

Instructions: Complete the following statements.

1. Chlorides are found in water both and a a result L.,!

2. What causes chlorides to be present in ground water?

3. More than

4. More than
ppm chlorides will give water a salty taste.

ppm chlorides can make you sick.
5. To test for chlorides we titratct the sample with

PART II

Instructions: List the following compounds in the correct columns in the table below.
a. CaC12 d. CaSO4 g. MgC12
b. H2SO4 e. Mg304 h. Mg(HCO3)2
c. NaC1 f. Ca(HCO3)2 i. HC1

Compounds Causing Chlorides Compounds Causing Sulfates

PROGRESS CHECK

You should be re'dy tor the progres5 check. If you
)f the previous instruction, do so. The progress check
)ublication and controlled by the instructor. You must
Lnstructor supervision and complete it prior to leaving
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3770 Technical Training Group SW J3ABR56631 000-11-7
Sheppard AFB, Texas

WASTEWATER ANALYSIS

OBJECTIVES

Given information, laboratory equipment and a wastewater sample, test the sample for
Settleable Solids. No more than two instructor assists are allowed.

Given infc:watioa, laboratory equipment and a sludge sample, perform Total Solids
and Settleable Solids test. No more than two instructor assists are allowed for each
test.

Given information, laboratory equipment and a wastewater sample, test the sample for
Suspended Solids. No more than two instructor assists are allowed.

Given information, laboratory equipment and a wastewater sample, perform
Biochemical Oxygen Demand test. No more than two instructor assists are allowed.

Given information related to wastewater analysis and five facts concerning the
purpose of Chemical Oxygen Demand (COD) testing method, match the facts with the
riformaLion. Three of the five must be correct.

INTRODUCTION

The purpose of this study guide is to help you to understand and become familiar
with the analyses which are required to gain the necessary information for proper
operation of the waste disposal plant for the base.

The term "wastewater," as used in this study guide/workbook, refers to the spent
water of a base or community containing the wastes from domestic and industrial uses.
These wastes are collected in the saniary sewer system and flows through the waste
disposal plant, are treated and discharged into a receiving stream. On an average,
wastewater is 99.9% (by weight) water. The remaining 0.1% contains the wastes
produced ir '-vnan habitations and consists of excrements, dirt from the laundry, dish-
water and ':;'ne) household wastes, !Jlus varying amounts ot industrial wastes. It is
frequentl) ed "sanitary sewage," a tend indicating origin rather than condition.

The purpose of wastewater treatment is to remove the various solids and to redu....e
the dissolved organic matter and the biological oxygen demand to a level which will not
deplete the dissolved oxygen in the receiving stream. It should be noted that a syetem
without tertiary treatment does not remove the dissolved inorganic materials such as
chlorides, sulfates, and phosphates frOm the water.

The purposes of the wastewater tests are to determine the degree of treatment
required and to control the operation of a treatment plant to determine the efficiency
and/or adequacy of the treatment, As shown by the quality of the effluent.

The characteristics of both treated and untreated wastewater may be determined by
inspections or by tests to include: color, odor, B.O.D., pH, temperature, total solids,
rate of scttling, and strength of sewage.

Fresh sanitary sewage is normally gray in color, having the odor and appearance of
dirty dishwater. Stale or "septic" sanitary sewage is dark to black in color with
varying intensities of disagreeable odors. The change from fresh to septic sewage
results from the action of bacteria present in the organic material which is contained
in the sewage. The waste products in wastewater consist of both organic and inorganic
materials. These impurities may be in the form of either suspended or dissolved solids.
It is the organic matter which gives sewage its objectionable properties and it is the
decomposition of this material by bacteria that results in the formation of septic
sewage. The organic matter may be stable, meaning that it is resistant to bacterial
breakdown or it may be unstable and breakdown easily.



The terms weak, medium, or strong are used to describe the strength of sewage.
The concentration of waste materials in sewage will determine which term should be ,
used. See Table 1 for conditions which have been designated as being either weak,
medium, or strong.

Analysis Weak Medium Strong

Total Solids 430 720 1200

Total Volatile Solids 240 420 810

Suspended Solids 100 200 370

Volatile Suspended Solids 70 130 220

Settleable Solids, mg/L. 2 4 6

Biochemical Oxygen Demand 100 210 410

Total Nitrogen 10 30 40

Ammonia Nitrogen 4 10 20

Soaps and Fats 6 10 20

Table 1. Average Composition of Various Strength Sewage at
Military Installations, Expressed in mg/L (ppm).

BIOCHEMICAL OXYGEN DEMAND (B.O.D.)

The most important test that is nOrmally performed on wastewater and the one
giving the most information on the strength of the sewage is the B.O.D. test. As the
name implies, lt is the quantity of oxygen required for the biochemical oxidation in
a given period of time and at a controlled temperature of 20°C for 5 days. The B.O.D.
test utilizes oxygen from the air which has been dissolved in water. This condition
simulates the conditions encountered in sewage purification which is why the test is
so valuable.

In making the test a known volume of wastewater is mi,!ed with a measured amount of
water containing a predetermined amount of dissolved oxygo The mixture is placed in
a glass-stoppered bottle and kept at the proper temperature :yr the specified number of
days. Under these conditions the sewage bacteria which are c.ormally present will cause
the organic matter to become oxidized. Dissolved oxygen will be used up in direct
proportion to the amount of organic matter which is present. The decomposed products
formed are mostly carbon dioxide (CO2) and water (11201. At the end of the speciffted
period of time the amount of dissolved oxygen remaining in the mixture is determined and
the difference between the original and the final oxygen content can be calculated. The
B.O.D. test is considered to be a direct measurement of the strength of the sewage. A
B.O.D. of 95 ppm or less indicates weak sewage while a B.O.D. of 400 ppm or above
indicates strong sewage.

SETTLEABLE SOLIDS

A test has been devised to accurately measure the amount of solids which will
settle out. The tests may be made by using an Imhoff cone which is a piece of
laboratory equipment named in honor of Dr. Karl Imhoff, the inventor of the Imhoff
tank. This cone must be filled with well mixed wastewater OD the one liter mark.
The cone and its contents are allowed to stand for one hour after which the amount
of settleable solids may be read directly in milliliters. The settleable solids
may be expressed either as a quantity by weight or by volume--most freqently on a
volume basis. By testing both the influent and effluent of a sedimentation tank,
the percentage of solids removal and efficiency of tank may be found.
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DETERMINATION OF THE SOLIDS CONTAINED IN WASTEWATER

Total Solids

Total solids iro:lude all of the dissolved solids plus all of the suspended solids
contained in the wastewatqr. The total solids are normally expressed as mg/L. To
determinn the amount t ::htal solids in a sample, it is necessary to evaporate the water
content of a known volume of well mixed wastewater. To perform this test, take a
previously weip:hed evaporating dish, add the measured sample of wastewater, and heat
using a constaut temperature between 103°C and 105°C. When the sample is dried,
re-weigh the dish containg the dry residue and calculate the gain in weight. The gain
in weight may be converted to mg/L.

Not all of the total solids are removed from wastewacer by treatment received in
the wastewater treatment plant. A large part of the soluable solids, which comprise the
largest part of total solids, pass through the treatment dev.ces unchanged. Soluable
solids in wastewater will eventually dissolve.

One of the reasons for making the total solids test is tu gain part of the
information needed to calculate the dissolved solids content of wastewater.

Suspended Solids

Suspended solids are made up of settleable solids and non-settleable solids, which
can be organic or inorganic matter. The suspended solids in wastewater are the solids
which can be filtered out of a known volume of sample in a previously weigned GoA)ch
crucible with a glass fiber filter pad, or other suitable filtering device. The sample
should be well mixed prior to measuring out the correct volume for test purposes. The
weight gain of the Gooch crucible indicates the amount of suspended solids present. It
should be noted that suspended solids include the solids that would settle out of the
wastewater after the carrying stream loses its velocity. Also, matter that is too light
to settle, but which is trapped by the filter pad in a laboratory test is considered
suspended solids. This test is useful in evaluating the efficiency of plant units. The
overall removal in complete treatment is usually more than 90%.

Volatile Solids and Fixed Solids

It is desirable to determine how much of the total solids are made up of organic or
"volatile" matter and how much is inorganic or "fixed" matter. The process of digestion
can be measured by the destruction of organic matter (volatile solids). Reducing
organic matter is measured by the volatile solids test which indicates the completeness
of the digested matter. Raw sludge or primary settlA sludge usually will contain 60 to
70 percent of volatile solids. Well digested sludge could have as little as 50 percent
volatile solids. This well digested sludge should be black in color and not have an
unpleasant odor. Volatilization may be accomplished by carefully igniting or burning the
residue from the total solids test and noting the loss in weight which is called
volatile matter. This test measures the amount of solids that vaporize at 550°C. Most
organic compounds vaporize below 550°C, while most inorganic compounds must be heated in
excess of 550°C before they Nill volatize. In practice the volatile matter is sometimes
expressed in percentage by weight of the total amount of solids. The substance that is
left in the evaporating dish after bur,t!eg the organic matter is the inorganic matter or
fixed solids. These fixed solids are ,m,osed of inert substances such as sand, metals,
and minerals. The percent of fixed sG .s should not exceed 40-50 percent of the total
solids content. The reason why the amount of organic matter must be known is because
wastewater treatment is more concerned with organic matter while inorgaDic matter is of
secondary importance. Organic matter contains the harmful, pathogenic: diseases.

Tests on all of the above are performed using the gravimetric method of testing.
The settleahle solids and B.O.D. tests are considered in groups of their own even though
they may contain steps similar to one or more of the four major methods.

Dissolved Solids

The amount of dissolved solids may be computed by subtracting the amount of
suspended solids from the amount of total solids. This information is not normally
required, however, it may be used to determine the character of raw wastewater or to
show a high rate of industrial pollution. See Figure 7-1 for classification of solids
in a typical sanitary sewage system.
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Wastewater
1. Raw
2. Primary
3. Secondary
4. Final

SOLIDS

Sludges
1. Raw (PST)
2. Digester (inside)
3. Digested (draw to beds)
4. Supernatant liquor

Total Solids (Dry)

Dissolved

SueLended

Floating

Settleable

Nonsettleable

Grease

Oil

Debris

Volatile (organic)

Fixed (inorganic)

FIGURE 7-1. Total Solids Contained in a Typical Sanitary Sewage System
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ADDITIONAL WASTEWATER TESTING

Volatile Acids

Volatile acids are found contained in the sludge of digestors. These organic acidr
are formed by anaerobic bacteria. Examples of organic acids are: acetic acid, better
known as vinegar; citric acid, found in lemons: and formic acid. Fonlic acid is found
in red an'..s. When volatile acids are present, an acidic eavironment exists which
unsuitable for digestion of organic matter. This condition is caused by pumping too
much raw sludge into the digestor at one time, and/or by unthorough miring. A test ft)/
volatile acids will determine the overall health of H digestor.

Grease - Grease is primarily composed of fatty m. sr from animals and oils from
vegetables. Grease also contains sc!Ips, waxes and other oils. By knowing the percent-
age of each minimizes the difficulty in determining the major source and simplifies
the correction of grease problems in sewage treatment plants. Grease clogs pipes and
filters, interferes with the settling rate, and prevents anaerobic bacteria from
decomposing all organic matter properly.

A gravimetric test will determine the amount of grease in !.ie digestor. Samples of
oil film recovered from the surface of a stream or other body of water will b- almost
impossible to evaluate in relation to the total volume of vitter, total fi1A area, and
thickness involved.

Settling Rate - The settling rate test is primarily used at an activa::: jludge
treatment plant. Many things effect the rate in which sois settle includirg the
amount of grease, temperature, speed of flow through the primary settling tank, and
th amount of aeration present.

C.O.D. - Of the organics in wastewater, a large part consists of btolegradable
material - those which serve as a food source for bacteria. The amount f oxygen
required to stabilize the blodegradable organics is measured by the BOD test. Some of
the organics in wastewater, especially pesticides, are not biologically degradable and
are not measured in the BOD test. The chemical oxygen demand (COD) is used tiD meaeure
the amount of these materials present. Since more things can be oxidized ch4reWally
than biologically, the COD results will be higher than BOD. The COD has the advantage
of being completed in about two hours instead of five days like the BOD test. This
allows closer operational control of plant treatment processes. When a Yong term
t.orrelation between BOD and COD can be shown, then EPA may sometimes accept the COD test
39 a substitute for SOD teet

The test equipment that required is a 300 mL round-bottom flask with a glass
neek and a condenser. A h JP.te, and a 500 mL Erlenmeyer flask, will be needed.
The reagents required are sit...; acid-silver sulfate solution, potassium dichro-
mate solution, ferroin indicator solution, ferrous ammonium sulfate solution and
mercu7 sUlfate crystals.

Th. generalized procedures used to perform the C.O.D. test are as follows:

1. Put 20-mL of sample in the flask; add 0.4 g of mercuric sulfate and 10 mL of
potassium dichromate solution. Add 30 mL of sulfuric acid-silver sulfate solution and
mix. Attach the flask to the condenser and heat the sample solution. Let cool.

2. Transfer the contents to a 50C mL Erlenmeyer flask; dilute tae mixture to about 140
mL, cool and titrate the excess dichromate 'with ferrous ammonium sulfate solution, using
the ferroin indicator -- usually 9 or 4 drops of indictor are added to the sample before
titration.

Formula: a -bXcX8 000
COD(mg/L) us

mL of sample

COD - Oxygen used from potassium dichromate

a - mL ferrous ammonium sulfate solution used for the blank sample

b - mL ferrous ammonium sulfate solution for the sample

c - normality of ferrous ammonium sulfate solution
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FIGURE 7-2. Apparatus Used for C.O.D.

Nitrogen compounds - Nitrogen compounds are important in the control of vastewater
treatment plants. There are four types uf nitrogen compounds which you should 'necome
familiar with. They are: organic -N, ammonia -N, nitrate -N, and total nitrogen.
Total -N is made up of organic and ammonia nitrogen.

Nitrate nitrogen is probably the most important since its presence tells us the
stabilization process is complete. A rise in organic nitrogen content may often be
related to the sewage or indwtrial waste pollution of a given water supply.

Sulfide Compounds - Hydrogen sulfide (H23) is released by anaerobic
decomposition, indicating there is no oxygen present in the wastewater. This often
means you have a septic condition. Hydrogen sulfide in soluAun ienel a disagreeable
baste and rotten-egg odor to water. Concentrations of a few '.enths of a milligram per
liter cause an objectionable sell, whiie higher concentrationc ;.; low conceotrations
over an extended period of time are. deadly. Never leave sludge in the digestor long
06o-Agla to form this gas.

Ground water absorbs sulfides by passing over sulfur-bearing rocks. Hydrogen
sulfide when in water or exposed to oxygln can turn into sulfuri,1 acid which att!....,As
concrete and cement in sewers causing "crown" corrosion. Samples must be taken with
a minimum amount of aeration to prevent oxygen from chemically combining and thus
changing the hydrogen sulfide content.

TESTING FOR COLIFORM BACTERIA

To insure there has been no pollution of potable water supplies, ewlry week tests
must be performed to detect any presence of coliform baceria. For ttle routine exam-
ination of most potable water supplies, the object of the test is to determine the
presence or absence of coliform organisms. Also it measures the efficiency of plant
operation. At least 95% of all samples examined should give negative results. One
positive result does not mean the water is contaminated. But three out of five or more
positive results is good reason for some type of action. Any observable increase in
the number of positive samples also is a good indication of trouble in your treatment
process.

7-6

373



The coliform bacteria originate in the intestines of man and other warm blooded
animals. They themselves are not Warmful, but show us that other hermful bacteria
(for which there is no easy test), could be living in the water (Pathogens). The fecal
coliform test is an indicator of haemful bacteria in the wastewater. Both the
multiple-tube fermentation test which is eupressed as "Most Probable Number" (MPN)
and the millipore membrane filter test or Membrane Filter (MF) are used to check for
colifore in water and wastewater. The coliform group density is expressed as the
degree of pollution. The test and test results are used as a basis for the standards
of bacteriological quality of water supplies. Extreme care must be taken to provide
sterile semple bottles and testing equipment so not to alter the aetual bacteria count.

The MPN multiple-tube fermentation method is based on the appearance of gas bebbles
in small vials or tubes produced by the fermentation of a lactose broth medium. This
incubation time could renge from 24 to 96 hcurs. The MF or millipore membrane filter
test is used to collect coliform from larger more representative simples of water.
When the sample is passed through the filter, microorganisms that are larger than the
filter pores are trapped on the filter surface where they can be cultured to form visi-
ble colonies. The various coliform colonies will develop different colors providing
a diregt count of coliform within 24 hours.

Test results are usually reported by the multiple-tube fermentation procedure as
a Most P.obable Number (MPN) index. This index is a number of coliform bacteria which
merely give the results shown by laboratory testing. It is not on a cual count of
bacteria. The direct plating method such as the membrane filter procedure will give a
direct count of bacteria or coliform colonies. In both of the methods above, coliform
density is reported as the membrane filter count (MPN) per 100 mL. Both procedures
are good for checking the sanitary quality of water and the effectiveness of the
treatment plant process.

When testing for coliform using the test tubes procedure, four types of test tubes
can be used to check for active formations produced by the bacteria: a presumptive test
with a dehydrated lactose broth contained in the test tube; a lauryl tryptose troth used
to detect bacteria which causes gas formations in the tube; a confirmed test that con-
tains a bright green lactose bile broth which identifies total coliform bacteria; and
an S.C. Jtedium test that when the sample is incubeted at temperturea 'higher than the
gas formation, temperatures of the nonfeeal coliform will then indicate the presence of
fecal coliform bacteria. The multiple tube dilution procedure requires separate tubes
for eaoh amount of sample to be tasted and a minimum of three dilutions of each simple.
If there ar, five samples with three dilutions of each sample, you will have fifteen
fermentation test tubes to anlayze This procedure must be performed with extreme
care aed accuracy. Many steps are involved in ta 'ng each sample, preparing the vari-
ous dilutions and incubatirg the simples at speci:Lc temperatures for a set time that
begins at a 24 hour period arm could teke as loni es 48 or 96 hours. Remomber, the
fermentation tube test will give you positive res.ets but will not indicate the
numerical count of bacteriological colonies.

The membrane filter (MF) technique is used for analyzing water throughout the
interstate water ways. This test can reproduce bacteria very well when testing large
volumes of water sumples. This test is able to yield a positive result in the simple
faster than the standard tube tests. Results are made in 24 hours and more representa-
tive semples of water ma to mgde more routinely. The numerical counts from membrane
filters have better accuree; than with the fermentation tube method and the equipment
and supplies are loss buils.e. Also, more individual total samples can be made with less
space used up in the laboretcrry.

Total and fecal colifor-J tests are by tar one of the most important tests Mks::
for water quality standards. Information explaining detailed methods and procedures
pertaining to coliform tests can be found in Standard Methods for the Examination of
Water and Wastewater and other microbiological-millipore publications.

374 7-7



a. F-esumptive Test:

I-Wad water samples to five tubes containing
lauryl tryptose broth and invert vials and
incubate for 24 hours.

1

I

1
1

I GIS produced
1

No gas produced
Positive Presum tion test I

I Incubate another :%4 hours I

1

GIS produced
Positive Confirmed Test
Coliform Groqpipresent

b. Confirmed Test:

IGas produced Positive I

PresumpAon Test

ITransfer portion o positive culture to brtght I

green lactose bile broth and incubate 48 nours

c. Completed Test:

ITransfer small amount of c-_iiform colony
from the EMB plate to nutrient agar slant
and lauryl tryptose brotn and incubate

Ma gas produced
Negative pre-
sumption tests;
coliform group
absent

INo gas produced
Coliform group absent I

I Transfer portion of a positive culture to Rosin
I, Methylene Blue (pm) agar plate and incubayl 24 hours

L___

1

Gas produced
Iled stained, nonspore forming
rod-shaped bacteria found
positive completed test

No gas produced
Red stained cocci or blue stained,
rod stkped bacteria found --
Negat rAmpleted test

FIGURE 7-3. Multiple-tubs Termentation Method of Process Control

7-8

375



SUMMARY

There are a few additional tests which yo Ay or may not perform in the field.
Some deal with wastewater, others with water. In this last chapter we have talked
about a few wastewaLer and one water test. A basic understanding of each is required.

Volatile acids are organic acids found in the sludge of Jigestors. The smallest
amount of them as possible is desired because their presence is unsuitable for the
digestion of organic matter. A test for volatile acids will determine the overall
health of a digestor.

Grease is composed of animal fats, oils, soups and waxes. They clog pipes and
filters, interfere with settling rates, and prevent anaerobic bacteria from decomposing
organic matter properly. A gravimetric test will determine the amount of grease in the
digestor.

Hydrogen sulfide (H2S) is released by anaerobic decomposition which indicates that
there is no oxygen present. This often means you have a septic condition. The gas has
a rotten-egg odor which varies in concentrations depending on the septic conditions.
Never leave sludge ir the digtstor long enough to form this gas. When combined with
oxygen, H2S becomes a highly corrosive sulfuric acid.

Nitrogen compounds come in four basic types; organic, ammonia, nitrate, and total.
Nitrate nitrogen if present indicates the stabilization process is complete. A rise in
organic nitrogen content may often be relaLed to the sewage or industrial waste
pollution of a given water supply.

C.O.D. is a test performed in the place of B.O.D. It Likes two hours to complete
and its results are comparable to that of the B.O.D. C.O.D. does require certain
equipment and has not been recognized by the EPA. C.O.D. is especially good to test
where there is industrial waste.

Settling rate is 'ffected by many things including the amount of grease, tempera-
ture, speed of flow through the primary settling tank and the amount of aeration
present.

Coliform bacteria is tested to insure harmful bacteria are aot present. ,:oliform
originate in the intestines of man and other warm blooaed animals. Extreme care must be
taken to provide sterile sample bottles.

376
7-9



Exercise II-7-b

Instructions: Complete the following questions.

I. What does D.O. and B.O.D. represent.

2. List the three major --.themicals used to prepare a D.O. and a 8.0.0.

a.

b.

C.

3. What reagent is used to titrate either a D.O. or B.O.D.?

4. What is the purpose for ,.reparing and testing a "blank" dilution water sam.de?

5. At what temperature a.e the B.O.D. samples incubated?

6. Tell what a BO% meas _es in a wasLewater sample.

7. List five laboratory e Ipment or glassware usec
D.O. or B.O.D. test.

a.

b.

c.

d.

e.

Exercise II-7-c

Instructions: Complete the following questions:

I. How do, ,rease interfere with settling rates?

2. What factors influence the settling rate?

3 Prpo
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3. How many milliliters of sample are required to run a settleable solids test?

4. What is the total time ;ta a settleable solids test?

5. What three types of wastewater fAriut samples are measured when performing
a settleable solids, test?

a.

b.

C.

6. What laboratory devices are used to perform a settleable solids test?

Exercise 11-7-d

instructions: Complete the following questions.

1. List three types of solids which are catagorized u:Jer total solids.

a.

b.

C.

2. What type uf sacple is usually used to test for total solids?

3. What ai.. three pieces of equipment used to evaporate the water content
of a sample for the total solids tAst?

a.

b.

C.

4. What unit is used to dry the total sr;lids sample?

5. What unit is used to burn or volatilize the cotal solids sample?

6. What unit is used to cool a solias sample wit.Laut absorbing moist
into the simple?
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7. What piece of equipment is used to welsh th,.1 solids samples?

n. What substaner, classified as vnlatile matter?

P. what substar-!e is classified as fixed matter?

10. Lis least three safety items or equipment used during the nerformance
oi :otal solids test.

R.

h.

C.

Pxercise IT-7-e

Instructions: Complete the followinr qw!stions.

1. What piece of equipment is used to filter out the suspended solids in a
wastewater sample?

2. Pow are the suspened solids drawn throw!), the filter element?

3. Vhat three types wastewnter samples are usually filtered when performinr
a suspended solids test?

a.

C.

4. What device is used to -fry susrendcr solids sample''

5. Pow lonr is required to :nmpletely dry a suspended solids sample?

C. What unit is used to coo,. a suspended solids sample without lettlnr moisture ahsorl,
into the sample?

7. What device is used to welrh the suspended solids sample?



Execise II-7-f

Instructions: Complete the following questions.

1. Why is coliform bacteria harmful?

2. What type of bottle(s) is/are used collecting a sample to test for
coliform bacteria?

3. List at least two diseases caused by pathogenic bactc-f.N.

a.

b.

4. Why are coliform bacteria asidered pathogenic or Oisease producing?

5. What precautions must be fc .r 1 to produce correct bacteriological test
results?

6. Why must sa&e bottles be sterilized before a bacteriological test is
performed?

Ezpercise II-7-g

Instructions: Complete the following questions.

1. What do the letters "C.O.D." represent?

List three advantages of performing the C.O.D. compared

a.

b.

C.

3. List three chemicals used in the performance of a C.O.D.

a.

b.

c.

to the BOD5.

test.

4. List two pieces of lab equipment used to perform a C.O.D. test.

a.

b.

PROGRESS CHECK

You should be ready fo-: the progress check. If you
of the previous instruction, do so. The progress check
publicutlen and controlled by the instructor. You must
instruotor supervision and complete it prior to leaving
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.10 Technical Traiiiing Group
Avil Engineerin7 Training
.4ppard Air Pol-,e Rase, Texas

RELATED MATHEMATICS

OHJECTiVE:

PC J3ABH56631. 000-II-1a
June 1986

Solve problems in addition, subtraction, multiplication, and division of whole
numbers.

REEKRENCE/MATER/AL/EQUIPMENT:

None

INSTRUCTIONS:

1. This progress check c, .s of 4 ite'43. You must solve each item correctly to
receive a satisfactory

2. When you have completed the progrefa chech, return it to your instructor.

3. If you have no questions start your progress check.

DIRECTIONS:

1, Solve each of the following problems correctly.

(1) 0479 (2) 5302 (3) 1801
6364 - 2807 x 191
2469

+ 9785

-- STOP --

1-1
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3770 Technical Training Group
Civil Engineering Training
Sheppard Air Force Base, Texas

RELATED MATHEMATICS

OBJECTIVE:

PC J3ABR5e131 000-II-lb

Solve problem' in addition, subtraction, multiplication, and division of decimals.

REPERENCE/MATERIAL/PUIPMENT:

None

INSTRUCTIONS:

1. This progress check consists of 4 items. You must solve each item correctly to
receive a satisfactory rating.

2. When you have completed the progress check, return it to your instructor.

3. If you 'have no questions, start your progress check.

DIRECTIONS:

Solve each of ;the following problems correctly.

1. 2.18 34.35 + .14 + 4.9 + 1.0 al

2. 45.561 - 31.2492

3. .059
x 83.2

4. .02958 + .12

-- STOP -
Before proceeding any further have the instructor check your answers.

Instructor's Initials
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3770 Technical Trataing Group
Civil Engineering Training
Sheppard Air Force Base, Texas

RELATED MATHEMATICS

OBJECTIVE:

PC J3ABR56631 000-II-1c

Solve problems in addition, subtraction, multiplication, and division of fractions.

REFERENCE/MATERIAL/EQUIPMENT:

None

INSTRUCTIONS:

I. This progress check consists of 4 items. You must solve each item correctly to
receive a satisfactory rating.

2. When you have completed the progress check, return it to your instructor.

3. If you have no questions, start your progress check.

DIRECTIONS:

1.

Solve each

5/6 + 2/9

of

=

the following problems correctly.

2. 2 7/8 - 1 1/8 =

3. 4/5 x 3/5 =

4. 9 2/7 =

-- STOP --

Before proceeding any further have the instructor check your answers.

1-5
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3770 Technical Training Group
Civil Engineering Training
Sheppard Air Force Base, Texas

RELATED MATHEMATICS

OBJECTIVE:

PC J3ABR56631 000-II-1d
June 1986

Given the formulas, dimensions, and a geometric figure of a square, rectangle, and

circle, compute the area of each.

REFERENCE/MATERIAL/EQUIPMENT:

None

INSTRUCTIONS:

1. This progress check consists of 3 items. You must solve ,aach item correctly to

receive a satisfactory rating.

2. When you have completed the progress check, return it to your instructor.

3. If you have no questions, start your progress check.

DIRECTIONS:

2.

Solvt. each of the following problems correctly.

6"

10

3. D= 40"

Area = S2 A =

Area =LxW A

Area = x R2 A=

-- STOP --

Before proceeding any further have the instructor check your answers.

1-7
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3770 Technical Training Group
Civil Engineering Training
Sheppard Air Force Base, Texas

RELATED MATHEMATICS

PC j3ABR56631 000-II-le
June 1986

OBJECTIVR:

Given the formulas, dimensions, and a geometric figure of a square, rectangle, and
circle, compute the volume of each.

REFERNNCE/MATERIAL/EQUIPMENT:

None

INSTRUCTIONS:

1. This progress cheek consists of 3 items. You must solve each item correctly to
receive a satisfactory rating.

2. When you have completed the progress check, return it to your instructor.

3. /f you have no questions, start your progress check.

DIRECTIONS:

Solve each of the following problems correctly.

t.

s zoi

Volume = S3 V =

3. fr.::20 Volume =

-- STOP --

Before proceeding any further have the instructor check your answers.

1-9
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3770 Technical Training Group
Civil Engineering Training
Sheppard Air Force Base, Texas

RELATED MATHEMATICS

OBJECTIVE:

PC J3ABR56631 000-II-lf
June 1986

Given problems pertaining to a typical water supply system and a maximum of three
instructor assists, follow the qorrect procedure to complete each problem.

REFERENCE/MATERIAL/EQUIPMENT:

None

INSTRUCTIONS:

1. Tills progress check consists of 6 items. You must solve each item correctly to

receive a satisfactory rating.

2, When you have completed the progress check, return it to your instructor.

3. You are authorizud a maximum of three instructor assists.

4. If you have no questions, start your progress check.

DIRECTIONS:

Solve each of the following problems
number.

1. a. A swimming pool measures 84 ft. by 43 ft., and is 2 ft. deep at one end and 12

ft. deep at the other end. How large is the pool?

correctly. Round off all answers to a whole

b. How many gallons of water will this pool hold?

c. If a pump delivers 40 gallons per minute, how long will it take to fill this

pool? Hrs. Min.

2. a. A water storage tank 56 ft. in height, with a diameter of 28 ft. contains how

many gallons of water when full?

b. Assuming this tank is full, what would the psi be at the bottom of the tank.

3. You are told to disinfect a tank of water which holds 750,000 gallons when full. In

stock there is some dry powder chlorine that is 70% pure. How many pounds of

chlorine will you need to reach a 5.0 ppm content of chemical?

-- STOP --

Before proceeding any further have the instructor check your answers.

Instructor's Initials
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3770 Technical Training Group
Civil Engineering Training
Sheppard Air Force Base, Texas

RELATED MATHEMATICS

0RJECTIVE:

PC J3ABR56631 000-II-Ig
June 1986

Given the temperature conversion formulas, convert temperature between the metric
and English systems.

REFERENCE/MATERIAL/EQUIPMENT:

None

INSTRUCTIONS:

1. This progress check consists of 2 items. You must solve each item correctly to
receive a satisfactory rating.

1. When you have completed the progress check, return it to your instructor.

3. If you have no questions, start your progress check.

DIRECTIONS:

1. Solve each of the folloring problems correctly.

Instructions: Change the following C° temperatures to F° and F° to C°.

1. C = 5/9 x (F-32)

66°F = °C

2. F = 9/5 x C + 32

10°C = °F

-- STOP --

Before proceeding any further have the instructor check your answers.

Instructor's Initials
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3770 Technical Training Group
Civil Engineering Training
Sheppard Air Force Base, Texas

PRINCIPLES OF PHYSICS

OBJECTIVE:

PC J3A13R56631 000-II-2a
June 1986

Given information and a list of eight incomplete statements concerning physics,
complete the statements. Five of the eight must be correct.

REFERENCE/MATERIAL/EQUIPMENT:

None

INSTRUCTIONS:

1. This progress check consists of 8 items.
receive a satisfactory rating.

You must solve 5 item correctly to

2. When you have completed the progress check, return it to your instructor.

3. If you have no questions, start your progress check.

DIRECTIONS:

Complete each statement so that it

Exercise 2a

will state a correct fact about physics.

Instructions: Complete each statement so that it will state a correct fact about
physics.

1. Physics is the study of and

2. Energy is

3. Kenetic and Potential are two types of

4. Define matter

5. List the three states of matter.

a.

b.

c.

6. What are two factors that cause a change of matter from one physical state to
another?

a.

b.

7. Any material or substance that can be reduced to a simpler form is known as a

8. If you were trying to find the density of a substance, you would divide the weight

by the

2-1
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3770 Technical Training Group
Civil Engineering Training
Sheppard Air Force Base, Texas

PRINCIPLES OF CHEMISTRY

OBJECTIVE:

PC J3ABR56631 000-II-3a
June 1986

Given a list of twenty chemical terms, elements, radicals, and other related terms,
match them with their definitions and/or symbols. Sixteen of the twenty terms must be
correct.

REFERENCE/MATERIAL/EQUIPMENT:

None

INSTRUCTIONS:

1. This progress check consists of 20 items. You must solve 16 items correctly to
receive a satisfactory rating.

2. When you have completed the progress check, return it to your instructor.

3. If you have no questions, start your progress check.

DIRECTIONS:

1. Solve each of the following problems correctly.

COLUMN I COLUMN II

1. ( ) The process by which molecules break a. Atomic number
up to form ions

b. Concentrated solution
2. ( ) The weight of a unit volume of matter

c. Formula
3. ( ) A number which shows the comparative

weight of one atom d. Anion

4. ( ) A number which shows the number of e. Proton
protons contained in one atom

f. Molecular weight
5. ( ) The relative combining capacity of

an element g. Ionization

6. ( ) The weight of an element which will h. Valence
react chemically with another
element i. Solvent

7. ( ) A substance composed of two or more j. Molecule
elements, chemically combined

k. Atomic weight
8. ( ) An ion composed of two or more ele-

ments combined chemically 1. Equivalent weight

9. ( ) Sub-atomic particle with a (+) m. Radical
charge

n. Density
10. ( ) Atom or radical with an electrical

charge o. Ion

11. ( ) Sub-atomic particle with a (-) p. Electron
charge

12. ( ) Ion with a (+) charge

-- STOP --

Before proceeding any further have the instructor check your answers.

Instructor's Initials

3-1391



13. ( ) Weight of one molecule of a compound

14. ( ) Smallest part of a compound

15. ( ) Abbreviation for the name of a com-
pound

16. ( ) An ion with a (-) charge

17. ( ) A solution containing a large amount
of solute per unit volume

R. ( ) A substance which has been dissolved

19. ( ) P. substance which will dissolve
another substance

20. ( ) A uniform mixture of two or more
substances in liquid form

-- STOP --

q. Cation

r. Solute

s. Compound

t. Solution

Before proceeding any further have the instructor cheek your answers.

3-3
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3770 Technical Training Group
Civil Engineering Training
Sheppard Air Force Base, Texas

PRINCIPLES OF CHEMISTRY

OBJECTIVE:

PC J3ABR56631 000-IY-3b
June 1986

Given a list of 25 chemical componnds and their formulas, match the chemical
compounds with their formulas and indicate whether the compound is an acid, base, or
salt. At least 1? of 15 must be correct.

REFERENCE/MATERIAL/EQUIPMENT:

SW J3A3R56631 000-11-1 thru 7

INSTRUCTIONS:

1. This progress check consists of 15 items. You must solve 12 items correctly to
receive a satisfactory rating.

2. When you have completed the progress check, retnrn it to your instructor.

3. If you have no questions, start your progress check.

DIRECTIONS:

Instructions: Place the letter of the matching formula in the space provided preceding
the correct compound in Column I, also indicate in the space provided following the
compound if it is an acid, base, or salt by placing an "a" for acid, a "b" for base or
an "s" for salt in that space.

COLUMN I COLUMN II

1. ( ) Calcium carbonate ( ) a. Mg(SO4)

2. ( ) Hydrochloric acid ( ) b. Na(OH)

3. ( ) Sulftric acid ( ) c. Ca(CO3)

4. ( ) Sodium Hydroxide ( ) d. H2(SO4)

5. ( ) Magnesium Hydroxide ( ) e. H(NO3)

6. ( ) Potassium hydroxide ( ) f. Ca(SO4)

7. ( ) Nitric acid ( ) g. K(OH)

8. ( ) Calcium hydroxide ( ) h. Ca(OH)2

9. ( ) Sodium chloride ( ) i. H2SiO3

10. ( ) Carbonic acid ( ) j. W0102

it. ( ) Calcium bicarbonate ( ) k. Fe203

12. ( ) Calcium sulfate ( ) 1. H2(CO3)

13. ( ) Ferric oxide ( ) m. NaC1

14. ( ) Silicic acid ( ) n. Ca(HCO3)2

15. ( ) Magnesium sulfate ( ) o. HC1

-- STOP --

Before proceeding any further have the instructor check your answers.

Instructor's Initials

3-s
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3770 Technical Training Group
Civil Engineering Training
Sheppard Air Force Base, Texas

PRINCIPLES OF CHEMISTRY

OBJECTIVE:

PC J3ABR56631 000-II-3c
June 1986

Given a list of ten compounds write formulas describing each compound. Seven of
the 10 formulas must be correct.

REFERENCE/MATERIAL/EQUIPMENT:

SW J3ABR56631 000-II-1 thru 7

INSTRUCTIONS:

1. This progress check consists of 10 items. You must solve 7 items correctly to
receive a satisfactory rating.

2. When you have completed the progress check, return it to your instructor.

3. If you have no questions, start your progress check.

DIRECTIONS:

Using a list of common ions, write the formulas for the following components. Be
sure to include symbols, subscripts, and valences.

1. Sodium Bicarbonate

2. Calcium phosphate

3. Magnesium hydroxide

4. Hydrogen chloride

5. Hydrogen phosphate

6. Potassium sulfite

7. Aluminum phosphate

8. Calcium oxide

9. Ferric chloride

10. Ferric sulfate

-- STOP --

Before proceeding any further have the instructor check your answers.

3-.7
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3770 Technical Training Group
Civil Engineering Training
Sheppard Air Force Base, Texas

PRINCIPLES OF CHEMISTRY

OBJECTIVE:

PC J3ABR56631 000-II-3d
June 1986

Given five sets of reactants, write balanced chemical equations. Three of the five
must be correct.

REFERENCE/MATERIAL/EQUIPMENT:

SW J3ABR56631 000-II-1 thru 7

INSTRUCTIONS:

1. This progress check consists of 5 items. You must solve 3 items correctly to
receive a satisfactory rating.

2. When you have completed the progress check, return it to your instructor.

3. If you have no questions, start your progress check.

DIRECTIONS:

Using a list of common ions, balance the following double-displacement equations.
Be sure to include all symbols, subscripts, co-efficients and valences.

1. Calcium hydroxide + sulfuric acid -->

-->

2. Sodium sulfate + zinc nitrate -->

-->

3. Aluminum sulfate + Calcium hydroxide

-->

4. Barium hydroxide + sulfuric acid -->

-->

5. Copper sulfate + sodium chloride -->

- - >

-- STOP --

Before proceeding any further have the instructor check your answers.

Instructor's Initials
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3770 Technical Training Group
Civil Engineering Training
Sheppard Air Force Base, Texas

LABORATORY SAFETY

OBJECTIVE:

PC J3A81t56631 000-II-4a
June 1986

Given information pertaining to laboratory chemicals, identify the statements
pertaining to their use and care as true or false. Three of five answers must be
correct.

REFERENCE/MATERIAL/EQUIPMENT:

None

INSTRUCTIONS:

I. This progress check consists of 5 items. You must get 3 items correct to receive a
satisfactory rating.

2. When yon have cr)mpleted the progress check, return it to your instructor.

3. If you have no vuestions, Start your progress check.

DIRECTIONS:

Mark the following statements either true (T) or false (F).

1. You should always add acid to water instead of water to acid.

___2. It is ok to use chemicals in the lab, that are not labeled, if you know what
they are.

3. If a chemical is spilled on your arm, you should immediately wash it off.

___4. Never mix chemicals at random.

5. Sometimes you may need to taste a chemical to help identify it.

-- STOP --

Before proceeding any further have the instructor check your answers.

Instructor's Initials
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3770 Technical Training Group
Civil Engineering Training
Sheppard Air Force Base, Texas

LABORATORY SAFETY

OBJECTIVE:

PC J3ABR56631 000-II-4b
June 1986

Given a list of 10 statements pertaining to the use and care of laboratory
equipment, match the identifying statements to the correct piece of equipment. Seven of
the ten answers must be correct.

REFERENCE/MATERIAL/EQUIPMENT:

None

INSTRUCTIONS:

I. This progress cheek consists of 10 items. You must solve 7 items correctly to
receive a satisfactory rating.

2. When you have completed the progress check, return it to your instructor.

3. If you have no questions, start your progress check.

DIRECTIONS:

Place the letter indicating the correct term in the space preceding the statement
in Column T.

3. (

4. (

S.

)

)

)

)

)

)

COLUMN I COUMN II

Used to transfer exact quantities of a. Bunsen burner
liquid reagents.

7sed to evaporate water samples under
controlled conditionS.

Used to volatize organic matter.

May be used as a container when
heating samples over a burner.

Used to heat samples.

Used to measurae temperature.

Used to weigh samples during
gravimetric analysis.

Container in which "solids" samples
are placed to cool.

9. ( ) Used to measure exact volume of dry
powder.

10. ( ) Container tor sample which is swirled
during titration.

b. Pipette

c. Dessicator

d. Erlenmeyer flask

e. Steam bath

f. Evaporating dish

g. Analytical balance

h. Thermometer

I. Chemical dipper

j. Muffle furnace

-- STOP --

Before proceeding any further have the instructor check your answers.

Instructor's Initials

4-3
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3770 Technical Training Group
Civil Engineering Training
Sheppard Air Force Base, Texas

COLLECT WATER AND WASTEWATER SAMPLES

OBJECTIVE:

PC J3A13R56631 000-II-5a
June 1986

Given information, the appropriate sampling device, and a maximum of one instructor
assist, collect and label a water sample to test for various impurities.

REFERENCE/MATERIAL/EQUIPMENT:

Lab station Rubber Hose
Misc. Glassware 3" x 5" Index Card

INSTRUCTIONS:

1. This progress check consists of two performance items. You must perform both items
correctly co receive a satisfactory rating.

2. You are authorized a maximum of one instructor assist.

3. Your instructor will monitor your performance on item 1.

4. When you have completed this progress check, report to your instructor.

5. If you have no questions, start your progress check.

DIRECTIONS:

Using the following checklist, collect and label a water sample from a given
source, which could be used to test for dissolved gases. The sample will be taken from
an area designated by the 4.nstructor.

1. Collect the sample

a. Ohtain a clean water sample bottle from the lab.

b. Go to the sampling point designated by the instructor.

c. Open the tap and allow water to flow long enough to draw water from the main
before you collect the sample.

d. Rinse the sample container with water from the tap.

e. Attach a rubber hose to the tap and let water flow until all air is removed
from the hose.

f. Place end of hose near the bottom of sample bottle and using a slow, steady
flow, fill sample bottle to overflowing.

g. Turn off tap and immediately cap sample bottle.

2. Label sample giving the following information.

a. Name of collector.

b. Date sample collected

c. Temperature of sample.

d. Place sample was taken at.

P. Type of analysis needed.

-- STOP --

Before proceeding any further have the 1:-...ructor check your answers.

Instructor's Initials
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3770 Technical Training Croup
Civil Engineering Training
Sheppard Air Force Base, Texas

COLLECT WATER AND WASTEWATER SAMPLES

OBJECTIVE:

PC J3ABR56631 000-II-5b
June 1986

Using given information and a maximum of one instructor assist, list the procedures
for collectlng a sample of wastewater and a sample of sludge.

REFERENCE/MATERIAL/EQUIPMENT:

AFM 91-32

INSTRUCTIONS:

1. This progress check consists of 3 items. You must solve each item correctly to
receive a satisfactory rating.

2. You are authorized a maximum of one instructor assist.

3. When you have completed the progress check, return it to your instructor.

4. If you have no questions, start your progress check.

DIRECTIONS:

Using paragraph 16.1.6 and table 16-1 in AFM 91-32, correctly list the procedures
used to collect and label a wastewater sample.

1. Collect the sample.

a.

b.

C.

d.

e.

f.

2. Label the sample.

a.

b.

C.

d.

-- STOP --

Before proceeding any further have the instructor check your answers.

Instructor's Initials
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e.

Instructions: Using information from your study guide, list the procedures used to
collect a sludge sample from an anaerobic digestor.

1.

2.

3.

4.

-- STOP --

Before proceeding any further have the instructor check your answers.

5-5
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3770 Technical Training Group
Civil Engineering Training
Sheppard Air Foree Base, Texas

WATER ANALYSIS

OBJECTIVE

PC J3ABR56631 000-II-6a
June 1986

Using appropriate laboratory equipment and testing procedures test various samples
of water for pH, temperature and specific conductance. No more than one instructor
assist is allowed for each test.

REFERENCE/MATERIAL/EQUIPMENT:

pH meter
Thermometer
pH buffer

INSTRUCTIONS:

Lab manual Misc. Glassware Water Samples
Specific Conductance Meter Lab Station

1. This progress check consists of 3 laboratory tests. You must perform each test
correctly to receive a satisfactory rating.

2. When you have completed the progresS check, return it to your instructor.

3. If you have no questions, start your progress check.

DIRECTIONS:

Test various samples of water for pH, temperature, and specific conductance. Use
the information given below and record your answers. Be sure to follow all safety
precautions.

1. pH

To run a pH test follow the instructions on pages 17-19 in your lab manual.

pH of sample =

2. TEMPERATURE

To test for temperature follow the instructions on page 31 of your lab manual.

Temperature of sample =

3. SPECIFIC CONDUCTANCE

To test for specific conductance follow the instructions on page 28 in the lab
manual.

Specific conductance of sample =

-- STOP --

Sefore proceeding any further have the instructor check your answe.s.

Instructor's Initials
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3770 Technical Training Group
Civil Engineering Training
Sheppard Air Force Base, Texas

WATER ANALYSIS

OBJECTIVK:

PC J3A13R56631 000-II-6b
June 1986

Given information, laboratory equipment, and various water samples, test the
samples for chlorine residual, turbidity, iron, and fluorides. No more than one
instructor assist is allowed for each test.

REFERENCE/MATERIAL/EQUIP3ENT:

Hach DR-3000 Spectrophotometer Hach Turbidity Meter
Hach DR-3000 Spectrophotometer Instrument Manual Water Samples

Lab Manual
Lab Station
Water Station

INSTRUCTIONS:

Misc Reagentr
Misc Glassware

1. This progress check consists of 4 laboratory tests. You must perform each test
correctly to receive a satisfactory rating.

2. You are allowed one instructor assist.

3. When you have completed the progress check, return it to your instructor.

4. If you have no questions, start your progress check.

DIRECTIONS:

Test various samples of water for chlorine residual, turbidity, iron. and flouride.
Use the information given below and record your answers. Be sure to follow all safety
precautions.

1. CHLORINE RESIDUAL

To run a chlorine residual test folow the instructions in Part 3, Test Procedures

of HACH DR/3000 Spectrophotometer Instrument Manual.

Chlorine residual

2. IRON

Ppm

To test for tron follow the instructions in Part 3, Test Procedures of HACH DR/3000
Spectrophotometer Instrument Manual.

Iron PPm

3. FLOURIDE

To test for flouride follow the instructions in Part 3, Test Procedures of HACH
DR/3000 Spectrophotometer Instrument Manual.

Flouride

4. TURBIDITY

PPm

To test the turbidity of a sample, follow the directions in your lab manual pages
34 and 35 for a Hach Turbidity Meter Model 2100A.

Turbidity NTU

-- STOP --

Before proceeding any further have the instructor check your answers.

Instructor's Initials
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3770 Technical Training Group
Civil Engineering Training
Sheppard Air Force Base, Texas

FATEF: ANALYSIS

OBJECTIVE:

PC J3A13R56631 000-II-6c
,:une 1986

Given laboratory equipment, HACH DR-3000 spectrophotometer methods manual and a
water sample, test the sample for true color, with no more than one instructor assist.

REFERENCE/MATERIAL/EQUIPMENT:

HACH 11-3000 Spectrophotometer
HACH DR-3000 Spectorphotometer Instrument Manual
Water Samples

INSTRUCTIONS:

Misc. Glassware
Lab station

I. This progress check consists of 1 laboratory test item. You must perform test item
correctly to receive a satisfactory rating.

2. You are allowed one instructor assist.

3. When you have completed the progress check, return it to your instructor.

4. If you have no questions, start your progress check.

DIRECTIONS:

Test a water sample for color using the information in the DR/3000
Spectrophotometer Manual. Disregard the instructions for filtering the sample in steps
#3 and 4 of the procedure. Record your answer below.

Color color units

-- STOP --

Before proceeding any further have the instructor cheek your answers.

6-5
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3770 Technical Training Group
Civil Engineering Training
Sheppard Air Force Base, Texas

WATER ANALYSIS

OBJECTIVE:

PC J3ABR56631 000-II-6d
June 1986

Given information, laboratory equipment, and various water samples, test the
samples for hardness, acidity and alkalinity. No more than twi. instructor assists are
allowed.

REFERENCE/MATERIAL/EQUIPMENT:

Lab Station
Misc Glassware
Water samples

INSTRUCTIONS:

Misc Reagents
Lab Manua]

1. This progress check consists of 3 laboratory tests. You must perform them
correctly to receive a satisfactory rating.

2. You are authorized two instructor assists for each test.

3. When you have completed the progress check, return it to your instructor.

4. It you have no questions, start your progress check.

DIRECTIONS:

Test various samples of water for hardness, alkalinity, and acidity. Use the
information given below and record your answers. Be sure to follow all safety
precautions.

1. HARDNESS

To run a hardness test follow the instructions on pages 13 and 14 of your lab
manual.

Total Hardness ppm

Ca Hardness = ppm

Mg Hardness = ppm

2. ACIDITY

To run an acidity test follow the instructions on pages 1 and 2 of your lab manual.

FMA = mg/L

Total Acidity = mg/L

3. ALKALINITY

To run an alkalinity test follow the instructions on pages 3 thru 5 in your lab
manual.

P Alkalinity = IDOL

M Alkalinity = mg/L

-- STOP --

Before proceeding any further have the instructor check your answers.

Instructor's Initials
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3770 Technical Training Group
Civil Engineering Training
Sheppard Air Force Base, Texas

WATER ANALYSIS

OBJECTIVE:

PC J3AHR56631 000-II-6e
June 1986

Given the types of phosphate compounds and a list of statements pertaining to
phosphates, match each type of compound to the statements. Three out of five etatements
must be correct.

HEFERENCE/MATERIAL/EQUIPMENT:

None

INSTRUCTIONS:

I. This progress check consists of 5 items. You must solve each item correctly to
receive a satisfactory rating.

2. When you have completed the progress check, return it to your instructor.

3. If you have no questions, start your progress check.

DIRECTIONS:

Match the correct answer in Column I to the statement in Column II. Each answer
may be used once, more than once, or not at all.

COLUMN I COLUMN II

a. Ortho - phosphates 1. Used to stab,ilize water.

b. Poly - phosphates 2. Must be boiled because they
can not be measured directly.

3. May be used to soften water.

4. Can be measured using the
clorimeter method.

5. Are considered contaminates in
wastewater because they cause
aging in receiving waters.

-- STOP --

Before proceeding any further have the instructor check your answers.

Instructor's Initials
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3770 Technical Training Group
Civil Engineering Training
Sheppard Air Force Base, Texas

WATER ANALYSIS

OBJECTIVE:

PC J3ABR56631 000-II-6f
June 1986

Given five incomplete statements concerning chloride compounds, complete the
statements as they pertain to the compound type, source and testing procedures. Three
of the five completed statements must be correct.

REFERENCE/MATERIAL/EQUIPKENT:

None

INSTRUCTIONS:

1. This progress cheek consists of 5 items. You must solve 3 items correctly to
receive a satisfactory rating.

2. When you have completed the progress check, return it to your instructor.

3. If you have no questions, start your progress check.

DIRECTIONS:

Complete each statement so that it will state a correct fact about chlorides.

1. EPA recommends that If chlorides exceed ppm they should be removed.

2. Excessive amounts of chlorides will cause the water to taste

3. We use the method of testing to to test for chlorides.

4. A sudden increase of chlorides in drinking water may indicate

5. The most common forms of chlorides in drinking water are

and

-- STOP --

Before proceeding any further have the instructor check your answers.

Instructor's Initials
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3770 Technical Training Group
Civil Engineering Training
Sheppard Air Force Base, Texas

WASTEWATER ANALYSIS

OBJECTIVE:

PC J3ABR56631 000-II-7a
June 1986

Given information, laboratory equipment, and a wastewater sample, test the sample
for Settleable Solids. No more than two instructor assists are allowed.

REFERENCE/MATERIAL/EQUIPMENT:

Wastewater Samples Lab Manual
Imhoff Cone Lab Station

INSTRUCTIONS:

1. This progress check consists of a laboratory test. You must perform this test
correctly to receive a satisfactory rating.

2. You are authorized two instructor assists.

3. When you have completed the progress check, return to youc instructor.

4. If you have no questions, siart your progress check.

DIRECTIONS:

Follow the directions on page 22 in your lab manual and test a wastewater sample
for settleable solids.

mL/L settleable solids

-- STOP --

Before proceeding any further have the instructor check your answers.

Instructor's Initials
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3770 Technical Training Group
Civil Engineering Training
Sheppard Air Force Base, Texas

WASTEWATER ANALYSIS

OBJECTIVE:

PC J3ABR56631 000-II-7b
June 1986

Given information, laboratory equipment, and a sludge sample, perform Total Solids
and volatile Solids test. No more than two instructor assists ar alloWed for each
test.

REFERENCE/MATERIAL/EQUIPMMNT:

Wastewater 3amples
Lab Station
Analytical Balance
Drying Oven

INSTRUCTIONS:

Muffle Furnace
Dessicator
Misc Glassware
Lab Manual

1. This progress check consists of 3 laboratory tests. You must perform each test'
correctly to receive a satisfactory rating.

2. You are allowed two instructor assists for each test.

3. When you have completed the progress check, return it to your instructor.

4. If you have no questions, start your progress check.

DIRECTIONS:

Follow the directions on pages 25, 26, and 27 in your lab manual and test a sludge
sample for total, fixed, and volatile solids.

mg/L total solids

mg/L fixed solids

mg/L volatile solids

-- STOP --

Before proceeding any further have the instructor check your answet3.

7-3
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3770 Technical Training Group
Civil Engineering Training
Sheppard Air Force Rase, Texas

WASTEWATER ANALYSIS

OBJECTIVE:

PC J3ABR56631 000-II-7c
June 1986

Given information, laboratory equipment, and a wastewater sample, test the sample
for Suspended Solids. No more than two instructor assists are allowed.

REFERENCE/MATERIAL/EQUIPMENT:

Wastewater Samples
Misc Glassware
Lab Station
Analytical Balance

INSTRUCTIONS:

Lab Manual
Vacuum Flask
Vacuum Pump

1. V.is progress check consists of one laboratory test. You must correctly perform
this test to receive a satisfactory rating.

2. You are allowed two instructor assists.

3. When you have completed the progress check, return it to your instructor.

4. If you have no questions, start your progress check.

DIRECTIONS:

Follow the directions on pages 23 and 24 in your lab manual and test a wastewater
sample for suspended solids.

mg/L suspended solids

-- STOP --

Before proceeding any further have the instructor check your answers.

7-5
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3770 Technical Training Group
Civil Engineering Training
Sheppard Air Force Base, Texas

WASTEWATER ANALYSIS

OBJECTIVE:

PC J3ABR56631 000-II-7d
June 1986

Complete four statements concerning the test for Coliform Bacteria. Three of the
four statements must be correct.

REFERENCE/MATERIAL/EQUIPMENT:

None

INSTRUCTIONS:

1. This progress check consists of 4 items. You must solve 3 items correctly to
receive a satisfactory rating.

2. When you have completed the progress check, return it to your instructor.

3. If you have no questions, start your progress check.

DIRECTIONS:

Complete each of the following statements concerning the coliform test.

1. When testing for coliform bacteria you must be sure to use sample
bottles.

2. The multiple-tube fermentation method is based on the appearance of

in small vials or tubes.

3. Test results for the multiple tube fermentation method are expressed as a

index.

4. If coliforms are pTesent, they are an indicator of possible
contamination.

-- STOP --

Before proceeding any further have the instructor check your answers.

Instructor's .nitials
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3770 Technical Training Group
Civil Engineering Training
Sheppard Air Force Base, Texas

WASTEWATER ANALYSIS

OBJECTIVE:

PC J3ABR56631 000-II-7e
June 1986

Given information, laboratory equipment, and a wastewater sample, perform a
Biochemical Oxygen Demand test. No more than two instructor assists are allowed.

REFERENCE/MATERIAL/EQUIPMENT:

Misc Glassware
Misc Reagents
Lab Station

INSTRUCTIONS:

Lab Manual
Incubator
Wastewater samples

1. This progress check consists of 2 laboratory tests. You must correctly perform
each test to receive a satisfactory rating.

2. You are allowed two instructor assists.

3. When you have completed the progress check, return it to your instrector.

4. It you have nu questions, start your progress check.

DIRECTIONS:

Follow the directions on pages 6, 7, 8, and 9 in your lab manual and test a
wastewater sample for dissolved oxygen and BOD.

DO mr/L

ROD trg/L

-- STOP --

Before proceeding any further have the instructor check your answers.

Instructor's Initials



3770 Technical Training Group
Civil Engineering Training
Sheppard Air Force Base, Texas

WASTEWATER ANALYSIS

OBJECTIVE:

PC J3ARR56631 000-11-71
Juno 1986

Given information related to wastewater analysis and five facts concerning the
purpose of Chemical Oxygen Demand (COD) testing method, match the facts with theinformation. Three of the five must be correct.

REFNRENCE/MATERIAL/EQUIPMENT:

None

INSTRUCTIONS:

1. This progress check consists of 5 items. You must solve 3 items correctly to
receive a satisfactory rating.

2. When you have completed the progress check, return it to your instructor.

3. If you have no questions, start your progress check.

DIRECTIONS:

Match the statement in Column II to the statement in Column I. The statements In
Column II may be used once, more than once, or not at all.

COLUMN I COLUMN II

1. ( ) The short time required is a. The strength of wastewater

2. ( ) COD measures b. Lower than ROD

3. ( ) COD readings will be c. A disadvantage of COD

4. ( ) A reagent used in the COD test is d. Ferrous amnonium sulfate

5. ( ) COD is measuraed from what kind of e. Composite
sample

f. Grab

g. An advantage of COD

h. Higher than BOD

i. Potassium iodide

j. The strength of oxygen

-- STOP --

Before proceeding any further have the instructor check your answers.

Instructor's Initials

7- 14

412



HO J3ABR56631 000-11-6

Technical Training

LABORATORY MANUAL

JUNE 1984

3700 TECHNICAL TRAINING WING
3770 Technical Training Group
(Civil Engineering Training)
Sheppard Air Force Base, Texas

ATC FORM 214 (JAN 76)

DESIGNED FOR ATC COURSE USE

DO NOT USE ON THE JOB

ODSOLETES ATC FORMS 214, MAY 69, 522, NOV 63 AND 523, MAY 71, STANDARD COVERSNEET

413



PREFACE

This manual has been written for use in the 566X1. Its purpose is to aid you in
acquiring the basic knowledges and skills needed to perform the laboratory tests used in
water and wastewater analyses.

The tests and procedures used in this manual have been selected from several
sources and modified to meet classroom conditions.

For specif!c instructions on field testing, you should refer to Analysis of Water
and Sewage, by Theroux, Eldridge, and Mullman; Standard Methods for the Examination of
Witer-ild Wastewater, 15th ed., American Public Health Tssociation; manufacturer's
instructf5; oiOther authorized laboratory manuals.

You will not perform every test listed in this laboratory manual. You will do only
those tests that fall within the scope and proficiency level of the course you are
attending.
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GENERAL LABORATORY PROCEDURES

The following procedures are applicable to all laboratory tests:

1. Observe all safety rules applicable to the test (see Laboratory Safety Rules).

2. Select chemicals and equipment needed for the test.

3. Clean all equipment before using. NOTE: Do not use transfer pipet for more than
one reagent unless cleaned before each use.

4. Collect sample as needed for test.

5. Perform the test.

6. Compute results,

7. Record results. NOTE: Results are not correct unless recorded in proper units.

3. Clean equipment and work area.

9. Store equipment as directed.



LABORATORY SAFETY RULES

The following safety rules must be observed when working in the laboratory or during
field testing:

1. Wer,r and use necessary safety equipment. NOTE: Aprons will always be worn while
working in the laboratory.

Remove jewelry before entering laboratory area.

3. NEVER mix chemicals at random.

4. Smell chemicals slowly.

5. Keep work area clean at all times.

G Do NOT use chemicals or reagents which are not properly identified.

7. If chemicals are spilled on you, wash immediately with water.

NOTE: If hands feel slick or burn, wash them.

8. Do NOT use chipped or cracked glassware.

9. Du NOT heat closed containers.

10. Do NOT engage in horseplay.

11. Always add chemicals to water; NEVER add water to chemicals.

12. Do NOT taste chemicals.



COLLECTING AND LABELING WATER
AND WASTEWATER SAMPLES

The following questions and procedures will assist you in learning the process of
collecting and labeling water and wastewater samples.

QUESTIONS

1. What is the purpose of sampling?

2. Why should samples be labeled?

3. What are grab samples?

4. What is a composite sample?

5. What areas of a lake, stream, or spring should be avoided when collecting water
samples?

6. List the steps required to collect a water sample from a lake.

PROCEDURES

1. ColLect water sample for laboratory analysis. Sample will be taken from an area
designated by the instructor.

a. Obtain r clear 300 mL bottle from the lab.

b. Go to sampling point designated by the instructor and thoroughly flust
. the

sampling line.

c. Rinse sample bottle thoroughly with water to be tested.

d. Adjust sampling line to fill container.

e. Using a slow, steady flow, fill sample bottle to ove.rflowing.

f. Turn off tap and immediately cap sample bottle.

g. Label sample giving the following information:

(1) Name of collector

(2) Date 'of collection

(3) Sampling point
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(4) Source of water

(5) Temperature of sample

(6) Type of analysis needed

h. Take sample to lab for testing and analysis.

2. Collect ard label a wastewater sample for laboratory te*t

a. Obtain a clean wide mouth container (1000 ML beaker) from lab.

b. Obtain a precollected sample from yir located in refrigerator.

e. Label sample, giving the following information.

(1) Name of collector

(2) Date of collection

(3) Place sample taken

(4) Source of water

(5) Temperature of sample

(6) Type of analysis needed

d. Take sample to lab for testing and analysis.



ACIDITY TEST

Purpose of Test: To determine the amount of free mineral acieity (FMA) and total
acidity present in a sample.

Method of Testing: Volumetric titration using color indicators to determine the end
point.

Principles of Test:

I. Free mineral acids in a water solution will cause a pH of 4.5 or below.

2. In the absence of FMAs or after their removal, the weak acid will cause a pH above
4.5 and below 8.3.

3. Using an alkaline reagent, the FMAs are neutralized. Methyl orange is used as
the end point indicator. The weak acids are then neutralized, using phenolphthalein
as the end point indicator.

4. The basic reactions are NaOH + H2SO4
(FMA neutralization) and

Na2SO4 + H20

NaOH + H2CO3 NaHCO3 + H20 (weak acid neutralization).

Equipment:

1. Buret
2. Graduated cylinder
3. Erlenmeyer flask

Reagents:

1. 0.02N sodium hydroxide
J. Methyl orange indicator
3. Phenolphthalein indicator
4. 0.1N sodium thiosuIfate

Procedure:

A. Free mineral acidity

1. For comparison purposes, mea7,ure 50 mL of distilled water into another Erlenmeyer
flask and ade 3 drops of methyl orange. This s a straw yellow color. This straw
yellow is the endpoint of the coming titration. Keep this flask and water for
comparison.

2. Measure 50 mL of the sample into a graduated cyliader and pour it into an Erlenmeyer
flask.

3. If the water sample contalns clorine add one drop of sodium thiosulfate
(Na2S203) to the sample.

4. Add three drops of methyl orange indicator. If the sample turns straw yellow
there is no acid (FMA) in the sample, go to step F and record FMA as 0 mg/L. If

the sample turns pink there is FMA. Continue the test.

5. Fill a buret with .02N Na0H.

6. If the sample from step 4 is even slightly orange or pink, titrate with the .02N
NaOH while stirring. Titrate over a sheet of white paper until end point color
of straw yellow is reached.
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7, Read the buret and multiply by 20 to give the mg/L of FMA. Save this sample
for th.ls total acidity test Which follows.

FMA = 20 x mL of NaOH titrant

8. Record the mg/L below:

Special Sample FMA = mg/L.

9. Continue zesting this sample below Do not refill the buret or toss the sample
away.

B. Total Acidity

1. Add 3 drops of phenolphthalein to the water sample used above.

NOTE: If a pink or orange color appears, the total acidity and the FMA are the
same.

2. If no color change appears, titrate further with NaOH to a pink or an orange
color.

3. Read the buret and multiply the mL of the NaOH used by 20.

4. Record the total acidity

Special Sample total acidity mg/L.

5. To find carbonic acid content subtract FMA from total acidity.

Carbonic acid content = _mg/L.
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ALKALINITY

Purpose of Test: To determine the amount of alkaline compounds in a sample, the acid
neutralizing capacity, and the type of alkaline anions present.

Method of Testing: Volumetric titration using pH or color indicators to determine end
point.

Principles of Test:

1. The anions which normally cause alkalinity in water are' hydroxides (OH)-,
carbonates (CO3)= and bicarbonates (HCO3)-.

2. Due to the ionization constants of the CO2 compounds the following conditions
exist:

a. Where significant hydroxides (OH)- exist, all CO2 would be in the
carbonate (CO3)= form and no bicarbonates (HCO3)- would be present.

b. In the absence of hydroxides (OH)- and with a pH above 8.3, the CO2
would be in the form of CO3.

c. At a pH of 8.3 all CO2 is (HCO3)-.

d. Between pH of 4.8 and 8.3, the CO2 is in the Nymn of (11CO3)- and
H2(CO3) (Carbonic acid).

e. At or below a pH 4.8, all CO2 is in the form of carbonic acid,
H2ZCO3).

3. The alkalinity due to (OH)- and 1/2 of the alkalinity due to carbonates is
neutralized with 0.02N sulfuric acid at a pH of 8.3. This amouat of alkalinity
is computed and reported as "P" alkalinity

4. The remaining 1/2 carbonate alkalinity and the total bicarbonate alkalinity is
neutralized at a pH of 4.8, and the total amount of acid is used to compute the
total alkalinity.

5. The (OH)- and (HCO3)- alkalinity is computed using a chart based on the
above stated conditions and their relationship to "P" and "M" alkalinity.

Equipment:

1. Buret
2. Graduated cylinder
3. Erlenmeyer flask or casserole

Reagents:

1. 0.02N sulfuric acid
2. Phenolphthalein indicator
3. Mixed reagent
4. 0.1N sodium thiosulfate
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Procedure:

1. Measure 50 mL of the sample into a graduated cylinder and pour it into an
Erlenmeyer flask.

2. Add 1 drop of 0.1N sodium thiosulfate to remove residual chlorine and to prevent
bleaching of the indicators.

3. Add 3 drops of phenolphthalein indicator.

a. If the sample turns pink "P" alkalinity is present. Proceed to step 4.

b. If the sample turns clear, no "P" alkalinity is present. Go to step 5 and
record mL acid for "P" as 0 and proceed to step 6.

4. Titrate with 0.02N sulfuric acid until pink color fades away.

5. Record ml. acid for "P" =

6. Add 3 drops mixed reagent indicator.

a. If the sample turns light pink-gray with bluish cast,
same as "P" alkalinity. Record mL acid for "M" =
Proceed to step 8.

IIMII alkalinity is the

b. If the sample does not turn light pink-gray with bluish cast proceed to
step 7.

7. Continue the titration until the sample turns light pink-gray with bluish

cast. Record mL acid for "M" =

8. Compute and record "P" and "M" alkalinity as follows:

The mL acid for "P" x 20 = mg/L "P" alkalinity as CaCO3

The mL acid for "M" x 20 = mg/L "M" alkalinity as CaCO3

9. Using "P" and "M" determined and relationship table below, compute and record
(OH)-, (CO3)= and (HCO3)- alkalinity of sample.

CONDITIONS OF HYDRATE CARBONATE BICARBONATE
ALKALINITY (OH)- (CO3)= (HCO3)-

P = 0 0 0 M

P = M M 0 0

P = 1/2M 0 M 0

P = is greater than 1/2M 2P-M 2(M-P) 0

P = is less than 1/2M 0 2P M-2P

a. (OH)- alkalinity =

b. (CO3)= alkalinity =

c. (HCO3)- alkalinity =

mg/L as CaCO3

mg/L as CaCO3

mg/L as CaCO3

4
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BIO-CHEMICAL OXYGEN DEMAND (BOD)

Purpose of Test: To determine the oxygen required by the microscopic organisms in the
sample to oxidize the organic matter in a sample.

Method of Testing: Analysis before and after incubation to determine the amount of

oxygen present.

Principles of Test:

1. Aerobic organisms will decompose organic material in wastewater if adequate

dissolved oxygen is present. The oxygen used will be proportional to the material

decomposed.

2. Adequate oxygen is insured by diluting the sample with special water saturated

with oxygen. The amount of dilution depends on the strength of the sewage

sample as follows:

a. Raw sewage - 2% (20 mL. per 1000 mL. total dilution)

b. Settled sewge - 3% (30 mL. per 1000 mL. total dilution)

c. Plant effluent - 5% (50 mL. per 1000 mL. total dilution)

d. Stream sample - 25 to 100% (depending on condition of stream (250 mL per

1000 mL total dilution)

3. The sample is incubated at 20°C. to provide uniform conditions for bacterial

growth and give uniform results for reporting.

4. The incubation covers 5 days, and the results as reported imply that it is a 5 day

BOD unless otherwise stated. The 5 day BOD actually represents 68% of the total

BOD.

Equipment:

1. Two BOD bottles
2. Graduated cylinder (100 mL)
3. Erlenmeyer flask
4. Three pipets
5. Buret
6. Incubator at 20°C.

Reagents

1. Dilution water
2. Manganous sulfate
3. Alkali iodide azide
4. Concentrated sulfuric acid
5. 0.025N sodium thiosulfate
6. Starch solution

Procedures: B.O.D. Test for Wastewater

1. Fill two 300 mL ROD bottles approximtely half full with dilution water.

2. Add wastewater to both bottles:

a. For "RAW" sample - add 6 mL (2% dilution).

b. For "SETTLED" sample - add 12 mL (4% dilution).

c. For "FINAL" sample - add 24 mL (8% dilution).

5
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3. Add additional dilution water until bottle is filled half way into ground glass area
or neck (where stopper fits).

4. Insert glass stoppers. Make sure that there is no trapped air under the stopper.
Confirm water seal in neck of BOD bottle to prevent air from entering sample. Cover
top of BOD bottle with plastic cap.

5. Place one sample in incubator and incubate lor 5 days at 20°C.

0. Perform the DO test on other cample (designate test results as "DO #1").

7. After 5 days, perform DO test on incubated sample (designate test results as
"DO #2").

8. Calculate mg/L BOD using this formula:

mg/L BOD =
DO #1 - DO #2

TecfMal value of percent dilution used

425



DISSOLVED OXYGEN

Purpose of Test: To determine the dissolved oxygen in a water or wastewater sample.

Method of Testing: Volumetric Titration.

Principles of Test:

1. Manganous sulfate reacts in an alkaline solution to form manganous hydroxide (white
precipitate if oxygen is absent).

2. Oxygen will react with the manganous hydroxide to form a brown precipitate of
manganic basic oxide.

3. Upon the addition of sulfuric acid, the brown precipitate dissolves forming manganic
sulfate.

4. The manganic sulfate immediately reacts with the potassium iodide to form potassium
sulfate and free iodine. The iodine released is proportional to the D.O. in the
sample.

5. The iodine is titrated with sodium thiosulfate as the reagent and starch as the end
point indicator.

Equipment:

1. BOD bottle (300 mL)
2. Three pipets
3. Buret
4. Erlenmeyer flask
5. Suction bulb

Reagents:

1. Manganous sulfate
2. Alkali iodide azide
3. Concentrated sulfuric acid
4. 0.025N sodium thiosulfate
5. Starch solution

Procedure:

1. Fill BOD bottle with sample. Observe rules for taking sample for dissolved gases.

2. Add 1 mL manganous sulfate. NOTE: Add each reagent with a clean pipet. Hold pipet
tips just above liquid surface When adding reagents.

3. Add 1 mL of alkali iodide azide.

4. Stopper bottle, pour off excess solution, and mix contents by shaking the bottle.
Allow precipitant to settle half way.

5. Add 1 mL concentrated sulfuric acid. CAUTION: Acid is dangerous. Handle
carefully.

6. Stopper bottle, pour off excess, mix by shaking the bottle all the floc is
dissolved.

7. Measure 100 mL of the treated sample in a graduated cylinder and pour into an
Erlenmeyer flask.

NOTE: If extreme accuracy is roquirod see Standard,Methods.

7
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8. Titrate tFi 0.025N sodium thiosulfate until yellow color becomes a pale, light
yellow.

9. Add a few drops of starch solution. Sample will turn blue.

10. Continue titration to the first disappearance of the blue color.

11. Read buret and record: Sodium thiosulfato used = mL.

12. Compute mg/L as follows:

mL. sodium thiosulfate times 2 = mg/L D.O.

13. Record results: as mg/L D.O.

427
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CHLORIDE

Purpose of Test: To determine the amount of chlorides in the water.

Method of Testing: Selective precipitation by volumetric titration using the formation
of insoluble silver chloride.

Principles of Test:

1. At a pH between 7 and 10 silver nitrate will precipitate the chlorides as silver
chloride.

2. Once the chlorides are precipitated, a slight excess of silver nitrate will react
with potassium chromate (yellow indicator) to precipitate silver chromate Which is
red.

3. Due to the presence of the White silver chloride precipitant, the yellow potassium
chromate and the red silver chromate, the end point color is determined by using a
distilled water blank.

Equipment:

1. Graduated cylindr
2. 2 Casseroles
3. Buret
4. Stirring rod

Reagents:

1. Phenolphthalein indicator
2. 0.0282N silver nitrate

NOTE. Silver nitrate should be standardized daily and calculations made
accordingly.

3. 0.1N sulfuric acid
4. 0.1N sodium hydroxide
5. Potassium chromate indicator solution

Procedure:

1. Measure 50 mL of distilled water in a graduated cylinder and pour into a casserole.

2. Add 1 mL of potassium chromate indicator.

3. Titrate with silver nitrate until a reddish color develops. Record mL of reagent

for blank Save this blank for determining the end point of sample
titrated.

4. Measure 50 mL of sample in a graduated cylinder and pour into a second casserole.

5. Add 2 drops of phenolphtalein and adjust pH as follows:

a. If sample turns pink add 0.1N sulfuric acid until the pink color fades away and
continue to step 6.

b. If sample turns clear add 0.1N sodium hydroxide, drop at a time, until a slight
pink color develops and continue to step 6

G. Add 1 mL of potassium chromate indicator.

7. Titrate with silver nitrate reagent until color similar to the
Titrated sample will not be a distinct red, it will be pinkish
yellow.

blank is reached.
White or pinkish

8. Compute results as follows:

mg/L chloride = mL reagent for sample - mL reagent for blank X 20.

9
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CHLORINE RESIDUAL TESTING (DPD METHOD)

Purpose of Test: To determine the chlorine residual in a water sample.

Method of Testing: Visual color comparison.

Principles of Test:

1. Chlorine is added to drinking water, swimming pools and wastewater to kill the
hanmful bacteria. The chlorine in water is "free available chlorine", or it can
combine with nitrogen compounds to form "combined chlorine." "Total chlorine
residual" is the total of free available and combined chlorine residuals.

2. The only method approved to determine chlorine in a water sample is the DPD method.
N- Diethyl - p - Phenylenediamine).

3. At a pH of 6.2 to 6.5 the DPD reagent will react with the "free available" chlorine
and forms a red color. The tint or shade of that red color is proportional to the
amount of chlor:ne in the sample. A residual of less than 4 mg/L is measured this
way. Greater than 4 mg/L makes a yellow color.

Procedures For Hellige Visual Color Comparator

EgtHament:

1. Hellige Color Comparator which includes:

a. Color Comparator (body)
b. DPD Chlorine disc
c. Two test tubes

2. Small beaker for sample

Reagent:

Hellige DPD Tablets #1 and #3 (in box, foil-wrapped).

Procedure A. Fre available chlorine

1. Fill the left-hand test tube to 10 mL line with the water sample to be analyzed.
Rinse the right-hand tube with part of the sample water leaving just enough sample
to cover the tablet.

2. Add one (1) DPD #1 tablet and crush it using a plastic stirring rod.

3. Remove the stlrring rod. Fill the test tube to the 10 mL line with more sample
water and mix by inverting the sample tube several times until the DPD tablet is
dissolved.

4. PlL.ce the DPD disc in the comparator, hold the unit securely and rotate the disc so
that each standard color appears in the viewer or sight until the color matches or
nearly matches the color of the water sample being tested. Read the number in the
upper-right side of the unit to record the mg/L of "free available" chlorine.
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Procedure B Total Residual Chlorine

To obtain "total residual chlorine", follow procedure A for "free available
chlorine" using DPD tablet #1 and then add one (1) DPT: tablet #3 to the sample and
read the ppm as in the previous step.

Record your results:

Free available residual mg/L

Total available residual mg/L_

PROCEDURE FOR HACH VISUAL COLOR COMPARATOR

Equipment

1. Hach color comparator Which includes:

a. Color comparator (body)
b. DPD color disc
c. Two test tubes and caps

2. Fingernail clippers

Reagent:

I DPD - "Free" chlorine powder pillows, for 5 mL sample
1 DPD - "Total" chlorine powder pillows, for 5 mL sample

Procedure A. Free available chlorine

1. Fill one test tube with clear water to tbe 5-mL mark and place the tube in the top
left opening of the comparator.

2. Fill the second test tube with the water sample to the 5-mL mark.

3. Now add one DPD "Free available" chlorine powder pillow contents to the water sample
to be measured. Insert the rubber cap in the test tube, mix the sample by swirling.
Place the tube in the top right opening of the campatator.

4. Hold the comparator with its contents up to a lighted area and view through the
sight or opening in the front of the comparator. Turn the color disc until the
colors match.

5. IMPORTAM Within one (1) minute read the mg/L "free" chlorine reading from the
scale window at the bottom center of the comparator.

Procedure B. Total residual chlorine

1. Fill one test tube with clear water to the 5-mL mark and place the tube in the top
left opening of the comparator.

2. Fill the second test tube with the water smmple to the 5-mL mark.



3. Now add one DPD "total chlorine" powder pillow contents to the water sample to be
measured. Insert the rubber cap in the test tube, mix the sample by swirling and
let stand for three (3) minutes. Then place the test tube in the top right opening
of the comparator.

4. Void the comparator with its contents up to a lighted aTea and view through the
sight or opening in the front of the comparator. Turn the color disc until the
colors match - read the mg/L total chlorine from the scale window.

Record your results:

Free available residual mg/L

Total available residual mg/L

NOTE: The test procedures for chlorine using the Hach visual color comparator can
be found on the inside lid the Hach kit.

PROCEDURES FOR HACH COLORIMETER

Equipment

1. Hach DR "Direct Reading" Colorimeter unit Which includes:

a. Colorimeter body with percision working components
b. Sample cell
c. Insertable meter scales
d. Color filters

2. Cutting tool (knife, scissors, fingernail clipper)

Reagent:

1 DPD - Free Chlorine Reagent Powder Pillows, for 25 mL sample
1 DPD - Total Chlorine Reagent Powder Pillows, for 25 mL sample

Procedure:

Instructions for performing both "Free" and "Total" chlorine residual for the Hach
colorimeter are found in the manufacturer's manual located in your lab station drawer.
Use this manual to perform the chlorine tests.

Record your results:

Free available residual mg/L

Total available residual
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HARDNESS (EDTA)

Purpose of Test: To determine the total amount of hardness as CaCO3 equivalent, that
portion caused by Ca and Mg.

Method of Testing: Volumetric titration with EDTA to form complex Ca and Mg compounds.
Organic dyes are used as end point indicators.

Principles of Test:

1. In a buffered solution, using "Total Hardness Buffer," Ca and Mg will cautle a "Total
Hardness Indicator" dye to give a red color :;o !,,e solution.

2. EDTA added to solution will form a complex ion with the Ca and Mg and a slight
excess of EDTA will turn the solution blue.

3. In a solution buffered with "Calcium Buffer" the Mg is rendered inactive and the
EDTA plus Ca will cause "Calcium Hardness Indicator" dye to turn pink.

4. EDTA added to this solution will form a complex ion with Ca and a slight excess will
turn the solution a purple color.

Equipment:

1. Buret
2. Casserole
3. Graduated cylinder
4. Pipet
5. Stirring rod
G. ChemitlIal scoop

Reagents:

1, 0.02N EDTA Hardness Solution
2. Total hardness buffer
3. Total hardness indicator
4. Calcium hardness buffer
5. Calcium hardness indicatcr

Procedure for Total Hardness:

1. Measure 50 mL of sample and transfer to a casserole.

2. Add 1.0 mL of Total Hardness buffer and stir to mix.

3. Add one chemical scoop of total hardness indicator and stir until dissolved.

4. Titrate with EDTA to a blue color (end point) and record the number of mL of EDTA

used. EDTA for total hardness = mL

Procedures for Calcium hardness:

5. Measure an additional 50 mL of sample and transfer to a clean casserole.

G. Add 2 mL of calcium buffer solution.

7. Add two chemical scoops of calcium hardness indicator and stir until dissolved.

13
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8. Titrate with EDTA until a purple color (end point) is reached and record mL of EDTA

used. EDTA for calcium hardness = mL

9. Compute mg/L Total Hardness, Calcium Hardness and Magnesium Hardness as follows:

a. The mL EDTA for Total Hardness X 20 = mg/L
Total Hardness as CaCO3.

b. The mL EDTA for Calcium Hardness X 20 = mg/L
Calcium Hardness as CaCO3.

c. Total Hardness - Calcium Hardness = mg/L Mg Hardness.

43i
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JAR TEST

Purpose of Test: To determine optimum day to day chemical dosage for coagulatinn and
flocculation of a water supply When experience or a series of similar
tests has established that the best coagulant is ferric chloride, the
optimum pH is 8.5 to 11, and that soda ash is the best source of
alkalinity.

Method of Testing: :rial Treatment.

Principles of Test:

1. When the proper coPgulant, optimum pH, and
is known, the changes in coagulant dosage
are determined by adding sufficient alkali
mixing, and observing the results of these

2. In this test, soda ash is added to adjust
additional soda ash is added to each sampl
lant to be addri, to prevent lowering the

source of alkalinity for a given water
to meet day to day changes in the water
nity and progressive amounts of coagulant,
different dosages.

the pH of 6-one liter samples. Then
e, in proportion to the amount of coagu-
pH when the coagulant is added.

3. Ferric chloride coagulant is added to each of the
mixed.

4. Mixing time and rates are controlled to duplicate
used.

samples in progressive amounts and

the conditions of the plant being

5. The optimum chemical dosage is the one using the least amount of chemicals which
will produce a pinhead size floc that will settle in 30 minutes leavi,ng a turbidity

of less than 10 NTUs (will appear clear, for classroom work).

Equipment:

1. Six one-liter beakers
2. Graduated cylinder (1000 ml.)
3. Laboratory stirrer
4. Pipet

Reagents:

1. Phenolphthalein indicator solution

2. Standard ferric chloride solution

a. Weigh 10 grams of ferric chloride

b. Dissolve in 1 liter of demineralized

c. Shake immediately

water

d. Each 0.1 mL of this solution represents a dosage

one liter water sample. Each 1.0 mL of solution
mg/L in one liter of sampie.

of 1.0 mg/L when added to a
represents a dosage of 10.0

3. Standard soda ash solution (follow procedures as given to make up ferric

chloride solution).

15
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Procedure:

1. Determine sDda ash needed for pH adjustment as follows:

a. Measuro 1 liter of sample and pDur it into beaker.

b. Add 5 dropE of phenolphthalein.

c. Add soda ash solution 1 mL at a time until sample turns dark pink or red.

d. Record mL of soda ash solution used for pH adjustment in chart below. Discard
this sample.

2. Add 1 liter of sample to each of the 6 one liter beakers.

3. Adjust pH by adding soda ash solution to each beaker in the amount determined in
step 1. Record amount used in chart below

4. Add additional soda ash solution to sample beakers as follows:

Beaker #1 - 0.6 mL; #2 - 1.2 mL; #3 - 2.4 mL; #4 - 3.6 mL; #5 4.8 mL; #G - 6 mL.

5. Place beakers under mixer then turn on mixer. Adjust mixer paddles and beaker to
maximuim turbulence at 80 RPM (Revolutions Per Minute).

6. Add ferric chloride solution as follows:

Beaker #1 - 0.5 mL; #2 - 1 mL; #3 - 2 mL; #4 - 3 mL; #5 - 4 mL; #6 5 mL.

7. Mix at 80 RPM for 2 minutes.

8. Turn mixer control to 20 RPM and mix for 30 minutes.

9. Turn off mixer and allow to settle for 30 minutes.

10. Observe results and record as A (for acceptable) or NA (not acceptable).

11. Review chart to determine acceptable treatment with the least amount of chemicals
used.

12. Compute dosages as follows:

a. The mL ferric chloride X 10 = mg/L ferric chloride.

b. The mL ferric chloride X 10 X 8.34 = lbs ferric chloride per M-gal.

c. Total mL soda ash X 10 = mg/L soda ash.

d. Total mL soda ash X 10 X 8.34 = lbs soda ash per M-gal.

Sample No.

Soda Ash for pH
adj (mL.)

Soda Ash for FeC13

Total soda ash

The mL FeC13

Total Chemical

TREATMENT DOSAGE CHART
1 2 3 4 5 -G

16

435



pH (ELECTRIC METER)

Purpose of Test: To measure the free hydrogen ion concentration (pH) of a water sample
as a measurement of its degree of acidity or alkalinity.

Method of Testing: Electric pH Meter

Principles of Test:

1. Measurement of pH is accomplished by determining the potential developed by an
electrical cell.

2. The anode half cell or reference electrode consists of a glass tube containing
mercury mercurous chloride immersed in a saturated KC1 solution. The tube has a
porous tip to allow a liquid junction between the half cell and the sample. The
half cell has a constant potential.

3. The cathode half cell electrode conidists of a glass electrode which is sensitive to
the hydrogen ion in the sample. The potential of the half cell varies with the
hydrogen ion concentration of the solution.

4. Since the potential of the reference electrode is constant, the potential of the
cell depends on the hydrogen ion concentration of the sample.

5. The black scale of the meter is calibrated to read the pH, negative log of the
hydrogen ion concentration, equivalent to the electrical potential produced by the
cell.

6. Due to the change of sensitivity of the meter at different pHs, the unit must be
standardized with a buffered solution of a known pH, before testing the sample.

Equipaent:

1. Zeromatic pH meter
2. 50 mL beaker (for buffer)
3. 150 mL beaker (for distilled water rinse and sample)

Reagents:

1. pH buffer solution (pH of solution near estimated pH of sample)

Procedure:

1. Preparing the meter

a. Remove the cover.

b. Depress the manual and standby buttons on the meter.

CAUTION: Never remove the electrode from water with the "READ" button
depressed.

c. Electrode should be handled carefully and kept clean since they are very
are very sensitive to scratches and contaminating ions.

2. Standardizing the meter

a. Pour approximately 1 inch of pH (4.0, 7.0, or 10.0) buffer into the 50
mL beaker.

b. Submerge electrodes in this buffer.

CAUTION: Do not allow probe to come in contact with the bottom of the beaker.
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c. Set temperature knob to room temperature.

d. Depress "READ" button.

e. Turn "Standardize" knob until the meter indicates pH of the buffer (4.0, 7.0, or
10.0) on the black scale.

NOTE: The indicator nay tend to drift. Allow time for it to stabilize before
reading.

f. Depress standby button.

3. Determining pH of sample.

a. Using 150 mL beaker and distilled water rinse thc electrodes three times using
fresh distilled water each time.

b. Rinse beaker and electrode with sample and discard this water.

c. Refill beaker with sample and submerge probe approximately one inch.

d. Obtain temperature of sample and set temperature knob on meter to that of the
sample.

e. Depress "READ" button and allow indicator to stabilize.

f. Push "Standby" button down.

g. Read the meter and record to the nearest 0.1 pH.

Sample pH s=

h. If equipment is to be left in the standby position, rinse electrode with
distilled water and leave them out of the water solution.

4. Storing meter

a. Unplug the meter.

b. Remove electrode from water, and rinse with distilled water.

c. Cover the meter.
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pH (HELLIGE COLOR COMPARATOR)

Purpose of Test: To determine the hydrogen ion concentration of a water sample as a
measure of its degree of acidity or alkalinity.

Method of Testing: Visual color comparison using the Hellige Color Comparator.

Principles of Test:

1. Certain organic dyes, pH indicators, give a specific color to a water sample at or
below a certain pH and change to another color at or above a higher pH. When the pH
is between the high and low ranges, the color or shade of color will vary with the
pH. The pH range and color produced are specific to the indicator used.

2. The color produced when an indicator is added to the sample is matched to a standard
color on a color disc which is specific to the indicatcr used.

Equipment:

1. Hellige Color Comparator which ircludes:

a. Color comparator (body)
b. Two test tubes
c. Color discs for following indicators:

a. Phenol Red
b. Chlorophenol Red
c. Bromocresol Green

Reagents:

1. Phenol Red indicator
2. Chlorophenol Red indicator
3. Bromocresol Green indicator

Procedure:

1. Fill the left test tube to the 10 mL line with the water sampLe to be analyzed.
Rinse the right tube with part of the sample water.

2. Add 0.5 mL of the chlorophenol red color indicator to be used. Fill with sample
water to the 10 mL mark. Mix by inverting the sample tube several times.

3. Place the color disc for chlorophenol red in the comparator, hold the unit securely
and rotate the disc so that each standard color appears in the viewer or sight until
the color matches or nearly matches the color of the water sample being tested.

4. Read the pH from the number in the upper-right side of the unit and proceed as
follows:

a. If the pH is less than 5.8 but greater than 5.2, report this as the pH of the
sample. Proceed to step 12.

h. If the pH is 5.2, proceed to step 5.

c. If the pH is 6.8, proceed to step 7.

5. Repeat steps 1 thru 3 substituting bromocresol green indicator and disc for
chlorophenol red and indicator disc.

6. Make color match and report as follows:

a. If pH is greater than 3.8 report it as the pH of sample.

b. If pH is 3.8 report "3.8 or below" as the pH of the sample.
Omit steps 7 and 8.
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7. Repent stepS 1 thru 3 substituting phenol red indicator ana phenol red disc for
chlorophenol red indicator disc

8. Make color match and report as follows:

a. If pH is below 8.4 report it as the pH of sample.

h. If pH is 8.4 report pH of sample as "8.4 or above."

9. Record results:

pH of sample:

2 0



DISSOLVED SOLIDS

Purpose of Test: To determine that portion of total solids in a sample which is
dissolved.

Method of Testing: The normal procedure is to perform a total solids test and a
suspended solids test and subtract the suspendee solids from total
solids.

Example:

Total solids in mg/L
- Suspended solids in mg/L

15176-65-17aiOlia-s in mg/L

68 mg/L (total solids)
42 mg/L (suspended solids)
26-mgA (dissofved-66fId)
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SETTLEABLE SOLIDS

Purpose of Test: To determine the volume of solids which will settle out of a
wastewater sample in order to determine the efficiency of
sedimentation tanks.

Method of Testing: Settling sample in an Imhoff cone for a given period of time.

Principles of Testing:

1. Solids which will settle in a settling tank with normal detention time should settle
under still conditions in one hour.

2. Slight agitation at the end of the 45 minutes will allow solids which stick to the
cone to settle down in 15 minutes.

3. The Imhoff cone contains 1000 mL and the bottom is graduated in mL. The results are
expressed as mL per liter.

Equipment:

1. Imhoff cone
2. Imhoff cone stand

Procedure:

1. Fill Imhoff cone to the 1000 mL mark with well mixed sample and place in the stand.

2. Allow sample to stand for 45 minutes.

3. Lift cone and rotate back and forth 2 or 3 times.

4. Allow to stand for 15 minutes.

5. Read the cone at solids level and record as follows: m per liter
settleable solids.
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SUSPENDED SOLIDS

Purpose of Test: To determine that portion of solids in a wastewater sample which are
not dissolved.

Method of Testing: Gravimetric following filtration.

Principles of Test:

1. Suspended solids will be retained on a suitable filter and dissolved solids will
pass through.

2. After drying and weighing, the weight of suspended solias is converted to mg/L using
the following formula:

Wt X 1,000,000 = mg/L
mL sample

Equipment

1. Graduated cylinder
2. Gooch crucible
3. Suction apparatus
4. Drying oven
5. Tongs
6. Dessicator
7. Analytical balance

Reageats and Supplies:

1. Glass filter pad

Procedure:

1 Place Gooch crucible on suction flask and insert filter pad.

a. Apply suction to flask.

b. Wash filter with three 20 mL portions of distilled water. Vacuum filter until
all traces of water is removed.

2. Place crucible with pad in drying oven at 103°C. for one hour.

3. Remove crucible from oven, place in dessicator to cool (for at least 15 minutes).

CAUTION: Tongs must be used to handle hot equipment and also to prevent contamin-
ation from oils and greases on hands.

4. Weigh crucible with pad. Record weight on next page.

5. Measure 25 mL ox raw wastewater or 50 mL of settled wastewater or 100 mL of plant
effluent in graduated cylinder.

a. Place crucible on filter apparatus and apply vacuum.

b. Filter measured sample.

c. After filtering sample, rinse graduated cylinder used to measure sample with
three lOrIL volumes of distilled water and vacuum the rinse water through filter
pad

6. Dry filter and residue in oven for one hour.
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7. Cool in dessicator for 15 minutes.

8. Weigh and record the weight.

9. Compute weight of solids as follows: Weight of crucible, pad and solids (step 8)
minus weight of crucible and pad (step 4) = weight of suspended solids.

Step 8 - Weight of crucible, pad and solids =

Step 4 - Weight of crucible and pad

Weight of suspended solids

10. Convert weight of suspended solids to mg/L and record results. See principles of
test No. 2.
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TOTAL SOLIDS

Purpose of Test: To determille the total solids content of wastewater, sludge or water
samples.

Method of Testing: Gravimetric determination following drying.

Principles of Test:

1. Most of the water is removed from the sample by a steam bath to prevent solids from
caking to drying dish or forming moist pockets which are hard to dry.

2. Drying in an oven at 103°C. will remove remaining free water without causing
volatilization of the solids.

Equipment:

1. Evaporating dish
2. Graduated cylinder or pan scales
3. Analytical balance
4. Drying oven
5. Tongs
6. Dessicator
7. Steam bath

Procedure:

1. If sample contains small amounts of solids, place clean evaporating dish in oven
and dry for one hour. (Dish used for sludge samples does not need oven drying).

4

2. Remove dish from oven and let cool in dessicator.

CAUTION: Use tongs when handling equipment from oven or from dessicator to prevent
burns and to prevent contamination of equipmeat.

3. Weigh clean dry dish on analytical balance and record weight in step 9.

4. Weigh 50 grams of sample and transfer to evaporating dish. Sludge samnles are
added by weight using pan balance.

5. Place evaporating dish with sample on steam bath and evaporate until hard.

G. Transfer dish to drying oven and dry at 103°C. for one hour.

7. Transfer dish to dessicator to cool.

8. Weigh dish with dry sample and record in step 9. Save this sample if volatile
solids are to be determined.

9. Step 8 - Weight of dish and dry sample _

Step 3 - Weight of clean, dry dish -

Weight of total solids

Compute results as follows:

(Wt of dish with dry solids_7 weight of dish) X 1,000,000 =

10. Record results: mg/L total solids.
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VOLATILE AND FIXED SOLIDS

Purpose of Test: To determine that portion of wastewater or sludge solids Which is
volatile, mostly organic material, and to determine that portion which
is fixed, nondecomposable inorganic material

Method 3f Testing: Gravimetric following volatilization.

Principles of Test:

1. Total solids are first determined by evaporation of water and weighing the residue.See total solids test.

2. The organic or volatile solids are burned off in a muffle fuinace at 550°C. At thistemperature the inorganic material will not burn.

3. The weight of total solids, volatile solids, and fixed solids are determined asfollows:

a. Weight of evaporating dish with dried sample - weight of evaporating dish =weight of total solids.

b. Weight of evaporating dish with dried solids - weight of dish and ash atterburning = weight of volatile solids.

c. Weight of dish and ash weight of dish = weight of fixed solids.

4. Weight of each type of solid is converted to mg/L by the formula:

Wt of solid X 1,000,000 =
mL cr grams of sample

Equipment:

1. All equipment needed for total solids test
2. Muffle furnace
3. Heat resistant gloves
4. Tongs

mg/L

Reagents: None

Procedure:

1. Determine the total solids for a sample (see total solids test).

2. Place evaporating dish with total solids residue in a muffle furnace at 550°C. andleave for approximately 15 minutes.

3. Remove dish from furnace and place in drying oven to cool for 10 minutes.

4. Remove dish from drying oven and place in dessicator to cool for 15 minutes.

5. Weigh dish with fixed solids on analytical balance and record the weight.

a. Weight of dish and fixed solids

Weight of dish (from Total Solids Test) -

Weight of fixed solids
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b. Weight of Total Solids
(from Total Solids Test)

Weight of Fixed Solids (Calculated Above) - g

Weight of Volatile Solids

6. Compute results as indicated under principle 4 and record results as follows:

Volatile solids =

Fixed solids =

27446
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SPECIFIC CONDUCTANCE

Purpose of Test: To measure the specific conductance of a water sample as a relative
measure of the dissolved ionizable solids as NaC1 equivalent.

Method of Testing: Electric Conductance Meter

Principles of Test

1. Water without any dissolved solids is a very poor conductor of electricity.

2. Water which contains dissolved ionizable solids will conduct electricity in
approximate proportion of the concentration of the ions.

3. A conductivity meter is used to measure the micramhos conductivity.

Equipment:

1. Solo-bridge (specific conductance meter)
2. Proper conductivity cell probes as follows:

a. Low range probes for distilled or demineralized water samples.
b. Righ range probes for raw or treated water samples.

3. Two, footed cylinders (beakers may be used if sufficiently deep enough to allow
submergence of air vent on probes)

4. Conversion chart.

Procedure:

1. Fill container two thirds full of sample.

2. Select probes with high or low range depending on sample.

3. Rinse the probes in one of the cylinders of sample.

4. Place probes in second cylinder.

5. Plug in the meter and turn switch to "ON" position.

6. Cheek temperature of sample used to rinse probes.

7. Set temperature control on meter to temperature obtained in step 6.

8. Jiggle the probes in sample until all of the air bubbles escape through the vent
holes. Keep probes submerged below vent hole level.

9. Turn the conductivity scale knob until the dark area of the eye or null indicator
is at its widest size.

10. Read the meter and record the micromhos specific conductance of sample.

NOTE: If high ramie probes are used, the meter reading must be multiplied by 10.

11. Turn switch to the off position and unplug the meter.

12. Rinse the probes in distilled water and store.

13. Use the conversion chart that is furnished with the meter to convert specific
conductance to mg/L equivalent.

14. Record results:

Micromhos specific conductance.

mg/L NaC1 equivalent.

28

447



SPECIFIC CONDUCTIVITY CONVERSION TABLE - TEMP. 78°F (25°C)

MICRO
MHO/CM

HIGH RANGE

TOTAL DISSOLVED SOLIDS
mg/L GPM

500-20, 000

MICRO
MHO/CM

MICROMHOS/CM

TOTAL DISSOLVED SOLIDS
mg/L GPM

500 239 14.0 : 2600 1320 77.1
550 264 15.4 : 2800 1420 82.9
600 298 17.4 3000 1525 89.1
650 315 18.4 : 3200 1625 94.9
700 341 19.9 3400 1740 102.0
750 366 21.4 : 31300 1845 108.0
800 391 22.8 3800 1960 114.0
850 417 24.4 4000 2065 121.0
900 445 25.0 4200 2180 127.0
950 470 28.2 4400 2280 133.0
1000 530 29.4 4600 2370 138.0
1050 523 30.5 4800 2460 144.0
1100 550 32.1 5000 2650 155.0
1150 576 33.6 5500 2900 169.0
1200 602 35.2 6000 3200 181.0
1250 627 36.6 6500 3475 203.0
1300
1350

655
805

38.2
39.6

: 7000
7500

3750
3970

219.0
232.0

1400 700 40.9 8000 4300 251.0
1450 720 42.0 8500 4575 267.0
1500 745 43.5 : 9000 4850 283.0
1600 800 46.7 9500 5130 300.0
1700
1800

845
900

49.6
52.5

: 10000
12000

5430
6700

317.0
391.0

1900 945 55.2 : 14000 7800 455.0
2000 1000 58.4 : 16000 9000 526.0
2200 1100 64.2 : 18000 10000 585.0
2400 1240 72.4 : 20000 11500 672.0
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SPECIFIC CONDUCTIVITY CONVERSION TABLE - TEMP. 78°F (25°C)

MICRO
MHO/CM

LOW RANGE 0.0

TOTAL DISSOLVED SOLIDS
mg/L GPM

- 500 MICROMHOS/CM

MICRO TOTAL DISSOLVED SOLIDS
MHO/CM mg/L GPM

0.0 0.0 0.0 : 46.0 21.7 1.3
1.0 0.3 0.02 : 48.0 22.7 1.3
2.0 0.6 0.04 . 50.0 23.6 1.4
3.0 0.9 0.05 : 55.0 26.0 1.5
4.0 1.5 0.09 . 60.0 28.5 1.7
5.0 2.0 0.12 : 65.0 30.8 1.8
6.0 2.5 0.14 . 70.0 33.1 1.9
7.0 3.0 0.17 : 75.0 35.4 2.1
8.0 3.5 0.21 . 80.0 37.7 2.2
9.0 4.0 0.23 . 85.0 40.1 2.3
10.0 4.5 0.25 . 90.0 42.5 2.5
11.0 5.0 0.29 . 95.0 45.1 2.6
12.0 5.5 0.32 . 100.0 47.7 2.8
13.0 6.0 0.35 110.0 52.0 3.0
14.0 6.5 0.38 . 120.0 56.7 3.5
15.0 7.0 0.41 . 130.0 61.4 3.6
16.0 7.5 0.44 : 140.0 66.0 3.8
17.0 8.0 0.47 . 150.0 70.8 4.1
18.0 8.5 0.50 : 160.0 75.5 4.3
19.0 9.0 0.52 . 170.0 80.2 4
20.0 9.5 0.55 : 180.0 85.0
22.0 10.5 0.60 : 190.0 89.7
24.0 11.3 0.66 : 200.0 95.0
26.0 12.3 0.72 : 220.0 105.0 E
28.0 13.3 0.78 : 240.0 113.0 C.
30.0 14.2 0.83 : 260.0 124.0

.

32.0 15.1 0.88 : 280.0 133.0 7
34.0 16.0 0.95 : 300.0 143.0 8.4
36.0 17.1 1.0 : 350.0 167.0 9.8
38.0 17.9 1.0 . 400.0 200.0 11.7
40.0 19.0 1.1 . 450.0 214.0 12.5
42.0 19.9 1,2 . 500.0 239.0 14.0
44.0 20.9 1.2 :

NOTICE: THE TOTAL DISSOLVED SOLIDS ARE IN TERMS OF SODIUM CHLORIDE

4C1
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TEMPERATURE

Purpose of Test: To determine the temperature of water using both the Celsius and

Fahrenheit scales.

Method of Testing: Mercury Thermometer.

Principles of Test:

1. All bodies of matter have the capacity to transfer heat energy by radiation,
conductive and convection to a body of lower heat level or to absorb heat from a

body of higher heat level until both bodies reach the same temperature.

2. In the mercury thermometer, heat is tr:.usferred from the sample to the mercury.

3. As the temperature of the mercury changes, its volume changes. An increase in the
temperature expands the mercury and causes it to rise in the tube. A decrease in
temperature causes the mercury to contract and lower its level.

4. On the Celsius scale thermometer, the mercury level point, at which water freezes

is marked 0° and the point at which water boils is marked 100° with graduations
between, above, and below these points being 1/100 of the difference between 0° and

100° mark.

5. On the Fahrenheit scale thermometer, the freezing point is marked 32° and the

boiling point is marked 212°. The graduations are 1/180 of the distance between

these points.

x. The temperature in one scale can be converted to the temperature on the other scale

4sing the following formulas:

(1.8 X °C) + 32 = F

Equipment:

1. Mercury thermometer
2. 500 mL beaker

Reagents: None

Procedure:

°F -32
-17g C

CAUTION: The thermometer is easily broken by careless handling or by being exposed

to heat greater than that for which it is designed. The mercury is also

toxic if it gets into open cuts or is swallowed.

1. Fill beaker three fourths full of sample.

2. Place the thermometer, mercury end down, in the beaker and allow it to lie against

the side of the beaker.

3. Wait three minutes and read the thermometer at the mercury level.

NOTE: It is best to read the thermometer without removing it from the beaker. If

you do remove the thermometer to read it, do not touch the mercury-filled

end.

4. Leave thermometer in beaker and re-read at one minute intervals until the last two

readings are the same.

5. Record the reading as degrees scale (scale, thermometer used).

6. Convert the reading to the other scale and record as:

degrees scale (alternate scale.)
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PROCEDURES FOR VOLUMETRIC TITRATION

Purpose of Exercise: To develop skills and techniques used in measuring impurities in
water samples and in standardizing reagents by volumetric
titrations.

Principles of Volumetric Titrations:

1. A reagent of known concentration, which will react with the impurity in the sample
being tested, is added to the sample until one drop of excess reagent produces an
observable reaction or change which indicates that all of the impurity has entered
into the reaction. This observable reaction or change is known as the end point of
the titration.

2. The end point may be indicated by one of the following changes:

a. A change in color of an added organic dye, usually due to a change in pH.

b. A change in pH as measured by a pH meter.

c. A change in oxidation reduction potential, measured by an electrical potentio-
meter.

d. A color change produced by an element, ion, or compound formed or removed at the
completion of the reaction.

3. After the amount of reagent used is determined, the amount of the impurity in the
sample is computed by one of the following methods:

a. The mL of reagent x factor for given test = mg/L unknown constituent.

b. mL. R x NR X Milli Eq. Wt. x 1,000,000 . mg/L of constituent.
mL of sample

Where

R = Reagent
N = Normality of Reagent
Millequivalent wt is of the chemical form in which
the unknown is expressed.

4. The Normality of a reagent being standardized may be computed using the formula:

mL Reagent1 X Normality Reagent1 mL Reagent2 X Normality Reagent2

NOTE: Free mineral acid test is used for this exercise since it is representative
of the various titration techniques.

Equipment:

1. Automatic buret assembly complete with buret, reagent bottle, two hole rubber
stopper, rubber pressure bulb and tube.

NOTE: Squeeze bottle, straight buret or pipets may be used with slight
modification in step-by-step procedures.

2. Erlenmeyer flask (Casserole and glass stirring rod may be used for some tests).

3. :sraduated cylinder.
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Reagents:

1. Standard solution - 0.02N NaOH
2. End point indicator - Methyl orange

Procedures:

1. Fill buret bottle with standard reagent (0.02N sodium hydroxide).

NOTE: This step will be performed by, or under the direction of the instructor.

2. Check stopcock for free movement. It should turn easily using two fingers and
applying slight pressure. Do not push down on the stopcock as this will cause it
to freeze. Do not pull up on it to turn it as this will allow reagent to be lost.
If the stopcock does not turn easily, lubricate it as follows:

a. Remove the smali washer on bottom of the stopcock and remove it from buret.

b. Apply a small film of lubricant above and below the small hole in the stopcock.
Do not apply lubricant where it can get in the hole.

c. Replace stopcock and washer and check to see if the hole is clear. Note
position of stopcock when closed, open and partially open.

3. Close stopcock, place a finger over the small hole in the glass filling tube and
press the bulb slowly to fill the buret with sufficient reagent to rinse the walls
of the buret.

CAUTION: Do not press bulb too hard; it will cause spillage of reagent.

4. Drain the reagent from buret, refill part way, and drain enough to remove air from
the buret tip.

5. Fill buret slowly until it overilows back into the bottle.

Read the buret, at the point of relgent level. It should read 0 mL.

NOTE; Each number on %be buret represents 1 mL; each mark between numbers
represents .1 mL. Liquids will not stand with a flat surface in the buret
but will lorm a slight dish shape called the meniscus. The bottom of the
meniscus is used to determine the level of liquid. Make sure the level is
read with your eye in the same horizontal plane as the graduation being
read.

7. Measure 50 mL of sample with graduated cylinder and pour into the Erlenmeyer flask.

8. Place flask under the buret tip and add reagent slowly (rapid drops). Rotate flask
gently so contents will mix. When reagent causes a temporary color change as it
strikes sample, slow the addition of reagent to a drop at a time until the end
point is reached (sample turns straw yellow).

9. Read the buret at the liquid level and record mL reagent used.

10. Compute the mg/L impurity (FMA as CaCO3) using a factor (20) as shown in
principle 3a.

11. Compute the vg/L impurity (FMA as CaCO3) as shown in 3b. Use .050 as
milliequivalent wt of CaCO3.

12. Record results.

NOTE: Results are not recorded correctly unless correct unit of measures is
shown.

13. If equipment is to be stored, drain reagent from buret and rinse with distilled
water.
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TUROrOITY (Nephelometric Method)

Purpose of Test: Turbidity the muddy or unclear condition of water. It is caused by
the fine suspended or collodial particles Which do not settle
readily.

Examples: silt, clay, and algae. The turbidity is expressed in Nephelometer
Turbidity Units (NTUs).

Principles of test

The Modr 100 Hach Turbidity Meter is a true Nephelometer Which does not measure
the light transmitted or abso!'-bed by the impurities in the sample but measures the light
which is 900 angle by the suspended particles.

Equipment and supplies

1. Hach turbidity meter with following components as described below.

a. Light shield - the long black tube Which is placed over the cell (sample
tube) well When reading the meter.

b. 1:11.mple cells (4) - the glass tubes to hold sample.

c. Turbidity standards (4) - Sealed glass tubes containing samples of know
turRaity as marked (0.61, 10, 100, and 1000 NTUs) which are used to
standardize the meter.

d. Cell_riser - A Rhort black tube which must be placed in cell holder hofore
using the 100 or 1000 range on the meter.

e. Styrofoam plunger - Used to remove the cell riser from the cell holder.

f. Focusing template - A black tube with White disk in the bottom which is used
to check light focus. (Not used by student)

2. Graduated cylinder (25 L)

3. Beaker for sample

4. Chem-wipe

Procedures

1. Prepare meter. The meter is normally left plugged in with the range selector knob
on 100 and the light shield removed and door closed.

2. Clean cells - rinse cells with demineralized water and wipe outside with chem-wipe.
If dirty they must t washed with soap and water and rinsed. The last amount of
dust or finger mark will cause false reading. 1

3. Obtain sample in beaker and estimate turbidity as follows:

a. Apparently clear as tap or demineralized water - 0 to 1 NTUs

b. Very slight cloudiness or turbidity - 1 to 10 NTUs

c. Slight greyish appearance - 10 to 100 NTUs

d. Cloudy - 100 to 1000 NTUs
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4. Standardize Meter

a. Remove light shield.

b. Select the lowest standard which would measure the estimated turbidity of
the sample, wipe clean, and place in the cell holder.

Note: lf the 100 or 1000 range is to be used the cell riser must first be
placed in the cell holder.

c. Place light shield over the cell holder.

d. Turn range selector to the turbidity of the standard and adjust standardize
control knob to make the needle on the scale read NTUs of the standard.

e, Remove standard from cell holder.

5. Deterndning turbidity of sample.

a. AdO 25 mL of sample to clean saple cell, wipe, and place in cell well.

b. Install light shield.

c. Read proper scale and recor NUTE sample.

6. Remove and clean cell. Leave mter in 1G0 range with light ehield remcy!ed and door
closed.
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OPERATING INSTRUCTIONS FOR THE "METTLER H 30" ANALYTICAL BALANCE

1. Make sure the bubble on the top of the balance is centered.

2. Make sure that four zeros are visible on the indicating dial.

3. Plug in the electrical connection.

4. Make su0 the red lock on the selector knob is fully extended. (1/8")

5. Zero the balance: a. Turn selector knob to "1" (Extreme Left)

b. Turn the "0" control knob until six zeros are
showing on the dial, and the center line is
centered in the light slot of the index fork.

6. Return the selector knob to the zero position.

7. Place sample on pan. Close both doors.

8. Turn selector knob to the "1/2" position. (Extreme Right)

9. Turn the #10 control know slowly, in a clockwise direc em, until the arrows on tre
filling guide suddenly reverse and point to the left.

10. Turn the #10 control knob back (counter clockwise) one click.

11. Turn the #1 control knob until the arrows on the filling guide suddenly reverse and
point to the left, if it does not reverse, leave on 9 and continue to step #13.

12. Turn the #1 control knob back (counter clockwise) one click.

13. Return the selector knob to zero, then slowly place selector in #1 position.

14. Turn the digital counter control knob (on lower right side of balance) until next
lower scale division is centered in the light slot of the index fork.

15. Read weight on indicating dial.

16. Return selector to zero position.

17. Turn control knobs until four zeros are on indic&ting dial.
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OPERATING INSTRUCTIONS, MUFFLE FURNACE

Preoperation Procedures

1. Position the 208-volt circuit breaker to turn the power off.

2. Set the power se: -tor switch and the "time cycle on" control knob (on the unit) to

OFF position.

3. Check to see that the furnace is empty.

Operation Procedures

1. Observe the instructions and warnings on the metal plate attached to the unit.

2. Plug the ..(7t into the 208-volt outlet.

3. Posit1:: 208-volt circuit breaker in the ON position.

4. Se* power selector switch to medium.

5. Set the time cycle on control knob to 6 or higher number.

Shutdown Procedures

1. Position electrical nontrol 16,93 to 6 or higher number.

2. Position circuit broaker io F ppation.

3. Disconnect the unit frem electrical outlet.
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3770 Technical Training Group
(Civil Engineering Training)
Sheppard Air Forei Ra, Texas

WATER WELL OPERATION AND MAINTENANCE

ORJErTIVES

SW J3ARR56631 000-III-1

Given incomplete statements about ground water and water wells, complete each
statement by making written responses. Four of the six responses must be correct.

Using data pertaining to wells, define terms and calculate static, pumping, and
drawdown levels with a maximum of one Instructor assist.

INTRODUCTION

Any large group of people, such as found on an Air Force base, needs a sufficient
supply of water. This supply may come from either surface water or ground water. In

somp areas lakes, streams, rivers, and ponds are used as a nirce of water. Rowever,
the Air Force prefers to use ground water when it is available in quantities large
enough to satisfy water needs. Although the Air Force hires civilian contractors to
drill and develop most wells, it is your Job to operate and maintain them. In order to
properly operate and maintain these wells, you should know the origin of ground water,
methods used to explore for ground water, well construction techniques, and problems
that may arise during the operation of wells. You must also determine the different
water levels in a well in order to detect when it is running dry.

This study guide and workbook dons not cover all or the information concerning
wells. For more complete details, you should refer to AFR 85-23, Well Drilling
Operations; and AFR 91-26, Maintenance and Operation of Water Supply, Treatment and
Distribution Systems.

INFORMATION

THE ORIGIN OF GROUND WATER

Ground water is water which exists in a layer of rock or soil below the surface of
the earth. This ground water, which is the source of water in wells, is supplied by a
prece,-o4 known as the hydrelogic cycle.

Hydrologic Cycle

The hydrologic cycle is nature's vHalt of reusing the limited supply of water by
cycling it between the earth's surface and the atmoshpere. This recycling is necessary
because no new water is formed. Water is purified and reused by nature as it goes
throagh ;:teps of the hydrjlogic cycle. The steps of this water cycle, which are
shown ir figure 1-1, Include evaporation, precipitation, runoff, infiltration and
sterteze.

EVAPORATION: The conversion of water from streams, rivers, lake..4, and ponds,
(surface water) into a vapor is called evaporation. This water vapor rises to the
atmosphere to form clew's.

PRECIPITATION: When the vapor in the clouds comes in contact with coeler air it
condenses. The condensed vaper is heavier than air and so falls F' t h.. earth':, surface

as rain, sleet, hail, or snow (depending on the temperature of the a!r at Ihe
This is known as precipitation.

RUNOFF: As the prociltation falls to the earth's surface, some of it flows over
the surface of the earth forms streams, rivers, lakes, and ponds. Water flowing
over the earth Is called runoff.

INFILTRATION: Part of the water failing as rain, sleet, hail, and snew seeps
through the ground. This process is known as infiltration.

1-1
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STORAGF: The water which filters through the rocks and soll is collected and stored
in certain typos of rool: layers as ground water. iTiA.S storage of 1:rwl:1.1 w3for 1,4 the

sonrce of water in wells.

The layers of rock and soil which collect and stol'e ground water are called
aquifers.

Aquifers

An aquifer is a layer of rock or soil (stratum) which contains water. There are two
types of aquifersconflned and unconfined (see figure 1-2).

CONFINED AQUIFER: A confined aquifer is a water-bearing stratum which has layers of
rock or soil that do not allow pass through them (impermeable layers) both above and
below. These impermeable layers are sometimes referred to as confining layers.

UNCONFINED AQUIFER: An unconfined aquifer is hound by an impermeahle stratum below,
hut has a permeable layer of rock or soil that allows water to pass through above it.

There are some areas in which water rises through this permeahle layer to the surface of
the earth and forms swamps, ponds, and lakes. The highest point to which the ground
water rises is known as the water table.

Because this ground water is below the surface of the earth, it is not directly
visible; therefore, you must use other methods to determine its presence.

RECHARGE ASIA

AT ouTatoPPING
OF FORMATION

--
' ARTESIAN AQUIFER

(CONFIN(D)l' . .. , .,'v.:, i'n'Afi.CY:frkis.

i
....1. .i.....1t:'. ,. ,p,,

1:?:t'f.O. :plig-)Xf.rOri'
F-

,2

Pigure 1-2. Types of Aquifers

1-3
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EXPLORATION FOR GROUND WATER

There are several methods you can use to determine the presence of ground water.Some of the methods used are searching for existing wells and looking for the presenceof springs, lakes and swamps. Determining the type and abundance of vegetation growingin an area, geophysical methods, and digging test wells may also he used.

Existing Wells

Searching for wells that have already been drilled In an area is one of the most
reliahle methods used to determine the presence of ground water. It not only confirms
that ground water is present in an area, bet it also yields information on the type ofaquifer (whether it is confined or unconfired), the depth of the aqnifer, and whatmethod of well construction was used successfully in the area. There are, however,
disadvantages to using this method of determining the presencl of ground water. Thehiggest disadvantage to this method is that it can only be used in populated areas. YenMust use extreme care when you use water from already existing wells for militarypurposes. The well may have been abandoned due to contamination. Contamination maYhave heen a result of acciden !:#1. natural causes (such as unintentional pollution fromlocal waste disposal or animai6; er deliberate poisoning by enemy personnel.

Springs, Lakes, and Swamps

Springs are points at which ground water flows to the surface of the earth. Thepresence of one or more springs is a good indication that at least some amount of groundwater exists in an area. Lakes and swamps, on the other hand, indicate that groundwater is present only if they aro a result of a high water tahle. it is hard todetermine if any particular lake or swamp is caused by ground water or collection ofsurface water.

Vegetation

In a dry region the type and abundance of plant growth can he used as an index to
the location and depth of ground water. Success of finding water using this methoddepends on a knowledge of plants and their growth habits.

Geophysical Methods

The presence and depth of ground water may be determined using geophysical methods.The use of these techniques and instruments is very complex and ln most cases requi resequipment and skills not found in mintary engineering units. These methods wouldseldom h( feasible for military needs.

Test Wells

The hest method used to (letermine the existence of ground water in an area Ls tpdrill a well or test hole. The techniques described previously all give indirect
information as to the presence and depth of ground water. Drilling a well or test holegives you this information directly. The presence of ground water is indlatel by thetypes of cuttings obtained while drilling. The amount of water prtsent in the aylifer
can he determined by running a pump test.

After the presence of ground water is found in quantities large enongh to sntisfywater needs, the well is drilled and developed.

WELL CONSTRUCTION

Wells are holes or shafts sunk Into the ground for the purpose of obtalrO.ng water.The kind of well and the method used to construct the hole depend on such factors as thetype of soil, quantity of water needed, and the depth of the aquifer. The methods usedto construct the hole and the components which are found la a well are described helew.

Hole Construction Techniques

In most parts of the world fresh water can he found by digging or drilling into theground. In some areas shallow hol0s of only a few Me:: will find water, while in etherareas it is necessary to drill through several hundred foot of rock and moil to find a
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source of water. Shalleco' dug wells are not normally used for military water supplies
due to the dtffieulty of maintaining the structural and sanitary conditions of these
wells. For the purpoee of this lesson, the deep source of water supplies will he our
main concern.

A large variety of methods and equipment are available for excavating holes in the
earth for wells. The most important factor governing the method used is the oceurrenee
of ground water in an area. It would be useless to use equipment with the ability to
drill 100 feet in an area where the groundwater lies at a depth of 500 feet. It would
also be a waste of time and mlney to try to drill a well in an area where the aquifer is
hard rock with equipment capable of drilling through loose material. The methods nf
construction used by the military are down-hole percussion, rotary drilling, boring,
driving, jetting, and digging.

DOWN-HOLE PERCUSSION: This method of drilling a well consists of alternately
lifting and dropping a percussion drill (sometimes called a cable tool). This
percussion drill is made up of a heavy bit and drill stem. The impact of the hit breaks
fip and loosens the rock material in the hole. Water is added to the hole to aid the
drilling process. The loosened material, known as drill cuttings, is removed from the
hole with a hailer. The hailer consists of a large tube or bucket with a hinged door or
flap at the bottom end. When the bailer is dropped into the hole, it fills with the
drill cuttings mixed with water. The doer or flap prevents she bailer from emptying
until it reaches the surface. Although th;s method of drillLng wells is efficient, it
is no longer in great use because of the time required to drill a deep well. The
down-hole percussion tenhnique has been almost completely replaced with the rotary
method of drilling a well.

ROTARY TECHNIQUE: Rotary drilling uses a drill bit attached to a pipe. The bit
cuts and hreaks up the rock or soil material as it penetrates the formation. A drilling
fluid, usually mud mixed with water, is pumped through the rotary drill pipe and flows
rrom holes in the hit. This fluid swirls in the bottom of the hole and picks up the
drill cuttings. rt then flows upward in the spaee outside the drill plpe. This keeps
the hole clean by earrying the enttIngs from the hole to the ear2-h's surface. The
drilling fluid is Oreulated between the hole and settling plts.

The rotary method of drilling is much faster than the percnssion drill and has
another advantage of sealtng the wall of the hole as it drills into the soll. The drill
forees mud into the pore spaces of the hole wall, thus preventtng the hole from caving
in.

Although tho Alr Force uses the rotary method of drilling a well most often, there
may be times when using another technique is more advantageoes. Some of the other
techniques are boring, driving, jetting and digging.

BORED WELLS: Roring is commonly done by using an earth auger. This auger may he
either turned by hand or power-driven. Boring is practical in areas where ground water
is found near the surface and when only small amounts of water are needed. You can use
augers in miler:els; in which holes 25 to 50 feet deep and 2 to 32 inches in diameter
win not wive Ln.

DRIVEN WELLS: Wells with small diameters may he constructed by using q drive point.
This drive point consists of a perforated pipe with a steel point at it lower end to
break through pebbles or thin layers of hard rock material. The drive point must be
drtven deep eneugh to penetrate an aquifer below the water table, usually not more than
25 feet. The chief use of driven wells in military operations is for emergency well
construction where the water table lies close to the ground surface.

ETTED WELLS: In this methed a hole is drilled by using a large pipe with a small
hole in the tip. A high pressure stream of water is pumped through the hole. The force
of this stream of water loosens the material It strikes and washes the fine particles
upward out of the well. As the fine particles are washed eet nf the hole, the pipe
sinks. This method of well eonstruetion is pgrticularly uaeful In sandy soils where the
water tahle 1 ies close to the surfn .0 of thu ground.



DUG WELLS: Most dug wells are circular in shape, since a circular hole does n r

tend to collapse. Digging is the oldest method used to construct a well. Before m-iern
tools and equipment were invented and nsed for well construction, it was common practice
to dig a hole in the earth down to the water table for use as a well. Dug wells are
lined or curbed with wooden staves, concrete, er metal curbing to prevent it from
collpsing.

After the hole is drilled or dug, the other components are installed In the well.

Well Components

Well components will be covered in the following order: hole, casing, screen, base
plate, gravel pack, and pump assembly. Figure 1-3 will show you those components and
their relation to one another.

HOLE. Access to ground water is through a hole or shAft. Hole sizes vary widely in
both diameter and depth. The diameter of a well may vary from less than 2 inches to
more than 10 feet. Depths range from less than 10 feet to more than 7,000 feet;
however, the 7,000 feet depth is close to the economic limits of using wells as a source
of water. Care must be taken to prevent the wall of the hole from caving in and keening
surface water out.

CASING. The casing is used in a well to prevent the wall from collasping. This
component also prevents surface drainage and polluted ground water from entering and
contaminating the well. The straight casing is probably the most common type used. It
consists of a large pipe or housing for the pump, and Ls installed at the time of
drilling. This casing or pipe should extend from at least one foot above the surface of
the ground to the last impermeable layer of rock or soil overlying the aquifer. The
space between the outside of the casing and the inside of the hole must be tightly
sealed with grouting (a fluid mixture of cement and water with the consistency of
paste). Above the surface of the ground, on top of the casing and the Inside of the
hole must be tightly sealed with grouting (a fluid mixture of cement and water with the
consistency of paste). Above the surface of the ground, on top of the casing, is a well
head. This structure consists of a sanitary seal and concrete slab, usually sloping
away from the well. The well head prevents surface water from entering the well.

SCREEN: Screens prevent large rock material from entering the pump during well
operati. 'elps the casing prevent the hole from collapsing, and allows water to enter
the we' length of the screen is determined by the thickness of the aquifer. This
compone . normally made out of brass, bronze, or stainless steel. The drive-well
point, ,,.intinuous-slot (figure 1-4), the wire-wrapped pipe-base, and the brass tubut,r
are the most common types of screens used. The sizes of the openings vary with each
type of screen to Fit the gradations of the water-bearing Rand.

BASE PLATE: A base plate is installed in the bottom of the screen. It prevents
sand from entering the well through tke bottom of the screen.

GRAVEL PACK: There are some areas where the sand is so fine that the screen and
base plate cannot prevent its entry into the well. In these areas, a gravel pack is
installed to prevent these fine sand particles from entering the well. To place the
gravel, you must construct a hole larger in diameter and use a double casing down to the
aquifer. A space between the two casings is then made to receive the gravel (see figure
1-5 to see a gravel packed well). The gravel pack also acts as a reservoir as water
from the aquifer fills the pore spaces between the gravel. This reduces the speed of
the water entering the well. The slow-moring water does not erode the rock formation
and does not carry as many suspended particles. As a result, clogging of the screen and
the aquifer is slowed. This increases the amount of water delivered by the well. A
gravel packed well costs more initially, hut pays for itself with an increased water
production over a longer period of time.

PUMP ASSEMBLY: A pump is used to lift the ground water to the surface. The
selection of a pump for a well depends on such factors as the size of the well and the
amount of water needed. Some pumps are installed above the ground and are called
suction pumps. Those pumps that are lowered into the well casing are known as submerged
or deep well pumps.
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Figure 1-5. Comparison Between (1) Straight Drilled Well and
(2) Underreamed Crave] Packed Well



After the well has been drillea, developed, and the pump assembly is installed, it
becomes an integral part of i:he water supply and distribution system. Like any other
piece of equipment, wells must he maintained on a regular basis.

WELL PROBLEMS AM) MAINTENANCE

The prohlems which occur most often durieg the operation of we:ls are encrusted or
corroded screene; clogged screens, gravel pack and pores or the surrounding rock
formation; and cracked casings. Yee must not only conserve the gr(und water supply, hutalso protect it from ecntamination. The wells must he disinfected when neceesary.

Well Screens

Groued water may contain min*Trals that cause hardness and acidity. Well screens
are constantly exposed to these minerals when wells are operated every day. As a
result, those minerals encrust and corrode the well screens. You must clean the screens
periodically to prevent mineral scale buildup and corrosion from greatly reducing the
amount of water produced. The methods used to clean well sereens include chemicely
treating them with acids, chlorine, and phosphal.es. Dry ice and jet nleaning can also
he used to remove scale and corresion from the screens.

ACIDIZING: Treatment with inhibited meriatic or selfamie acid e,crusted
screens. MuriatIc acid (27 percent concentration of hydrunholoric ao;(1) .:.=ed most
often to clean well screens. Sulfamic acid (not to 1,e nonfueed with sal ecid) may
be esed in place of muriatic acid. It does not attack the metal ncreens .e rapidly as
muriatic acid. The inhihitors added to both of thnee acLee allow them to attack the
mineral scale rather than the metal screens. The procedurne for using these acids are
found in AFR 91-26.

CAUTION: ACIDS CAUSE CHEMICAL BURNS. You should call an o,porieLeed, qualified
contractor to clean well screens with acids. Do not ue any wells near
the well being treated with acid.

CHLORINE TREATMENT: In addition to muriatic or sulfamic acid, chlorine may be used
to clean well screens. Chlorine removes bacterial slime growing on the wel' ecreens.
When mixed with water, chlorine forms a weak acid which attacks mineral scale caused hy
hardness minerals. When using chlorine to clean well screens, use a solution containing
100 to 200 ppm of chlorine.

PHOSPHATE TREATMENT: 'hosphates are used to prevent scale from e)rming on wellscreens. These chemIcals .p the minerals in solution so that they do not eettle on
the screens and form sca' posits.

DRY ICE: Cleaning .1 eons using dry ice is simpler and safer than treating
them with chemica/s; however, Lnis method may or may n,t work. Dry ice is frozen carbon
die *de (CO2) gas. As the ice melts the well, CCI -a8 is formed. This pas
hul s up pressure in the well, which forces water dowr :he well and out through the
ecr- n at the hottom. The force of tne water leaving the well into the aquifer
dislodges scale.

CAUTION: Use extreme care when you ese dry ice to clean the screens. Use tongs or
wear heavy gloves when you add the chunks of dry ice into the well; dry
ice may cause burns. Provide a wane to control or release the CO2 gas
to prevent excescive buildup of pressure. Bechese CO2 gas will suffo-
cate you, provide ample veatilation, especially if the well is housed.

JEe CLMANINCe Jet cleaning of well screens uses a hive velocity stream of water to
dislodge scale from the screena. The equipment used to jet clean well sereeen include a
jetting tool, a high pressure pump, 2-inch piping, and an ample 'supply of water. Lower
the jetting tool into the well down to the screen and turn on the high pressure pump.
Run the well pump to remove excess water and the dislodged material.



T:..ec may be times when the well screens aro so badly encrusted and corroded that
they cannot be cleaned using the methods mentioned 1- previous paragraphs. In these
cases the snreens mnst be pelled and replaced. Rew,' the screens in the field is
not practical.

Tho amount of water delivered by wells is reduced not only by .ncra:;tod dnd corroded
screens, but also by clogging of the screen, gravel pack and the pores of the formation.

CLIggod 3nreon, Gravel Pack, and '.'ores or the Formation

The fine sand particles of some aquifers will eventually clog the scroon and gravel
pack ee° the well. This reduces the amount of water entering the well, Sand will aleo
clog the pores of the aquifer surrounding the well, preventing water from entering the
aquifer. You can unclog these structures by using oee of the following methods:
surging, backwashing and surging, or backwashing and backblowing.

SURGING: A well can be surged without pulling the pump from the well, and without
expert help. The well is surged by tGening the well pliTql on and off at intervals of 3
to 5 minutes. This operation raises the water in the well and allows it to fail again.
The falling water flows out or the bottom of the well through the scieen and gravel
pack, and Into the aquifer. As water flows out of the bottom of the well, it dislodges
sand from the screen, gravel pack, and the pores of the formation around the well.

CAUTION: The falling water may cause the motor and impeller to turn in the reve^se
direction. Do not attempt to turn the pump on during this time.

BACKWASHING AND SURGING: When surging alone does.' not dislodge the sand, haekwashing
may he used. Thi3 proeodure consists of forcing a large amount of water dove the well.
If bypass pump eonnections have not been installed, remove the flap from the check
valve. Open the discharge valve to allow water from the storage tank to rash down the
well casing. If the screen is badly clogged or the well is bedly sanded or silted, the
well will quickly rill and water will flow from the vent holes in the pump head. All)w
the backwac.hing to continue for 5 minutes, then close the backwash valve. Open the pump
discharge valve and start the pump. Run Oe discharge to waste antil the water is
elear.

CAUTION: Before starting the wash water, he sure the pump and mo*.or turn freely.
The down rush of water rotates the pump in the reverse direction and may
an!..;crow the pump shafting.

HACKWASUING AND RACKBLOWING: A combination of backwashing with waLor and
backhlowing with eompressed air may be nsed LP the pump has been pulied. The compressed
air increasee the surging action or the wash water. It also acts as an air lift pump to
romovo the dislodged sand from the well. Because of the complex eqatpaeel used, you
shonld call an experienced contractor Zo clean wells with this .authod.

Cr.ncrete casings aro snlejeet to cracking after years of use. This may allow
contaminated ground water to enter the well. The jonts between the concrete and -.he
sanitary seal of the well head may sparate, letting surface water flow into the well.
You mast pull and repair or replace the cracked casing, and repair the split joints of
the well head.

One of the most important tasks you must perform wher operating ae : eaintaining
wells is conserving the ground water supply.

Conservation of Ground Water

There is a limited supply of ground water. The only way nature can replenish this
supply is through that step of the hydrologic cycle known as inriltration. You must
make sure that pumping water from wells does not deplete the ground water supply. You
can do this by halaneing thP operation of t:le pumps so that ground water is not taken
from the wells at a rate faster than it is replenished. BalaneIng the pumping schedule
also reduces wear and tear on the pumps.

lel

465



There are some areas in which the ground water has been pumped at a rate faster thanit has been replenished. In thes areas, the process of artificially recharging the
ground water has heeu developed. During thts process storm water, stream flow, or
treated wastewater is pumped or allowed to seep into the aquifer.

Not only must you conserve ground water, but you must also prevent its
contamination.

Protection of Cround Water Supplies

Protection of the ground water supplies from contamination includes performin,1 a
sanitary survey; and protection against contamination from the surfaee, underground, and
through improper operation.

SANITARY SURVEY: You must perform a sanitary survey twice a year to identify and
correct any condition which may contaminate the wells. Contamination of the wells may
come from surface water, cesspools, latrines, septic tanks and their dr-tinage fields,
sewer lines, and unsealed abandoned wells.

PROTECTION AGAINST SURFACE CONTAMINATION: To prevent surface wat,r from entering
and contaminating wells, locate them on high ground when possible. Th,, wells should
also b:t as far as possible from ponds, lagoons, barnyards, and outtinmes (privies). if
high ground for natural drainage is not available, grade the surfac, of the ground
within 50 feet ot the well so that water flows away from the well. Provide a fence to
keel) livestock at least 50 feet away from the well. The watertight slab of the well
71ead must extend at least 18 inches beyond the casing to prevent surface water from
flowing into the well.

PROTECTIoN AGAINST ONKM;ROVNII CONTAMINATION: To prevent rontamlonted greund water
from entering a well, locate the well from latrines, septic tanks, subcdrface drainage
fields, and polluted hodies of water. The distance between the well and the possible
source of contamination depends on local conditions such as the direction In which the
ground water is flowing, the tightness of the soil, and the rate of pumping.

Although you have taken full protective measures to prevent contamination of wells,
it is rd to ectect all possible snores of pollution. Therefore, you must disinfect
all sources o: well water.

PROTECTION AGAINST CONTAMINATION THROUGH IMPROPEA OPERATION. To guard against
contamination through improper operation, prime the well pump with potable water (water
that is safe to drink). Keep the drain from the base of the well pump open and free of
obstructions so that any leakage flows aday from ."n pump. Disinfeet the well pump
before you install it or after any repairs are

DISINFECTION OF 1ELLS

Yon must lisinfect wells after they are initially installed, each time the screen is
cleaned, each 4',e pump is polled, and when the well is contamiartten.

PROCEDURES: To disinfect a well, first pump the water in the well to waste for
several hours to remove as much of the pollution as possihle. Then calculate the volume
of water in the well to determine the amount of chlorine solution needed (two quarts of
solution for every 100 gallons of water is recommended). The recommended dosage of
chlorine to disinfect a well is 100 ppm. Stronger solutions may damage pump parts or
the well screen. Pour th,: chlorine solution directly into the well through a clean
hose. Connect a hose to !,q% pump discharge and direct the flow of water hack Into thewell. Operate the pump untU you detect a strong chlorine odor. Allow the water to
stand in the well for 24 hw:r.7. At the end of the 24-hour period, pump the water in the
well to waste until the chlorine is reduced to an acceptable level. Obtain samples for
bacteriological analysis hefere putting the well back Into service. Refer to APR 91-26
for further Information on we":1 disinfection.



EXERCISR III-1-la

INSTRUCTIONS: Complete the following questions. You may consult your instructor if you
have any questions.

1. What is an aquifer?

2. Li%t the two types of aquifers.

a.

h.

3. LiSt three methods used to explore for ground water.

a.

h.

C.

4. List three teehniques used to construct well holes .

a.

h.

c

Which methoa of we'l arilling has replaced the down-hole percussion technique?

6. Mhtt is :le purpose of the well caning?

7, Wha helps support the hole, keeps large rocks out, an0 allows the water to out, r

the well?

R. What is the purpose of gravel packing a well?

9. List three methods used to remove fine sand from the sereen, gravel pne and the
pores of the Formation.

a.

h.

e.

10. What is the recommended dosage or chlorine for diJ:Infecting a well?



INFORMATION

CALCULATE WELL LEVEL8

You must conduct well tests to determine the capacity and performance of a well.These tests include measuring the static, pumping, and drawdown lovels of water in awell. Knowing the definitions of static level, pumping level, drawdown, and other
related terms will help you when you determine those water levels. You mest also
maintain current reeords related to the operation, maintenance, and testing of wells.

Definition of Terms

Water levels and drawdown measurements are necessary fer an accurate determinationof the capacity of a well and for its operation within safe limits. For a better
understanding of static level, pumping level, drawdown and other related terms five thedefinitions below.

STATIC WATER if:VEL: Tht level of water in a well when the pump is at rest.

PUMPING LEVEL: The level of water in a well while the pump IP operating.

DRAWDOWN: The is the distanee the water level in a well drops due to pumping
(Pumping Level - Static Level).

ZONE OF INFLUENCE: When water is pumped from a well, a depression is produced in
the water table outside the well. This depression is called the zone of influence (seefigure 1-6). Zones of influence of wells close together may overlap. If these wellsare pumped at the same time, they will compete with each other for the ground water (seefigure 1-6). As a result, each well produces less water than if lt were operating hy
itself. Therefore, when a water supply is taken from a group of wells, those being
pumped at any ono ;Arne should he far enough apart so that the zones of infinenee do notoverlap.

MAXIMUM YIELD: This is the maximum number of gallens per minute that can be pumped
from a well over a six hour period. During this Um-, the pumping rate is maintained sothat the pumping level remains stationary. An increase in the pumping rate would causethe well to run dry.

DEsiRED YIELD: This is the rate at which the well is expected to produce.

SAFE YIELD: This is the rate of pumping that produces a drawdown which :s 56 'rcent of the drawdowr .,4 when the well was buil:: and pemped at maximum yie7d.
Operating the well .-_t f7,3 safe yield will prolong its productive life.

EPECIFIC . .ITY: This is the number of gallons per minute pumped per foot 4.fdrawdown. e specilic capacity ls not the same for each foot of drawdown, hut is
approximately so when the drawdown is not too great. Knowing the specific capacity of awell enables you to estimate the drawdowas that will be produced at different pumpsettings.

Mathematical Formulas

Before you can measure the different water levels in a well, yhu must know the totalle3gth of the air line (also kneel as the telltale). It en;our:s from the top of the
well clown to the base plate at t bottam to the well (see figure 1-7). You can findthe length of the air line by reterring to AF Form 996, Well Data Form. The telltale isusually a 1/4-inch pipe which is installed at the time the well is constructed. Abinycle tire pump and pressure gauge are attached to the end of ihe telltale at theground surface. A:1 Joints must he airtight.

You must knoe how to convert the (pounds per square inch) on the pressure gaugeto feet of water. One psi is equal to 2.31 fee,'. To convert the gauge psi to feet,
multiply the pressure by 2.31 (feet of water = psi X 2.31).

STATIC LEVEL: This is the height to which the water in the well rises while the
pump is at rest. Because water trends to seek its owr level, it will ri3e in the airline up to the static level.



WELL A WELL B WELL C

NORMAL WATER TABLE

WATER TABLE
DURING PUMPING

Figure l-6. Zone of Influence of Well Pumping on Water Table
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The slettic level is equal to the total length of the air line minus the psi before
pumping (AP) times 2.31 (Static Level = Length of air line - (PSI AP X 2.3111. With the
pump stint down, apply air pressure through the bicycle tire pump until the needle on the
prseure gao,5;e ne longer shows an inerease le pressure. The reading un the pressure
gauge shows the amount of alr pressere needed to force the standing water out of the air
line. Multlely the pressure in psi by 2.31. This determines the heleht of the water
from the boti,eri of the telltale to top of the static le,eel. Subtract the cxleulated
height of water from the bottom of the air line from the total length of the telltale.
This is the =Win level, which is measured from the top of the well down to the water
level.

For example, assume the length of the air line is 150 feet. Assume that the
pressere gauge reads 25 psi when air is applied to the air line. To find the static
le f water in a well, multiply 25 psi by 2.31 (25 X 2.31 = 57.75 feet). Next

t the height of the water from the bottom of the air line from the total length
of tle telltale (1.) - 57.75 = 92,25 feet). The static level measured from the top of
the well is 92.25 feet.

PUMPING LEM.: This is the height at which water stands in the well while the purl°
is operattng. Since the water level falls gradually when pumping begins, the pumping
level is determineu after the pump operates for at least one hour.

Pumping level is equal to the total length of the air line minus the psi whtle
pumping (WP) times 2.31 (Pumping Level = Length of air line - (PSI WP X 2.31)1. WIwn
the well pnmp has been operating for at least one hour and the water level has
stabilized, apply air pressure through the bicycle tire pump until the needle on the
pressure gauge no longer shows an increase in pressure. Since the water level ln the
well is lewered hy pumping, the amount of water in the air llne is also lowered.
Therefore, you will need less air pressure to force water out of the telltale. Multiply
the pressure in psi by 2.31. This determines the height of water from the bottom of the
air line to the pumping level. Subtract the calculated height of water from the total
length of the air line. This gives you the pumping level of water In the well, which ii
determined from the top of the well down to the water level.

For example, assume the length of the air line 1.4 150 feet. Assume the pressure
gauge reads IR psi, First yeu convert the psi to feet by multiplying the pressure by
2.31 (18 X 2.31 =, 115R feet). Next you sul.tract the calculated height of water from
the total length the air llne (150 - 41.58 = feet). The pumping level, which
Ls measured from the top of the well down to the wat-r level, is 108.42 feet.

DRAWDOWN: Drawdown is th distance the water level in the well drops due to
pumping. Tt can he determined by (ne of the foll,wiug methods:

1. Pumping level minus static: level. For example, 108.42 - 92.25 = 16.17 feet of
drawdown.

?. Psi before pumping (RP) minus psi while pumping (WP) times 2.31
((PSI HP - PSI WP) X 2.311. For example, (25 - 18) X 2.31 = 7 X 2.31 = 16.17
feet of drawdowe.

The static level, pimping level, krid drawdown test results should he reeerded on AP
Form 9'17, Daily Well Activity Record.

Use of Records

You must keep logs and records current when you operate, maintain, and Lest wells.
These records are very important, because they are the only way you can see what 1,
happening at the bottom of the well. These records and logs should include such
information as static and pumping water levels, drawdown, and gallons per minute
They Oiould also include the structural details of thc *ell or wells.

Comparison of the data listed ou these records and logs may help yeu anticipote and
eorrect difficulties before they become serious. The following examples preve thv %alike
of properle maintained records:

A falling static level may indicate a gradual lowering water table.
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2. An increased drawdown may show receding ground water level; interference From
other wells; leaking casing or delivery pipes; encrusted or corroded well
screens; or clogging of the screen, gravel pack, or pores of the rock formation.

3. An increased drawdown when the static level remains the same is caused by
encrusted or corroded screens, or clogged screen and gravel pack.

The records used for the operation, maintenance, end testing of wells are the wellchart; AF Form 996, Well Data; nna AP Form 997, Daily Well Activity Record.

WELL rlIART: A well rhart is a prefitet of the well and the rock formati
surrounding the well. It Is not nenessarily drawn to scaL'. It shows the uepths r-f thewater levels, pump, and well screen. It also shows the %.gth .J the screen and thev.u.ious types of earth layers. You can quickly see t Ing conditions of the wellreferring to the well chart.

AF FORM 996, WELL DATA: AF Fors 696 is prepared for each well. It is completAwhen the well is built and is brought up to date whenever the well Is tested. All welldata forms are kept on file it,. notebook. They are referred to when repairs are madeon the well or when other xe built in the same arr4, AF Form 996 is locallyproduced on R" X 3" paper :A,Ture 1-8).

AF FORM 997, DAILY WEU, RECORD: This form is completed each day. Itindicates which pumps are for what periods of time. It is used to equalize theuse of wells and pumping eqimpment by alternating the periods of operation. AF Form 997can also he used to detect changes in well characteristics and conditions. This form isuseful when determining routine maintenance on equipment. The daily well activity
record includes the names of shift operators, breakdowns, nd other Information relatedto the daily peration of wells. AF Form 997 is shown in Figure 1-9.



TOLL DATA illaseatisltiteT2gNAFB, vlor I d a
nu. NO.

10

ELF:VAT:ON (let) VOCATION 1 DATE C06577; T.. !-..!. i

6 ' above Sea 1 Homest ead AFB fiL(hehiad_Bor_ar_Pni) I ),I.

F
I.
I,

_

TWilled Well w/casing
_

MI? .'11AVErEll

-12--incli_ma aimg
I limrrilm: DEITIsixty- ---- _-- ---
ncovPv t TIlli,
_ _.10.2in_. _

CAPACITY (Gal -per-

._sev.eaty _feet
CMG :1TATIC XATI.R LEVEL3 ft

TEIrr DATA-

- -
LEAND011id
seven ft _

AiR LINES ANC6k.h.S SPECIFIC
mil ,..,1.,city rump i ng level x lyes Rengt., ft) GPM --- 128

DPANDOWN

BELL PUMPING EGIllIPIRDfr

1

M

Feirlt ii.linTf(Xuror a Pump 12R1 ( type)
:41CT ION ( Etr) I- Si Yi iN-6 UsTrii
8' 1.1:AD

.
CAPACI Ty

didie--i
1900GPM_

& MAU? BOWL.S

4

SIZE AND TYPE NO. `..7TACkz;

2Aboln. grnd ltelow grnd Total

IA

MRIAL NO.
see below

TYPE MAKE
Gen Elect 25

RPM j FRAME] PHASE I
1735 ...1284T4 3 1

CYCI-1,1-

60
VOLTAr:N

440
0
T

STANDBY rowmi MIKE SIZE

oit -IIP 1

I

DESCRIPTION

CASING AND WELL SC'REFICINC MA TiTtIkL USED
SETTING

DEPTH
LENG111

EACH

Pump Ser. #V75-71315

Motor Ser. #HLJ827478

Mod. #5K6234XL519A._

--

_ --

---

AF FORM 996, AUG 511

Figure 1-8. AF Form 996

1-19

4
BEST COPY AVAILABLE



4 7 )3

DAILY 'ELL ADTIviTY 1E0010 fa.*

lo

i

come*, Ago

"."'

1

4

,t,(1

M'''

0

I o
go

!:
SZ

WEI .11,0

1;
13,
VI.*
not.

,

0 ENVOI

11011111i

a

r,it

1

PO
PO

C

ONO .7.1.% ICAO ORI
*10.4

,

6.

I

.......,
..4 MP 47

I

i

I [

1

,

J

t

i

t

...

._

it no ..



EXERCISE

PART I

INSTRUCTIONS: Complete the following questions. You may consult yonr instructer if you
have any questions.

1. Define static level.

2. Define pumping level.

e. Define drawdown.

4. How many feet of water equal one psi?

5. Calculate the static l.vel of a well when the air line is 700 feet long and the psi

before pumping is 21.

6. List two methods you can use to determine the drawdown of a well.

r.

7. Determine the drawdown of a well when the psi before pumping is 20 and the psi

while pumping is 15.

S. Determine the static level, pumping level, and drawdown of a well when the air line

is 400 feet long, the psi before pumping is 40 and the psi while pumping is 25.

".-

PART 2

INSTRUCTIONS: Use the procedures below to operate the well trainer and to calculate
static level, pumping level, and dray/down.

OPERATING INSTRUCTIONS FOR TUR WELL TRAINER

SAFETY PRECAUTIONS

Remove all jewelry hefore operating the trainer.

2. Make sure that the power cable Is connected to an
wire.

1-21
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PRELIMINARY ADJUSTMENT:

Hefore attempting to operate the well trainer verify that:

1. Ample water is In the holding tank.

2. The hose bihh is fully closed.

3. Roth breakers are in the OFF position.

NORMAL OPERATION:

NOTE: Obtain the length of the air line installed in the well from your
instructor before you determine the static level, pumping level,
and drawdown of the well trainer.

1. STATIC LEVEL

a. Connect the bicycle tire pump to the Schrader valve attanhed to thepressure gauge.

b. Apply air pressure using the tire pump until tho needle on the
pressure gauge no longer indicates an increase in pressure.

c. To determine the static level, multiply the maximum pressureindicated on the gauge by 2.31. Subtract this product from the lengthof the air line provided hy your instructor.

Example: Assume the length of the air line in the trainer ww-; 400 fentand the maximum pressure on the gauge was to psi.
400 - (to X 2.31) = 400 - 23.1 = 376.9 feet.

2. PUMPING LEVEL

a. Open the valve to discharge. If the right-hand tank is full of wateropen the valve on the left. If the left-hand tank is full, then openthe valve on the right.

h. Move the bres.ker for the pump to the ON position. The breaker for thejet pump is on the left-hand side of the circuit box, and the one forthe submersible pump is on the right-hand side.

c. The pump will shut off automatically.

d. With the tire pump connected to the pressure gauge, apply pressure
using the tire pump until the needle on tho gauge n't longer indicates anincrease in pressure.

e. To determine the pumping level, multiply the maximum pressure shown onthe gauge by 2.31. Subtract this number from the length of the air line.

Example: Assume the psi while pumping was 5.

400 - (5 X 2.31) = 400 - 11.55 = 388.45.

3. ORAWDOWN: To determine the drawdown of the well trainer, subtract the staticlevel from the pumping level.

Example: 388.45 - 376.9 = 11.55 feet of drawdown

SHUTDOWN PROCEDURES

1. Move both breakers to the OFF position.

2. Disconnect the power cable from the outlet.



SIIMMARY

Tee Air Force prefers to use ground water when it L8 availahle in quantities !urge
enough to meet water needs. Tt is supplied by that step in the hydroloic eycle known
Ks infiltration. This water exists In layers of rock or soil below thy earth's surface
known as aquifers. Because it is below the surface of the earth, it cannot be seen by
direct observation. Some of the methods used to explore for ground water are searching
for existing wells And looking for the presence of springs, lakes and swamps.
Determining the type and abundance of vegetation growing in an area, geophysical
methods, and digging test wells may also be used.

The ground water is obtained by drilling a well. The methods used to drill a well
are down-hole percussion, rotary drilling, boring, driving, jetting, and digging. The
Air Force uses the rotary method of drilling a well most often. Once the hole is
constructed the other components are installed in the well. The well components are the
hole, casing, screen, base plate, gravel pack and the pump assembly. Some of the
problems that may occur during the operation of the wells are encrusted or corroded
screens; ologged screens, gravel pack, and pores of the surrounding rock formation; and
cracked casings. One of the most important tasks you must perform when operating wells
is to conserve the ground water supply, but you must also prevent its .:..ontamination.
You can prevent the contamination of ground water by performing sanitary surveys and
protecting it against contamination from the surface, underground and through improper
operation. Tt is your job to disinfect the well when it is built, each time the screen
is cleaned, each time the pump is pulled, and when the well Is contaminated,

Well operation and maintenance includes conducting well tests. These tests include
measuring the static, pumping, and drawdown levels of water in the well. The records
and logs used with the operation, maintenance, and testing of wells are the well chart;
AF Form 996, Well Oata; and AP Form 997, Daily Well Activity Record. These records help
you detect problems as they arise and can help you extend the life and production of the
well.

REFERENCES

Am 85-23, Well Orilling Operations
APR 91-26, Maintenance and Operation of Water Supply Treatment

and Distribution Systems
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3770 Technical Training Group
(Civil Engineering Training)
Sheppard Air Force Base, Texas

WATER TREATMENT PROCESSES

OBJECTIVES

SW J3A13R56631 000-111-2

Given information related to water clarification, match statements identifying
the facts and terms which pertain to water clarification. Six of the nine must be
correct.

Using information about water softening, identify facts and terms by completiig
ten statements. Seven of the ten must be correct.

Given information related to control of baste, odor and color, list the methods
used to remove taste, odor and color in water supplies.

Given information related to water treatment processes, match facts and terms
related to stabilization, disinfection, fluoridation and defluoridation. Six of ten
must be correct.

INTRODUCTION

You will never find pure water in nature. All of the water that you will find in
nature will have some minerals and organic matter. Water may contain small amounts of
some minerals or organic matter and still be fit to drink and use. For human use, the
water must Oe free from disease, poisons, and excessive amounts of minerals and organic
matter. If it is at all possible, the 'ter should be clear, cool and free from bad
odors and taste.

An adequate supply of good water is essential to the success of any operation where
humans are involved. Water is much more essential to humans than food. A human may go
as much as thirty days with out food, but they can not go more than a few days without
water.

As an Environmental Support Specialist, it is your job to provide au .16equate supply
of good, odor free water, not only to the troops in the field, but also to the troops in
the rear areas that are supporting the troops in the field.

This study guide does not cover all of the information on this subject. A copy of
AFR 91-26, Maintenance and Operations of Water Supply, Treatment and Distribution
Systems should be obtained and researched for complete details.

INFORMATION

CLARIFICATION

The term clarification means the clearing or freeing of the water from floating or
submerged debris, such as mud, clay, and living or dead aquatic organisms or growths,
or other suspended material to produce a relatively clear, clean 1i4uid. The processes
included under this term are screening, and sedimentation, either plain or with coagu-
lants. Due to the increase in pollution of our water sources, the sedimentation process
alone often is not sufficient and must be followed by filtration. Plain sedimentation
is now being replaced by mechanical and chemical treatment. This helps to reduce the
size of the units, adds to efficiency and improves the water quality. Coagulation and
sedimentation is usually followed by filtration with disinfection as a precaution
against disease germs. The type and degree of treatment required will depend on the
nature of the raw water, which will vary widely, depending upon its source. Ground
water from wells may require only disinfection. Other ground water may contain
undesirable minerals such as iron. Surface waters are more likely to be contaminated
and have more turbidity. They usually need coagulation, sedimentation, filtration and
disinfection.

48-3



TERMS EXPLAINED

1. ABSORPTION: The taking up of one substance irto the body of another. Such as asponge sucks up wrtter, charcoal sucks up gas.

2. ADSORPTION: The adherence of dissolved colloidal, or finely divided solids on thesurfaces of solid bodies with which they are brought into contact.

3. CHEMICAL: A substance, as an element or chemical compound, obtained by a chemicalprocess or used for producing a chemical effect.

4. CLARIFY: To make, as a liquid, clear or pure usually by freeing from suspendedmatter.

5. CLARIFICATION: Process to become clear.

6. COAGULANT: A chemical, such as Al2(SO4)2 or FeC12 that wnen added to waterwill react to farm a floc.

7. COAGULATION: The reaction of a coagulant in water that causes it to clot, curdle,or congeal into a mass or group.

8. COLLOIDAL: Finely divided solids too small for resolution with an ordinary lightmicroscope, and in suspension or solution fails to settle out.

9. MINERALIZE: To remove the mineral matter from the water.

10. FILTRATION: The process of passing, filtering, a liquid (water) through a filterin order to remove suspended matter.

11. ION EXCHANGE: A reversible interchange of one kind of ion present on an insolublesolid with another of like charge present in a solution surrounding the solid.

12. MAINTENANCE: The upkeep of property or equipment.

13. PRECIPITATE: To cause to separate from
solution or'suspension, to fall or comesuddenly into some condition.

14. SOLUTION: A liquid containing a dissolved substance.

15. TREATMENT: The techniques or actions customarily applied in a specified situation,such as adding chemicals to water.

16. TURBIDITY: Very minute particles of suspended matter in water that gives anappearance of cloudiness.

17. WATER: A liquid that is a major constituent of all living matter and that is anodorless, tasteless, very slightly compressible liquid oxide of hydrogen, 020,which appears bluish in thick layers, freezes at + MC and boils at 100°C, has amaximum density at 4°C and a high specific heat, is feebly ionized to hydrogen andhydroxyl ions, is a good solvent, and a poor conductor of electricity.

2-2

484



TABLE 1 -- SOURCE AND SIGNIFICANCE OF DISSOLVED MINERAL
CONSTITUENTS AND PROPERTIES OF WATER.

constituent
cr

Property

Silica (SI02)

Source of Cause Significance

Dissolved from practically
all rocks and soils, com-
monly less than 30 ppm.
High concentrations, as
much as 100 ppm, generally
occur in highly alkaline
waters.

Forms hard scale in pipes and
boilers. Carried over in steam
or high pressure boilers to form
deposits on blades of turbines.
Inhibits detcrioration zeolite-
type water softeners.

Iron (Fe) Dissolved from practically
all rocks and soils. May
also result from the
corrosive action of water
on unprotected iron or
steel mains, steel well
casings, and pumps. Sur-
face waters may contain
appreciable amounts of
iron originating from
industrial wastes or from
acid runoff from mining
operaticns.

On exposure to air, iron in
ground water oxidizes to reddish-
brown precipitate. More than
about 0.3 ppm stain laundry and
utensils reddish-brown. Objec-
tionable for food processing,
textile processing, beverages,
ice manufacture, brewing, and
other processes. USPHS (1962)
drinking water standards state
that iron should not exceed 0.3
ppm. Larger quantities cause
unpleasant taste and favor
growth of iron bacteria.

Calcium (Ca)
and

Magnesium (Mg)

Dissolved from practically
all soils and rocks, but
especially from limestone,
dolomite, and gypsum.
Calcium and magnesium are
found in large quantities
in some brines. Magnesium
is present in large

Iquantities in sea water.

Cause most of the hardness and
scale-forming properties of
water; soap consuming (see hard-
ness). Waters low in calcium and
magnesium desired in electro-
plating, tanning, dyeing, and in
textile manufacturing.

Sodium (Na)
and

Potassium (K)

Dissolved from practically
all rocks and soils.
Found also in oil-field
brines, sea water,
industrial brines, and
sewage.

Large amounts, in combination
with chloride, give a salty
taste. Moderate quantities
have little effect on the useful-
ness of water for most purposes.
Sodium salts may cause foaming
in steam boilers and high sodium
content may limit the use of
water for irrigation.

Bicarbonate
(HCO3)-

and
Carbonate
(CO3)1.

Action of carbon dioxide
in water on carbonate
rocks such as limestone
and dolomite.

Bicarbonate and carbonate produce
alkalnity. Bicarbonates of
calcium and magnesium decompose
in steam boilers and hot water
facilities to form scale and
release corrotive carbon dioxide
gas. In combination with calcium
and magnesium, cause carbonate
hardness.
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TABLE 1 (Continued)

Constituent
Or

Property

Sulfate (804)w

Source of Cause Significance

Dissolved from rocks and
soils containing gypsum,
iron sulfides, and other
sulfur compounds. Com-
only present in some
industrial wastes.

Sulfate in water contairing
calcium forms hard scale in steam
boilers. In large amounts,
sulfate in combination with other
ions gives bitter taste to water.
USPHS (1962) drinking water
ztandards recommend that the sul-
fate content should not exceed
250 ppm.

Chloride (C1)- Dissolved from rocks
and soils. Present in
sewage and found in
large amounts in oil-
field brines, sea water,
and industrial brines.

In large amounts in combination
with sodium, gives salty taste to
drinking water. In large quanti-
ties, increases the corrosiveness
of water. USPHS (1962) drinking
water standards recommend that
the chloride content should not
exceed 250 ppm.

Fluoride (F)- Dissolved in small to
minute quantities from
most rocks and soils.
Added to many waters by
fluoridation of municipal
supplies.

Fluoride in drinking water
reduces the incidence of tooth
decay when the water is consumed
during the period of enamel
calcification. However, it may
cause mottling of the teeth,
depending on the concentration of
fluoride, the age of the child,
amount of drinking water con-
sumed, and susceptibility of the
individual (Maier, P. J., 1950).

Nitrate (NO3)- Decaying organic matter,
sewage, fertilizers, and
nitrates in soil.

Concentration much greater than
the local average may suggest
pollution. USPHS (1962) drinking
water standards suggest a limit
of 45 ppm. Waters of high
nitrate content have been
reported to be the cause of meth-
omoglobinemia (an often fatal
disease in infants) and therefore
should not be used in infant
feeding. Nitrate has been shown
to be helpful in reducing
intercrystalline cracking of
boiler steel. It encourages
growth of algae and other
organisms which produe:e
undesirable tastes and odors.
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Coagulation/Flocculation

Do You know how that dirty water from a lake or river is cleared up and made fit or
safe to put in your body. When you, I, and all our loved ones turn the tap rn to get a
glass of water, do we stop to think just what has taken place to those little water
molecules in order to rid it of dirt, clay and any other debris that would cause
turbidity in the water. It is the removal of suspended solids, turbidity, that this
section will deal with.

You will need to know that coagulation is to cause to change from a fluid, or a
dissolved solution, to a solid mass by the use of chenicals. The mass or the clots
formed by this action ia called a "floc." It is the purpose of the "floc" to come in
contact with the suspended matter in the water and grow in size and weight Lntil it will
come out of solution. The "floc" plus the turbidity that settles out is called sludge.
The "floc" is formed by adding to the water, in the rapid mix tank, a chemical known as
a coagulant. Coagulants come in two main groups, aluminum and iron. The most common
ones are Aluminum Sulfate (Al2 SO4), Alum, which when put in the water that has a
proper alkalinity range will ionize and form Al(OH)3 which is insoluble and will
settle out. The iron coagulants forms a heavy "floc." The most common ones are,
Ferrous Sulfate FeSO4, Copperas, Ferric Sulfate Fe2(504)3, Ferric Chloride
FeC13. The iron "floc" falls out of solution as Ferric hydroxide Fe(OH)3. There
are three steps in coagulation. As the coagulant dissolves positive ions of aluminum or
iron it will neutralize the small particles of suspended matter such as colloidal clay
and color. This is the first step of the coagulation reaction. For the best effi-
ciency during the first step the coagulant should be added to the incoming water in a
rapid mix, specially designed mixer or a primary measuring device such as the parshall
flum may be used, for quick even mix with the coagulant and the raw water influent, this
must be accomplished before the second step of treatment can occur. The second step is
part of flocculation, and is accomplished in a long narrow tank that is about fifteen
feet deep. If you could look in this tank you would find some large paddle wheels like
you would expect to see on a old time steam boat. These large paddles turn the water in
the tank at a veAy slow rate of speed so as to let the coagulated water come in contact
with all of the clay and dirt that is in the water. As you look in a slow mix unit
during operation you will see small specks, or balls forming in the water. In the
third step of coagulation/flocculation we have a continuing of the floc growth. In the
first step we had an electric attraction between the ions in the floc and the potential
of the mud, clay and other particles in the water, in the second step you had a slow mix
or stir of the floc. Now in this step the floc grows by coming in contact with the mud
and dirt that is present, since the floc is sticky the turbidity in the water will stick
to the surface of the floc and get large enough to settle out to the bottom of the
settling tank.

When you add a coagulant to the water to form a floc, there must be the right amount
of alkalinity in the raw water to react with the coagulant. If the raw water does not
have the best alkalinity range, then lime or soda ash can be added to raise the
alkalinity to a higher level.

Equipment and chemicals and procedures for the coagulation/flocculation process have
to match the type of water being treated. This is found out by the jar test which will
be covered later in this unit.

The way you would do the steps to form a good floc would be to first of all add the
coagulants and coagulant aids at a given rate for the amount of raw water coming into
the plant. This is done by using the right chemical feeder for the chemical being fed.
Such as a dry feeder for lime or soda ash and a hypochlorinator for liquids.

Since the first reaction in the process of coagulation is a chemical reaction you
will need some method of mixing the water and coagulant together very fast and even.
Rapid or the flash mix, as it is sometimes called is made to give from one and one half
to two and one half minutes of flash mix. The speed of this first flash mix should EOT
be less than five feet per second. Rapid or flash mix can be done in one of several
ways; pumps, aero-mixers, turbomixers, hydraulic pumps, agitated mixing chambers,
mechanical stirrers and by using the parshall flums. Figure 10 shows a flash mixer.
Although a parshall flume is a primary portion of a flow measuring device, you can use
it as a very good and cheap rapid mix, since one is needed to give the flow of the
incoming water anyway, and since it does not need a power source to run it, this makes
it ver; desirable to use as a fast mix. The coagulants and coagulant aids are as
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listed; Aluminum sulfate, Al2(SO4)2, which is called by the name alum. It is oneof the most widely used coagulants, the floc formed is very light and has the looks ofvery small snow flakes. It makes a floc best in water that has a pH range of five toseven which is on he acid side. Any of the coagulants used will tend to make the wateracidic. Adding lime or soda ash will keep the correct pH range needed for the formingof the Tloc. An example of a chemical reaction with alum and a water that has naturalalkalinity of bicarbonate is:

18820 + 3Ca(HCO3)2 + Al2(804)3
Water Alkalinity Alum

18820 + 3CaSO4 + 2A1(08)3 + 6CO2Water Gypsum Floc Carbon dioxide
ORMEMEMIAMSM

MMMR

WAia.
SUPPORT 141141!
SEAMS

OVERFLOW

'FEED

Figure 2-1. Flash Mixer

The precipitate in this case is 2A1(08)2. It should be noted that all Alum addedis removed during the treatment process, and that while the temporary hardness,
Ca(HCO3)2 is reduced, at the same time Ca(SO4)2, permanent hardness is increased.Also note that the COf content of the water has increased and as you know CO2 +1120 22CO2, Carbon c acid, which makes the water more corrosive. If thenatural (which is most likely bicarbonate) alkalinity is too low to satisfy the pHrequirements foY alum, then you can add line to raise the level of alkalinity to thebest level. One grain per gallon of alum requires 7.7 parts per million of bicarbonatealkalinity for a good reaction. If the alkalinity must be supplemented then for onegrain per million gallon of alum you will need to add six parts per million of lime orat least 8.3 parts per million of soda ash.

A limited range in the effective pH values should be recognized. If you find thatthe water is too acid, then some of the alum stays in solution, inversely when the waterhas too much alkalinity then the alum floc tends to dissolve. The best pH range for thealum is from 5.5 to 8.0 with the best results about 7.0 pH. Ferrous Sulfate, FeSO4,its common name is copperas because of its color that looks like copper oxide. If youuse copperas as a coagulant, then it will react with the bicarbonate alkalinity that ispresent in the raw water to form a hydrous iron oxide which is then oxidized to ferrichydroxide by the dissolved oxygen in the water. You will not need any pH control if youuse copperas as a coagulant, that is if the pH of the raw water is above 6.5. The bestpH range for copperas is from 8.5 to 11.0. It would take lime to raise the pH to thatlevel, since lime is a softener that makes copperas an ideal coagulant to use with thewater softening process during chemical precipitation. The iron floc is a heavier flocand it is small when you compare it to the alum floc. Ferrous sulfate plus chlorine iscalled chlorinated copperas. The only satisfactory way of putting it in the water is tomix the Ferrous Sulfate and the Chlorine with water separately and then bring themtogether a few seconds just prior to putting them in the rapid mix zone. Ferric floc hasbeen noted at a low pH of 3.5, that makes its range of coagulation wider than that ofcopperas. Ferric 'salts are much more corrosive to use than copperas. When you addchlorine to ferrous sulfate you will find that it will yield both ferric sulfate andferric chloride. Any excess chlorine may be used in the coagulation basin as an aid to

2-6

488



coagulation and in keeping the basin free of algae. The best pH to have when using
chlorinated copperas is from 5.0 to 11.0 with the very best results noted when the water
is on the alkaline side of the pH. Ferric sulfate, Fe2(SO4)3, is used in some
treatment plants, but it has to have a special solution arrangement tuv.anse of its ,:low
solubility in cold water. Ferric chloride, FeC13, can be made at the water plant by
passing chlorine solution over some scrap iron, or it can be bought as a solid, powder,
or a solution. When used with the erdlator it is obtained in one pouad hags for ease of
mixing the correct concentration of feed dosage.

Coagulant aids do not form or make the floc when they are added to the water alone.
The aids, ihen added to the water that has a coagulant in it, makes the floc tougher and
stronger so that it will have a better settling rate, and not break up as easy when the
water is run through the plant at a faster than normal rate of flow. The most common
used coagulant aids are lime, soda ash, chlorine, activated silica, organic polymers and
bentonite clay.

Lime is used to raise the pH of the water to the best alkalinity level for the
coagulant being used. It can be added either as calcium oxide (quick lime) which reacts
with the water and forms calcium hydroxide, or you can add calcium hydroxide (slaked
lime), both of these forms of lime are fed by a dry chemical feeder. Lime is also added
to the water for softening and will be covered in more detail later.

Sodium Carbonate, its common name is soda ash. Soda ash is used to raise the pH or
alkalinity of the water and is also used to soften the water. Like lime it can be fed
with a dry feeder. It is more expensive than lime but you will find that a shorter
coagulation time.is required with soda ash than with lime.

Chlorine is or can he added to the water for many reasons. When you use it as a
coagraitTi-itid it will convert ferrous sulfate, a coagulant, to the ferric sulfate and
ferric chloride forms so it will precipitate. When it is added to sodium silicate it
will react to form activated silica which is used by plants that operate near or over
their normal operating rate of flow.

Activated silica is made by adding sodium silicate plus chlorine, it works well with
water that is very low in turbidity.

Organic polymers are aids that have molecules which consist of long chains of atoms.
This long chain of atoms has many reaction groups or sites all along the full length of
the chain. An example of the way that it groups together is starch or cellulose.

Bentonite Clay aids by providing a solid surface where the first Formation of the
floc can start to grow in size and gain weight so that it can fall out of solution. You
would use the clay in water that has colloidal solids, suspended matter too small to
settle out under normal treatment.

The coagulant dosage required for the raw water is based on a number of things; the
pH, temperature, turbidity, dosage, time, chemical composition, and the speed of mixing.
Some of these things you ?ill not be able to measure, so it will be impossible for you
to calculate the amount of coagulant to use by a theory or formula. One way that you can
find out the dosage to use is by the jar test.

The jar test is used to find the minimum amount of coagulant that will form a pin
head size floc and settle out leaving the water clear. The dosage shoold he such that
not more than 15 Mg/L of turbidity goes over into the filter. In all cases you should
make sure that all of the water entering the filter bed has been flocculated and .

settled. One way to tell if this action has taken place is by looking to see if the
water between the small particles of floe is clear. You can find the procedures for
performing the jar test in the 566X1 CAREER LADDER LABORATORY MANUAL ALL COURSES.

Flocculation

After the water leaves the fast mix area the flow rate of the water should be slowed
to a speed of 0.75 to 1.0 feet per second for a period of 20 to 30 minutes. Note: that
excessive stirring of the coagulated water would break up the small, light, loosely
bound floc and then the proper settling tank. Slowing the flow rate down is done by
changing the water flow from a narrow shallow flow to a wide, deep flow in the floccu-
lator. The flocculator has large paddles that covers the entire width of the tank and
gently stirs the water so that the coagulated water will come in contact with all of the
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turbidity that is present. The floc that forms is of an opposite polarity than that ofthe suspended solids; because of this, the suspended solids sticks to the floc causingit to grow in size. The flocculator which is also called slow mix can he seen in figure2-2.

mm m III__ iFx,...m.:
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mmommimmommormwww........la ow am.=um ow ow or mil wowma ow ow mm g

IN No ow ow mol
owl ow am

VANES SLOW DOWN
SPIRAL MOTION OF WATER

Figure 2-2. Rotary Flocculating Equipment

Sedimentation

Sedimentation is the process of removing settleable materials. This is done bydecreasing the speed of flow to lessen the ability of the water to hold particles insuspension. Many particles are removed by nature in this way during storage of thewater in ponds and reservoirs. In very turbid waters, pretreatment of the water bysedimentation without the use of chemical coagulants is provided in specially builtbasins, in which the speed can be controlled.

In a water treatment plant, sedimentation usually follows mixing and flocculation,for the removal of floc masses prior to filtration. In all probability, with effectiveflocculation a satisfactory filter effluent could be produced without the use ofsedimentaiton, but the filters would clog very quickly and the operation costs would beso high that the process would not be practical.



A sedimentation basin is a structure through which water flows at such an extremely
low velocity that suspended material will settle towards the bottom of the basin, with a
relatively clear water passing out of the tank. In general, detention periods (volume
of basin divided by rate of flow through the basin) between four and five hours and
horizontal velocities less than three (one or twe) feet per minute are specified. it
should be emphasized that present practice is to remove as much floc and other settle-
able material as possible by coagulation and sedimentation. This increases rates of
filtration and length of filter runs, without deterioration of finished water quality.

Probably the most important features in the operation of a sedimentation tank are:
(1) the introduction of water into the tank with a minimum turbulence, (2) the
prevention of short circuiting or direct currents between inlet and outlet, and (3) the
removal of the effluent with a minimum disturbance so th:t settled matcrial will not be
carried out of the tank.

Filtration

The filtration process is an important part of water treatment. When used to filter
water for human use, it removes fine inorganic and organic materials. Incilentally it
may reduce the bacterial content and the contaminants which cause taste and odor. The
objective of filtration is to produce a clear sparkling water.

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.

SLOW SAND FILTERS: These filters contain fine-grain sand and have low filtration
rates. These are normally used when coagulation 17; not included in the treatment
process; however, use of slow sand filters by the A'r Force has been practically
discontinued because of their initial high cost, the high cest of labor required to
clean them, and the large surface area of land required.

RAPID SAND FILTERS: These filters are normally used by the Air Force in modern water
treatment plants. The two types of rapid sand filters discussed are gravity and
pressure.

GRAVITY FILTERS. See figure 2-2. Gravity filters are usually open top rectangelar
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 2-3).

RATE-OF-FLOW AND
LOSS-OF-HEAD GAUGES FILTER BED WASH TROUGHS

COMAE It
FILTER TANK

OPERATING
TABLES

PIPE GALLERY FLOOR

PRESSURE LINES
TO HYDRAULIC VALVES

FROM OPERATING TABLES

IA*1111,11114404....h:f

1 r
TO CLEAR WELL

EFFLUENT

CONTROLLER

WASH LINE
DRAIN

INFLUENT
TO FILTERS

Figure 2-3. Gravity Type Rapid Sand Filter
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Figure 2-4. Cutaway of Gravity Type Filter

Gravity filters are normally designed to filter about two gallons per minute persquare foot of filter-bed area; however, as much as four gallons per minute per squarefoot can be filtered during an emergency if prior treatment by flocculation and sedimen-tation produces very low turbidity, and if pre-chlorination and post-chlorination aredisinfecting the water efficiently. Approval must be obtained from the major command tooperate filters at rates in excess of 2 gpm per square foot.

Pressure Filters. See figure 2-5. Pressure filters have the filter bed enclosed ina pressure vessel. Water is eivher pumped into the vessel and forced through the filteror is drawn through the filter by a suction pump. Pressure filter tanks can beinstalled either vertically or horizontally (see figure 14). This type of filter willoperate on the same principle and at the same flow rate as gravity filters.

Filter Media. The filter media most commonly used by the Air Force water systemsare (1) sand, (2) anthrafilt, and (3) filter gravel. Each filter agent must meet rigidspecifications.

Filter Sands. Filter sand is made up of sharp or rounded durable grains of cleanquartz or quartzite material. The quartz will be between 0.35 and 0.70 millimeters. Ofcourse, the size of the sand grain will be used as an index to determine the filtrationrate.

Anthrafilt. Anthrafilt is a filtering medium obtained from freshly mined anthracitecoal. Some of the specifications of anthrafilt are (1) it muut be free of dirt andother foreign material; (2) the anthrafilt grains will be 0.65 to 0.75 aim in diameter;(3) ash content is less than eleven percent; and (4) it will weigh about 53 pounds percubic foot.

Filter Gravel. Filter gravel has three primary purposes: (1) it supports the sand;!2) lt permits water to flow freely to the underdrain; and (3) it aids in distributingwash water to all parts of the sand in a uniform manner. Specifications that must be metare: (1) it must consist of hard, rounded, and durable pebbles; (2) it must weigh 100pounds per cubic foot; and (3) At must be waahed 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 wateratter It has passed through the filtering agents. Design of the underdrain system iscontrolled mainly by the wash water requirements. This is so because the rate ofapplication of wash water is greater than the rate of filtering.
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In order to be able to understand the operation of filters, you must have a workingknowledge of the filtering equipment, such as, the rate-of-flow controller, loss-of-head
gage, wash-water controller, and rate-oi-flow indicator. Each one of these componentswill be described and then integrated in an explanation of filter operation.

The purpose of the rate-of-flow controller (see figure 16) is to regulate the flowof water through a filter bed at two gallons per minute per square foot. When a filterbed is first put into operation or if it has been washed recently, the water will flowthrough it too rapidly for effective filtration. As a result, the filter outlet linemust be restricted to reduce the flow of the water. As the filter bed becomes cloggedwith foreign matter, the filtration flow rate decreases. The restriction will then bereduced in order to maintain a stable filtration rate. A pressure operated automaticmechanism known as a rate-of-flow controller will accomplish the steady flow ratethrough the filter. The rate-of-flow controller is usually installed in the waterfilter outlet line. Its operation is controlled by filtered water flowing through aventuri tube. Pressure differentials will be produced by the venturi tube and willactuate a balanced valve. The balanced valve in turn will affect the flow rate typartially opening or closing the flow valve.

Rate-Of-Flow Indicator. The flow rate of the water out of the filter is measured bythe rate-of-flow indicator. It will usually consist of a venturi meter which is locatedin the filter outlet line. The indicating instrument itself will be installed on theoperating 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 c...use breaks in the
filter bed which would allow portions of the water to pass through the filter without
being filtered.

Loss-Of-Head Gauge. 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 gauge (see figure 2-8). This gauge is operated by two
floats, one at the surface of the water in the filter and the other at the static
operating level of water in the underdrain. These two levels of pressures will be
reflected by the calibrated face of the loss-of-head gauge and portrays a very accurate
guide for efficient filter operation. This gauge should be checked periodically for
operation and accuracy. Loss-of-head gauge 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 fur washing of
the filter.
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Figure 2-8. Loss-of-Head Gauge Operation
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Wash-Water Controller. When the filter has become clogged and must be washed, a
wash-water controller is used to control the flow rate of the water from the wash-watertank through the filter. This valve of controller must not be opened too quickly as itmay cause air, which has accumulated in the bottom of the filter, to compress. This airpressure 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 theoperating floor.

Filter Operation. In reference to the operation of filters refer to Figure 2-7. Anoutlet pipe transports water from the sedimentation basin to the filter. The water willbe discharged against the filter baffle. This prevents the water current from disturb-ing the filter bed. The incoming water flaws up and over the filter. The water filtersdownward through the sand and gravel into the underdrain system. The outlet flow of thewater from the filter is regulated by the rate-of-flow controller. The filtered wateris collected at this point in the process in a filtered-water reservoir called aclearwell. The main operating difficulties in water filters are: (1) mud or mud ball
accumulallon, (2) sand incrustation, (3) air binding, (4) sand clogging, (5) formationof micro-organisms and (6) ice formation.
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Figure 2-9. Pressure Filter Element
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Pressure Filters. There are two types of pressure filtering agents, they are: sandand diatomaceoAls earth. Pressure filters (figure 2-5) will be used in filtering themain water supply as well as for swimming pools. The diatomaceous earth pressure filter(figure 2-8) will be used primarily because it will require less space than sand filtarsand it will make sparkling clear water. Diatomaceous earth is composed of skeletons ofcountless tiny one-celled animals called diatoms which, when specially prepared, lookslike powdered chalk. The dtktomaceous earth will build up on the filtering element andform a cake deposit. This causes a formation of fine pores between the particles, andfilters the water as it passes through the cake deposit.

The filtering elements, (figure 2-9), of the pressure filter in the center of thetank are cylindrical and perforated. A single depth of fine wire is wound around thecylinder. This fine wire element is close enough to stop the diatomaceous earth frompassing through the filter. The diatomaceous earth deposits evenly to form a thincoating, called the pre-coat, over the filter element.

Pressure filters are much more widely used than gravity filters. They are usuallybuilt to withstand a pressure of 50 to 65 pounds per square inch. Vertical filtersrange in size from 1 to 10 feet in diameter. Horizontal filters are usually about 10feet in diameter and about 25 feet in length. The operation of these filters is basic-ally the same as gravity filters except that water is forced through the filter bedunder pressure.

The flow rate through a pressure filter is about 3 gpm per square foot of filterarea. When the head loss reaches 5 pounds per square inch, the filter area. When thehead loss reaches 5 pounds per square inch, the filter should be backwashed. Thebackwash rate is about 12 to 15 gallons per minute per square foot.

The main advantages of pressure filters over the gravity type are (1) they are lesscostly to install; (2) they are free from air binding; and (3) they eliminate doublepumping. The biggest disadvantage is that the efficiency of operation of the filtercannot be directly observed. A typical vertical steel shell pressure filter is shown infigure 2-10.

Figure 2-10. Vertical Steel Shell Pressure Filter

2-16

498



Diatomaceous Earth Filters. Diatomite purification equipment is available in 15,35, and 50 gpm portable sets (see figure 2-10). This equipment and auxiliary supplies
consist of a pressure filter unit, a diatomite feeding apparatus, pre-coat tank, fahrle
tanks, gasoline-driven pumping sets, suction hose, coagulating chemicals, two chemical

1 tIr. r! %,"
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Diatomite water purification set No. 2, 15 gpm

Diatomite water purification set No. 3, 35 gpm



feed baskets, a measuring container, and a chest containing discharge hose, fittings,residual ,niorine, and pH testing equipment. The variances in the 15, 35, 50 gpm
diatomite purification equipment or sets is as follows:

Average Output
Pumping Sets
Fabric Tanks
Suction Hoses

Set No. 2
15 gpm
4 each
4 each-500 gal.
1 inch

Set No. 3
-35 gpm
4 each
3 each-3,000 gal.

1-1/2 inch

Set No. 4
0-gpm
5 each
4 each-3,000 gal.
2 inch

The purpose of the diatomite equipment is to provide potable and safe water for AirForce personnel in the field, All the purification sets mentioned above were
specifically designed to remove all amoebic cysts and the cercariae of schistosome.
Pre-treatment is necessary for efficient operation of a diatomite filter. The complete
layout for all purification sets is similar, as represented in figure 2-11, and includes
the process of coagulation, sedimentation, disinfection, and filtration to produce waterof the highest quality regardless of the turbidity of the source.

VOILWITANIC

Figure 2-11. Portable Water Purification Equipment



The maximum production of the purification sets is as follows:

Rated Capacity Maximum Output Per
or Filter 20-Hour Day

15 gpm
35 gpm
50 gpm

15,000 to 18,000 gallons
40,000 to 45,000 gallons
50,000 to 60,000 gallons

Tae equipment just described is referred to as batch type equipment. The batch
type equipment will eventually be replaced by the continuous flow type of purification
equipment (see figure 2-12). The continuous flow type will allow purification of water
under all climatic conditions. Detailed instructions on operation and layout are found
in TM 5-4610-202-10, TM 5-4610-203-10, and TM 5-4610-204-10 which corresponds to the
federal stock number.

.41

Figure 2-12. Van Type Water Purification Unit



INSTRUCTIOtg;

EXERCISE 11I-2-2a

PART I

Complete the following questions. You can consult your instructor if you have anyquestions.

1. What the meaning of the term clarification?

2. What is the fastest method of clarification?

3. What charaeteristic must the water have in order for Alq(SO4)3 to form afloc?

4. What is the plrpse of rapid mix?

5. What is the purpose of slow mix?

6. What is used to measure the flow of water that could also he used for rapid mix?

7. List two comounds that would add alkalinity to the water?

S. Row would you determine the minimum dwage of coagulant?

9. What is the process used to remove settleable material from the water?

_ . _ _ _ ________ _ -

10. What h; thi purpose of fi Itration?

___
- .--

11. Which filter is commonly used by the Air Force? _

5 0 2
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12. What device maintains the flow through a filter at two gal./min/sq fr>

13. The difference between filter inlet and outlet pressure is referred to as

of

5'.)3



EXERCISE III-2-2a

PART II

In Figure 1, place the number of components on the blank line to properly associate
the two items.

PARSHALL FLUME OR RAPID MIX

RAPID SAND FILTER

ELEVATED STORAGE TANK

IMPWUDED RESERVOIR

POST CHLORINATION

SLOW MIXING AND FLOCCULATION

HIGH LIFT PUMP

FEEDER LINE

SEDIMENTATION BASIN

FILTERED WATER RESERVOIR

FIG. 1. WATER TREATMENT PLANT

534
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INSTRUCTIONS

EXERCISE III-2-2a

PART III

Find a term in the right hand folumn which best fits
column, then place the letter preceding the selected term
statement.

1. used to remove dissolved gases, iron

each statement in the left hand
in the blank preceding the

a. elevated tank

b. clearwell2.

and manganese from water

located near the plants, used for
flash mix of chemicals and water.

3. used to keep floc in suspension c. filter

4. may be located at various points in
the plant, and operate on the
centrifugal force principle

d. accelator

5. has a long retention period, 6 to 8 e. pump
hours

6. a retention period of 1 to 2 hours f. settling tank

7. a storage and contact chamber
g. slow mixer

8. stores water and provides pressure

h. hypochlorinator
for emergencies

9. removes suspended solids not

i. aerator
removed by settling

10. used for the injection of HTH

J. rapid mixer
solution
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TASTE, ODOR, AND COLOR

INFORMATION

Did you ever comment on how bad the water tasted, smelled, or even looked while youwere visiting another part of the country? Sure, most of us have. Because of thisfact, your job as an enviroamei.tal support specialist will be to treat the water at yourbase to everyone's satisfaction. Produce, as near as possible, a water that is pleasingto the taste, odorless, sparkling clear, and safe to drink. This is what we call"potable" water. Water that is pleasing to the taste but may not be eafe to drink iscalled "palatable."

Tastes and odors are more prevalent in surface water than in ground water, and coldwater has less taste and odor than warm water. The odcrs are usually described asaromatic, disagreeable, fishy, moldy, sweetish, and vei74table. The strength of the odorvaries from very faint to very strong.

Water may also have a disagreeable taste because it contains hydrogen sulfide andfree chlorine. Free chlorine may originate in the purification precesss. The presenceof bone and fish oil is especially undesirable.

The principal cause of unpleasant taste and odor in water are: (1) Industrial wastesuch as canneries, chemical manufacturing plants, and from coke plants etc. Leakagefrom the sanitary waste water system into the water supply would also be industrialwaste. (2) Algae growth, any of a various primitive, chiefly aquatic (living or growingin or on the water) one celled or multicellular plants that lack true stems, roots, andleaves but usually contain chlorophyll, a green coloring found in plants. (3) Organicmatter is composed of carbon, therefore plants and animals living in or near the watercan give the water taste and odor. The decomposition (organic decay) of dead plants andanimals can not only give bad taste and odor to the water, but make the water unsafe.(4) Dissolved gases such as H25, Hydrogen Sulfide, gives the water a rotten egg tasteand odor. H2S occurs in sulfur springs, well water, and from decaying organic matter.It is a colorless gas, slightly heavier than air, moderately soluble in water, and verytoxic. (5) Iron is usually found in well water and also from the lower levels of deeplakes. If iron is present in the water, then manganese will also be present. Somebacteria need iron as E. food. Objectionable concentrations of iron will precipitate inthe water and death of the organisms will create disagreeable tastes and odors.

Taste and Odor Control chemicals may be added to the raw water source, as it entersthe plant, at the rapid mix, depending on the method of control. Treatment may be addedat any stage of treatment. Some of the treatment methods will he covered in thefollowing paragraphs.

Algae Control. The presence of algae does not make water unsafe. But, uncontrolledalgae growth frequently is the cause of unpleasant tastes and odors and it may clogpipes and filter beds, thus lowering their efficiency. Filtration difficulties aregenerally caused by a small group of diatoms. Taste and odor problems are generallycaused by a wide variety of algae, the type and size of the problem varying with thealgae concerned. Algae growth occurs mainly in large open reservoirs, in sluggishstreams, and in surface supplies. Algae must have sunlight to grow.

(1) Copper Sulfate. Copper sulfate treatment is most effective if startedearly in the season before heavy algae concentration has formed. The treatment isrepeated whenever algae growths reappear. If copper sulfate can be applied by solutionfeeder to water entering the reservoir, continuous application of lower concentrationscan be used instead of intermittent treatment. This usually results in the mostefficient control of algae growths. Copper sulfate treatment should be started when thealgae count exceeds 20 organisms per millimeter of water, as measured by the centrifugalor Sedgewich-Rafter funnel methods or by microscopic examinations.

(a) The simplest, though not the best method, of applying copper sulfateis to tie a bag of copper sulfate crystals to a boat and cover the reservoir in adefinite zigzag pattern.

(b) In reservoirs needing frequent treatment, the hest method is to spraycopper sulfate solution on the water surface from a spray unit mounted in a host. Applythe solution evenly to avoid overdosing shallow areas.
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(2) Chlortne. Chlorine may he applied as hypochlorite solution or chlorine
gas. Hypochlorito is sprayed on the water from a boat-mounted spray unit. Gas is fed
from a boat-mounte4 chlorinator through a submerged diffuser into the water. Either may
be fed continumisly when controlled dosage can be applied to water entering the
reservoir.

(3) Activated Carbon. In large reservoirs and impounded supplies, activated
carbon is applied by spray from a boat. In small basins, regular spraying and hand
spreading can he used. In filtration plants carbon is usually added before coagula-
tion. Suspended carbon carried to the filters is effective in removinr odors, although
shortening 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.

Iron and manganese removal when dissolved iron exceeds 0.3 ppm, it causes an
unpleasant taste and strains plumbing fixtures. If it goes over 2.0 ppm, nobody likes
to use it.

Iron is rarely found in surface waters but is often found in well water. If the
dissolved iron does not exceed 2 to 3 ppm, staining of kitchen and bathroom fixtures can
be prevented by treating with polyphosphate. Above 3 ppm iron, removal treatment is
necessary.

Aeration units are most commonly 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 compoun !s no lonrer
soluble it will come out of solution and can he caught up by flocculation then filtered
out.

An added benefit of aeration is an improvement in taste and odor.

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 atmos-
phere; soluble iron salts are oxidized and become insoluble so they can be removed by
settling. Aeration raises the pit by eliminating dissolved carbon dioxide hut increases
corrosiveness by increasing 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 wechanical pump type aerators.

Activated carbon is specially treated granular or powdered carbon whieh, beeause 01
its increased surface area, will adsorb larger quantities 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 carboa 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.

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 hy periodic
laboratory tests. A carbon dose 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 incrr4ased 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
(2) in mixing basin, (3) in treatment plants, (4) split feed, (5) in filters, and ((i)
with chlorine.



Copper sulfate is sometimes used at a surface water source where the tastes andodors are causiaBy small organisms living in the lake or reservoir. It may be appliedby spraying a solution over the water surface or allowing crystals in a porous sack todissolve. Because copper sulfate kills fish, its use is limited. Concentrations thatkill common varieties of fish are listed below in pounds of copper sulate per milliongallons of soft water. Total concentrations are considerably higher in hard water.

Trout 1.2
Catfish 2.5
Suckers 2.5
Carp 2.5
Pickerel 3.5
Black Bass 17.0
Goldfish 4.0
Perch 6.0

Chlorine dosage at the plant of 0.3 to 1 ppm destroys most algae but may intesifytastes and odors. The break-point method of chlorination rewires higher dosages buteliminates taste and odor as well as algae.

Potassium permanganate has shown great possibilities as a taste and odor treatment,and for serious problems, it is very economical. It does
stances causing taste and odor, but works as a oxidizing
possibility of intensifying or "setting" taste and odor.
permanganate is not a "cure-all." The residual manganese
absorbent, assists the coagulation process and is removed
When the raw water carbon demand is 2 ppm or less, carbon
potassium permanganate.

Color Control

not combine with the sub-
agent so there seems to be no
Experience indicates that
dioxide is insoluble, is
by coagulation and filtration.
is more economical than

Color in natural waters is caused mainly by vegetable dyes or by excessive amountsof iron and manganese. Minerals contained in industrial wastes may also cause color.The coloration is usually caused by colloidal matter and may be removed in the same
manner as other colloids, by chemical precipitation, coagulation or absorption, followedby filtration.

No one method will remove all colors and no rule will apply to all waters. Colorremoval requires trial of the following methods to determine which is most efficient andeconomical 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 somereaction time at a pH of 5.5 to 6.0 before adding the alkali. If the alkali is addedfirst, it will "set" the colors and prevent removal.

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 least15 minutes is necessary and not less than 0.1 free or combined residual should bemaintained.

Chlorinated Copperas. The addition of chlorinated copperas at a low pH with an alumdose applied halfway through the coagulation basin has been very successful in someinstances. Dosage has to be determined by trial.

Activated Carbon. Some color is susceptible to removal with activated carbon. Thecolloidal matter is absorbed by carbon atoms with free valences and is removed by sedi-mentation and filtration. Tests of carbon applied to the particular water is the onlymethod of determining the effect of carbon for color removal.
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UXERCISE I1I-2-2b

INSTRUCTIONS

Using your SG & AFR 91-26, complete the following statements.

1. Taste and odor can be controlled by

with

2. Algae can cause unpleasant

3. Color in natural waters is caused by

excessive amounts of and

and

4. The principal cause of unpleasant taste and odor in water

5.

and

or by treatment

Or

or by

gives water a rotten egg taste and odor.



SOFTENING

INFORMATION

Hard water may be potable, but it is objectionable because it deposits scale inpipes and boilers, leaves stains on glassware and kitchen utensils, and requires
excessive amounts of soap to form lather. Rain water, in percolating down through theearth's formation and in flowing over the watershed, dissolves certain elements in thesoil causing the water to become hard. Hardness results from the presence of calciumand magnesium compounds in solution in the water. Amount of hardness is sometimes ratedas shown below.

Over 200 ppm very hard
100 - 200 ppm hard
50 - 100 ppm moderately hard
below 50 ppm soft
below 15 ppm very soft

Many industrial processes are not able to use water containing an appreciable amount ofhardness. There are two types of hardness, Carbonate (temporary) and Noncarhonate
(permanent).

Carbonate Hardness

Carbonate hardness is caused by the combining in nature of calcium or magnesium
carbonates with carbon dioxide to form calcium or magnesium bicarbonates. Calcium or
magnesium bicarbonates cause "Temporary" or "Carbonate" hardness. It is called
carbonate hardness because most of it is precipitated when the water is boiled, drivingoff the free and "half-bound" carbon dioxide, leaving the carbonates, which areinsoluble.

Noncarbonated Hardness

Noncarbonate hardness, sometimes called permanent hardness, is cliff, primarily to thesulfates of calcium and magnesium. The common name for calcium sulfate is "Gypsum," andof magnesium sulfate, "Epsom salts." The chlorides and nitrates of calcium and
magnesium also form noncarbonate hardness but are not as common as sulfates. Thesecompounds, causing noncarbonate hardness, are not precipitated by bollinr.

NOTE: Iron and aluminum compounds also produce hardness, but usually is present in
such small quantities that it is not generally associated with hardness.
Water softening processes remove iron as well as calcium and magnesium saltl.

Two chemical tests can be run to determine carbonate and nonearbonate hardness.These are the hardness test and the alkalinity test. If hardness is less than
alkalinity, then all hardness of the carbonate type. If hardness is greater than
alkalinity, then there is both carbonate and noncarbonate hardness present.

You can soften or reduce hardness by any method whIch can remove calcium and/ormagnesium. Two major softening methods are used: (1) chemical precipitation, and (2)ion exhange. Most of the larger plants use the precipitation method; smaller
municipalities and industrial plants are more likely to use ion exchange. Ion exchangemethod will be covered later.

Chemical Precipitation

Softening by chemical precipitation is accomplished by adding lime or lime and sodaash into the rapid mix. The lime reacts with soluble calcium and magnesium bicarbonates
(carbonate hardness) to form insoluble calcium carbonate and magnesium hydroxide. Yollwill recall that lime was listed as Ca0 (calcium oxide) or Ca(011)2 (calciumhydroxide). Remember, that calcium oxide added to water reacts to form calcium
hydroxide, example Ca0 + H20 -.4 Ca(OH)2,
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Carbonate Hardness Removal is accomplished by adding limc to the water.
calcium hydroxide reacts with calcium and magnesium bicarbonates to form less
carbonates and hydroxides that precipitate out, leaving the water free of the
causing carbon?te hardness.

Ca(11CO3)2 Ca(OH)9
Calcium Calcium
Bicarbonate hydroxide

> 2CaCO3 I 21120

Calcium
carbonate
percipitate

Mg(11CO3)2 + 2Ca(OH)2 > Mg(OH)2 +

Magnesium Calcium Magnesium
bicarbonate hydroxide hydroxide

precipitate

MgCO3 + Ca(011)2

Note that

----> CaCO3

water

2CaCO3 + 21120

Calcium water
caz.bonate
precipitate

The
soluble
substanees

twice as much lime is needed to remove magnesium bicarbonate as calcium
bicarbonate.

Noncarbonate Hardness Removal requires soda ash for
plus lime for magnesium compounds. This is illustrated
reactions.

CaSO4 Na2 CO3
Calcium Sodium
sulfate carbonate

CaC12 Na2 CO3
Calcium Sodium
chloride carbonate

Ca(NO3)9 Na2 CO3
Calcium Sodium
nitrate carbonate

Ca CO3 +
Calcium
carbonate
precipitate

> Ca CO3 +
Calcium
carbonate
precipitate

calcium compounds and soda ash
in the following chemical

Na2 SO4
Sodium
sulfate

2NaC1
Sodium
chloride

> CaCO3 + 2NaNO3
Calcium Sodium
carbonate nitrate
percipitate

The first step in reducing magnesium noncarbanate hardness is lime treatment.

Mg 504
Magnesium
sulfate

Ca(OH)2
Calcium
hydroxide

> Mg(OH)2
Magnesium
hydroxide

CaSO4
calcium
sulfate

Since the water contains CaSO4, it is reduced by adding soda ash.

Ca SO4
Calcium
sulfate

Na2 CO3
Sodium
carbonate

Mg C12 Ca(OH)2
Magnesium Calcium
chloride hydroxide

then add Soda Ash

CaC12
Calcium
chloride

> CaCO3
Calcium
carbonate

Nft--2 SO4
Sodium
sulfate

> Mg(OH)2 CaC12
Magnesium Calcium
hydroxide chloride

Na2CO3 ----> CaCO3
Sodium Calcium
carbonate carbonate

2Na CI
Soaium
chloride



DETERMINATION OF DOSAGE. Quantitative analysis of the water is necessary fordetermination of required dosage of lime and soda ash.

It is well to check the calculations for lime and soda ash requirements by actually
adding the calculated dosage to small measured quantities of the water to be treated.The following procedures may he used.

1. Prepare a standard lime suspension by adding ten grams of lime to one liter ofboiled and cooled distilled water. If quick lime is used, shake it with just enoughwater to make a honing solution, then dilute to one liter. A standard solution of sodaash is prepared in the same way. Adding one ml of the standard solution to one liter ofwater gives a dosage of ten ppm.

2. Place one liter of water to be treated in a beaker or jar and add calculated
quantities of lime and soda ash needed to soften it. Stir gently for 30 minutes and
allow to settle until liquid becomes fairly clear, usually 10 to 15 minutes.
3. Siphon off about half the clear solution, warm to about 120°F (49°C) and filterthrough filter paper.

4. Analyze filt..te for alkalinity in accordance with standard laboratr)ry testprocedure.

In the operation of a softening plant, it is customary to use lime in excess of
computed needs to the extent of 10 to 50 ppm. This is then removed by recarbonation.
After recarbonation and filtration, the water should have an alkalinity of approxi-mately 35 ppm.

The quantity of noncarbonate hardness allowed to remain in the water is regulated bydecreasing soda ash feed in accordance with the total haAness desired. If the totalhardness in the softened water is to be 85 ppm and the alkalinity 35 ppm, ft is then
necessary to remove all hut 50 ppm of noncarbonate hardness.

CHEMICAL FEEDING. Continuous softening eequires application of chemicals in
proportion to the rate of flow of water through the treating units. If the flow isconstant over definite periods of time, the chemicals can be fed through constant-feedmachines. If the flow is variable, proportioning devices in which chemicals are fed insuspension or solution are used.

Soda ash dissolves easily in water forming a clear stable solution. After prepar-ation, the solution needs no further agitation and can be added directly to the waterthrough a proportioning device.

Lime, being only slightly soluble in water, forms a suspension known as milk oflime. Because suspended matter tends tl settle, continuous agitation is necessary tokeep the mixture uniform. Therefore, devices for feeding lime usually have mechanicalagitators. Flow through feedlines must be fast enough to prevent lime from settling andclogging the lines. Long lines should be avoided or should be easily replaceable. Theyshould have pressure connections for flushing. Rubber hose or open troughs arefrequently used for this purpose.

Some plants feed lime and soda ash through one proportioning device. Chemicals aremixed in the proper proportions pith water and introduced as a thin slurry. Thismethod is satisfactory where the composition of raw water is constant or does not changerapidly.

Newer developments in softening include high rate equipment such as the
precipitator, accelator, hydrotreater, and spiractor. The precipitator, acce:ator, andhydrotreater are also used aE combined flocculation and sedimentation units withoutsoftening. When these units are operated before filtration to treat surface water withlow suspended solids and low alkalinity, it may be necessary to add limo or clay to vidweight and prevent rising floc. Wide fluctuation in flow, solids content, andtemperature always cause operating problems which can best be corr.coted individually.

The accelator, precipitator, and hydrotreater operate on essentially the sameprinciples.
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The spiractor (see figure 2-12) consists of a cone shaped tank in which a lime soda
softening process takes place in the presence of a suspended bed of granular calcium
carbonate which acts as a catalyst. The hard water and the chemicals enter the bottom
of the cone, where they mix and rise through the granular bed with a swirling movement.
The upward movement of the water keeps the granular material in suspension. As the
water rises, the velocity decreases to a point where the material Is no leuger in
suspension. The contact time, 8 to 10 minutes, is enough to complete the softening
process. The soft water ls drawn off from the top of the cone. The hardness particles
attach themselves to the calnidm carbonate granules during the process and are
withdrawn from the bottom of the cone. The advantages of this type equipment is its
small size, low cost, fast treatment process, and the lack of moving parts and pumping
equipment. In addition, the precipitated hardness is withdrawn as sand-like granules,
which are much easier to dispose of than the watery slime from the normal lime-soda
process. The unit is most effective when hardness is predominantly calcium; there is
less than 17 ppm magnesium hardness; water temperature is about 50'F.; and turbidity is
less than 5 ppm.

SOFTENED WATER
AIR VENT OUTLET

TEST COCKS

CHEMICAL INLETS

DRAWOFF VALVE FOR
ENLARGED CATALYST

RAW WATER INLET

SECTION OF SPIRACTOR

SPIRACTOR

STORAGE TANK

FILTER

REAGENT TANKS AND
CHEMICAL FEED PUMPS

SYSTEM

SOFTENED FILTERED
WATER TO SERVICE

Figure 2-13. Spiractor Softener

ACCELATOR. This cold lime-soda water softener is in use at some of the missile
sites and at some of the Air Forne bases. Since it has the capacity of softening large
quantit!es of hard water containing calcium and magnesium salts, this section will cover
the common types of cold lime-soda softeners, operation of the accelator, and the theory
of operation.

There are four basic types of cold 1ime-eda softeners, namely: (1) the sludge-
blanket type, (2) continuous sedimentation type, (3) the "catalyst type," and (4) the
intermittent oc batch-process type. The firRt three are continuous types; that is, the
water 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 efficiency, short detention period, and smaller space requirements, is rapidly
displacing the conventional type for industrial use. It is also widely used in the
municipal 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
sedimentation type is an older type. The catalyst type Rroduces a granular type of
sludge which can be handled readily and which drains and dries rapidly.
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SLUDGE BLANKET TYPE. This type differs from the sedimentation type in that thetreated water is filtered upwardly through a suspended sludge blanket composed ofpreviously formed precipitates. There are several distinct advantages obtained by thisprocedure. First, the upward filtration through the suspended sludge blanket results inthe complete solution and use of the added lime. Second, the close contact of thetreated 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 isclear enough without filtration for many industrial applications. Fourth, the detentionperiod is much less for this type.

Figure 2-14 is a sketch of an accelator. In size, the vertical softeners may rangefrom capacities of a few thousand to 10,000,000 gallons per day. Note that the outerchamber consists of a smaller conical or pyramidal section with its base more narrowthan the top side. The raw water and the treating chemicals are introduced into the topof the inner chamber where they are thoroughly mixed by means of a centrally located
mechanical agitator which is motor driven.

The chemical feeders used may be either of the wet or dry type, the latter typegenerally being employed only witb 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, usuallyof about a 5 percent concentration. Where soda ash is also required with the wet typeof feeder, it is usually dissolved In and fed with the limo suspension instead of heingfed separately. The coagulant is dissolved In and fed from a separate chemical feeder.When dry feeders are employed, separate feeders are used for the lime, the soda ash, andthe coagulant.

CHEMICAL I I U CHEMICAL

CLARIFIED WATER

SLURRY POOL INDKATED MY SHADED ARtAS

Figure 2-14. The Accelator (11pflow Clarifier)

The mechanical agitator consists of a series of paddles mounted on a vertical shaft,driven by a motor acting through a reducing gear. AR the hardness in the water reactswith the added chemicals, the precipitates are produced which are kept in suspension bythe agitator. The treated water, with its suspended precipitates, flows slowly to thebottom of the Inner chamber and there, emerging froM a series of openings, it reversesits flow and slowly rises in the outer chamber. Stilling baffles are sometimes used atthe bottom to stop the rotary motion from being carried up in the outer chamber.
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As the treated water rises in the outer chamber, its vertical velocity la 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. The vertical velocity of the treated water constantly
decreases during its passage through the cuter 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, and in practice, there is a clear line between the upper
level of the sludge blanket and the clear water rising above 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 concentrates.
Increasing the flow rate will increase the height of the sludge blanket, and lowering
the flow rate will decrease it. If ills flow is lowered, the blanket contracts, but
since the cross-sectional area decreases downwardly, the blanket is kept "alive" and
functions just as effieiently. In general, the raage over which types of equipment such
as this will functicn satisfactorily ie trom 20 percent of the rated capacity, as the
low limit, to about 110 percent, as the high limit.

CLARIFIER. The clarifier (figure 2-15) removes suspended matter aed 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 distrib-
utor 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 clock from the bottom. If the floc is very slow settling, it may be
necessary to blow down more frequently to prevent the carry over of floc into the
clearwell.

Proper operation of the clarifier is dependent upon the following factors:

a. Raw water quality
b. Water temperature
e. Raw water flow rate

c. Coagulant and alkali feed rates
d. Type of coagulant and alkali used

The alkali used must precipitate enough of the hardness to reduce the total hardness
of the clarified effluent to 200 to 30( ppm. Three possible alkalies, (eoda 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. Eecause 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
precipitate the carbonate hardness. The optimum alkali solution is the solution which
will allow the reduction of the hardness to 200 to 300 ppm as CaCO3 and still prevent
the rise of the effluent pH above the 9.0 to 9.5 range. It is in this pH range Olat 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 clarified water, jar teat results, and chemical cost. There are several coagu-
lants that may be useo. 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 best in the pH range of 8.5 to 11.0. Tne
ferric coagulants coagulate over a wide-pH range of 4.0 to 11.0.



FLOAT SWITCH FS3

AGIT ATOk DRIVE

111 CL ARIFIE R

CLF.A4ELL

BLOW DOMIN
TadFR JR7

SAMPLING COCKS

PUMP P109
CONTROLS

PUMP P109

Figure 2-15. Clarifier Assembly

5316



CLARIFIER CONTROLS. The agitator drive on the clarifier is controlled by a manual
motor starter. Recause the agitator drive must be operated continuously (even when the
well pump is not operating), it is not controlled hy 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 five seconds after the well pump starts. AR
the timer runs, it periodically closes contacts to energize the blowdown solenoid valve.
The timer is adjusted to blow down the clarifier often enough tt prevent !he carryover
of floc into the clearwell.

Electrical controls for the pump arz, set as follcws: The selector switch is placed
in an automatic position. The manual motor starter is placed in the or position. Then
the results are as indicated. The pump motor is energized if the contacts on the float
switch are nlosed. The float switch is located in the clarifier clearwell and controls
the pump to prevent the pump from pumping the clearwell dry. The pump may be started
independent of the float switch, by positioning the select,r switch to the hand
position. This type operation is only for clarifiers shown in Figure 2-15.

EXERCISE III-2-2c

INSTRUCTIONS

Complete the following questions. You can consult your instructor if you have any
questions.

1. What are the two types of hardness?

2. What are the two major softening methods?

3. Lime is added to water to rechice

4. Lime and soda ash are added to the water to reduce
hardness.

5. Water that is free of CA (NC03)2 Pnd Mg 804 is said to he
water.

hardness.

C. What type of high rate softening equipment uses the sludge blanket principles of

operation?

7. What chemical tests can he run to determine carbonate and non-carbonate harnness?



STABILIZATION

INFORMATION

Need for Stablitzation

Production of an acceptable water does not end with disinfection, clarification, andfiltration. Water furnished for consumption must neither scale nor corrode the distri-bution system. The processes of coagulation and softening previously described do not,as a rule, produce a water that will meet these requirements. The pH, alkalinity andhardness may be est/ low and the carbon dioxide (CO2)
so high that the calcium carbonatewill scale mains, meters, and hot water heaters. To avoid these circumstances, watermay be firct supersaturated as to calcium carbonate content, in which condition aprotective film against corrosion will deposit on pipe walls; then, an equilibrium pointof 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 willbe undisturbed, thus prev:mting corrosion of the metal underneath, and progressivescaling will not occu....

The adjustment of pH and alkalinity of a water to a calcium carbonate saturation-equilibrium value is known as stabilization. The pH associated calcium carbonateequilibrium may either be calculated or determined by the calcium carbonate stabilitytest. A formula developed by Langelier forms the basis of calculations for pHsaturation values (Table 2). For routine chemical control the calcium carbonatestability test offers z simple and direct indication of the equilibrium of calciumcarbonate in the water. A modification of the marble test, known as McLaughlin's"Marble Test" Graph, will be found useful in the calculation of lime dosages for pHcorrection.

Stabilization of Lime Softened ftters

Lime softened water may not be stable because of the high content of calcium andmagnesium carbonates. If the excess is not removed, scale is deposited in thedistribution system, hot water heaters, meters, and the like. Encrusting of filter sandand gravel is also experienced.

Lime softened water can be stabilized by recarbonating with carbon dioxide gas.After the water has passed through the settling basins but before it has reached thefilter, carbon dioxide is diffused into the water through small openings in a gridsystem. The carbonic acid formed by the gas in solution neutralizes excess alkalinityin the water and converts slightly soluble excess lime and carbonates to highly solublebidarbonates. Bicarbonates do not precipitate from water easily so scale formation isprevented. Excessive kecarbonation can produce a corrosive water, if carbonic acid(free CO2) remains after completion of the reaction.

Lime softened water can also be stabilized with sulphuric acid. Because calciumsulphate is formed by the reaction, close control of dosage is necessary to avoidformation of excess amounts of noncarbonate hardness. Rase the dosage on laboratoryscale treatment an4 alkalinity test.

Most of the scale formed in water systems is similar in appearance; however, thereare several distinct types of scale. Among the most common are (1) pure mineral scale,(2) nixed scale and corrosion products, and (3) comhination of minerals.
1. Pure mineral scale, such as CaCO3 and CaSO4. Calcium carbonate forms aloose sludge-like deposit that will crumble rather easily when dried. Calcium sulfateforms a hard adherent type of scale which is especially objectionable in boilers.
2. Mixed scale and corrosion products. Hot water pipes are often found containinglayers of rust sandwiched in between layers of mineral scale.

3. Combinations of minerals cemented together by binders, such as silica. Suchcombinations will produce a hard "baked-on" type of scale on hot boiler surfaces.

5 1 b
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Scale is an undesirable formation, having the following adverse effects:

I. Reduces the safety factors by clogging the safety valves and gauge lines.

2. Clogs pipes, thus reducing carrying capacity. Pipes should be cleaned, if
possible, rather than replaced. Once the scale has been removed, a chemical treatment
should be used to prevent new formation.

3. Reduces operating efficiency of heating 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.

The treatment used to clarify water may result in a very sparkling product and yet
be a heavy scale maker.

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 but distribution lines are most
commonly found to contain calcium carbonate and calcium sulfate.

Resides using softened water, another method of preventing 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 hot precipitate out in the distribution lines.

Corrosion or rust is always a problem in water lines and can, if conditions are
right, completely destroy a water line in one year or less. Corrosion inside a water
pipe is difficult to detect and major damage can occur before it is found.

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 nlant It also will
cause the pH to rise above a corrosive level.

Many water plants add small amounts of phosphate compounds to prevent pipeline
corrosion. Phosphates will form a very thin film on the inside walls ef pipes and so
prevent moisture and oxygen from attacking 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.

DISINFECTION

Disinfection is a necessary step in the insuring of a safe water supply. It is
almost impossible to secure a natural water supply free of bacteria and impurities.
Therefore, man must treat and disinfect his water supply before he can drink it without
risk. The most commonly used disinfectant is chlorine. It is the disinfectant normally
specified for Air Force use. Disinfection is the process of destroying disease
producing organisms. There is also the possibility of water becoming recontaminated
from handling before consumption. Therefore, a slight chlorine residual is provided for
after purification to combat secondary contamination.
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This information will be discussed under the following main topics:

o Need for Disinfection

o Chemicals Used

o Types of Treatment

o Chlorination Equipment

o Chlorination Controls

o Chlorination Operation and Safety Precautions

Need for Disinfection

People with the problem of 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 to be safe, free from tastes and odors, clean, cheap,
and in abundant supply.

The clear, cool spring water of past years which was pure and uncontaminated
represents the water supply that must be duplicated today 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 requirements.
Contaminated water must be made free of disease bearing organisms. Hard water must bemade soft. Cloudy water must be made clear. Tastes and odors must be removed. All of
tr;ese things must be done inexpensively so that all may have the finished product in
abundance. Han is fortunate in having various means of purifying water supplies, the
main one being chlorination.

The beneficial effects of chlorination upon the general health of our nation is
almost unbelievable. Water-borne disease including typhoid fever was very common before
chlorination but is rarely encountered today. Whether applied as hypochlorite or
chlorine, the chlorination of water is the most important treatment used to make rawwater potable.

In this day, yhen man's interests carry him both far and near, no water supply may
be considered entirely safe without chlorination. The most remote reservoir may be
contaminated overnight by a careless camper. 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 conneeted. All raw water, from the clearest and purest to the most turbid, should
be chlorinated before being used for human consumption.

Chemicals Used

Chlorine is the disinfectant 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 element. Its sudden disappearance may
signal 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 disin-
fectant depends on the temperature and pH of the water to which it is added. Disin-
fecting action is faster at iii.gher temperatures, but is retarded by high pH. If the pHis above 8.4, the rate of disinfection decreases sharply. Chlorine may also be used to
control tastes and odors, nuisance bacteria, remove iron, and assist in coagulation.

LIQUID CHLORINE. Liquid chlorine is a liquefied gas. It is under pressure and isshipped in seamless steel cylinders under Interstate Commerce Commission regulations.
The gas has a strong, pungent odor. The liquid is a clear amber color. In a moisturefree state, it is relatively noncorrosive. In the presence or moisture, it is highlycorrosive, and is an irritant to the respiratory system and the skin. The standard
sizes of shipping containers are the 150-pound cylinder and the one ton container.
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Eah pound of liquid chlorine produces about five cubic feet of chlorine gas at
atmospheric pressure and a temperature of 68°F. A standard chlorine institute valve and
a protective valve hood are screwed into the neck of each cylinder. The valve has a
safety plug of a metal 'hat softens between 157° and 162°F., this protects the cylinder
from bursting in case c; fire. All cylinders must be factory tested every five years;
150-pound cylinders listed at 500 pounds of pressure, one-ton containers at 800
pounds of pressure.

CALCIUM HYPOCHLORITE. Calcium hypochlorite, Ca(0C1)2 is a relatively stable, dry,
granule or powder in which the chlorine is readily soluble, and is sold under a number
of trade names including HTH, Verchloron, and Hoodchlor. It is furnished in three to
100-pound containers and has 65 to 70 percent of available chlorine by weight. Because
of its concentrated form and ease of handling, calcium hypochlorite is preferred over
other hypochlorites.

SODIUM HYPOCHLORITE. Sodium Hypochlorite, Na0C1, is generally furnished as a
solution that is highly alkaline and, therefore, reasonably stable. Federal specifica-
tions call tor solutions having five and ten percent available chlorine by weight.
Shipping costs limit its use to areas where it is available locally. It is also
furnished as powder under various names such as Lobax and HTH-15. The powder generally
consists of calcium hypochlorite and soda ash, which react in water to form sodium
hypochlorite.

CALCIUM HYPOCHLORIDE. Calcium Hypochloride, also known as chloride of lime and
bleaching powder, is a low-grade calcium hypochlorite testing about 35 percent available
chlorine when fresh. However, it deteriorates rapidly in hot moist atmosphere and
should, therefore, be purchased in small packages that can be kept effectively sealed.
Calcium hypochloride contains an excess of insoluble lime, hence, solutions should be
prepared in a separate container, the lime permitted to settle, and the liquid decanted
into a separate tank for use.

CHLORINE DIOXIDE. Chlorine dioxide, C102, is produced by adding sodium chlorite
solution at the discharge end of a gas chlorinator and running the mixture through a
small contact chamber before introducing it into the water. It has 21.5 times the
oxidizing power of chlorine and is effective in taste and odor control. Experiments
indicate that it may be a better bactericide than chlorine in nonpolluted waters where
it is not used up in oxidation before its bactericidal action can take place.

MISCELLANEOUS: Miscellaneous purification methods and agents are as follows:

o Water may be disinfected by boiling vigorously for two or three minutes.

o Ozone released in water from atmospheric oxygen will act as disinfectanz.
The ozone is produced from dry air by an electric discharge. It is only
slightly soluble in water and requires a thorough mixing to be effective.

o Ultraviolet ray may be utilized as a disinfectant. In this method, the
water flows In a thin stream past or around special lamps whicli give off
ultraviolet rays. The rays are ineffective in colored or turbid waters.

o Halazone or iodine tablets may be used for emergency or field disinfection
of water in small quantities. These tablets are Imed one or two to a
canteen of water.

o Lime is used quite extensively in water softening plants and i. will also
disinfect the water. Its use has been restricted to commercial plants
because of the skilled operation required to give satisfactory results.

o Potassium permanganate and silver may also be used at:i disielectants.

REACTIONS. When chlorine is introduced into pure water, it reacts to f,3rm hypochlorous
acid, HOC1, and hydrochloric acid, HC1.



Chlorine disinfectants are available in a number of different forms.For procurement see AFM r--1.

Cl2 and 1120 1I0C1 and NCI

The chlorine ion of the hydrochloric acid does not contribute to purificationreactions. It is the hypochlorous acid which actually k us microbial organisms presentin water. Sone may remain in molecular solution as C12. These forms of chlorine are,termed free ixvailable chlorine, since their oxidizing and disinfecting ability are fullyavailable. However, most natural waters contain small amounts of ammonia and nitrogen-ous organic substances. Free available chlorine reacts with these to form chloramines,such as NH2C1, and other complex chlorine-nitrogen compounds. These forms are termedcombined chlorine, since part of the oxidizing and
disinfecting ability of the chlorineis lost. Roth free available and combined chlorine further react with substances in thewater until their oxidizing and disinfecting ability is depleted. The amount ofchlorine 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 isthe total chlorine residual, or residual chlorine. This is composed of both freeavailable and vombined chlorine, as determined by the orthotolidine test.; the two N)rmsare differentiated by the orthotolidine-arsenite or OTA test. The time elapsing betweenthe introduetIon of chlorine and the use of the water Is termed the contaet period.

Definitions

(1) Residual chlorine is the term which is applied to the avallahle chlorine whichremains after the chlorine demand (amount of chlorine required to destroy bacteria andorganic matter) has been satisfied. Presence of residual chlorine in a water supply Isinsurance against non-contamination. A. fixed installations, a chlorine residualcontent of 0.4 ppm is required at all times.

(2) Free available chlorine. Refers to the chlorine present in solution asowhypochlorous acid and hypochlorite ion present in the water. These are the mosteffective disinfecting forms of chlorine. The relative amount of each present in thewater is dependent upon the pH value of the water. It is important to remember thatwhen the pH is raised, the quantity of free available chlorine required to kill the samenumber of micro-organisms increases. With a decrease in temperature an Increase ofdosage is required to maintain the same number of micro-organisms killed.
(3) Combined available chlorine. The chlorine present in water which reacts withammonia or nitrogen to form chloramines.

(4) Total available residual chlorine is the sum of free available chlorine and thecombined available chlorine.

(5) Chlorine dosage. Dosage is the amount of chlorine added to water to satisfythe chlorine demand as well as to provide a residual after a specified time. The dosageis usually stated in terms of parts per million (PPM).

(6) Chlorine demand. Demand is the amount of chlorine whic), reacts withchlrine-consuming agents in a specific amount of time. Chlorine Jemand varies with thenr*.ture and quantity of chlorine-consuming agents, the pH value and the temperature ofthe water, and the contact period.

(7) Disinfecting time. Chlorine demand in most water is virtually satisfied tenminutes after chlorine is added. When one PPM chlorine residual remains after theten-minute period, satisfactory
disinfecting action usually results after an additional20 minutes of contact.

Effectiveness

(1) Chlorine residual. Effectiveness increases rapidly with inerease in residual.However, free available chlorine is much more effective than combined chlorine, so thatthe relative amount of each in the total residual is important.

(2) Contact period. The required contact period is inversely proportional toresidual, within normal limits. Thus, if the residual is halt,qi, the required contactperiod is doubled.
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(3) Temperature. Effectiveness at 35' to 40F. is half that at 70° to 75°E.

(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 7.0.

(5) Points of application. Plain or simple chlorination is the single application
of chlorine to unfiltered supplies before discharge into the distribution 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. Rechlorinatien is the
application at points in the distribution system or tc a previously chlorinated
purchased supply to maintain the chlorine residual. 'Pie above applications are normally
continuous. Very heavy chlorination for a limited period is applied at specific points
of the distribution system to destroy localized contamination.

Areas Requiring Special Treatment

AMOEBIC CYSTS. Amoebic cysts are best removed by diatomite filtration preceded by
adequate coagulation and settling. When this is not possible, water suspected of
containing cysts, if moderately clear with pH of 7 or less, can be disinfected by adding
enough chlorine to produce a residual slightly greater than 2 PPM after a 30-minute
contact period.

When schistosomiasis is a problem and diatomite filters are not availahle,
reasonable protection can he obtained by adding enough chlorine to produce a residual of
one PPM after 30 minutes contact.

SWIMMING PO(H.S. Maintaining a safe chlorine residual in swimminr pool water is oven
more important than maintaining it in drinking water. This is because drinking water is
protected, while swimming pool water is constantly contaminated by the bathers. Water
spit out by one bather may quickly be swallowed by another. The length of time the
chlorine has to act may be very short. Hence, chlorine residuals must be kept very
high. At all Air Force swimming pools, the free available chlorine 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.

DISINFECTING SYSTEM COMPONENTS. 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 introduced is the
first step, hut is not a sufficient safegard. To insure a safe water supply, each unit
of the system must by thoroughly disinfected before 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 gag are most commonly used.

Chlorine dosage required to disinfect any unit thoroughly depends on contact
and the presence of organic chlorine consuming material such as the jute used in
joints. Under average conditions the following minimum dosages are recommended.

time,

Pipe

Unit Dosage (PPM)

Pipe 50

Storage Tank 50

Filter 100

Well 150

The volume of water in the unit to he disinfected must be computed before chlorine
dosage can he estimated.



Types of Treatment

MARGINAL CHLORINATION. Marginal chlorination is the application of chlorine toproduce the nesired total chlorine residual without reference to the relative amountsof free available and combined chlorine present. It is so termed because the initialchlorine demand has been satisfied, but some oxidizable substances remain; it Is theusual type of chlorination. Its bactericidal effectiveness is not predictable withinclose limits.

CHLORINE-AMMONIA TREATMENT. Chlorine-ammonia treatment consists of adding bothammonia and chlorine to form chloramines. This compound provides a persistentchlorine residual and reduces any unpleasant chlorine taste. Chloramine reacts soslowly that a very long contact period is needed for complete destruction of micro-organisms. To reduce tbls, chlorine may be applied first, and after the shortercontact period necessary for the bacterial kill, the ammonia is introduced. Withproper chlorine-ammonia dosages the chloramine residual is usually two to four timesgreater than those normally carried in marginal chlorin!tion.

BREAK-POINT CHLORINATION. Break-point chlorination is the application of chlorineto produce a residual of free available chlorine, with no combined chlorine present.As chlorine is added, the total residual increases gradually after the initial demandof the water has been satisfied. At some residual concentration, depending on thenature of the water treated, free available chlorine reacts with any remaining oxid-izable substances, including combined chlorine, and the residual drops sharply. Whenall combined chlorine has been oxidized by reaction with free available chlorine, theresidual, now consisting only of free available chlorine rises again and continues toincrease in direct proportion to increased dosage. The point at which the residualagain begins to increase is the breat point, you can see this in figure 27. Advantagesof break point chlorination are high bactericidal efficiency, long lasting residuals,and low taste and odor characteristics. The application of break point chlorinationprocedure before instead of after filtration has been found to be desirable.

-.INCIIIAPPIO aeons* OMAN
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Figure 2-10. Break-Point Chlorination Curves
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SUPERCDLOHINATION. Superchlorination is 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 water with
variable ammonia and organic content. The surplus chlorine is later removed by aeration
or by a dechlorinating agent sech as sulphur dioxide or activated carbon. Sulphur
dioxide reacts with chlorine to form acids which are neutralized by the natural alka-
linity of the water. It is fed by equipment similar to that used for chlorine feeding.
Activated carbon absorbs excess chlorine and is removed by settling or filtration;
aeration removes excess chlorine by dissipation to the atmosphere.

Chlorination Equipment

Chlorination equipment to feed chlorine gas or hypochlorite solution is of three
general types, depending on methods of control. In the manually controlled type,
equipment must he started and stopped manually, and rate of fend must he manually
adjusted to rate of water flow. In the semiautomatic 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 device is used
to accomplish this. In all types, the ratio of feed to water 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. Soletion-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 aro also classified hy the type of diaphraem used in controllling the
chlorine feed. There are two types, the water diapl,'agm 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 meehanieal 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 suppiv
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 semi-
automatic or automatic controls which may be used. Due to chlorine being under pressure
as a gas at all times, direct feed machines are highly susceptible to leakage of the gas
to the atmosphere with resultant corrosive action on adjacent equipment and structures.

SOLUTION FEED CHLORINATORS. Solution feed chlorinators introduce chlorine gas into
the water supply by means of a chlorine solution usually formed by drawing chlorine gas
into the jet stream of water at the low pressure point of an injector mechanism of the
chlorinator. Two general types are used in the water works, the h:Olbling or pulsatinr
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.

Vacuum Type, Water Diaphragm Chlorinator manufactured by Wallace and Tiernan, Inc.
($ee figures 2-17 and 2-18.)

This type machine has a hell jar set in a tray of water which a(!ts 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 wat0r is
supplied through a constant level tox with float-controlled make-up valve. The main
elements of this chlorinator are the injectors through which a water supply flows, thv
chlorine control valve, and the orifice meter. The injector creates a partial vacuum
within the hell jar causing the water level to rise inside the ar. Chlorine ea4 01:;ses
from the chlorine 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 ball float which moves with the surface of the water within the bell jar. This
inside water'surface acts aa a diaphragm which, when it lowers, causes the float-
controlled valve to reduce the chlorine flow into the bell jar, and conversely, to
:ncrease the chlorine flow when the water level rises.
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Pigure 2-17. Views of Vacuum Type Chlorinators: (1) Water
Diaphragm; (2) Mechanical Diaphragm
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The Ic1 I jar is rlso providod uith vacuum rollof valNo to ndwit ntr 0,c,, Inc ,.htcrin..
sup!qy is cxhauf:tod or rails and th .. wntor level in thc jar
is nlso loVatod inside the bell jar and above the water level. It control the flow to.
chlorine gas to the injector where it. is mixed with water to form a chlorine solution
which is then mixed with water to he treated. Rate of feed is proportional to the nega-
tve pressure difference between th hell jar and meter. The amount of vacuum within
the meter is controlled by the height of the adjustable suction tube, and is indicated
by the rise of water in the annular space within the glass meter tube. A scrile mounted
on the metering tube indicates the rate of chlorine feed in pounds per 24 hours. This
machine can be equipped for manual, semiautomatic or automatic operation.

The chlorine control valve and compensator are of the needle and differential
diaphr:!gm type. Gas pressure is reduced by this combination valve and compensator
before metering and it maintains a constant pressure of chlorine gas against the
metering orifice. The metered flow of chlorine gas is passed through the meter to the
injector whre it Is mixed with water and the resulting chlorine solution is then mixed
with the water to be treated. A vacuum relief valve is provided at the metering ori-
fice chamber, which admits air should the chlorine gas supply become exhausted or fail.
Equipment for manual, semiautomatic, or automatic operation is optional.

HYPOCHLORINATORS. Hypochlorinators, or solution feeders, introduce chlorine into
the water supply in the form of hypochlorite solution. They are usually positive
displacement piston or diaphragm mechanical pumps. Selection of a feeder depends on
local conditions, space requirements, water pressure conditions, and supervision
available. Hypochlorinators are sometimes used as stand-by equipment for gas
chlorinators. There are many makes of chemical feed equipment: (1) Proportioneers
Chlor-O-Feeder is a positive displacement - diaphragm type pump, (2) WiTTace and Tiernan
ilypochlorinator is a positive-displacement diaphragm, and (3) Model S Hypochlorinator is
,nositive-displacement diaphragm pump.

Hypochlorinators are basically constructed on the same principles which employ a
diaphragm, piston rod to move diaphragm, check or poppet valves, stroke arljuster, trans-
parent plastic head, and an electric motor. See figures 2-20 and 2-21 for typical
chlorinator. The operation of chlorinator or chemical feed is basically the same. The
suction stroke of the diaphragm draws solution from the solution 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 alternately with each
pump stroke, thus keeping the solution moving in one direction only. (See figures 2-20
and 2-21.) The pumping 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.

Plunger--/

Drive Unit

Displacement
/Chamber

Figure 2-20. Chemical Feed Pump
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Diaphragm
Push Rod

/Connected to

Electric MotorPump
Head

Inlet

Vernier Adjustment
Scale

Check Valve

Figure 2-21. Cross Section of Typical Diaphragm Pump

Chlorination Controls

Correct chlorine dosage destroys all pathogenic organisms, except certain amoebaecysts which can be removed by filtration, and provides enough residual to protect thewater in tte distribution system. In its flow throuh the distribution system, theresidual is reduced by aeration in storage tanks, reaction with plant and animal lifeand other organic material in the system, and with slowly oxidizing substances in i.hewater. It is therefore frequently necessary to provide an initial residual higher thanminimum requirements to maintain the minimum distribution system residual.

RESIDUAL TESTS. Chlorine residual tests are the basin of chlorine control. Whenthe distribution system chlorine residual losses are relatively high, the residualrequired at the point of application is detemained from local experience. However, thisrelationship changes with water temperature, quality, and rate of consumption, and withthe amount of organic matter and slimes in the distribution system. Daily tests ofresiduals in the distribution system are therefore necessary. The amount of chlorineresidual required for adequate disinfection is that which will insure the destruction ofpathogenic organisms as demonstrated by bacteriological examinations.

Procedure for Performing the Chlorine Residual Test:

1. Obtain water sample.

2. Rinse the two test tubes with sample to be tested.

3. Add 0.5 HI, ortho-tolidine (OTD) to one test tube.

4. Add 10 MI. or sample to the other test tube.

5. Transfer the 10 ML sample to the other test tube.
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IMPORTANT: 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
preventing the possibility of contamination while lundling.

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 comparator.

9. Holding the comparator to a source of light rotate the disc until a color match
is made.

10. Read the chlorine content in the window of the comparator.

11. Record the chlorine content and reserve for further use.

12. Clean and store equipment to its original position.

CHECKING RATE OF FEED. 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.

Rate of feed . Loss in weight x 24 ma Pounds per day.
Check Period in Hours

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 container. Knowing the
solution strength, the pounds chlorine used can be calculated. Substituting this figure
in the above equation, for the loss in weight, the pounds per day rate can be
determined.

ChlerleaLlon OperaLloa and Safely PrecauLlonm

CHLORINATION OPERATION PRECAUTIONS. Chzioine gaS is extremely irritating to sensi-
tive tissues of the eyes, mouth, throat, and nose. Repeated exposure to relatively low
concentrations may have a cumulative effect on lung tissues. Because chlorine is
heavier than air, exhaust fans are installed 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 compounds.

Chlorine reacts with greases, oils, ethyl alcohol, and ether to produce solid
compounds which clog fittings and chlorinator parts. Wood alcohol is the best clean-
ing agent to remove these compounds. Extreme care must be taken to provide adequate
ventilation while using it.

If chlorine gas is drawn off too rapidly, frost forms on cylinder and lines. Freez-
ing 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.

Each cylinder valve is equipped with a fusible plug of an alloy designed to melt
between 157°F and 162F for the purpose of releasing the contents of the cylinder in the
event of fire or other exposure to high temperatures.

Use a paste of freshly mixed litharge 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
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When a chlorine odor is noted, authorized employees will start the ventilatingsystem, put on their gas mask, and locate the leak by holding the mouth of an unstop-pored bottle of ammonia water close to pipes, fittings, and valves. Ammonia vaporand chlorine gas form heavy white fumes, thus revealing the point from which chlorineis leaking. After leak is located, shut off flow of chlorine and repair leak. Trcylinder head is leaking and cannot be stopped, waste the gas from the cylinder out-doors in a good wind or run it into a caustic soda solution. A solution of 25 poundsof 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 sufficientfor normal daily demands.

2. Allow only reliable and trained men to handle chlorine.

3. Handle containers carefully to avoid dropping or humping them.

4. Avoid hoisting containers as much as possible; if hoisting is neeessary,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.

6. Keep protective valve caps on containers when not in use.

7. Never connect a full cylinder to a manifold with another cylinder unlesstemperature of both are approximately the same.

S. When chlorine is not being drawn or is empty, keep the valves closed.
9. Disconnect valves as soon aS containers are empty and check for chlorineleaks at valve outlets.

10. When chlorine leaks occur, only qualified personnel, with suitable respiratoryequipment, will he assigned to investigate and correct the trouble.
11. Do not apply water to chlorine leak as it is very hazardous and results in

corrosive action which will enlarge leak.

12. Never apply flame or blow torch or other direct heat to chlorine containers.
13. Temperature of a chlorirator room should he aLout 70*F.

14. Never ship a defective or leaky cylinder unless it is completely empty. Paint"DEFECTIVE" plainly on all such cylinders.

15. Follow all regulations on shipping, storing, and using compressed gascylinders.

16. Never use a chlorine cylinder for any purpose other than holding chlorine gas.Do not refill cylinders.

17. Provide proper means of egress from areas where chlorine is stored or used.
18. A gas mask is provided for handling chlorine. Mask should he located near,but outside of, chlorine feeder and storage areas. A minimum of two gas masksat each chlorine feeder or storage area.

19. Admininster first aid to victims as soon as they are removed from the areaof the leak. If the victim is unconscious and not breathing, use the
mouth-to-mouth or hack pressure arm lift method of producing artificialrespiration. Summon qualined medical assistance immediately.
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FLUORIDATION AND DEFLUORIDATION

In recent years :4tatistical studies have been made showing that where naturallyoccurring fluorides were present in appreciable amounts, indicated tooth decay amongthe residents was surprisingly low, especially among children and young adults. Thiseondition generally held throughout their life span. Subsequent larre seale experi-
mentation in cortain cities of the United States indicated that where flueride
were applied in controlled optimal amount of about 1.0 ppm to the water supply, cavi-
ties in childn were reduced from 40 to GO percent. Installation for the application
of fluorine (either in the form of fluorides such as sodium fluoride, or of acids such
as hydrofluomilicic acid) must have the approval of the Surgeon General, H.S. Air Force.

This information will be discussed under the following main topics:

Fluoride Compounds

Equipment

Application

- Dosage

- Sampling

Testing

- Defluoridation

- Safety Precautions

This study guide will not contain all the information you will need to know;
therefore, the study of additional material is recommended. The additional study
material is listed at the end of this study guide.

Fluoride Compounds

There are three fluoride compounds commonly used in fluoridation. They are
sodium fluoride (NaF), sodium silicofluoride (Na2SiF6), and hydrofluosilicie acid
(1101F6). The first two arc dry, white, crystalline salts in powder form, and thelast is a corrosive liquid. All are toxic chemicals and must he handled with extreme
care, from the standpoint of both bodily contact and inhalation of dust if in powder
form.

The powder chemicals are generally packaged in 100-pound paper hags or 350-400
pound fiber board drums; acids are usually obtained in 100-pound or 55-gallon rubberlined steel drums.

Store all chemicals in a dry room convenient to feed equipment. To protect
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 openings should be at a suitable height to avoid the use of ladders and
platforms.

Equipment

Fluorides are proportion fed into water either as liquids or solids. Chemical
feeders can be broadly divided into two types: solution feeders, which are essen-
tially small pumps, used to feed a earefully measured quantity of accurately prepaiod
fluoride solution (hydrofluosilicic acid) during a specific time, and dry feeders
which deliver a predetermined quantity of the solid material during a riven time.
Dry feeders can be further divided by types depending on the method of controlling
the rate of feed. Volumetric dry feeders deliver a predetermined volume of dry
chemical within a given time; gravimetric feeders (loss in weight) deliver a
predetermined measured weight of chemical within a given period.
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Volumetric feeders (Figure 2-22) will deliver as little as three to four ounces perhour to treat supplies of 200,000 gallons or more daily. Gravimetric feeders (Figure
2-23) will feed as little as one pound per hour but are generally used to treat suppliesof five million gallons or more daily.

1

Figure 2-22. Volumetric Feeders

Volumetric Type Dry Feeder

VIA

. .

Figure 2-23. Gravimetric Feeders

The maximum rate of feed for the machine at any Air Force plant should not exceed 12
pounds per hour and the hopper should hold at least 100 pounds hut not more than 200
pounds of chemical. The hopper should he 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 mechanism must be completely inclosed to prevent any escape of dust. It is
advisable 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 continuously indicate and
record the weight of chemicals in the hopper. The solution chamher must be completely
resistant to corrosion, and provide a removable cover and a dust tight flexible connec-
tion to the feeding mechanism. The volume of the solution chamber (dissolver) should he
at least one gallon fpr ponnd of sodium fluoride fed per hour at maximum rate of feed.
For sodium 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.



GRAVIMETRIC MSS IN-WEIGHT T.i.pr DRY FEEDER. This feeder differs from the volumetric
in that, instead of displacing a preset volume of chemical, a definite wei7ht of the
chemical is displaced. A higher degree of accuracy is obtained. The scales, hopper,
all the mechanism, and the dissolver or solution chamber should be inclosed. A
totalizer should show the total amount of chemical fed, in pounds, on a direct readinr
counter without the use of multipliers. The accuracy of the totalizer should be bettor
than 99 percent. The hopper capacity and scale beam capacity should not exceed 250
pounds.

PROPORTIONING PUMPS. At installation where water is purchased and fluoridation is
desired, arrangements can be made with the contractor to fluoridate water supplies.
Where the source of water is from wells pumping to a central point a proportioning 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 fluoridation is
by the application of sodium fluoride solutions of less than four percent. For 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 in mechanic-
ally or manually stirred until a homogeneous solution exists. Often two reagent tanks
are used, one tank being prepared while the other is in use. Each tank should have
sufficient volumetric capacity to hold a 30 hours' supply of reagent. For testing and
measuring purpoaes the reagent tank should have a scale attached to the inside that can
be read by the operator. A sight glass may be installed. Water used for making sodium
fluoride solutions is zeolite softened or treated with sequestering agent such as
calgon, nalco 918, or equivalent where the total hardness exceeds 100 ppm expressed as
calcium carbonate.

Application

In feeding fluorides it is not necessary to allow for a contact period as with
chlorination. Water has no "fluoride demand," hence the entire quantity can he
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 unless water is discharged to a central roint of storage.
Fluoride chemicals are added after all other chemicals have %aci an opportunity to react,
but prior to final chlorination.

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 being about
1.0 ppm. To determine the dosage that will give a residual el 1.0 ppm, the natural
fluoride content of the raw water must be considered. Chemical dosage must he set
and supervised by properly authorized personnel. Over-all dosage checks are made at
least daily. Continuous observation of the equipment is a daily routine operation.
Hourly checks reflect any dosage variations and provide a basis for rerulation of
overfeed or underfeed.

Sampling

Representative composite samples From the treatment plant effluent are collc,iod
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

Chemical analysis will be in accordance with methods in "Standard Methods for the
Examination of Water, Sewage and Industrial Wastes." For plant control, analysis
may be by colorImetic methods. Tr plant laboratory control Is not availahle at an
installation, samples may he shipped to a designated laboratory tor analysis.
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Defluoridation

Methods for the removal of excessive fluorides from water were made available soonafter it Was discovered that excessive fluorides contributed to fluorosis. Youths
continuously exposed to water containing about 5 ppm or more fluoride are invariably
afflicted with mottled enamel of the permanent teeth; many of these youths eventuallylose their 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 activatedalumina, bone char, or magnesium compounds. The activated alumina and bone char employ
an insoluble granular media which remove the fluorides as water filters through them.
They are periodically regenerated as they become saturated with the fluorides. This is
accomplished by chemical treatment. The use of magnesium compounds to remove fluoridesare employed so that they ate removed with magnesium which might be added in the form
of lime. They are subsequently removed through the use of settling hasins and then
discarded.

Safety Precautions

Water plant operators who handle fluoride compounds must he trained to protect
themselves from hazardous accidental exposures. Fluoride dust may cause irritation
of the skin and mucous membrane.

All water plant operators should he fully orientated on the following safety rules:

I. Breathing of fluoride dust should he avoided. In case or spillage, clean up
immediately.

2. Wear rubberized gloves, plastic or ruhber aprons and masks when exposed to the
dust.

3. Dust must be removed immediately from the skin hy bathing or washing.

4. Rubber gloves, rubber boots, and acid pr( if aprons are required for handling of
Hydrofluosilicic acid. After using equipment it should he washed thoroughly.

5. Personnel with open cuts or sores should NOT be allowed to handle fluoride dust
or aeids.

G. 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 warning that a poison is
contained therein.

8. Containers are disposed of by incineration or burying in the sanitary fill.

9. When handling hydrofluosilicie acid, care should he exorcised not to spill it
on the body or clothing; should this happen, wash and flush immediately.

10. First Aid:

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 calcium hydroxide), or a large amount of milk.

h. For external injuries wash the area w!th a large amount of water.

c. Should chemicals affect or enter eyes, flush immediately with warm water.

d. In all events of injury and poisoning immediately seek medical aid.
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SUMMARY

Stabilization of water is necessary to prevent either scale buildup or corrosion in
the distribution system. Stahillzation can be accomplished through addition of
polyphosphates or recarbonation.

Disinfection is the single most important treatment given to water. The most common
disinfectant used by the Air Force is chlorine, either in gas form or liquid. Chlorine
gas may be introduced hy either direct feed or solution fend chlorinators. Chlorine
solutons may be Introduced through hypochlorinators. Because chlorine is hazardous to
work with, you must follow prescribed safety procedures.

Fluroides in the range of .7-1.2 ppm in water has been found to be extremely
beneficial in preventing tooth decay. However, too much fluoride causes permaneat
discoloration of tooth enamel called "mottled teeth." Therefore, close monitoring of
fluoridation or defluorldation as needed is essential.

EXERCISE III-2-2d

INSTRUCTIONS

Complete the following questions. You can consult your instructor if you have any
questions.

1. What is the purpose of stabilization?

2. What are two common methods of stabilizing lime softened water?

3. Where in the water treatment process is stabilization treatment added to the water?

4. List hy symbols and chemical name, five different types of chlorine which are
available for disinfectant use.

5. Define the following:

a. Chlorine Residual

b. Free available chlorine
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c. Combined available chlorine

d. Chlorine dosage

e. Chlorine demand

f. Disinfecting time

6. The effectiveness of chlorine

ture, but is retarded with a

7. What are four types of disinfection?

pH.

with rise in tempera-

8. Name two type:: of equipment used in chlorination.

9. List the chemicals names and formulas of three (3) compounds which are used for
fluoridation in our water treatment.

10. How are excess fluorides removed from water?

53b
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3770 Tenhnica1 Training Group
Civil Engineering Training
Sheppard Air Force Base, Texas

OBJECTIM

SW J3ABR56631 000-111-3

MONITOR/OPERATE AND MAINTAIN WATER TREATMENT PLANT EQUIPMENT

Given statements about chemical mixing tanks, identify as true or false the
statements concerning the monitoring and operation of chemical mixing tanks.

During a field trip to the local municipal water treatment plants, monitor the
operation of plant components by making a written response IAW a checklist. No more
than three instructor assists are allowed.

Using information and the water plant tntiner, work as a team to monitor/operate the
tntiner with no more than thre..! instructor assists.

Using information and the water plant trainer and equipment, work as a team tu
perform the required maintenance on the trainer and equipment. Four of the six
maintenance problems must be performed correctly. No more than two maintenance problems
may be missed.

Using AFR 91-26 complete statements concerning the purpose and types of aerators.
Five of the seven must be correct.

Using AFR 91-26 match the maintenance procedures used for each type of aerator.
Three of the five must be correct.

INTRODUCTION

Municipal water treatment plants vary in size and method of treatment according to
the needs of the municipality. The Wichita Falls plants are examples of lime softening,
horizontal clarification systems. An accelator is also seen at the old plant as an
example of the cold lime-soda softener system.

As an Environmental Support Specialist you need a thorough understanding of the
principles of operation of the plants 0.nd the equipment used.

INFORMATION

MONITOR PLANT COMPONENTS DURING FIELD TRIP

The Wichita Falls water plants that you will monitor are named for the streets that
they are found on, such as the Cypress Street plant, which is a 16 MGD plant with a 50%
overload and the Jasper Street plant which is a 12 MGD plant with a 25% overload. An
upflow clarifier rated at 10 to 11 MGD will be seen at the Jasper Street Plant.

The Cypress and Jasper Street plants are lime softening, horizontal clarifiers. The
water source Is from two lakes, Arrowhead and Kickapoo. The mtter from these hikes is
pumped to a secondary reservoir at the edge of town. This reservoir is 15 feet deep,
covers 10 acres and holds 50 MG of water, it allows for plain sedimentation and a
storage of raw water. Both of these plants have recovery wells, an Open tank 50 feet in
diameter and 45 feet deep, and lagoons are used to handle the backwash miter from the
filters.

You will be exposed to open tanks, chemicals, wet floors and other conditions common
to a water treatment plant. For your protection observe the safety precauti.ms you have
learned from AFR 127-12.

PLAIN SEDIMENTATION

Plain sedimentation is the process of removing or reducing the amount of mud, clay,
or silt entering the water plant without the use of chemicals. The solids will settle
to the bottom if the flow of water is slow enough. This is done in the secondary
reservoir.

Aeration also takes place in the secondary reservoir. The raw water is pumped into
the air upon entering the reservoir. This allows dissolved gases b) escape and oxidizes
iron comeounds.
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Chemical Mixing and Storage

Chemical mixing tankR vary in size, type of construction and materials. They can hepurchased or locally manufactured, have mechanical mixing, use the velocity of the waterflow, or simply allow the chemical to dissolve in them. Mixing tanks are sometimes usedas storage and mixing comhined.

Horizontal Sedimentation Clarification/Softener

The main items in operation of settling basins are (1) control of quantity of waterflowing through the basin, (2) removal of sludge from the basin, and (3) cleaning thehasIns.

(1) Controlling the quantity of water flowing throu gh the settling basin isaccomplished by the use of the plant metering devices or by periodic checking of thedischarge rate of the raw water pumps. In cases where the raw water enters the plantby gravity flow, an orifice plate, venturi tube, or other type of meter, and a controlvalve should be installed so the flow can be controlled.

(2) Sludge removal from settling basins may be either intermittent or continuous.For settling basins not equipped for continuous sludge removal, it is necessary thatan adequate number of drain valves are opened periodically and the sludge removed bygravity drainage. Continuous removal of sludge has been found to bo more satisfactoryand efficient, particularly where there is a considerable quantity of sludge to heremoved. For round and square settling hasins a spiral type rake iS installed in thebottom of the tank; the rake rotates and moves the sludge to the center of the tankwhere the sludge drain is located. The bottom of the tanks is usually sloped toward thecenter to aid in moving the sludge toward the drain. For rectangular basins, scrapersare provided so they will drag sludge along the floor of the basin, carrying the sludgeto the sludge hopper at one end of the tank. Some of the sludge may be returned to theinfluent line. By doing this, it will aid in coagulation and increase the settlingrate.

(3) Generally, sedimentation basins are cleaned at three-month intervals or whenan odor indicates that septic sludge conditions are developing. The area or climatewill also determine when the basin will be cleaned.

Filters

Water from the sedimentation basins iR brought into the filters as the next stepin the purification process. This water contains very finely divided suspended mattersuch 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 hy sedimentation.The purpose of the filter is to remove this suspended matter and give the water a clear,sparkling, and attractive appearance.

Chemical Feeders

Continuous sofzening requires application of chemicals in proportion to the rateof flow of water through the treating units. If the flow is constant over a definiteperiod of time, the chemicaln can be fed through constant-feed machines. If the flowis variable, proportioning devices are used to feed chemicals in suspension or solution.

Soda ash dissolves easily in water to form a clear stable solution. Afterpreparation, the solution needs no further agitation and can be added directly tothe water through a proportioning device.

Lime, being only slightly soluble in water, forms a suspension known as milk oflime. Because suspended matter tends to settle, continuous agitation iS necessary tokeep the mixture uniform. Therefore, devices for feeding lime usually have mechanicalagitators. Flow through feedlines must be fast enought to keep the limo from settlingand clogging the lines. Long lines should be avoided or should he easily replaceable.They should have pressure connections for flushing. Rubber home or open troughs arefrequently used in place of pipes.

Sone plants feed lime and soda ash through one proportioning device. Chemicals aremixed with a water in the proper proportions, and introduced as a thin slurry. Thismethod is satisfactory where the composition of raw water is constant or does not changerapidly.
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The chemical feeders used may be either of the wet or dry type, the latter type
germrally being employed only with the larger sizes of units. In the wet type feeder,
the hydrated or slaked lime is fed largely in the form of a suspension, usually of
about a 5 percent concentration. Where soda ash is also used with the wet type feeder,
it is usually dissolved in and fed with the lime suspension instead of being fed sepa-
rately. The coagulant is dissolved in and fed from a separate chemical feeder. When
dry feeders are useC separate feeders are used for the lime, the soda ash, and the
coagulant.

Measuring Devices

The main device used to measure the flow through the water treatment plant is the
Parshall Flume, which also acts as a mixer.

Control Devices

The control devices used at the water treatment plant are numerous and located
throughout the plant.

Valves

The valves used at these plants are gate or globe and are operated hydraulically
or pneumatically.

Upflow Clarifier

This cold lime-soda water softener is in use at some missile sites and at some Air
Force bases. Since it has the capacity of softening large quantities of hard water
containing calcium and magnesium salts, this section will cover the common types of
cold lime-soda softeners, operation of the accelator, and the theory of operation.

There are four basic types of cold lime-soda softeners, namely: (1) the sludge
blanket type, (2) continuous sedimentation type, (3) the "catalyst type," and (4) the
intermittent or batch-process type. The first three are continuous types; that is,
the water 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 efficiency, short detention period, and smaller space requirements, is
rapidly replacing the conventional type for industrial use. It is also widely used
in the municipal field, but some state boards of health prefer longer detention periods
than the customary one-hour detention period in the sludge-blanket type. ThiE con-
tinuous sedimentation type is an older type. The catalyst produces a granular type
of sludge which can be handled readily and which drains and dries rapidly.

This type differs from the sedimentation type in that the treated water is filtered
upward through a suspended sludge blanket composed of previously formed precipitates.
There are several distinct advantages gained by this procedure. First, the upward filt-
ration through the suspended sludge blanket results in the complete solution and use of
the added lime. Second, the close contact of the treated water with a large mass of the
sludge blanket prevents saturation. Third, the upward filtration in the sludge blanket
results in the production of water which is clear enough without filtration for many
industrial applications. Fourth, the detention period is much less for this type.

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 has a smaller conical 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 mechanical agitator which is motor driven.



FIELD TRIP TO MUNICIPAL WATER PUNT

INFORMATION

This criterion ohjective is a performance requirement. During the field trip to
the water plants you must complete a progress checklist by answering several questionspertaining to the operational aspects of the plant and its support equipment. Thechecklist or questions will be furnished to you by the instructor. They will beaccomplished during the field trip and turned in to the instructor prior to dismissal.

Pay particular attention to the instructor's lecture as you tour the plant tocomplete your qcestionnaire.

INFORMATION

WATER TREATMENT PLANT TRAINER

The water treatment plant trainer with the cascade aerator, chemical mixing tank,horizontal sedimentation clArifier/softener, and filter was designed for the purpose oftraining here at Sheppard. It accomplishes everything that the water plants in WichitaFalls does.

The operation procedures are in your WB J3ARR56631 000-11I-3. These instructionswill aid you during the operation of the unit. If ypu have any problems, the instructorwill give you further instruction.

EXERCISE III-3-3a

WATER PLANT TRAINER (SOP)

INSTRUCTIONS

Follow the procedures listed below for operating the water treatment plant.

PREOPERATION

1. Close all drain valves.

2. Turn off all eltctrical switches.

3. Check oil in chemical feeder.

4. Mix chemical solution in chemical supply tanks.

5. Adjust chemical feeders to des'ired feed rate.

6. Connect the master switch panel and the settling chamber motor to a 110-volt outlet.

7. Connect the chemical feeder, rapid mixer, and flocculator to the master switch paneloutlets as marked.

OPERATION SEQUENCE

1. Open the globe valve on the inlet water supply and control the water flow rate atone and half (1-1/2) gallons per minute.

2. When the chemical mixer is half (1/2) full, turn on the following switches:

a. Master

b. Chemical feeders (right and left)

c. Rapid mixer

3. When the flocculator is half (1/2) full, turn on the motor switch.
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4. When the settlinr ehirber is 1'1111 oontinne with tho follouinr.

a. Open the filter inlet valve two (2) turns.

b. Turn on the settling chamber effluent pump switch.

c. Open the filter effluent valve one turn.

d. Turn on the hypochlorinator.

5. Whcn the filter is full, turn on the clear well pump switch and open the elear well
effluent valves.

BACK WASHING THE FILTER

1. Turn off the settling chamber and clear well pumps.

2. Close the filter influent and effluent valves.

3. Open the filter drain valve.

4. Turn off the hypochlorinator.

5. Open the water lower effluent valve.

SHUTDOWN EXERCISE

1. Turn off all electrical switches.

2. Disconnect electrical power.

3. Close the globe valve on the inlet water supply.

4. Open all drain valves.

5. Close all influent and effluent valves.

EXERCISE III-3-3b

INSTRUCTIONS

questions.

1.

2.

3.

4.

5.

Complete thy following questions.

What chemicals were used in the

You may consult the instructor if you have any

trainer?

What is the purpose of each of the chemicals used?

What type of clarification system does the trainer represent?

What type of filter is used?

What type of scraper is used in the sedimentation tank?

3-5

543



R. Is primary or secondary sedimentation or both used? How do you know?

7. Where is chlorination done?

R. What type of storne tank is used?

9. If the floc in the flocculator is settling, what would he the most likely cause?

10. If the floc starts to build up or accumulate in the sedimentation basin, what
action should be taken?

11. If no backwash rate exceeds 15 gpm, what problem could occur?

12. What action is taken to control the chlorine feed?

544
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INFORMATION

PROCEDURES FOR MAINTAINING WATER TREATMENT PLANT WUIPMENT

Chemical Mixing Tanks

The chemical mixing tank must be drained and hosed out at the end of the operation
of the unit. Flush out sediment, mud, scale, etc. Examine walls and make any necessary
repairs.

Flocculator

During operation, check paddle rotaton by visual inspection or surface disturbances.
At the end of operation, drain basin and thoroughly rinse out sediment. Inspect paddles
and other mechanical parts for deterioration. Make repairs where necessary. Refer to
AFR 91-26, Par 6-34e.

Horizontal Sedimentation Clarifier/Softener

This unit has a drive chain which must be checked fur the following: proper adjust-
ment, loose planks, excessive wear, and corrosion. Inspect the general condition of the
baffle, for leaks at the corners and at the overflow trough. Perform maintenance as
required. Refer to AFR 91-2G, Par 6-34f, for further information.

Filters

The filter must be backwashed every 50 hours if there is no surface wash. During
backwash you should probe the filter to cheek for hard spots. The underdrain should be
inspected for cracks or loose joints. The filter must also be checked for mud balls,
and encrustation of the top layer of sand. You may have to replace toe first inch or
two of sand. Inspect all valves for proper operation, repack or replace as needed.
Refer to AFR 91-26, Par 6-44b and 6-45a

Wet Wells

Protect openings into clear well so that ground water cannot enter. Check all meLal
structural members and surfaces for corrosion due to chlorine vapors and replace where
necessary. Before draining make sure all recording equipment is protected from damage
while cleaning.

Water Towers

Inspect vent screens and manhole covers for tight fit. Unclog vent screens from
snow and ice as necessary in winter months. Inspect for corrosion and leaks and
repair as necessary.
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EXERCISE III-3-3c

INSTRUCTIONS

Using AFR 91-26, answer the following questions.

1. What are two ways that you can check if the flocculator paddles are rotating?

2. What can cause the flocculator paddles to be inoperative?

3. Why should underwater line shaft bearings be inspected carefully each time a basin

is drained?

4. How is the . fiocculator controlled?

546
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AERATORS

INFORMATION

Purpose of aerators

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 atmo-
sphere; 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 increasing the amount of dissolved oxygen.

Types of aerators

The four different types of aerators are the spray nozzle, cascade or step aerators,
diffusers and tray and splash pan.

Spray Nozzle Aerator. A pipe or group of pipe openings spraying water up or down
over a shallow receiving basin exposing a large surface area of water to the air.

Cascade or Step Aerators. Allowing water to fall over a series of steps making it
look like a waterfall.

Diffuser Aerator. Forcing air into a basin, like the air line in a fish tank.

Tray and Splash Pan. This consists of overflowing trays containing salts or coke
over which the water is sprayed (see figure 3-1).

The operation of most aerators is practically automatic. If the water is not to be
filtered after aeration, aerators must be screened with a fine screen to keep insects
and other foreign matter out.

The operators' duties consist essentially of making sure pipes, slots and surfaces
are not clogged and that air has free excess to the water.
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EXERCISE II1-3-3d

INSTRUCTIONS

Complete the following questions.
questions.

1. What is the purpose of aeration?

You may consult the instructor if you have any

2. How does aeration remove color Caused by Iron?

3. How does aeration change pH?

4. What chemicals are used to clean aerators?

5. What component should be checked with a diffused aera.or if proper aeration is not:

taking place?

C. How does aeration remove taste and odor?

7. Name the lour (4) types of aerators.

5 4s
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INFORMATION

TYPE!: ANO MAINTENANCE OF AERATORS

Spray NowAle

On the spray no;7/.lo type aoratir, you should check the foilowin:!

INSPECT AND CLEAN SPRAY NOZZI,ES. Yon should look at each nozzle to see if it is
working properly. You must clean the nozzle if any debris is there.

CLEAN AND INSPECT PIPE MANIFOLDS. Take the caps off of the manifo/ds and clean out
any sediment. You should check the pipe for leaks and repair when it is needed.

Cascade or Step

On this type of aerator, you should check the following things:

INSPECT FOR ALGAE. Check the aerator surface for algae, objectionablr
. growths, and

stains. If you must clean any part, scrub it and treat with copper sulfate and a
solution of chlorine watPr.

REPAIR. You make any necessary repairs and replacements to the aerator surfaces.

Diffuser

On this type or aerator, you should check the following items:

CLOGGING OF DIFFUSER. Look to see if the diffuser is clogged. It will be clogged
on either the air or liquid side. One cause is a suspended solids buildup inside the
diffuser. The other cause is soot, pipe rusi and other impurities of the underside of
diffuser plates or inside diffuser tubes.

INSPECT AND CLEAN AIR DIFFUSERS. The air diffusers should be drained and inspected
for joint leaks, broken diffusers, and other deterioration.

Tray and Splash Pan

On this typo of aerator, you should check the following items:

INSPECT FOR ALGAE. See instructions under Cascade or Step Aerators.

REPAIR. Make any necessary repairs afl replacements to the aerator :mrfaces.

INSPECT COKE. Examine coke nir algae and deterioration. Replace v()k if cleanin!,.
is not effective.

REPAIR SCREENS AND ENCLOSURES. Make necessary repairs.

SUMMARY

In the field trip the water plants and in operating the water tr0;111,cl 1 trainer,
you see the functions or chemical mixing tanks, flocculators, sedimentation hasins,
clear wells, filters and other components.

Aeration srves to remove color and dissolved gases from the water supply. Tt also
1aeo.tasos pH of the water and its corrosive qualities.
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EXERCISE II I-3-3e

INSTRUCTIONS

Complete the following questions. You may consult the AFR 91-26, Part If, Section 15for information.

1. What tool may NOT be used on spray nozzle tips?

2. What material is a spray fence usually made of?

3. What chemicals may be used to treat algae?

4. What is the best sign of a clogged diffuser?

5. What is the minimum rate of air discharge through a diffuser?

G. The concentrated used to clean the water siden of diffusers arcvery dangerols and must be handled with care.

rJou



3770 Technical Training Group
(Civil Engineering Training)
Sheppard Air Force Base, Texas

MONITOR/OPERATE AND MAINTAIN ION EXCHANGE
(demineral iza tion) UNIT

OH 'ECTIVES

J3A13R56631 000-111-4

Given terms and statements pertaining to an ion exchange unit match the terms to
the statements. Twelve of the seventeen must be correet.

Given information, ion exchange softener and demineralizer units, work as a team to
monitor/operate the ion exchange unit, with no more than four instructor assists.

Given information and an ion exchange trainer, work as h team to maintain the unit,
with no more than one instructor assist.

ION EXCHANGERS

INTRODUCTION

The water that vv? find in streams, lakes and wells is usually very hard. Hard water
will cause scale to form in water lines and a hard crust to form in boilers. Hard water
will also ktl! the effect of soap suds in laundries and homes.

About 100 ymrs ago, a fa rmer in England discovered tha t rd wa ter became sof t when
it trickled through 6,inp r his soil. Later it was found that certain types of sand
called gre,l-sand tiJi the ability to make tr.A water soft. Much use was Math of green
sand until about l'J30 when a synthetic mateftal was invented. This new material was
sevemi times better than green sand. It could also be recharged by washing it with
salty wate- This new material was called resin because it was brown in color and
resemblr* natunil tree tesin.

Information lr this study guide/workbook will be zovered in the following main
topics:

o Theory or Ion Exchange

o Cation Exchange Process

o Anion Exchange Materials and Processes

() Exchangers Used in Combination

Operation of Demineralizers

INFORMATION

Purpose

An ion exchange unit is used to take the unwanted ions out of the water and replace
them wi th ions tha t A re wanted. We use this process in both wa ter sof tn i ng a nd
demineralization. Soft water is desirable because less soap is necessary for cleaning.
Demineralized water (water which ls free of minerals) is used for jet a t and in
our lab.

Theory of Ion Exchange

Ion exchange is a reversible chemical reaction between ions in water and ions
a t tached to sol id ma teria Is.

An ion is n atom or group of atoms that lave gained or lost electrons. A cation is
an ion with a positive charge and is formed by losing electrons. An anion is an ion
with a negative charge and is formed by gaining electrons. Figure 4-1 lists common
anions and cation-.



CATIONS
ANIONS

Calcium Ca" Bicarbonate HCO-
3Magnesium mg++

Carbonate CO 4g
3Sodium Na+ Chloride Cl-

Manganese lin" Nitrate NO3-
Iron Fe" Sulfate SO4m
Iron Fe+++

Silicate Si031.

Aluminum Al+++ Phosphate Me
Hydrogen II+ Hydroxide OH-

Figure 4-1. Most Common Cations and Anions Remov,-d
from Water by Ion Exchangers

Characteristics of Ion Exchange Resins

Ion exchange materials will not dissolve in water. They are able to release and toaccept other ions in their place. The cation materials exchange positive lone :Oz.positive ions. The anion materials exchange negative ions for negative ions. The firstsofteners used natural sands called "zeolites." The term "zeolite" comes from ;vewords, Ze:In + Lithos, meaning boiling stones. In this course, the term ZEOLITE willrefer to any ion exchange material.

There are four types of cation exchange materials used for water conditioning:
1. Natural sands (greensand, etc.)

2. Synthetic sands (silica-alum.-un compounds)

3. Sul7Inated coal

4. Cation exchange resins (sulfonated Polystyrene)

a. Sodium cycle - NaC1 (salt regenerant)

b. Hydrogen cycle - regenerated with acid - HC1 or H2SO4

Of these materials, the plastic resins are more efficient and have higher exchangecapacity so they are most widely used today.

Cation exchange resins are manufactit in such a way as to have hundreds of nega-tively charged cation exchange sites. These negatively chni-ged sites will attractpositively charged iohs (cations) and repel negatively charged ions (anions).
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Cation Resin

Cation resins are put into use with the cation exchange sites covered with either
sodium (sodium zeolite) or hydrogen (hydrogen zeolite).

Sodium zeolite resin Hydrogen zeolite resin

In the ton exchange process, hard water washes over the zeolite beads. The calciumor magnesium ions are exchanged for the sodium or hydrogen ions on the exchange sites.One calcium or mariesium ion takes 2 exchange sites because of the +2 charge, Thesodium or hydrogen ion is released into the product water.

The process of ion exchange is reversible.

When all the exchange sites are covered with calcium or magnesium ions, the resfn
is said to be exhausted and must be "regenerated" by flushing them with a solution of
NaCl for sodium zeolite or acid for hydrogen zeolite. This regeneraion works through
the process of "mass action." The He or 11+ attaches itself to the negatively
charged exchange sites where the calcium and magnesium ions had been trapped. Tha:
water is then washed out to waste and the resin is ready to work again.

Anion exchange resins work similarly but have positively charged exchange sites
which attract aiions and repel cations. Their exchange sites are usually covered
with hydroxide ions which can be exchanged for sulfates, chlorides, and carboaates
in the water.



Exchange'
Process

Material
Used

Appearance Normal
Capacity
Grains
Per Cub-
ic Foot

-Regenerant
Pounds
Per Cubic
Foot

Strength
of

Regenerant

Regenerant
Chemicals

". Test For
Exhaustion

72haracteristic
of Product

Sodium
Cation

Na - Z

Green-
sand
(glau-
conite)

Grey-Green
Granules

2,400 to
3.000 gr:
cu ft

1.0 to 1.5
lbs/cu ft

3c7. to 18r;
Preferred

lr-
Sodium
Chloride
Salt

NA CL

1.

2.

Stan-
dard
Soap

E. D. T.
A To-
tal Hard
ness

Soft Water

No Calcium
Magnesium
Iron

Sulfo-
nated
Coal

Black
Granules

No Data No Data

Sulfo-
nated
Poly-
styrene

Gold-Brown
Spherical
Beads

24,000 to
32.000
gr, cu ft

6 to 15 lbs
cu ft

Na Al
Si02
Gel

I

White
Granules

12.000 to
15.000
gr cu ft

4 lb to b lb
cu ft

Hydro-
gen
Cation
H - Z

Sulfo-
nated
Coal

Black
Granules

6.000 to
8,000 gr
cu ft

2 lbs to
4 lbs cu
ft

H2SO4 2c---
4(7
First Step
Last Step
6'" - .r
HC1 6r -ir

Sulphuric
Acid

Hydrochlor-
ic (Muriatic)
Acid

1.

2.

pH

F. M.
Acid

-4
Contains

kc id

r Sulfo-
nated
Poly-
styrene

Gold-Brown
Spherical
Beads

12.000 to
24.000
gr cu ft

4 lbs to 12
lbs cu ft

Figure 4-2. Cation Exchange !Jaterials and Processes



CLASS OF ION MATERLAL APPEARANCE NORMAL REGENERANT STRENGTH
USED CAPACITY GRAM POUNDS OF REGENERANT TEST FOR

PERCUBE FOOT PER CUBIC FOOT REGENERANT CHEMICALS EXHAUSTION

WEAKLY BASIC

ANION

POLYAMINE
POLYSTYRENE

AMBER
GRANULES

12,000 to
20,000 gr/eu ft

2 to
4 lb/eu ft

NO DATA
CAUSTIC SODA
NaOH
AMON1UM
HYDROXIDE
NH4 OH
NaCO3

1. CoNOUCTIVITY

STRONGLY
BASIC ANION

R * OH-

QUATERNARY
Alan
rCLYSTYPEIE

YELLOWISH
SPHEP1CAL
BEADS

12,000 to
15,000 gr/eu ft

4.2 to
7 lb/eu ft

a to ect CAUSTIC
SODA
NaOH ONLY

I. CONDUCTIVITY

STRONGLY
BASIC ANION

R + CI-

5,000 to
16,000 gr/caft

4.0 1 b WI
Per cu ft

4% NaCI \SODIUM
FifeRun
10% Na014)

I. AUCALBSTY

Figure 4-3. Anion Exchange Materials and Processes
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Types of Ion Exchanges

CATION EXCHANGER. As mentioned before, there are two cation exchange processes incommon use: sodium zeolite and hydrogen zeolite.

Sodium Zeolite. When hard water is passed through a hod of active sodium zeolite,the calcium and magnesium ions are taken up by the zeolite and at the same time zeolitegives up sodium ions; this reaction is shown below. (Sodium zeolite is represented hyNa22.) Iron and manganese are also removed if they are not over about 10 p.p.m. inthe water.

SODIUM ZEOLITE PROCESS.

Example No. 1

CaSO4 Na2Z Na2504 CaZ(solution) (solid) (solution) (solid)
RAW WATER + SONOM

SOFT WATER + EXHAUSTED
EXCHANGE

EXCHANGERESIN
RESIN

Example No. 2

MgSO4
Na2Z Na2s04 MgZ(solution) (solid) (solution) (solid)

RAW WATER + SODIUM ZEOLITE
SOFT WATER + MAGNESIUM

ZEOLITE

Example No. 3

WATER FLOW --
WATER FLOW

(11CO2) Na Na Produces Ca Mg + H20 + Na(0CO3>H20 + Ca)(SO4 + Ri r- Vrk 2-- (804Mg) CI) NE
(C1RAW WATER

A HEAD OF EXHAUSTED SOFTENED
ZEOLITE ZEOLITE WATER

BEAD

SODIUM ZEOLITE REGENERATION.

Example No. 1

2NaC1 + CaZ
> CaC12 + Nag,MgZ

MgC12(solution) (solid)
(solution) (solid)

BRINE EXHAUSTED
WASTE WATER SODIUMZEOLITE

ZEOLITE
Example No. 2

WATER FLOW Ca Mg Na Na WATER FLOWCONTAINING + Mg Z Produces Na Z 1120 + NaCI +15% Raul SALT Ca Na (CR and Mg) CI

BRINE SOLUTION EXHAUSTED REGENERATED WASTE SALTSOLUTION ZEOLITE SODIUM WATER
ZEOLITE

556
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Calcium and magnesium chloride are soluble salts and are rinsed from the zeolite hed
with clean water. Following regeneration, the exchange material is repdy for another
run to soften water.

Hydrogen Zeolite Process. 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 softening process. The hydrogen is exchanged for calcium, maenesium,
iron, and sodium ions, and the salts are converted into their corresponding acids. The
reactions involved in the hydrogen exchange cycle are shown in the followinr equations.

HYDROGEN ZEOLITE EXCHANGE.

CaHCO3 11CO3 Ca
MgCl HC1 Mg
NaSO4 + 1122 7.4 H2s04 + Na
FeSO4 112SO4 Fe

HARD RAW HYDROGEN TREATED EXHAUSTED
WATER ZEOLITE WATER RESIN

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 into the resin stronger than 2% - 4% during the first
few minutes of regeneration, the resin will he fouled with calcium sulfate (CaSO4).

ANION EXCHANGER. There are two main types ol anion exchange materials in common use in
the Air FeTCO: weakly basic resin, made of polyamine polystyrene; and strongly basic
resin, made of quaternary amine polystyrene. See figure 4-3 for data on these
materials.

Strongly Basic Anion, Hydroxyl Cycle. When the strongly base anion resin7.i are
regenerated with sodium hydroxide (Na0H), they are converted to the hydroxyl fokm (ROH).
In this form they are used as the second stage of a demineralizer. The strong base
material is the only one that will remove silica and it must be regenerated with NaOH to
do it. (See figure 4-4 for this process.) The strong base process removes all acids
from hydrogen zeolite water.

INFLUENT Ple

Service

N20

--""
STRONGLY

BASIC
ANION

ON

DEIONIZED

N20

NiON
FOR

REGENERATION

I!"

HC1 (Acid H
2
0) + R+OH- ---a. R+Cl- + H

2
0 Mineral
Free
Product

Regeneration R+Cl- + NaCH R+OH + (NaC1 + Na0H) R+ = Resin
Exhausted Bed Waste Water

Figure 4-4. Strongly Basic Anion, Hydroxyl Process
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WEAKLY BASIC ANION PROCESS. The weakly basic anion exchange material (polyaminepolystyrene) may be regenerated or "recharged" with soda ash, ammonium hydroxide orsodium hydroxide. This material is usually classed as the second stage of a
demineralizer process where CO2 and 5102 removal are not essential. This processremoves only the strong acids - HC1, H2SO4, H31004.

Exchangers Used in Combination. The dual bed demineralizer consists of two separatetanks; Hydrogen cation material is contained in one tank, and an anion material iscontained in the other. Cations such as calcium and magnesium are removed in thecation exchanger. Anions such as sulfates, chlorides, and nitrates are removed inthe anion exchanger.

The cations are removed first by passing the raw water through the hydrogen cationexchanger. The effluent containn acid in proportion to the salts that were originallypresent in the raw water. The acids are then removed by passing the effluent thror,!ghan anion exchanger. See figure 4-4.

The mixed bed demineralizer has both cation resins and anion resins mixed in onetank. This unit produces water of a very high degree of purity, resulting in lessmineral salts than triple distilled water. The mixed bed demineralizer is a combina-tion of hydrogen cation and strong base anion.

The mixed bed demineralizer operates on the same theory and principle as thedual-bed. Their cycles of operation are service, exhaustion and regeneration.The main difference between the two is the mixed unit utilizes only one ion exchangecylinder whereas the dual-bed utilizes two.

Yn regenerating the mixed bed units, the cation and anion resin beds are separatedthrough proper backwashing. The anion exchanger bed, being lighter, comes to the topand the cation exchanger bed remains at the bottom. After separation, the two beds areregenerated individually with NaOH and acid. The excess regenerant is then rinsed fromeach bed and the two beds are mixed again by means of compressed air. A final rinse isthen applied before the unit is put into operation. Refer to figure 4-5.

If raw water containing magnesium is allowed to enter an anion exchanger, thehydroxyl ion will join with magnesium and form the compo/ond magnesium hylroxide Mg(OH)2. Magnesium hydroxide is in water and will form scale on the resin by thefollowing reaction:

MgC12 + 2R+ OH- > Mg(OH)2 + 2114C1

Refer to figures 4-3, 4-4, 4-4 and 4-5, and note that all anion exchangers have acation exchanger ahead of them in the stream. The HZ or NaZ will remove the magnesiumor other cations that may cause trouble in the anion unit.

5 5 b
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RAW H
SOFT 1120
INFLUENT WASTE H20

TO DRAIN

No

SOFTENER

(\No

A. SERVICE

VERY PURE

DEIONIZED H

WASTE

1

1120

AND
SPENT

CHEMICALS
TO DRAIN

C. REGENERATION STEP

SOFTENED
BACKWASH

WATER

B. BACKWASH STEP

AIR OUT

WATER
LEVEL2

MIXV:G
CATION

AND

ANION

AIR IN

D. AIR MIX STEP

E. FINAL RINSE STEP SAME AS STEP "A" EXCEPT THE POOR
QUALITY PRODUCT GOES TO THE DfitIN

Figure 4-5. Mixed-Bed Demineralizer
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RAW H20 ACIDIC H 0 0000 H 0

MIXED

BED

UNIT

[EXCELLENT
1420

PRODUCT

Figure 4-6. Combination Demineralizers

Components of Demineralizers

The major components of the unit are:

(1) Exchange tank
(2) Resin bed
(3) Support Bed
(4) Undi,rdrain

(a) Collects product water
(b) Evenly distributes backwash water

(5) Influent distributor
(a) Distributes influent water evenly
(b) Collects backwash water

(6) Freeboard space
(a) Allows for expansion of bed during backwash(7) Regenerant tank

(8) Multiport valve
(a) Controls the direction of flow through the unit(9) Rate of flow indicator

(10) Rate of flow controller
(11) Piping
(12) Meters

Cycles of Operation

While the exchanger is removing unwanted ions it is in SERVICE, but as the ione arebeing replaced the unit will become exhausted and muet be regenerated. The term REGEN-ERATION does not mean only the regeneration cycle, but all the cycle's during therecharging prIcess. These cycles are all of equal importance. If one of these cyclesis not completed correctly, the unit as a whole will not function properly.

Three methods are used to determine when an exchanger shoald be regenerated. Theyare:

1. Time(shift, daily, hiweekly)
2. Quantity (number of gallons produced)
3. Quality of water (teat for ex6austion)

4-10
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TIME. At some installations the amount of water used per day is fairly constant. It
is important that service not be stopped for regeneration. The size and capacity of the
ior 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 controlled by clocks that start the regeneration process after work
days but not on weekends.

QUANTITY. At 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 an alarm or to
start regeneration when a certain number of gallons have been processed.

In the automatic system, the water meter is equipped with an electric contact head
to start automatic regeneration. In 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.

QUALITY OF WATER. Monitoring of produ..t quality is desirable because it allows an
operator to produce the maximum amount of water from each regeneration and also insures
good quality of water for the using agency. Cation exchangers may be tested for
exhaustion by conducting the total hardness test (either EDTA or soap test).
Demineralizers are usually monitored with a conductance meter. When TDS exceeds a
specified limit, the exchanger must be regenerated.

There are four (4) steps in the regeneration process:

BACKWASH is a very important step of operation, because foreign matter has a
tendency to act as a plug which restricts the flow of water. It also reduces the
exchange capacity of the resin as it coats the resin beads. Channeling and clumping
are broken up and the resin is prepared for chemical treatment. It is a good practice
to place a beaker or large mouth container beneath the backwash outlet to 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. This is the chemical treatment in which the unwanted ions are
removed through "mass action." A high concentration of chemical reverses the normal
ion exchange action, allowing the resin to be returned to the original condition. The
chemical used depends or the type of exchanger and resin.

SLOW RINSE. This step allows for contact time between the resin and chemical. It
allows regeneration to be completed throughout the bed.

FAST RINSE. The excess regenerant chemical and ions it has removed are washed out
of the bed to waste. The rinse should continue until the normal operating condition is
reached. The exchange unit can then be returned to service.
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EXERCISE III-4-4ad

PART I

INSTRUCTIONS: Un the shell of the unit in figure 4, show the approximate location of
the following items. Match the letter preceding the listed item to tiw numbered arrows
to show their location on figure 4. Items may be used once, more than once or nut at
all.

criC 429

Figure 4-8. Cation Tank on Demineralizer Unit

TERMS

a. Top of ion exchange material bed.

b. Influent distributor.

c. Multiport valve.

d. Anthracite coal bed - support bed for
exchange material.

e. Free board space.

f. Rate-of-flow controller.

g. Underdrain system.

h. Pressure relief valve.

STOP

Before proceeding any further, have the instructor check your work.

lnstr initials

4-13
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PART 2

INSTRUCTIONS: On the shell of the unit in figure 4-9, show the approximate location ofthe following items. Match the letter preceding the listed item to the numbered arrowsto show their location on figure 4-9. Items may be used once, more than once or not atall.

Figure 4-9. Dual

a. Cation exchange unit

b. Anion exchange unit

c. Acid regenerant tank

d. Multiport valve

e. Flow rate meter

f. Caustic regenerant tank

g Underdrain system

CNC-I30

Bed t!i!-mineralizer

h. Conductivity meter and controller

i. Raw water influent line

J. Effluent line from cation and anion
tanks

k. Collection trough

Pressure gauge

r Rate controller

STOP

Before proceeding any further, have the instructor check your work.

Instr initials

4164



EXERC:SE III-4-4b

INSTRUCTIONS

Complete the follow '<g questions. You may consult Vie instructor if you have any
questions.

1. The two anion exchange resins are and

2. Two functions of the underdrain are and

3. The controls the direction of flow through the unit.

4. acids are removed by a weakly basic anica exchanger.

5. The two resins in a mixed-bed demineralizer are and

0. The chfil-Lwd demineralizer is composed of a cation unit and

anion unit.

7. .ts used to regenerate a sodium zeolite softener, is

t.cAl for a hydrogen zeolite softener, and is used for a stroag
ba ;... anion unit.

8. A will remove stror- acid only.

9. The effluent from a

10. A

11, The

is acidic.

will remove all Ar.lids.

phase of operation follws chemical injection.

1%. During cl-mical injection the unwanted ions are remr.cJed through

13. The phase iii!ozs for contact time between the resin and
regenerant chemica

4-15 56b



INFORMATION

MONITOR/OPERATE AN ION EXCHANGE SOFTENER AND DEMINERALIZATION UNIT
Water Softener

SODIUM ZEOLITE. When hard water is passed through a bed of active sodium zeolite,the calcium and magnesium ions are taken up by the zeolite and at the same time thezeolite gives up sodium ions.

The process of ion exchange is reversible. When the zeolite gives up all of itssodium in exchange for calcium and magnesium, it is said to be exhausted. In orderto regneratc, the zeolite, the bed is backwashed, then regenerated with salt water.The soditm ions from the brine solution recombine with the zeolite, which then givesup calcium nd magnesium ions which combine with chloride.

Calcium and magnesium chloride arc soluble salts and are rinsed from the zeolitebed with clean water. Following regeneration, the exchange material is ready foranother run to soften water.

DEMINERALIZERS

Demineralization is the proceas of removing inorganic salts from water by ionexchange. Only those substances which ionize in water can ,3e reme,ed ny this process.Demineraliza*ion involves two ion exchange reactions that are carried out with the useof two types of .1.1a exchange materials. One =Aerial removes the cations and the otherremoves the anions from the water.

The operator should test the product for luality with tbe conductivity meter andcheck the meter on the unit by cc!waring the readings. It may be necessary to convertthe readings from OHMS
values.

Micro-Mbos/Cm
Conductance

to MICRO-MHOS or

OhmsP'm
Resi- --be

MICRO-MHOS to OHMS.

p.p.m. as NaC1

See Table 1 for conversion

p.p.m. as NaCu3
Strong Base

U.5 2,0.26,000 0.0 0.01.0 1,000,000 0,3 0.22.0 500,000 0.6 OA3.0 333,000 0.9 0.64.0 250,000 1.5 0.85.0 200,A0 2.0 1.0J0.0 100,000 4.5 2.0zu.0 50,000 9.5 4.030.0 33,000 14.2 6.0

40.0 25,000 19.0 8.050.0 20,000 23.6 10.0100 10,000 47.7 20.0200 5,000 95.0 40300 3,330 143 60

400 2,500 200 80500 2,',7-ju 239 1001,000 1,0':.) 503 2002,000 500 1,000 4003,000 330 1,000 GOU4,000 250 2,065
5,000 200 2,650
7,500 133 3,970

10,000 100 5,430
20,000 50 11,500

Micro-ghos . 1,200,01)0

GPG
17:1-

ohms 1A000,000
Micro-WO-8

GPG p.p.m. x 0.0564

Table 1 - Conductance Conversion Values at 25°C

4-10 5 6



Dual Bed Demineralizer

BACKWASH OF CATIUN COLUMN. Backwash is a very importp'It step of operation, because
foreign matter has a tendency to act as a plug which restrlcts the flow of water. It
also reduces the exchange capacity of the resin as it coats the resin beads. Figure 1
shows foreign matter being coated onto the resin beads. Figure 2 shows the backwash
cycle removing the deposits from the beads. From observing figures 1 and 2, you can
see w5y backwashing is an important step in the operation of demineralizers.

It is a good practice to place a beaker or large mouth jar l'eneath "..tit: backwash
outlet to watch the waste water for any resin that is being bat:mashed from the column
and to see when backwash water becomes free of turbidity.

CHEMICAL INJECTION FOR CATION COLUMN. When the regeneration cycle is initiated, the
cations which have been removed by the resin arn exchanged for new hydrogen cations from
sulfuric acid (H2SO4). It is important to remember that each column, the cation and
the anion, &re regenerated and rinsed separately.
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a Coating on Resin Surface
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Figure 2 - Deposits Being Rennved from
Resin Surface by Bockwashing

A word of caution: Baume 66° (112SO4) and flake caustic soda (anion regenerant)
are both langerous materials to handle and work with. A person could receive severe
burns from either of these chemicals if the proper precautions are not used. Use a11
safety equipment at your disposal. This equipment should consist of acid-proof apron,
gloves, goggles and footwear.

After the backwash cycle has been completed, the next cycle is chemical injection,
TU regenerate the cation bed, the acid is prepared and used according to the following
predure.

1. FA1 acid tank partially with water.

2. Measure the exact &mount of acid required.

3. Slowly pour acid into the water while stirring constantly.

4. Add make-up water to the recommended tank level.

5. By following the manufacturer's instructions, open and close the correct valves and
start the water flow at the prescribed rate for the regeneration step.

6. Continue this phase of regeneration until the correct amount of acid has been pulled
from the tank.

7. After regeneration has been completed, rinse the acid tank to prevent an unsafe
condition.

4-17
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Figure 4-10 illustrates the regeneration cycle of a cation unit.

H SO
2

MINFO 'ITN

H 2 50
4
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--2/0 2,71.1407 70 lusit
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4
CA004. Min,

Figure 4-10 - Regeneration with H2SO4

The last step in the regeneration cycle of the cation column is the slow ano fastrik.:se cycles. The slow rinse completes regeneration and fast rinse removes excess acid*1 bases left by the regenerating material. By all means, follow tbe manufacturer's
instructions for operation cf demineralizers as it is impossible for thin student text
to contain all information pertaining to each type of demineralizer beAng usedthroughout the Air Force.

REGENERATION CYCLE FOR ANION COLUMN. Regeneration cycle of the anion column issimilar to the regeneration cycle of the cation column.

ANION BACKWASH. The water flows upward through the resin to remove dirt and Airand loosen or reclassify the bed. The flow rate must be slower than for cation resinbecause the anion resin is lieolter and af.1.1 wash out easier.

CHEMICAL INJECTION (1a0i2). The procedure for mixing flake caustic is the same asfor sulfuric Acid.

CAUTION: The dust of flake caustic is very active and will bu la eyes Ann
respiratory system.

1. Partially fill caustic tank with water.

2. Measure exact amount of liquid or flake caustic soda.

3. Slowly add NaOH to the water in the tank and stir until dissolved.

4. Fill caustic tank to reccMmended level.

5. Inject caustic solution at proper flow rates. teJTE: UO NUT stir after injectiorhas st :Aed.

6. Rinse caustic tank after regeneration is ccmplete.

SiOW RINSE. After all the causac hae flowed into the resin, the same flow rateis continued to complete Zhe regeneration of all parts of the bed.

FAT: RINSE. Fast rinse removes the excess caustic. The flow rate is set near themaximum service flow rate.

The conductivity meter is set at the lowest quality water that is acceptable. Whenthe meter lights change, the rinse is ilomplete; and the water is ready for service.

4-1F
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Mixed Bed Demineralizers

Also known as the mono-bed, this unit has hydrogen cation and streng base anion
mixed through the entire bed depth.

BACKWASH. When test for exhaustion shows that unit needs regenerating, reins must
first be separated by thorough backwashing. The lighter anion resin will come to the
top while the cation resin remains at the bottom. After separation is complete, the
column is ready for regeneration.

CHEMICAL INJECTION: A flake caustic soda solution (anion regenerant) and muriatic
acid solution (cation regnerant) must be prepared for regeneration. Both are dangerous
materials to work with. All safety mad protective clothing should be worn while working
with these chemicals. During regeneration the acid flows upward through the cation
resin and out to waste. The caustic soda flows downward thorugh the anion resin and out
to waste.

SLCN RINSE. Flow is continued to allow contact time betseen regenerant chemical and
resinc.

AIR MIX OF RESINS. k:.sins aPe mixed together by means of compressed air. A mild
agitation is all that is necessary.

FINAL RINSE. A final rinse is applied to the mixed resins before the ;mit is put
back into service. When minimum conductivity is reached, the unit is ready to be put
back into service.

Instructions for monitoring/operating the different types of ion exchangers 1' llow.
You will operate each type of exchanger by following the checklist with instructor
supervision.

EXERCISE IV-4a (3)

Instructions

Follow the instructions below for operation of the water softener trainer, water
softener, dual bed demineralizer and mixed bed demineralizer. Each item of guidwnce is
important fur proper operation and tPe steps listed rhould be followed in the oraer
presented.

OPERATION OF WATER SOFTENER

SAFETY PRECAUTIONC

1. This trainer is designed to ne flow and physical weration of ion-
exchangers during different phases of ei.Jeration. It is recommended that chemicals NOT
be used undrx classroom conditions. If regeneration is desired, Ilse NaC1 only.

2. Never allow water pressure in unit to exceed 20 psi.

3. When changing cycles, the harosater inlet valve should be opened last and closed
first to prevent exces:. pressure in system.

PREOPERATIONAL CHECKS

NOTE: Check schematic for location of valles and lines.

1. Check all valves.

2. Check pressure regulator for a system pressure of 15 to 20 psi and adjust if
required.

3. If the water level in the ion-exchange tank is more than one inch below the top
of the tank, fill and purge air as follows:.

a. Open both backwash valves.

b. Open hardwater inlet valve juit enough tr. allow water to fili tank but not
enough to cause expansion of bed.
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c. When water reaches the distributor in the top of the tank, close th.4:hardwater supply and backwash valves.

4. If water level in the brine tank is lower than 3/4 full, fill to desired tas follows:

a. Open the service valve, drain line, brine outlet valve, and hardwatervalve.

b. When the 3/4 full level is reached, close ALL valves, starting with thehardwa ter inlet val ve .

5. If the trainer has been shut down for an extended period of time, place it infast rinse for a short period of time before placing the trre.ner in service.

NOTE: See fast rinse procedures under 022rating Sequence in this study guide/workbook.

OPERATING SEQUENCE

1. Place the unit in service as follows:

a. Open service valve, softwater valve, and hardwater inlet valve.

b. If softwater taak is over 3/4 full , open softwater drain valve enough toprevent overflow from top of tank.

2. Backwash tbe bed as follows:

a. Close all valves, starting with the hardwater inlet valve.

b. Open both backwash valves.

c. Open the hardwater inlet valve slowly until the bed expands a, ,,roximately 50percent.

CAUTION: An excessive backwash :ate will cause zeolite to be washed to thedrain. Backwash for one minute.

d. .:top backwash hy closing all valves, starting with the hard-wa.er inletvat ve .

3. Place unit in the Chemical Injection Phase as follows:

a. Opnn br:ne injection valve, dra&nline valve, and hardwater inlet valve.
b. Opeo brine outlet valve. When 1 to 2 inches of chemical has been drawn fromthe brine tank, go to step 4.

4.. Slow rinse the bed as follows:

a. Step chemical injection, step 313 above, by closing the brine outlet valve.This places the uni:. in slow rinse.

b. Stop slow rinse by closing brine injection valve. Leave other valves asthey are.

5. Fast rinse the bed as follows:

a. Follovring step 4b above, open service valve. This places the urit in fastrinse.

b. To place the unit into service at the end of fast rinse, open &Atwatervalve and ckose drain 1:.ne.

POSTOPEHATIONAL CHECKS

1. Check valves and tanks for leaks and cracks.

2. Close all val ves except the backwash valve to drain.

4-20 57u
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OPERATION OF THE DUAL BED DEMINERALIZER

NOTE: Trace flow of water during each cycle and name each component that the waterpasses through.

Service

1. Place the unit into service as follows:

a. Place solo valve in service position #3.

b. Open valve #2.

c. Open valve #I, the hardwater inlet valve and adjust to a maximum flow of GGPM.

2. Assume the bed is exhausted. Regenerate unit.

Preparing Regenerate Solution

NOTE: This step can be omitted if the brine tank contains four or more inch..-brine solution. Furthermore, tbere should be undissolved salt in the t,of the tank.

1. For each four inches the brine level is below its upper level in the tank, add15 pounds of salt to the brine tank. For example, if the brine is clght inches low, add30 pounds of salt.

2. Place solo valve in service position No. 3. Valve No. 1 should be open.

3. Open valve No. 4 and add water up to the "upper brine level", then close.

Regenerating Sodiam Zeolite Unit

1. Backwash (Step No. i)

a. Close valves No. 1 and No. 2.

b. Open vwlve No. 3 momentarily to releaac pressure in tank and then close.

c. Place solo valve on BACKWASH, position No. 1.

d. Control influent by valve No. 1 at 2 LIPM for 5 minutes. then close.

2. Regeneration (Step No. 2)

a. Adjust solo valve for chemical injection and slow rinse in position No. 2.

b. Open valve No. 1. Flow rate is controlled by the solo valve.

c. Open valve No. 4 to permit addition of salt brine to water going through theresin column. Total brine drawdovn 36 four inches and usual time is about 4 minutes.

d. Close valve No. 4 whorl rogeneration is completed.

3. Slow Rinse (Step No. 3)

a. Four minutes after valve No. 4 is closed, begin the slow rinse. Continueslow rinse for 7.5 minutes.

b. Close valve No. 1 after laie 7.5 minutes.

5' 4.
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4. Final Rinse (Step No. 4)

a. Place solo valve in service position No. 3.

b . Fu 1 1 y open val ve No. 3.

c. Open valve No. 1 to give a flow of 2 GPM.

d. Rinse until t cannot be tasteo n effluent and then close valve No. 3.

Service Hun (Step No. 5)

a. Open valve No. 2 on service lir

b. To adjust to the desired maxlmum flow:

service.

Open valve No. 3.

Using valve No. 1, adjust the desired maximum flow of 3 gpm.

Then close valve No. 3. This places the ion exchanger back in

The manual operation of the demineralizer during regeneration will be in four
cycl es.

1. Backwash

2. Regeneration chemical injection - slow rinse)

3. Fast Rinse

4. Service

To obtain these four cycles of operation requires the following steps. Perform
these steps under the supervision of the instructor.

Note that al 1 operations, vxcept the final rinse, are conducted sepaeately on each
column. The valves of this unY are number to coincide with the following
instructions:

STEP 1 - SERVICE

1. Solo-valve No. 1 in "Run' position (Position No. 3)

2. Sol o-val ve No. 2 in "Run" position (Posit 'on No. 3)

3. Open valve No. 13 on service line

4. Control flow with valve No. 9 to 1.5 GPM, maximum 2 GP1A

S. Perform test for exhaustion. If bed is exhrusted, regenerate unit

EILP 2 - SHUTDOWN (End of service run prior to regeneration)

1, Solo-valve No. 1 in "Run" position (Position 3)

2. Solo-valve No. 2 in "Run" position (Position 3)

3. Close valve Nu. 9 and No. 13

4. Open valve No. 12

5. Solo-hridge switch to "Off" position

570
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STEP 3 - BACIMASH

NOTE: a. Start backwash SLOE, increase gradually to prescribed rate.

b. Always have sampling jar under solo-valve drain line;
if resin particles are being discharged, reduce rate.

c. Continue backwashing until water is clear and free of
suspended matter.

d. Anion column first, cation colun second.

Anion Column:

1. Solo-valve No. 1 in "Run" position (Position No. 3)

2. Solo-valve No. 2 in "Wash" position (Position No. 1)

3. Open influent valve No. 9 and backwash at a rate of one (1) gallon
per minute for tcn (10) minutes (or until effluent is clear).

4. Close valve No. 9 at end of backwash.

Cation Column:

1. Solo-valve No. 1 in wash position Posltion No. 1)

2. Solo-valve No. 2 in run position (Position No.

3. Open influent valve No. 9 and backwash at a rate of two (2) gallons
per minute for five (5) minutes (or until effluent is clear).

4. Close valve No. 9 at end of backwash.

STEP 4 REGENERATION (Simulate injection i.1.1

CATION: Wear protective clothing to guard ai4....inst splashing of chemicals.

NOTE: a. Both columns are regenerated v sed separa--ly before the final
rinse.

b. The anion column should be regene the cation column
regenerated.

Chemicals Required:

I. Cation H2504 (66Be) 7.5 lb

2. Anion - NaOH (flake) 6.0 lb

Preparation of Regenerant Solutions:

Acid Tank (Cation bed)

1. Solo-valve No. 1 and solo-valve No. 2 in Run position (position No. 3), allother val ves cl o .

2. Open influent valve No. 9. Open valt.-t .'o. 5, add water until level is 20 inchemfrom top. Close valve No. 9.

3. Add required amount of acid directly to acid tank and mix.

4. Open valve No. 9 and add water until level of solution is 2 inches from top oftank, then close valve No. 9.

J
r7..
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Caustic Tank (Anion bed)_

1. Solo-valves No. 1 and 2 in run position (position 3); all other valves closed.

2. Open valves 6 and 9.

3. Add required amount of NaOH slowly, stirring constantly.

4. FAll tank with water until level of solution is 10-1/2 inches from top.

5. Close valve No. 9.

Regeneration of Units:

Cation Regeneration

I. Solo-valve No. 1 in chemical injection position (position No. 2)

2. Solo-valve No. 2 in run position (position No. 3)

3. Open and adjust influent valve No. 9 for a flow rate of 0.75 GPM (appro:::.P.
30 PSI)

4. Open acid valve No. 5.

5. Close acid valve No. 5 when liquid level is 2 inches from bottom of tank
(suction time approximately 42 minutes)

Cation Slow Rinse

1. Solo-valve No. 1 in chemical injection position (position No. 2)

2. Solo-valve No. 2 in run position (pos...cjon No. 3)

3. Rinse at 0.75 GPM for 7.5 minutes (22.5 gal)

4. Close valve No. 9 at end of 7.5 minucs

Anion Regeteration

1 Solo-valve No. 1 in run position (position No. 3)

2. Solo-valve No. 2 in glow rinse position (position No. 2)

3. Open and adjust influent valve No. 9 for a flow rate of 0.75 GPM (approximately
30 PSI)

4. Open caustic valve No. 6

5. Close caustic valve No. 6 whet: solution level is 2 inches from bottom of tank.
(Suction time approximately 17 min.)

Anion Slow Rinse

1. Solo-valve No. 1 in run position (position No. 3)

2. Solo-valve No. 2 in slow rinse (position No. 2)

3. Valve No. 12 wide open.

4. Valve No. 9 remains open and controls rinse at 0.75 GPM for 5 minutes

5. Close valve No, 9 at end of 5 minutes.

575
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STEP 5 - FINAL RINSE

1. Solo-valve Nc. 1 in run position (position No. 3).

2. Solo-valve No. 2 in run position (position No. 3).

3. Valve No. 12 WIDE OPEN.

4. Set "pointer" of solu-bridge at 50,000 OHM, adjust temperature rheostat attemperature of effluent, turn switch "ON".

5. Open influent valve No. 9.

6. Rinse at 2 GPM until GREEN LIGHT burns continuously.

7. Open valve No. 5 and vaive No. 6 for 10 seconds each during rinse to flushout lines.

STEP 6 - SERVICE RUN

1. Solo-valve No. 1 in run position (position No. 3).

2. Solo-valve No. 2 in run position (position No. 3).

3. Open va3ve No. 13 on service line and close valve No. 12 as soon as valveNo. 13 is opened.

4. Control flow with val'ae No. 9 to 1.5 GPM, MAXIMUM 2 GPM.

Etart-A After Shut Down

If unit has been shutdown overnignt or longer, a short rinse is recommended betoreproceeding. (Step No. 3, Final Rinse)

End of Service Run

When red light shows continuously, the unit is exhausted. Begin again with Step 2Shut Down, and repeat above procedure.

576
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INSTRUCTIONS

EXERCISE

OPERATION OF THE MIXED BED DEMINERALIZER

Normal Operation

1. Open valves E, A, and H with instructor assistance.

2. Check water pressure on the gauge PSI. It should read between 20 and 30 psi.

3. Check water purity by pressing the ohmmeter button. Any reading above 1 million
is good OHM. If below 1 million, regenerate unit.

4. Let unit run for approxiamtely 5 minutes.

T, Shutdown Operation

I. Close valves H, A, and E.

2. Close the main ion exchange water supply valve.

3. Shut down the cation unit you are using and relieve the pressure in the unit with
instructor assistance.

Regenerate if exhausted. If not exhausted the instructor will explain the backwash and
separation procedures as follows:

1. Backwash and separate

Close all valves except (B) an (1/). These valves should be full open. Open valve (H)
until a trickle of water comes out of the drp.in pipe.

After five minutes of this slow flow rate Observe the resin. If there is a slow
movement of the resins in a upward surge, the flow rate is fast enough. However, if
there is no apparent movement in the resin bed, increase the flow rate by adjusting
valve (H). It is very important that the flow rate is not excessive as it will drive
the resin bed completely 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 except (A), (H), and (E). When Slug of resins is
driven down, proceed with backwash and separate cycle for 15 minutes.

2. Regeneration of the Cation and Anion Resin

Preparing the regeneration solutions - fill a 3-gallon rubber bucket with 2 gallons
of softened or demineralized water and stir in 5 pounds of caustic flakes, stirring
until thoroughly dissolved. One gallon of 30 percent muriatic acid is used full
strength for the cation regenerant.

Drawing Up Anion Regenerant

All valves closed, open valves in this order (C) end (C'). Slowly open valve (H)
until the pressure gauge shows 15-20 pounds. Open valve (K) full. This regenerant
cycle should take at least 20 minutes to allow contact time with the anion resin.
Adjust valve (H) accordingly. Close all valves.

3. Rinsing

All valves closed. Open valves in this order (H), (A), and (K). Continue in this
cycle for 20 minutes or until pH of the drain effluent is approximately 8-9. Close all
valves.

4. Regenerating Cation Resin

All valves closed. Place acid draw-up tube in muriatic acid. Open valves in this
order: (D'), (D), (K), and (H). Adjust valve (H) so that acid draw-up takes 10-15
minutes. When acid is drawn up, close valves (D') and (D). Open valve (B), readjust
valve (H) to alightly increase the flow rate. Rinse cation resin in this position for
10 minutes. Close all valves.
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5. Air Mixing of the Resins

(1) To drain water level to approximately 4" above resin bed:

All valves closed. Open valves (V) and (E). Wheh water level is reached,
close (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 necessary. Observe resin for
complete mix. This cycle will take approximately 4 minutes. Close all valves.

NOTE: If resin bed appears too dry and not mixing, add water properly by openingvalve (H).

6. 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 service.

Flow coutrol can be adjusted by valve (H) up to 120 gph or wide oper.

NOTE: If unit shows preliminary exhaustion, go through the air mixing cycle.
This usually adds about 20 percent more to the run cycle.

DFAINERALIZATION

INSTRUCTIONS

Answer the following questions pertaining to the operation of a mixed bdd
demineralizer.

1. What type of resin is used in a dual bed?

a.

b.

2. What test is performed for the exhaustion of the dual bed?

3. What chemicals are used for regenerations?

a.

b.

4. What is the purpose of the slow rinse cycle?

5. What is the purpose of the fast rinse cycle?



6. What is the allowable free-board space required for regeneration?

7. What are the two cycles of operation of the mixed bed demimerallzer?

a.

b-

8. Which step does chemical injection occur?

9. Which valve is closed first and opened last?

10. What would cause the loss of resin during the backwash cycle?

INFORMATION

MAINTENANCE OF ION EXCHANGERS

Daily and routine inspections are a must on demineralizer equipment to keep the plant
operating. Most failures can be prevented by simple inspection and spotting trouble
before it gets out cf hand. Water softener and demineralizer units used by the Air Force
are commercially manufactured by various companies. Manufacturer's manuals should be
referred to for specific units. However, AFR 91-26, Par 6-38i can be consulted for
general information.

EXERCISE III-4-4c

INSTRUCTIONS

Using AFR 91-26, answer the following questions.

1. In a softener unit, how much undissolved salt should be kept in the brine solution?

2. How do you protect the brine measuring tank from corrosion?

3. What maintenance is required on a leaking valve?

4. What setting must the multiport valve be on when lubricating it?

5. How hard should water be that is used for washing zeolite material?



6. What kind of gravel shoul4 be used for the gravel bed?

7. What effect does temperature of raw water have on zeolitea?

8. What is done to remove organic material including bacteria from zeolite beds?

9. What should the purity of the salt used for regeneration be?

10. How do you determine the efficiency of your equipment?

SUMMARY

Ions are electrically charged atoms or groups of atoms. Ion exchange is a
reversible chemical reaction between ions in solution and ions in solid materials.

The process of ion exchange has been known for many years but the commercial use
of the process is very recent. New uses for the materials and new materials are being
developed all the time.

The common ion exchange materials are natural aluminum-silica sand, manmade
aluminum-silica gel, sulfonated coal, and the plastic resins. The resins are now in
most common use.

Sulfonated polystyrene will exchange cations and may be used on the sodium cycle as
NaZ or on the hydrogen cycle as H2Z. As NaZ, it will soften water by removing calciumand magnesium. As H2Z, it will remove all cations and replace them with the H+ ion.
The hydrogen ion ch.snges all salts to acid.

Ion exchange materials are reusable because they may be regenerated. Regeneration
removes the impurities and restores the resin to its former operating state. Regenera-
tion is achieved by "mass action" of an excess of regenerant chemical.

There are two types of anion exchange material, weakly basic and strongly basic.
The weak base material will operate on the hydroxyl cycle or on the chloride cycle.
The 018- cycle is used to dealkalize boiler water.

The quality of demineralized water is checked with a conductivity meter that may be
calibrated in micro-ohms or ohms.
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3770 Technical Training Group
(Civil Engineering Training)
Sheppard Air Force Base, Texas

OBJECTIVES

SW J3A13R56631 000-111-5

MONITOR/OPERATE AND MAINTAIN ELECTRODIALYSIS DEMINERALIZER UNIT

Given information and an electrodialysis demineralizer unit, work as a team to
monitor/operate the unit, with no more than three instructor assists.

Given information and an electrodialysis demineralizer, work as a team to maintain
the unit, with no more than two instructor assists.

INTRODUCTION

ELECTRODIALYSIS DEMINERALIZATION

INFORMATION

Principles of Operation

As you know, most water is a conductor; that is, it will conduct electricity. The

reason for this, is that most water is not pure. Pure water (that is, pure 1120) will
not conduct electricity. For water to conduct electricity, it must contain an acid, a
base, or salt. Water containing an acid, base, or salt is called an electrolyte. When

an acid, base, or salt is put in water, it breaks down into "ions." These ions are
either positively or negatively charged. The positively charged ions are called cations
and the negatively charged ions are called anions. For instance, when table salt (NaC1)

is put in water, it breaks down into positive sodium ions (Na+)and negative chloride
ions (C1-) as shown in the following equation:

in water
NaC1 + CI-

The separation or disassociation of compounds when dissolved in water is known as
ionivttion. When ionization takes place, there are numerous positive and negative ions
floating around in the water, but the total number of positive charges in the water is
equal to the total number of negative charges. Hence, the water or solution, as a
whole, remains electrically neutral. Because of these electrically charged ions, water
is able to conduct electricity. The more ions in the water, the more electricity it will

conduct.

The most common ions found in water in Lppreciable quantities are as follows:

Cation Anion

Sodium
Calcium
Magnesium

Chloride Cl-
Bicarbonate HCO2-
Sulfate SO4=

EFFECT OF DIRECT CURRgNT (DC) POTENTIAL ON IONS. If a DC potential is applied
across a solution of water and salt by means of two electrodes in the solution, 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 as the anode. Figure 5-1 is a
container of sodium chloride and water solution. In this solution, the sodium cations
(Na+) and chloride anions (Cl-) move about at random. Figure 5-2 illustrates the same
solution with a DC potential applied to eler:trodes in the solution. The anions move
toward the positive electrode (anode) and the cation moves toward the negative electrode
(cathode).
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Figure 5-1. Sodium Chloride 5-2. D.C. Potential Applied
and Water to the Electrodes

Typical natural waters contain varying amounts and types of cations and anions.When DC potential electrodes are inserted in these waters, all of the cations willmove in one direction, toward the cathode; and all of the anions will move in the
opposite direction, toward the anode. Thus, the area of water between the electrodeswhere the ions have been removed becomes the purified zone. This ion movement can beused to deionize water, if proper barriers were used to isolate the purified zone,toprevent the removed ions from reentering the purified water.

ISOLATION riF TRE PURIFIED ZONE. There are two types of membranes which can he usedas barriers to isolate the purified zone.

Cation Membrane. A negatively charged membrane which will permit only cations topass through it when DC is applied to the solution.

Anion Membrane. A positively charged membrane which will permit the passage ofanions only.

Three-compnrtment Cell. At the bottom of the unit shown in figure 5-3, 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 elec-trode). In figure A we show no electrical flow; the switch is open. In this situation,the ions will move at random in their respective compartments represented by the letter!A, B, and C at the bottom of the figure. However in figure B, we have closed the switetand introduced a current to the system. The anode electrode is positively charged andthe cathode electrode is negatively charged. The cations (Nal) move toward thecathode and the anions (C1-) move toward the anode. The following action occurs ineach compartment.

CI-

1

AM.

1 A 2 3 C 4
A NO ELECTRIC FLOW

ATHODE

C.2+

A74-

Ci
+

CI

+

1 A 2 8 3 C 4
B ELECTR14; FLOW

Figure 5-3 Three Compartment Cell
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1. Na4 from compartment A tends to move toward the cathode and away from the anode,
but it cannot pass through anion membrane 2 into compartment B, because like
charges repel each other.

2. Nal' from compartment n passes through cation membrane 3 into compartment C and is
repelled by anion membrane 2.

3. Cl- from compartment B passes through anion membrane 2 into compartment A and is
repelled by cation membrane 3.

4. H+ from ionized water in compartment C reacts at the cathode to give off hydrogen
gas and the Na4 ion reacts with the hydroxyl ion left to form Na0H.

5. Cl- from compartment C tends to move toward the anode and away from the cathode,
but it cannot pass through cation membrane 3 into compartment B and is thus
retained in compartment C.

6. Compartment B becomes the demineraltzed water compartment.

7. Chlorine gas is given off in compartment A due to the oxidation of chloride ion at
the anode.

8. Hydrogen gas is given off in compartment C due to the reduction of the hydrogen ion
at the cathode. The action will leave OH- ions in that compartment.

The above actions, using Nit+ and Cl-, to show 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, sul-
fate, or bicarbonate. Now it can be seen how the overall effect has been a demineral-
ization of the central compartment.

If compartments A or C become too concentrated with excessive ions, they will react
with the water to cause scale or corrosion. They will also plate the electrodes and
polarize them.

MULTICOMPARTMENT UNIT. The electric membrane (Elec. Mem.) process can ho used to
remove all types of ions (both ion salts and ion minerals) from water by the use of the
migration of the ions through an ion transfer membrane (in a direct current electrical
field.) These types of ion membranes are very selective as to which ions they let pass.
Some of them will pass only positive ions and some of them will pass only negative ions.

To be of any use, the capacity of the unit must be enlarged. To do this, we add
alternating cation and anion membranes between the electrodes. This type of unit is
shown in figure 5-4. There are five anion compartments and six cation compartments.

The negative electrode (cathode) is at the bottom of figure 5-4. 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 clown. These cations can move only one
compartment after passing through the cation membrane. Cations cannot pass through
an anion membrane and are repelled away from the anode. The cations are not stuck
to the membrane hut are trapped in the compartment. Water forced to flow through
the concentrate streams will wash the cations out of the unit.

In a like manner, the positive electrode will attract all of the anions in an
upward direction. All the anions with anion membranes above them (compartment 3, 5,
and 7) will be able to move up one compartment. After they pass through the anion
membrane, the next membrane which is a cation membrane will stop any further travel
of the anions. 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 they are removing the cations.
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Figure 5-4. Multicompartment Unit

At the bottom of the unit, compartment 1 (with the cathode) will keep the anionsand will gain cations. In this way, as long as the brine flows through the unit,compartment 1 will continually gain cation concentration and introduce a dilute brinesolution. This flushing may also stop the precipitation of salts which would have atendency to coat the cathode itself and partially plug the cation membrane to theright. At the same time that this action is taking place, the cathode is also
attracting positively charged hydrogen /One tO it. These hydrogen ions get an elec-
tron from the cathode and when two of these neutralized hydrogen atoms contact eachother, they form a molecule of hydrogen gas, precautions should be taken here toprevent fire hazards due to the burning properties of hydrq;en gas.

Hydrogen, when vented, leaves behind it a hydroxide (OH-) ion. It is this ionwhich may control the rate or the frequency at which we must flush out the compart-ment. As magnesium and/or iron are positively charged ions, they will be attractedto the negatively charged hydroxide (OH-) ion. Once contact is made between thesepositively and negatively charged ions, due to the low solubility of the resultingcompound, a precipitate is formed, as shown below.

mg++ 2(OH)

Fe+++ 3(011)

Mg(OH)2 I

Fe(OH)3
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Component of Unit

If you know the purpose and function of each component of a system, it then becoms
easier to understand the operation of the system as whole. The operation of the system
is to be considered, but first we will identify and discuss the function of its various
components.

The E.D. unit is designed to produce 500 gallons of product water with a maximum of
500 ppm total dissolved solids (TDS), and 600 gallons of waste water. It is designed to
operate with a feed-water supply pressure of 45 psi minimum and 65 psi maximum, and a
product flush water pressure of 15 psi minimum and 65 psi maximum, and with a
temperature ot 50F.

Its electrical characteristic is 110 volts, single phase, 60 Hertz with a total
connected load of 750 V.A.

MECHANICAL. COMPONENTS. The following items are the E. D. system mechanical compon-
ents and their functions. (See foldout 1 for location of components in the unit.)

1. Hand operated Plug Valve (PV-1) in the raw feedwater supply and product flush water
lines. When open, they hydraulically connect the E. D. system to the raw feedwater
supply and product flush water.

2. Cartridge Filter (CF-1) removes suspended material from the raw water.

3. Cartridge Filter (CF-2) removes chlorine, if present, from water prior to it enter-
ing the membrane stack.

4. Pressure Gauges (PG-1, PG-2, and PG-3) show the pressure across the filters.

5. Solenoid Valve (SOV-1) start and stop raw feedwater supply to the unit during auto-
matic operLtion.

C. Solenoid Valve (SOV-2) opens for a preset period of time when the unit stops
producing water. (It is automatically controlled by the water level in the storage
tank.) The purpose is to flush and purge the system of high concentrations and
goes before a prolonged shutdown.

7. Pressure Reducing Valve (PRV-1) maintains preset pressure at the membrane stack to
compensate for fluctations in line pressure and pressure drop across the filters.

8. Pressure Gage (PG-4) shows stack inlet pressure.

9. Membrane stack (S-1) for water lsalinizatin.

10. Solenoid Valves (SOV-3 and SOV-4) switch product and waste water streams with the
polarity reversal of the membrane stack.

11. Product water rotameter (F1-1) shows desalted water flow rate in gpm.

12. Waste holdup tank (T-1) collects waste flow from the three electrode flush lines
before discharging to the waste drain.

13. Sampling Point Valve (PV-2) is used to control the waste drained from the waste
holdup tank.

14. Ball Valve (BV-2) is used to control the waste drained from the waste holdup tank.

15. Check Valves (CV-2) in the product flush line stops backflow of raw water into the
product flush line.

16. Check figures 5-5 and 5-6 for an actual view of the components of the demincral-
izing unit.
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5. HYDRAULIC CONNECTION
6. MEMBRANE STACK

COMPRESSION TIE ROD

7. SOLENOID VALVES 50V2
AND SOV3

R. ECTIFIER AMMETER

9. MULTKONTACT POWER
CONNECTOR AND CABLE
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Figure 5-5. Interior-Eleetrodialysis
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1 RECTIFIER CONTROL PANEL 11 INTERFILTER (CF 1 AND CF2) PRESSURE PIZ
2 POWER ON-OFF SWITCH 12 AFTER-F1LTER (CF2) PRESSURE INDICATOR P13
3 RECTIFIER FUSE 13 EF FLUENT FLOW METER
A RECTIFIER ON LAMP 14 FILTER CLI HEAD ASSEMBLY

POWER SUPPLY RESET PUSHBUTTON 15 FILTER CFI HOUSING
6 POWER ON LAMP 16 FILTER CF2 HEAD ASSEMBLY
7 OPERATING HOUR METER 17 FILT EP CF2 HOUSING
8 RECTIFIER AMMETER 18 PRESSURE REGULATING V ALVL PCVI
9 DEMINERALIZER CABINET

PRESSURE INDICATOR P14 (INSIDE CABINET)10 FEEDWATER PRESSURE INDICATOR Pll
(FILTER '7E1) NG. 11.1

Figure 5-6. Demineralizing Uuit
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ELECTRICAL COMPONENTS. The following are the electrical components and their func-tions for the E. D. system. See foldout 2 (at the end of this study guide) for location
of components in the system.

1. Power Supply. AC input provides electrical power for control of system operation.
DC output provides power to the membrane stack.

2. On-Off Switch (S1). This switch, when oh, supplies AC power to the system--the
"power on" light will be lit.

3. Automatic remote control switch (a flat switch in the product storage tank) starts
and stops the unit (timer motor).

4. Timer motor (TM1) controls the auomatic operation of the unit. The timer operates
the following contacts: TM1-1, TM1-2, TM1-3, TM1-4, TM1-5, TM1-6 and TM1-7.

5. TM1-1 is actuated for approximately ten seconds every fifteen minutes to energize
the rectifier (DC output) and open SOV-1.

6. Pressure Switch (PS-1). If feedwater pressure is available (45 psi min), PS-1 will
close and bypass TM1-1 for as long as feed pressure is up. The PS-1 switch will
energize relay coil K3, Timer Motor (TM2) and the rectifier indicating light. Tt
will also supply power to one side of TM1 contacts; TM1-3, TM1-4 and TM1-5; and to
the alarm system.

7. TM1-4 and TM1-5 contacts operate every fifteen minutes--one opened and the other
closedthereby changing the position of SOV-3 and SOV-4.

8. TM1-3 contact operates (at the same time TM1-4 and TM1-5) to open for fifteen min-
utes and close for fifteen minatirA, thereby energizing and deenergizing relay coil
Kl.

9. Relay 1(1 is operated to reverse the polarity of the DC power applied to the
membrane stack.

10. Timer Motor (TM2) operates, when PS-1 is closed, to recorl operation time.

11. Relay coil 1(3 is energlzed when P8-1 is closed to start the post chlorinator.

12. Ammeter (MR1) shows the total current drawn by the rectifier and sounds an alarm
when amperage drops.

13. Relay 1(2 is energized through TM1-2 when the float switch stops the unit operation
(high level in storage tank). 1(2 contacts energize SOV-2 throegh TM1-6 and start
motor TH1. At this time, the unit will flush with product water for approximately
three minutes. TM1 will continue to operate until TM1-2 opens, thereby deener-
gizing relay 2 and stopping TM1.

14. The unit will be ready to restart on subsequent call for product water when the
water level in storage tank falls.

Operation

To get the E. D. unit ready for automatic operation, open the plug valves on the
raw feedwater and product flush water lines. Connect the unit to a 110 volt oetlet and
put the switch 5-1 on the console in the ON position. The unit will now operate
automatically in response to a signal from the level controller in the product water
storage tank. It will keep the level of water in the storage tank between 36 and 52
inches.

The water level controller (float switch) in the storage tank will close when the
water level drops to 36 inches. Closing of the float switch actuates the timer motor.The timer motor will actuate the rectifier and supply solenoid valve. However, if the
timer was between cycles at the time of the unit's previous shutdown, the rectifier andsoleno;d valve will not be energized. The time lapse before the rectifier and solenoid
VAIVO wi11 ho ouorrived elm he up to 15 minutes.
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At the end of the elapsed time, the timer motor will energize the rectifier and
solenoid valve for approximately 12 seconds every 15 minutes. This sequence will
continue until adequate feedwater pressure is available to close the pressure switch.
When the feedwater pressure is adequate, the rectifier and solenoid valve will stay
energized by power from the pressure switch; thereby enabling the unit to produce
demineralized water until the water level in the storage tank reaches a high level
of 51 inches. The float switch opens at this high level to deenergize the unit and
return it to standby condition until there is a call for more demineralized water.

During normal operation, the raw water supply, containing dissolved minerals,
flows through filters to remove suspended matter and chlorine from the water prior
to entering the membrane stack. The pressure regulating vlave keeps the influent
water pressure at the membrane stack. The water is channeled through the membrane
stack in two parallel streams. The stream losing ions (impurities) is the product
stream, and the stream gaining ions (impurities) is the waste stream.

At the anode electrode, a reaction takes place to produce chlorine gas and at
the cathode, hydrogen is produced. The waste water stream is always routed through
the electrical compartments for flushing, to keep scale from forming.

The polarity of the membrane stack is reversed every 15 minutes, and at the same
time, the solenoid valves change position to change the direction of the effluent
waters. During the reversal sequence, there is time delay in switching from the waste
water line to product water line. This prevents a "slug" of high TDS water from
reaching the effluent storage tank. The quantity of product and waste water is
approximately equal.

The E.D. unit io equipped with an alarm circuit. Whenever the E.D. unit operating
amperage drops too low, the alarm circuit will energize.

While the E.D. unit is in service,raw water samples are collected daily and tested
for iron and chlorine. Product water is tested for TDS and chlorine.

Design Specification

Production: 500 GPD

Waste: 600 GPD

Product Quality: 500 PPM TDS Maximum

Maximum TDS Removal: Up to 6,000 TDS

Maximum Feed Water Temperature: 100° P

Feed Water Temperature: 50° F

Stack Inlet Pressure: 45 PSI

Instructions

Using the instructions below, operate the electrodialysis demineralization unit.

SAFETY PRECAUTIONS

1. Initially, and each time the unit is moved or dismantled, check the ground
connections before turning on DC power. The skid frame should be grounded
to the building ground.

2. Do not touch wet stack sides or electrode tabs when the DC power is on.

3. Always wear rubber gloves when voltage probing the membrane stack.

4. Never apply DC voltage to the membrane stack when there is no water flow through
the stack.
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5. It is normal for the DC amperes to DROP when the feedwater temperature mops.NEVER increase DC stack voltage as feedwater temperature drops in an attempt toraise amperage to that recorded at the higher temperature UNLESS you have receivedspecific instructions to do so from Ionics.

G. It is normal for the DC amperage to RISE when the feedwater temperature RISES. Ifthe temperature rises less than 10'F, it is not necessary to lower the DC voltagewhen this happens. If the feedwater temperature RISES more than 10'F, the DCvoltage should be lowered until the DC amperage returns to normal UNLESS you havereceived specific instructions from Ionics to the contrary.

7. Never allow oil, organic solutions, solvents, detergents, sewage, nitric acid,bleach or other strong oxidizing agents to come in contact with the membranes andspacers unless directed by an Ionics Representative. Membranes can be DAMAGED ifoperated on a feedwater containing even 0.1 ppm free chlorine.

8. ALWAYS keep membranes wet.

9. When washing down the area, never direct a hose on the membrane stack when the DCpower is on.

10. Feedwater containing Calgon or other hexametaphosphates will cause high memhranestack resistance. Avoid operation when these are present.

DESCRIPTION OF UNIT

This Aquamite unit uses an electrodialysis process to demineralize water. It wasdesigned to produce demineralized water without the necessity of constant addition ofacid to the brine and electrode streams. The long-term buildup of precipitated salts isprevented by periodic reversal of the electrical and hydraulic "orientation" of thestack. Automatically operated valves switch the main feed flow so that "dilute" wateris passed through the manifolds and spacers that formerly conducted brine water, andvice versa. The electrode polarity is automatically reversed: cathodes become anodesand anodes become cathodes.

In this way, no part of the Aquamite unit is exposed to high concentration of brineor caustic electrode solutions for more than 15 minutes at a time.

The Aquamite unit consists of demineralizing membrane stack (or stacks) and powersupply (elements basic to all electrodialysis units) and all the valves, operators,switches, sensors, and circuitry required to carry out the periodic cycle reversalautomatically and efficiently.

Specific components of this Aquamite unit are described in the following pages.

The system consists of the following components:

Membrane Stack for water desalination.

2. POWER SUPPLY Rectifier portion provides DC power to the membrane stack. Controlportion includes provisions for:

3. CF-1, CF-2

4. PG-1, PG-2
PG-3

1) Starting and stopping the unit by an external signal (suppliedby others).
2) Starting and stopping a post chlorinator whenever the unit isoperating. (Optional)
3) Sounding an alarm (supplied by others) when the stack amperagefalls below a certain limit.

Cartridge filters remove foreign material (CF-1) awl chlorine (CF-2)if present from water prior to memhrane stack.

Pressure gauges indicate pressure drop across the filters.

5. PG-4 Pressure gauge - indicates stack inlet pressure.
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G. PRV -1 Pressure Reducing Valve maintains set pressures at membrane stack to
compensate for fluctuations in line pressure and pressure drop across
filters.

7. SOV-1 Solenoid valve shuts off 'dater supply to unit when unit stops automati-
cally (storage full) or manually.

8. PS-1 Pressure switch de-energizes rectifier, closes SOV-1, and shuts down
unit on low feed water pressure.

9. SOV -2 Solenoid Valve - opens fresh water supply to unit for a preset period
of time whenever unit stops automatically (high storage). The purpose
is to flus: and purge the system of high concentration and gases before
a prolonged shutdown.

10. SOV-3,
SOV-4

Solenoid valves for stream switching in sympathy with polarity
reversal.

11. FL-1 Product water rotameter indicates desalted water flow rate in GPM.

12. T-1 Waste hold-up tank which collects waste flows from the three electrode
flush lines before discharging them to waste.

OPERATION OF THE E.D. UNIT

Operating Procedures

Use the instructions below to operate the E.D. unit.

Preoperational Procedures

1. Observe safety precautions.

2. Inspect the unit for any signs of damage or unsafe conditions.

3. Check to see that the unit is connected to a 110-volt outlet and
the switch on the console is in the OFF position.

Operational Procedures

NOTE: Observe safety precautions and follow the instructions below:

1. Open the 1/2" plug valves on the raw and product flush line. This hydraulically
connects the 3D unit to the raw water supply and to the product flush line.

2. Turn both switches on the console to the ON position. This supplies the power to
the unit. The power on light will be lit. Allow 15 minutes for the unit to start
producing water.

3. Fill out the attached log sheet during this performance.

4. If the start contact of the product tank level control (supplied by customer)
indicates a call for water, timer TM1 will start running. This timer will actuate
TM1-1 contact for approxiamtely 10 seconds every 15 minutes. Actuation of TM1-1
would energize Feed SOV-1 to open. If feed pressure is available (45 PSI minimum)
PS-1 contact will close and therefore by-pass TM1-1 contact for as long as feed
pressure is substained. Actuation of either TM1-1 or PS-1 would also energize the
rectifier and its red light would come on indicating the unit is producing fresh
water.

5. The ammeter on the top console will indicate the total current drawn by the
rectifier. The Ionics Field Engineer will establish the proper operating con-
ditions based on water composition, water temperature, unit output, and product
water quality desired. These conditions should not be altered without prior
communication with Ionics, Incorporated.
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The first stage stack voltage is adjusted by changing the transformer tap posi-tions. The tranformer is wired to have coarse taps of 30 volts and fine taps of5 volts. By proper connection of the coarse and fine taps, any voltage from 0-120volts could he obtained in 5 volts increments. The second hydraulic stage voltageis varied hy changing the adjustable resistors R2.4. NEVER ATTEMPT TO CHANGE THEVOLTAGE WHEN POWER IS ON TO THE UNIT.

Every 15 minutes the time TM1-3 reverst,s the polarity of the DC power applied tothe stack. At the same instant the 3-way solenoid valves (S0V-3, SOV-4) in thestack outlet piping hydraulically reverses the stack connections in sympathy withthe polarity reversal so that the product and waste streams can continue to flowto the product storage tank or waste disposal system as the case may he.
At each reversal sequence, the valve (SOV-3 or 4) connected to the stream changingfrom waste to product will have its reversal action delayed hy an adjustableperiod of time to maintain its stream diverted to waste until its salinity dropsto acceptable limits. A feed pressure of 45 PSI has been assumed and the unithas been factory adjusted to allow a delay of forty-five seconds. Rut, because ofvarying feed water pressure, minor adjustments may he necessary upon installation.

On a high product level signal, control is transferred from TR1-13 to TRl-1:.de-energizing the rectifier and SOV-1, therefore shutting off the raw watersupply. Simultaneously relay K2 energizes since TM1-2 contact would be closed.K2-1 contact would close energizing SOV-2 which will open the product flush linesfor as long as TH1-0 is set at (adjustable from 1-5 minutes). TM1-6 is factoryadjusted to 3 minutes which will give adequate water flushing for a product flushline pressure of 15 PSI. TU1 will continue to operate until TM-2 opens, there-fore de-energizing Relay K2 and stopping TM1. The unit will he ready to restarton a subsequent call for water when the product level falls.

O. Take a TDS of both the raw and product water.

1. No further attention is required except for routine maintenance.



LOG SHEET FOR E.D. OPERATION

DATE/TIME
1

FEEDWATER TEMP -6-7

PRODUCTION FLOW RATE

CURRENT (AMPERES5

PRESSURES]
!BEFORE FILTERS

IFTER FILTERS

STACK PROBE RESULTS

HOURS OPERATION

SINCE LAST LOG

REMARKS: Votages

TDS Reading Raw

Product
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EXERCISE III-5a

PART 1

INSTRUCTIONS

Compl ete the following questions. Consul t the instructor if you have any questions.
1. Electrodialysis uses an electric current applied acrosss a/an usinga D.C. potential.

2. The production capacity of the E.D. unit is gal /day.

3. The cations will flow toward the
, and anion wil: flow toward the

4. The unit will waste gal /day.

5. Maximum feed water temperature is 'F.

O. The filter removes turbidity and the fil ter removeschlorine.

7. The stream of deionized water is called water.

8. Every minutes the polarity of the power applied to the stack isreversed.

9. A cation membrane will only permit to pass through.

13. An anion membrane will only permit to pass through.
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PART 2

INSTRUCTIONS

1. In figure 5-7, 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 the membrane.

3. Where the membrane stops the ion, draw a small circle at the end of the line.

4. Fill in the blanks at the bottom of figure 5-7, identifying the streams as follows:

- Dilute stream
- Concentrate stream

Cath - Cathode stream
An - Anode stream

5. Show the pH change and U._ gas formed in the electrode strealus, at the upper left
and right portions of the disgram.

PART 3

APPLICATION PRINCIPLES OF OPERATION AND COMPONENTS OF ELECTRODIALYSIS UNIT

PART 4

INSTRUCTIONS: Match the terms in Column B with statements in Column A. Terms may be
used once, more than once, or not at all.

COLUMN A. STATEMENTS COLUMN B. TERMS

1. Bemineralizes water a. E.D. Unit

2. Maximum product water quality b. 3

3. Maximum TDS removal c. Membrane

4. Length of each cycle d. 2 minutes

5. Wastewater gallons per day e. 600 gal

6. Used at missile sites f. 45 psi

7. Removes chlorine g. 10U6C

8. DC current must pass through this h. 6000 ppm
component

i. 500 gal
9. Minlmum pressure across stack

j. 600 ppm
10. Maximum amount product water

k. 15 minutes
11. Number cycles

1. 100°F
12. Selective to certain ions

m. Cartridge filter 2
13. Maximum temperature unit will take

n. 2

o. Cartridge filter 1

p. Stack

q. 500 ppm
596
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INFORMATION

MAINTENANCE OF ELECTRODIALYSIS DEMINERAbIZER

The electrodialysis unit is used at some SAC Minute Man II and III missile sites,
to produce potable water for the missile maintenance, security, and capsule crews.
When working on these units you should use the manufacturer's manual for the proper
maintenance.

TROUBLESHOOTING AND MAINTENANCE

Maintenance

The only routine maintenance required is to change the filters when their respective
pressure drops reach 10 psi.

Stack disassembly for inspection would be required when high voltage probe indicates
salt deposit and when excessive pressure drop indicates slime deposit. If slime or
deposits are noted, clean membrane with a cloth or soft bristle brush and reassemble.

1. High Probe (check for salt deposits)

2. Excessive Pressure Drops (check for slime deposits)

Troubleshooting

If the E.D. unit does not function properly, the reason could be something as simple
as a loose wire or plugged filter or it could be more serious as a membrane stack
problem.

The following troubleshooting list should be followed and new items should be added
as they are discovered.

1. For any trouble, take a complete set of reading from the operating log sheet
and check those items which are not normal.

2. If the product salinity is high by taste and analysis and the DC amperage is
normal or higher than normal, follow the following procedures.

a. Check the flow rate on the product stream rotameter for higher than normal
rate of flow.

b. If the rate of flow is normal, analyze the feedwater for higher than usual
salinity.

c. If feedwater salinity is higher than usual, disassemble the stack and look
for ruptured membrane.

3. If the product salinity is high and the DC amperage is below normal:

a. Ci.nck for low feecwater temperature.

b. If temperature is normal, probe the stack.

4. If product flow is lower than normal:

a. Check for plugged valves and filters.

b. Check for sliming, scaling and proper alignment of the stack.
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Following the instructions below, perform the necessary test:

Test for Salinity !TDS)
1. Fill container 1/2 full of sample of product water.

2. Select low range probe.

3. Rinse the probe in cylinder of sample.

4. Plug in meter and turn switch to "ON" position.

5. Check temperature of sample.

G. Set temperature control on meter to temperature obtaineJ in Step 5.

7. Jiggle the probes in sample until all of the air bubbles escape through the vent
holes. Keep probes submerged below vent hole level.

8. Turn the conductivity scale knob until the dark area of the eye or null indicator
is at its widest size.

9. Head the meter and record the microhms specific conductivity of sample.

10. Turn switch to "OFF" position and unplug the meter.

11. Rinse the probes in distilled water and store.

12. Use the conversion chart furnished with the meter to convert specific conductance
to ppm NaC1 equivalent. (The E. D. should be producing water with a maximum of 500
ppm TDS.)

THE MEMBRANE STACK

1. DESCRIPTION

The membrane "stack" is so called because it is composed of a large number of
stacked pieces, like a deck of cards. Half of these pieces are spaces and half are
membranes, and the spaces and membranes alternate from the bottom to the top of the
stack. In other words, if ono examines any portion of the stack, he finds a
membrane above and below every spacer (except at the electrodes) and a spacer above
and below every membrane. Two membranes or two spacers should never occur
together.

The Aquamite membrane stack contains six hydraulic stages internally connected
in series and with a total of 100 cell pairs. A cell pair is composed of one anion
membrane, one cation membrane and two intermembrane spacers is a complete, basic
demineralizing element. Metal electrodes which apply the direct current electric
power required for demineralization are placed La the center and at the ends of the
stack. The arrangement is such that these hydraulic stages occur within each
electric stage.

A. The Membranes

The two types of membranes used are called anion membranes and caticn membranes.
They look like woven cloth that has been plastic coated. Each membrane is identi-
fied by printing near one edge. Anion membranes are labelled "Anion" in red ink,
whereas cation membranes are labelled "Cation" in green ink. In general, the color
of the anion membrane itself is amber and the color of the cation membrane is pale
green. Note that each membrane has holes which are called manifold holes. When
the stack components are aligned and compressed between the steel end plates, the
manifold holes form the flow channels for the dilute and concentrate streams.

B. 3.2acers

The intermembrane spacers are molded plastic sheets which also contain manifold
holes. Only two of these are connected to the serpentine flow path in the spacer.
Each spacer is identical but differs in its orientation in the stack. The spacers
in every other cell pair are connected to the mame manifold holes. Careful atten-
tion to aNriant is essential for proper stack operation. The techniques al
stack assembly and disassembly are fully dscribed in the following sections.
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C. Stack Specificatiels

Number of cell pairs: Stage 1 20

Stage 2 17

Stage 3 13

Stage 4 20

Stage 5 17

Stmge 6 13

Number and type of anion membranes: 1CO 111BZL-183

Number and type of cation membranes (4 oz): 94 61AZL-183

Number and type of heavy cation membranes: 8 61AZ11-065

Number and type of spacers: 200 molded 9" x 10"

Number of special electrode spacers: 4

Electrodes: 4 expanded, platinized
Columbium

During troubleshooting it is sometimes necessary to probe the membrane stack.
Use the following directions to probe the Electrodialysis Unit stack.

INSTRUCTIONS

Following the instructions below, perform the necessary maintenance.

Electro-Membrane Stack Probing

1. Precautions

a. Because the probing operation must be done while the stack is electrically
hot, the following precautions should be observed:

(1) Always wear rubber gloves.

(2) Never touch the side of the stack directly.

2. Procedure

a. If the stack side is not completely wet, loosen the compression nuts slightly
to increase the leak rate.

b. If the side of the stack is very dry and encrusted with salt, wet dowu
only when the DC power to the stack is off.

c. Turn DC power on.

d. Locate the triplet voltmeter and set the selection dial at a DC volt range
higher than the voltage on the stack.

e. With the probes spread apart a alight distance, press them firmly against the
side of the stack. If the reading is in the proper direction, the polarity is
correct, if the reading is in the wrong direction, off scale, simply reverse
the leads. This will give the proper polarity position.

f. With the probe leads in the proper position across the first and third stage
electrodes, read the DC voltage. This should be approximately the same as the
rectifier DC output voltage.

g Next, turn the selector dial to the 0-50 range and measure the voltage across
the individual electrodes. This can be done by placing one probe on the elec-
trode and the other probe Slightly below the electrode. This reading should be
in the 1-10 volt range. Anything abnormally higher than this would indicate a
faulty WiTtrode.
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h. Repeat this procedure for the fourth, fifth, and sixth stages and associatedelectrodes.

i. Place the probes approximately 2" apart and take readings down the side of thestack maintaining this constant distance between the probes. If the stack isin normal condition, the voltage drop readings will be approximately equal.Variances + 1 or 2 volts should be ignored. If any section shows a radicallyhigh readilg, it indicates some abnormality in the operation of that particularsection. Mark the side of the stack with a red crayon so that this spot can beinspected closely on disassembly.

NOTE: Because of the different flow charaeteristics oft each stage, thedifferent stages will indicate slightly different voltaga radients
(volts per inch). The decisive criterion of malfunction would bethat the voltage gradient at a point of any stage being differentat some other point of the same stage by more than 2-3 volts.

INSTRUCTIONS

Using the following directions, disassemble and reassemble the membrane stack.

Electro-Membrane disassembly/reasstmbly

DISASSEMBLY PROCEDURE

1. Remove the stack from the container and place on end in a nearby convenientworking location.

2. Loosen the top coapression nuts evenly until they are finger loose, then removethe nuts. The tie rods will remain in place.

3. Remove the top steel end plate and the top PVC end block.

4. Before beginning the actual membrane and space disassembly, the operator shouldwash his hands thoroughly to prevent any bacterial contamination of themembranes.

5. Disassembly of the spacers and membranes can now be done either in sections orpairs, depending on the purpose.

(a) For complete and thorough inspection, the stack should be disassembled in"pairs", that is, one spacer and one membrane together.

(b) If disassembly is for the purpose of investigating a localized troublespot, the atack can be removed in sections.

REASSEMBLY PROCEDURE

The reassembly procedure is the reverse of the disassembly procedure. Someprecautions which should be observed ere listed below.

1. Always alternate anion and cation membranes.

2. Frequently check the alignment of the stack components during assembly toassure that the manifold holes are aligned and that the sides of the stackare straight and true.

3. Do not allow foreign material to enter the stack.

4. Be careful 0 alternate the spaces so that every other spacer is connected tothe same manifold boles. Two adjacent spacers should never be connected to thesame manifold holes.

5. After the top end plate is replaced, retighten the compressi nuts evenly bygradually tightening them in sequence.

0. Replace stack in container.
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SUMMARY

Being able to provide a good supply of pure fresh water is fast becoming one of
mankind's major problems. As more and more people are being born, the demand for
water increases about three times as fast. There is a lot of salty or brackish water
available in different parts of the world, but making it fit for domestic use is a
big problem.

There are several ways of making good water out of bad. Most of these ways are
too expensive to be used. One way that is both effective and economical is to use the
permeable membrane deionizer. This system makes good water out of bad by forcing the
bad ions through a membrane and leaving the good water behind. The source of power
used to force the bad ions through the membrane is DC potential, which is usually
Obtained from a rectifier. In this type of unit, there is no direct chemical reaction
and no need for regeneration as required by some other units.

The smaller the number of moving parts, the less maintenance is required 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 provide efficient operation of the unit. It

must be remembered that a stack has to be assembled properly or it will fail to func-
tion. Specific types of spacers are required adjacent to the electrodes. The anion
and cation membranes which pass only ions, not water, must then be alternated with
spacers between each that are connected to altornate parts separating the dilute
stream from the concentrate or ion gaining stream.



EXERCISE III-5-5b

1. How often is the maintenance performed on the electrodialysis unit?

2. When should the cartridge filters changed on the electrodialysis unit?

3. List the procedures for determining causes of the following problems.

a. Product salinity high and DC amperage is normal or higher than normal.

(1)

(2)

(3)

b. Product salinity high and DC amperage is lower than normal.

(1)

(2)

c. Product flow is low.

(1)

(2)



3770 Tecnical Training Group
(Civil Engineering Training)
Sheppard Air Force Base, Texas

FIELD WATER PURIFICATION UNITS

OBJECTIVES

SW J3A13R56631 000-111-6

Given a sketch of a proposed water point and site selection criteria, locate and
identify the correct site to set up the unit according to TM 5-700. Three of the
four must be correct.

Given a diagram and information related to the ERDLATOR, locate and identify
components. Ten of the twelve statements must be correct.

Using TU 40W4-9-1 and information related to the operation of the ERDLATOR, match
statements pertaining to the operation of the unit. Twelve of the fifteen must be
correct.

Using TO 40W4-9-1, complete statements pertaining to preventative maintenance
procedures and troubleshooting cverational problems of a 600 gph ERDLATOR. Nine of
the fifteen statements must be correct.

Given a diagram and information related to the Reverse Osmosis Water Purification
Unit (ROWPU), locate and identify the ROWPU components IAW T.O. 40W4-13-1. Seven of the
eleven matched components must be correct.

Using T.O. 40W4-13-1 and related information, write the correct procedures used
to perfors.. maintenance on the Reverse Osmosis Water Purification Unit. Six of the ten
procedures must be correct.

INTRODUCTION

This section of your study guide will provide information for military personnel
engaged in field water supply. A field water supply may be used in training exercises,
combat zones, occupation areas, and other locations such as disaster stricken areas.
This section covers water quality, requirements, development of water points and water
purification units. Details on the operation and maintenance of each field unit will be
discussed. Three publications will be used to complete this section: TM 5-700 Field
Water SI:pply; TO 40W4-9-1, Field Water Purification Unit 600 gph; and TM 5-4610-215-10,
Operator's Manual, Water Purification Unit, Reverse Osmosis 600 gph. Chapters and
paragraphs are outlined for your study reference. The soldier's water supply affects
the health and general welfare of that person; the combat efficiency and morale. In
extreme situations, a soldier's limit without water is 16 hours. To supply good quality
water the equipment must be highly efficient and highly mobile.

INFORMATION

PURPOSE OF THE FIELD WATER UNITS

Water that is to be used for field operations must be treated to make sure that it
is free of germs, excessive minerals and organic matter. The water must also be cool,
clean and free of objectionable taste ard odors. Every effort should be made to give
the troops water of very high quality. If little or no water is available, it will have
a very adverse effect on the troops in the field. With the use of a field water purifi-
cation unit, water of good quality can be obtained.

Types of Field Water Purification Units

There are several types of field water purification units that are used to make
water safe for human consumption and palatable for good taste and appearance. These
include the ERDLATUR and the reverse osmosis water purification unit (R0WPU). The types
of ERDLATUR units are as follows: 1/4 GPM hand operated unit, 420 GPH skid mounted
unit, 600 GPH trailer mounted unit, 1500 GPH van type body mounted unit, 3000 GPH van
type body mounted united, 3000 GPH base mounted unit and a 10,000 GPH unit. The ROWPU
unit is a 600 gph skid mounted unit.

The 600 GPH trailer mounted ERDLATOR is used by the Air Force today. This will be
the unit that will be discussed in detail. It is designed to treat 600 gallons of water
per hour or ten gallons a minute. The unit removes both suspended solids and dissolved
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gases from any fresh water source. It is placed in a special purpose cargo body mountedon a 2 1/2 ton 2-wheel trailer. The unit is made up of an ERDLATOR assembly, diatomitefilter, filter pump, chemical feed equipment, pipes, valves, and electrical control.The support equipment includes a three kilowatt gas engine driven generator set, gasengine driven pump, a portable electric driven pump, two 500-gallon water storage banks,necessary hoses and fittings, water testing equipment, and a supply of chemicals. Thisunit can ix either operated on the trailer or can be removed and operated on flatterrain. Figure 6-3 shows the unit and all of the equipment stored on the trailer. The600 GPH skid-mounted ROWPU is also used by the Air Force today. This unit will bediscussed in this chapter.

The unit is also designed to treat 600 gallons of water per hour. The complete 600GPH Reverse Osmosis Water Purification Equipment Set is described in this chapter,although some components are separate units from the complete R.O. set such as, thegenerator set, collapsible water banks, chemicals and support equipment and supplies.Figure 6-3 shows the unit and all of the equipment stored on the trailer.

WATER REQUIRED TO MEET SPECIFIC NEEDS

Personnel in the field need water which is both potable and palatable for cooking,cleaning, bathing and drinking. To insure that the water is safe for treatment, theselection of the site is important. The procedure that is used in the selection of asite will be covered in the following topics:

Water Needs, TM 5-700

Selecting Raw Water Sources, and points; TM 5-700 Chapter 4, Sections 1 and 2.

Perform Stream Survey

This study guide does not cover all of the information on this subject. A copy ofTM5-700 is to be obtained and researched for complete details.

Water Needs

The table below shows how much water is rneded for troops in the field undercertain conditions.

Daily Water Requirements

1 2 3 4

Unit
Consumer

Conditions
of use

Gal per unit
Consumer per day

RemarksTemper-
ate Cold

Desert/
Jungle

Man In combat:
Minimum

Normal

March or bivouac

Temporary camp

1/2-1

2

3

2

5

2-3

3-4

6

5

For eating and
drinking only,
periods not to
exceed 3 days.

When field ra-
tions are used.

Drinking plus
small amount for
cooking or per-
sonal hygiene.

Minimum for all
purposes.

Desirable for all
purposes (does
include bathing).

Table 6-1. Water Needs
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Daily Water Requirements

1 2 3 4

Unit
Consumer

Conditions
of use

Gal per unit
Consumer per day

RemarksTemper-
ate/Cold

Desert/
Jungle

Vehicle---

Hospital

Temporary camp
with bathing
facilities

Semipermanent
camp
Permanent Camp

Level and rolling
country

Mountainous coun-
try

Drinking and
cooking

Water for water-
borne sewage

15

30-60

60-100
1/8-1/2

1/4-1

10 per bed

50 per bed

Includes allow-
ances for water-
borne sewage
system.

Depending on size
of vehicle
Depending on size
of vehicle
Minimum; does not
include bathing
or water for
flushing.
Includes water
for medical per-
personnel.

Table 6-1. Water Needs (Contdd)

6alecting Raw Water Sources

A good water source is one that is of sufficient quantity to meet the needs and of
such quality that it can be approved for treatment by the field water purification unit.
A water source that is for military use is known as a water point. Water sources will
fall into two categories, surface and ground water. Surface water includes streams,
lakes, rivers and ponds. Ground water includes wells and springs. Surface water
sources are very easy to find and use, as compared with ground water sources. Normally,
surface water sources are used for water points.

Stream Survey

To choose a water point, a stream or water survey is done. An environmental support
2pecialist and a person from the base surgeon's office is responsible for the selection
of a raw water source. When performing a stream survey, make a sketch of the site and
any other facts of importance.

Water Points. There are several things that are to be considered during the selection
of a water point. These are:

1. QUANTITY OF WATER. Make sure that there is t sufficiert amount of water
available.

2. QUALITY OF THE WATER. The water must be of such quality that it can be readily
purified with the field water purification unit. If kits are available take tests on
pH, chlorine demand and presence of chemical agents. If you do not have a kit, make
close observations on the following characteristics:

- Color
- Turbidity
- Odor
- Taste (use with caution)
- Possible sources of pollution
- Condition of vegetation around source; dead or mottled
vegetation may indicate the presence of chemical agents

- Presence of dead fish, frogs, etc.
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3. ROUTES OF COMMUNICATIONS. A good water point must not be hard to pet to byvehicles and personnel. First, a good road net with turn around and a good parking areais needed. Second, the water point must have good cover and concealment. The siteshould be located on a through road that can hold very heavy loads.

4. SITE CONDITIONS. When two or more sites have met the above requirements, the
choice of a water point is based on the following site conditions.

a. DRAINAGE. The site must be on high ground that is porous to prevent it from
becoming excessively muddy or swampy when it is being used all of the time.

b. SECURITY. The site shall be a safe distance from artillery and aerialtargets. The site will be safe against any ground attacks and sabotage of storage
facilities.

c. BIVOUAC FOR PERSONNEL. The bivouac area for the water treatment personnel
must be close to the unit in case of an emergency, yet far enough from the unit to
maintain proper sanitation of the water source. The bivouac area will be downstreamfrom the water source.

Read additional information about water requirements, selecting raw water sources,and stream survey which are found in TM 5-700 starting on pare 3, paragraph 3 and 4;paragraphs 8 and 9; paragraphs 25, 26 and 27; and page 141-142, table 1. Also read
Development of Water Points, page 41-48, Section II.

Lyster Bags

Lyster bags are used to store and dispense treated water to tbe troops in the field.Water is transferred to the bag by a water tank on a trailer. The Lyster Rag holds 30
gallons of treated water and is made of canvas. This porous canvas permits the seepageof water and cooling by evaporation. The bag has a cover which fits snugly around theupper part to prevent the contamination of the water by dust and Insects. The bags areissued to units on the basis of one per hundred people. These hags should be inspected
frequently for cleanliness.



EXERCISE III-6-6a

PART I

INSTRUCTIONS

Using the information from your study guide and TM 5-700, complete the following
statements pertaining to the development of water sources.

1. Development of a water source includes all work which increases the

and improves the of the water.

2. in developing a source,

and other similar improvements :f).y be used to increase the

and of the water.

3. Water at inlet points should be and
possible.

4. For normal field water supply,
most accessible type of water source.

aS

is the

5. When a stream is too shallow to allow :ufficient water coverage above the intake

strainer, a

or

should be made, and the screen laid on a

for support.

6. The level of water in a stream can be raised to cover the intake screen by making a

7. A can be made to support the intake screen and hose.

8. A can be mEW3 to prevent or reduce the mud and silt,
improving the quality of water intake.

9. In desert regions water may be found in

6 0 "4
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INFORMATION

PRINCIPLES OF OPERATION OF THE EROLATOR

The 600 GPH (gallons per hour) field water purification unit (figure 6-2) andaccessories are assembled in a special purpose cargo body mounted on a 2-1/2 ton,2-wheel trailer chassis. The cargo body is specially designed to carry all of themajor components, consisting of an EROLATOR assembly; a filter section with onefilter; a gasoline engine-driven, 3-kilowatt generator; chemical feed equipment;raw water pump; distribution pump; electrical control box; and the necessary hoseassemblies and chemicals.

This unit has two five hundred gallon collapsible tanks that are used to storethe good water. This unit is designed to be used by troops in the field. It is smalland can be carried by most aircraft. The four basic steps that are used to make goodwater out of bad water dre coagulation, sedimentation, filtration, and disinfection.The main chemical is put in water, it joins with the alkalinity in the water to form asubstance known as floc. When first formed, the floc is very small and looks like fogin the water. After mixing the floc, it forms into a clump and traps the fine part-icles in the water. This causes them to drop or settle out. If the water does not haveenough alkalinity it is necessary to add some limestone to the raw water. The additionot limestone aids in minimizing floc carry-over to the filter by "weighing" the flocproduced in the sludge blanket zone of the field water treatment unit.

Plain sedimentation is not ordinarily used in field water treatment because the longperiod required for complete settling would call for an impractical number of settlingtanks. However, in emergency situations, such as taking water from a swift-flowingstream which is heavily silt laden, special sedimentation tanks may be sot up as a firststep. This initial removal of turbidity reduces the load on the coagulation and filtra-tion steps of the wkter treatment process and the frequency of filter backwashing isreduced. Filtration consists of passing the water through some porous material toremove the suspended impurities.
Filtration is one of the oldest and simplest proce-duras known to man for removing suspended matter from water and other fluids. The mosteffective and portable filtration system in existence is the diatomite filter unit. Inthe diatomite/filter, water is passed through a layer of diatomaceous silica, alsocalled diatomaceous earth, which consists of skeletal remains of minute algae (diatoms)found in marine deposits that have lifted above sea level.

The diatomite type filter accomplishes highly efficient filtration. Properlyoperated diatomite filters are capable of removing from coagulated and settled water,amoebic cysts, the cercariae of schistosoaes, and approxiamtely 90 percent of thebacteria, as well as producing water with less than one unit of turbidity. Wheneverworking with the field water purification unit, follow the safety rules in TO 40W4-9-1.
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Components and Their Purpose

The 600 GPH field water purification unit is made up of the following components:

ERDLATOR TANK. This tank is a circular
funnel-shaped unit which is of one piecealuminum construction. This tank has a capacity of 245 gallons.

AGITATOR DRIVE MOTOR. It is an electric motor used to drive bon the agitatur driveshaft and slurry air pump.

SPEED REDUCER. It reduces the speed froel che agitator drive motor to the driveshaft.

AIR PUMP. It is used to furnish air to both of the chemical slurry feeders.

BRIDGE RAIL. Two aluminum rails are attached to the top of th Erdlator tank; theserails ate used to support the drive motor, speed reducer, and air pemp.

INFLUENT FLOW CONTROLLER. When raw water first enters the unit, it passee throughthe influent flow controiler. It is an orifice designed to allow only ten gallons efwater per minute to pass through.

ASPIRATORS. These spray nozzles remove any dissolve gases that may be present inthe raw water.

INFLUENT LAUNDER. It collects the water after passing through the aspirators. Itallows this water to overflow into the downcomer tube.

DOWNCOMEH TUBE. Also known as the mixing zone. It is a tube located in the centerof the erdlator tank. This tube allows the mixing of raw water witn chemicals.

AGITATOR SHAFT AND DISCS. It consists of a shaft with four circular discs. Thesediscs mix the chemicals and water in a clockwise rotation.

BEARING SUPPORT. this bearing is water lubricated and is at the bottom of theagitator shaft.

BAFFLES AND RAFFLE RING. It Is a ring near the bottom that is attached to theerdlator tank with a series ni short baffles which support the downeomer tube. neseshort baffles deflect or reverse the flow of water.

SLUDGE BLANKET ZONE. It is located in the lower section of the erdlator tank. Thiszone contains all of the floc that has settled out.

CLEAR WATER ZONE. It is located in the upper section of the erdlator tank. Itcontains the clear or coagulated water.

EFFLUENT LAUNDER. It is a continuous trough which collects the clear or coagulatedwater in the clear water zone.

WET *ELL TANK. This tank provides for the limited etorage of coagulated water andserves as a sump for the suction of the filter pump.

WEIR BOX. Inside the weir box a draw off port allows excess slurry to flow into theweir box which takes this slurry or sludge to the sludge concentrator tank.

SLUDGE CONCENTRATOR TANK. This tank acts as an auxiliary clarifier which providessome additional clear water to the wet well tank.

SLURRY FEEDER. Tnis unit has two compartments that are the same. One compartmentsupplies limestone and activated carbon to the downcomer tube and the other one suppliesdiatomite to the suction inlet of the filter pump.

SOLUTiON FFEDER. It is made up of two diaphragm pumps operated by one electricmotor. This pumps ferric chloride and calcium hypochlorite into the downcomer tube fromtwo pails.
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FILTER PUMP. The pump Is a centrifugal type pump. It is used to pump clear water
fran the wet well to the diatanite filter. It has a capacity of ten gallons per minute.

PIPES AND FITTINGS. The piping used on the unit is color coded. Black is for raw
water, yellow for clear s,ater, green for filtered water, and red for waste water.

ELECTRICAL BOX. The hox on the unit holds all of the electrical components that are
usud on the unit.

The equipment that is used to support the operation of the unit is as follows:

DIATOMACEOUS EARTH FILTER. This type of filter uses diatomaceous earth. The filter
is made up of the filter housing, precoat funnel, influent and effluent gauges, air
release valve, filter elements, wash ring and rate of flow controller. The filter will
remove any of the suspended matter that did not settle out.

GENERATOR. A 3-kw gas driven generator is used to provide power to the unit.

RAW WATER SUPPLY PUMP. The pump is the same type of pump as the filter pump. It is
used to pump raw water from a lake or stream to the field water purification unit. It

also pumps at a rate of 10 GPM.,

WATER DISTRIBUTION PUMP. This pump is used to pump filtered water from the storage
tanks to water trucks and tanks.

STORAGE TANKS. Two collapsible rubber tanks are used for the storage of filtered
water.

STRAINERS AND HOSES. Strainers are used to keep large objects from entering the
hoses. The hoses are used to allow water to flow from one place to another.

TEST EQUIPMENT. The chlorine residuat test comparator is the only test equipment
that will be with the unit.

Chemicals that are used on the field water purification unit are:

FERRIC CHLORIDE as a coagulant.

CALCIUM HYPOCHLORITE as a disinfectant.

DIATOMACEOUS EARTH as a filter aid.

ACTIVATED CARBON us an absorber to control bad taste and odors.

PULVERIZED LIMEVTONE add salkalinity.

Read additional information on the purpose, components, support equipment and
chemicals on the 600 GPH Unit in TO 40W4-9-1 on pages 3 to 10, Section II, paragraph 3.

OPERATION OF FIELD WATER PURIFICATION UNIT (ERDLATOR)

Pre-operational Inspection

The field water purification unit is set up and ready for operation. You must, as
an operator, inspect and service this unit before you start it up, to make drinking
water. Some of the things that are inspected on the unit are: all of the main parts of
the unit, support equipment, tools, and chemicals. Servicing would include lubrication
of specific components on the unit, preventive maintenance services, cleaning of unit,
and checking any other parts of the unit which have not been looked at earlier. Read
the more detailed checklist of inspecting and servicing the unit found in TO 40W4-9-1,
page 26, parltgraph 9b and page 35, para 11b. Do not read para. 17 and 48 at this time.

Pre-operational Procedures

The first item that is done i the preparation of the ferric chloride and calcium
hypochlorite solutions. The chemical Slurry feeder compartment is then filled with raw
water. Next, all of the valves are positioned according to TO 40W4-9-1.
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Operating Unit

The generator is
water. The chemical
is one foot of water
air is agitating the
gets to the effluent
information found in

inspected and then started. The raw water pump is primed with rawsolution feeder is primed, rate set and then started. When therein the ERDLATOR tank, the agitator drive motor is started. Whenwater in the slurry feeder, add limestone to it. When the waterlaunder, the efflent launder should he adjusted. Read additionalthe TO on page 54 to page 60 and pages 4g and 49, para 29b.
Raw water is pumped directly from the source into the ERDLATOR assembly. It isintroduced at the top of the ERDLATOR into the influent launder through the aspirators,which aerate the water. The water overflows from the influent launder into the mixingzone, where chemicals are added; ferric chloride, pulverized limestone, and caleiumhypochlorite. When activated carbon is needed for a special purpose, such as decontam-ination or removal of taste or odor, it is also added here with the pulverized lime-stone.

As the water and chemicals descend through the mixing zone, they are thoroughlymixed by the motion of four flat circular disks located at equal intervals on therotating agitator shaft, at the center of the coagulator. This flow is a downwardrotation. At the bottom of the coagulator are shallow baffle which deflect the flow andreverse the flow of water.

The baffles direct the water into the clarification zone, the conical shaped areawhich surrounds the mixing zone. The water is forced downward in a counter-rotation ata reduced speed but continues with sufficient velocity to keep the slurry pool,rotating. The coagulants draw the solids into increasingly large particles which,because of their weight tend to rise more slowly than the clear water which goes to thetop of the clarification zone. These actions which take place in the mixing zone andthe clarification zone illustrate the term "solids contact" and "upward flow", used todescribe the continuous flow in water purification units.

There is a distinct separation of the clear water in the separator zone and theslurry in the clarification zone. At the top of the separator zone, the clear water iscollected by the effluent launder and is continuously drawn oft and discharged into the"wet well" tank. There it is stored until it is delivered into the filter. Residesprovidng space for clarified water, the wet well tank also acts as a sump for the filterpump.

The sludge concentrator tank is attached externally to, and at one quadrant of theERDLATOR. The sludge concentator tank funcitons as a small auxiliary clarifier. Itdraws slurry, still in the flocculent state, from the clarification zone, and provides alonger holding period for slurry concentration than does the clarification zone itself.The sludge concentrator tank also permits settling of sludge to the bottom of the tankfor continuous or intermittent drainage to waste, and skimming of clear coagulated waterat the top of the tank foi' return to the wet well. So far the water has been subjectedto the processes of coagulation, flouceulatior sedimentation, and chlorination, by onecontinuous flow process. Further purification of the water is necessary. Remainingsuspended solids must he removed by filtration.

Operating Diatomaceous Earth Filter

When the wet well tank is full and the water looks clear, the diatomite filter isput into operation. This is done first by positioning all of the valves. Uld adiatomite slurry to the pre-coat funnel and turn the filter pump on. While water ispumped into the filter, air is escaping from a vent valve. This is done until watercomes out, then the valve is closed. The water is then recirculated from the filterto the wet well tank, then back to the filter. This will put a fine coat of diatomiteon the elements. When the elements are coated properly, valves are repositioned tofilter water (produce clear water). The other slurry feeder box is filled with clearwater and diatomite is added to lengthen the filter run.
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Filtration and backwash procedures: A slurry of diatomite and water is introduced
into the filter to precoat the system before the filter is put into operation. The
diatomite is held and supported on the filter element by a pressure difference between
the inside and outside of the filter element. The diatomite cake is maintained by the
continuous addition of a small amount of diatomite into the slurry feeder. When the
water pressure on the filter pump increases as compared to the low rate the filter is
clogging and backwashing is necessary. To do this the air release valve is opened. The
air pressure under the filter dome is thus suddenly released, allowing the air in the
filter dome to escape and allowing the air in the filter elements to expand with the
effect of a blast which knocks the diatomite and foreign matter off the filter elements.
This is called backwashing by the air pump method. After the filter has been backwashed
and drained, the filter pump should then be used to flnsh the filter before the unit is
again precoa'ted and put into operation. Read TO 40W4-9-1, pages 49 to 51, para 29c,
Filtering Process.

There are several things that you will do while operating the field water purifica-
tion unit. One of the first steps that will need to be done is the recharging of the
chemical feeders. The slurry feeder needs to be recharged every hour. A timer will go
off when the hour has passed. The solution feeder is recharged when the pails that con-
tain the chemicals are low. The TO will tell you how much of each chemical to add. If
the slurry blanket in the erdlator tank looks like it is going too fast, you must take
corrective action. The slurry level must be kept at the draw off port and any excess
slurry will be drawn off to the sludge concentrator tank. When this small tank is full,
a valve is opened to waste. One of the main things that needs to be done is the back-
washing of the filter. The filter is backwashed when:

The effluent pressure gauge drops down to five psi.

Large areas of the elements are not covered with diatomite.

The suspended solids are not removed from the filtered water.

The flow has stopped.

The backwashing steps are found in the TO. If these things are not done as the TO
requires, the quality and even the quantity of water that you want to make will be
affected. So it is very important that you follow these steps.

Shutdown of Unit

When you need to shut the unit down and move, a step by step procedure is found in
the TO 40W4-9-1 on page 65 and 66 paragraph 33 and 34. Read this section before
proceeding any further.
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EXERCISE III-6-6b

PART I

INSTRUCTIONS

Identify the components of the following diagram by listing
component accoridng to the figure item number. See figure 6-4.

Figure Item Number

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15
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pruceaureS: A slurry of diatomite and water is Introducedinto the filter to precoat the system before the filter is put into operation. Thediatomite is held and supported on the filter element by a pressure difference betweenthe inside and outside of the filter element. The diatomite cake is maintained by thecontinuous addition of a small amount of diatomite into the slurry feeder. When thewater pressure on the filter pump increases as compared to the low rate the filter isclogging and backwashing is necessary. To do this the air release valve is opened. Theair pressure under the filter dome is thus suddenly released, allowing the air in thefilter dome to escape and allowing the air in the filter elements to expand with theeffect of a blast which knocks the diatomite and foreign matter off the filter elements.This is called backwashing by the air pump method. After the filter has been backwashedand drained, the filter pump should then be used to flush the filter before the unit isagain precoated and put into operation. Read TO 40W4-9-1, pages 49 to 51, para 29c,Filtering Process.

There are several things that you will do while operating the field water purifica-tion unit. One of the first steps that will need to be done is the recharging of thechemical feeders. The slurry feeder needs to be recharged every hour. A timer will gooff when the hour has passed. The solution feeder is recharged when the pails that con-tain the chemicals are low. The TO will tell you how much of each chemical to add. Ifthe slurry blanket in the erdlator tank looks like it is going too fast, you must takecorrective action. The slurry level must be kept at the draw off port and any excessslurry will be drawn off to the sludge concentrator tank. When this small tank is fuli,a valve is opened to waste. One of the main things that needs to be done is the back-washing of the filter. The filter is backwashed when:

The effluent pressure gauge drops down to five psi.

Large areas of the elements are not covered with diatomite.

The suspended solids are not removed from thn filtered water.

The flow has stopped.

The backwashing steps are found in the TO. If these things are not done as the TOrequires, the quality and even the quantity of water that you want to make will beaffected. So it is very Important that you follow these steps.

Shutdown of Unit

When you need to shut the unit down and move, a step by step procedure is found inthe TO 40W4-9-1 on page 65 and 66 paragraph 33 and 34.
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INFORMATION

Preventive Maintenance and Troubleshooting

The maintenance of the upflow clarifier will be covered in two a;eas. Daily main-
tenance requirements and quarterly preventive maintenance service.

Daily Maintenance

These are task that must be done daily. These tasks are listed below with a brief
explanation of each. You should use TO 40W4-9-1, Section III Preventive Maintenance
Service for a more detailed explanation.

You will be given a copy of TO 40W4-9-1 to learn the following tasks:

VISUAL INSPECTION. Inspect for leaks, loose connections, any physical damage that
may have occured since the unit was last used.

OIL. Check the oil level in each engine crank case.

DRAIN LINES. See that all drain lines are securely connected and not damaged. Make
sure that the waste water is disposed of so it will not interfere with the operation of
the unit.

UNUSUAL NOISES OR OPERATION. Inspect the electric motors for overheating. Inspect
all drive bolts to see if they are slipping. Cheek for any unusual noise that may indi-
cate an operational problem.

LEAKS. You should inspect all hoses, connections, tanks, pumps, piping, and pipe
fittings for any leaks.

CLEAN EQUIPMENT. Remove any oil, mud, grease, chemical or other foreign matter from
external parts of the unit with clean cloths.

FILTERS AND TANKS. The operator should backwash the filters when the gauges show
that it needs to be done. The storage tanks are checked for cover and security.

WATER TREATMENT EQUIPMENT. Drain and clean all parts of the unit on a regular basis.

Quarterly Preventive Maintenance Services.

Quarterly means every ninety (90) days. This section of the TO has the greatest
amount of detailed maintenance required on the erdlator. The following tasks below are
only a brief explanation of each. You will be given TO 40W-4-9-1 to perform your main-
tenance. Before operation you must inspect the unit.

LUBRICATION. Check all lubrication fittings and lubricate if needed with the speci-
fied grade of lubricant.

APPEARANCE. You must inspect the general appearance of the unit, check all mark-
ings, paint and cleanliness of the unit.

HOSES, PIPING, VALVES AND TANKS. These must be inspected for loaks and corrosion.
Any part that is damaged or defective must be replaced.

CHEMICAL FRED EQUIPMENT. inspect all of the different types of feed equipment that
is being used. Check all of the main parts of these fenders for condition. Any part
that is damaged or defective should be replaced.

FILTER AND FLOW CONTROLLER VALVES. The operator must check for any loose connec-
tions. Open and close all valves to see if they opemte freely. You should check the
proper flow rate of both the fllter rate controller and the non-adjustable raw wuter
controller valve.

FILTER ASSEMBLY. The operator will inspect for the following: dirty filter, leaky
gaskets, broken window or elements, loose connections, insecure mounting and pressure
gages.



DIATOMITE FILTER AIR RELEASE VALVE. The operator must inspect for any loose connec-tions and signs of leakage near the flange bolts. You should tighten all loose connec-tions and replace the air release valve if it is defective.

ELECTRICAL CONTROL BOX AND CONTROLS. The Operator should inspect the control boxfor insecure mounting. Inspect the warning buzzer, indicating light toggle switch,indicator light, receptacles, circuit breakers and transformer for damaged or defectiveparts.

LOW WATER LEVEL FLOAT ASSEMBLY AND EFFLUENT LAUNDER. The operator should inspectthe wet well float assembly effluent launder adjusting rods and connecting tube, betweenthe wet well and effluent launder for damage or cracks. You should tighten all looseconnections and replace all defective parts.

CHEMICAL SLURRY AIR PUMP. The operator should check the air lines for damage andlooso connections. Inspect the air pump for misalignment to the speed reducer, insecuremounting, lenks, nud dirty filter element. You should rep.:1r, replaee, Henn, (o.tighten any component as needed.

AGITATOR DRIVE MOTOR. The operator will inspect for any misalignment between themotor and speed reducer, and for loose bolts on connections. You should listen forsigns of worn bearings. The drive pulley is inspected for damaged parts. You shouldreplace, tighten, or realign any component that is in need of maintenance.

LOW WATER LEVEL SENSITIVE SWITCH. The operator should inspect for loose connectionsand proper operation. You should clean, repair or replace any part as required.

SPEED REDUCER. The operator must inspect the speed reducer for loose connectionsand the drive belt for cracks and proper adjustment. The belt should have one inch ofslack at a point midway between the pulleys. Remove and replace the drive belt andpulleys if they are defective.

RAW WATER AND FILTER PUMPS. The operator must inspect both pumps for loose mount-ings, corrosion, cracked housing, leaky seals, and damaged motor brushes. Tighten orreplace any components as needed.

Read additional information in TO 40W4-9-1, pages 80 thru 85, para 47, 48, and 50.

Troubleshooting

During the operation of the ERDLATOR, many operational or mechanical problems mayoccur. The unit is usually in operation for most of the day or even the full 24 hours.Several days may elapse before shut down is practical. Continuous running of equipmentwill usually result in some type of maintenance requirement or malfunction. If for noother reason, the characteristics of the water source may change requiring you to adjustthe chemical feed rates or filter run.

General troubleshooting information is located in TO 40W4-9-1, pages 85 thru 89,Section IV. Read this portion of the TO for further information.
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FXFRCINK III-6-0c

PART 1

INSTRUCTIONS

Using TO 40W4-9-1, fill in the blank spaces in the incomplete statements that
pertain to preventive maintenance services.

1. Operation of the ERMATOR must be
noticed which would damage the equOment.

2. Visual inspection for

should be performed daily.

3. Start the generator to see if the ERDLATOR is

, and

if a deficiency is

4. During operaton of the ERDLATOR the electric motor should be checked fur

strainers for

, the speed reducer drive belt for , and the pump

5. During operation of the ERDLATOR, items to be checked for water leaks are:

and

6. The D.E. filter should be
elements have stopped.

when the water flow through the

7. After operation t;:e water treatment equipment should be and

-----------------

8. A good method to inspect a fire extinguisher for insufficient charge is by

and it by sound and weight.-----------------

9. The chemical feed equipment should be inspected for and a

10. To check the adjustable flow control valve for proper feed, set the valve at a

of flow and

of the valve.
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PRINCIPLES OF OPERATION OF THR REVERSE
OSMOSIS WATER PURIFICATION UNIT (ROM)

Principle of Reverse Osmosis

OSMOSIS is a process which occurs in nature with all plants and animals. Osmosis isthe process which occurs when there are two water solutions, one is high in Folids andthe other is low in solids. These solutions are separated by a membrane that will allowonly the water c.olecules to pass through. The water that has a low contration of solidswill flow toward the side which has a high concentration of solids. This osmotic pres-sure will equalize the dissolved solids on both sides of the membrane. Figure 6-7 showsthe osmosis process. The movement of water through a permeable membrane from an area oflesser concentration to an area of higher concentration to equalize the concentration ofthe water on both sides of the membrane is called osmosis.

FRESH W ATER SALTY WATER

COSA -014

Figure 6-7. Osmosis

In the reverse osmosis process, pressure is applied to the water which is high indissolved solids. This pressure forces this water through a semi-permeable membrane.This membrane allows the water to pass, but not the soiids. The water on the other sideof the membrane has little or no dissolved solids present. Figure 6-8 shows the reverseosmosis process.

CNA 00$

Figure 6-8. Reverse Osmosis

A reverse osmosis unit can remove 90 to 98 percent of all the dissolved solids and99 percenf 'A all the organic material in the water.

The semi-permeable membrane that used in removing the dissolved solids from thesalt water is made up of cellulose acetate and is only five thousanths of an inch thick.The membrane has two distinct layers. One layer is a spongy porous material which makesup 98.8 port:era of the minnhrane. This was found to be highly permeable to toth salt andwater.

The second layer of the membrane is only ten millionths of an inch and actuallyseperates the salt fma the water. When the water molecules reach this second layer,they actually dissolve into the membrane material, then diffuse or migrate through It asindividual molecules and go into solution on the other sido. The dissolved salt travelsthrour,h Iho memratto al a rat that Is much slower than the water. Thls Is du to thesolubility in the membrane material which is lower and because the mobility as dissolvedmolecules in the membrane is not as great as the water.
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TYPES OF REVERSE OSMOSIS UNITS

There are two types of reverse osmosis unite used at this time. They are the spiral
module and the hollow fiber tube unit. The spiral module unit will be covered in the
following paragraphs.

SPIRAL MODULE MIT. This unit is made up of two layered membrane with a porous
backing material between the layers which forms a sandwich. A perforated plastic pipe is
placed at one end of the sandwich. The edges of the membrane are sealed with the porous
backing material inside the resulting envelope. The edges of the membrane are sealed
around the plastic pipe enclosing the porous material inside.

This membrane envelope, and a mesh spacer, is then rolled up onto the plastic pipe
to produce a CoMpact unit so that it will fit into a simple tubular pressure vessel.

At the open ends of the roll the mesh spacer creates a gap that will allow the feed
water to pass axially Vie.-)ugh the roll. As the pressurized water flows through the mesh
spacer passages, some of this water permeates or passes through the membrane and
collects in the porous backing within the sealed envelope. The weter spirals inward
along the backing material to the center, out of the envelope through the pipe perfora-
tions, through the pipe and out of the module. As the water permeates or passes through
the membrane the remaining feed fluid becomes more concentrated. This concentrated feed
fluid continues to flow axially through the roll and emerges through the mesh spacer
gaps at the other end. Figure 6-9 shows a typical spiral module unit set up.

SPIRAL WOUND REVERSE
OSMOSIS

MCKIM
WATER

Figure 6-9. Typical Spiral Module
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HOLLOW FIBER TUBE TYPE UNIT. This unit has approximatel! one million fibers bundledin a permeator or plastic pipe. Each fiber is approximately the same size as a humanhair. Figure 6-10 shows a hollow fiber.

Ring

PERMEATOR

TYPICAL CROSS SECTION

aina00.1 Vow Solos

*0' Sal

01M4mb
dRWft 0W11101041

0Ifq

Ilfd logia-
PecOxl

Figu:'e 6-10. Hollew Fiber

Cala

The feed water enters at one end of the permeator under pressure. The water tsforced to go through the hair-like fibers. These hair-like fibers are very similar tothe membrnes in the spiral module unit. The suspended matter stays on the outside ofthese fibers while the water passes through the fibers free of suspended matter andflows out the other end. This water is called permeate.

The pressure applied should be in the range of 100 to 1500 pounds. The amount ofpressure depends on the type of membrane used. Water will pass through the membraneleaving the solids behind. There is no chemical reaction involved, it is allmechanical.

Reverse osmosis has many applications and advantages such as:

1. Demineralizing sea water.

2. Softening of water.

3. Treatment of boiler feed water.

4. Portable water units.

5. Removing radioactive contamination.

6. Purifying industrial waste water.

7. Tertiary treatment of sewage.

Reverse osmosis is so efficient that some bacteria are filtered out and those thatdo pass through are easily destroyed by chlorination.

624
6-22



Some disadvantages of reverse osmosis are;

1. High initial cost.

2. Membranes coat easily with solids.

3. Turhid water must he filtered.

4. Requires high pressure source.

Read T.O. 40W4-13-1, Chaper 1, Section I and II, para 1-5, Equipment
Characteristics, Capabilities E.:Id Features.

Components of the R.O. Unit

INFORMATION

Read T.O. 40W4-13-1, Chapter 1, Section II, para. 1-6, pages 1-2 thru 1-12, Location
and Description of Major Components.

Principle Operation of the Components

INFORMATION

The operator of a reverse osmosis unit must use the manufacturer's manual for proper
and safe operation of the unit. Each unit will be different in design and operation.
As an operator, you must use the correct manual.

Read T.O. 40W4-13-1, Chapter 1, Section III pertaining to the principles of
operation of a R.O. unit.

Chemicals

INFORMATION

Read T.O. 40W4-13-1, Chapter 1, Section Ili, and Chapter 2, Seetton TII, pages 2-45
thru 2-47 pertaining to chemicals used with the R.O. unit.
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EXERCISE III-6-6d

PART 1

INSTRUCTIONS

Use T.O. 40W4-13-1, to complete the identification of the R.O. components fromdiagrams 1 and 2,

1.
2.
3.

4. and 5.
6.

7. and B.
9. and 10.

1. and 2.
3.
4.

5. and 8.

Diagram 1

.I1 .

NBC tank
NBC tank
Backwash pump
Raw water pumps
Brine tank
Product water tanks
Storage boxes 1 and 2

®ir Ca (311j U. Sledge
12. Paddle
13. Rubber hose
14. Utility pails
15. Distribution pump

Tanks
Float
Pails
Canvas hoses

--J I .-.

Legend
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7. Ladder
B. Distribution pump
9. Suction hose

10. Hard rubber hose



Storage box No. 1 contains:

(1: Turbidity tube.

(2) Input strainer.

(3) Distribution nozzle.

(4) Thermometer.

(c) Flashlight, drop cord, and lamps.

(6) Tools and spanner wrenches.

(7) TOS Meter

(8) Chemical measures (cylinders).

(9) Tape for wrapping on pipe threads.

(10) Hose-reducing nipples.

(11) 100-watt light bulb.

(12) R.O. vessel end cap pullers.

(13) R.O. pump valve seat tools.

STORAGE BOX
NO. I

The other (storage box No. 2) contains: LOADWG PLAN PLATE

(2) Chemicals.
I 1

(1) Chemical feeding tubes.

(3) Water testing kit.

(4) Chemical mixing wooden paddles. 4::). Ai

(5) Color comparator kit. LLt Lsa;;..'"L

(6) 100-ml plastic cylinder.

627
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FOLDID
WATER
TANKS

STORAGE SLEDGE ALUMINUM HARD PLASTICBOXES HAMMER PADDLE RUBBER PAILS
HOSES

1

BACKWASH PUMP
(for cleaning)

. (\trkkiiti0', l'I

RAW WATER
PUMPS

FL:OAT CANVAS
HOSES

ms4sunoN
PUMP (tw drmitec

water) AND

PORTABLE STEP

T., a

Figure 6-11. ROWPU, Pumps and Equipment
Identification
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BACKWASH PUMP

BACKWASH
STRAINER

Figure 6-12. Backwash Pump and Strainer
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RAW WATER PUMP (2 USED)

BACKWASH
STRAINER

BACKWASH PUMP

Figure 6-13. Raw Water and Backwash Pumps
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TUBES
wiTHOuT
STRAINERS

FOUR
CHEMICAL
FEED
PUMPS

SODIUM
HEX

CITRIC -

ACID CHLORINE POLYMER

TUBES
WITH
STRAINERS

Figure 6-14. Tubes Attached to Chemical Feed Pump

1. Guy rope 5. Tank
2. Anchor stake 6. Ground cloth
3. Outlet 7. Spreader bars
4. Wood Stave 8. Cover

Figure 6-15. Collapsible Tank Installation
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Order Valve or Switch

1. REGULATE PRODUCT FLOW valve
2. VENT VESSELS valve
3. VENT CARTRIDGE FILTER valve
4. VENT PULSE DAMPENER valve

VENT MIN,TIMEMA FIkTER valvo
6. R.O. PUMP switch
7. BOOSTER PUMP switch
8 . CHEMICAL FEED PUMP switch
9. RAW WATER PUMPS NO. 2

10. RAW WATER PUMPS NO. 1
11. VENT PRODUCT WATER valve

Figure 6-10. Control Panel 'telmN and Valves
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PART 8

INSTRUCTIONS

Complete the following diagram by identifying the components and units of a typical
field water installation set up of a R.O. field water plant system.

R.O. COMPONENT LIST

1.

2.
3.
4.
5.

Float and strainer
Three 1 1/2 inch hard rubber hoses
Raw water pump
Two 1 1/2 Inch hard rubber hoses
Raw water pump

15.

16.

17.

Collapsible 1500 gallon product
tank
Product water 1 1/2 inch hard
rubber hose
Collapsible 1500 gallon product

6. Three I 1/2 inch canvas hoses tank
7. Backwash canvas hose 18. Product water 1 1/2 inch hard
8. Backwash pump 19. Distribution pump
9. Backwash 2 inch hard rubber hose 20. Product water 1 1/2 inch canvas

10. Wastewater 2 inch canvas hose rubber hose
I. Vent vessels 21 Distribution nozzle

Collapsible 1500 gallon brine tank 22. Product water 1 1/2 inch canvas
A. Brine 2 inch canvas hose hose

14. Two 1 1/2 inch hard rubber hoses 23. Distribution nozzle

Typical Field Installation
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Preventive Maintenance

INFORMATION

During the operation of the R.O. unit, several operational or mechanical failurescould occur. The unit is usually in operation most of the day, if not all day.Continuous running of the R.O. unit does put a strain on the components of the unit.To insure minimum down time of the R.O. unit and its components, proper preventivemaintenance procedures must be followed. Information pertaining to preventivemaintenance is written in T.O. 40W4-13-1.

INSTRUCTIONS

PART 1

Read T.O. 40W4-13-1, Chapter 2, Section II, pages 2-15 thru 2-26 and complete thefollowing exercise pertaining to preventive maintenance of the R.O. unit.

RXERCISE III-6-6e

1. What preventive maintenance is performed on the frame and R.O. equipment?

2. What action should be taken if raw water will not flow through the multimediafilter?

3. The chemical feeder pumps are not supplying feed to the unit, what is the mostprobable cause(s)?

4. What action should be taken if the chemikr:c.1 feed motor will not operate?

5. What should be checked if the R.O. pump or motor does not operate?

6. what preventive maintenance procedure should he taken if the raw water pumps orbooster pumps do not work?
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7. You notice the multimedia filter did not complete the backwash cycle, what action
should be taken to Insure the haekwash times will work?

S. What action should be taken if you notice that a R.O. vessel is cracked, broken or
leaks around the seals?

9. Before operation, you notice that a circuit breaker Ls hard to operate; what action
should you take?

10. What preventive maintenance is required on a high-pressure relief valve?
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SUMMARY

Water for military use must be treated to the degree required and he free ofdisease-producing organisms, poisons, and CBR agents along with excessive amounts oforganic matter, minerals, salts, and turbidit7f. Odor and color should be removed andthe water should be cool and clear for consumption. Field units such as the ERDLATORand ROWPU are used for contingency operations to provide safe, pleasant water. Sourcesof water are important considerations and the characteristics of water must be known.Water reconnaissance, site selection and development are essential for good, safeworking conditions. Equipment must be operated and maintenance must be performed toprocess safe water for a required demand. Once you have been awarded a 5-skill level,you may return for the advanced 5-level courses which pertain to the set-up operaticnand troubleshooting of both field water purification units.

REFERENCE

T.O. 40W4-13-1



3770 Technical Training Group
Civil Engineering Training
Sheppard Air Force Base, Texas

SWIMMING POOLS

OBJECTIVES

SW 3ABR56631 000-111-7

Using information from AFR 91-26 relating to the operational principles of swimming
pools, match the facts and terms to the identifying s tements. Eight of the twelve
matched statements must be correct.

While at the base swimming pool, identify the construction features and major
components of the pool by making written responses to complete a diagram. Fifteen of
the twenty responses must be correct.

While at the base swimming pool and given information, list the maintenance
requirements of the pool. No more than one instructor assist is allowed.

INTRODUCTION:

All Air Force bases have swimming pools for Air Force personnel and their families
to use and enjoy on their off duty time. If germs or sick people are in the pool, it
may lead to the spread of diseases. Contaminated pool water may cause the following:
colds, respiratory infections, typhoid fever, cholera, infectious hepatitus, intestimal
disorders, and eye, ear, nose, and throat infections. The Air Force needs skilled pool
operators to stop the spread of these diseases and to keep the equipment operating
properly.

The water in a swimming pool must not be cloudy. It would be hard for a lifeguard
to see a swimmer that is struggling in cloudy water. Not too many people would like to
swim in a pool that has a cloudy appearance, the water must be clear and attractive.

The pool operator must ensure that the equipment is in its best possible operating
condition. First, if the equipment is operating properly, the quality of the water
should be clear. Second, the proper operation of the equipment saves money by the
elimination of the following pool maintenance items. Excessive chemical use, the
replacement of worn parts, and frequent dumping and refilling of the pool. To keep
these conditions from occuring the pool operator must follow the proper operating and
maintenance procedures.

PR!NCIPLES OF OPERATION

Source of the Water

The water that is to be used in an Air Force swimming pool must be approved by the
base medical personnel. Water is added to a pool either in the deep end just above the
surface of the pool or in a make up tank. The method that is used to add the make up
water depends on the type of filtration system that is used.



TURBIDITY. Turbidity is the suspended dirt, undissolved chemicals, algae or anyother material that is in the water. This will cause the cloudiness in the pool water,which is not attractive in appearance. Not only would it be unattractive, but safetyfactors would be involved. A swimmer that is struggling to keep from drowning, has ahard time seeing where to go. The turbid water would prevent people from seeing under-water objects and other bathers. To determine if the water in the pool is turid, a sixinch black disc ig used. It is placed in the deep end of the pool, normally ten feetfrom the edge. If the disc appears cloudy, then backwash the pressure sand ordiatomacitous earth filter. If an antracite or gravity sand filter is used aluminumsulfate, a coagulant, is added before the filter. This will aid in tho removal_ ofsuspended particles.

TEMPERATURE. The temperature of the water at an outdoor pool will be affected by theair temperature. It is very difficult to control the temperature of this type pool. Thetemperature of the water at an indoor pool shall not exceed 78 degrees F. The airtemperature of an indoor pool which is heated by an external source, shall not be morethan 5 degrees warmer nor more than 2 degrees cooler than the water in the pool. ttwould be ideal for the air temperature to be 5 degrees warmer.
pH. The water in the pool shall be made slightly alkaline, so the pH shall between7.2 to 7.8. The pH test is taken from the ends of the pool every three hours and theresults are recorded on AF Form 708. When the pool operator performs this Lest, AFM85-13 should be used for the proper testing procedure.

If the water is too acid, the eyes and skin of the bathers will burn and it will alsocorrode the pool piping. If the water is too alkaline, the bathers skin will beirritated. High alkalinity hinders disenfection of the water in addition it causes scaledeposits in pipes and filters. To adjust the pH the pool operator should add soda ash orlime to the influent line or the pool filter.

CHLORINE RESIDUAL. Maintaining the chlorine residual is a very important factor inthe operation of an Air Force swimming pool. Since 20 to 30 percent of the bacteria isnot removed by the filters, it must be eliminated by using chlorination. It is veryimportant that the chlorine residual be kept at the proper level. The free availablechlorine residual must be kept between 0.4 to 0.6 ppm. The test is made every hour. Tomake the test, take samples from all four corners. The test results are reeorded everythree hours of AF Form 708. The pool operator should use the procedures in AFM 85-13,and use the reagent that is the test kit.

POOL SANITATION. Foreign matter such as sand, grass, leaves and dust may be trackedinto the pool by bathers or blown in by the wind. DO NOT permit direct access to thepool from unpaved areas. Bathers or operators should clean, spray or shower their feetor footwear.

AF Form 708. The pool operator at a base pool must fill out an AF Form 708 each day.Good and accurate records are very important to the operation of the pool. It ensuresthat routine tasks are being done on time and shows any problem in the operation. Italso aids in the detection of the causes of these problems. The form also helps when youfind false readings and any equipment malfunction that may result because of them. Inaddition, this form keeps a record of the chemicals and the quantity of water used.Figure 7-1 shows AF Form 708.
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Figure 7-1. AF Form 708

6-39



Seasonal Care

OPENING OF BASE POOL FOR THE SEASON. Before an Air Force pool opens it must beinspected for several areas such as components, supplies, and pool areas. The filtersshould also be checked for any defects. If any are found, the pool operator should cor-rect the problem. The chemical feeders should be operated to ensure that they are ingood working order. Take an inventory of all the chemicals that are present. The poolshould be drained, if not already, and scrubbed with a solution of hypochlorite. If thepool is in need of new paint, this should also be done.

Once all of the work has been done to the pool, the pool should be filled with water.The filter and chlorine feeder are started as soon as the pool is full. When the pool isfull of water and operating, the chlorine, OH, and turbidity tests are made. The baseswimming pool shall not be opened until all readings are acceptable and the base medicalauthority approves of the conditions of the water.

DAILY OPERATIONAL PROCEDURES. If the pool filter is in need of being backwashed, itshould be done while the pool is closed. Remove any foreign matter such as rocks, sand,and leaves from the pool. If there is scum floating on top of the pool water, this canbe removed by overflowing or flooding the pool. As the water level is raised, the excesswater flows into the troughs. The pool operator should ensure that the chlorineresidual, pH, temperature and turbidity are within the proper limits. To do this, makethe tests at the proper times. If the chlorine residual is either low or high, the pooloperator should adjust the chlorinator until the chlorine is at the proper level. If thepH is not within the 7.2 to 7.8 limits, add soda ash or lime to the pool water. Adjustthe pool heater if the temperature of an indoor pool is not at 78 degrees F. If the pooloperator observes that the six inch black disc appears to be cloudy, the filter needs tobe backwashed. The operator should go by the S.O.P. (Standard Operating Procedure). TheS.O.P. is a guide for the pool operator to use when either operating or backwashing thefilter. The pool personnel should perform all of the required maintenance such ascorrosion control on pipes, valves, and filters; changing the buckets on the haircatcher; and lubrication of pumps and motors. The operator must ensure that all thechemicals he needs are in stock and he must reorder if the stock is low. A good house-keeping routine should be performed everyday in all rooms.

SHUTDOWN OF THE POOL AFTER THE SEASON. When the pool is to be closed down for theseason, the filters must be backwashed. Normally, a pool is drained for the winter.This would also include the pipes and valves. If the shell of the pool will float up,then maintain a desired level of water. To prevent any damage to the pool that would becaused by ice, logs should be placed in the pool.

Safety

Chlorine gas is a very poisonous gas which has a stiffling and suffocating effectwhen it is inhaled into the lungs. The pool operator must be sure that chlorine 1.eaks donot cause a hazard. To keep this from occurring, a ventilation fan should be providedand it must Le in good operating condition. The opening to the system will be locatednear the floor. This is due to the fact that chlorine gas is heavier than air. Theswitch to the fan should be located outside the chlorine room so that it can be reachedin an emergency.

All the chlorine cylinders, both full and empty shall be chain locked to keep themfrom being knocked over. Daily, the pool operator should test all of the connections onboth the chlorinator and cylinders for chlorine leaks. To find if chlorine gas ispresent, hold an open bottle of ammonia water near each connection. If a leak ispresent, a gray or white cloud will form. The strength of the ammonia should be checkedfrom time to time to determine if the solution is strong or weak. If it Ls weak, it mustbe replaced with a new bottle.

The color that the pool is painted should contrast for ease of identifying thebathers. This would include both the walls and bottom. The racing lane markers shouldbe no more than two inches in width. If the lane markers are more than two inches inwidth, it would be hard for a lifeguard to spot a struggling swimmer. The depth markersare placed on both the sides and deck. These numbers shall be placed at the points wherethe pool slopes deeper.
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The pool operator must be sure that reach poles, floats, ropes, and any other safety
equipment is easy to get to in case of an emergency. A telephone will be placed in a
central location and A list of all emergency 1pl(,no aombors olli 0.)-;ted nearby. There
must be a first aid room which will have a first aid kit, with cots and blankets.

INFORMATION

CONSTRUCTION FEATURES

Types of Pools

The types of pools the Alr Force uses varies due to several factors such as the
location of the pool, climate, and the source of water. Circulating type pools are
used mainly by the Air Force.

CIRCULATING POOLS. In circulating pools, the water is constantly removed from the
pool, filtered to remove suspended matter, disinfected to remove any pathogenic organ-
isms, then made slightly alkaline for the proper pH and pumped back into the pool.
Water is added as needed to make up for losses due to several factors such as
evaporation, leCKag.i, and overflow.

The Air Force uses this type of pool since it is the most sanitary, and also the
most economical. There are three main types of circulating pools; overflow trough, deck
level and wading.

OVERFLOW TROUGH POOLS. With this type of pool, a continuous troL,' -.rain in
the bottom is built inside the walls of the pool. As the filtered WPt ' or
bathers splash water out of the pool, water overflows into the trough. ,:...-

contains most of the floating debris, spit, and mucus in the pool. Thi 'tt :!ther
returned to the filters or in Rome pools, it is discharged to Wasto. T., _:oes, all
of the water msut be returned to the filters. The troughs not on], .!..- ,:ct'onable
material, but they also act as a hand hold for the swimmers.

DECK LEVEL POOLS. With this type of pool, the water level is maintained up to the
level of the surrounding pavement. There are no overflow troughs used, but the paving
around the pool slopes up from it into a "V" shaped troUgh with a drain in the bottom of
it. An tho water overflown across a portion of tho paving to the 4,t1.,11 or the "7", the
water ts either discharged to waste or returned to the filters. This will depend adon
the desi..7,'n r the pool.

The advantages of usi e tho 'leek level pool are as follows: (1) easier to keep
clean, (2) cost less to build, (3) offers a greater depth of water ror the same depth of
excavation. The main disadvantage of this type pool is that a lot of water gets on the
deck. If this happens, then a rectangular drain with a grating for a cover must be
used.

WADING POOLS. These pools arc small pools tor childron to AW1M or play ia. Th.!qo
small pools are mucl. harder to maintain than swimming pools. The pool ofweator should
wako the same tests as for the swimming pool. The operrcion is vory similar to F.:11t of
the swimming pool.

MAJOR COMPONENTS

Hair catcher

The water that is going to the filtration system, must pass through a hair catcher.
The purpose of the hair catcher is to remove hair, lint, and other large bits of foreign
matter. The hair catcher is installed in the effluent line on the suction side of the
pump. The hair catcher consists of a wire mesh or a slotted metal bucket. Figure 7-2
shows the hair catcher and figure 7-3 shows where the hair catcher is located in a typi-
cal pool.

Psci;)-; Lnd motors

A eentrifugal pump 18 used le pump the water through the filtration system. Those
pumps aro drivon hy an electric motor. There may also be a diesel engine for a stand-by
power soarco. This will provide power in the event of a power failure. These pumps
must be built so that the pool water can be filtered every six to eight hours. Ngure
7-3 shows where the pump and motor is located at a typical pool.
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Filters

Once the pool water has passed through the hair catcher and the filter pump, it willthen go throu;!') the filtration system. The purpose of the filter is to remove not only41swenAed matter, 1151 very Nilo dsrtieles froo the 1):1,0 opttor. rv, Air Force pri-marily 'Ines two types 0r filters. These two are rap14 or pressure sand and diat(macenas;,art'o. r1:,,' i p) ty;)..fi ,t 0.)01 rilters are not issod maeh at !he pe".:nttime. "."tv ?;ravity .:an4 and anthracite filters.

Figure 7-2. Hair Catcher.

r------ p.

ION

ri.,:otre 7-3. Typical Pool installation
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Figure 7-4. Pressure Sand Filters
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Figure 7-5. Diatomaceous Earth Pressure Filter

Figure 7-6. Vacuum Type Diatomaceous Earth Filter

7-8

644

UMADOIlj



PRESSURE SAND FILTERS. This type of pool filter is the same kind that is used in the
treatment of clanking water. The operational procedure::: and the backwashing steps are
the same also. There are two types of pressure and filters, horizontal and vertical.
Figure 7-4 shoTu the horizontal type.

DIATOMACEOU3 EARTH FILTER. The Air Force uses this type of filter for several
reasons. First, the filter needs less space to operate than a pressure sand filter of
the same capacity. Second, the diatomaceous earth filter produces a better quality of
water than a pressure sand fklter. There are two Lypes of diatomaceous earth filters:
pressure and vacuum.

PRESSURE TYPE FILTER. This type of filter has elements that are inside a sealed
olk. When the filter is in operation, it is pressurized. This type of filter process

is very similar to those used to treat municipal water. The operational procedures are
also very similar. The pool operator should backwash when there is a pressure drop of
35-50 psi between the filter gages. This figure may vary since those units are made by
several different manufacturers. Figure 7-5 shows the pressure type of D.E. filter.

VACUUM TYPE FILTER. This type of filter has an open tank with the elements attftched
to the bottom of the tank. The filter pump is on the effluent side of the filter. This
allows the water to be sucked through the elements instead of being pushed. 'The back-
wash rate is 8 to 9 psi loss unless the manufacturer states otherwise. Figure 7-6 shows
the vacuum type D. I. Filter.

Read AFM 91-20, Chapters IO and 11.

Gauges

Pressure gauges are used on beth the rapid sand and diatonaceous earth filters.
These gauges are important for two reason.:; they insure the proper operation of the
filter and show when the filter needs to be backwashed. A pressure gauze is also :wed on
the haircatcher. This gauge is tound on the discharge side of the hairltcher and shows
loss of head as the haircaLcher becomes clogged.

Meters

The rate of flow meter is found on the discharge side of the filter and is used to
control and maintain the proper filter and backwash rates.

Rate Controller

Rate of flow controllers are used in large pools. The controller keeps the same flow
rate into and out of the niter. Figure 7-7 shows a rate of flow controller.

645
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Maintenance

AFR 91-26 should be used when maintaining the pool and its components. The pool
should be kept clean at all times. The pool floor should be vacuumed; sides free of
dirt and scum; and water clear and clean. The pumps and motors at the pool will he
chocked in the same way they are at a water plant. There should be two hair catchers
h)r easier maintenance. One bucket can be cleaned while the other is in uso. These
buckets should be cleaned at least once a day. To aid the pool operator, a pressure
kauge is found on the discharge side of the hair catcher. The gauge aids in detecting
any loss of head. Normally, there are valves on each side of the hair catcher. With
both of the valves closed, changing the buckets on this component is a quick and simple
job. The sand, gravel bed, bottom, outside shell and piping of the pressure sand filter
should by inspected. The elements, inside shell, outside shell and pipes should be
inspected on the pressure type diatomaceous earth filter. The vacuum type diatoraceous
earth filter is the easiest type of filter to maintain. With the open tank, the ele-
ments can be seen and worked on very easy. Rate of flow controllers should be checked
for leaks, frecOom of movement,and cleanliness. The controller should be disassembled
and inspecte(% Pressure gauges should be removed and tested for accuracy.

Read AFR 91-26, Chapter 10, pgs 245 thru 256.

SUMMARY

Swimming is one form or exercise that Air Force personnel and their families use
for recreational purposes. To be usable the pool water must be free of diseases.
For a pool to operate properly and have a good quality of water, competent operators
are needed.

Circulating pools are mainly used by the Air Force. There are thre types of
circulating pools; overflow trough, deck level and wading. The water used in these
pools must be approved by the base medical personnel.

The water leaves the pool and first goes through a hair catcher which removes hair,
lint, and other large bits of foreign matter. Next the water is pumped into the filter.
The water is filtered every six to eight hours. There are two tyDes filters used at
pools: pressure sand and diatomaceous earth. Pressure sand can '7 either horizontal or
vertical. Diatomaceous Earth filters can be either pressure or %/Lewin. The water flow
goes through a rate of flow meter and a rate of flow controller, and it is then chlori-
nated. The water is evenly distributed by water return inlets.

Tests must be taken to determine if the quality of the pool water is acceptable.
Hacterialogical, turbidity, pH, chlorine residual, and temperature tests nre taken.
The pool operator should enter the results of theses tests on AF Form 708.

.11 safety precautions must be followed to prevent injury or death. The pool
operator must ensure that all of the equipment is working properly. Extra care must
be used with chlorine cylinders and chlorinators to prevent chlorine gas from laking.

APR 91-26 should he used when the pool operator maintains the pool or any pool
componunt.

64/
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EXERCISE III-7-7a

PART 1

INSTRUCTIONS

Use AFR 91-2G and your study guide/workbook to complete the following questions.I. Who approves the water used at a base pool?

2. Who gives the final approval when a base pool is opened?

3. What are the three types of circulating pools?

a.

o,

4. What is the difference between an overflow trough and deck level type pool?

5 What type pool is mosat ,strten uSe3 by the Air Force?

6. List the types: of filters used at pools.

a.

b.

C.

7. What two types of filters does the AF use at base pools?

8. Who performs the bacteriological test?

9. How often is the bacteriological test?

64o
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ln. Eist the ir:ed ill the operation of a swimming pool.

......... - -

11. What is used L. determine if turbidity is present III VIO pool water?

12. At what range is the pH maintained for safe pool water?

13. What affect will a high alkalinity level in pool water have on bathers?

...... --

14. Where and how often lro iLmples taken for the pH test?

....

15. At what ppm must the chlorine residual he maintained for safe pool water?

16. Where and how often are th,. ,;.tiplo,i taken for the .3hIorIne

17. Tic. ..,;11 iti;!:: aci! oriteit in pool water h.i.ve on bathers?

18. What is the number and title of the form used to reeord the pH, chlorine, residual,

kn.! other r..,t II ngs?

11. How Is scfim removed fro!li the pool water?

20. How is floatiut; dehrI!-; removt:d from the pool water?

.....

11. What manual sbould be eonsulted when maintairing swimming pool luipment?

........ ......

7_10 9

BEST COPY AVAILABLE



PART 2

INSTRUCTIONS

1.

Select the correct term with the

Bacteriological tests

incomplete statement pertaining to swimmin4 pools.

i. Use as a cour.olanL

2. Chlorine residual
b. Determined by a 6" black disc.

3. pH test
c. Used to adjust pH.

4. Aluminum sulfate
d. Used as a disinfectant.

5. Turbidity l.fe;1.
e. Taken twice a week by tile

Environmental Health section.6. Hair catcher

f. Taken from corners of pool every hour7. Sodium carbonate
and recorded every 3 hours.

8. Solium hypochlorite g. Taken from ends of pool every 3
and recorded.

hours

h. Located on the suction side of the
pump to remove hair and other foreign
matter.

PART 3

INSTRUCTIONS

Using AFR 91-26 and your notes, answer the following questions concerning swimmingpools.

1. What is the purpose of tne hair catcher?
-----------------------

2. Explain the purpose of the water return inlets.

3. List the daily operational procedures a swimming pool operator performs at aL'Iimming pool.

a.

b.

C.

d.



e.

f.

g

4. List the purpose of gauges, meters and rate controllers.

5. List the two main types and the functions of filters used at swimming pools.

Type or !Ittor F4lotion

Tt:t. o!)eratiag pr,3c-finres are ta%oll when a bae swimmIrm pool is opened for the
seasJn?

a.

b.

C.

d.

e.

f'.

g.

h.

1.

7. What steps are taken for the shut down or the pool for the season?

a.

b.

C.



EXERCISE 111-0-Gb

INFORMATION

During the field trip to the base swimming pools, view the field water purificationunit (ERDLATOR). While the unit is uncovered, identify the components of the unit. Yourinstructor will give you progress check III-G-Gb. This will then complete yourobjective.

EXERCISE III-G-6e

During the field trip to the base swimming pool and training area, view the fieldwater purification unit (ROWPU). While the unit is uncovered, identify the components ofthe unit. Your instructor will give you progress cheel III-G-Gd. This wiil completeyour objective.

EXERCISE III-7-7b

PART 1

This is an objective exercise that will be completed during the field trip to thebase swimming pool and training area. During the field trip complete the pool diaGram.The instructor will issue the diagram and will confirm your answers.

PART 2

This is an objective exercise that will be completed during the field trip to theewimming pool trainer and training area. The instructor will issue the diagram to youand confirm your answers.

REFERENCES

AFR 91-28, Maintenance and Operation of Water Supply, Treatment and Distribution SystemsTO 40104-9-1, Field Water Purification Unit 600 GPH
TM 5-4010-215-A, Operator's Manual, Water Purification Unit, Reverse Osmosis, GOO GPI;TM 5-700, Field Water Supply
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Is

3770 Technical Training Group
PC J3ABR56631 000-III-1Sheppard Air Force Base, Texas

WATER WELL OPERATION AND MAINTENANCE

OBJECTIVES

Given incomplete statements about ground water and water wells, complete eachstatement by making written responses. Four of the six responses must be correct.

Using data pertaining to wells, define terms and calculate static, pumping, anddrawdown levels with a maximum of one instructor assist.

6VS



PROGRESS CHECK III-1-1a

INSTRUCTIONS: Complete the following incomplete statements by filling in the blanks.Four of the six must be correct.

t. Two types of aquifers are the and the

2. The most reliable method of establishing that ground water is present is by finding

3. Two methods of constructing a well are the
, and the

4. Backwashing or surging a well is done because the
is plugged up.

a
5. List two of three methods used tor cleaning well screens.

6. The recommended dosage of chlorine for superchlorination of a well isppm-

STOP

Before proceeding any further have the instructor check your work.

Instr Initials

1-3
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PROGRESS CHECK III-6-a

INSTRUCTIONS: Given site selection criteria, your notes, and TM 5-700, select thecorrect site to position the WPU. Place the number in the selected area of your bestcL.),:c.e. Three of the four must be correct.

1 RAW WATER PUMP

2 600 UR WATER PURIFICATION UNIT

3 CLEAR WELL (STORAGE TANKS)

4 DISTRIBUTION PUMP WITH NOZZLES

1k.rn

STOP

Before proceeding any further, have the tmstructor cheek your work.

Instr initials



PROGRESS CBECK 111-6-b

INSTRUCTIONS: Using the draying o: the (ERDLATOR) field water purification tank (figure6-1) win nurihered items and a list of components, match the components to the numhereditems. Ton of t4wlyt. componomts must be correct.

9

Figure 6-1. Erdlator

Components

a. Downcmier tube g. Sludge concentrator tank

b. Baffle rings

c. Circular discs

d. Influent launder

e. Agitator shrift

h. Effluent launder

i. Battle

J Mit well

k. Mixing zone

f. SeparaLor zone
1. Clarification Aone

... STGP

Before proceeding any further, have the Instructor eheck your work.

Insir initials_
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PROGRESS CHECK III-6-e

INSTRUCTIONS: 'latch the numbered areas on the RO unit to the list ot s!ompontnits. Svuoot 11 must be correci- TO 4014-13-1 may be used. All items will he used onc.

Figure 6-3. RO Uni

Components:

a. nistri tion pump

b. Padd

c. NBC .c.nks

d. Folded product w:c.,ir tanks

e. Sledge hammer

f. Raw water pump

F

g. Utility pail

h. Backwash pump

i. Storage boxes

j. Brine tans

k. Rubber hose

STOP

Before proceeding any further, have the instructor check your work.

Instr initials
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PROGRESS CHECK III-1-b

:ART 1

INSTRUCTIONS: Identify the following definitions using the correct term.

1. The level of ground water in a wel' ,fore pumping is

2. This is the maximum number of per minute thdt can be pumped from the wellover a six-hour period during which the pumping rate is itiaintained.

3. This is t're ratiJ of pumping that produces a drawdown of 50 ,ercent of the drawdownobtained when the well was built and pumped at maximum yit?Ad.

4. The total length of the air line ic also called the

PART 2

INSTRUCTIONS: Using the following information calculate the static level, pumping leveland drawdown of wells.

1. Calculate the static level if the length of the air line is 700 ?t: and the psibefore pumping is 10.

2. PSI while pumping is 7, calculate the pumping level.

3. Calculate drawdown when the psi before pumping is 25 and the pi while pumping is5.

Before proceeding any further have the instructor check your work.

1-5 6 61.
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3770 Technical Training Groop
PC J3ABR56631 000-111-2Sheppard Air Force Base, Texas

WATER TREATMENT PROCESSES

OBJECTIVES

Given information related to water clarification, match statements identifying tnefacts and terms which pertain to water clarification. Six of the nine must be correct.

Using information about water softehIng, identify facts and terms by completing tenstatements. Seven of ten must be correct.

Given information related to removal of taste, odor, and color, list the methodsused to remove taste, odor, and color in water supplies. Five of the seven must becorrect.

Given information related to water treatment processes, match fact and termsrelated to stabilization,
disinfection, fluoridation and defluoridation. Six of tenmust be correct.



PROGRESS CHECK III-2-a

INSTRUCTIONS: Match the terms in Column B to the statements and facts in Column A.Some terms may be used once, twice, or not at all.

COLUMN A
COLUMN 8

1. Process of becoming clear. a. Adsorrt-4on

2. Process of clarification occurring at b. Jar testthe reservoir.

c. Plain sedimentation3. The reaction of a coagulant in water
that causes it to clot, curdle, or d. Precipitatecongeal into a mass or group.

e. Sedimentation4. Two substances that must be in water
for coagulation and flocculation to f. Filtrationoccur.

g. Coagulant and alkalinity5. Temperature, H, turbidi4y, chemical
composition of water, degree of h. Factors affecting coagulation-agitation.

flocculation
6. Procedure used to determine the cor- i. Coagulationrect dosage for coagulation-floccula-

tion.
j. Clarification

7. Process used to remove settleable
solids.

8. Process used to remove suspendc
materials. It is also the fastit
way to cl-'ify water.

9. To cauee to separate from solution
or s...apension, to tall or come
suddenly out of solution.

STOP

Before proceeding any further have the instructor check your work.

Instr Initials



PROGRESS CHECKLIST III-2-b

INSTRUCTIONS: Complete the follr ng statements. Seven of ten questions must becorrect.

1. The removal of Ca and Mg compounds that cause hardness in water is called

2. Temporary hardness is called
hardness and permanent hardness

is called hardness.

3. Temporary hardness is caused by what four compounds.

a.

b.

c.

d.

4. Permanent hardnese is formed by Ca and Mg combining with

5. Two methods commonly used to remove hardness from water are

and

6. Which method of softening completely
removes hardness from water?

and

7. Two chemical tests that can be run to determine carbonate and noncarbonate hardness
are the and tests.

8. Two chemicals used in the removal of temporary and permanent hardness are

and

9. The chemi'-' ivied to remove temporary hardness is

10 Ttl'e %ueml is used to remove permanent hardness are and

Before prcceeding any further have the instructor check your work.,

Instr Initials



PROGRESS CHECK III-2-c

INSTRUCTIONS: List the methods used to remove taste, odor and oolor.

1. List three ways to control taste and odor.

a.

b.

c.

2. List four methods to control color.

a.

b.

c.

d.

STOP

Before proceeding any further have the instructor check your work.

Instr Initials



PROGRESS CHECKLIST III-2-d

INSTRUCTIONS- ';atc,. '7he 17.ermg in Column B with the facts in Column A. Six of ten mustbe correct. Som.) teone Imy be used once, twice or not at all.

A CoLomN n

1. The 8..:1,11 LIA alkPlinitr of d a. :4esidual chlorine
water to car::-,oattes ItatTc(Ition

b. H23iF6

2. Two methodn V ,,abilizing lime softened C. 1.0 ppm
water.

d. Recarbonation
3. Used to kill pathogenic bacteria.

e. Na0C1
4. The forms of chlorLne used to disinfect

water are C12, c'4.12. et(0C1)2 and f. Marginal chlorination

g. Stabilization
5. Is the term which is applied to the

allable chlorine which remains after h. Combined chlorinJ
the chlorine demand has been satisfied.

i. Magnesium compounds8. The chlorine present in water which
reacts with ammonia or nitrogen to form J. Break-point chlorination
chloramines.

k. Chlorine
7. One of three methods of chlorination that

produces a residual of free available 1. Hexameta phosphates
chlorine, with no combined chl( ine
present. m. HF(OC1)

8, Three forms of fluorides used to fluori-
date water are NaF, Na23iFe and

9. Desired amount of fluoride in water.

10. Three chemicals used to defluorivate are
activated alumina, bonechar and

STOP

Before proceeding any further have the instructor check your work.

Instr Initials



3770 Technical Training Group
PC J3ABR58631 000-111-3Sheppard Air Force Base, Texas

MONITOR/OPERATE AND MAINTAIN WATER TREATMENT PLANT RODIPMENT
uks,iCTIVES

Given statements about chemical mixing tanks, identify as true or false thettatements concerning the monitoring and op-eration of chemical mixing tanks. Three ofthe four must be correct.

During a field trip to the local municipal water treatment plants, monitor theoperation of plant components by making a written response IAW a che(;klist. No morethan three instructor assists are allowed.

Using information and the water plant trainer, work as a team to monitor/operatethe trainer, with ne, more than three instructor assists.

Using information and the water plant trainer and equipment and working as a team,perform the required maintenance on the trainer and equipment. Four of six maintenanceproblems must be performed correctly.

Using AFR 91-26, complete statements concerning the purpose, and types of aerators.Five of seven must be correct.

Using AFR 91-28, match the maintenance procedures used for each type aerator.Three of five must be correct.



PROGRESS CHECK III-3a

INSTRUCTIONS: Identify the following statements concerning the monitoring and operationof chemical mixing tanks as being true or false. Three of the four must be correct.
1. The dissolving tank is often an integral part of the feeder assembly.
2. Chemicals drawn in solution form from a mixing tank are usually fed at a rateof 200-300 gal/per hour.

3. To elimiaate the possibility of an err:. -lion, mixing tanii sho:Ild never becovered.

4. Chwicals that are completely sol. in water require continuous mixing in'OA feed tank.

STOP

Before proceeding any further, have the instructor check your work.

Instr Initials

3-3
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PROGRESS CHECK IiI-3-b
EXERCISE 3a

INSTRUCTIONS: Answer the following questions or complete the siqtements by filling in
the blanks. Three instructor assists are authorized.
1. Plain sedimentation and aeration.

a. What is the purpose of the secondaT:J reservul

b. How is oxygen added to the water?

c. Is water entering the rL.crvoir?

d. and
can be added to the water to control algae.e. What type of pump is used to carry t water to the plant?

f. Is the water in the reservoir entering the over..low?

gm Do you see algae grolving?

2. Plant chemical mixing storage areas.

a. What f_uoride compound is used?

b. Why is the fluoride tank outside?

c. What two chemicals are stored in the silos?

d. List two safety items on silos?

e. The effluent line of the ammonia tank is color coded

f. Why is the ammonia tank oute;ide?

3-5
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3. Recovery well and lagoons.

a. From where is the water into the recovery well pumped?
b. Is water entering the recovery well?

c. Is there enough rcom in the recovery well for emergency backwash?

d. List two safety items on the recovery well.

e. What ites of safety is missing at the recovery well?

f. How many lagoons are there?

g. Are both lagoons used 4t the same time?

h. Is the lagoon floor F.pposed to be leveled?

14 Is the water clariVy'-4 the closer it gets to the valves? Explain.

j. What tyoe of isolation valves do they use?

4. Plant basement.

a. The first chemical added to the raw water line coming into the plant is

b. Another water line joining the raw water supply before it goes intu the patshal
flume comes from the

c. What does the air compressor do?

d. Are the shafts to the slow mixing paddler for the flocculator in operation?

e. How is the lime taken to the silos and to the plant?

6 71)
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5. Laboratory.

a. Looking at the equipment present in the lab, list the two methoci used forwater testing.

b. List five test performed in the lab.

c. List three types of glassware items in the lab.

d. Why is the water running in the lab?

e. How often are the ,.?sts run in the lab?

f. Safet 4at .afety rrecautions are followed in the lab?

6. Water control panel.

a. What is the volume of water coming intn the plant. (Read Parshall Plum_ #1 andParshall Plume #2 and add them together.)

b. What is the discharge pressure on the 3ine? (Read Discharge Presure Meter).

c. How much water is leaving the plant? (Head Discharge Plow #1 and DischargeFlow #2 Meters, and add them together.)

d. firm many feet of water are there at the reservG.r? (Read Reserv)ir LevelGauge.)

7. Pump panel.

a. How many pumps are used for raw water?

b. How many pumps are used for treated water?

c. How do you know if the pump, g?

3-7
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8. There are three main groups of chemical feeders;
gas, solution, and dry. Completethe following exercise.

a. A "V" notch chlorinator is used to feed chlorine

b. Record lbs/day of chlorine being fed as prechlorination.

c. Record lbs/day of chlorine being fed as post chlorination.

d. What is the total 11:1s/day chlorine being fed?

e. How many one-ton cyCnders are connected?

f. How many cylicv.nrs 4re being used?

g. Is the exhaust system for chlorine feed room free of obstructions?
h. Is fluoride being fed into the water? Yes No
i. What type of fluoride chemical feeder do they use?
j. What is used to stabilize the water?

k. Where is the stabilization done in relation to filtration?
1. Is lime. CaO, being fed into the slurry mixer?

m. Ca0 4. H20 will yield
, commonly called

n, Why is lime solution fed in open channels?

672





9. Parshall Flume, flocculator settling tanks and filter.

a. What chemicals are added at the parshall flume?

b. List two things that happen at the parshall flume.

c. What is the purpose of the flocculator?

d. What is a good size of floc?

e. What stirs the water in the flocculator?

f. What is the purpose of the baffles?

g. List two of three reasons why floc would settle out in the flocculator.

h. What is the purpose of the settling tank?

i. Rectangular settling tanks have for sludge removal and round

settling tanks have

j. Where does the sludge and water go when it is removed from the settling tank?

k. List three chemicals that are added at the trough between the secondarysettling tank and the filters.

1. What type of sand filters does this plant have?

m. How often are the filters backwashed?

n. Do these filters use surface washing? YES NO

o. Do all filters have surface wash?

p. What is the present head loss on filter 12?

q. How many filters are posted on the gauge panels?

r. What kind of valves does this plant use on the filters?

3-9
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s. Where does the backwash water go to after backwashing the filtors?

t. What is the tank called where the treated water is held, before it goes to
distribution system or storage tank?

u. What type of storage tanks does this plant have?

V. What type of pumps do they use to move water?

w. What safety precautions should be taken when working around an open tank? Nametwo of three.

10. Upflow Clarifier

a. Where are the chemicals added to the upflow clarifier?

b. What collects the coagulated water?

c. How is the sludge removed?

d. Where does the coagulated water go after treatment?

STOP

Before proceeding any further have the instructor check your work.

Instr Initials
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PROGRESS CHECKLIST III-3-c

EXERCISE 3b

INSTRUCTIONS: Using the following operating procedures and guidelines, start, operate,backwash and shut down the water trainer with no more than three instructor assists.

OPERATING PROCEDURES

I. Close drain valves on raw water tank (2), chemical
flocculator (7), settling tank (8) and filter (9).

2. Check equipment for security and remove any object .

improper operation.

3. Open inlet valves to raw water tank (1), and on elevated storage tank (17).
4. Place all electrical switches in OFF position. Turn the master switch on wall andmaster switch on trainer control panel ON.

5. When raw water tank is 1/2 full, turn low lift pump on. Open #3, prime the pump,open #4 turn pump on, open #5.

6. Prepare chemical solutions (prepare additional amounts as needed during operation.)
a. Ferric Chloride preparation

(1) To red colored 3 gallon container, add one gallon of water.

(2) ^AREFULLY111 Add contents of one package of Ferric Chloride powder slowly-nd stir with wooden stirrer until powder is dissolved completely.
(3) Add 2 more gallons of water and stir well.

b. Aluminum Sulfate preparation

(1) To white colored 3 gallon contaicer, add one gallon of water.

(2) Measure 1000 ml of Aluminum Sulfate powder and add to the one gallon ofwater. Stir mixture with wooden stirrer until dissolved.

(3) Add 2 more gallons of water and stir well.

7. Fill slurry feeder with water to just under the overflow line.

a. Add 1000 ml of lime powder.

b. Turn mixer on (switch on control panel).

c. Recharge every 30 minutes.

8. Set each solution feeder as follows:

a. Check oil - must show 1/2 full in sight gauge.

b. Place suction line in solution.

c. Place adjustment lock in unlock postion.

d. Turn feeder switch ON.

e. Unlock adjustment and adjust to 50% stroke and lock.

NOTE: Whenever adjusting stroke, the locking level should be in unlock positionand the feeder must be running. When feeding or measuring feed rate, itmust be in lock.

f. Adjust feeder to 20 ml per minute. (Turn dial on feeder to 20.)

3-11
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9. When flocculator tank gets 1/2 full, turn it on (switch Ln control panel.)

10. Fill ths sand filter as follows:

a. Close influent valve to filter (9).

b. Open gullet drain line valve (10).

c. Open effluent valve from filter to recovery well valve (11).

d. Open backwash valve (12) until the capacity lf the gullet drain is reached.

e. When water is clear, close gullet drain line valve (10).

f. When filter fills to the even level, close backwash valve (12), open filterinfluent valve (9), and turn on high lift pump.

11. Before the settling tank is full, set up hypochlorinator as follows:

a. Calcium Hypochlorite Solution (HTH)

(1) To a one gallon plastic container, add one measuring spoon of HTH.

(2) Fill plastic container to 2" below the top with clear water.

CAUTION: When handling HTH, do not spill or breathe dust.

(3) Insert suction tube into HTH solution. Plug hypochlorinator in.

(4) Prime hyp)chlorinator. Turn dial to 10 GPD rate.

(5) When discharge line is full, turn hypochlorinator off.

(6) Place discharge line tip inside the settling tank effluent baffle.

(7) When the settling tank is full and water has entered into the baffle ofthe settling tank, START HYPOCHLORINATOR.

(8) Set the rate of 5 GPD.

(9) When water enters the storage tank, take a sample from valve ( ) and testfor chlorine residual. NOTE: A good chlorine residual reading for thistrainer is anything from a tree to 0.2 ppm.

12. a. If over chlorinating, cut down on the rate. Take a chlorine residual testafter 10 minutes. Continue doing this until you reach the desired CIresidual.

b. If under-chlorinating increase the rate and take a reading after 10 minutes.
Continue doing this until you reach the desired Cl residual.

13. Shutdown

a. Turn water off, valve (1).

b. Turn off low lift pump.

c. Open raw water drain valve (2).

d. Stop sludge rakes and open drain lines to settling tank valve (8) andflocculator valve (7).

e. Turn off flocculator (control panel).

f. Fill solution buckets with clear water and purge solution feeders.

g. Drain rapid mix and slurry tanks.

3-12
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h. Flush all tanks with clear water (use hose).

i. Turn off solution feeders and slurry feeder.

j. Be sure the filter is left full of clear water by backwashing.

14. Backwash filter as needed.

a. Close valve (9). Influent valve to filter.

b. Open valve (11) to recovery well.

c. Open backwash valve (12) slowly to 2 gal/min. When bed is filled, increase
backwash rate to 15 gal/min.

d. Probe filter for hard spots.

e. After backwash is completed, turn backwash valve (12) off.

f. Close recovery well valve (11), open influent valve (9) to filter.

g. Filter is now in operation.



PROGRESS CHECK II1-3d

INSTRUCTIONS: Attached are three Maintenance Action Sheets (AF Form 1841). These formsare used under actual field conditions to authorize the inspections and correction ofminor maintenance deficiencies in installed equipment. Your instructor has created atotal of five maintenance discrepancies in the water trainer. Using the AF Form 1841 asa guide, inspect each component and correct any maintenance discrepancy which may exist.No more than two of the two maintenance problems may be missed. List the maintenanceproblem and the corrective action taken.

1.

2.

3.

4.

5.

MAINTENANCE PROBLEM
CORRECTIVE ACTION

STOP

Before proceeding any further have your instructor check your work.

Instr Initials
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PROGRESS CHECKLIST III-3-e

INSTUCTIONS: Using AFR 91-26, complete the following statements concerning aerators.Five of seven must be correct.

1. Aerators remove gases from the water.

Z. Two gases that are removed by aeration are and

3. Four types of aerators are

4. The type of aerator found at the reservoir is the type.

5. Bubbling air below the water surface as in a fish tank is an example of a

type aerator.

, and

6. The type of aerator that uses coke on the tray to remove taste and odor is the

type aerator.

7. A waterfall type aerator is called a/an

STOP

Before proceeding any further, have the instructor check your work.

Instr initials



PROGRESS CHECKLIST III-3-f

EXERCISE 3f

INSTRUCTIONS: Using AFR 91-26 and your notes, match Column A Maintenance to Column BAerators. A minimum of 3 out of five must be correct. Some answers may be used once,twice or not at all.

COLUMN A. MAINTENANCE COLUMN B. AERATORS
I. Increase compressor or blower

pressure to supply a given quantity
a. Cascade or Step

of air when aerator is clogged. b. Spray Nozzle

2. Clean or replace coke tray if algae
growth is present or deterioration of

c. Tray and Splash Pan

coke is present. d. Diffuser

3. Cleaning by scrubbing or using copper
sulfate and/or chlorine solution to
control algae growth is recommended
for this aerator.

e. Venturi Type Aerator

4. Clean out sediment and dirt as
required, examine Joints for leaks.

5. Make necessary repairs to screens and
enclosures.

STOP

Bel.)re proceeding any further, have the instructor check your work.

Instr initials
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3770 Technical Training Group
PC J3A13R56631 000-111-4Sheppard Air Force Base, Texas

MONITOR/OPERATE ANC MAINTAIN ION EXCHANGER (DEMINERALIZATION) UNIT
OBJECTIVES

Given terms and statements pertaining to an ion exchange unit, match the terms tothe statements. Twelve of seventeen must be correct.

Given information, ion exchange softener and demineralizer units, work as a team tomonitor/operate the ion exchange units with no more than four instructor assists.
Given information and an ion exchange trainer work as a team to maintain the unitwith no more than one instructor assist.
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PROGRESS CHECK III-4-a

INSTRUCTIONS: Match Column A (terms) to Column B (statements) pertaining to ionexchange (demineralization) units. Some answers may be used once, more than once, ornot at all.

COLUMN A. TERMS

1. Purpose of ion exchange a.

2. Theory of ion exchange

b.
3. Sodium zeolite

c.
4. Synthetic resins

d.
5. Anion exchanger

6. Weak base anion

e.
7. Strong base anion

8. Cation exchanger f.

9. Chemical injection g.

10. Mixed bed demineralizer h.

11. Dual bed demineralizer i.

12. Natural resins

j.
13. Regenerant tank

14. Underdrain k.

15. Multiport valve

16. Backwash 1.

17. Hydrogen zeolite m.

n.

o.

p.

q.

COLUMN B. STATEMENTS

Type of ion exchanger used at base
laundries.

Used to remove or reduce TDS.

Green sand used as a zeolite.

Makes water acidic and often used
along with a strongly basic ion
exchanger.

Second step in ion exchange
regeneration.

Removes silica.

Evenly distributes backwash water.

Resin is positively charged.

Anion and cation resins in same
tank.

Is longer lasting and has higher
exchange capacity.

A reversible chemical reaction
between ions in solution and ions
attached to a solid material.

Removes only strong acids.

Uses sulfonated polystyrene as a
zeolite.

Resins are housed in two separate
tanks.

Holds chemicals.

Directs flow of water during cycles
of operation.

First step in regeneration.

STOP

Before proceeding any further, have the instructor check your work.

Instr initials
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PART 1

PROGRESS CHECK III-4-b

SODIUM CATION EXCHANGE OPERATION PROCEDURES

INSTRUCTIONS: As a member of a team, monitor and operate the sodium cation exchangeunit using the following step-by-step procedures. The instructor may assist no morethan four times throughout the operation of the unit. Units may be assumed to be
exhausted and regeneration done without actual use of chemicals at instructor'sdiscretion. Times taken to perform those steps may be adjusted accordingly.

1. Service

a. Place the unit into service as follows:

(1) Place solo valve in service position #3.

(2) Open valve #2.

(3) Open valve #1, the hardwater inlet valve, and adjust to a maximum flow ofGPM.

b. Perform test(s) for exhaustion. If bed is exhausted, regenerate unit.

2. Preparing Regenerant Solution

NOTR: This step can be omitted if the regenerant (brine) tank contains four ormore inches of brine solution. Furthermore, there should be undissolvedsalt in the bottom of the tank. If the solution level in the tank is lessthan four inches proceed to step a under close supervision of the
instructor.

a. For each four inches the brine level is below its upper level in the tank, add15 pounds of salt to the brine tank. For example, if the brine is eight incheslow, add 30 pounds of salt.

b. Place solo valve in service position No. 3. Valve No. 1 should be open.

c. Open valve No. 4 and add water up to the "upper brine level" then close.

3. Regenerating Sodium Zeolite Unit

a. Backwash (Step No. 1)

(1) Close valves No. (1) and No. (2)

(2) Open valve No. 3 momentarily to release pressure in tank and then close.

(3) Place solo valve on BACKWASH, position No. 1.

(4) Control influent by valve No. (1) at 2 GPM for 10 minutes, then close.

b. Regeneration (Step No. 2)

(1) Adjust solo valve for regeneration and slow rinse in position No. 2.

(2) Open valve No. 1. Flow rate is controlled by the solo valve.

(3) Open valve No. 4 to permit addition of salt brine to water going throughthe resin column. Total brine drawdown is four inches and usual time isabout 16 minutes.

(4) Close valve No. 4 when regeneration is completed.

c. Slow Rinse (Stop No. 3)

(1) When valve No. 4 is closed, the slow rinse begins. Continue slow rinsefor 30 minutes.



(2) Close valve No. 1 after the 30 minutes.

d. Final Rinse (Step No. 4)

(1) Place solo valve in service position No. 3.

(2) Fully open valve No. 3.

(3) Open valve No. 1 to give t. flow of 2 GPM.

(4) Hinso until salt cannot be tasted in effluent and then close valve No. 3.
e. Service Run (Step No. 5)

(1) Open valve No. 2 on service line.

(2) To adjust to the desired maximum flow:

(a) Open valve No. 3.

(b) Using valve No. 1, adjust the desired maximum flow of 6 GPM.

(c) Then close valve No. 3. This places the ion exchanger back inservice.

687

4-6



PART 2

DUAL BED DEMINERALIZER OPERATING PROCEDURES

INSTRUCTIONS: As a member of a team, monitor and operate the dual bed demineralizerusing the following step-by-step procedures. The instructor may assist no more thanfour times throughout the operation of the unit. Unit may be assumned to be exhaustedand regeneration done without actual use of chemicals at instructor's discretion. Time*:taken to perform those steps may be adjust accordingly.

STEP 1 - SERVICE

a. Solo-valve No. 1 in "Run" position (Position No. 3)

b. Solo-valve No. 2 in "Hun" position (Position No. 3)

c. Open valve No. 13 on service line

d. Control flow with valve No. 9 to 1.5 GPM, maximum 2 GPM

e. Perform test for exhaustion. If bed is exhausted, regenerate unit.

STEP 2 - SHUTDOWN (End of service rUn prior to regeneration)

a. Solo-valve No. 1 id "Run" position (Position 3)

b. Solo-valve No. 2 in "Hun" position (Position 3)

c. Close valve No. 9 and No. 13

d. Open valve No. 12

e. Solo-bridge switch to "Off" position

STEP 3 - REGENERATION

a. Backwash

NOTE: Start backwash SLOWLY, increase gradually to prescribed rate. Always
have sampling jar under solo-valve drain line; if resin particles arebeing discharged, reduce rate. Continue backwashing until water isclear and free of suspended matter. Anion column first, cation column
second.

(1) Anion Colunn:

(a) Solo-valve No. 1 in "Run" position (Position No, 3)

(b) Solo-valve No. 2 in "Wash" position (Position No. 1)

(c) Open influent valve No. 9 and backwash at a rate of one (1) gallon
per minute for ten (10) minutes (or until effluent is clear).

(d) Close valve No. 9 at end of backwash.
(2) Cation Column:

(a) Solo-valve No. 1 in wash position (Position No. 1)

(b) Solo-valve No. 2 in run position (Position No. 3)

(c) Open influent valve No. 9 and backwash at a rate of two (2) gallons
per minute for five (5) minutes (or until effluent is clear).

(d) Close valve No. 9 at end of backwash.

b. Chemical injection and slow rinse
NOTE. Both columns are regenerated and rinsed separately before the finalrinse. The anion column should be regenerated each time the cation

column is regeneratnd.
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(1) Chemicals Required:

(a) Cation - H2s04 (66°Be) 7.5 lb

(b) Anion - NaOH (flake) 6.0 lb

(2) Preparation of Regenerant Solutions:

(3)

NOTH: Omit this step if the solution in the regenerant tanks is four
inches or more from the bottom. If the solution is less than four
inches proceed to step 1 under close snpervision of the
instructor.

CAUTION: 112SO4 and NaOH are hazardous materials. Face shield,
gloves, and apron must be worn when adding these chemicals to
water. Add 112804 and NaOH slowly to water.

Filling Acid Tank (Cation Bed)

(a) Solo-valve No. 1 and solo-valve No. 2 in Run position (position No.3), all other valves closed.

(b) Open influent valve No. 9. Open valve No. 5, add water until level
is 20 inches from top. Close valve No. 9.

(c) Add required amount of acid directly to acid tank and mix.

(d) Open valve No. 9 and add water until level of solution is 2 inches
from top of tank, then close valve No. 9.

(4) Filling Caustic Tank (Anion Bed)

(a) Solo-valves No. 1 and 2 in run position (position 3); all other
valves closed.

(b) Open valves 6 and 9.

(c) Add required amount of NaOH slowly, stirring constantly.

(d) Fill tank with water until level of solution is 10 1/2 inches fromtop.

(e) Close valve No. 9.

5) Chemical Injection and Slow Rinse of Cation Resin

(a) Chemical injection

1 Solo-valve No. 1 in regeneration position (position No. 2).

2 Solo-valve No. 2 in run position (position No. 3).

(b

3 Open and adjust influent valve No. 9 for a flow rate of 0.75 GPM
(approximately 30 psi).

4 Open acid valve No. 5.

5 Close acid valve No. 5 when liquid levIl is 2 inches from bottom
of tank (suction time approximately 42 minutes).

Slow Rinse

1 Solo-valve No. 1 in regeneration position (position No. 2).

2 Solo-valve No. 2 in run position (position No. 3).

3 Rinse at 0.75 GPM for 30 minutes (22.5 gal).

4 Close valve No. 9 at end of 30 minutes.

4-8
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(6) Chemical Injection and Slow Rinse of Anion Resin

(a) Chemical injection

1 Solo-valve No. 1 in run position (position No. 3).

2 Solo-valve No. 2 in regeneration position (position No. 1).

3 Open and adjust influent valve No. 9 for a flow rate of 0.75 GPM
(approximately 30 psi).

4 Open caustic valve No. 6.

5 Close caustic valve No. 6 when solution level is 2 inches from
bottom of tank. (Suction time approximately 17 minutes.)

(b) Slow Rinse

1 Solo-valve No. 1 in run position (position No. 3).

2 Solo-valve No. 2 in regeneration (position No. 2).

3 Valve No. 12 wide open.

4 Valve No. 9 remains open and controls rinse at 0.75 GPM for 20
minutes (15 gallons).

5 Close valve No. 9 at end of 20 minutes.

c. Final Rinse

(1) Solo-valve No. 1 in run position (position No. 3).

(2) Solo-valve No. 2 in run position (position No. 3).

(3) Valve No. 12 WIDE OPEN.

(4) Set "pointer" of solu-bridge at 50,000 OHM, adjust temperature rheostat attemperature of effluent, turn switch "ON".

(5) Open influent valve No. 9.

(6) Rinse at 2 GPM until GREEN LIGHT burns continuously,

(7) Open valve No. 5 and valve No. 6 for 10 secondE each during rinse to flushout lines.

d. Service Run

(1) Solo-valve No. 1 in run position (position No. 3).

(2) Solo-valve No. 2 in run position (position No. 3).

(3) Open valve No. 13 on service line and close valve No. 12 as soon as valveNo. 13 is opened.

(4) Control flow with valve Ao. 9 to 1.5 GPM, MAXIMUM 2 GPM.

STEP 4 - START-UP AFTER SHUT DOWN

If unit has been shutdown overnight or longer, a short rinse is recommended beforeproceeding. (Step No. 3, Final Rinse).

STEP 5 - END OF SERVICE RUN

When red light shows continuously, the unit is exhausted. Begin again with Step 2Shut Down, and repeat above procedure.

4-9

680



PART 3

MIXED BED DEMINERALIZER OPERATING PROCEDURES

INSTRUCTIONS: As a member of a team, monitor and operate the mixed bed demineralizer.
1. Normal Operation

a. Open valves E, A, and H.

b. Check water pressure on the gauge. It should read between 20 and 30 psi.

c. Check water purity by pressing the ohmmeter button. Any reading above 1million is good. If below 1 million, regenerate unit.

2. To Shutdown Operation

a. Close valves H, A, anu E.

b. Close the mnin ion exchange water supply valve.

c. Shutdown the cation unit you are using and relieve the pressure in the unit.
3. Regeneration

NOTE: Omit this step if ohmmeter reads above one million. If ohmmeter reads belowone million proceed to step a under close supervision of instructor.

a. Backwash and Separate

Close all valves except (8) and (V). These valves should be full open. Openvalve (H) until a trickle of water comes out of the drain pipe.

After five minutes of this slow flow rate observe the resin. If there is aslow 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, increse tts flowrate by adjusting valve (H). It is very important that the flow rate is notexcessive as it will drive the resin bed completely to the top of the column,thereby causing a plug that will not separate. If this occurs, the resin bedwill have to be driven down. This is easily accomplished by closing all valvesexcept (A), (H), and (E). When the plug of resins is driven down, proceed with
backwash and separate cycle for 15 minutes.

b. Regeneration of the Cation and Anion Resin

Preparing the regeneration solutions - fill a 3-galion rubber bucket with 2
gallons of softened or demineralized water and stir in 5 pounds of caustic
flakes, stirring until thoroughly dissolved. One gallon of 30 percent muriatic
acid is used full strength for the cation regenerant.

CAUTION: Caustic soda and muriatic acid are hazardous materials. Face shield,gloves, and apron must be worn. Add chemicals slowly to water.

(1) Drawing Up Anion Regenerant

All valves cloeed, open valves in this order (C) and (C'). Slowly openvalve (H) until the pressure gauge shows 17,-20 pounds. Open valve (K)full. This regenerant cycle should take at least 20 Ainutes to allow
contact time with the anion resin. Adjust valve (H) accordingly. Closeall valves.

(2) Rinsing

All valves closed. Open valves in this order (H), (A), and (K). Continuein this cycle for 20 minutes or until pH of the drain effluent is approxi-mately 8-9. Close all valves.
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(3) Regenerating Cation

C. 4ir

(1)

All valves closed.
in this order: (D'
draw-up takes 10-15
(D). Open valve (B
rate. Rinse cation
valves.

Resin

Place acid draw-up tube in muriatic acid. Open valves), (D), (K), and (H). Adjust valve (H) so that acidminutes. When acid is drawn up, close valves (D') and
), readjust valve (H) to slightly increase the flow
resin in this position for 10 minutes. Close all

Mixing of the Resins

To drain water level to approximately 4"

All valves closed. Open valves (V) and (
reached, close (V) and (E).

(2) Open valves (H), (V), and open valve (J)
resin bed starts. A mild agitation is al
resin for complete mix. This cycle will
Close all valves.

above resin bed.

E). When the water level is

slowly until agitation of the
1 that is necessary. Observe
take approximately 4 minutes.

NOTE: If resin bed appears too dry and not mixing, add water properly byopening valve (H).

d. Final Rinsing

Fill the tank by backwashing rapidly, open valves (V), (3), and (H), to drivethe bed down. Mose (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 (H). Unit is now in service.

Flow control can be adjusted by valve (H) up to 120 gph or wide open.

NOTE: If unit shows preliminary exhaustion, go through the air mixing cycle.This usually adds about 20 percent more to the run cycle.
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PROGRESS CHECKLIST III-4-c

INSTRUCTIONS: Using the following and an operator's checklist, indicate the maintenance
procedures necessary to co.rect each condition by writing the maintenance require in the
blank space. Five of eight must be correct.

1.

2.

3.

4.

5.

6.

7.

8.

COMPONENT CONDITION OF COMPONENT MAINTENANCE REQUIRED

Tanks Paint is falling off and
pitting on tank surface is
present.

Pipes Pipes are rattling during
operation. Leaks and
corrosion are present.

Valves Valves are leaking at the
stem, and are sticking.
Valve handle is broken.

Multiport Valve Valve does not turn easily
and is chattering during
operation.

Ejector Insufficient solution going
through to the piping.

Pressure gauges No pressure or low pressere
indication when unit is in
operation. Needle appears
to be stuck.

Zeolites The effluent pressure has
dropped below that specified.
Organic matter is present
in the effluent water.

Conductivity Meter Indicator lights are not
turning on.



PROGRESS CHECK III-4-c

INSTRUCTIONS: Attached are two Maintenanct4 Action Sheets kAF Form 1841) which Auth.wizoyou, to inspect and perform minor maintenance on the ion exchange trainer. Yourinstructor has created three malfunctions to this unit. Using the AF Form 1841 as aguide, inspect each component and correct any maintenance discrepancy which may exist.In order to obtain a satisfactory rating on this progress check, no more than oneinstructor assist is allowed. List the maintenance problems and the corrective actiontaken.

1.

2.

3.

Maintenance Problem
Corrective Action

STOP

Before proceeding any further, have your instructor check your work.

Instr Initials



MAINTENANCE ACTION SHEET COSTZE TE.1

491 WIW
CESC.OPTION

mixed ;,,...
...,....

I v s 11,..bEla

CREW".. vie ea
eoP

REQUIRED MAINTENANCE ACTIONS
1 RECEREN"e l'AINDAFIC!,RE,

1 acv asCHBAICAL RECZNERATE TORS

iAFR 91-26 5 i

Inspect for corrosion

Inspect far leaks
I

I

Inspect piping

Inspoct for
seammatatimi..in_botton_inf_ta4

,

- Q

EXCHAM SEEMS

_AFR 91-26 2

;

WInspect for corrsion

Inspect for leaks
I

i

I

MULTDRIECIIALVE
AFR 91-26 .25

Inspect for. 1.441eat

------kinuezzalma-through-a11-posittnas

Inspect for corrosion

CCEMIDITY METER

AFR 41-26 /25 ;Inspectelectrical connections

Inspect platnium electrodes

Check for accuracy

1

0Te
tIrt.MALS

1 Mav 86 0

:

S.0

1 Ma 86
.

S_c 0....-E..:CS-S....-A11

AP 1841

690



MAINTENANCE ACTION SHEET
COST ...

491. WW

ACTIONS

OE4:R1R- ON. v AS NUlurSIER

Mixe+kBed Deirdneriaizer_
IST%241,147.REFERENCE I , PRECI. CREW

sIZE
EAV
EOP

NEOLIRED 11*4).erE4 0,4CE

=UM 034PONDTIS
AFR 91-26) 9 5 ! w 2 L.

1Flow meter

Inspect for leaks

Inspect for ccwrosion

Presstwe gaup

Inasactiar_leaktA

Inspect_fat_carrosico
.

--Valms-------
.

Triapanr far
;

leaks

Inspect for CarrOninn

PiPila

Inspect far 1Aa1ra

:,.. ,

,TIL
1.

wcri.4ITIA6S C

ItTl'a 1811



3770 Technical Training Group
PC J3ABR56631 000-111-5Sheppard Air Force Rase, Texas

MONITOR/OPERATE AND MAINTAIN ELECTRODIALYSIS DEMINERALIZER UNIT
OBJECTIVES

Given information and an electrodialysis deminertlization unit, work as a team tomonitor/operate the unit, with no more than three instructor assists.

Given information and an electrodialysis demineralizer, work as a team to maintainthe unit, with no more than two instructor assists.



PROGRESS CHECK III-5-a

INSTRUCTIONS: Given step-by-step prucedures and working as A momher of a foam. operafothe electrodialysis unit. The instructor may assist three times during the unit'soperation.

Using the instructions below, operate the electrodialysis demineralization unit.

SAFETY PRECAUTIONS

1. Initially, and each time the unit is moved or dismantled, check the ground
connections before turning on DC power. The skid frame should be grounded to thebuilding ground.

2. Do not touch wet stack sides or electrode tabs when the DC power is on.

3. Always wear rubber gloves when voltage probing the membrane stack.

4. Never apply DC voltage to the membrane stack when there is no water flow turoughthe stack.

5. It is normal for the DC amperes to DROP when the feedwater temperature DROPS.NEVER increase DC stack voltage as feedwater temperature drops in an attempt toraise amperage to that recorded at the higher temperature UNLESS you have receivedspecific instructions to do so from Ionics.

6. It is normal for the DC amperage to RISE when the feedwater temperature RISES. Ifthe temperature rises less than 10°F, it is not necessary to lower the DC voltagewhen this happens. If the feedwater temperature RISES more than 10°F, the DC
voltage should be lowered until the DC amperage returns to normal UNLESS you havereceived specific instructions from Ionics to the contrary.

7. Never allow oil, organic solutions, solvents, detergents, sewage, nitric acid,bleach or other strong oxidizing agents to come in contact with the membranes andspacers unless directed by an Ionics Representative. Membranes can be DAMAGED ifoperated on a feedwater containing even 0.1 ppm free available chlorine.

8. ALWAYS keep membranes wet.

9. When washing down the area, never direct a hose on the membrane stack when the DCpower is on.

10. Feedwater containing calgon, or other hexametaphosphates will cause higher membranesta.& resistance. Avoid operation when these are present.

OPERATION OF E.D. UNIT

Using the instructions below, operate the E.D. unit.

1. PREOPERATION PROCEDURES

NOTE: Observe safety precautions.

a. Close the float switch simulator.

b. Inspect the unit for any sign of damage or unsafe conditions.

c. Check to see that the unit is connected to a 110-volt outlet and the switch onthe console is in the off position.

2. OPERATION PROCEDURES

NOTE: Observe safety precautions and follow the instructions below.

a. Open the plug valves PV-1 in the product flush and raw feed waterlines.

b. Put the owitch S-1 on the console in the on position.
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c. Allow a waiting time as high as 15 minutes for the unit to start producingwater.

d. Fill out the attached log sheet.

3. SHUTDOWN OPERATION

a. Put the switch S1 on the console in the off position.

b. Close plug valves on the product flush and raw feed water line.

4. LOG SHEET FOR E.D. OPERATION.

a. DATE/TIME

b. PRODUCT WATER TEMP °F

c. PRODUCTION FLOW RATE

d. CURRENT (AMPERES)

e. PRESSURES
BEFORE FILTERS

AFTER FILTERS



PROGRESS CHECK III-5-b

INSTRUCTIONS: Using an electrodialysis trainer and working as a team member, performmaintenance procedures as outlined in the operator's maintenance checklist. Instructormay assist no more than two times during operation.

1. TOIS Test

a. Draw product water from unit.

b. Using specific conductance meter perform a TDS test on product water.

Purpose of Test: To measure the specific conductance of a water sample as arelative measure of the dissolved ionizable solids as NaC1 equivalent.

Method of Testing: Electric Conductivity Meter

(1) Principles of Test

(a) Water without any dissolved solids is a very poor conductor ofelectricity.

(b) Water which contains dissolved ionizable solids will conduct
electi-icity in approximate proportion of the concentration of theions.

(c) A conductivity meter is used to measure the micromhos conductivity. .

(2) Equipment:

(a) Solo-bridge (specific conductivity meter)

(b) Prepare conductivity cell probes as follows:

1 Low range probes for distilled or demineralized water samples.

2 High range probes for raw or treated water samples.

(c) Two, footed cylinders (beakers may be used if sufficiently deepenough to allow submergence of air vent on probes).

(d) Conversion chart.

(e) Thermometer.

Reagents: None except for product water, and demineralized water forprobe storage and cleansing.

(3) Procedure:

(a) Fill container two thirds full of sample.

(b) Select probes with low range depending on sample. ,

(c) Rinse the probes in one of the cylinders with demineralized water.
(d) Place probes in second cylinder.

(e) Plug in the meter and turn switch to "ON" position.

(f) Check temperature of sample used to rinse probes.

(g) Set temperature control on meter to temperature obtained in step f.

(b) Jiggle the probes in sample until all of the air bubbles escapethrough the vent holes. Keep probes submerged below vent hole level.

5-5 700



(i) Turn the conductivity scale knob until the dark area of the eye ornull indicator is at its widest size.

(j) Read the meter and record the micromhos specific conductivity of
sample.

(k) Turn switch to the off position and unplug the meter.

(1) Rinse the probes in distilled water and store.

(m) Use the conversion chart that is furnished with the meter to convert
specific conductivity to PPM NaC1 equivalent.

(n) Record results:

Micromhos specific conduetivity.

mg/1 NaC1 equivalent.

2. Electro membrane stack probing.

a. With unit operating 6etup the multimeter with instructor assistance.

b. Probity.; stack

(1) Holding black lead in left hand, and red lead in right, about one inch
apart from each other.

(2) Touch the membrane stack from left to right at one to two inch intervals
across the entire stack. Note ohms change on green scale as you progress
across the stack. Record three readings.

(3) Ohm readings across stack. For left
For right ohms.

ohms. Middle ohms.

c. Disconnect probes from multimeter box, store away inside the box.

d. Turn off unit, switch and switch

e. Turn off feed PGV-1 and product flush PGV-2.

f. Turn off major electrical control box on wall.

3. Stack disassembly and assembly.

The following is a step-by-step procedure for disassembly and assembly of amembrane stack.

NOTE: Read all of the following instructions thoroughly before attempting any
maintenance on a membrane stack.

a. Disassc:Ably

(1) Remove the stack end plate.

(2) Remove the plastic end block. Do not lay the block on the plastic hose
connectors.

(3) Remove the top electrode gasket and top electrode.

(4) 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. This holds true for both pair andsection disassembly.
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(7) When disassembling a two stage stack, the procedure listed above will beused for the second stage also.

b. Assembly Precautions

(1) To prevent assembly errors, place a schematic of the stack in a locationwhere it can he referred to corstantly during the assembly.

(2) Alternate anion and cation membranes except at the electrodes.

(3) The platinized side c! the &NODE faces the center of the stack.

(4) Check manifold alignment carefully.

(5) Do not introduce foreign material to the stack.

c. Assembly

(1) When replacing the membranes, either by pairs or by sections, the operatormust turn the membranes over so they will be in the right position.

(2) Carefully line up the membranes and spacers so that the manifold holes
form a vertical flow leader for the entering streams.

(3) When assembling a two stage stack, the above procedures are followed forthe second stage.

(4) Replace the top electrode section and top end blocks in the reverse orderof disassembly.

(5) Tighten binding bolts alternately and only enough to :top excessive leak-ing with the pump on.

STOP

Before proceeding any further have the instructor check your work.

Instr Initials



3770 Technical Training Group
PC J3ABR56631 000-111-6Sheppard Air Force Base, Texas

FIELD WATER PURIFICAT10N UNITS

OBJECTIVES

Given a sketch of a proposed water point and ete selection criteria, locate and
identify the correct site to set up the unit according to TM5-700. Three of four zustbe correct.

Given a diagram and information related to the ERDLATOR, locate and identify
components IAW TO 40W4-9-1. Ten of twelve must be ccvrect.

Using TO 40W4-9-1 and information related to the operation of the ERDLATOR, matchstatements pertaining to the operation of the unit. Twelve of fifteen must be correct.

Using TO 40W4-9-1, complete statements pertaining to preventative maintenance
procedures and troubleshooting operational problems of a 600 gph ERDLATOR. Nine offifteen must be correct.

Given a diagram and information related to the Reverse Osmosis Water Purification
Unit (ROWPU), locate and identify the BOWPU components IAW TO 40W4-13-1. Seven ofeleven must be correct.

Using TO 40W 4-13-1 and related information, write the correct procedures used toperform maintenance on the Reverse Osmosis Water Purification Unit. Six of ten
procedures must be correct.
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PROGRESS CHECK III-6-a

INSTRUCTIONS: Given site selection criteria, your notes, and TM 5-700, select theeorreet site to position the W01. Place the number in the selected area of your bestchoice. Three of the four must be correct.

I RAW WATER PUMP

2 600 GPH WATER NRIFICATION UNIT

3 CLEAR WELL (STOKAGE TANKS)

4 DISTRIBUTION PUMP WITH NOZZLES

STOP

Before proceeding any further, have trle instructor cheek your work.

_____ Instr initials__

704
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PROGRESS CRECK III-6-b

INSTRUCTIONS: Using the drawing of the (RROLATOR) field water purification tank (figure
6-1) with numbored items and a list of components, match the components to the numbereditems. Ten of twelve components must be correct.

Figure 6-1. Erdlator

Components

a. Downeomer tube g. Sludge concentrator tank

b. Baffle rings h. Effluent laundor

c. Circular discs i. Raffle

d. Influent launder j. Wet well

e. Agitator shaft k. Mixing zone

f. Sepxrator zone Clarification zone

STOP

Before proceeding any further, have the instructor check your work.

705
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PROGRESS CHECK

INSTRUCTIONS: Column A list statements, chemicals and actions pertaining to theoperation of the KIIDIATOR. Column 6 contains phases which match the statements incolumn A. Complete each entry in Column A by placing the corresponding letter of Column
14 in the space provided. Hach letter may be used once, more than once, or not at all.
Twelve of fifteen must be correct.

MOWN A
CokhPiN h

1. Recharge slurry feeder a. Sludge concentration tank

2. Must reposition this component in order b. One foot of vater in tank
to decrease the rotation of the slurry
blanket c. Coagulant aid

3. Ferric Chloride d. Coagulant

4. Limestone e. Anti-coagulant

5. Recharge chemical solution feeders f. Diatomaceous earth

6. Component which receives flocculent g. Every 60 minutes
slurry flows from the EROLATOR tank

h. 5 psi
7. Used to precoa!: filter

I. Every 45 minutes
8. Pressure gauge reading which indicates

backwashing of filter is necessary j. Lift the slurry float

9. Ratio of ferric chloride to one gallon k. As required
of water

1. Depress the slurry float10. Ratio of calcium hypochlorite to one
gallon of water m. 10 psi

11. Permissabi t? to start drive motor n. When tank contains one foot
of water

12. Action required to drain all water
from slurry feeders o. Metal parts

13. In cold weather, refrain from touching p. Agitator drive beltwith bare hands

In well ventilaten area14. Mix chemicals

r. When tank is one third full15. Required for extended shutdown

s. 1/3 lb pee gallon

t. 0.05 lb per gallon

u. Remove filters, clean dry unit

v. Remove filters

w. Remove vent plugs



PROGRESS CHECK IIf-6-d

INSTRUCTIONS: Complete the folLowing statements pertaining to preventive maintenanceand troubleshooting of the Erdalator unit using TO 40W4-9-1 and study guide. Nine of 15must be correct.

1. The first inspection that is done before starting the EROLATOR is a/an

2. Responsibility for performance of preventive maintenance service rests with the

, the entire chain of command from the

to

3. According to TO 40W4-9-1 inspection of the generator falls underservice.

4. If the generator does :!ot turn on, check to see if the unit is receiving

5. How often should the drain lines be inspected?

6. How often should the fire extinguisher be checked?

7. What type of service must be done if th.; unit is to be shut down?

8. If the trailer has loose trailer mounting nuts what should you do?

9. Row often should the low water level switch be serviced/inspected for majorproblems?

10. List five things that could go wrong with the colution feeders.

11. If the chemical slurry reeder is clogged, what do you do to restore it tooperation?

12. if there is insufficient solution coming trom the solution feeder what could be theP)robable causes for this?
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13. What are two probable causes for the water after the filter not being clear?

14. List two reasons why plug valves leak water or draw air.

15. List two reasons why diatomite filter runs too short or too long.

STOP

Before proceeding any further, have the instructor check your work.

Instr initials

70s
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PROGRESS CHECK III-6-e

INSTRUCTIONS: Match the numbered areas on the RO unit to the list or components. Sevenof 11 must be correct. TO 40W4-13-1 may be used. All items will be used only once.

Figure 6-3.

Components:

RO Unit

a. Distribution pump g. Utility pall

b. Paddles
h. Backwash pump

c. NBC tanks
1. Storage boxes

d. Folded product water tanks j. Brine tank

e.

f.

Sledge hammer
k. Rubber hose

Raw water pump

STOP

Before proceeding any further, have the instructor check your work.

Instr initials



PROGRESS CHECK III-6-f

INSTRUCTIONS: Using TO 40R4-13-1, chapter 3, section III, write the correct proceduresused to perform maintenance on the Reverse Osmosis Unit. Six of 10 must be correct.
1. When must the RO elements be replaced?

2. What inspection procedures are followed when changing RO elements?

3: List the first three steps when changing cartridge filter tube elements.

4. If filtors leak after being replaced, what maintenance procedures need to befollowed?

5. What four maintenance procedures are followed in cleaning the backwash pumpstrainer?

6. What is a rupture disc and where is it located?

7. What must you do if the rupture disc opens during operation of ROWPU?

S. What type of maintenance must be performed if you are inspecting, cleaning, or if aleak appears around the handhole covers?

9. List the three major steps needed when replacing handhole gaskets.

10. What items must be used to repair a leak on the canvas product water and brinewater tanks?

STOP

Before proceeding any further, have the instructor check your work.

Instr initials



3770 Technical Training Group
PC J3A8R56631 000-111-7Sheppard Air Force Base, Texas

SWIMMING POOLS

OBJECTIVES

Using information from APR 91-26 relating to the operational principles of swimmingpools, match facts and terms to the identifying statements. Eight of twelve must becorrect.

Identify the construction features and major components of the pool by makingwritten responses to complete a diagram. Fifteen of twenty responses must be correct.

Complete a checklist by listing the maintenance requirements of the pools, andcomponents, with no more than one instructor assist.
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PROGRESS CHECK III-7-a

INSTRUCTIONS: Match the statements in Column A to the terms in Column B, concerningoperational principles of swimming pools. Eight of 12 must be correct. Some items maybe used once, more than once or not at all.

COLUMN A. STATEMENTS
COLUMN B. TERMS

I. Chemical used as coagulant in
swimming pool operation.

2. Chemical used as a disinfectant for
swimming pools.

3. Causes cloudiness in pool water.

4. pH range in a swimming pool.

5. Ildoor swimming pool temperature
should not exceed.

6. Air Force swimming pool log sheet
number.

7. Items to be inspected before pool
is opened.

8. Used to check turbidity.

9. Time allowed for water filtration.

10. Floating material is removed by.

11. A guide used for the operation and
backwashing of the filter.

12. Used to prevent damage to the pool
during freezing temperatures.

a. logs

b. 6.8 to 8.2

c. 7.2 to 7.8

d. Standard operational procedures

e. Compouents

F. Base medical authorities

g. Pool area

h. Flooding the pool

i. Aluminum sulfate

J. Supplies

k. Black disc

1. 78°

m. Undissolved chemicals

n. Chlorine

o. 6 to 8 hours

p. AF eorm 708

q. Medical equipment

r. 71°

S. AFM 85-13

STOP

Before proceedlog any further, have the instructor check your work.

Instr initials



PROGRESS CHECK III-7-b

INSTRUCTIONS: Complete the following diavam by identifying the major parts of theswimming pool and filter components.

Figure 7-1. Pool

a. Erdlator
g. Shower/dressingroom

b. turbidity marker
h. Pump room

c. Drain
i. Wading pool

d. Return inlet
j. Overflow trough

e. ROWPU
k. Lane indicators

f. Fill pipe
1. Filter

STOP

Before proceeding any turther, have the instructor check your work.

Instr initials

7-5713



PROGRESS CHECKLIST III-7-c

MAINTENANCE CHECKLIST

PART 1

INSTRUCTIONS: During the field trip to the base swimming pool, observe and Inspect thepool components. Using the list of pool components below, write the noticeable
maintenance requirements of each item. Each item must have an answer.

POOL COMPONENT

1. Gt7neral housekeeping

2. Safety items

a. Guard rails

b. Life preservers

c. Signs

d. Color codes

e. Non-slip devices

f. Water fountain

g. Electricity

h. Personnel autho-
rized

i. Horseplay

J. Chemical storage

k. Tools

1. Others

3. Pumps

4. Piping

5. Hair catcher

6. Filter

7. Feeders

8. Safety equipment

9. Forms

10. Security

CONDITION OR DIFFICIENCY CORRECTIVE ACTION
NOTICED

STOP

Before proceeding any further, have the instructor check your work.

Instr initials

7-714
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EXPLANATION OF TERMS

Bacteria - A group of one cell organisms lacking chlorophyll. Bacteria are usually
regarded as plants.

Aerobic - Bacteria that need oxygen to survive.

Anaerobic - Bacteria that do not need oxygen to survive.

Faculative anaerobic - Bacteria that adapt to growth in either absence or presence
of oxygen.

Pathogenic - Bacteria that cause disease.

Detention - the period of time from when the wastewater enters a tank until it leaves
the tank.

Digestion - the breaking down of water to a more stable form by bacteria.

Digested - Digested sludge has been stabili7ed enough through anaerobic decomposition to
permit handling without any nuisance.

Effluent - Outlet of a plant or from any piece of equipment.

EPA - Environmental Protection Agency.

Grit - Inorganic matter such as sand, gravel, rock, etc.

Inorganic - Material that has no life or has never bad life such as dirt, rock,
minerals, etc.

Liquor - A mixture of activated sludge and wstewater in the aeration tank undergoing
activated sludge treatment.

Organic - Any matter having bad life such as skin, vegetable material and foods.

Pollution - A condition created by the presence of harmful material in water.

Pollutant - The harmful material itself.

Polluter - Person or activity which is not correctly disposing of its pollutant.

Potable - Water is said to be potable when it does not contain objectional pollution,
contamination, minerals or infective agents and is considered satisfactory for
domestic consumption.

Purification - The removal of objectionable matter from water by natural or artificial
methods.

ii



Septic - Sewage is said to be septic when undergoing putrefication under autIerobic
conditions, foul smelling.

Supernatant - The liquid between the sludge on the bottom and the scum on top in a
digester.

Treatment - The process of removing pcllution from wastewater.

Preliminary - The removal of objects which are injurious to sewers, plant equipment
and treatment processes.

Primary - The first major trEatment in a wastewater plant, removal of the settleable
solids.

Secondary The removal of suspended solids by biological methods:

Tertiary - The removal of finely 'divided solids which will not settle but may be
removed by coagulation or filtration.

Wastewater - The spent water of a community. From the standpoint of source, it may be a
combination of the liquid and water-carried wastes from residences, commer-
cial buildings, industrial plants, together with and groundwater, surface
water and storm water that may be present.

NOTE: For additional definition of terms pertaining to wastewater treatment, see
glossary in AFM 91-32.
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3770th Technical Training Group SW J3ABE56631 000-IV-1
Sheppard Air Force Base, Texas

CHARACTERISTICS OF WASTEWATER

OBJECTIVE

Given information concerning the characteristics and ccaponition of wastewater and a
list of incomplete statements and phrases, write the terms or phrases to complete each
statement. Fifteen of the twenty statements must be correct.

INTRODUCTION

I'. is the function of the base wastewater treatment plant to collect wastes from
households, streets, businesses and industry on an Air Force base. The wastewater
treatment plant is responsible to provide for inoffensive and reliable collection and
safe disposal of these water carried wastes. The treatment of .p.stewater begins where
the treatment of the water supply ends. All treatment of wastewater is important. It
comes from the drains and pipes of the base collection system, goes through your treat-
ment plant, and ends in the stream or ground water which receives tbe wastewater
effluent.

The method for wastewater disposal will vary with the situation. Wastewater
disposal is not a glamorous operation. A sewer line brings nothing to a small town or
city, its location is underground where no one will see it, and its only service is to
take away that which is not wanted. If you think about it, the more efficient the
wastewater plant is, the less noticeable it is. When you leave here you may be assigned
to a base wastewater plant. Your knowledge of classes and sources of wastewater will
help you become a better plant operator. Wastewater is made up of various types of
wastes from different areas, and may come from a base or a city. These different types
of wastes are classified as either domestic wastewater or industrial wastewater. When
you graduate from this course, you will be going to a base and perhaps be operating a
waste treatment plant. You must be able to recognize the equipment used in the plant
and how it operates. These subjects will be covered under th( folio ing topics.

INFORMATION

COMPOSITIONS

Domestic

Domestic waste is liquid or semi-solid wastes from latrines, slop sinks, kitchens,
showers and other sanitary conveniences. Storm run-off is not normally included in
sanitary wastewater. Although, wastewater contains considerable floating matter
including fecal solids, paper, grease, and kitchen refuse, about 99.9% by weight of the
total volume is water. Wastewater generally has a higher temperature than the water
supply. When fresh, it is usually gray and almost odorless; when stale and septic,
wastewater is dark and has a rotten or putrid smell. Ordinarily turbid, sanitary waste-
water becomes more septic as it grows older.

Industrial

Plant operators should be familiar with all the industrial operations at their base..
These wastes can be very hazardous to the wastewater plant eperators as well as to the
treatment plant and the collection system. It is advisable to pretreat industrial waste
before it enters the collection system. There will be times when this is not possible,
because of the size of the base. Industrial wastes can be very low or high in pH
because of acids/bases used in their processes.

Industrial waste may include liquids such as acids, alkalines, phenoles
, oils and

cleaning solutions, which result from aircraft washing and industrial operations. When
the volume of /aste is small, it is normaly disposed of through the sanitary wastewater
treatment plant. In some cases, however, it is necessary that separate industrial waste
treatment plants be constructed.

1-1
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CHARACTERISTICS OF DOMESTIC AND INDUSTAIAL WASTEWATER

The wastewater plant operator on an Air Force base must know the wastewater charac-
teristics and the different material in it. Knowing these factors, the operator can
provide the right treatment for their bac:e. How your wastewater plant will operate is
going to be determined by the changes that the operator makes to the plant as the
different types of wasi;ewater enter. The contents of wastewater depend largely upon
where it comes from. The general term wastewater is used to describe all waste
materials flowing through the sanitary wastewater system. It is largel'i the water
supply of a bese after it has been fouled by many uses.

Domestic and industrial wastewater has sindlar effects on plant operation. These
effects include the clogging of pumps, coatlnE, of equipment with grease, reducing flow,
blocking flow, creating offensive odors, increasing the biochemical oxygen demand, and
raising or lowering the pH. One important difference between the effects of domestic
and industrial waste is that industrial waste may kill the helpful bacteria when it
enters a domestic waste plant in large quantities.

Materials frequently contained in sewage are grouped under the following headings:

1. Liquids 2. Organic Matter 3. Inorganic Matter

a. Oil a. Sticks a. Rocks
b. Soaps b. Paper b. Gravel
c. Acids c. Leaves e. Sand
d. Alkalies d. Cotton products d. Meal products
e. Gasoline e. Food stuff e. Glass
f. Kerosene f. Fecal matter f. Metals
g. Milk g. Small al:imals
h. Alcohol h. Plastic products

PHYSICAL PRINCIPLES AND PROCESSES

Wastewater usually contains a quantity of undigestible inorganic or mineral matter
such as sand, gravel, glass, metal, and even some large organic matter that must be
removed. The removing or grinding or shreddiag of this matter is referred to as physi-
cal principle. Sludge drying beds are also considered a physical treatment since
evaporation takes place, and no chemical or biological process takes place. Grease
removal is also a physical treatment. It can therefore be understood that any treatment
the wastewater receives other than chonical or biological can be referred to as physical
treatment.

We need to know about the equipment we use at a wastewater plant fc_. the physical
treatment processes. These include screens, shredders, grit removers, pre-aerators and
measuring devices.

CHEMICAL PROCESSES

The use of chemicals in wtstewater treatment is very limited. The most common
chemical treatment is the addition of chlorine for disinfection of the plant effluent.
Chlorine may also be used to control odw's and help correct operational problems in the
plant. Another chemical that may be used is lime. Lime is usually used to raise the pH
in a digestor. Enough lime should be added to maintain the pH at about 7.0. Other
chemicals may be used depending on the type of treatment, but these are the two most
common.



BIOLOGICAL PROCESSES

Bacteria in wastewater are of three types: aerobes, which live and develop in the
presence of free oxygen; anaerobes, which live and develop in the absence of oxygen; and
facultative bacteria, which are active under either condition. Almost all wastewater
bacteria feed or organic matter and their feeding activities aid in the process of
decomposition. Some types of bacteria are pathogenic or disease-bearing; these usually
originate in body wastes discharged by victims or carriers of infectious disease such as
typhoid, dysentery, and cholera. The bacteria decompose or break down the solids into
different compounds as a risult of their feeding activity. Fresh wastewa:er contains
enough free oxygen to support the aerobic bacteria.

SOURCES OF WASTE

Domestic Waste

This type of wastewater comes from all over the base area. It comes from the
kitchen and bath rooms in the base housing area. It also comes from the dining halls
and troop living areas on the base. The other source is from the buildings on base
with latrines. Most of the wastewater being treated on Air Force bases will be of
the domestic class.

Industrial Waste

This type of waste will be from the laundry and dry cleaning plants, metal cleaning
and plating processes, paint spray booths, airplane and vehicle washing racks, plant
boiler blowdowns, photo labs and fire fighting areas, etc.

NOTE: For additional information read AFM 91-32, Chapter 1, Introduction to
Wastewater Treatment, Section 2 thru 4, para. 1.2.1 thru 1.4.5.

EXERCISE IV-1-la

PART 1

INSTRUCTIONS

Answer the following questions on characteristics of wastewater.

1. What are two classes of wastewater?

a.

b.

2. Domestic wastewater comes from what specific place?

3. Industrial wastewater comes from what specific place?

4. What percent of wastewater by weight is water?

5. What is the effect of industrial waste on a treatment plant?
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6. Name four sources of domestic wastewater.

a.

b.

c.

d.

7. Name three organic materials.

a.

b.

c.

8. Name three inorganic materials.

a.

b.

c

9. What is the color of fresh wastewater?

10. How does the temperature of wastewater compa-e with that of the water supply?

11. Name the three treatment principles.

a.

b.

C.

2. How does bacteria break wastewater down?

3. Bacteria in wastewater are of what three types?

a.

b.

c.

4. What is ehlorine used for in wastewater?

5. What is Hydrated lime used for?
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EXERCISE IV-1-la

PART 2

INSTRUCTIONS

List under the three headings the materials frequently contained in wastewater.

1. Liquids 1. Organic Matter 3. Inorganic Matter

a. A. a.

b. b. b.

C.

d. d. d.

e. e.

f. f.

g. g.

h. h.

PROGRESS CHECK

You should be ready for the progress check. If you feel you need to review some of
the previous instruction, do so. The progress check is prepared as a separate publica-
tion and controlled by the instructor. You must do the progress check under instructor
supervision and complete it prior to leaving for the day.



SUMMARY

In this study guide/workbook you have become familiar with the classes and sources
of wastewater. It is necessary that we have a safe, sanitary method of disposal. Some
areas of the base will yield both classes of wastewater. Wastewater is made of various
types of waste from different areas. This waste is either domestic or industrial.
Domestic waste consists of waste from latrines, slop sinks, kitchens, showers and other
sanitary conveniences. Industrial wastes consist of acids, oils and metal-treating
solutions. In this study guide you have read about the principles of waste treatment
and the equipmeat used.

REFERENCE

AFM 91-32, Operation and Maintenance (-4 Domestic and Industrial Wastewater Systems



3770 Technical Traing Group SW J3ABR56631 000-IV-2
Sheppard Air Force Base, Texas

WASTEWATER PLANT SAFETY

OBJECTIVE

Given a list of unsafe conditlons and violations, select the safe rule or practice
to eliminate the violation. Seven of the ten must be correct.

INTRODUCTION

In this study guide/workbook we will discuss wastewater plant safety. The Occupa-
tion Safety and Health Act of 1970 first became law April 18, 1971. The purpose of the
Act is to identify, eliminate or correct hazardous and unhealthy conditions. Correction
of these conditions in the Air Force will save lives, provide better health and protect
Air Force property. Wastewater plant safety management practices will be corrected
according to OSHA recommendations.

INFORMATION

Safety Regulation

The Air Force complies with two agencies on safety. Policies already set by OSHA
(Occupational Safety and Health Program) are not duplicated in AFOSH (Air Force Occupa-
tional and Health Program). You as a wastewater plant operater will comply with
standards set by both agencies. OSHA specifies that each worker is responsible to
follow safe procedures at all times. A worker is responsible for following safe
procedures, properly using the safety equipment provided, and to perform their tasks in
a safe manner.

Safety Programs

It is good management practice to have a safety program. A good safety program pays
off in the long run. It will improve worker efficiency, it will keep morale up, and
the workers will be on the job instead of off the job in a hospital. In the long run
the Air Force medical costs will stay way down. In the Air Force Water and Wastewater
treatment plant, operators can have as many accidents as other shops in the Air Force.
This situation can be improved only by the combined efforts of all workers. Supervisoru
as well as workers must be alert at all times. Weekly safety briefings can be held by a
water and a wastewater section. At these meetings, safety hazards are identified,
discussed, and actions taken. Another method used for a safety program is, select one
person from the workers as a representative to follow up on reported safety items. That
person should be informed at all times of the updated action taken on safety by the
supervisors. The accident we are trying to prevent, with good safety programs, may be
yours!

Protective Equipment

Environmental Support personnel are responsible for using the safety equipment to
the greatest practical extent. All new employees will be instructed as to the purpose
and use'of personal safety equipment. Correct use of the safety equipment will be
understood by all employees. Personal safety equipment is designed to protect a
person's eyes, face, head, nose, throat, lungs, ears, hands, feet and body. It doesn't
matter how much safety equipment a person has, it will not protect a worker from unsafe
actions or conditions. It can only supplement safe work or work habits.

Safety Rules and Practices

There are many safety rules and practices used in the Environmental field. Below
are listed a few that you need to be familiar with to begin work in the wastewater
treatment area.

1. Face and eye protection. All operators must wear approved glasses, goggles, or
face shields during any job where harmful materials or chemicals could contact
the face or eyes.
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2. Head protection. All wastewater plant Aersonnel working in any areas where
there is danger from falling, flying tools or other objects must wear approved
hard hats.

3. Breathing protection. In all dusty areas, filter masks should be used to guard
against dust from toxic material.

4. Hand and foot protection. When handling rough, sharp, hot or chemically active
materials wear regular work gloves for protection from dirt, friction or
scratches. Wear safety-toed shoes with non-skid soles tc prevent slips. Always
wear rubber boots with non-skid soles when working in wet areas.

5. Body protection. Overalls or coveralls are acceptable for most jobs. When
working on ladders or scaffolding, use the buddy system to prevent falls.

6. Hearing protection. When noise exceeds specified levels, you must wear earpads
or earplugs. These protective devices must be fitted by a competent hospital
technician. Never wear cotton plugs, they are inadequate protection.

Hazardous Operations

Some of the dangers in Wastewater plant- include, but are not limited to, the
following:

I. Infectious diseases

2. Oxygen deficiency

3. Toxic gases

4. Explosive gases

5. Fire

6. Electrical shock

7. Too much noise

8. Physical injuries form falls, lifting, falling objects, tools and equipment

All the dangers listed above can happen at anytime in the plant. But the most
common danger around a wastewater plant is gases. Below are listed but a few place
where they exist.

1. Laboratories

2. Secondary treatment areas

3. Chlorine storage areas

4. Sludge digestion and storage tanks

5. Screening and shredding areas

6. Pump lift stations

7. Covered pits, wells or valve rooms

8. Manholes, especially deep ones

NOTE: Read the following additional information on Safety, using AFM 91-32, Chapter 17,
Section 2, Identification of Hazards; Section 3, Protective Equipment, para.
17.3.1 - 17.3.3, para 17.3.6 - 17.3.7; Section 5, Treatment Plant Hazards, para.
17.5.1 - 17.5.2, para. 17.5.7 - 17.5.8.
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EXERCISE FV-2-2a

PART. 1

INSTRUCTIONS

Aftswer the following questions on Wastewater Plant safety.

1. What two agencies does the Air Force comply with on- Safety?

2. What does a good safety program do for wastewater plant employees?

3. How can safety programs be improved in the wastewater shop?

4. What is personal safety equipment designed to protect?

5. What does the safety rule for face and eye protection state?

6. What does the safety rule for hearing protection state?

PART 2

INSTRUCTIONS

List below the common areas where the danger of wastewater plant gases will exist.

1.

2.

3.

4.

5.

6.

7.

8.
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PART 3

INSTRUCTIONS

Use AFM 91-32 to answer the following questions. Answers listed below.

1. The wearing of , in laboratories and where
corrosive fumes exist, is prohibited.

2. Filter masks can't protect against deficiency.

3. Ordinary wort: shoes should have soles to prevent

4. It is heavier than air and usually concentrates in low areas -

5. Always assume any manhole contains

6. All gas burning equipment must be fitted with effective

7. Before pumping and lift station maintenance repair always

and all power.

8. Never start a positive displacement pump gainst a
valve.

until proven safe.

9. The of safety training seems most effective.

10. Phone numbers for base medical service should be posted above
every phone in the treatment facility.

ANSWERS

Contact lens Switch off
Flame arrester Permanently
Hydrogen sulfide Oxygen
Slips Non-skid
Closed discharge Gas
Lock out Buddy system

PROGRESS CHECK

You should be re&dy for the progress check. If you feel you need to review some of
the previous instruction, do so. The progress check is prepared as a separate publica-
tion and controlled by the instructor. You must do the progress check under instructor
supervision and complete it prior to leaving for the day.
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SUMMARY

' In this study guide/workbook you have become familiar with Wastewater Plant Safety.You, as the Wasterwater plant operator must comply with the safety programs set up byyour supervisor. You must at all times be familiar with OSHA and AFOSH programs. As aWastewater plant operator, know your protective equipment, Safty rules and practices.
Know what areas of the plant produces hazardous operations and the precautons that youcan take the guard against injury or even death.

REFERENCE

AFM 91-32, Operation and Maintenance of Domestic and Industrial Wastewater Systems



3770 Technical Training Group SW J3ABR56631 000-IV-3
Sheppard Air Force Base, Texas

POLLUTION f7ONTROL POLICIES AND PROGRAM

OBJECTIVE

Given information concerning Environmental Pollution Control Policies and Programs
and a list of incomplete statements, write the phrase or term to complete each state-
ment. Seven of the ten must be correct.

Given information related to hazardous waste material, select the phrase or term
which correctly answers written statements. Seven of the ten answers must be correct.

INTRODUCTION

It is the function of the base wastewater disposal plant to collect wastes from
households, streets, businesses and industry on an Air Force base. The wastewater
treatment plant is responsible to provide for inoffensive and reliable collection and
safe disposal of these water carried wastes. The treatment of wastewater begins where
the treatment of the water supply ends.- All treatment of wastewater is important. It
comes from the drains and pipes of the base collection system, goes through your treat-
ment plant, and ends in the stream or ground water which receives the wastewater
effluent.

INFORMATION

Why Controls Are Necessary

Operating the wastewater plant is more than collecting the wastewater from one
place and discharging it at another place. As a wastewater plant operator you must have
more than one skill. Skills in chemistry and lab work are necessary, as well as math and
enr_neering. How much treatment wastewater must have before it is released to a stream
or river can vary from no treatment at all, to treatment resulting in wastewater being
brought to the quality of potable water. The purpose of having wastewater treatment is
not to purify it completely, but to have a wastewater which can be released safely
without bad odors and pollution of the receiving stream. One of the most important
'factors is the area in which the wastewater is discharged. The wastewater plant
operator must treat the wastewater so that together with the natural self-purification
action, the water receiving the effluent is safe. We must keep in mind that wastewater
treatment means much more than having safe drinking water. It helps to protect the
water supply for livestock purposes. Livestock herds have been completely destroyed by
bacteria that got into their water supply.

Federal and State Regulations

A permit is not a license to pollute. We must keep in mind that a permit regulates
what may be discharged and how much. It sets limits for the plant discharge n a
stream. The permit also requires wastewater treatment plant operators to check the
plant effluent and report the amount and nature of all waste. What group sets these
controls that all plants must comply with? NPDES (National Pollutant Discharge E)imina-
tion System), this new permit system of 1972, replaces the old permit system of 1899,
Refuse Act. This new permit system is an effort to do away with water pollution. This
law will require industries to use the best practicable method to control their water
pollution. This law will also require publicly-owned wastewater treatment plants to
give a minimum of secondary wastewater treatment. If our rivers, lakes and streams are
still being polluted, then EPA will set even more stringent laws on those pollution
sources so that those standards will be met. Nox, if a company, city or town does not
heed these laws, they can be fined. They could be fined up to 10,000 dollars a day.
If they keep it up, this could bring a fine tc;.. to 25,000 dollars a day and at least one
year in prison for the first offense. If they should repeat the violation then it could
be a fine of 50,000 dollars a day and two years in prison. EPA can issue tickets that
will be backed up in Federal courts. The NPDES permit lets concerned citizens find out
what an industry or Air Force base is discharging into the water and what he or she can
do to stop the pollution or make the polluter meet legal requirements.
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Who is EPA? (Environmental Protection Agency) EPA is required to have nationwidewastewater effluent limitation. EPA has the right to refuse a permit if the permit doesnot comply with the law or EPA regulations. EPA also has the right to refuse a permit,if the effluent being discharged runs into another state's river. It's illegal under
any circumstances to discharge unwanted waste products into the nation's waters, exceptunder an NIMES permit. Pollutants covered by this permit are: Solid waste, incinerator
residue, wastewater, garbage, sl,Age, munitions, chemical wastes, biological materials,radioactive materials, heat, wrecked or discarded equipment, rock, sand, cellar dirt,and industrial, municipal and agricultural wastes discharged into water.

The next agency we need to talk about is the state agency. A state can operate itsown permit program. However, it must call for treatment at least equal to that the EPArequires. The state must have the power to enter, look at, and monitor the sources ofpollution. It also must be able to require the polluters to install monitoring equip-ment and to keep records and file reports. The state must have an EPA program tofurnish the public with quality water. The state's permit program must let the publicsee, at anytime, the fact sheets, discharge reports and the permits. The last party weneed to talk about in the chain is the local agency. Concerned citizens can have agreat effect in the fight for a cleaner environment. The citizen can monitor wastewater
effluent given off by a wastewater plant. The citizen can work to insure that
wastewater control people have enough money and staff to ensure that wastewater controllaws are enforced. The local agency can make sure polluters move forward on wastewatertreatment and are meeting EPA standards. They can request and take part in public
bearings when necessary. They can report any violations of permits to control agencies,
if all else falls, they can use their right to take court action. To protect the healthand comfort of the public, wastewater must be collected, then treated, and then disposedof without creating a health hazard.

In this study guide/workbook you have learned why wastewater controls are necessaryto keep our streams, lakes, rivers and oceans free from pollution. Your job as a waste-water treatment plant operator is an important one. The treatment you give the effluent
will mean more safe drinking water for the public. It will also insure a more safe
water supply for livestock. Industrial wastes give off excess odors and carry manytoxic materials to your wastewater plant. We are lucky in the Air Force to have goodtreatment facilities for our wastewater.

Wastewater pollution controls set a limit on the plant discharge to a stream. It isour duty to check the plant effluent and report the amount and nature of all waste. TheNPDES issues permits in which they prevent, reduce and do away with water pollution.
This law was 1.ssued to permit industries to use the best practicable method to control
their water pollution. EPA has set stringent laws on these pollution sources, those
standards must be met. Towns and cities may be fined so much per day as long as they
continue to put their wastes into a water source.

The state has the power to enter, to look at and to monitor the sources of pollu-
tion. The state EPA must have a program to give the pulbic a good quality drinking
water.

The local agency is run by the citizens of the community. The local people can
report any violations of their treatment systems to a higher agency. They also have theright to take court action against any polluters.

Military Requirements

Wastewater treatment plants on an Air Force base must comply with all rules and
regulations the same as civilian treatment plants. In executive order 11752 the
president has stated that it is the intent that the Federal Government in the design,
operation and maintenance of its facilities shall provide leadership in the nationwide
effort to protect and enhance the quality of our air and water resources. This meansthat an Air Force base should exceed the standards required of their civilian
counterparts.

The Department of the Air Force has established in AFR 19-1, Environmental Policiesfor Environmental Protection and Pollution Control. The Air Force will eliminate or
control environmental pollutants caused by or resulting from Air Force operations. Youas a Wastewater plant operator will help prevent and control pollution. You will helpsupport local community polluton programs. As a plant operator you will reduce oreliminate waste at generating points, help keep chemicals and materials that you orderfor use at your base from causing pollution. an Air Force member, comply fully with
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all Air Force directives on polluton control. Exempt certain areas from control
standards in the interest of national security. These actions must be justified and
approved and must include recommendations of federal, state, and local pollution control
agencies. As a wastewater plant operator, you must discharge or dispose of wastes in a
manner which does not affect the health of people, result in harm to animals or
wildlife, and last, result in ground water contamination.

Wastewater Pollution Control

The organic nature of human and domestic wastes cause the Biochemical Oxygen (BOD)
of the stream that receives the effluent from the wastewater plant to run high. The
oxygen demand is placed there by large amounts of organic contaminants and suspended
organic solids present in the waste. The demand for oxygen may be great enough to
exhaust the oxygen resources of the receiving waters, create unpleasant taste and odors,
and lead to septic conditions. To protect the health and comfort of the public, waEte-
water must be collected, treated and disposed of without creating a nuisance or a health
hazard. Wastewater is usually discharged from dwellings and commerical buildings.

Maintain and Submit Forms as Required by Directives

Records are used to find the best operating controls for a wastewater plant, also
you need records for the plant in case you have trouble with it in the future. Records
are also used in court if a law suit is filed against the treatment plant. There are
three records, they are: Physical Records, Maintenance Records and Performance Records.

Physical Records. These records include operation and maintenance, actual plans and
blueprints for the plant, shop drawings, O&M guides from equipment manufacturers, costs
for all units. These OW manuals must meet the requirements of "Considerations for
Preparation of Operation and Maintenance Manuals," USEPA, Washington, D.C. 1974.

Maintenance Records. One of the key steps in a good maintenance program is keeping
records. "Preventive" maintenance in the treatment plant can reduce costly repairs and
"down time" on equipment. A record of all equipment in the plant must be made. These
records may be kept in the recurring maintenance program. This information may include
the following; where the equipment is located in the plant, the name and address of the
manufacturer or supplier, the cost, and when it was installed. The file should also
have the type, model, serial, and any other code numbers, along with the capacity or
size rating. This data will be used when planning a maintenance schedule and as a
maintenance checklist when you work on the equipment.

Performance Records. There are three types of performance records: Lab records,
operator's log and NPDES forms. A complete set of lab records should be kept for all
lab tests. A monthly or quarterly report is required at all plants. A monthly report
is required for all wastewater plants on a military installation. The operator should
report on special features of the treatment plant under the blank columns on the log.
The AF Form 1462, Sewage Utility Operating Log (General); AF Form 1463, Sewage Utility
Operating Log (Supplementary), these forms will be covered more in detail later in the
study guide.

NPDES. Every treatment plant which discharges to a body of water must get an NPDES
permit from EPA or designated state agency. The treatment plant must submit a monthly
or quarterly report to EPA or designated state agency with all the lab tests required by
the permit. These reports and lab records must be kept for at least three years.
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EXERCISE IV-3-3a

INSTRUCTIONS

Answer the following questions on pollution control policies.

1. What are four skills you need as a wastewater plant operator?

a.

b.

C.

d.

2. What is the purpose of having wastewater treatment?

3. What does AFR 19-1 state?

4. A permit is not a license to

5. What does NPDES stand for?

6. When does EPA have the right to refuse a permit?

7. What are the three pollutants covered by the NPDES permit?

a.

b.

C.

8. What power does the state have over the effluent leaving a wastewater plant?

9. What part does the local citizen play in wastewater treatment?

10. To protect the health and comfort of the public, wastewater must be

PROGRESS CHECK

You should be ready for the progress check. If you feel you need to review some ofthe previous instruction, do so. The progress check is prepared as a separate publica-
tion and controlled by the instructor. You must do the progress check under instructorsupervision and complete it prior to leaving for the day.
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Types of Hazardous Wastes

You as a wastewater plant operator in the Air Force will at sometime have to treat
hazardous waste. Many different types of hazardous wastes may be sent to the treatment
plant. We will cover general areas of hazardous waste in this study guide/workbook that
you will be required to treat at your wastewater plant.

Sources of Hazardous Wastes

Hazardous wastewater can come from many places at a military base. These include,
but are not limited to, paint stripping, metal plating, aircraft cleaning, photographic
processing, laundries, petroleum oil lines, storage and transfer. Here are the most
common problems in hazardous wastes:

a. Soluble organics which deplete DO (dissolved oxygen)

b. Soluble minerals which result in bad taste and odor in water supplies

c. Toxic substances

d. Color and turbidity

e. Oil, grease and scum

f. Acids and Alkalies

g. Heat

h. Substances that will burn or explode

Disposal Methods

The Environmental Protection Agency (EPA) has set pretreatment standards fcr many
hazardous wastes. These standards are set forth to protect the domestic wastewater
treatment plant and also to help prevent the discharge of hazardous wastes through the
plant to receiving waters. Hazardous wastes may contain high amounts of solvents,
sludge, oils, grease, acids and alkalies. Pretreatment units should be located at the
areas where hazardous waste is thought to be discharged. The ways of pretreating these
wastes are discussed below.

Containment and Storage

Physical Pretreatment. The normal techniques used for hazardous wastes are
screening, grit removal, sedimentation, adsorption and oil-water gravity separation.
Filtration can be used as a pretreatment method along with oil-water separators.

Chemical Treatment. Chemical treatment may include mixing, coagulating and settling
coloidal and suspended solids, breaking of oil and grease build-ups, neutralizing acidic
or basic wastes, oxidizing some organic and inorganic pollutants, sludge treatments and
ion exchange.

Reducing Waste Strength and Volume. Discharges of hazardous waste can often be reduced
by careful inspection of and minor changes to the operation of the process. One way to
reduce the strength of hazardous wastes is to segregate it. Some commercial
"reclaimers" may also pick up these wastes. Another way is to mix the hazardous waste.
Mixing helps prevent short circuiting and reduces peaks in waste strength.

Safety in Handling/Treating Hazardous Waste

All wastewater personnel should wear protective clothing and goggles to protect the
skin and eyes when using chemnicals. There are many chemicals in hazardous waste that
will irritate the eyes, nose and lungs and will dry the skin. Many of these chemicals
are used to treat hazardous waste products. Areas of the body that come in contact with
these chemicals are to be washed from 15 minutes to two hours as a general rule. When
handling most chemicals be sure to have a well ventilated area, this is also true in
storing hazardous chemicals. One chemical that is used in treating hazardous waste is
Sulfur Dioxide (SO2). All safety items that should be worn when handling this
chemical are; ventilation, safety goggles, approved safety shoes and rubber gloves.
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In emergencies, a self-contained breathing mask should be available. Contact a doctor
if anyone has a doubt as to the amount of Sulfur Dioxide they have been exposed to.

EXERCISE IV-3-3b

INSTRUCTIONS

Select the phrase or item which correctly answers the written statement.

1. One area that hazardous wastes can
come from is

a.

b.

discharged

toxic substances

2. One of the most common problems in
hazardous waste is

c.

d.

metal plating shops

segregate

3. Pretreatment units should be located
at the areas where hazardous waste

e. chemical treatment

is thought to be f. protective clothing
and goggles

4. The area that may include mixing,
coagulating and breaking of oil and
grease build-ups is

5. One way to reduce the strength
of hazardous waste is to

6. When mixing chemicals personnel
should wear at least what two pieces
of protective equipment? They are

PROGRESS CHECK

You should be ready for the progress check. If you feel you need to review some of
the previous instruction, do so. The progress check is prepared as a separate publica-
tion and controlled by the instructor. You must do the progress check under instructor
supervision and complete it prior to leaving for the day.



SUMMARY

In this study guide/workbook you have become familiar with the Pollution Control
policies and programs. The study guide has covered information related to hazardous
waste. It is important that we are able to treat hazardous wastes at the Wastewater
plant. We must be aware of some of the rules involved with agenices of the Federal
government. You must be aware of the sources, disposal methods, containment and storage
and how to use safety methods when working with hazardous waste.

REFERENCE

AFP 19-5, Environmental Quality Control Handbook

AFM 91-32, Operation and Maintenance of Domestic and Industrial Wastewater Systems
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3770th Technical Training Group SW J3ABR56631 000-IV-4
Sheppard Air Force Base, Texas

OPERATION AND MAINTENANCE OF SEPTIC TANKS

OBJECTIVE

Given a list of statements concerning the construction features, operational
practices and maintenance of septic tanks complete each statement. Ten of the fifteen
must be correct.

INTRODUCTION

In this study guide/workbook we will discuss the principles used to treat and
dispose of small quantities of wastewater. Such processes are normally used at small
installations. These processes can be accomplished by means of septic tanks and tile
fields. The units are, for the most part, underground. The septic tank is adequate for
using with a single building. Both the effluent and sludge produced by such treatments
are potentially offense but, with careful design, construction, inspection and proper
sludge removal, they can be made to operate without nuisance and with minimum attention.
Septic tanks do not require continuous operation, and when installed and maintained
properly, provide an efficient sanitary method of wastewater disposal.

INFORMATION

Construction Features of Septic Tanks

The size of the septic tank is determined by the amount of wastewater to be
disposed. The minimum size for septic tanks is 500 gallons. Small tanks should have
sufficient capacity to detain or hold wastewater for at least 24 hours at the average
daily rate of flow, plus 25 percent of the daily flow added for sludge storage space.
One of the most important factors in determining the size of a septic tank is the number
of people to be served. It can be designed to serve a small group of people in a single
building or up to the largest size where about 500 people can be served. Septic tanks
serving large populations (approaching 300 or over) should have capacity for not less
than 12 hours detention plus an extra capacity of 15 to 25 percent of the daily flow for
sludge space. See Figure 4-1.

Operation of Septic Tanks

Septic tanks are simple in their operation. Wastewater flows into a tight
(nonleaching) tank and is kept there long enough for the large solids to &ettle out.
Solid matter settles to the bottom of the tank and partially decomposes producing
liquids and gases. A slow, undisturbed flow through the septic tank provides for the
separation of liquids and sludge and for bacterial action. The bacteria acting on the
sludge are anaerobic. They work in the dark and where there is little or no air.
Undigested solids form a residue of sludge on the tank bottom. From 40 to 60 percent of
the incoming suspended solids are carried off suspended in the effluent. The tank inlet
and outlet can be submerged to insure a reduced flow. Tooden baffle boards can be used
for this purpose. A submerged outlet prevents scum which forms on top of the surface
from passing out of the effluent. The effluent is the liquid discharged from the
outlet.
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Figure 4-1. Typical Shapes of Septic Tanks
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Operation of Leaching Field

Records should be kept of each septic tank and disposal field inspection. These
should include data of inspection, sludge and scum depth, conditions found, and correc-
tive action taken.

Where small quantities of wastewater (less than 2000 gallons per day) are involved
and favorable soil conditions exist, settled wastewater may be discharged into the
ground through subsurface tile fields. Effluent from septic tanks of small installa-
tions are usually disposed of in this manner.

PROPER FUNCTIONING. Tile fields consisting of lines of cement or clay tile in the
ground with open joints are used for disposal of settled wastewater into the ground. A
fiber pipe with holes bored in the lower portion to allow drainage may be used for these
drain lines. The following conditions are important for proper functioning of tile
fields:

1. The ground water table is well below the level of the tile field.

2. The soil has satisfactory leaching characteristics within a few feet of the
surface and extends several feet below the tile.

3. The subsurface drainage is away from the field.

4. The area is adequate.

5. There is no possibility of polluting drinking water supplies, particularly from
shallow dug or driven wells in the vicinity.

TEST. Length of the tile and details of the filter trench generally depend upon the
character of the soil. Soil leaching tests should be made at the site as described for
leaching cesspools, except that the test hole should extend only to the approximate
depth at which the tile lines are to be laid. For extensive tile fields several tests
to determine the best location and average condition should be made. From test r-msults
the rate of wastewater application to the total bottom area of the tiled trenches may be
taken from the following table. Soil testing over 30 minutes is not suitable. NOTE:
See Figure 4-2.

FROST LINE. Placing tile below the frost line to prevent freezing is not neces-
sary. Tile placed 18 inches below the ground operated successfully in New England for
many years. Subsurface tile should never be laid below ground water level.

PIPE SIZE. Design and construction should provide for handling and storage of some
solid material, eliminating as much as practicable the opportunity for clogging near
ripe joints. Pipe 4 to 6 inches in diameter is recommended. The larger pipe gives
greater storage capacity for soilds and larger area at the joint for solids to escape
into the surrounding gravel.

me for Water to Fall Allowable Rate of Wastewater Application in
One Inch (Minutes) Gallons Per Square Foot of Leaching Area

1 5.3
2 4.3
5 3.2

10 2.3
30 1.1

Figure 4-2

PIPE LAYING. To provide for free discharge of solids from the line to the filter
trench the pipe must be laid with 3/8 inch clear openings. The top of the space is
covered with tar paper or similar material to prevent entry of gravel. Bell and spigot
pipe is easily laid to true line and grade. Good practice calls for breaking away 2/3
along the bottom of the bells at the joint and using small wood block spacers. The pipe
is commonly laid at a slope of about 0.5 foot per 100 feet when taking the discharge
directly from the septic tank and 0.3 foot per 100 feet when a dosing tank is used ahead
of the field.
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TRENCH WIDTHS. Minimum widths of trenches on the basis of soils are as follows:

1. Sand and sandy loam, 1 foot.

2. Loam, sand, and clay mixture, 2 feet.

3. Clay with some gravel, 3 feet.

4. Trenches should preferably not be over 2 feet deep.

LAYOUT. The layout of the piping system depends on the shape of the available area
and the slope of the surface. A typical layout is shown in Figure 4-3. When tile is
laid in sloping ground, flow must be divided equally to each lateral. Because of thesmall slope required for distribution lines and the advantage of having a fairly uniformdepth of cover soil, individual lateral trenches follow the ground contour lines.

Tile fields are generally laid out in a herringbone pattern or with laterals atright angles to the main distributor. The distance between laterals should not be lessthan three (3) times the width of the trench. A distribution box at the head of the
disposal field will insure equal distribution of flow to the laterals.

BEDS. The tile is laid on a bed of screened coarse gravel 6 inches deep with 3
inches of coarse gravel around and over the pipe. Coarse screened stone passing a 2 1/2
inch mesh and retained on a 3/4 inch mesh is recommended. This gravel bed gives a rela-
tively large percentage of voids into which the solids may pass and collect before theeffective leaching area becomes seriously clogged. The soil which fills the trench must
not fill the voids in the coarse screened gravel around the pipe. A 3-inch layer of
medium screened gravel over the coarse stone and 3 inches of either fine screened gravelof suitable bankrun gravel over the medium stone is recommended. See Figures 4-4 and4-5.
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Figure 4-3. Typical Layout of Subsurface Tile System
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Method Used to Protect Septic Tanks and Tile Fields. Once a septic tank and tile
field is constructed all traffic must be excluded by fencing or posting to prevent
crushing the septic tank and tile. Planting shrubs or trees over the tank and field is
not good practice since the roots tend to clog the tank and tile lines; grass over the
lines assists in removing the moisture and keeping the soil open.

INSPECTION. Inspection of the field distribution boxes should be made at frequent
intervals. If any portion of the title field is not taking its share of effluent,
appropriate adjustments should be made. If it appears that the tile line may be clogged
or if effluert is coming to the tile field ground surface the lines should be excavated
to determine the reason for failure or clogging. Necessary corrective action should be
taken.

Dosing Siphon. The dosing siphon is a mechanical device that transfers wastewater.
Dosing siphons may be installed in a dosing tank between a septic tank and tile field.
The dosing tank fills to a predetermined level; then the dosing siphon automatically
siphons the water out.

operation of Dosing Siphons. Intermittent dosing of the tile filed As provided by a
dosing tank from which fluids are automatically siphoned. A siphon is shown :In Figure
4-6 and 4-7. Water will be standing in both the main trap and the blowoff trap. As the
liquid runs into the dosing tanks the level rises, covering the open end of the siphon
vent. Then, as the water level rises, air is compressed under the bell. The water
level is depressed both in the discharge line and the blowoff trap. This continues until
the water level is at the maximmm discharv line of the tank, while at the same tine the
water under the bell is near the upper end of the discharge pipe. The water level is at
the bottom of both blowoff and discharge line traps. Discharge is nov re.,dy and g
slight increase of head in the tank causes the water level at the bottom 3f the ',lowoff
tral: to be depressed sufficiently to allow the air pressure to be re'eaw,d wi-
considerable violence up the vent pipe. This sudden release allows wat' - to rut,. into
the discharge pipe. The momentum causes discharge through the siphon ap,: tLyto the
distribution system, and the tank then empties. Emptying continues Intil the water
level in the tank is below the elbow of the siphon vent. This permits f'lf to eater the
bell, relieves the vacuum, and stops the discharge. Water has also beeqs running through
the blowoff trap so it will be filled when the siphon stops.

Maintenance Procedures

Periodic inspection is necessary to prevent health hazards and nuisance. Inspec-
tions should be performed at periods of hi0 flow and as frequently as required by tank
size and population Pd, but at least every six months to determine that.

1. Tank inlet and outlet are free from clogging; accumulated material should be
immediately removed and disposed Of by burying.

2. Depth of Sum is such that scum is not passing out with the effluent, and
sludge and scum accumulatii''.1 does not exceed one-fourth of tank capacity.

3. Effluent passing to subsurface disposal is relatively free from suspended
solids to avoid clogging of subsurface pipelines and filter beds. The quantity
can be determined by the Imhoff Cone Test; more than one milliliter of settle-
able solids per liter of effluent should be considered excessive.

4. Adjacent facilities such as dosing siphons, distribution boxes, and tile fields
are working properly.

Separating sludge and scum from the liquid in septic tanks is difficult; for small
tanks they are customarily mixed, the entire contents being removed when cleaning. The
material removed contains fresh or partially digested wastewater solids which must be
disposed of without endangering public health. Disposal through manholes in the nearest
wastewater system as approved by local authorities or burial in shallow furrows on open
land is recommended. A diaphragm type sludge pump is best suited for removing the tank
contents which should be transported in a water tight closed container.
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Contents and effluents of septic tanks are characteristically odorous and offensive.
Addition of lime, chlorine, or any other chemical or proprietary compounds is of
questionable value and is not recommended. The most effective means of keeping tanks
working properly is through periodic removal of sludge and scum.

Records Kept on Septic Tanks and Leaching Fields.

Records should be kept of each septic tank and disposal field inspection. These
should include data of inspection, sludge and scum depth, conditions found, and
corrective action taken.

EXERCISE IV-4-4a

PART 1

INSTRUCTIONS

Study the illustration of the septic tank in Figure 4-8 below and place the
appropriate letter from the list of components in the circles -:%rovided.

Figure 4-8. Septic Tank

a. Manhole
b. discharge line
c. Siphon
d. 'o subsoil tile

e. vent
f. baffle
g. manhole
h. dosing siphon



PART 2

INSTRUCTIONS

Use SW J3ABR56631 000-IV-4 to complete 'die following statements.

1. The minimum size for septic tanks is

2. Septic tanks should have capacity for at least how many hours of detention time?

3. Explain the operation of a septic tank.

4. When and how often should inspections be made on the septic tank system?

5. What type of sludge pump is best suited for removing the septic tank contents?

6. What five conditions are important for proper functioning oT tile fields?

a.

b.

c.

d.

e.

7. The layout of the piping syst: 0,epends on?

8. What three methods Lre used fcr procting a tile field?

a.

b.

c.

9. Inspection of the field distribution boxes should be made at?

10. What is a dosing siphon?

PROGRESS CHECK

You should be ready for the progress check. If you feel you need to review some of
the previous instruction, do so. The progress check is prepared as a separate publica-
tion and controlled by the instructor. You must do the .logress check under instructor
supervision and complete it prior to leaving for the day.
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SUMMARY

To improve living conditions and prevent disease, human waste must be disposed of in
a sanitary manner. At semi-permanent and permanent installations wastewater must be
disposed of in a manner acceptable to sanitary requirements. Small installations useseptic tanks. This will improve living conditions and prevent disease.

REFERENCE

Manual of Instruction for Wastewater Treatment Plant Operators, Vol. I.

7 4 t)
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3770th Technical Training Group SW J3ABR56631 000-IV-5
Sheppard Air Force Base, Texas

OPERATION AND MAINTENANCE OF PRETREATMENT UNITS

OBJECTIVE

Given information pertaining to pretreatment units and processes, match the terms
and phrase:, to each type of processing unit. Ten of the fifteen must be correct.

INTRODUCTION

A collection system is made up of many miles of pipe below the surface which we
cannot see. Its purpose is to collect the wastewater and move it t'Irough the under-
ground system by gravity flow to your wastewater treatment plant. The organic materials
and the inorganic materials commonly found in wastewater are sorLetimes treated before
they reach your treatment plant. These subjects will be covered under the following
areas.

INFORMATION

Definition of Pretreatment

For this course our definition of pretreatment will be any treatment the wastewater
receives before it reaches the treatment plant.

Purpose of Pretreatment

The purpose of pretreatment is to remove substances which will harm the treatment
plant or the collection system. The transportation of the wastewater is also considered
part of the pretreatment process. The major compnents of pretreatmert are oil
separators and grease traps, the wastewater collection system, and lift stations with
screens.

5;111 '1.



Grease Traps/Oil Separators

Large concrete grease traps outside dining facilities are cleaned by wastewaterpersonnel. Solids must be removed during weekly cleaning to prevent them fromdecomposing and becoming putrid. Burn or bury grease removed from grease traps.

Oil separators are sometimes called oil traps. They are installed in all drainsfrom flight lines and motor pools and other activities discharging oily wastes. Theseunits must be cleaned regularly. If gasoline, oil or grease are entering the sewers,their source must be traced and corrective action must be taken at that time. To avoidfire and explosion the discharge of gasoline, kerosene and other volatile liquids intosewers will be prohibited.

Make-up of Wastewater Collection Systems

By the make-up of collection systems we are referring to all pipes or conduits whichare used to move wastewater. Since thes,-, lines have special purposes we are going toclassify them according to the uses to which they are put. The first one we willdiscuss is sanitary sewers. They are made up of a series of pipes designed to carrysanitary or domestic wastewater only. The second one we are going to discuss is stormsewers which are designed to carry storm run off only. And the last collection systemis combined sewers. They are designed to carrry both sanitary wastewater and stormrunoff.

Common Troubles of Collection Systems

A common problem with the collection system is breaks or leaks which will causeinfiltration. This is most likely to occur at joints or manholes. Another problem isaccumulations of grease and trash which can plug the line. Roots will be attracted tothe moisture in the line. Once they get into the sewer line they can plug it up. Alarge amount of grit and sand can also reduce the flow in the line and cause flooding.misalignment of the sewer line can cause pockets of water or breaks in the line. Ifthere are pockets of water or breaks the wastewater may turn septic and smell.Structural failure of the pipe may be caused by not laying the pipe properly or it beingwashed-out by heavy rains.

Screens and Lift Stations

SCREENS

In the pretreatment process screens are installed to remove any large floatingmaterial. This saves your wastewater plant treatment equipment. It keeps lines frombecoming clogged in your treatment plant and from wearing of pump parts. Screens areinstalled at lift stations which will be our next discussion and will be covered morecompletely.

NOTE: Read the following for additional information on Collection System, Chapter 2,Sections 1, 2 and 3.



Lift Stations. Lift stations are used where gravity flow is not possible. The
pumps used in a lift station must lift wastewater from a low area under ground to a
higher point so the waste can start its slow downhill travel again. For this reason the
pumps must handle large quantities at low velocities. The pumps must also have large
openings to allow large solids to pass through them.

Before you plunge into this subject we would again remind you to be careful -ok toxic
gases. A wastewater lift station is a dangerous place since the equipment is generally
located in a dry well or an underground vault where ventilation is not good. See
Figures 5-1 and 5-2 for an example of the wet well and dry well parts of a lift
station.

Wet Well. The wet well area is structured to contain or hold the incowing liquid
until a certain water level is reached. The level of the wastewater in the wet well is
maintained using an air bubbler system or ball float. Both these devices activates an
electric motor which in time devices the lift pumps.

Dry Well. The dry well provides for easy access to the equipment for inspection and
maintenance purposes. A water-tight, air-tight floor or wall keeps this section dry and
clean. Most of the controls for lift station operation are contained in the dry well
area. Valve controls can be mounted so as to be above the wastewater level or extended
into this dry area. Pump shafts and other moving parts are enclosed in full-length
housings or protective guards and sheilds.

Building Maintenance. Lift stations are housed in a concrete or brick building.
The walls of the building may serve to hold the incoming wastewater. When the depth of
wastewater reaches a certain point the pump will automatically come on and pump the
level down.

Maintenance on the building can actually be divided into three separate areas:
ceilings, upper walls, lower walls and the floor.

The ceiling, uPPer walls, windows and overheaQ pipes stay wet all the time from
condensation. Wastewater gases create an acid condition in the humidity and this acid
eats at the masonry in the building. It corrodes the metal in the pipes and windows.

Proper ventilation helps get rid of the moisture and a good paint job on the pipes
and windows helps protect them from deterioration.



Figure 5-1. Lift Station, Wet Well Attached
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Figure 5-2. Lift Station, Wet Well Separate
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The second area of building maintenance is the cleaning of the walls that is belowthe wastewater evel. Thick layers of grease build up on the walls and have to bescraped and boy-. down. Accumulation of grease creates nuisance odors and unsightli-ness.

The a,rea of building maintenance is the cleaning of the floor. Grit, stones,
grease tura Ixeavy materials have to be cleaned out. This job is usually done manually asthe amount to be hauled out is smAll.

Pump Maintenance. Pumps used for lifting wastewater are most commonly the
centrifugal or ejector types because they are not subject to fouling or blockage by
floating debris such as the head of a mop. A submerged type of centrifugal pump isshown in Figure 5-3. If you have to adjust the impeller you should keep in mind that
the installation has a thrust adjustment collar. Look at Figure 5-3 and you will seethat No. 1 points out a coupling which allows for up or down mov,wient. No. 2 locatesthe thrust adjustment collar which is raised or lowered to place the impeller at thecorrect height in the pump body. No. 3 points to the mounting flange which supports thepump column. Note that the intermediate bearing is provided with an oil supply linefrom under the floor. You should always be sure that the plug or cap is kept on theline to keep dirt from entering it. Make the normal check on electric motors beforestarting.

FLOAT SWITCH

MOTOR

DISCHARGE
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COL1/141!,f

MOUNTING
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COVER PLATE

INTERMEDIATE
EltARING

FLOA T 11111k,
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INLET
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Figure 5-3. Submerged Type Centrifugal Pump

When there are two pumps installed, start the motors to initiate a pumping cycle
and make the following checks: Figure 5-4.

(1) Check controls for proper operation and sequencing.

(2) Check fuses or press overload reset button on the circuit breaker. If themotor fails to atart, determine the possible cause of the overload.

5-6
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(3) Note any unusual noises or vibrations.

(4) Insure the motor mounts and frames are secure, bearings sre greased and motor
temperatures are not hot. The motor should not be so hot that yuu cannot hold your ,.and
on it.

(5) Check for smoke or for smell of burned insulation.

Cleaning the pump. Close the necessary valves to shut off liquids from both sides
of the pump. Turn off the motor switch so it cannot start. Remove the covers of clean-
out holes and remove all solids. When work on the pump is completed, turn the motor
supply switch on so that the pump can operate. Pump down the well and wash down the
sides and pipes as required. Floats, rods, chains and pipes in the well must also be
washed.

ACTUATING ROD

AUTOMATIC ALTERNATOR

OVERLOW STRAINER

Figure 5-4
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EXERCISE IV-5-5a

PART 1

INSTRUCTIONS

Use SW J3ABR56631 000-IV-5 to complete following questions.

1. How often should solids be removed from grease traps?

2. Where are oil separators installed on an Air Force base?

3. What is a hazard associated with oil separators?

4. What is the purposo of a screen at a wastewater lift station?

5. Where are wastewater lift stations installed?

6. What is a wet well?

7. What is a danger of a cry well?

8. What do wastewater gases do when they come in contact with condensation over a long

period of time?

9. Accumulation of grease on the walls of a lift station creates what?

10. What two types of pumps are not subject to fouling or blo ' 7e by floating debris?



PART 2

INSTRUCTIONS

Use SW J3ABR56631 000-IV-5 to complete the following phrases.

1. are used where gravity flow is not possible.

2. The pumps must also have to allow 1:.rge
solids to pass through them.

3. A wastewater lift station can be a dangerous place if proper
is not provided.

4. Wastewater lift stations are housed in a Or
building.

5. Maintenance on the building can be divided into three separate areas, these are

, and

6. Accumulation of creates nuisance odors and
unsightliness.

7. Pumr,s for lifting wastewater are most commonly Or

types.

A. When initiating a pumping cycle make a check for any noises or

9. Check also for smoke or smell of

10. When the work is completed, turn the motor supply
on, so that th.,..! pump can operate.

PART 3
INSTRUCTIONS

Use your SW J3A13R56631 000-IV-5 to match the following set of pretreatment
processes.

1.

2.

a. collection
A device for separation of grease from system
wastewater by flotation so that it can be
removed from thp surface, located outside of
dining facilities. b. screen:-.

A device for separation of oil from waste-
water by flotation so that it can be removed
from the surface, located on flight lines.

3. Are installed to remove any large floating
material.

4. All pipes or conduits which are used to carry
wastewater.

5. These systems which are designed to carry
storm water only.

PROGRESS CHECK

c. oil separators

d. grease trips

e. storm sew.A.s

You should be ready for the progress check. If you feel you need to review some of
the previous instruction, do so. The progress check is prepared as a separate publica-
tion and controlled by the instructor. You must do the progress check under instructor
supervision and complete it prior to leaving for the day.
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SUMMARY

To improve living conditions and prevenl: disease, human waste must be disposed of in
a sanitary manner. The need for grease traps, oil separators, collection systems, and
screens are important for proper pretreatment of wastewater before it reaches the plant.
Maintenance of sewage treatment equipment is not an everyday joo; however, ibspection of
the equipment is a constant job. Good maintenance and regular inspectiors prevent lift
stations from becoming a worn-out health hazard.

REFERENCE

AFM 91-32, Operation and Maintenance of Domestic and Industrial Wastewater Systems



3770th Technic.q Training Group SW J3A8R56631 000-ni-CSheppard Air rorce Base, Texas

OPERATION AND M/Ii.JENANCE OF PRELIMINARY TREATMENT UNITS

OBJECTIVES

Demonstrate a know: age of the purpose of preliminary treatment units and subsystemsby making written response to questions that pertain to preliminary wastewater treat-ment. Seven of the ten responses must be corrcct.

Using information and assistance from your instructor, Ilst the required maintenance
for screens, grit removers, shredders, and preaerator, according to AFM 91-32. Six often must be correct.

INTRODUCTION

When you graduate from this course you will be going to a rmse and perhaps be
operatin3 a wastewater treatment plant. You must be able to recognize the equipmentused in this plant and know how it operates. This subject will bt, covered under thefollowing topics.

o Definition of preliminary treatment

o Screens

o Grit chamber

o Shredders

Praaeration

o Measuring devices

INFORMATION

Definition of Pre3iminary Treat:lent: Preliminary treatment is the first treatment thewastewater receives ss it enters the plant.

Screens

The ocreening of wastewater is a mechanical operatiot for removing the large
particles of floating or suspended matter. The process is usually done in two parts:coarse screening and fine a..lrecniLg. Coarse screens are used for removing floatingobjects and are the first step in the treatment of the wastewater. Fine screens areused for removing floating grase. Where any type of mechanical equipment is a part ofthe treatment process you will have a build up of solids on your equipment. Thesesolids are a hazard to the wastewater plant operation.

Screeni are used to protect the pumps and to remove floating materials that wouldform a heavy floatage in the settling tanks. They are made of steel bars spaced 1/2
inch or mon., apart. The bars form a grid that is placed at an angle to the direction offlow in the influent channel. The screens are cleaned manually or mechanically. Inmanual elcaning the screen chamber is flushed frequently with a heavy stream of water to
remove greape and material collected in front of and under the screen. A long-bandledrake is used to pull the a'..-veenings to the top of the screen and deposit them on adraining platform. The Mechanically cleaned screen has a built-in rake. It operates byeither a float switch which activates the rake when there is a loss of head cr pressurethrough the screen, or by an electric motor with gear reducers.

Fine screens Tith 1/4 inch openings or smaller are sometimes used to remove anadditional quantity of suspended solids before further treatment. They are commonly ofthe rotating d7.1im or rotating disk type. Cleaning is accomplished by n-lrubbing orbrushing, prelerably with water under pressure from a hose. When the screen becomesclogged with grease it can be cleaned with kerosene. See Figure 6-1, MechanicallyCleaned Bar Screen.

6-1
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CONTAINER FOR SCREENINGS

BAR SCREEN

Figure 6-1. Mecbanically Cleaned Bar Screen

Grit Removers

LINE-037

The place where heavy solids are removed is called a grit chamber. The force which
removes 1-1-e grit is called gravity, but in order for it to work correctly we must supply
the rigut c.:aditions. This is done by slowing the speed of flow of the wastewater.
Grit chambers are generally shallow and long. The speed of flow is the only thing over
which the operator has control. As a general rule, whcal the flow of wastewater is
slowed to about one foot per second, particles havinp a secific gravity will settle to
the bottom. The most effective flow will wiry from ?:ant to plant. Removing inorganic
matter from the grit chamber by mechanical process is ci,Dne by the deposit at the foot of
an incline, moving it up by scrapers or a screw conveycr, See Figure 6-2. The grit
should be disposed of in a sanitary laadfill.
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Figure 6-2. Grit Remover
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GRINDER. The first type of shredder we will cover in this unit is a grinder. A
mechanical grinder uses a swing hammer to grind solids to a pulp while rocks, iron, and
other hard materials are put into a trap. Some shr:-,iders use a rotor which has
tool-steel teeth that shred the materipd as it passes between them. The ground material
is then washe, back into the raw wastewater at 1 point past the screen. The seccil'i 4Npeof shrcAder is .;he comminutor. It is vertical, slotted drum equipped with cLW:ng
knives which are tmrned by an electri., motor. The wastewater flowing through
slotted drums forces coarse solids against the knIves until they are reduced to
small enough to pass through the slots.

COMMINUTORS. These are vertical, slotted drums equipped with cutting knives
re'olved by an electric motor. The wastewater flowing through the slotted drums forces
coarse solids against the knives until they are cut into small pieces. Another type of
comminutor, a submerged screen shredder, is semicylindricai in shape and has cutters
operating within a fixed semicircular screen grid. It is usually installed in
conjunction with a bar screen which may be put in service when the comminutor is shut
down for repair. See Figure 6-3, Cutaway View of Comminutor.
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Figure 6-3. Cutaway View of Comminutor

Preaeration

Preaeration is a method of agitating or stirring new wastewater by diffusing air
through it. A preaeration period of from one to three hours is needed to produce good
results. Operation must be going all the time in your tank to prevent the deposit of
organic solids and clogging of your air lines. The depth of the grit in your tank
bottom must be determined weekly. When the depth of the grit is 4 to 6 inches, tha tank
should be emptied and the grit shoveled out to prevent any organic solids mixed with it
from becoming septic. For this aeration process you need a separate tank in your plant
located after ...he grit chamber, but before your primary treament tanks.

GREASE REMOVAL. 2reaeration is a method of agitating or stirring new wastewater by
dif.eusino air through it. It was installed initial' t some installations for grease
ral on the principle that the emulsif/ed pa. will cling to the air bubbles and
rise to the surface. Grease forms a mat c...n be ,Kimmed off. A preaeration period
of from one to 'three hours is nec3ssary ty luce worthwhile results. Only in extreme
cases is this economically feasible. 111! e .,f existing preaeration tanks is justified
if needed to keep wastewater fresh by resupplying the oxygen as it passes through
primary tanks, for reducing odors, and for ihcreasing the effectiveness of secondary
treatment. They may also be used as grit chambers.

VACUUM FLOTATION. Vacuum flotation as a method of grease removal has the :Jame
disadvantages or limitations as preaeration. The same principle of aeration is used but
with the addition of suction, supplied by a small vacuum pump, to carry solids to the
surfaee. This process removes a little more grease than primary settling alor,.. Vacuum
flotation, however, io someiimes used for primary settling remove setteable
along with grease. A detention period of 15 to 20 minutes a dps wastewater fresh. Thej
may also be used as grit chambers. See Figure 6-4, View of Vacuum Flotation.
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Figure 6-4. View of Vacuum Flotatiol.

Measuring Devices

Wastewater treatment plants sho7,H: have metering equipment to let plant operators
measure and record flow through their plants. This information is needed for you to
know how well your plant is working. In some plants you may need to add meters to
measure recirculation, chemical feeding and return 3.ctivated sludge. The choice of
measuring devices will denend on your plant, the treatment process utilized and the
required degree of accuraCy.

PARSRALL FLUME. The Parshall flume may be used to measure wastewater flow in open
channels. The flume must be kept free from trash which may catch in the flow cninnel.
Any trash that is found in the etill well should be -emoved.

VENTTIRI FLUME. The Venturi_ flume is used for measaring flows in sewers because it
does vit require special structures. Very little operation or maintenance is needed,
but you must make sure passages of the flume are kept clear from slime and tras., to
insura that it operates right. For the secondary element, a single float-actuated
recorder may be used.

EXERCISE IV-6-6a

PART 1

INSTRUCTIONS

Use c:,ABR56631 000-IV-6 to complete the following questions.

1. The two types of bar screens are and

2. screens are used primarily for removing floating
objects.

3. screens are used for removing floating grease.

uses a swing hammer to grind solids to a4. A
pulp.

5. A is a vertical, slotted drum equipped with cutting kniveG
rev7Nred by an electric motor.
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6. The place where heavy solids are removed is called a

7. Grit chambers are generally

6. The flow of wastewater through -% grit chamber is ac'

9. The grit should be disposed nf in a

le is a method of agitating or 'Jtirring new wastewater
by aiffusing air through it.

11. Wastewater treatment plant should have metering equipment to let plant operators

and flow through their plants.

12. The may be used to measure
wastewater flow in open channeTa.

13. What is the definition of preliminary treatment?

PART
INSTRUCTIONS

Use SW J3ABR56631 000-IV-6 to answer the following statements.

1. What are screens used for in wastewater w-atment?

2. What are the two types of screens?

3. :ghat is the purpose of a shredder?

4. What is the purpose of s grit chaf4,oer?

5. How much time should be allowed for the preaeration process?

PROGRESS CHICK

You should be ready Zor the progress check. If you feel yo need to revi(N some of
the previous instruction, do so. The progress check is prepared as a separate fluGlica-
tion and controlled by the instructor. You must do the progress check under instructor
supervision and complete it prior to leaving for the day.

6-6
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INFORMATION

Use AFM 91-32 for the ma4.ntenancc., of Preliminary Treatment Units.

Read Chapter 4, Section 2, Operation and Maintenance, Para. 4.2.1 to 4.2.8; Chapter
3, Section 1, General; Section 2, Methods of Flow Measurement; Sectl.on 3, Operation;
para. 3.1.1 to 3.1.2, 3.2.1 to 3.2.4, and 7 3.1.

EXERCISE IV-6-6b

INSTRUCTION

Using AFM 91-32, Chapters 3 and 4 to answer the following questions on maintenance
of Preliminary Treatment Units.

1. Improper storage and ha ,. of screenings provides a source of food for pests.

What action must be taken?

2. Bar screen not raked properly or not as often as needed, (mechanical)

3. Comminutor or barminutor not operating, likely causes

a.

b.

c.

4. Improper shredding. Unusual vibration and noise from the comminutor or haminutor,
likely causes

5. The maintenance of the hand raked bar screens is the same as for the rtz.lis, except

for

6. The maintenance on comminutors and barminutors most often required for good

operation is



7. Controlled grit removal channels may be cleaned by

8. Maintenance of aerated grit removal units includes

A float well connecting pipe valve should remain wide open at all times, except

10. Maintenance on a venturi meter must be in accordance

PROGRE3 CHECK

You should be ready for the progress .Theck. If you feel you need to review some ofthe previous instruct:kon, do so. The progress check is prepared as a separate publica-
tion and controlled by the instructor. You must do the progress check under instructor
supervision and complete it prior to leaving for the day.

SroMARY

Tn this study guide/workbook you have read about preliminary treatment and sub-systems. The treatments being screens, shredders, grit chambers, prcaerators and
measuring devices.

REFERENCE

AFM 91-32, Operation and Maintenance of Domestic and Industrial Wastewater Systems

6-8
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3770th Technical Training Group A13R50631 000-IV-7
Sheppard Air Force Base, Texas

OPFRATION AND MAINTENANCE OF PRIMARY TREATMENT 11TTS

OBJECTIVES

While visiting a municipal wastewater plant, observe the operatiom of the plant and
equipment. Ff,';.2 a schematic to trace the flow through the system and a checklist
the maintenanr- safety items with no more than three instructor assists.

Using givt, information and a sampling device, and working as a team, collect a
wastewater a 4 sludge simple from various sampling points within the plant, with no
more than t rlictor assists.

Folling written instructions, identify the operation of primary vasttiwater
treatmenl units by making written responses to questions according to :PM 91-3?. Thirty
of the forty-frAir answers must be correct.

Following wri-.zen instruction, list the maintenance practices of prfmary wastewater
treatment LoitF. by making written responses to questions according to AFM 91-32. Eight
of twelve responses must be correct.

INTRODUCTION

When you gradu%te and go to another base, you may be required to apevate a waste-
water plant. This study guide/workbook will aid you in learning the fundamentals of
primary waste treatment. The treatment proce s:. gegins with the removal uf sand, grit
and large floating solid materials. This removal of solids is known as wreliminary
treatment. The next stage of treatment is called primary treatment whiLa further
processes the wastewater to a point where it can be disposed of properly.

Waste treatment information will be covered under the following topics:

o Definition of primary treatment

o Imhoff tanks

o Primary settling tanks

o Se' 1.te dfgeater and components

4ryint,,

o Sludge disposal

INSTRUCTIONS

While on the field trip to the municipal wastewater plant and lift station observe
the plant system and components. The instructor will discuss the plant system and issue
a progress check to you consisting of a diagram of the lift station and plant. Complete
the diagram during the field trip, then turn in the progress check to your instructor
when it's completed.

INFORMATION

WASTEWATER AND SLUDGE SAMPLING

Types of Sampling

No lab test can give y-u a true idea of how your plant is do:ng you take your
samples correctly. Haste in getting your sample, or getting it ready for testing, can
ofTset the accuracy of the tests made in the lab. The two types of samples that will
used in wastewater sampling are grsb and composite. A grab sample represents the
conditions at a particular point in time. A composite sample is a series of grab
samples which represent conditions over a set period of time. A fetr factors which
should be considered in collecting a sample are:
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What kind of lab examinations are to be made.

Th .. use to be made of the results of the tests or analyses.

The nature of the material to be sampled and the time lapse over the period of
sampling.

The change in the flow over the sampling period.

Methods of Coll ction

The sample should always be collected in a. glass or plastic bottle. The volume of
sample obtained should be sufficient to perform all of the required analyses, with an
additional amount obtained for repeating any doubtful analyses. it is seldom safe to
rely on a single sample or a grab sample. There is no ideal time for collecting a
sample. A sample collected at one time might give you different results than one taken
earlier or later. One way to correct this problem is to take a composite sample.
Always keep samples in a cool place. There are two methods of collecting samples;
manual and automatic. With the manual method you as an operator have a metal or plastic
bottle on a wooden polt: or a string. You drop the sampler just below the surface and
obtain your sample. The automatic sampler is plugged into an outlet, the collection
device is dropped into the wastewater and weighed down. At intervals the sampler will
come on and collect the wastewater through a tube and put the. sample to a plastic
container. After the time has expired for collection of the samples automatic
sampler shuts off.

Sampling Points

In a treatment plant the two areas that you will be taking samplc from are the
wastewater and the sludges. The location of sampling points within treatment plant
will vlary with th design of the facility and sampling procedures t be adapted
accordingly. To collect a good representative sample certain proce.res must be
ollowed

1. The sample ;:-1.:,id be taken from a place where t:ie wastewater is well mixed.

2. When the samrl- is taken from the center of the channel L.:2, velocity of the
wastewater should be rIgh enough to keep the solids in suspension.

3. The samplv be taken 1>ghtly below the surface of tile wastewater to avoid
an of floati. IIYA;..r. you :;I:ould also be careful not to collect solids which
may k...ve settled to L. of r,., channel.

4. You should no, IT 'irte par.,icles larger than 3/4 inch in diameter in the sample.

c. When sampling sludges, a sample should be taken from several different depths to
see how the entire digestor is working.

6. The sampling points should he readily accessible, proper sampling equipment
should be available, and adequate !,afety precautions must be observed.

A typical sampler for wastewater and for sludge . be seen in figure 7-1n.
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Figure 7-1s. Samplers Designed for Collecting Wastewater and Sludge

EXERCISE IV-7-7b

INSTRUCTIONS

Using your SW ,r2ABR56631 000-IV-7, complete the following statements.

1. What is a grab sample?

2. What is a composite sample?

3. What are the four factors that should be considered in taking a sample?

a.

b.

C .

d .

4. What type of container should the waGtewatr or sludge sample be Coi;, .(1

5. What are the two methods of collecting waste="ater samples?

PROORESS CHECK

You should be ready for the progress check. If you feel you need to review some of
the previous instruction, do so. The progress check is prepared as a separate publica-
tion and controlled by the instructor. You must do the progre!, check under instructor
supervision and complete it prior to leaving for the day.
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OPERATION AND MAINTENANCE OF PRIMARY UNITS

Definition of Primary Treatment

Primary treatment is the removal, treatment and disposal of settleable solids from
wastewater.

Primary Settling Tanks

Settling tanks or clarifiers are uGed to remove the settleable solids from waste-
water. The sludge from these tanks is moved to a separate digestion tank or other place
of disposal.

There are three types of settling tanks. These are primary tanks which are used
for the treatment of raw or screened sewage, intermediate tanks which are used between
two stages of biological treatment, and final tanks which are used for the last stage of
settling. Two types of sludge removal can be used. Some tanks have a hopper shaped
bottom to collect the sludg:% while others have mechanical collectors. The tanks with
mechanical collectors can be rectangular or circular.

RECTANGULAR TYPE. Rectangular type tanks are shown in Figure 7-1. Figure 7-2 is
an overhead view of this tank showing the sludge and scum removal equipment. Chain
conveyors sweep the sludge particles accumulated on the bottom toward the sludge hoppers
at the influent end. On the primary tank the conveyor sweeps the entire surface of ttz
tank forcing the scum directly to the draw-off point in front of the effluent baffle.
Sludge hoppers are emptied by gravity or by pumping while the tank remains in opera-
tion.

rIRCULAR TYPE. The circular type tank with mechanical sludge collection is illus-
trated in Figure 7-3. Figure 7-4 is a cut-in view of a circular tank showing the type
of sludge collector mechanism. The influent comes through a centrally located, Inverted
siphon surrounded by a submerged diffuser which introduces the feed quietly and well
below the surface, distributing it evenly to all parts of the tank.

HOPPER TYPE. Sludge can be removed from hopper tanks through withdrawal pipes
without the necessity of emptying the tanks or interrupting operation. Hoppers, which
take the place of sludge collector mechanism, are suitable for smaller installations.
Figure 7-5 shows a multiple hopper settling tank.

Detention Time. The normal detention time of primary and secondary settling tanks
range from one to two hours for an average daily flow. With activated sludge plant's,
primmr7 tanks where it should be 1.5 hours. Too much detention may cause septic
wastewater, produce odors, and increase the load on secondary treatment units. Where
duplicate units are used long detention times are avoided by removing one or more tanks
from service during low flows or by recirculating effluent from the secondary units
through the primary tank. When removal of solids by settling tanks is far below normal
(45 to 60 percent suspended solids), the cause should be found. Operators should always
look for ways to improve operation.

Operation. Good housekeeping at the settling tank is esential to prevent odors,
flies, and unsightly appearance. Floating solids passing out with the effluent may clog
the filtering equipment and grease may cause ponding of the filter.

Floating Material Removal. Floating material must be removed once each shift or
more often if needed. Some mechanical skimmers automatically remove this material to a
sump for disposal while other tanks have a manually operated skimming pipe. However, a
hand skimmdng tool should always be used to aid the entrance of skimmings to the pipe or
trough. Where skimmings are pumped to the digester, a minimum of wastewater and wash
water should go with it to prevent upsetting the digester operation. If a large
quantity of fairly dry skimmings tends to upset digestion, they should be collected in a
covered can with openings for draining excess water and hauled to a sanitary fill or
incinerator. The can must not be placed where the drainage becomes a nuisance. If a
fill is not available, skimmings are drawn to a trench and covered with at least 2 feet
of earth. A spray of water directed against !loating material frequently settles it.
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Cleaning Sidewalls. Sidewalls of channels, baffles, weirs, launders, and tanks are
kept clean of grease and other solids by hosing, scraping, or brushing once each day or
more often if needed.

Dead ends and corners are brushed at least cace each shift and fine sand and gravel
are removed for burial or used as fill.

Decks and walks are hosed at least once each day. Where pressure is not available
for hosing, secondary effluent may be used with a portable pump.

Grit removal. If grit appears in channels or hoppers the grit chamber operation
should be checked. If the unit does not have a grit chamber, one should be ::nstalled.
However, since grit is a sign of breaks in the sewer system or storm water connections
the system should be checked before a grit chamber is built.

7-6
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Figure 7-5. Multiple-Hopper Settling Tank

Sludge Withdrawal. Proper sludge withdrawal is important to settling efficiency.
A flexible schedule of withdrawing cnncentrated sludge must be established with the
following factors considered.

The sludge solids content should be as high as possible. This means a slow rate of
withdrawal and stopping withdrawal when sludge becomes thin.

The amount of water in the digester must be reduced wherever pos,ible because it
tffects digester operation. A decrease in the solids content causes a larger volume of
sludge to be heated, a greater volume of digester supernatant to be returned, and a
reduction of effective capacity. Example: 3 pounds of dry solids pumped as a 3-percent
sludge puts into the digester 97 pounds, or about 11.7 gallons of water; the same dry
solids pumped in as a 6 percent sludge add 47 pounds or 5.65 gallons of water, about
milf as much. Sludge must be drawn slowly (50 to 60 g.p.m. or less) to avoid pulling
light sludge and wastewater to the intake; it is sampled during the drawing to note the
:onsistency and obtain the composite sample. A quick-opening 2-inch valve must be
)rovided for sampling if other means are not available. Sludge of thin consistency can
le recognized from experience' by correlating its appearance with sludge solids test
'esults.

Hopper bottom tanks used as separate settling tanks require more care in drawing
dudge because of the larger number of hoppers. Sludge from the hoppers at the effluent
md normally has a low solid content, but must be removed to prevent carrying over with
he effluent. Hoppers are squeegeed several times each week to remove adhering solids.

The interval between removals is regulated by wastewater load and weather condi-
ions. Shorter intervals are required during high flows of strong wastewater and
uring warm weather. If sludge rises from the hoppers removal is incomplete or too
nfrequent.

Sludge should normally be removed from primary settling tanks three to four times
ach 24 hours. Sludge collected in settling tanks following standard trickling filters
s drawn at least once each day except during filter sloughing when more frequent with-
rawal is advisable.
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nood judgment is necessary to find a balance between high solids concentration and a
clean tank bottom, especially where light sludge from secondary treatment processes is
returned to the primary tank for resettling.

Mechanical sludge collectors in cireular tanks and all settling tanks for activated
sludge must be operated continuously. Intermittent operation of circular tank mechan-
isms cause solids to accumulate on the tank floor placing a large starting load on the
mechanism. Continuous operation provides greater sludge compaction. Sludge collectors
in rectangular tanks are not usually operated continuously although it may be done,
especially when the wustewater is strong and the rate of flow high. The mechanism
should normally be started from 1 to 2 hours before pumping. The tank length governs
the length of this period somewhat. At least two complete runs for the length of the
tank is desirable. The tank bottom must be well cleaned and old sludge removed to the
hoppers. Rising gas bubbles and sludge along the tank indicate incomplete cleaning or
too long a period between operation. Hoppers in rectangular tanks should not be filled
to more than 6 inches from the top. In withdrawing sludge, 2 feet of sludge blanket may
he left in the hopper. Where there are two or more hoppers, only one should be drawn at
a time.

The daily volume of sludge removed is measured by the following methods:

When sludge is drawn to an open sump before pumping to the digester, calculate
volume of the sump per foot depth. Measure depth of sludge in the sump by
calibrating a rod in reverse so that the measurement may be made from the top
of the sump to the surface of the sludge.

When sludge is pumped directly from the clarifier, estimate volume by minutes
of pump operation multiplied by actual gallons per minute output. This
requires calibration of the pumps. If reciprocating valves clog, that time
is not included.

Where floating covers are installed in digesters, check volume of sludge pumped
in several days against the above calculation by the rise of the cover. This
procedure is one way to calibrate the sludge pump.

Methods of Control. Suspended solids and settleable solids tests are the primary
measures of efficiency since solids removal is a primary function. Proper operation
should remove 90 percent of settleable solids and 45 to 60 percent of suspended solids.
Low solids removal may be caused by short circuits in the tank, incomplete removal of
sludge, incomplete collection of sludge from tank floor, short detention period rausing
high velocities, or long detention periods following gas formation in tank.

BOD reduction is a secondary way to find tank efficiency. Low BOD reduction with
normal suspended solids removal usually indicates septic action caused by a long deten-
tion time or incomplete sludge removal. A pH value of the tank effluent lower than that
of the influent also shows detention time to be too long.

Analysis of sludge samples for solids content. Sampling the tank bottom for
presence of solids and the appearance of rising gas or sludge shows whether or not the
methods of removal are effective.

Causes of low efficiencies must be found and corrected; ce,tinued difficulty is
reported to higher authority for advice and correction.

Records and Reports. The following data is reported monthly:

For influent and effluent of tank; settleable solids, pH, suspended solids, and
BOD.

For primary tank sludge; volume removed, pH, percent solids, percent volatile
matter.

Changes in the number of tanks in operation.

7-P
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In addition to the data required monthly, the following daily records are kept:

Volume of sludge returned or recirculated to raw wastewater or other plant
units (refers generally to secondary sludge).

Volume and diSPosition of skimmings.

Remarks on operating difficulties.

Imhoff Tanks

The main parts of an Imhoff tank are shown in Figure 7-6. Wastewater flows slowly
through the top (sedimentation) chambers. As the solids settle they pass ihrough a slot
in the hopper bottom to the sludge digestion chamber. The slot is built so that gas
produced in the sludge digestion chamber will not go back through the slot. The gas is
diverted to a gas vent where it may be collected as fuel or released to the air. Solid
Particles which rise with the gas are also held in the sludge digestion chamber. The
settling and sludge digesting compartments are separate so that the gas'which is pro-
duced in the digesting process will not keep the solids from settling.

The digested sludge may be pumped out, or it may be removed by gravity flow. The
speed of sludge digestion depends on temperature so the size of the sludge digestion
compartment depends on temperature as well. A sludge capacity of three to four and
one-half cubic feet per person is average.

OPERATION AND CARE OF SETTLING COMPARTMENT. Imhoff tanks require regular and
frequent attention to maintain its efficiency and to minimize odor and sight nuisances.

Regulation and Reversal of Flow. Proper distribution of the influent to the
settling compartment is essential to efficient settling. Where two or more units are
installed, flow is distribution between units by adjusting the influent gates. Properly
placed dividing lines of bricks or triangular blocks of concrete may sometimes be used
in the influent channel to divide the flow. Leveling of outlet weirs is necessary to
equalize distribution between units. With long tanks, most of the solids may tend to
settle at the influent end. Separate channels are used to reverse the flow, using the
entire digestion space to full capacity. If uneven sludge distribution occurs, flow
must be reversed each month. Settling compartments have influent and effluent baffles
which should not extend more than 18 inches below the wastewater surface. The influent
baffle distributes incoming flow more equally across the entire compartment.

SEDIMENTATION
CHAMBER

CHANNEL FOR REVERSING FLOW

INLET OR OUTLET
WEIR

INLET OR OUTLET
CHANNEL

GAS VENTS

SLUDGE
DIGESTION
CRAMER

SLMME
NM

-_-=_SCUM WALL_ -

Li-T9 SLUDGE BED

6.0-

Figure 7-6. Sectional View of Imhoff Tank
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Cleaning and Scum Removal. Care must be taken in all tank cleaning operations to
avoid excessive stirring of the wastewater. This interferes with the natural settling
of the solids and may cause skimmings to pass under the baffles. All walks, tops of
walls, and exposed interior walls should be cleaned by hosing and scraping once a day.
The channels and tank walls of the settling compartments must be kept clean and free
from grease, scum and gritty deposits. Scum on the surface of the flow compartments
must be skimmed off. Scum is the floating matter such as grease, oil and froth (suds).
Skimmings should not be placed in gas vents because excessive amounts cause odor
nuisance. Skimmdngs should be transported daily in covered containers to an incinerator
or sanitary landfill and buried promptly with a thin cover of earth. Recover with an
additional 8 inches of earth after 24 hours. A spray of water (final effluent may be
used) helps to settle floating solids in the settling compartment (see Figure 7-7).
Solids sticking to the upper sides of the hopper bottom of the settling compartment must
be pushed through the slots weekly or more often if necessary. A longhandled squeegee
is a suitable tool for this purpose. A heavy chain attached to a long handle pole is
used to clean the slot along the settling compartment (see Figure 7-8).

OPERATION OF DIGESTION COMPARTMENT. The sludge digestion compartment in an Imhoff
tank and in separate sludge digesters operates in a similar %lanner.

Control of Sludge Level. Sludge must not be allowed to accumulate above a level
of 2 feet below the slot in the settling compartment. If the slot is not adequately
trapped, it is necessary to keep the sludge level much lower to prevent the sludge
solids from passing up through it. Sludge must be withdrawn frequently enough to main-
tain the proper level.

CNF..021!

vigure 7-7. Water Spray Used to Settle Floating Solids

Small draw-offs monthly or more often, should be made, rather than large draw-offs at
longer intervals. Only well-digested sludge should be withdrawn leaving enough in the
compartment to prevent acid digestion and foaming. The collection of solids in the tank
before any treatment has been given is called raw sludge. Usually not more than half
the depth of sludge should be removed at one time. In northern climates however, sludge
must be drawn down far enough during summer and autumn to allow ample room for winter
accumulations when sludge digestion proceeds more slowly. The availability of sludge
drying beds regulates withdrawal at some plants. Sludge must be drawn down during dry
seasons to allow sufficient capacity in the sludge compartment for long, rainy seasons
when sludge drying may not be possible.
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Measurement of Sludge Depth. When the tank is operating at near capacity or when
there is a possibility of overloading, the depth of sludge in the d:igestion compartment
should be measured weekly at both inlet and outlet ends of the tank. Monthly measure-
ments are sufficient if the wastewater load is less than 75 percent of rated tank
capacity. The two methods of measuring sludge depth are the use of a pitcher pump with
a rubber suction hose and an iron plate or weighted wood block.

A hand pump of the pitcher type is equipped with a rubber suction hose which is
marked for length at 2-foot intervals and weighted at the end. With the pump in opera-
tion the hose is lowered through the slot in the settling compartment. The length of
hose submerged when sludge first appears equals the sl,tdge depth. A variation of this
pitcher pump method involves the use of a graduated rubber suction tube weighted by a
4-foot steel pipe that forms part of the suction line. The tube is lowered through the
gas vent instead of the slot; otherwise, the measuring procedure is the same.

An iron plate or a weighted wood block, 12 to 18 inches square, can be attached to a
graduated wire or chain and lowered through the gas vent. The plate stops when the
sludge level is reached. The distance from the surface to the sludge level may then be
measure/ to determine the sludge depth.

CN F.-0211

Figure 7-8. Empty Settling Compartment Showing Hopper and Slot

Sludge Removal. Well-digested sludge is bladk and granular with a tarry odor. It
has a pH above 7.0 and a volatile solids content of about 50 percent. It drains and
dries readily on sand beds and does not breed flies on beds during drying periods. The
digested sludge must be drawn off slowly to allow the mass to settle evenly. Otherwise,
a cone will form above the sludge outlet which may let partially digested sludge and raw
wastewater out with the digested sludge.

If the outlet pipe clogs, flow may be started by applying recirculated effluent or
water under pressure (nct connected to the potable water system) through a hose in the
sludge riser pipe. Opening and closing the sludge valve may also relieve clogging.
Sludge may also be agitated or stirred with long rods inserted through slots, gas vents,
or riser pipe. After sludge is withdrawn the sludge lines must be flushed out or filled
with water (unless there is danger of freezing) to prevent drying and hardening of
solids in the pipes.
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Gas Vents or Scum Compartment. Solids rising with digestion gases accumulate and
form scum in gas vents. This scum must be broken up as frequently as necessary to allow
the entrapped gases to escape and floating matter to drop back into the digestion
compartment. One or more of the following methods may be used: breaking up the scum
with a rake or hoe; hosing scum with water under pressure using a fine spray; keeping
the scum wetted down with water, or by transferring warm liquor from the digestion
compartment by means of a portable pump. The use of large quantities of water should be
avoided because it creates subcurrents. Heavy or dry scum should be shoveled off before
scum reaches one foot in depth and placed on drying beds. In cold weather frozen scum
must be removed frequently to let gas escape.

Fnaming. Foaming is indicated by the rise of large amounts of black, sudsy, offen-
sive scum in the upper part of the digestion compartment, in the gas vents, and in some
cases, through the slots. Acid digestion lowering of pH and the fqrmating of gas with
high carbon dioxide content follows this condition. If it is not checked the foam may
overflow into the settling compartments and carry with it suspended soilds from the
digestion chamber.

Causes. Foaming occurs when raw solids accumulate faster than they can be digested
and Ts usually brought about by the following:

1. Starting the tank without first seeding the sludge with well-digested matter;
this is especially applicable when new tanks are placed in service.

2. The change to wanmer weather from low winter temperatures when there has been a
lack of digestion.

3. Excessive withdrawal of digested sludge.

4. High grease content of wastewater solids.

Insufficient digestion capacity.

Controls. Careful operation will prevent foaming. If it occurs, the following
methods will control or minimize it:

1. Mixing digested sludge with raw sludge before starting the tank.

2. Periodic heavy hosing or use of a continuous water spray to break up the foam.

3. Application of sludge or sludge liquor from the hopper bottoms
by means of an air lift or portable pump, thus mixing the foam
sludge.

to the gas vents
with digested

4. Addition of hydrai.e lime slurry if sludge pH is below 6.5. Add
in this suspension direct to the sludge compartment by means of
into the gas vents at different points. Add sufficient lime to
to 7.0.

sufficient lime
a pipe inserted
adjust the pH

5. Putting the tank out of service until the foaming subsides is the most effec-
tive method when at least one other tank is available. Reducing the flaw to
the foaming Imhoff tank and avoiding a detention of more than A hours will help
prevent septic conditions.

C. Drawing off incomplete digested sludge if the compartments are heavily loaded;
an application of hydrated lime to the sludge during withdrawal helps to reduce
odors and fly breeding on the drying beds.

7. Where digester capacity is inadequate and additional construction is delayed,
building deep temporary lagoons that will provide additional digester capacity
and are equipped for sludge removal to drying beds.



CONTROL METHODS FOR IMHOFF TANKS. The settling compartment is controlled in smallerplants by settleable solids tests and pH determinations. Tests for suspended solids andROD are added for larger plants. Normal operation should result in a settleable solidsreduction of 90 percent or more, a suspended solids reduction of 50 to 70 percent, and aROD reduction of 30 to 40 percent. Causes for lower efficiencies should be determinedand corrected.

Digestion Compartment. Digestion compartment control is guided by weekly or monthlysampling of sludge depth and sampling of digested sludge at the bottom of the compart-ment before sludge is drawn to the drying beds. Tests for sludge pH are made at allplants, and tests for solids and volatile solids at larger plants when directed.Fxperienced operators can tell when sludge is well digested by its granular appearanceand tarry odor.

Oil and Grease in Sewage Flow. Oil and grease in raw wastewater entering an Imhofftank or other treatment unit cause difficulties such as interference with digestion,floating of solids, and increase of BOD. Such wastes should be intercepted beforeentering the sanitary sewer system.

Separate Oigesters and Components

Organic matter in sludge furnishes food for bacteria and other microorganisms.
While passing through them it b:eaks down into simpler and more stable substances. Thisis the basis of the sludge digestion process, which produces three final products:digested sludge, supernatant liquor, and gas. Digestion reduces the volume of sludge tobe handled, simplifies disposal, and provides a more stable and inoffensive product thatunder certain conditions may be used as a soil conditioner. The organic matter insludge is reduced to simpler and more stable forms and a considerable part of the solidsis changed t-._ liquids and gases. Digested sludge is dried on drying beds; supernatantliquor is returned to the raw wastewater entering the plant; gases are burned or used toprovide heat or power for the digester or treatment plant. The gas may also be used tooperate gas engines for pumping or other plant purposes.

There are three types of digestion tanks. They will be covered in the followingparagraphs.

UNCOVERED TANKS. Uncovered tanks are ususally hopper-bottom tanks without gascollection or beating equipment. They are used on small units or for storing partly orfully digested sludge from other digesters.

FIXED COVER TANKS. Fixed-cover tanks may be used for economy on single, two-stage,or two-story digestion tanks. It is also necessary that they be used under conditionswhere snow and ice would interfere with the movement of floating covers. Because thefixed-cover digester must be kept full to.keep out air, withdrawal of supernatant liquormust be done at the same time and in the same amount as the addition of fresh sludge.

Digesters of this type are usually concrete structures with sloping bottoms; theymay or may not be equipped for heating ald mixing sludge and for scum-breaking. Thecover may be a flat or domed concrete s;ab with or wi-thout space for gas between it andthe liquid level in the tank. More commlnly, gas space is provided by a small dome ofconcrete usually located in the center of the cover (see Figure 7-9). The gas dome andseal are usually connected to a boiler or waste burner and must always be provided witha flame arrester. The sludge is heated by external means or by hot water passed throughpipes arranged in coils near the inside walls or bung from the roof of the tank. Exter-nal sludge heating is a more recently developed method of maintaining proper sludgetemperatures.

FLOATING COVER TANKS. Floating cover tanks are of two kinds: one is equipped witha cover that "floats" on or moves up and down with the liquid level in the tank; theother has a gas-holder cover that is supported by the gas pressure in the tank. (SeeFigure 7-10.)

CAUTION: Sludge must not be withdrawn from a floating cover tank when the cover is
at its lowest position and resting on its support brackets.
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Figure 7-9. Digester with Fixed Cover
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Figure 7-10. Floating Cover Digester
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STAGES. There are three stages in the digestion of fresh sludge due to the factthat various compounds in wastewater break down at different rates. A high acid stageis marked by a low pH and gas production of a high carbon dioxide content. This is soonfollowed by a less acid stage and finally by a fermentation stage in which the pH risestoward the alkaline side of the pH scale. After the third stage is reached, BODdecreases sharply. Most of the floating solids settle, and the methane gas is producedin volume. In a properly operated digester the three stages proceed simultaneously onthe solids in the order of their age in the digester. When a digester is placed intoservice the first two stages prevail for some time with the third stage starting later.After the third stage is established, fresh sludge may be added without appreciably
affecting the characteristics of the tank contents. The three stages gradually mergeuntil little evidence of the acid stages remains. Rapid digestion follows with heavyevolution of gas with high methane content. The resulting sludge is relatively stableand can be handled without any considerable odor nuisance.

TEMPERATURE. Temperature determines the rate of digestion. Mesophilic digestion,which progresses best between 40° and 105°F, is generally used. Above 105°F theorganisms of mesophilic digestion become ipactive and thermophilic digestion occurs.The latter range is not presently used because of the odors and operating difficulties.Approximate time of digestion at different temperatures can be determined from Figure7-11. Between 90° and 100°F well-digested sludge is produced in about 24 days. At 85°F,90 percent of digestion Is completed in 26 days; at 75°F, 35 days; and at 55°F, 65 days.High temperatures are more difficult to maintain and require considerable heat transfer,especially in the cold climates. The practical operation range is between 85° and 95°F.

VOLATILE ACIDS. Volatile acids are organic acids which are formed in the sludge ina digester by anaerobic bacteria in the stabilization of organic matter. The test forvolatile acids is performed on a sludge sample, taken from the digester. The volatileacids test will help the operator determine the overall health of the digester, and maybe used as a "control test" fc anaerobic digestion.

In addition to sludge, the e,gester contains a watery liquid called "supernatantliquor" which contains alkalinity. The ratio of volatile acids to alkalinity should bemaintained between .1/1.0 and .3/1.0 for anaerobic digestion to progress satisfactorily.A ratio of .5/1.0 indicates trouble, foaming may occur and the bacteria may be killed.A high or increasing acid content indicates fermentation is occurring in the digester.This is a serious malfunction, but it may be corrected by adding chemicals to increasealkalinity.

Two causes for formation of an excessive VA concentration are:

1. 7mproper mixing of raw sludge with the contents of the digester.

2. Excessive quantity of raw sludge being pumped into the digester at one time.

Example of volatile acids:

vinegar-acetic acid-CH3COOH
formic acid-ant-venom-HCOOH
citric acid-C6H807H20

The volatile acids test can be used as a control test for anaerobic digestion. TheVA test measures the fatty acids that are present. This information.is valuable tomaintain digester control. If the acid content of a digester increases and continues tobuild up, the test will detect a condition of acid fermentation quickly. This is veryundesirable. An excessive amount of volatile acid causes an ancid enviroument unsuit-able for some of the bacteria in the digester and the digester may cease to functlunproperly--unless alkalinity is added.

GREASE. Domestic wastewater contains a considerable amount of oils, fats, waxes andsoap which are collectively called grease.



objections to grease:

1. Interferes with the settling rate of sol.ids, causing excessive scum accumu-
lation.

2. Clogs pipes and trickling filters.

3. Deters the use of dried sludge as fertilizer.

Reasons for performing a test to determine amount of grease entering the wastewater
treatment plant:

1. This information may be helpful in overcoming difficulties in plant opera-
tion.

Could show need for alternative method of disposal of plant effluent (might
cause a surface film oa receiving stream and/or shoreline deposits).

3. Could indicate nonsuitability of a particular batch of dried sludge for use
as a fertilizer.

The grease concentration is determined by gravimetric test.

Grease and oils are resistant to anaerobic digestion. When present in sludge they
cause excessive scum accumulation in the digester, clog the pores of filters, and deter
the use of sludge as fertilizer.

A knowledge of the quantity of grease and oil is helpful in overcoming difficulties
in plant operation, in determining plant efficiency in controlling the dic:charge of
these materials in receiving stream. A knowledge of the amount of grease present in
sludge can aid in diagnosis of digestion and dewatering problems, also to indicate
suitability of a particular sludge for use as a fertilizer.

Procedures

1. Collect a 1 liter sample of raw wastewater.

2. Add 5 ml HC1 (lowers pH to 2).

3. Transfer sample to separatory funnel.

4. Add 3n mL freon (this extracts grease and separates contents into two layers,
freon at the bottom.

5. Drain freon.

6. Place freon in weighed distilling flask, place flask over steam bath, drive off
freon.

7. Weigh flask plus grease.

R. Calculate mg/L grease.
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Figure 7-11. Time Required for Digestion of Wastewater Solids
at Different Temperatures

NOTE: Detailed information and materials covered to this point in the study guide
may be found in AFM 91-32, Operation and Maintenance of Domestic and
Industrial Wastewater Systems, Part D, Sections 2 thru 8, pages 41 thru 100.

Sludge prying

Sludge is removed from digesters, or from Imhoff tanks to drying beds. Mechanical
filter also remove digested sludge to be dewatered and dried. This process may be
accomplished through the use of drying beds or mechanical filtration. The dried sludge
may then be disposed of in several different ways. It will be necessary to keep
accurate records of the operation on a monthly operating log.

Well-digested sludge from the separate sludge digester or Imhoff tank has a water
content of 90 to 96%. Digested sludge is generally dewatered at the treatment plant by
underdrained sand and gravel beds, although natural sand areas are sometimes used. The
sludge drying takes place both by evaporating from the surface and by draining through
the sand and gravel. Water drainage through the bed is returned to the raw wastewater
flow wherever possible. When plant elevation makes this impracticable, it is discharged
to other points in the plant or to the receiving stream. In most cases it goes directly
to the stream.

CONSTRUCTION FEATURES OF SLUDGE DRYING BEDS. In the construction of an underdrained
sludge bed, the ground is dug to the desired depth and graded to form furrows. In these
furrows open tile drains are laid in surrounding beds of gravel 6 to 12 inches deep.
From 6 to 12 inches of sand is placed on top of the gravel and leveled. Outside walls
and partitions between adjacent beds may be constructed of concrete, wood, or earth.
The number and size of beds required depends on plant size and average drying time.
Figure 7-12 shows a typical slmge bed. Glass covers, such as those used for green-
houses, may be installed over beds to increase drying efficiency to provide all-weather
drying and to eliminate odor nuisance.
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DRYING BED OPERATION. Effective sludge drying depends primarily on the condition of
the sludge from the digester. Poorly digested sludge forms a heavy mat over the sand
and sludge surface which slows drying. Sludge withdrawals from digesters and Imhoff
tanks should be scheduled according to weather and seasons to make the best use of
sludge bed capacity. Both digestion and drying are quickened in warm or dry weather
permitting sludge beds to be cleaned and recharged. During cold weather sludge must be
held in digesters or Imhoff tanks until good sludge-drying weather, unless glass-covered
beds are available. Storing digested sludge in open tanks or lagoons may be necessary
during cold or wet weather when drying is retarded. Normally, sludge Ugooning should
not be resorted to unless digester facilities are inadequate to store the eludge pro-
duced.

SLUDGE BED PREPARATION. Before sludge is applied to the bed the sand or other
filtering medium m st be clean, smooth, and graded slightly away from the point of
sludge application to assure uniform depth and free passage of water. Sludge chunks,
weeds, and other debris must be removed. A thickness of not less than 4" should always
be maintained to assure a clean effluent and to keep solids from entering and settling
in the underdrains. Clogged sand surfaces may be remedied by the removal of the top 1/4
to 1" of sand. Splash plates should be provided to prevent incoming sludge from falling
directly on the sand surface and disturbing it.

SLUDGE APPLICATION. Excessive filling of sludge bed results in clogging, requiring
a longer drying period in which moisture must be removed by evaporation alone. The best
filling depth depends on the solid content of the sludge. A depth from R to 12 inches
is generally recommended. If the bed area is ample, apply sludge and allow it to remain
as long as possible to reduce the moisture content. The normally dried cake should be 3
to 4 inches thick with little sand and easy to handle. If the bed area is limited,
sludge must be drawn more often and applied at minimum depths to promote quicker drying.
Do not discharge wet sludge on dried or partially dried sludge. Drain sludge lines and
flush with a small amount of water or supernatant after each use to prevent sludge from
hardening in them. If it is necessary to draw partially digested sludge and fill sludge
beds, hydrated lime suspension may be used to arrest decomposition. Add approximately
25 pounds of hydrated lime suspension to each 100 pounds of dry solids in the partially
digested sludge. This sludge mixture will be difficult to remove and will dry slowly.

COAGULATION. The addition of floc-forming chemicals that cause sludge particles to
adhere with the 2loc to form small masses of floc and sludge will allow more water to
filter out and speed the drying process on sludge beds. This is not a normal procedure
but may be used temporarily where it is necessary to speed bed drying to remove sludge
from an overloaded digester. The most common coagulating agent is aluminum sulfate or
filter alum. Alum in a water solution is mixed with the sludge by siphoning or
injecting it into the sludge pipeline to the drying bed as near the digester as
possible. As little alum as practicable should be used. One to two pounds per cubic
yard (200 gallons) of sludge are usually required. The proper amount can be determined
by mixing known quantities of sludge and alum and observing how the sludge flocculates
and separates from the liquid.

REMO ING DRIED SLUDGE. Remove dried sludge when it can be picked up with a fork
(not a shovel) without excessive sand sticking to the underside. Moisture content of
this sludge usually ranges from 35 to 70%. Dried sludge may be moved rom the beds by
wheelbarrow, truck, or tractor, but do not allow heavy equipment on the beds unless run-
ways are provided to avoid crushing and clogging the underdrains. Long, covered beds
are sometimes equipped with an overhead monorail for easy removal of sludge cakes.

MECHANICAL FILTRATION. Sludge may be preconditioned in preparation for mechanical
filtration by washing or diluting the sludge in a tank with two or more volumes of
water, mixing, allowing the sludge to settle, and then drawing off the supernatant
liquid. This process, which is more effective with digested sludge than with raw
sludge, is used to condition sludge for filtration or drying rather than as a separate
drying operation. The supernatant is usually returned to the incoming raw wastewater.

Sludge must be chemically conditioned for filtration by mechanical filters. Of the
numerous types of mechanical filters, the drum type and disk type are most widely used.
Filter cloth is the usual filter-medium. It is stretched over copper mesh covering the
exterior of a horizontal drum or the leaf of a disk-type filter. This drum revolves
continuously and operates automatically through a filtering-drying-discharging cycle.
Under the filter surface, a hollow inner shell forms a compartment sub-divided into
sections. The inside of each section as it rotates is separately placed under either
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Figure 7-12. Sludge Drying Bed

vacuum or pressure. The filter revolves slowly, partly submerged in a sludge reservoir
equipped with an agitator. As the drum passes through the sludge, a vacuum is applied
to the inside of the submerged sections to pull a suitable thickness of sludge against
the filter cloth. As the drum revolves from the sludge reservoir, the vacuum holds a
layer of sludge to the drum and acts as a drying vacuum to draw the liquid into the
sections returning the sludge solids in a cake on the filter surface. This filter cake,
usually from 1/1s to 1/4", is automatically removed before the drum resubmerges. To
help remove the cake from the drum, a slight air pressure is applied to the inside of
the section as the cake reaches the removal point, causing it to be lifted or blown off
tbe drum or disk. The broken cake falls into a receptacle or chute or onto a conveyor
for transportation to a point for further drying or disposal. The sludge liquor removed
is usually returned and mixed with the raw wastewater coming into the plant. Both
vacuum-producing and air-compressing facilities are required for operating mechanical
filters.

VACUUM FILTRATION. Vacuum filters are used for sludge dewatering at many large
plants, or at smaller plants where there isn't enough land for 6.ludge drying beds.
Vacuum filters can also handle raw sludge. Figure 7-13 shows a vacuum filter. It
consists of a large drum over which the filtering medium is placed. The filter medium
can be a cloth of cotton, wool or synthetic fibers, a stainless steel mesh, or a double
layer of stainless steel coil springs. The drum turns inside a tank with about one
quarter of the filter surface submerged in sludge. Valves and piping are arranged so
that a vacuum is applied to that part of the drum turning through the sludge. The
vacuum is continued as the drum rotates out.of the sludge and into the air. Toward the
end of one turn, the vacuum is reduced and the sludge is scraped, blown or lifted away
from the drum right before the drum enters the sludge tank again.
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Problems With Vacuum Filters. Sludge should be conditioned with chemicals and/or
elutriated before it is vacuum filtered. This nelps the water to drain more freely and
results in a thicker, lighter and dryer cake and permits higher drum turning speeds.
The rate of sludge yield from the filtors is expressed in pounds of dry solids per
square foot of filter surface per hour. This includes the weight of conditioning
chemicals. The yield should be about 4 to 10 pounds per square foot (18 to 45 kg/m2)
per hour for primary and combined primary plus secondary sludge. Digested activated
sludge filters poorly and may result in yields as low as 2.5 pounds per square foot (11
kg/m4) per hour if it is not conditioned with chemicals. Moisture content of the
sludge cake may vary from 65 to 80%, however, if sludge is to be heat dried or
incinerated, the filter can reduce the moisture to 60%.

INCINERATION. Incineration is another method of drying and preparing sludges for
disposal. Incineration will evaporate the excess moisture then desteoy the pathogens
and reduce the volume of sludge to an ash for safe disposal. Usually the disposal of
sludges can be used as fertilizer or landfill. incineration is very costly. This
process.is most helpful at plants in which thpre is no other way to get rid of the
sludge. See figures 7-14a and b.

Sludge incineration involves several steps. First, the feed sludge temperature must
be raised to 212° F (100° C). All water must evaporate from the sludge. The
temperature of the dried sludge must be raised until the volatile solids ignite and
burn. Most incinerators work in the range of 1600° to 2000° F (870° C and 1100° C).
The most common types of incinerators are the multiple hearth and fluidized bed.
Figures 7-14A and 7-14B show these. Incineration produces a residue or ash which can be
disposed of without much trouble. However, it may also produce hazardous air pollution.
To prevent air pollution, the incinerator must be working right and equipped with air
pollution control units. The most common air pollution control units involve the use of
"scrubbers" which spray water through the gas outlets. The water traps the pollution
which is then drained to a chamber from which It must be disposed. National standards
require a discharge for particulate emissions of not more than 300 mg/lb (0.65 g/kg) of
dry sludge. Regulations may vary from state to state. Consult both local and state
regulating agencies for applicable emission standards.

Sludge Disposal. Well-digested sludge contains about 4 to 10% total solids. The
volatile solids content on a dry basis is below 55% and pH is over 7.0. Poorly digested
sludge forms a heavy, sticky, clinging mat over the surface of both sludge and sand in
drying beds and retards drying. Undecomposed grease in the sludge clogs the sand.
Mudge must come well-digested from digesters and Imhoff tanks for it to dry quickly,
completely, and without odors.

Sludge may be utilized for a useful purpose. Sludge drying is usually an addi-
tional expense, but it may be justified by local conditions.

DISPOSAL OF DRIED SLUDGE. Remove dried sludge from beds as soon as it can be
handled and pi:ed at an accessible place or grinding or hauling. It may be pulverized
by a mechanical grinder for easier disposal and/or uniform spreading where it is used as
a fertilizer.

DriQd digested sludge may be used as a fertilizer. Wastewater sludge is not h!.gh
in nitrogen, phosphates, or potash content; generally having 1.5 to 4.0% nitrogen, 1.5
to 2.5% phosphate, and usually no more than a trace of potash. The principal value of
wastewater sludge is the humus content which averages from 25 to 35%.

Use of sludge for fertilizer is subject to restrictions. It should not be applied
to crops which will be eaten raw. The frequent presence of hookworm eggs in sludge may
cause infection wherG climate and soil favor continued hookworm activity. Digested
sludge is particularly suitable for fertilizing vegetation cultivated for dust and
errosion control, or for lawns, flower beds, and shrubbery. In many cases it is
possible tc sell excess dried sludge locally to nurseries or farmers.

Dry sludge may be used as fill in low areas not subject to heavy traffic. Care
should be taken during disposal because the sludge will not support heavy equipment.
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DISPOSAL OF WET SLUDGE. In isolated areas wet sludge may be discharged directly
from digesters to sludge lagoons instead of to drying beds. Lagoons can be constructed
as simple earth-walled basins and underdrains may be provided when lagoons will be
reused repeatedly. If only well-digested sludge is discharged into the lagoons they
will be practically odor-free and the liquor from them will not be objectionable. In
emergelcies lagoons are sometimes used for digestion of raw or partially digested sludge
in which case odor can be expected. Where large areas are available lagoons may be used
until filled, then ahandonded, and new lagoons constructed.

In some instances, particularly where drying bed faciliites are deficient, wet well
digested sludge may be drawn into tank trucks and applied directly to areas being
fertilized. Wet sludge is normally applied in quantities of ion to 400 gallons per
acre. Lawns may be sprinkled lightly immedlately after application in order to wash the
sludge into the roots of the vegetation.

Wet sludge may also be disposed of by transporting it in tank boats for dumping at
sea.

RECORDS. Sludge drying will be reported on the monthly operating log to include the
following:

Total gallons drawn to beds.

Average pH, percent solids, percent volatile solids.

Total cubic yards of dried sludge removed.

Average drying time in days.

Additional information required may be recorded in the remarks column or reverse
side of the operating log. The information to be recorded is as follows:

Date, volume in gallons, and depths in inches of sludge applied to each bed by
bed number.

Results of pH, percent solids, and percent volatile solids of each sludge
withdrawal to each bed.

Date, volume in cubic yards, and disposition of sludge removed from each bed

NOTE: Read the following chapters in AFM 91-32 for additional information: Chapter 13,
Section 1, Pumping Sludge, para 13.1.1 to 13.1.7; Section 2, Anaerobic Digesters,
para. 13.2.1 to 13.2.21.3; Section 4, Process Control, para. 13.4.1 to 13.4.14;
Section 8, Sludge Tratment and Disposal, para. 13.8.1 to 13.8.15.



EXERCISE IV-7-7c

PART 1

INSTRUCTIONS

Using your SW J3ABR5631 000-IV-7, to complete the following statements.

1. What is the frequency of sludge removal from primary settling tanks?

2. What is the maximum depth to which hoppers in primary settling tanks may be filled?

3. Why is good housekeeping at the settling tank essential?

4. How often must floating material be removed from settling tanks?

5. Why must water volume in the digester be reduced whenever possible?

6. How do solids get from the settling compartment to the digestion compartment in the

Imhoff tank?

7. What two methods may be used to remove digested sludge from the Imhoff tank?

a.

b.

R What two methods may be used for disposing of skimmings from the Imhoff tank?

9. How often should sludge depth be measured in the Imhoff tank?

10. Oil and grease in the Imhoff tank cause what conditions?

11. What are the characteristics of well digested sludge?
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12. What hazards are associated with digester gas?

13. What type of bacteria are in digesters?

14. What are the stages in the digestion of sludge?

15. What is the most satisfactory temperature operating range in digesters?

16. The purpose of a volatile acids test is to determine the

17. Why is it necessary to thoroughly mix fresh sludge with old sludge in digesters?

18. When grease and oil are present in an anaerobic digester they cause

19. Name three types of digester tanks.

a.

h.

C.

2n. Which type of gas is produced in the largest volume in digesters?

21. What records must be kept on digesters and gas equipment?

22. What is the water content of well-ligested sludge?

23. What are the advantages of covering a sludge drying bed with glass?

24. What is the corrective action for a clogged sand surface in a drying bed?

25. What is the most common coagulating agent used in sewage?

06. How is dried sludge removed from the drying beds?
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27. How is sludge conditioned for filtration?

28. in the filtration process, what is used to pull the sludge against the filter

cloth?

28. Well-digested sludge contains what percent total solids?

30. What is the depth of sludge in a drying bed?

31. What is the depth of gravel in a drying bed?

32. What is the depth of sand in a drying bed?

CART 2

INSTRUCTIONS

Vsing your SW J3ABR56631 000-IV-7, fill in the blanks.

1. Separate settling tanks or clarifiers are single purpose structures for removing

2. Sludge hoppers are emptied by or by
while tank remains in operation.

3. The normal detention periods of primary and secondary settling tanks should be

for average daily flow.

4. Good housekeeping at the settling tank is essential to prevent

and

5. Floating material must be removed each shift or
if present in large quantities.

6. A spray of water under pressure directed against floating material frequently

floating material.

7. Sludge should he removed from primary settling tanks

to times each 24 hours.

8. Sludge hcppers in rectangular tanks should not be filled more than

from the top.
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a The distributes incoming flow more equally across

the entire compartment.

10. Sludge must not be allowed to accumulate above a level of

the slot in the settling compartment.

11. The settling compartment is controlled in smaller plants by

tests and

PART 3

INSTRUCTIONS

Using your SW J3ABR56631 000-IV-7, fill in the blanks.

1. The three types of digestion tanks are

and

9. When heating the sludge in a digester, you use

heating or heating.

3. The three stages in the digestion of fresh sludge are

and

4. At 85°F, percent of digestion is completed in 26 days.

5. Floating cover tanks are of two kinds, they are

and



PART 4

INSTRUCTIONS

Place the appropriate number from the given list of components in the circles
provided, using Figure 7-15.

a. Joint cover e. 6" to 12" of sand
b. Masonary or Wood Division Walls f. Effluent Drain
c. Splash Board g. Open-joint pipe drain
4. 12" of sludge h. 6" to 12" coarse gravel

4

.

Figure 7-15. Sludge Drying Bed

PROGRESS CHECK

You should be ready for the progress check. If you feel you need to l'eview some of
the previous instruction, do so. The progress check is prepared as a separate publica-
tion ani controlled by the instructor. You must do the progress check under instructor
supervision and complete it prior to leaving for the da:'.



gXERCISE IV-7-7d

INSTRUCTIONS

rising AFM 91-32, Chapter 4, 7, 13 and SW J3ABR59621 000-IV-7, complete the
following statements.

1. How often must the tightness of the bolts be checked that hold the skimmer arm in

place on the drive shaft of the circular clarifier?

2. List three causes for clogged sludge lines.

a.

b.

c.

3. What would be the lixely causes for irregular or jerking motion of skimmer and
sludge collectors?

a.

b.

c.

d.

e.

4. What is used to clean the upper sides of the hopper bottom of the settling tank of

the Imhoff tank?

5. What is used to clean the slot along the settling compartment of the Imhoff tank?

6. What causes excessive foaming in the digester?

7. What causes the fluctuating temperature in a digester?

8. A decrease in gas production is likely caused by

a.

b.

9. Likely cause of decreased digester capacity.
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1 n. HOW do you clean the sludge drying beds?

11. Why do we need to replace the sand in a drying bed?

12. Vacuum filter media should be clearled well after each run or

to hours of operation.

13. The scraper or "doctor" blade should be carefully adjusted to keep it from tearing

the , on the vacuum filter.

14. Raw, undigested sludge is unfit for land spreading because it often

contains many . Raw sludge must be plowed under

as soon as it is applied to avoid

19. disposal facilities are not available.
should only be used when other sludge

PROGRESS CHECK

You should be ready for the progress check. If you feel you need to review some of
the previous instruction, do so. The progress check is prepared as a separate publica-
tion and controlled by the instructor. You must do the progress check under instructor
supervision and complete it prior to leaving for the day.

SUMMARY

Primary settling tanks are used to remove settleable solids from the wastewater.
Sludge deposited in the bottom of these is removed to a separate digestion tank. The
settling of solids in primary settling tanks is generally not aided by chemicals or
coagulants. These type tanks can be classified according to their methods of sludge
collection. Primary settling tanks may be rectangular, circular or square.

The Imhoff tank is a two-compartment tank. As anaerobic decomposition takes place
in the digestion compartment, the gases produced rise and may be collected for fuel or
he allowed to escape to the atmosphere. The separation of the settling and digestion
processes permits more efficient settling, keeps wastewater in upper compartment fresh,
makes digestion more complete, and produces a better effluent.

The sludge collected in the primary settling tank is usually treated in a digester.
The digester reduces the volume of the sludge and converts it to a more stable form. The
organic matter in sludge is decomposed and stabilized by the action of anaerobic
bacteria. (Anaerobic bacteria are able to live in absence of free oxygen.) The fina",
products of digestion are digested sludge, sludge liquor, and gases. The digestion
process has three stages: high acid, less acid, and fermentation.

REFERENCES

1. AFM 91-32, Operation and Maintenance of Domestic and Industrial Wastewater Systems

2. AFM 88-11, Chapter 3, Sewage-Treatment Plants
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3770th Technical Training Group SW J3ABR56631 000-IV-8
Sheppard Air Force Base, Texas

OPERATION AND MAINTENANCE OF SECONDARY WASTEWATER TREATMENT UNITS

OBJECTIVES

Given a list of incomplete statements and a list of terms and phrases relative to
the operation of trickling filters, complete the statements IAW to AFM 91-32. Eight of
the twelve completed statements must be correct.

Given information and a troubleshooting guide, identify the maintenance require-
ments for trickling filters by following a troubleshooting guide with a maximum of one
instructor assist.

Given information and incomplete statements related to wastewater lagoons, write the
correct term or phrase to each statement accoridng to AFM 91-32. Six of the ten
responses must be correct.

Define the activated sludge process and principles by matching the corect phrase or
term to a statement related to activated sludge. Seven of the eleven responses must be
correct.

Indicate the basic facts about activated sludge systems, by matching the proper
facts to a list of various types of systems. Twelve of the seventeen must be correct.

Indicate the corrective action to take when operational problems develop by listing
the proper corrective action for each problem according to AFM 91-32. Two of the four
must be correct.

While visiting a municipal wastewater plant, observe the operation of the plant and
equipment. Use a schematic to trace the flow and ident2fy the components. Use a check-
list to list maintenance and safety items with no more than three instructor assists.

Given information related to laboratory test controls of an activated sludge system,
identify the type and reason for each test control according to AFM 91-32. Four of six
must be correct.

Given information and a troubleshooting guide, identify the maintenance requirements
for each activated sludge system by selecting the correct action to take. Three of the
five must be correct.

Working as a team and using a schematic to operate the waste-ater plant trainer,
locate the correct valves to control the flow of water through each processing unit with
no more than five instructor assists.

INTRODUCTION

Definition of Secondary Treatment

Waste plants discharge large volumes of water. This water normally flows into
streams, rivers or lakes. You learned that the effluent from primary treatment still
contains a lot of solid content. Secondary treatment is designed to further clean the
wastewater so the streams will not become polluted.

Let us look at some of the units that make up a secondary treatment system. These
units will be covered under the following topics:

Trickling Filter

Lagoons

Activated Sludge System

Rotating Fixed Media Biological Units

8-1
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INFORMATION

TRICKLING FILTER

Basic Features of Trickling Filters

The trickling filter looks like a swimming pool full of rocks. It can be round in
shape or rectangular. The bed of rocks ranges in depth from three to eight feet deep.
On top of the rocks is mounted a water sprinkling system. Water is sprayed or sprinkled
over the rocks and it trickles downward to an under drain system that carries the water
off to another treatment unit.

PURPOSE

The purpose of trickling filters is to further treat wastewater by letting bacteriR,
fungi, worms, fly larvae, protozoa and algae break down the remaining waste from primary
treatment.

Principles of Filter Operation

Settled wastewater is applied tt: the trickling filter in a fine spray. The applied
wastewater trickles in a thin film over the surfaces of the filter medium which becomes
coated with zoogleal film. The film contains aerobic bacteria, fungi, worms, fly larvea,
protozoa, and algae. A continuous supply of food and oxygen for these organisms is
furnished by the applied wastewater which is sprayed on the bed so as to absorb a
maximum amount of oxygen. The film on the stones of the EAter media removes fine
suspended and collodial solids from the wastewater and holds them for reduction by the
organisms. Since oxygen is present in the filter, a large number of aerobic bacteria
will inhabit the film and work on suspended, collodial and dissolved organic solids
which have become concentrated in and upon it. This brings about a reduction of B.O.D.,
ammonia, organic nitrogen, and especially in the lower portion of the bed, formation of
nitrates. The concentration of organic matter in the film explains why wastewater is
adequately treated even though only a short period of time is required for it to trickle
from the top of the bed to the bottom. A new filter bed must acquire its zoogleal film
before it is very efficient. The time required is usually two weeks, although this may
be decreased if the filter efflnent is recirculated to t;he filter bed.

Bacteria will reduce the amount of B.O.D. in the applied wastewater by about 50
percent in a five foot deep filter. Larger animals, such as worms, may also be present,
but the zoogleal-forming bacteria are the most important. The film on the bed becomes
heavy and thick at times with dead organic matter. This sloughs off to appear in the
effluent as humus-like suspended matter, which still exerts some B.O.D. This sloughing
off or unloading is found in all trickling filters. A bed that unloads continuously,
thereby keeping worn-out film and dead matter to a minimum, usually shows a better
all-time efficiency than a filter that slougns off periodically. A thin transparent
film upon the filter media indicates favorable condition. The unloading characteristics
of trickling filters make it necessary to give final sedimentation to the effluent.

Bacteria and other organisms are continually active when food and oxygen are
available and do not need any time for rest. The more food that is available, the more
active the bacteria will be, and they only stop when the food supply stops. Thus, the
upper portions of a trickling filter are more active than the lower portions in removal
of B.O.D. This explains why, when trickling filters are operated in series, the
secondary filter operates less efficientl7 than the primary filter.

Factors Affecting Filter Operation

LOADING OF FILTERS

Filter loading is expressed as either volumetric or organic.

Volumetric loading measures the volume of wastewater applied per unit of filter
surface. It is expressed as millions of gallons a day per acre (mgd/acre). To
determine the volumetric loading, the average flow in m.g.d. to the filter, including
any recirculated effluent, is divided by the filter area in acres.
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Organic loading measures the strength of the wastewater in terms of the quantity
B.O.D. applied per unit of filtcr volume. It is expressed as pounds of B.O.D. per day
per acre ft. of filter media. To determine organic loading divide the total pounds of
B.O.D. applied per day by the acre ft. of filter media.

Figure 8-1 illustrates some types of filter loading.

LOADING
FILTER TYPES Volumetric BOD lb per

(mgd/acre) acre ft.

Standard Rate (Low Rate)
Normal Design Approx 2

2 10
600

toHighly Loaded 600 to 1,500
High Rate

Normal Design 10 to 60* 3,000
Low Loading 10 to 60 1,500 to 3,000
High Loading 10 to 60* 3.000 to 5,000
Roughing (followed by addi-
tional secondary treatment) 10 to 60* 3,000 to 12,000

*May be above m.g.p.a.d in
some cases.

Figure 8-1. Filter Loading by Types

Efficiency of Filters

The efficiency of a filter with a normal load depends on distribution, ventilation,
filter media and temperature.

Wastewater must be distributed evenly to make good use of the whole surface.
Uniform flow through fixed nozzles is provided by proper dosing from the dosing chamber.
As the bead falls, the circle of application becomes smaller. Rotary distributors have
a larger number of orifices or nozzles at the outer ends of the arms than the inner ends
to cover the increased area of the larger circle. Revolving disk distributors have
vanes of several sizes to give uniform application over the whole filter.

The spaces in the filter media must be kept open for good air flow. Natural air
flow is up through the filter in cold weather rnd down in warm weather because of
temperature difference between the air and wastewater. Filter underdrains must be ample
in size, kept open, and their outlets unobstructed to allow the flow of air. (See
Figure 8-2.) Forced ventilation of beds by means of blowers is sometimes used.
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Figure 8-2. Blocks Used in Underdrain System of Trickling Filters

The filter media must be hard and durable, free from dust, dirt or other foreign
material, and all near the same size (two to four inches) throughout the filter to avoid
dense spots that may cause ponding.

Filters work best in warm weather. Cold conditions in the north may drop efficiency
as much as SO percent.

Types of Filters

Loin RATE FILTERS. Standard or low-rate filters may be rectangular with fixed spray
nozzles, as shown in Figure 8-3 or round with rotary distributor arms as shown in Figure
8-4. In either case, intermittent dosing is provided by a dosing tank with an automatic
siphon or by a pump.

Figure 8-3 Standard Filter with Fixed Nozzles
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Figure 8-4. High Rate Filter with Rotary Distributor

The standard rate filter usually unloads in the fall and spring. When a change in
temperature or high flow causes the bed to slough off its growth of organisms ai.nd deal
matter, the filter effluent becomes turbid and frequently carries off large masses of
worms found in the filter. The solids in this effluent are removed by final settling.

HIUH RATE FILTERS. High rate trickling filters are usually round in shape to
accommodate the rotary distributor as shown in Figure 4 which is better for the high
variations in flow than the fixed-nozzle sprays. The filter stones may be slightly
larger in size than those used for standard or low-rate filters but should not exceed
4 inches In diameter. Wastewater flows continuously and a portion of the effluent from
the secondary settling tanks is usually sent back to the filter with the primary
settling tank effluent.

Advantages of the high-rate filter are: slightly less cost to build, less plant
space used, few problems from filter flies, and less odor. Some of the disadvantages
are that operation is much more sensitive, the filter can't handle a wide range of
loads, the resulting sludge has a high water content and is more putrescriole, and the
degree of purification is less if recirculation is not used. These factors will cause
the operating cost to go up.

In high-rate filters, wastewater that has passed through the filter is recirculated
either continuously or at times of low flow of raw wastewater. By this means, more
volume is applied aLd wastewater strength is low which makes the flow on the bed more
constant than for standard-rate filters. The heavy flow of wastewater will CSUEB
continuous unloading and reduce film thickness with the following effects: less
fly-breeding (since more larvae are washed, this stops foul odors by freshening the
wastewater), more uniform operation, the seeding of applied wastewater with active
organisms and enzymes resulting in more efficient treatment with better utilinetion of
the depth of the filter. Solids are not kept as long as in standard-rate filters, so
they are less stable and continue to exert a considerable oxygen demand in settlirg
tanks receiving filter effluent. Likewise, the solids have considerable oxygen demand
and continue clarification and B.O.D. removal in settling tanks as long as aerobic
conditions are kept. Nitrification is negligible with B.O.D. loads of more than 2,000
pounds per acre-foot. Settliog tanks, including primary tanks if filter effluent is
returned through them, are parts of high mte filter treatment.
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Operational Problems/Corrective Actions

CONTROL OF PMNDING. Ponding is caused by dense spots in the bed that stop flow.
The condition may be caused by a large amount of suspended solids or grease in theinfluent; filter materials that are crumbled, dirty, or too small; excessive growth offungi, algae, and other animal and plant forms that fill the voids between stones; orpoor air flow. Ponding caused by plugged filters may be reduced or stopped by one ormore of the following: (1) Flush the surface with a fire hose; (2) Rake or fork thesurface stone; (3) Stop the distributor at the plugged spot and let the wastewater flowwash down the growth; (4) Punch holes in the top layer of stone with an iron bar; (5)
Apply chlorine or chlorinated lime, up to 5 p.p.m. residual, to the filter influent fortwo te four hours each week. Thia should be done at night when wastewater flow and
chlorine demand are low; (6) Flood the filter for 12 to 24 hours, if pcssible, every 7
te 14 days; (7) Allow the growth to dry by resting the filter for 12 to 48 hours ifother units can be used.

CONTROL OF FILTER FLIES. The film on standard-rate filter bed stone will, at times,become infested by filter flies. The Psychoda alteranta or filter fly is a nuisance toplant operators and nearby homes. High infestation is caused by high temperatures andthick growth on stones. Filter flies can he controlled by flooding the filter for 12 to
94 hours every two weeks or by heavy doses, 2 to 5 p.p.m. of chlorine at the filter
influent or dosing tank, or by changing to high rate operation.

FILTER MEDIA AND UNDERDRAINS. Keep the filter free of leaves and twigs. Any small
rock or sand particles or other accumulations must be washed out of the filter under-
drains and removed from the collection channels to keep them from being discharged to
settling tanks where they may plug sludge lines. Keep the underdrains and channels open
to let air flow through the filter. When it is cold, the filter surface must be keptfree of snow and ice for proper operation of the rotary distributor. Remove bad filter
stone and replace with sound stone.

ODOR CONTROL. Odors caused by decomposition of organic matter may be reduced or
controlled by the fc11Jwing means: (1) recirculate final effluent to add dissolved
oxygen; (2) reduce primary tank detention time by taking one or more tanks out of
service if the detention period exceeds three hours; (3) chlorinate filter influent with
dosages up to 5 p.p.m.; (4) the application of chlorine or copper sulfate to the raw
wastewater at the upper ends of the system will help to keep wastewater from becoming
septic, and, (5) flush sewers periodically to help deliver fresher wastewater to the
treatment plant, thereby assisting in odor control.

WINTER OPERATION. In many cases, operation of trickling filters during cold
weather will cause few difficulties. In extremely cold climates, however, you will need
to take precautions to stop damage to equipment or interruption of the operation. In
the case of rotary distributors, the drain valve in the distributor base can be opened
slightly to drain and stop freezing in the distributor arms. Use of recirculation to
minimize freezing at the filter by cutting down the time to the dosing cycle during
low-flow periods is also used. To minimize freezing, dosing tanks are sometimes ccvered
with planks and insulated with straw.

Final Settling Tanks

SLUDGE REMOVAL. Sludge from settling tanks following high-rate filters will turn
septic more rapidly than that from standard-rate filters and must be removed at least
once each shift or more often as necesary. If -.:entrifugal pumps are tired, recirculation
to the primary settling tanks should be from the bottom of the tanks or the sludge
removal pipe to give continuous removal of sludge.

NOTE: Read Chapter 5, for additional infcrnation on Trickling Filter, Chapter 5,
Sections 1, 2, 3, 4, para. 5.1.1 to 5.4.4.



EXERCISE IV-8-8a

PART 1

INSTRUCTIONS

Using SW J3ABR56631 000-V-8 and AFM 91-32, answer the following statements.

1. What is meant by pohding in a trickling filter?

2. The trickling filter needs and

forms to function.

1. Odors and a black slime in the media voids will indicate that the filter is

4. Stones less than one inch in diameter may lead to or

of the filter.

5. Trickling filter recirculation is used to increase the removal of

and

PAPT 2

INSTRUCTIONS

1.

2.

3.

Complete the following statements using SW J3ABR56631

Rotary filters are designed

ono-Iv-s.

a.

b.

c.

dosing siphons

rcund in shape

continuously

Fixed nozzle filters are

The filter depth is generally

4. The size of the crushd rock is d. 3 to 8 feet

5. The proper dosing of filters is
controlled by

e.

f.

each shift

nozzles, orifices

6. Uniform application is controlled by and discs

7. Natural air movement in cold weather is q. ? to 4 ihches

8. Natural air movement in warm weather is h. copper sulfate

A high rate trickling filter is designed to
spray the filter media

i.

j.

up through the bed

rectangular in shape

10. Following the high rate trickling filter,
the final settling tank sludge should be
removed at least

k. biochemical oxygen
demand (BOD)

11. Trickling filters have a tendency to
reduce

1. down through the
filter

PROGRESS CRECt

You should be ready for the progress check. If you feel you need to review some of
the previous instruction, do so. The progress check is prepared as a separate publica-
tion and controlled hy the instructor. You must do the progress check under instructor
supervision and complete it prior to leaving for the day.
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INFORMATION

NOTE: In AFM 91-32 read Troubleshooting Trickling Filters, Chapter 5, Section 5, para.5.5.1.

INSTRUCTIONS

EXERCISE IV-8-8b

Using AFM 91-32, correctly match the indicator with the likely cause.

INDICATOR
LIKELY CAUSE

1. Leaking around center column. a. Flow controls not properly
adjusted.2. Flow distribution not uniform.

b. Damaged or worn seal.3. Too much ice on the surface of filter
media.

c. 1,c,r ventilation - clogged
underdrain.4. Black 6rowth on media.

d. Low prevailing tsmperature.5. Grease on filter media.

e. Organic loading above plant6. No growth or sparse growth on media. design.

7. Effluent high in BOD and susper&,d solids. f. Grease traps not serviced
often enough.

PROGRESS CHECK

g. Toxic substance ia the
wastewaer.

You should be ready for the progress check. If you feel you need to review some o2the previous instruction, do so. The progress check is preparod as a separate publica-tion and controll7x1 by the instructor. 'Ara must do the progress check under instructorsupervision and complete it prior to leaving for the day.

INFORMATION

OXIDATION PONDS

Oxidation ponds, sczetimes called lagoons, holding ponds or evaporating ponds,under certain conditions, offer economical wastewater treatment and disposal. Anoxidation pond is a shallow basin in which the wastewater or industrial waste is heldfor a period of time so that some degree of stabilization occurs. There may or may notbe an effluent from an oxidation pond. Some are built so that evaporation will takeplace at a rate sufficient to keep all the waste in the oxidation pond. Others aredesigned for a continuous effluent flow.

Types of Lagoons

A lagoon is classified according to the kind of bacteria that live in it. A lagoonmay contain anaerobic, aerobic, or faculative bacteria. Those lagoons which have mostlyanaerobic bacteria are called anaerobic lagooas. Thee are used to pretreat very strongindustria./ wastes. The lagoons are very deep with little surface area, which reducesthe amount lf oxygen wbich can enter from the surface. Those wil:h mostly aercbicbacteria are called aerobic lagoons and those with mostly faculative bacteria are calledfaculative lagoons. Aerobic and faculative lagoons are shallow with a large surfacearea. Most lagoons designed for secondary treatment of wastewater are faculative.These should aave a large amount of dissolved oxygen near the surface and less near thebottom of the pond.
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Lagoon Processes and Operations

Oxidation ponds cars be used to treat industrial or domestic wastewater. They have
been used for partial or complete treatment. Due to the location and design of various
bases, the adaptability of oxidation ponds will vary. Wastewater plant effluent may be
discharged to oxidation ponds in favorable locations such as desert or isolated areas,
end where ample land is available and the climate is dry and warm.

Algae are simple one celled green plants. They and the bacteria do most of the
work in oxidation ponds. The bacteria in the oxidation ponds break down the organic
carbon materials in the wastewater to carbon dioxide. The algae take the carbon dioxide
into their systems and give off oxygen.

In oxi6ation ponds, treatment is done by nature with very little help from man. If
suffic:leat time and sunshine are provided, bacteria and algae, with the help of
occasional wind action, stabilize the organic matter in the wastewater. (See Figure
P-5). Where the rate of flow is reduced on entering the oxidation pond, suspended and
settleable solids mill be deposited. These plus the dissolved organic mater are fpod
for the bacteria.

Figure 8-9. Waste Treatment in Oxidation Ponds

Biological life developed in the lagoons uses the organic and mineral matter in the
wastewater for food to produce more stable products. These products often stimulate the
growth of algae and other vegetation. Oxygen from the air, and the ability of vegeta-
tion to give off oxygen under sunlight help to keep lagoons aerobic. In a proper/y
built system, aerobic conditions establish themselves after a short time. The lagoons
uevelop an odor much the same as fresh-water ponds in the woods. In cold or cloudy
weather, treatment is much less effective because algae oxygen production is retarded.

Oxygen is supplied on the surface and stirred in by wind action. Additional oxygen
is made available by algae, therefore, the need for shallow oxidation ponds so that
these plants may receive the sunlight they require. Bacterial decomposition of the'
deposited or dissolved solids furnishes carbon dioxide for the plants. In case of an
overloaded pond or cloudy weather mechanical aereators may be used to increase the
dissolved oxygen.
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Due to the wide, shallow area.exposed to the atmosphere, evaporation of water will
take place. This will tend to reduce the volume of waste to be disposed of. As a
result, the use of oxidation poads is most efficient where evaporation is high. In some
dry areas such loss equals the entire wastewater flow.

Primary-settling is the minimum treatment given wastewater before it is put into
the lagoons. Otherwise, eicept under unusual conditions, sludge will build up in the
influent section of the lagoons, not only causing septic conditions during digestion,
but also making periodic cleaning of the inlet lagoon necessary.

When the weather is clear and warm and the pond is operated in series with other
ponds, the quality of successive effluents improves as it passes from pond to pond.
The amount of dissolved oxygen will often rise to the saturation point. The pH
increases as the wastewater flows from one pond to the next until the effluent is defin-
itely alkaline and the amount of B.O.D. and suspended solids fall.

Site and Construction Features

Because many oxidation ponds depend upon evaporation to dispose of the wastewater
they usually work best in hot, dry climates. They also require a large land area so are
usually located in isolated areas.

Oxidation ponds will be built so that the wastewater is from 3 - 5 feet deep;
usually, they are not over three feet deep. If the wind is strong enough to prevent
surface scum, inlet or effluent baffles may not be required. Distribution baffles are
shallow so the speed of water under them is not fast enough to scour the pond bottom.
It is recommended that the wastewater should flow into the center of the oxidation pond
slightly above bottom. Some structures carry effluent from one oxidation pond to
another. They usually provide some turbulence and aeration. Some ponds are designed
to provide a minimum of 30 days detention of the average daily flow. In determining
this detention period, only the top two feet of water in ponds under ten acres in area
and ony the top three feet in ponds over 20 acres in area are considered. Oxidation
ponds have banked edges to contain the wastewater. These banks have an inside slope of
about four to one. "'I reduce the errosive effects of any waves due to wind, the tops
and outer sides cyl the bands are grassed.

Maintenance of Oxidation Ponds

Keeping the area around the ponds neat and clean is very important. The dikes and
walls should be kept free from brush and weeds so the pond surface will be exposed to
sunlight and wind action. The growth of cattails and other weeds should be prevented.
These plants attract mosquitoes and muskrats, cover the surface, and accumulate scum.
Large floating objects should be removed from the pond. Mosquitoes and burrowing
animals can be controlled by raising or lowering the water level about six (6) inches
every two weeks. The walls of the pond should be protected from collapse or wave
errosion by planting witb grass or covering with rip rap.

The operator should measure the influsmt and effluent flow on a regular schedule to
see if the design capacity is being exceeded. If the pond is hydraulically overloaded
the detention time may be reduced below an acceptable level.

Just by looking at the oxidation pond will often give you a clue to how well it is
operating. Some things to look for are:

o The color of the water should be slightly green with a clear effluent.

o There should be no scum or grease on the water surface.

o There should not be any offensive odors.

o There should not be any rapid changes in the water level which could indicate
leakage or infiltration.

Laboratory Testing

If an oxidation pond has a discharge it must have a permit just like any other
treatment plant. In this case careful records must be kept on the quality of the
effluent. Your permit will tell you which tests you must run on your effluent. Some of
the most common are dissolved oxygen, alkalinity and pH, suspended solids, B.O.D.,
sulfides and fecal coliform.
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Oxid.ltion ponds may be built to discharge
water plai:t does, or, if a large flat of land
the extent that no discharge will take place.
usually be lower in B.O.D. and will be higher
wastewater.

NOTE: For additional information on Lagoons,
3, 4, 5, 6, para. 10.1.1 to 10.6.1.

INSTRUCTIONS

a continuous effluent just as a waste-
can be found, to rely upon evaporation to
When an effluent is discharged, it will
in dissolved oxygen than the raw

read AFM 91-32, Chapter 10, Sections 1, 2,

EXERCISE IV-8-8c

Using SW J3ABR56631 000-IV-8 and AFM 91-32,
statements.

1. Oxidation ponds are sometimes called

correctly complete the following

2. For more surface area to be exposed to the atmosphere and sunlight, oxidation ponds

are

Oxidation ponds must have to be most efficient.

4. Keeping shorelines clean and raising and lowering the water level every 10 days
helps

S. If ponds are properly operated there will be an increase of

They may not have an outlet,

7. An lagoon is used to pretreat very strong wastes such as meat
packing waste.

8. Total containment lagoons are sometimes called non-discharging lago,ms or

ponds.

The lagoon area should be fenced and signs should identify it as a

PROGRESS CHECK

You should be ready for the progress check. If you feel you
the previous instruction, do so. The progress check is prepared
tion and controlled by the instructor. You must do the progress
supervision and complete it prior to leaving for the day.

INFORMATTON

THE ACTIVATED SLUDGE PROCESS

Define Activated Sludge

need to review some of
as a sPparate publica-
check under instructor

Activated sludge is aerobic, biological, treatment of wastewater. This system is
used in secondary treatment to convert dissolved and suspended solids into settleable
solids. The settleable solids may then be removed in a secondary settling tank. There
are several modifications of the activated sludge system but they all work on the same
principle. A well run activated sludge system can remove as much as 95!"- of the B.O.D.
and suspended solids in the wastewater.

801



Description of the Process/Principles

The activated sludge system consists of aeration tanks and clarifiers or settling
tanks. The aeration tanks may use either mechanical aerators or diffused aeration. The
settling tanks may be rectangular or circular.

When wastewater is agitated continuously in the presence of oxygen, an active
biological material known as activated sludge will be formed. This brownish floc
substance is made up of numerous organisms similar to the zoogleal film in a trickling
filter. Activated sludge absorbs and adsorbs dissolved and suspended organic material.

The sludge usually needs 15 to 45 minutes of contact for the adsorption and
absorption of solids before bi,,logical oxidation starts.

Once the activated sludge has contacted the solids it takes several hours for the
organisms to break the solids down. As the solids are broken down the activated sludge
can contact more solids from the wastewater and begin breaking them down. As the
wastewater leaves the aeration tank it flows into a settling tank. Here the solids will
settle to the bottom and the clear water can leave the tank. The clean water may
receive further treatment or be chlorinated and discharged from the plant. The solids
can be recirculated to the beginning of the aeration tank where the process will start
over. The sludge which is sent back to the aeration tank is called return activated
sludge. All the solids in the system (aeration tanks and settling tanks) are referred
to as mixed liquor. After a period of time the solids will continue to increase until
there are many in the system. At this point some of them must be removed. This is
called wasting the sludge. Instead of recirculating the activated sludge to the
aeration tank, it can be drawn eithev to a digestor or directly to a drying bed
depending on the type of system.

A high quality activated sludge settles rapidly and leaves a clear, odorless, stable
liquid above; it is usually golden brown and has a slight musty odor. The floc usually
appears to be granular with sharp edges.

A typical flow diagram of the activated sludge process is shown in figure 86

,DIDESTIONTANK

stuocE PUMP
PRIMARY WRINGPRETREATMNET

UNITS Il TANK

INPLUENT

()MISS SLUDGE
SLUDGE PUMP

SLUDGE DISPOSAL

AERATION TANKS FINAL UTTUNG
TANK

Figure 8-6. Flow Diagram of Activated Sludge Process
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Description of the Equipment

Facilities for sedimentation and sludge digestion are much like tho st! tosed in oth-r
treatment processes. Low head pumps and pipes for recirculating second state aerate-
effluent to first stage influent are often used to improve plant effluent and keep o, :s

down.

AFRATION TANKS

The main unit in the activat 1 process is the aeration tank. These tanks use either
diffused or mechanical aerators to supply air to the wastewater. Mixing of the air and
wastewater causes the activated sludge organisms and the wastewater solids to contact
one another and make floc. The aeration tank may be circular, rectangular or square.
Tt should have a detention time from 0.5 hours to more than 24 hours, depending on the
kind of treatment used. The aeration time is the average detention time in the aeration
tanks based on the average flow of wastewater being treated by the plant plus the flow
of return sludge. Aeration tanks that use diffused air, which are usually rectangular
and narrow, are built to have detention time of eight hours. Mechanical aerators,
generally used in square tanks arranged in series, are built for a twelve hour aeration
time. Sludge is returned from secondary settling units by gravity or by a pump.

Types of Aerators

The basic factor in the activated sludge process is aeration, which is necessary to
supply an adequate amount of oxygen to keep it biologically active. There should be
between .5 and 2.0 mg/L of dissolved o7ygen in the aeration tanks. If there is not
enough dissolved oxygen the wastewater will turn septic. Septic wastewater will release
hydrogen sulfide gas which smells like rotten eggs. There are two general aeration
methods. These are either diffused aeration or mechanical aeration.

DIFFUSED AIR. In diffused air plants, aeration is done by the release of com-
pressed air at the bottom of the aeration tank. This air will rise through the tank
contents. Aeration tanks are designed and diffuser equipment placed so as to give a
spi:al motion to the mixed liquor. Methods include placing diffuser plates on the
floor of the tank next to a wall over diffuser-plate boxes (see Figure 8-9); inserting
diffuser tubes into the sides of a fixed air pipe along one side of the tank; attaching
diffuser tube assemblies to movable pipes (swing diffusers) by which the tube assemblies
may he lifted out of the tank to be cleaned (see Figure 8-7). The main parts of the
swing diffuser are Shown in Figure 8-8.

In diffused-air plants, air discharged through the diffuser should be controlled at
hoth the blower and down pipes. With this control, air input can be fitted to the
changing demands of wastewater strength. About 95 to 98 percent of the air keeps the
titnk Contents in motion, mixing and causing solids to form floc; the rest of the air is
used to supply the oxygen required for oxidation and stabilization. One type of blowl.r
used for providing air to diffusers is shown in Figure 8-10.
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Figure 8-7. Swing Diffuser in Raised Position for Servicing

UNIT REMOVED FOR SERVICING

SWING DIFFUSER ASSEMBLY

CiFFUSER TUBES
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Figure 8-8. Cutaway of Aeration Tank Showing Swing Diffuser
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Figure 8-9. Diffuser Plates and Air Piping in a Spiral-Flow Aeration Tank

Figure 8-10. Blower Used for Air Supply to Diffuser System
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MECHANICAL. Mechanical aerators use impellers, revolving disks, or brushes to spray
wastewater into the air or pull air down into the wastewater.

Figure 8-11 shows equipment used to pull wastewater up through a cone from the
bottom of the tank and spray it into the air. This is done by the motion of the
impeller in the upper portion of the cone. Air mixed with the spray is carried downward
into the tank.

Figure 8-12 shows another type of aerator which forces wastewater down in a draft
tube. Air mixed with the wastewater at the funnel of the tube is pulled down and rises
from the tank bottom through the wastewater.

CNF-004

Figure 8-11. Updraft Mechanical Aerator
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FINAL SETTLING TANKS

Settleable solids settle in the final settling tank. Return sludge and waste
sludge are pumped from the bottom of the tank. The final settling tank is not a storage
tank or digestor for solids. It is used only to separate the liquid and solid by
settling and to let the sludge compact before it is removed. The final settling tank
may have a surface skimmer to remove floating solids and scum. The final settling tanks
require about one or two hours of detention.

NOTE: For additional information on activated sludge, read AFM 91-32, Chapter 7,
Sections 1, 2.

EXERCISE IV-8-8d

INSTRUCTIONS

Using SW J3ARR56631 0000-IV-8 or AFM 91-32, complete the following statements.

1. A well run activated sludge system can remove as much as of the BOD
and suspended solids in the wastewater.

2. The sludge from the final clarifier which is sent back to the aeration tank is

called

3. in the activated sludge system, solids are controlled either by

by sludge.

4. The dissolved oxygen in tte aeration tank should be kept between and

mg/L.

5. Odor like that of rotten eggs often comes from

6. Describe a high quality activated sludge.

Or

7. Name the two general aeration methods used for the activated sludge process

and

8. -)ctivated sludge absorbs and adsorbs and

q. /Activated sludge is considered
' treatment of wastewater.

10. It takes about to minutes for the activated sludge to adsorb
and absorb the solids in the wastewater.

PROGRESS CHECK

You should be ready for the progress check. If you feel you need to review some of
the previous instruction, do so. The progress check is prepared as a separate publica-
tion and controlled by the instructor. You must do the progress check under instructor
supervision and complete it prior to leaving for the day.

R -1R
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INFORMATIOW

Conventional Activated Sludge Units

A conventional activated sludge 833tem is very similar to a trickling filter type
plant. It has preliminary and primary treatnent units. Put in place of the trickling
filters there are aeration tanks. The sludges produced in this sytem are still very
unstable and require further treatment. They need to go to some type of digestor,
either aerobic or anaerobic.

Submerged Contact Aeration

Contact aeration is an aerobic process. It consists of passing settled raw waste-
water through tanks that have plates of asbestos cement cr other impervious materials.
The surfaces of these materials become covered with zoogleal film of aerobic organsms.
Air to support this organic life is blown through diffuser tubes or pipes under the con-
tact media. The action is similar to the action in a trickling filter where biological
life forms on the stones instead of plates.

A flow diagram of two-stage contact aeration plant is shown in Figure 8-13. Single-
stage aeration is generally used for partial treatment only. Each aerator is divided by
an overflow dividing the wall into two sections and operated in series. Each plant has
air blowers and accessories for compressing air and bloring it through the diffuser or
pipe system. Facilities for sedimentation and sludge digestion are similar to those
used in other treatment processes. Low-head pumps and pipes for recirculating
second-stage aerator effluent to first-stage influent are often used to improve plant
effluent and keep odors down.

SLUDGE PUMP

PRETREATMENT-
UNITS

SLUDGE DISPOSAL

FIRST-STAGE
AERATION

PEMARY-SETTUNCli INTERMEDIATE-SETTUNG/- TANK r TANK

INFLUENT

,:$1.WDGE PUMP

1_21

SECOND-STAGE
AERATOR

FINAL-
SETTUNG TANK

Figure 8-13. Flow Diagram of Contact Aeration Plant

The biological action in the contact aerator is the same as that in the trickling
filter where organisms form a film on stones instead of plates. Biological life is also
suspended in the liquor. Aerators which do not work right will have organisms that
cause septic action, such as those commonly found in digesters and other anaerobic
processes. Sulfur bacteria are more numerous in contact aerators than in most other
secondary treatment units. When dissolved oxygen is used up and an anaerobic condition
starts, aerators produce considerable amounts of hydrogen sulfide which will cause
odors.

For best operation, an aerobic condition must be kept in all unite following the
primary settling tank. Air distribution must be efficient, plate growths must be
renewed at intervals, and sludge in units following the primary settling tank must not
be allowed to become septic.

8-19
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Contact aere;ion requires the screening out of floating and suspended organic matter
to protect contact surfaces. Grease and scum must also be removed to keep them from
coating the surfaces and interfering with the activitY in the aerator. Primary settling
tanks are usually used for this purpose.

Recirculatior

There is not always a need for recirculation in contarA aeration except for odor
control at full load. The effluent from the second stage aerator has the highest
concentration of dissolved oxygen and aerobic organisms. When this liquid goes back to
the inlet of the first stage aeratar, this concentration of dissolved oxygen helps to
meet the initial high oxygen demand and the returned organisms seed the mixed liquor and
the film growth on the cont,.rt plates. This recirculation usually stops odors and gives
a better treatment.

Contact Stabilization

The contact stabilization process takes advantage of the short time necessary for
the activated sludge to adsorb and absorb solids. The wastewater first flows to a
mixing zone or contact chamber. Here it is mixed with the activated sludge. The
detention time for this tank is about 20 to 40 minutes. From here it goes to the
settling zone where the activated sludge along with the solids will settle. Next the
water will flow to the chlorine contact chamber and then to the plant effluent. From
the settling tank the solids will go to a reaeration or sludge activation zone fur 7 or
8 hours. In the reaeration zone the solids are broken down by the bacteria. The
activated sludge now needs more food and is put back in the mixing zone. When there is
an excess of solids they can be drawn to an aerobic digestor.

Aeration
Tank

Mixed Liquor
) Settling

TFlow ank

Return Activated Sludge

Wastewater

Settled
Activated Sludge

-----]
Aerobic

Digester

Reneration
Tank

Waste
Activated Sludge

Figure 8-14. Contact Stabilization Unit
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Extended Aeration

Extended aeration package plants are variations of activated sludge plants and are
often used for low daily flows. They do nct usually have a primary clarifier or separ-
ate sludge digestion units. The raw wastewater only goes through screening and/or grit
removal before entering the aeration tank. In the aeration tank the raw wastewater is
mixed with return activated sludge from the settling tank to form mixed liquor which is
aerated and mixed for about 24 hours. From the aeration tank, the mixed liquor flows
into the settling tanks. It will stay in the settling tank for about 1.5 to 2 hours.
Each unit may consist of either tvo tanks, or two parts in a single tank. The suspended
solids settle out of the wastewater in the settling tank. The solids are returned to
the aeration tank and called "return sludge." The clear liqu.d at the top of the
settling tank wil be the plant effluent. The extended aeration plant can remove up to
95`; of the B.O.D. and suspended solids.

ROTATING FIXED MEDIA BIOLOGICAL UNITS

A rotating biological reactor is a fixed film biological treatment system using
rotating plastic media. The media provides a surface on which microorganisms attached
themselves and grow.

The reactor media are typically fabricated from sheets of high-density polyethylene.
The sheets are bonded and ass9mbled onto horizontal shafts 11,, to 25 ft. long. The
spacing between the sheets act as the area for the distribution of wastewater and air.
The organisms that are present naturally in the wastewater begin to adhjere to the
rotating surface and multiply until in approximately 1 or 2 weeks, the entire wetted
surface area becomes covered with a thick biomass growth.

IDENTIFICATION OF THE PROCESS

The reactor is submerged a little less than halfway in the wastewater. As the
reactor rotates, it carries the wastewater up through the reactor and absorbs oxygen
from the air. Organisms in the biomass then remove both DO and organic materials from
this trickling film of wastewater. More removal of DO and organic materials occurs as
the media continues to rotate through the bulk of the wastewater in the tank. The speed
of the reactor is 1-2 rpm.

As the reactors pass through the wastewater, some of the biomass is stripped from
the plastic medium into the mixed liquor. This prevents clogging of the medium surfaces
and maintains a constant microorganism population. The rotation of the reactor keeps
the stripped solids in suspension until the flow of treated wastewater carries them out
of the process for separation and disposal.

The biological process of the rotating biological reactors should be preceded by
some form of pretreatment or primary settleable solids removal equipment. Without this
equipment it may settle in the tanks beneath the media, and reduce the effectiveness of
the treatment. If this does occur, it will produce a septic condition and scour biomass
from the disks. Once the wastewater leaves the process the biological solids must be
separated and processed as sludge. Solids separation is normally accomplished in a
conventional final settling tank.

NOTE: Read the following for additional information on various types of activated
sludge systems: AFM 91-32, Chapter 6, Rotating Biological Contactors, Sections
1, 2, 3, 4,para 6.1.1. thru 6.4.3; Chapter 7, Activated Sudge (AS), Section 6,
Pare. 7.6.1 to 7.6.7; Chapter 8, Oxidation Ditch, Section 1 thru 7, para 8.1.1
thru 8.7.5; Chapter 9, Extended Aeration (EA) and Contact Stabilization (CS)
Package Plants, Section 1, 2, and 3, para. 9.1.1. to 9.3.6.5.



EXERCISE IV-8-8e

PART 1
INSTRUCTIONS

Using SW J3A6R56631.000-IV-8 and AFM 91-32, complete the following statements.
1. Contact aeration uses a biological action similar to what other unit?

2. In contact aeration, what does the biological film grow on?

3. If a hydrogen sulfide odor is coming from the aerator, what would be your

diagnosis?

4. In contact stabilization plants thedwastewater first enters the

5. In contact stabilization, the mixture of wastewater and return sludge flows from

the oixing zone to the

PART 2

INSTRUCTIONS

Using
identify

1.

SW J3ABR56631 000-IV-8 and AFM 91-32, match the following terms to those whichthem.

Secondary treatment based on return of a. aerobic
solids from final settling tank to aeration
tank.

b. activated sludge
Activated sludge uses what type of
bacteria.

c. Contact stabilization

2.

3. Is made up of an assembly of turning discs
which are coverd by a thin growth of micro-
organisms.

d. Conventional

4. Use primary treatment followed by one
aeration tank with 8 to 12 hours detention
time.

e. Extended aeration

9. Very short detention time for wastewater. f. RBC

6. All solids kept under aeration for several
days.

DROGRESS CHECK

You should be ready for the progress check. If you feel you need to review some ofthe previous instruction, do so. The progress check is prepared as a separate publica-tion and controlled by the instructor. You must do the progress check under instructorsupervision and complete it prior to leaving for the day.
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Plant Operation

Extent of purification depends on the right control and adjustment of the biologi-
cal process. Plant operators must find the best operating range of all factors involved
by systematic trial and establish procedures by study and observation to meet variable
conditions. These factors include the following:

Concentration of solids in mixed liquor.

Settling rate of mixed-liquor solids.

Volume of sludge return.

Concentration of solids in return sludge.

Quantity of air required for various loadings.

MAINTAINING SYSTEMS

Aeration Tanks.

You should observe the aeration tanks for odors, colors, uneven mixing patterns and
foam. If the D.O. is not maintained at a sufficient level anaerobic conditions may
occur. Along with this will be a rotten egg odor. The aeration tank will normally have
a '-Town to dark brown color, depending on the amount of solids. Black or dark gray
color is caused by septic or anaerobic conditions. This is often caused by under-
aeration. If an aeration tank appears to have less mixing than another, either adjust
the air level or clean diffusers. Check for any problems which may cause "dead" spots
in tbe aeration tanks. D.O. levels of less than 0.5 mg/L means that aeration should be
increased. A large amount of white, sudsy foam in the aeration tank may indicate either
a very young sludge age or a detergent in the system. Decreasing the waste sludge rate
or not wasting any sludge for awhile should get rid of the foam if the problem is young
sludge. A dense, scummy dark tan to brown foam of this type often means that the sludge
has been over-oxidized. This is also called an "old sludge." This situation can be
corrected by increasing the amount of sludge wasted to 20% each day until the scum stops
building up.

Operation of Contact Aerators

The exact operation of all contact aeration plants cannot be given in one hard and
fast set of rules since each plant is different. The following procedures should be
used when operating a contact aeration plant.

When a contact aerator is placed in operation or put back in service after the
plates have been cleaned, apply the primary effluent at a rate of not more than 25
percent of the normal flow. Sufficient quantities of air must be diffused into the
aerator to form a heavy growth on the plates. When a dissolved oxygen concentration of
1 p.p.m. is obtained in the first stage, gradually raise the flow and air input until
you get full flow, keep the D.O. of 1 p.p.m. and 3 p.p.m. respectively. Air valves
should be set to send approximately two-thirds of the air to the primary aerator. If

adequate D.O. concentrations can be kept, one or more blowers can be cut off during low
flows.

Make sure air is distributed evenly through the contact area of the tank, and air
pressure readings should be recorded. Air by-passing any part of the contact surface
will cause dead spots and anaerobic growths. Clogged holes in the air distribution grid
are stopped by blowing out the grid daily. At plants with overhead air distribution,
drop pipes can be disconnected at the union for removal and cleaning of perforated pipe.

Note and record growth characteristics on contact plates. For this purpose, remov-
able observation plates of asbestos cement are placed in each of the aeration sections
between the contact plates. The color of the growth shows its oxidizing power; a brown
thin film is best with a grayish thin film next. A black film or any underlying black
portions show a septic actl.on which is bad. An odor of hydrogen sulfide (rotten egg)
will also tell you that a beptic action is taking place in the process. The heavy
growths ur biologically dead or inactive film must be cleaned off of the contact plates.
Once these organisms die, they are no longer of any use. They are then removed from the
contact plates with high pressure air.
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Aeration Tanks

Aeration tanks are construction of reinforced concrete or steel and are left open tothe atmosphere. The total aeration tank volume required should be divided among two ormore units capable of independent operation. Individual tanks should have inlet andoutlet gates or valves so that they may be removed from service for inspection andrepair.

If the tank is to be aerated with diffused air, the proportioning of the tank may
significantly affect the aeration efficiency and the amount of mixing obtained unlessthe type, number, and location of diffusers are properly chosen.

To ensure efficiency of the diffusers, the depth of sewage in the tank should bebetween 10 and 15 feet. The width of the tank in relation to its depth is important if
spiral flow mixing is to be used. The width to depth ratio for such tanks may vary from1 to 1 to 2 to 1. This limits the width of a tank channel to between 15 and 33 feet.
For tanks using diffusers on both sides or with diffusers in the center of the tank,
greater widths are permissible. The important point is to restrict the width of thetank so that dead spots or zones of inadequte mixing can be avoided.

Adjusting Aeration Tanks. Aeration periods of eight hours for diffused aeration and12 hours for mechanical aeration are best. Adjustment to conform to factors discussed
above improve plant operation. In mechahical aeration tanks at small installations,maintaining dissolved oxygen in first stage of aeration is often difficult. Smalldiffuser units are used to boost the oxygen supply,

RATE OF RETURN. The volume of activated sludge returned from final settling tanksto aeration tanks will normally range from 20 to 40 percent of the raw wastewater flow.A high rate of return reduces the aerator detention time but it keeps the sludge freshand it may return needed dissolved oxygen to the aerator inlet. A low rate of returnwill raise the aerator detention time. This low return rate is feasible when the sludgehas a low rate of oxygen use and does not readily turn septic. A high return sludge
concentation is obtained with low return rate.

Secondary Clarifier.

By checking the plant effluent and looking at the final clarifier surface, theoperator may decide when process changes are needed. The effluent from a final settlingtank in an activated sludge plant should be clear and almost free of suspended solids.Another item of concern is bulking sludge. This means that the solids do settle wellfrom the water. Some of these solids will rise to the top of the clarifier and passover the discharge weir.
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Figure 8-18. Curves Showing Conditions of Activated Sludge

Tests. Control tests for mixed-liquor and return sludge, suspended solids, and
settled volume are made daily or preferably once each shift.

DISSOLVED 02. Although most of the oxygen dissolved in the mixed liquor during
aeration is used by the activated sludge, it is only two to five percent of the oxygen
supplied to the tanks. Air requirements are governed by B.O.D. loading, quality of
sludge, and solids concentration of mixed liquor.

Control. In diffused air plants, air application is usually controlled by blower
combinations or variable output blowers. Air supply in mechanical plants is governed by
the number of units in service and automatic time switches on each aerator.

Tests. Make dissolved-oxygen tests daily or preferably each shift, on samples of
the mixed liquor from the inlet end, middle, and outlet end of the aerators. An inhib-
itor is used in collecting dissolved oxygen samples to slow down bacterial action and
oxygen use; otherwise, you will get low test results. These tests show whether or not
air supply is satisfactory. If one p.p.m. of dissolved oxygen is present at the inlet
and progressively builds up to four or five p.p.m. at the end, air supply is right.

Excessive Application. Too much air will cause waste and may cause the flocculent
sludge to be finely dispersed and difficult to settle. Much of it will pass over the
settling tank outlet weirs.

AERATION PERIOD. Approximately 80 to 85 percent of wastewater purification takes
place in the first hour of aeration. During the rest of the period, sludge is regener-
ated, organic matter stabilized, and sludge conditioned for further activity. The
sludge's capacity to take in organic matter is limited and regeneration is necessary
before an additional load is applied. Activated sludge needs oxygen at a definite,
measurable rate. It absorbs oxygen from the water as rapidly with only a few p.p.m..
in solution as when the water is near saturation.
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Sludge age

To determine the sludge age or the average length of time the solids have been in
the aeration tank you divide the pounds of solids in the aeration tank by the pounds of
suspended solids added each day.

SA= weight of MLSS in aerator
weight o suspended sol s ad o the aerator daily

Mixed Liquor Suspended Solids (MLSS)

The suspended solids which is run on the aeration tank mixed liquor is called the
mixed liquor suspended solids test. It is psed 8.13 a control test to help find out
whether to increase or decrease the rate of sludge return or help us decide when to
Waste sludge.

MLSS

SVI/SDI

weight of dry solids x 1,000
Sample volume (m1)

The sludge volume index and the sludge density index relate the weight of the sludge
to the volume it occupies when it has settled. Good quality sludge should have a SDI
between 1.0 and 2.5. rt should have a SVI between 40 and 150.

m111 settable solids (30 min)SVI = x 1,000
mg/1 suspended solids

Microscopic

An activated sludge plant will work best when certain organisms are prevalent. By
examining a sample of the mixed liquor under a microscope we can see if they are. If
other organisms are present they may forewarn the operator of problems and allow him to
correct them before they become serious.



Maintaining Systems

Concentration of solids. The aeration tank mixed liquor should have at least 10%
settleable solids by volume. When the sludge concentration reaches or goes above 70%
settleable solids by volume, it is best to waste or remove some of the sludge. However,
the concentration in the aeration tank should.never be reduced below 10%. The best
level is 30% to 50%. The concentration of sludge can be checked by settleability test.
Test results and daily checks will show whether small amounts of sludge should be wasted
often or whether larger amounts should be wasted less often.

Aeration Tank. The mixed liquor in the aeration tank should appear medium to dark
brown with little or no Mum on the surface. If the mixed liquor is dark gray or black,
the system may not have enough D.O. and could be septic. In this ease, the D.O. should
be increased to at least 0.5 mg/L.

RATE OF WASTE. A division is usually used to split the flow of returned sludge from
the final settling tank to waste or to aeration tank influent. Suspended solids
concentration in the aeration tank and return sludge determine when and how much sludge
goes to waste; Schedules must be developed for wasting sludge in small amounts each
day, holding the solids in the aeration tank at a nearly ccastant level. Sludge is
wasted slowly and uniformly, generally during the periods of low flow. The rate of
waste sludge is normally about ten percent of the return sludge.

FINAL SETTLING TANK. Because settled sludge must be kept fresh for return to the
aeration tanks, the sludge blanket in the settling tank is held to less than two feet.
Mechanical sludge collection equipment must be operated continuously. Hoppers are
squeegeed often to free them of septic sludge. Hose down walls, weirs, and channels
each day. Rising sludge which is black on the underside shows that sludge is sticking
on the walls or floors; these areas must be kept free of accumulated sludge.

Operating Difficulties

Operating difficulties are usually one or a combination of three conditions; the
presence of oil or grease; bulking sludge; and disposal of supernatant from the
digester.

OIL AND GREASE. Oil and grease from mess halls or laundry wastes harm bacteria
growth in the aeration tanks. The sources of grease and oil are eliminated by proper
cleaning of grease traps and oil interceptors. Primary-settling tanks are kept skimmed
off.

BULKING SLUDGE. A sudden loss of sludge density shown by poor settling, passage of
floc through the final-settling tanks, and increased sludge index is known as bulking.
It occurs in two forms: A large diffused floc resulting from loss of biological balance
and a light floc containing sphaerotilus, a microscopic threadlike fungus growth.
Bulking may be caused by the following: Solids concentrations in the aeration tank too
high or too low, low air supply, short aeration period, and sudden heavy loads on the
system such as a heavy dose of strong digester supernatant or an overload of stale or
septic wastewater solids flushed to the plant by rains after a long dry spell, waste-
water abnormally high in organic solids, especially sugars and starch, or fungus accumu-
lations from the sanitary sewer system may likewise cause bulking sludge.

When bulking results in septic aeration units, you may need to waste the sludge and
redevelop a good floc. In the early stage of bulking, reconditioning is aided by
increasing sludge return and amount of air. Fungus growths can usually be controlled by
chlorinating the return sludge in dones of 1.0 to 8.0 p.p.m.

Rising sludge in final-settling tanks is usually caused by an excessive retention
period which forms gas which (in turn) lifts the sludge in chunks. Increasing the
sludge return rate to lower the sludge blanket stops the trouble. This conditicm may
also be caused by nitrification brught on by excessive aeration.



EFFECT OF DIGESTER SUPERNATANT. Digester supernatant disposal in the activated
sludee plant is troublesome, especially Wlen the digester is not working well. Super-
natant is usually returned to the plant influent where it passes through the entire
plant process. Being well seeded with the organisms of anaerobic digestion, it tends to
increase the septic action in the settling units. if discharged intermittently while
the sludge is being pumped, it throws a big load on the secondary process. If the mixed
liquor is not in condition to take this load, the sludge soon turns gray and septic.

Supernatant is returned as uniformly as possible.

Returning it directly to the aerator often eliminates the difficnities.

Returning it to the aerator during low loadings seNmetimes is successful.

If the supernatant is returned intermittently, the solids in the mixed liquor must be in
condition to receive it (higher i . concentration). The D.O. must be watched with care
and increased during the period if necessary.

Sludge should be drawn from intermediate and final settling tanks at four-hour
intervals and returned to the raw wastewater flow. To avoid septic conditions, squeegeesludge from the hoppers each day.

Wash down walkways and brush influent and effluent channels each day.

If two or more intermediate settling tanks are used, keep only enough tanks in
service to provide 1-1/2 hours detention time at the average daily rate of flow.

Dissolved oxygen concentrations in the effluent from each aerator section and in
intermediate and filal settling tank effluents should be checked each shift. The B.O.D.
and suspended solids test on composite samples of raw wastewater and of primary, inter-
mediate, and final effluents should also be made.

Proper Concentration. The concentration of mixed liquor solids for best operation
under all conditions must be found for each plant by trial. Aeration solids concentra-
tions of 1,200 to 3,000 p.p.m, in diffused-air plants and 500 to 1,200 p.p.m. in
mechanical plants a:.'e usual, but they may be varied to suit seasonal or plant load
conditions.

INFORMATIOm

NOTE: Read AFM 91-32, AFM 91-32, Chapte7 7, Activated Sludge (AS), Sections 2, 4, 5,
para 7.2.1 thru 7.2.6.4, 6.4 thru 7.5.5.



FXERCISE TV-S-8f

INSTRUCTIONS

Using AFM 91-32, chapter 7 complete the following statements.

1. The main unit in the activated sludge process is the

2. With the diffused air system is forced into the
bottom of tank near one side.

3. Mechanical aeration devices may have a Or bridge.

4. Forced air supply equipment consists of and

valves are used to protect the equipment from too much pressure.

5. Centriiugal blowers often have
or lobes to move the air.

6. The final settling tank may have a surface skimmer to remove

and

7. The operator should observe the aeration tanks for

8. If the plant is working right, it will smell

and foam.

9. may cause the mixed liquor to take on other
colors.

10. Organic overloads may use all the and cause the aeration tank

to become

PROGRESS CHECK

You should be ready for the progress check. If you feel you need to review some of
the previous instruction, do so. The progress check is prepared as a separate publica-
tion and controlled by the instructor. You must do the progress check under instructor
supervision and complete it prior to leaving for the day.

NOTE: Read AFM 91-32, Chapter 7, Activated Sludge (AS), Section 3, para. 7.3.1 thru
7.3.10.
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INFORMATION

Field trip to municipal wastewater treatment plants.

EXERCISE IV-8-8g

PART 1

INSTRUCTIONS

Complete this exercise while on Field Trip. List the safety items that were
observed.

Burkburnett -

1.

2.

Iowa Park -

Electra -

1.

2.

PAeT 2

INSTRUCTIONS

Using the schematics of the municipal wastewater treatment plants provided to you,
complete each one by the end of the Field Trip.

PROGRESS CHECK

You ould be ready for the progress check. If you feel ycu need to review some of
the previous instruction, do so. The progress check is prepared as a separate publica-
tion and controlled by the instructor. You must do the progress check under instructor
supervision and complete it prior to leaving for the day.
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EXERCISE IV-8-8h

INSTRUCTIONS

Using AFM 91-32, Chapter 7, Section 3, complete the following statements.

1. The sludge blanket should not be allowed to rise above the depth
of the final clarifier.

2. If solids are not wasted,
discharged in the effluent.

or they will be

3. F/M ratios and sludge age are often used to test for the right amount of
in the system.

4. Sludge Volume Index (SVI) and Sludge Density Index (SDI) show the amount of

produced and the way the sludge will

5. Knowing the sludge return rate will help the operator keep the right amount of

in the aerator mixed liquor.

PROGRESS CHECK

You should be ready for the progress check. If you feel you need to review some of
the previous instruction, do so. The progress check is prepared as a separate publica-
tion and controlled by the instructor. You must do the progress check under instructor
supervision and complete it prior to leaving for the day.

INFORMATION

Read AFM 91-32, Chapter A, Rotating Biological Contactors, Section 3, Trouble-
shooting Guide; Chapter 7, Activated Sludge (AS), Section 5, Troubleshooting Guide;
Chapter 8, Oxidation Ditches, Section 7, Troubleshooting Guide; Chapter 9, Extended
Aeration (EA) and contact stabilization (CS) Package Plant, Section 3, Trouble-
shooting Guide.
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EXERCISE IV-8-8i

PART 1

DISTPUCTION

Using AFM 91-32, Chapter 7, Troubleshooting Guide, match the indicator with thelikely cause.

Indicator

1. Septic condition in primary clarifier. a.

2. White fluffy foam in aeration tank. b.

3. Hydrogen sulfide (H2S) odor around
aeration tanks.

c.

PART 2

INSTRUCTIONS

Likely Cause

Septic anaerobic
condition

Detention time too
long.

Not enough suspended
solids in the tank.

Vsing AFM 91-32, Chapter 9, Section 3, Troubleshooting Guide, match the indicator
with the likely cause.

Indicator Likely Cause

1. Fluffy, poor settling sludge in the
settling tank.

a. The air lift pump is
clogged

2. pH not in right range - about 6.5 to 8.5. b. Improper aeration

3. Bubbles rising in the clarifier. c. Concentrated industrial
waste

4. Unusual vibration in the skimming device or
air lift pump. d. Septic condition

5. Sludge not being pumped by air lift pump. e. Breakdown of unit, out
of adjustment

PART S

INSTRUCTIONS

Using AFM 91-32, Chapter 8, Section 7, Troubleshooting Guide, match the indicator
with the likely cause.

Indicator Likely Cause

1. Eddies oi quiet areas in the ditch. a. Worn or damaged speed
reducer

2. Rotor unit not working.

b. Wrong sludge return rate3. Rotor unit noisy, vibrating or heating.
c. Abrupt bends at ends of4. Irregular jerking motion of the clarifier

sludge collection device.

d.

ditch

Over or under lubricated5. High level of sludge in the clarifier,
solids passing over the discharge weir. e. Failure of electrical

controls

8-32
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PART 4

INSTRUCTIONS

Using AFM 91-32, Chapter 6, Section 3, Troubleshooting Guide, match the indicator
with the likely cause.

Indicator Cause

1. Loss of biomass. a. Low wastewater temperature
below 55°F

2. Decreased efficiency (BOD and suspended
solids) b. Organic overload sustained

3. Large areas of white biomass on the RBC c. Grit removal unit not
media. working right

4. Plant effluent too high in BOD and d. Toxic substance in
suspended solids. wastewater

5. Buildup of solids in the RBC compartments
(tanks).

PROGRESS CHECK

e. SepAc wastewater high
in hydrogen sulfide
(H,S) content

You should be ready for the progress check. If you feel you need to review some of
the previous instruction, do so. The progress check is prepared as a separute publica-
tion and controlled by the instructor. You must do the progress check under instructor
supervision and complete it prior to leaving for the day.
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INFORMATION

This objective will be covered using the wastewater trainer.

EXERCISE IV-S-Bj

INSTRUCTIONS

Using the wastewater treatment trainer, a checklist and a schematic of a wastewater
plant, correctly locate the valves that control each process.

PROGRESS CHECK

You should be ready for the progress check. If you feel you need to review some of
the previous instruction, do so. The progress check is prepared as a separate publica-
tion and controlled by the instructor. You must do the progress check under instructor
supervision and complete it prior to leaving for the day.

SUMMARY

Secondary treatment of waste water is a further decomposition from the primary
treatment. There are several units that can be used in the secondary treatment process.
You may find some plants using all or a part of them.

Trickling filters are made up of circular or rectangular tanks filled with rock.
Primary effluent is sprayed over the rock and bacterial action further reduces the waste
products.

Oxidation ponds are the simplest form of treatment. Under certain conditions they
offer economical treatment and disposal. Their use is suited to warm, dry climates.

In the activated sludge process, air is mixed with the wastewater in an aeration
tank. Since aerobic bacteria are used, then air is necessary for them to live. Regula-
tion of the air supply is very important to the activated sludge.

Contact aeration is basically an aerobic biological process. It consists of passing
settled raw wastewater through aeration tanks. Air to support organic life is blown
through perforated pipe. Biological action is similar in some respect to that in
trickling filters.

REFERENCE

AFM 91-32, Operation and Maintenance of Domestic and Industrial Wastewater Systems
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3770th Technical Training Group SW J3ABR56631 000-IV-9
Sheppard Air Force Base, Texas

TERTIARY (ADVANCED) TREATMENT

Given a list of incomplete statements and a list of terms and phrases related to
advanced wastewater treatment, select the correct term or phrase that pertains to each
statement. Seven of the ten selections must be.correct.

Given information and a troubleshooting guide and four problems, list one corrective
operational or maintenance procedure for a phosphate tank, denitrification unit and
carbon filter IAW AFM 91-32. Two of the four procedures must be correct.

INTRODUCTION

Much has been written over a period of many years about the need to control pollu-
tion. More recently, there has been a rapid rise in interest in treating wastewaters
for more direct and deliberate reuse. The advanced waste treatment research program of
Public Health Service has begun to develop and demonstrate practical means of treating
municipal wastewater and other waterborne wastes to remove the maximum amounts of
pollutants. The purpose of this is to restore and maintain the nation's water at a
quality suitable for repeated reuse.

The current terms "tertiary treatment" and "advanced waste treatment" are being used
to describe a great variety of wastewater treatment processes which range from simple
ponds used to polish secondary effluents to complex demineralization schemes. The
materials found in secondary effluents which are of concern in most pollution control
programs are suspended solids, B.O.D., bacterial concentrations, phosphates, and
nitrogen. Where direct water reuse is being considered, removal of soluble nonbio-
degradable organic materials and dissolved solids may also be necessary.

The processes discussed in this study guide will be limited to some of the main
ones; where secondary treatment is inadequate for removal of B.O.D., suspended solids,
phosphate, and nitrogen.

Tertiary treatment will be discussed under the following main topics:

Principles Of Tertiary Treatment

Methods Of Tertiary Treatment

PRINCIPLES OF TERTIARY TRFATMENT

INFORMATION

Tertiary treatment is the third stage of treatment for wastewater (tertiary
the third part). Physical, chemical or biological treatment may be used. Here
list of some tertiary treatments:

plain sedimentatJon
chemical precipitation
filtration
ion-exchange
activated carbon
electrodialysis
reverse osmosis

ammonia stripping
stabilization ponds
coagulation
chemical oxidation
phosphate precipitation
denitrification
polishing lagoons

means
is a

Tertiary treatment can be just about any process used after normal secondary treatment.

A good primary and secondary treatmert reduces B.O.D. and suspended solids by 90
percent. To cut into that last 10 percent, other methods are used. No one method of
tertiary treatment is best for all plants, because each plant has its own problems and
capabilities. More than one of the treatment methods in the list above may be used to
meet the requirements of a specific plant. The cost of the process determines w'ich one
will be used.

q-1
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METHODS OF TERTIARY TREATMENT

Tertiary treatment is usually used when the treatment plant effluent is to be
reused. What the effluent is to be used for determines the quality standards it must
meet. Sometimes B.O.D. plays a part, but more often other characteristics are more
important. For example, an effluent that contains large solids or tends to develop
slimes could not be used for a cooling system. Depending on what the effluent is to be
used for tertiary treatment may be needed to correct problems with the hardness, the
concentration of some mineral or ion, the pH or the turbidity as well as other charac-
teristics.

Filtration

Sand filters, coal filters, and microstrainers have been enhancing the quality of
secondary effluents for years. Following good secondary treatment, plain filtration
(filtration without the addition of chemical coagulants) can remove most suspended
solids with B.O.D. This makes the effluent suitable for many industrial uses.

D-E Filtration

Studies have been made on diatomaceous earth (D-E) filtration of secondary effluent.
Where D-E was fed at a controlled rate'to the effluent which is then passed through a
precoated filter septum, it was found that D-E filtration produced a final effluent with
no detectable B.O.D. and only a trace of suspended solids. The major problem associated
with D-E filtration is its inability to tolerate s:gnificant variations of suspended
solids concentrations. A filter run of only ten minutes can occur during periods of
high solids, making this process very costly. Even if the secondary effluent turbidity
can be maintined at less than 100 units, it has been estimated that the operating cost
alone will be 7.5 cents per 1000 gallons, exclusive of the cost of disposing of the
spent filter cake. The following discussions will show that other means of effluent
filtration can be provided at much lower costs.

Microstrainers

Microstraining is another process that may be used for tertiary treatment. A recent
study has shown that a microstrainer with openings of .00.. inch could remove an aNierage
of 89 percent of the suspended solids found in the secondary effluent. A micro-
strainer with .0015 inch openings would remove 73 percent. Caution must be observed
about the adverse effect of grease and high secondary effluent solids content. The
estimated cost of microstraining is about 1.5 cents per 1000 gallons for a plant
teating 10 mgd.

One reported problem concerning the ability of a microstrainer to handle wide fluc-
tuations of solid loadings was that an increase in secondary effluent suspended solids
from 25 to 200 mg/1 caused the output of the strainer to drop from 60 to 13 gpm in a few
minutes. As with D-E filtration, microstraining alone does not provide reliable terti-
ary treatment because it is not capable of handling the variations in suspended solids
which occur in most secondary plants.

Slow Sand Filters

Slow sand filters have been used for polishing of secondary effluents. In addition
to requiring very large land areas and considerable maintenance, they have been found to
Je ineffective due to rapid clogging of the filters.



Filter Media Distribution

It is apparent from the above information
that filtration of secondary effluents is a diffi-
cult problem. The mariations in effluent quality
which adversely affect D-E filters, microstrainers,
and slow sand filters also have an adverse effect
on rapid sand filters.

The sensitivity of a rapid sand filter to high
suspended solids concentrations can be readily
understood by looking at Figure 9-1. Figure 9-1
illustrates a cross-section of a typical single-
media filter, such as a rapid sand filter.

Most of the material removed by the filter
is removed at or very near the surface of the
bed. When the secondary effluent contains rela-
tively high solids concentrations, a sand filter
will clog at the surface in only a few minutes. As would be expected from the grain
size distribution illustrated in Figure 9-2, 75 to 90 percent of the headloss occurs
in the upper one inch of the rapid sand beds when filtering activated sludge plant
effluent.

Figure 9-1. Rapid Sand Filter

One approach to increasing the effective
filter depth is the use of a dual-media bed
with a discrete layer of coarse coal above a
layer of fine sand, as shown in Figure 9-2.
The work area is extended, although it still
does not include the full depth of the bad, as
there is some fine to coarse stratification
within each of the layers. Effective size of
the sand in a typical dual filter is 0.4 -
0.5 mm.

It has been found that grain size is of
major importance in determining how efficiently
the filter removes suspended solids. The
effluent should pass through as fine a filter
material as possible. This presents a serious
inconsistency in design of a dual-media bed, as
shown in Figure 9-2. It would be de!Airable to have the coal as coarse as is consistent
with solids removal to prevent surface clogging. The sand needs to be as fine ae poss-
ible to provide maximum solids removal. However, if the sand is tco fine in relation to
the coal, the sand will actually rise above the top of the coal during the first back-
wash and remain there when the filter is returned to service. For example, if a 0.2 mm
sand were placed below 1.0 mm coal, the materials would actually reverse during back-
wash, with the sand becoming the upper layer and the coal, the bottom layer. Although .
the sand has a higher specific gravity, its small diameter, in this case, would result
in its rising above the coal at a given backwash rate.

Figure 9-2. Coarse Coal Above Sand

Mixed-Media Bed

To overcome the above problem and to achieve
a filter which closely approaches an ideal filter
is illustrated in Figure 9-3.

The problem of keeping a very fine media at
the bottom of the filter is overcome by using a
third, very heavy (garnet, specific gravity of
about 4.2) very fine (0.15 mm) material beneath
the coal and sand. The resulting mixed-media
filter has particle size graduation which decreases
from about 1 mm at the top to about 0.25 mm at the
bottom. This filter has a coarse upper layer to
reduce sensitivity to surface clogging but forces
the effluent to pass through a much finer media
than does either a sand or coal-sand bed. The
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uniform decrease in particle siZe with filter depth allows the entire filter depth to beutilized for floc removal and storage. This discussion eescribes the etfluent qualityachieved by mixed-media filtration from a properly designed activated sludge plant. TheB.O.D. is less than 5 mg/L; and turbidity less than 5 units. The cost of thisapplication of mixed-media filtration (including both capital and operating costs) isabout one cent/1000 gallons.

Although a mixed-media filter can tolerate higher suspended solids loadings than canthe other processes discussed, it still has an upper limit of applied suspended solidsat which economically long runs can be maintained. With suspended solids loadings up to120 mg/L, filter runs of 15 to 24 hours have been maintained. Solids concentrations of500 mg/L or more will lead to uneconomically short filter runs, even when using amixed-media filter. A reliable tertiary filtration system will require either asecondary effluent of unitormly good quality, or some intermediate treatment to reduceany extremely high solids concentrations prior to filtration. Since the former is veryunlikely, mixed-media beds have been developed to permit supplementary filtration ofsecondary effluent with a minimum of space and cost.

Coagulation and Sedimentation

Coagulation and sedimentation alone can reclaim water suitable for many uses, andthey can also prepare secondary effluents for even higher degrees of treatment. Thecost is primarily dependent upon the coagulant dose required. Generally, greaterquantities of coagulant are necessary to precipitate phosphates than for effectiveturbidity removal. For example, an alum dose of 25 mg/L may produce excellent coagu-lation and minimum turbidities but it will reduce the phosphate content only slightly.To remove most of it requires about 150-200 mg/L of alum. Lime doses are usually abouttwice as great to obtain the same results, but since the price of lime is only half thato-.° alum, costs are comparable.

Efficient coagulation and settling of a good quality secondary effluent will pro-vide a final product with a turbidity of 1 to 2 units. Suspended solids and B.O.D. wilbe less than 5 mg/L. Phosphates can be reduced to 1 or 2 mg/L by using enough coagu-lant.

Chemical coagulants, such as aluminum sulfate and ferric chloride are added towastewater for the primary purposes of removing setteable solids and phosphorus. Th3sechemical additions will al reductions in heavy metal build-up and improvedisinfection of the waster

The process involves three separate operations. The first method is injection andmixing of the coagulants that neutralize the negative charges on suspended matter. Thesecond one is coagulation of particles into large settleable floc. The last ore issedimentation in open tanks to provide gravity separation of the flocculated materialfrom wastewater. The amount of chemical coagulant that you need to achieve a goodcoagulation varies with time and from wastewater to wastewater.

Large doses of coagulants yield massive quantities of chemical sludge; however,recovery and reuse are more economical than disposing of the sludge and purchasing newcoagulant. Recent studies prove that lime recovery and reuse are feasible.

Filtration and Coagulation

To remove nearly all of thlt particulate matter requires the filtration of thechemicallY coagulated effluent. Settling must precede filtration with the use ofconventional rapid sand filters. If chemically treated secondary effluent were applieddirectly to a conventional filter, the surface would quickly seal. Only by usingmixed-media filters is it possible to eliminate the need for settling of the chemicalfloc. However, if frequent and severe upsets of the secondary clarifier occur; it isbest to provide settling prior to filtration.

At a 2.5 mgd water reclamation plant at Lake Tahoe, the coagulated and filteredeffluent (no settling) had a B.O.D. less than 1 mg/L of C.O.D. (chemical oxygen demand)of 20 to 60 mg/L, a phosphate content of 0.1 to 1.0 mg/L, a color of 10 to 30 units, aturbidity of 0.1 to 1.0, and a coliform content of less than 2.1/100 ml followingchlorination. No viruses were present. Even with the chemical doses necessary forphosphate removal, the high degree of treatment costs only $80 to $100 per milliongallons for a 10-mgd plant. When lower doses are satisfactory, cost may dip to $20 tot30 per million gallons.
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Adsorption

Activated carbon is an effective adsorbent. Other materials are also adsorbent in
nature but none is as effective as carbon for many classes of organic substances. When
municipal waste water is passed through beds of granular carbon or when granular carbon
is slurried with the effluent, the removal of 70 to 95 percent of the C.O.D.-bearing
organic materials are eliminated. The carbon treated effluent is clear and nonfoaming.
The organic materials escaping carbon are believed to be largely colloidal.

Activated carbon has a network of "micropores" which can adsorb a large amount of
matter. The fact that activated carbon has an extremely large surface area per unit
weight makes it a very efficient adsorptive material. Because of this, as the water Is
passed through the activated carbon, much of the organic material is removed. Once the
pores are full of organic material the activated carbon can be regenerated by heating it
at 800C - 900C. This will burn off the organic material and the carbon can be reused.

The principal factors in the use of activated carbon for treating municipal
effluents are listed below:

1. Carbon reactivation is necessary to reduce costs to acceptable levels. Thermal
regeneration has been proven practical.

9. Pretreatment of the secondary effluent ahead of the activated carbon may be
required.

3. 0.5 to 1 lb of carbon will treat 1,000 gallons of secondary effluent.

4. Preliminary cosi projections for reduction of 50 to 70 mg/L of C.O.D. to 10-15 mg/L
are from 5-10 cents/1,000 gallons of wastewater for plants larger than 10 mgd.

5. Inorganic salts are not removed by carbon.

Electrodialysis

Flectrodialysis has the capability of reducing the concentrations of inorganic
solids in water and is already a commercially proven process. The brackish water source
of Buckeye, Arizona, for example, is converted to a usable supply by electrodialysis.

Studies have shown that inorganic ionic materials in waste effluent can be reduced
by electrodialysis on a relatively nonselective basis. The feed to the electrodialysis
orocess should be nearly free from organic contaminants. Suspended solids must also be
at a very low level to avoid physical plugging of the electrodialysis cells.

Some of the significant findings on electrodialysis of municipal wastewaters have
been as follows:

I. 6-10 kwh/1,000 gallons is the estimated power required to remove 300-500 mg/L of
solids.

2. Product to waste volumes of 10:1 can readily be achieved and 50:1 has been accom-
plished.

3. Total cost for electrodialysis will vary with the amount of materials removed.
Preliminary estimates indicate that 15-20 cents/1,000 gallons may be the range for
municipal effluents. This cost does not include allowance for necessary pretreat-
ment or for ultimate disposal of the brine concentrate.

Chemical Oxidation

We know from past studies that oxidation is a process involving an ihcrease in
positive valance or a loss in electrons. An oxidizing agent gains its electrons. In

the process of corrosion, oxidation of iron by chlorine and hydrogen sulfide is a lot of
times common in wastewater. Wastewater and industrial wastes contain or produce
compounds and gases that attack metallic and, in small amounts, non-metallic materials.
Among the causes of corrosion are the formation of hydrogen sulfide in anaerobic
decomposition and the presence of alum solutions, lime, ferric sulfate and ferric
chloride solutions and fatty acids in wastewater.
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Oxidation-reduction reactions are ones involving transfer of electrons.

Example:

114-28= + C1.2 > 2 10-C1- + S.

2 Fe++ + C102 > 2 Fe3+ + 2 Cl-

H+2S= + 4C1° + 411+20= > H+2S0=4 + 8H+Cl-

In the first example shown above, hydrogen sulfide, an obnoxious gas, is oxidized byfree chlorine and removed from the system. Sulfur is produced. In the second exampleFe2+ a soluble ion, is oxidized to Fe 3+ which can easily form Fe(OH)3 and precipitateout. With this in mind we can say that oxidation is loss of electrons and reduction canbe the gain of electrons.

In the examples shown, chlorine, the oxidizing element, gains electrons and is saidto be reduced. In the first example, the reducing agent, sulfur, and in the secondexample Fe2+, lose electrons and so are Oxidized. In this case we can say oxidationreduction occurs in the same reaction. Note in each of the first two reactions that the+ and charges of the equations balance. The third equation is included to show anadditional oxidation equation by chlorine which removes H2S.

Aii Stripping

Aeration involves exposing as much water surface as possible to the air. Duringaeration, gases dissolved in the water supply are released to the atmosphere. Aerationraises the pR by doing away with dissolved carbon dioxide but increases corrosiveness byincreasing the amount of dissolved oxygen. Aeration in wastewater helps get rid ofammonia, hydrogen sulfide and in some cases chlorine.

Nitrogen Removal

The units for providing nitrogen removal are all based upon the principle ofbiological nitrification and denitrification. There are a variety of treatments forapplying these basic concepts.

The ion exchange approach gives good nitrogen removal under many conditions withoutadding dissolved solids. The cost and investment is the highest of all three units.The breakpoint ishlorination process is very good as it removes all of the ammonia. Itcan be used in ,Ather summer or winter conditions and can adjust to changes in flow. Ithas been suggested that it be used as a polishing step in a series with other nitrogenremoval methods.

Nitrogen, Total, Organic and Ammonia Processes

Total nitrogen in wastewater is divided into four forms: organic-N, ammonia-N,(NH3) nitrate-N (NO3-) and nitrite-N, (NO2-).

Normally, primary and secondary treatment will remove most of the organic-N bysettling and converting it into the ammonia-N form. Any additional removal isaccomplished by advanced treatment.

The most common or abundant form is organic-N in the form of NH3 and NH4+.Ammonia-N is corrosive and raises the pH of water. It has a pungent odor, is toxic tolife In the receiving stream and to us in high concentrations. It can result in adisease in infants known as blue babies.

Ammoni^.-h plan a great oxygen demand on the waterways due to its nitrificationprocess. The organic-N originates from body wastes, animal and human, (NH3 andnH4+). To remove the ammonia from wastewater we can use the nitrification/
denitrification process, stripping, ion exchange or breakpoint chlorination.



To use thc nitrification/denitrification proc-.ass we must first remove the H+ from
NH3 or NH4+. The: form in which ammonia will be present depends on the pH of the
wastewater. If rlie pH is above 7.0, most of it will be ammonia; below 7.0 it will be
mostly ammonia Jon. During the nitrification process the ammonia -N (NH3) is
converted to 11;trates or nitrites. This is accomplished through the plant for normal
removal or additonal systems are designed and constructed to remove all the ammonia-N
under the nitrification process. Nitrification is an aerobic conditioning process
usually accomplished at the last part of secondary treatment where B.O.D. is at its
lowest levels. Keep in mind that only the form of nitrogen is changed, not the
elimination or reduction of concentration of nitrogen. The treatment units used can be
either a high rate trickling filter or extended activated sludge system. Once the
ammonia is removed by the aerobic bacteria, the oxygen demand of the receiving stream
will be less. At this time, if the remaining nitrates and nitrites are safe to be
released into the stream, nitrifcation is accomplished.

The following are examples of nitrification:

NH3/NH4+ + 02 > NO2-

NO2 + 02 > NO3-

The NO2- and NO3- forms are not toxic to the receiving stream, but these are
still considered nutrients or food for organisms which can cause etrophication for
premature aging of a stream. This is when the vegetation will grow in large amounts,
robbing the oxygen from the stream causing septic and anaerobic conditions.

Denitrification is the process of removing the nitrogen from the wastewater by
changing the form from NO2/NO3 > N + 02. The nitrogen-N is
released as a gas and the oxygen-02 is used by the various aerobic organisms for
respiration purposes. Therefore, the oxygen is "stripped" from NO2 and NO3 leaving
N2 to be dispersed as gas.

These gas formations will usually occur in the final settling tank. Enough gas will
cause sludges to rise forming floating mats and unsightly appearance.

Denitrification must have certain :avorable conditions: the nitrogen must be in the
NO3- or NO2- form, no D.O. present but wust have some B.O.D. present. The pH
should be 6.5 to 7.5. The temperature should be about 68'F. The lower the temperature,
the less reaction will take place.

The system used for denitrification may be anaerobic ponds, anaerobic tank systems, Or
anaerobic filters. Most plants add organic matter to the process, such as methonal or
glucose. The organic matter should be inexpensive and create a low sludge volume.

Another way to remove nitrogen is in the form of ammonia gas. This is called
ammonia stripping. As the pH of wastewatc: is raised above 7.0 the ammonium ion forms
ammonia gas. Lime can be added to raise the pH of the wastewater to about 11. Then the
ammonia gas can be stripped with air by means of cooling towers and air blowers. This
process works best in warm weather.

Furt'- r information pertaining to nitrogens can be read in AFM 91-32, pages 14-17 to
14-25.

Polishing Lagocns

Polishing lagoons are ponds that get wastewater from a treatment plant. Most of
them are made by forming dams across ravines and dry creeks whose shape, depth, and
surrounding area are not controlled. Most lagoons have been built tot the treatment of
organic industrial wastes and wastes from animal feed lots. In a lagcon it is very
important that the carbon-nitrogen-phosphorus balance of the waste be such that the
process can be successful. Most of the time there isn't a shortage of carbon in most
industrial wastes. But sometimes industrial wastes have very little nitrogen or
phosphorus.
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It has been the practice of some vegetable and fruit canning plants to put theirdischarge into lagoons, then once the organic l. reduction takes place, to send thedischarge to a river. In all properly operating lagoons, a dense growth of green algaemakes oxygen. Then the aerobic bacteria oxidize the organic carbon and change it tocarbon dioxide. Then the algae, through photosynthesis, converts much of the carbondioxide to algae cell material. The pond effluent then may contain as much organicmaterial as the wastewater entering it. The wastewater entering the lagoon is hazardousto the community's health hut the effluent is highly stable. The effluent then may beof much value in promoting the growth of fish and other wildlife.

NOTE: For additional information of Advanced Wastewater Treatment (AWT) read Chapter14, Advanced Wastewater Treatment (AWT), Section 1 thru 7, para. 14.1.1 thru14.7.3.

EXERCISE IV-9-9a

INSTRUCTIONS

Using SW J3ABR56631 000-IV-9, ard AFM 91-32, complete the following statements.

1. Define tertiary treatment.

2. What is the purpose of '.:er ary ireAtment?

3. List three main prin..!tirles of tertiary treatmellt.

b.

c.

4. List five tertiary treatment processes.

a.

b.

c.

d.

e.

5. What is the reason for the special arrangement of media in the mixed bed filter?

6. List two disadvantages of D-E filter.

a.

b.

9-8
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7. Name four impurities that can be reduced by tertiary treatment.

a. c.

b. d.

The organic materials escaping carbon are mostly

9. Phosphorus can cause heavy growth of algae and other plants and can result in

and other problems.

10. Dissolved and colloidal organics can be removed by onto

11. High levels of nitrate-N in drinking water can result in a serious disea.se in

known as

12. Denitrification systems downflow filter needs frequent and

to remove trapped nitrogen gas.

13. Denitrification is the reduction of

gas.

to and then to

14. In downflow contactors, the entire contents of the lead contactor should be removed

for

15. Phosphorus can be removed by using coagulants such as

and

PROGRESS CHECK

You should be ready for the progress check. If you feel you need to review some of
the previous instruction, do so. The progress check is prepared as a separate publica-
tion and controlled by the instructor. You must do the progress chech under instructor
supervision anri complete it prior to leaving for the day.



INFORMATION

NOTE: Read the following information in Chapter 14, on troubleshooting guide for
Advance Wastewater Treatment (AWT), Chatper 14, Advance Wasterwater Treatment
(AWT), Section 8, Para. 14.8.1.

EXERCISE IV-9-9b
INSTRUCTIONS

Using AFM . 1-32, Chapter 14, Section 8, Troubleshooting Guide, match the indicator
with the likely cause.

1.

Indicator

Chemical feed units not operating.

2. Chemical feed units running but no chemical
being fed (delivered).

3 Poor floc formation in floccualtion tank.

Low quality effluent from filter units, too
many suspended solids and short filter
runs.

6. Decreased efficiency in the activated
carbon unit. Too many suspended solids in
the effluent.

6. Decreased efficiency in nitrification/
denitri.:4rmtin

PROGRESS CHECK

Cause

a. Wrong operating procedure

b. Adsorptive capacity of
the carbon used up

c. No electric current being
supplied to the unit

d. Wrong pH range

e. Filter media not
thorcughly backwashed or
media may need to be
replaced

f. Clogged pump, screen or
Pipe

You should be ready for the orogress check. If you feel you need to review some of
the previous instruction, do so. The progress check is prepared as a separate publica-
tion and controlled by the inTtructor. You must do the progress check under instructor
supervision and complete it prior to leaving for the day.

8 it)
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SUMMARY

The term tertiary treatment means third-stage treatment for wastewater. It is used
primarily for polishing secondary plant's effluent. The principles used may be
physical, chemical or biological in nature.

Some processes used are plain sedimentation, chemical precipitation, filtration,
activated carbon adsorption, carbon filters, air stripping, phosphate precipitation
tank, denitrification units and polishing lagoons.

REFERENCE

AFM 91-32, Operation and Maintenance of Domestic and Industrial Wastewater Systems
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3770th Technical Training Group SW J3ABR56631 000-IV-10
Sheppard Air Force Base, Texas

DISINFECTION PROCESS

OBJECTIVE

Given a schematic of a wastewatef plant, identify the points where chlorine may be
applied and complete written staterts related to wastc%-ater disinfection. Ten of the
fifteen completed statements must be correct.

INTRODUCTION

The need for wastewater disinfection cannot be overstated. The increasing popula-
tion and the growing demand for water supplies lead us to consider sources that were not
suitable years ago. With the population increase comes more need for swimming areas and
also more bodies of water to receive wastewater plant effluents. Chlorination is used
to disinfect final effluents, control edors, and to protect our sources of water.

Chlorine may be obtained as a liquid or gas. or a hypochlorite solution.

The information regarding chlorination of wastewater will be presented in this
study guide under the following main topics:

Pre-chlorination

Tn-plant chlorination for operational control

Post-chlorination

PRE-CHLORINATION

Pre-chlorination is the adding of chlorine to wastewater as it enters the plant.
Disinfection of raw wastewater without further treatment is not practical because of
limited effect of chlorine on large solids as well as being expensive.

Low Flows

Pre-chlorination may be used to keep wastewater fresh and prevent odors when flows
are below the rate for which the treatment plant was designed and detention periods in
settling tanku ire excessive. The amount of chlorine required depends on how putrid the
wastewater is -Then it reaches the plant. A dosage up to 5 ppm, even without residual,
is usually effective.

Odors

Chlorine acts immediately on hydrogen sulfide gas to prevent odor. The influent to
trickling filters may also be pre-chlorinated to control odors. This is usually done
Pnly when prevailing winds are in the direction of inhabited areas. Elimination of
foul odors from sewer systems and teatment plants throughout the year is increasingly
difficult. With the rapid growth of population and expansion into rural areas more
people are concerned with this.

IN-PLANT CHLORINATION FOR OPERATIONAL CONTROL

In some areas of plant operation chlorination is used. fhis type of chlorination is
neither pre- nor post-chlorination but is defined as in-plant chlorination.

Filter Control By In-Plant Chlorination

Ponding of trickling filters can often be corrected by applying heavy doses of
chlorine to the filter influent. A residual up to 5 ppm applied 3 or 4 hours daily for
several days causes the solids to crumble and fall away from the filter rocks. Applica-
tion is best made at night when wastewater flow and chlorine demand are low.

Filter flies can he controlled somewhat by chlorination to a residual of 2 to 5 ppm
for several hours at 2 week intervals. Care must be taken not to decrease filter
efficiency by destroying bacterial growth.

10-1
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Activated Sludge Control

Chlorine may be applied to return activated sludge to correct bulking caused byfungus growths. The dosage depends on the solids content of the sludge; over chlorina-tion must be avoided because it may effect the biological life in the activated sludge.

Chlorination may be started by applying approximately 1 ppm (based on return sludgeflow) and increasing the dosage daily by small amounts until a slight turbidity is notedin the final tank. Dosage should then be decreased. In Most cases the maximum doseshould not exceed 8 ppm.

If a bulking has been continuous or continues to reappear whenever chlorinationis stopped, a small amount cf chloriue applied continuously (after bulking has beenremedied by heavier chlorine dosage) may help to maintain a low sludge index. In somecases this may also be accomplished by continuous low chlorine dosage of the incomingraw waL-:tewater..

POST-CHLORINATION

Post-chlorination is chlorination of wastewater plant final effluents to reducehacteria and B.n.D.; it is used when it is necesssary to protect the receiving stream.Determination of the necessity to use post-chlJrination is made by the major aircommand.

Disinfection of Plant Effluents

Disinfection is generally necessary when wastewater effluents are discharged tobodies of water used for domestic water supply, reproduction of shellfish, recreationof training activities, and irrigation. Disinfection may be regular as when suppliesare endanged, or seasonal as when the stream is used for swimming. During rainy seasonsor periods of high run off, disinfection may not be necessary because of the increaseddilution of wastewater by heavy flows. Because chlorine demand and wastewater flow willvary, the chlorine residual of the effluent should he checked hourly so the rate ofchlorine feed may be adjusted.

Complete sterilization of wastewater is not jeracticable or economically feasible,but the reduction of bacteria count in settled or treated wastewater effluents is ashigh as 99.5 percent following chlorination for a 15 minute contact period with aresidual of 0.3 to 0.5 ppm. This residual will usually kill all types of disease-
producing bacteria and insure effective disinfection.

A 15-minute contact detention period is necessary to provide time for chlorine tocontact and kill organisms. This may be in a separate contact chamber baffled to pre-vent short circuiting (see Figure 10-1) or in the outfall sewer if it is long enough.

Figure 10-1. Chlorine Contnct Tank

10-2
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Reduction of B.O.D.

Each ppm of chlorine added to wastewater effluent reduces B.O.D. in the receiving
stream by 1 to 2 ppm. This B.O.D. reduction is effective in preventing septic condi-
tions or low dissolved oxygen content in a stream where the dilution factor is low. The
effect is low however if there are sludge banks in the stream below the outfall.

For post-chlorination to protect receiving streams, a chlorine residual up to 0.5
ppm is adequate although higher residuals may be required during low stream flows.
Post-chlorination is not a cure-all for poor stream conditions and cannot replace proper
wastewater treatment and correct operations.

NOTE: For more information, read Chapter 11 on Disinfection, AFM 91-32, Chapter 11,
Disinfection, Section 1 thru 6, para. 11.1.1 thru 11.6.1.

EXERCISE IV-10-10a

PART 1

INSTRUCTIONS

Using SW J3A8R56631 000-IV-10 and AFM 91-32, complete Ale following statements.

1. Why is chlorine added to wastewater?

P. Define pre-chlorination?

3. Define in-plant chlorination?

4. Define post-chlorination?

5. How long a contact period is required to provide time for chlorine to contact and

kill organisms?

S. The most common forms of e:Illorine used in wastewater trePtment are:

a.

b.

c.

d.

10-3
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7. Chlorine containers should be stored away from:

a.

b.

C.

d.

e.

8. Do not tcuch the valve with the
connections. , when checking for leaks in

n. What are two types of gaskets used when connecting lines together?
a.

b.

10. What gas is produced by puttlng a high voltage electric charge to pure or enriched
oxygen or air?

11. What chemicals are good disinfectants and are used in inc:ustriP.1 treatment, andother fields?

a.

b.

c.

12. What are the most costly disinfectants used in wastewater treatment?
a.

b.

13. Instructions for operation and maintenance of chlorination equipment is provided
by V



PART 2

INSTRUCTIONS

Look at the schematic below, then answer the following questions.

mcnew .1,11B

1. On the schematic above, place a PrC at the point where prechlorination would be
applied.

2. On the seMematic above, place an IP at the points where an in-plant dosage of
chlorine could be used.

3. On the schematic place a PoC at the point where post chlorination would be applied.

4. How much contact time should be allowed after post chlorination before discharging
the effluent into a stream?

5. What is your reason(s) for selecting the site(s) for in-plant dosage?

6. What dosage wou3d you suggest using at the site or sites you selected?

7. Under what conditions would you suggest using prechlorination?

8. Approximately how many P.P.M. dosage would you sugges' for prechlcrination?

PROGRESS CHECK

You should be ready for the progress chcck. If you feel you need to review sor of
the previous instruction, do so. The progress check is prepared as a separate publica-
tion and controlled by the instructor. You must do the progress check under instructor
supervision and complete it prior to leaving for thc day.



SUMMARY

Chlorine is used in wastewater disinfection and odor.control. It comes 127 severalforms but is commonly used in the gaseous state. Pre-chlorination is the apr.:,7i ,r.tion ofchlorine to wastewater as i enters the plant inlet while post-chlorinatior A8 Accom-plished by chlorinating the final effluent to reduce bacteria and B.O.D.

REFERENCP

AFM 91-32, Operation and Maintenance of Domestic and Industrial Wastewater Systems



3770th Technical Training Group SW JR56631 000-IV-11
Sheppard Air Force Base, Texas

LOGS AND REPORTS

OBJECTIVE

Given pertinent data about a wastewater plant and AF Forms 1462 and 1463, complete
the forms. Four of the seven entries must be correct.

INTRODUCTION

Records and reports are essential tools which are necessary for operation and
maintenance of wastewater plants and facilities. They provide essential data on plant
design, equipment, and .iperations. They are used at the operator, management, and
engineering levels. Regulator, agencies use tham to evaluate plant operations and
insure that permit requirements are being met. Records and reports provide a way using
past experiences, to determine current and future needs. They are also valuable tools
for training new personnel.

INFORMATION

Equipment and Facilities

A complete set of records and plans of the sewage system and wastewater treatment
plant are filed at the plant or in the installation engineer's office. The records
include the following:

1. Dates of installation and major additions.

2. Data of design and capacity of sewers, pumping stations, and treatment plants.

3. Pump data, including manaufacturer, type, size, capacity and head.

4. Manufacturer's data on all installed mechanical equipment.

5. File of test and operating records.

Records kept for a long period of time are the best means of indicating effects in
Ichanges in population, seasons, and wastewater plant operating procedures. Ilecords are
also an aid in designing plant extensions. A record is kept on lift stattons from day
to day. You want to make a elleck of the pumps, air compressors, pipes, valves, record-
ing charts, and other equipment that is at the lift station. You can make a check of
your equipment and lift station every two hours. You should sign the log and initial
the blanks that pertain to your equipment. (See Figure 11-1). If you have any prob-
lems, make a statement in the remarks section. Always inform operators that follow you
Oh the next shift of any Unusual conditions.

Io locating the wastewater lift stations on your base, you will need to have a base
map to show you building locations such as the street and building numbers. You need
the base maps to set up a route in which to make your lift station run. Set your lift-
station run-up for the shortest driving possible. You will save fuel and repair on your
vehicle.

A compleze set of maps and plans of the wastewater system and treatment plant will
be filed at the plant or in the civil engineer's office. These maps shall show the
following details: minhole locations with reference points; distance between manholes
and building sizes.

Both general and detailed maps of the wastewater distribution system are required.
The map should show the following items:

1. The general map shall show the overall system in bold lines, with the width of the
lines in proportion to the size of the pipe system. The map will include but will
not be limited to pipe sizes, force mains, and direction-of-flow arrows. (See
Figure 11-2).
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Figure 11-1.
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MAIN ENTRANCE,

Figure 11-2. Part of General Utility Map

2. Detailed atilitie maps shall be provided and copies kept available for use by
field crews. Th ps shall show, but not br limited to, the following details:
manhole location th reference points; manhole invert and cover elevation;
distance between ales; sewer material, sizes and grades; location of forced
main air reliofs and drain sumps. Any modificatibb or addition to the system is
noted by making the required changes on the maps. L this manner, the maps are
kept up to date.

The best scale for the map is one inch equals 50 feet; but, a scale of one inch equals
100 feet may be used. At a congested intersection, inserts of a larger scale may be
needed to show all data clearly.

1 1-3
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BecLuse of the large scale, utility maps are usually drawn in several sections;
however, the utility map for a small system can be drawn on one sheet. If the instal-
lation utility systems are too complex to permit a clear consolidated drawing, then an
overlay map can be prepared for each atility system. A general installation map may be
used as a base. Relative locations of all systems can then be determined by placing one
overlay directly over enother.

ITEM
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......±....x.--+.=.11
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ee....., ..i

OCNO SMK

a)
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9 (3/32' DIA) 4BRANCH OR NO. 41/2" NOZZLE
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/- -STEAMER NOZZLE
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--lot--
SEU.--4--
-f---

Figure 11-3. Universal Symbols for Distribution System Records

SYMBOLS. The symbols shown in Figure 11-3 have been universally adopted to insure
uniform, easily iLiterpreted distribution maps. Personnel engaged in preparing
distribution maps must follow these symbols exactly.

11-4
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Figure 11-4. AF Form 995, ,te Valve/Hydrant Record

AF Form 995, Gate Valve/Hydrant Record, contains enough detailed information about
each valve in the system so the valves can be found and operated quickl... at any time.
An AF Form 995 is prepared for each valve and hydrant. Enough copies are made of each
AF Form 995 to provide a f. 11 set of gate valve hydrant records for all distribution
system personnel. The sheets are bound into a folder with an index of valve numbers
with corresponding sheets or page numbers. A sample gate valve hydrant record is shown
in Figure 11-4.



A schematic diagram for each pumping station should show all major piping and
control valves in bold lines; indicate source of supnly, direction of flow, and point of
discharge of piping, purpose, and identifying number of each valve. The diagram should
be mounted on the pumping station wall for guidance of operators, and, in emergencies,
for personnel not familiar with the layout

Maintenence Records

It is .!mportant to keep good maintenance records. Maintenance records can help you
set up a preventive maiwtenance plan. By following a regular mantenance schedule many
equipment malfunctions utn be avoided. If equipment does malfunction and you have a
record of where to get replacement parts or instructions on how tr, correct the problem
it can us:rally be corrected faster.

WASTEWATER LOGS. A practical, efficient system of reports and logs is necessary for
good operation and maintenance, but such records must be kept accurately and regularly
to be of maximum value. Accumulated records are the best means of eva:uating methods
and processes and indicating effects of changes in population, seasons, and operating
procedures. Local records are also valuable aids when designing plant extensions.
Figure 11-5 shows AF Form 142, the Water PollJtion Control Utility Olerating Log
"General," which is used at wastewater treatment plants. Figure 11-6 illustrates AP
Form 1463, Water Pollution Control Plant Operating Log "Supplementary," which is
required at installations with secondary wastewater treatment or large primary treatment
plants with separate sludge digestion where detailed analysis are justffied. AP Form
1463 is for use as a supplement to AP Form 1462 at those installations where routine
laboratory analysis of solids, biochemical oxygen demand, and disscaved ox'..gen are
required. It is prepared in duplicate for each plant and posted daily by the ferson in
charge of the plant. At the end of the month, it is reviewed by the Base Civil Engin^e:
and the carbon and second copy is forwarded to the Major Air Commsyd. Copies are no'.
forwarded to Headquarters USA1...

nATLY LOGS. Logs are poste3 at the treatment plant and daily recordings are put ot,
them by the operator. The readings are chlorine residual, settleable solids; dissoll
oxygen test; pH of wastewater. You can put on the wastewater log changes it valves
being opened or closed on your shift. You can also put on this daily log the
temperature of the heat exchanger, boiler water, the temperature of the sludge being put
in the digester. i'au have a remarks section where you enter any unusual conditions of
the plant on your shift. The daily logs are changed every day on the morning shift at 8
o'clock. They are kept on file in the wastewater plant offive for two y.aars. (See
Figures 11-7 and 11-8)
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INSTRUCTTOP177

Using Sw

1 Wby do

EXERCISE'IV-11-11a

PART 1

:)00-Y1J-17. complete the foilowing statements.

rr and facilities?

2. Low often are iifl-stations checked?

3. What help will base map give ypu on a lift station run?

4. Why are maintenance records important?

5. What 11 Air ?orce Form 995?

6 A schematic diagram for each pumping station should show what?

7. Why are wastewater logs necessary?

S. What is AF Form 1462?

9. What is AF Form '463?

10. How often are AF Forms 1462 and 1643 posted?

11. What ere three readings put on the daily log sheet?

a.

h.

c.



PART 2

IYSTRUCTIONS

Using Air Force Form 1462 and the information below, complete filling in of theform.

PART A

1. On June 28, rainfall 0, wind direction VCW, air temperature 80, temperature of
influent 71, pH influent 7.5, pH effluent 7.3, rate per day max. 1200, min. 500,total treated 1012, bypassed O. Recirculated 0, settleable solids raw 9.5,
primary 0.6, relative stability final effluent 39 and raw sludge pumped 700.

9. On June 29, rainfall 0, wind direction W, air temperature 85, temperature ofinfluent 73, rate per day max. 1300, min. 500, total treated 1098, bypassed 0,recirCulated 0, aad raw sludge pumped 900.

3. On June 30, rainfall 0, wind direction W, air temperature 82, temperature of
influent 72, rate per day max 1400, min. 500, total treated 1125, bypassed 0,
recirculated 0, raw sludge pumped 1,000.

PART B

INSTRUCTIONS

Using Air Force Form 1463 and the information below, complete filling in of theform.

1. On June 27 the BOD on the raw wastewater Tas 155; HOD on the primary effluent
was 85; BOD on the final effluent was 50; gas produced was 10,000 cubic feet;
boiler temperature was 140°F; influent temperature was 70°F; effluent
temperature was 71°F; the digester temperature was 97°F.

2. On June 28 the gas produced was 10,40r cubic feet; the boiler temperature w-_;140°F, influent wastewatEr temperature was 70°F; the effluent temperature wr...s71°F; the temperature of the digester was 97°F; D.O. of the final effluent was7.6 pH of the final effluent is 8.4.

3. On June 2P the gas produced was .10,201', cubic feet; the boiler temperature was140°F; the influent temperature was 704F; the effluent temperature was 71°F; the
temperature of the digester was 97°F; the D.O. final was 7.6 and the pH of thefinal was 8.4.

4. On June 30 the raw wastewater BOD was 130; the primary effluent POD was 65; theBOD of the final effluent was 45; the gas produced was 9,800 cubic feet; the
boiler 1.?mperatru.'e was 140°F; the influent temperature was 70°F; the effluent
temperature as 71°F; the digester 'emperature was 97°F.
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PROGRESS CHECK

You should be ready for the progress check. If you feel you need to review some of
the previous instruction, do so. The progress check is prepared as a separate publica-
tion and controlled by the instructor. You must do the progress check under instructor
supervision and complete it prior to leaving for the day.

SUMMARY

Rvcords are a must in wastewater treatment. You must know at all times what changes
are taking place in your plant. You must be able to locate all your lift stations and
at all times Iclow how they are being kept in go,Id working condition. You need good maps
of your distribution system to show you pipe sizes and where force mains are located.
Copies are kept on hand for field crews. The gate valve/hydrant record should contain
enough detailed information about each valve in the system so the valves can be found
and operated quickly at any time.

wastewater records are an important part of plant operation. You found that AF
Forms 1462 and 1463 are monthly operating logs. AF Form 1462 is used at all installa-
tions which have a treatment plant with the exception of septic tanks. AF For-1 1463
supplements Form 1462 at plant., using secondary treatment. Daily logs are changed every
day on the morning shift at yc r wastewater plant.

ATO-SAFP,TX
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Wastewater Treatment and Disposal
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3770 Technical Training Group
Civil Engineeriag Training
Sheppard Air Force Base, Texas

CHARACTERISTICS OF WASTEWATER

OBJECTIVE

PC J3ABR56631 000-IV,1

given Information concerning the characteristics and composition of wastewater and
a list of incompletl) statements and phrases, write the terms or phrases tO complete each
statement. Fifteen of the twenty statements must be correct.

REFERENCES/EQUIPMENT/MATERIALS

SW J3ABR566C1 000-IV-1 thrn 11
APM 91-32

INSTRUCTIONS:

1. This progress check contains 20 items, you must correctly answer 15 in order to
receive a satisfactory rating.

2. When you have completed this progress check, return it to your instructor.

3.- If you have no ynestions, begin your progress check.

DIRECTIONS

Fill in the correct term or phrase which will complete the following statements.
You may nse AFM 91-32 and your study guide for assistance.

1. 'The NPDES limits that is published by the EPA state the

pollutants discharge limits.

9. The extent of water pollution control depends on the

by regulatory agencies.

3. Composition of m)st materials in wastewater are expressed in

which tells the

4. The physical characteristics of wastewater are

, and

5. Changes in wastewater temperatures will affect the

of the wastewater.

, and

6. The color of wastewater wtth D.O. present will normally be

7. Domestic- wastewater will normally have a odor.

R. Most industrial wastes need

introduced into a collection system.

1-1

865

prior to being



9. The most common types of solids in wastewater are

and

10. The chemical charcteristics of wastewater that are of special concern plant

operators are

11. Bacteria in wastewater that contains D.O. are called bacteria.

12. Bacteria in wastewater that contains no D.O. are called bacteria.

13. The nutrients present in domestic wastewater are and_

14. These nutrients cause of in
receiving waterways.

15. Three biological organisms present in wastewater are

and

16. Tests for total coliform and fecal coliform are used to indicate the presence of

17. Bacteria that can live with or without the presence of D.O. In mistewater are

called bacteria.

18. Viruses in wastewater can be removed by

, and

19. Parasites can generally be removed from wastewater by

20. Three sources of wastewater originate from

or

and



3770 Technical Training Group
Sheppard Air Force Base, Texas

WASTEWATER PLANT SAFETY

OBJECTIVE

Given a list of unsafe conditions and violations, select
to eliminate the violation. Seven of ten must be correct.

REFERENCES/EQUIPMENT/MATERIALS

None

INSTRUCTIONS

I. This progress check contains ten items, you
receive a satisfactory rating.

2. When you have completed the progress check,

PC J3ABR56631 000-IV-2a

the safs rule or practice

must correctly answer seven in order to

return it to your instructor.

3. If you have no questions, begin your progress check.

DIRECTIONS:

Read the unsafe conditi.m or act in Column
statement from Column B to eliminate the unsafe
used once, more than once or not at all.

COLUMN A

A and select the correct safety
condition. Items in Column B may be

1. An operator has splashed a chemical in his/her
eyes

2. An operaZor wants to know how to identify and
eliminate umNealthy conditions and to protect
property.

3. While working in a lift station, the operator has
become dizzy and weak, short of breath.

4. The noise from a standby engine is hurting your
ears and giving you a headache.

5. A chlorine cylinder fell on your foot during
loading activities. Serious injury has occurred.

6. You recognize that your co-worker is in the state
of electrical shock. What is the first action to
take.

7. Complaints are brought to your attention from
other plant operators concerning which water line
contains potable water.

_ 8. The water traps In digester gas collection equip-
ment are Inoperative due to freezing.

9. After a new plant has been built, you should
insure that all aeration tanks, open pits and wells
are equipped with what two safety items.

2-1
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a.

b.

c.

d.

e.

f.

g.

h.

i.

J.

k.

1.

m.

COLUMN B

Safety-toe shoe

Read/know OSHA
recommendations

Use an oxygen feed
device

Use emergency eye
wash

Rubber boots

Use goggles or face
shield

Cotton plugs

Read/know AFOSH
regulations

Use emergency shower

Wear a filter mask

Ear plugs

Non-skid shoes

Give CPR immediately



10. You observe an operator clnaning the trickling
filter unit as the wastewater is flowing through
the rotating arms.

n. Guard rails and ltfc
preservers

o. Lights snd walkways

p. Use color coding and
signs

q. Stop the bleeding

r. Use antifreeze

s. Use printed arrows

t. Remove live
conductor

u. Anchor or tie down
the distributors



3770 Technical Training Group PC J3A9R56631 000-IV-3a
Sheppard Air Force Rase, Texas

POLLUTION CONTROL POLICIES AND PROGRAM

OBJECITVE

Given information concerning Environmental Pollution Control Policies and Programs
and a list of incomplete statements, write the phrase or term to complete each
statement. Seven of tea must be correct.

REFERENCES/EQUIPMENT/MATERIALS

SW J3ABR56631 000-IV-1 thru 11

INSTRUCTIONS:

1. This progress check contains ten items. You must correctly answer seven in order
to receive a satisfactory rating.

2. When you have completed this progress check, return it to your instructor.

3. If you have no questions, begin your progress check.

DIRECTIONS:

Using your study guide select the correct phrase or term that will complete the
incomplete statements pertaining to pollution policies and controls.

1. Under Executive Order 11752, the President has stipulated that

2. Permit is not a license to

3. Wastewater pollution controls set a limit on the plant to

the

4. Three types of records kept for a wastewater treatment plant are

and record;s.

5. Plant reports and lab records must be kept for at least

6. Local agencies are run by the of the community.

7. The state has the power to , to and

to the sources of pollution.

8. The __issues permits to prevent, reduce and do away with

9. The is required to have nationwide wastewater effluent

limitations.

10. The purpose of having wastewater treatment is to have wastewater released

without bad

3-1
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3770 Technical Training Group
Sheppard Air Force Base, Texas

POLLUTION CONTROL P3LICIES AND PROGRAM

OBJECITVE

PC J3ABR56631 000-IV-3b

Given information related to hazardous waste material, select the phrase or term
which correctly answers the written statements. Seven of the ten must be correct.

REFERENCES/EQUIPMENT/MATERIALS

None

INSTRUCTIONS:

1. This progress check contains ten items. You must answer seven correctly in order
to receive a satisfactory rating.

2. When you have completed this progress check return it to your instructor.

3. If you have no questions, begin your progress check.

DIRECTIONS:

Complete the statements in Column A by selecting the proper term or phrase from
Column B. Answers may be used once, more than once or not at all.

COLUMN A

1. The eight most common problems in hazardous
wastes are:

2. Methods used to treat hazardous wastes are:

a.
b.

3. When areas of the body come in contact with hazard-
ous chemicals, one should wash the contact area for

4. To protect the health and comfort
sewage must be

without creating
health hazard.

5. Solvents in water will cause
problems

6. Pesticides and herbicides are
and to living organisms.

of the public,
, and

a nuisance or

and

7. Grease and oil in wastewater can
or

to man

be controlled by
methods.

3-3

COLUMN 13

a. Collected

b. Soluable organics

c. Taste

d. Heat

e. 15 min to 2 hours

f. Odor

g. Soluable minerals

h. Treated

i. Substances that burn
and explode

J. Poisonous

k. Toxic substances

1. Chemical treatment

m. Disposed

n. Color and turbidity

o. 5 min to 1 hour

p. Oil, grease, scum

q. Physical treatment



8. A sudden discharge of heated water, thermal
pollution, to bodies of water can effect r. Acids and alkalines

life.

s. Fish and shell
9. Excessive detergents may cause in

aeration tanks. t. Frothing

to. Acids and alkalines can be treated by u. Chemical

V. Neutralization



377e Technical Training Group
(Civil Engineering Training)
Sheppard Air Force Base, Texas

OPERATION AND MAINTENANCE OF SEPTIC TANKS
OBJECTIVE

PC J3A3R56631 000-IV-4a

Given a list of statements concerning the construction features; operational
practices and maintenance of septic tanks, complete each statement. Ten of fifteen mustbe correct.

REFERENCES/EQUIPMENT/MATERIALS

None

INSTRUCTIONS:

1. This progress check contains fifteen items. You must answer ten correctly in
order to receive a satisfactory rating.

2. When you have completed this progress check return it to your instructor.

3. If you have no questions, begin your progress check.

DIRECTIONS:

Complete the following statements in Column A with the correct term or phrase is
Column R. The term or phrase may be used once, more than once or not at all.

2.

3.

COLUMN A

Small septic tanks should have capacity to detain
wastewater for hours.

From to percent of suspended solids
remain in the septic tank effluent.

A title field consists of in the ground
with used to dispose of settled
wastewater into the ground.

4. For proper function of a tile field the water table
must be the level of the tile field.

5. Placing tile the frost line to prevent freezing
is NOT necessary.

6. Pipe size from to inches in diameter is
recommended for tile fieni7-

7. Tile pipe should be laid to a true and

8. Trenches in clay soil with a mixture
be than soil composed of

9. Tile fields may be protected against
erecting Or

of gravel should
sand or loom.

crushing by

10. A dosing siphon is a device that
wasteaater from the primary to the secondary system.

11, Inspectwn ::11 septic tanks should be inspected at
perion of flows.

4-1
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a.

b.

c.

d.

e.

r.

g.

h.

i.

j.

k.

1.

m.

n.

o.

P.

q.

COLUMN B

line, grade

Pipe (line)

smaller

40 - 60

less

below

24

open joints

fences

4, 6

transfers

wider

posts

high

manholes

mechanical

sludge, scum



12. Sludge removed from a septic tank may be disposed of
by r. are not

13. The addition of chemicals to septic tanks s. burial
recommended.

14. Records of septic tanks include data about
and

S,iptie tanks may be used at installations.

t. aro

u. small



3770 Technical Training Group
(Civil Engineering Training)
Sheppard Air Force Base, Texas

OBJECTIVE

PC J3ABR56631 000-IV-5a

OPERATION AND MAINTENANCE OF PRETREATMENT UNITS

Given information pertaining to pretreatment units and processes, match the terms
and phrases to each type of processing unit. Ten of fifteen must be correct.

REFERENCES/EQU1PMENT/MATERIALS

None

INSTRUCTIONS:

1. This progress check contains fifteen items. You must answer tea correctly
order to receive a satisfactory rating.

2. When you have completed this progress check return it

3. If you have no questions, begin your progress check.

DIRECTIONS:

Complete the following statements in Column A with the correct
Column B.

to your instructor.

1.

COLUMN A

Grease removed from grease traps is usually
or

2. All drains from flightlines, motor pools and other
activities that discharge oily wastes must have

installed at each effluent.

3. Three types of piping systems designed to carry
wastewater to the plant are , and

4. A device installed in the collection system to prevent
damage to plant equipment or clogging of wastewater
lines is a

5. Wastewater collection system starts in a building
and then empties into a pipe.

6. The Or sewer is, a large pi * which
receTWW-Ftle flow fFiii-ittb-mains and laterals,

7. Wasterwater collection systems use mostly
to move the wastewater.

8. The amount of wastewater than can be c..:rried depends
on the and of the pipe.

9. A must never be allowed between

to.

11.

the sewer and

A

drinking water lines.

is used to let the operator
lines.

with the operation

inspect and

of collection
and

clean the sewer

Four common problems
system are

12.

_ _ __

Lift stations are used
possible.

where flow is not

13. A is used to hold incoming liquds.

5-1

74

a.

b.

c.

d.

e.

f.

g.

h.

t.

j.

k.

1.

m.

n.

o.

p.

q.

r.

S.

t.

U.

in

term or phrase from

COLUMN

sanitary sters

manhole

burned

main, trunk

infiltration

storm sewers

gravity flow

buried

breaks/lLaks

oil traps

odor

combined sewers

lateral

size, shape

screen

rainfall

cross-connection

roots

gravity

grease/trash

dry well



14. A
iniWIFfron

15. Pumps used
type.

COLUMN A

is used to house equipment for
WEdiiiratenance.

at lift stations are usually or

COLUMN B

grit

wet well

centrifugal,
ejector



3770 Technical Training Group
(Civil Engineering Training)
Sheppard Air Force Base, Texas

OBJECTIVE

PC J3A8R56631 000-IV-6a

OPERATION AND MAINTENANCE OF PRELIMINARY TREATMENT UNITS

Demonstrate a knowledge of the purpose of preliminary treatment units and
subsystems by making written responses to questions that pertain to preliminary
mistewater treatment. Seven of ten responses must be correct.

REFERBNCES/EQUIPMENT/MATERIALS

SW J3A13R56631 000-IV-1 thru 11
AFM 91-32

INSTRUCTIONS:

1. This progress check contains ten items. You must answer seven correctly in order
to receive a satisfactory rating.

2. When you have completed this progress check return it to your instructor.

3. If you have no questions, begin your progress check.

DIRECTIONS:

Use your study guide/workbook and AFII M-32 to write short statements answering
each question.

1. What is the purpose of a bar screen?

2. Coarse screens are used to remove what type of solids?

3. Fine screens are used to remove what type of solids?

4. What two methods are used to clean bar screens?

5. What is the purpose of grit removers (chambers)?

6. What is the purpose of a shredder, grinder of comminutor?

7. What is the recommended preaeration period?

8. How is grease removed from wastewater during the preaeration process?

9. What type materials is removed when using vacuum flotation?

10. What device is used to measure flow in open channels?

6-2
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3770 Technical Training Group
(Civil Engineering Training)
Sheppard Air Force Base, Texas

IMJECTIVE

PC J3ABR56631 000-IV-6b

OPERATION AND MAINTENANCE OF PRELIMINARY TREATMENT UNITS

Using information provided, list the required maintenance for screens, grit
removers, shredders and preaerators according to AFM 91-32. Six of ten must be correct.

REFERENCES/EQU1PMENT/MATERIALS

AFM 91-32

INSTRUCTIONS:

1. This progress eherk contains ten items. You must answer six items correctly in
order to receive a satisfactory rating.

2. When you have completed this progress check return it to your instructor.

3. If you have no questions, begin your progress check.

DIRECTIONS:

Use AFM 91-32 to answer the following questions pertaining to the maintenance of
preliminary treatment units?

1. How often should bar screens (trash racks) be inspected and raked?

2. How should screenings (rags, etc.) be disposed of properly?

3. Three maintenance requirements performed on mechanically cleaned bar screens are

and

4. What are the maintenance requirements for proper operation and care of comminutors

and barminutors?

5. What action is taken if the sharpening and realigning of cutting edges on a

comminutor fail to give good results?

6. What daily inspections are performed on aerated grit chambers?

7. What action should be taken if sand, silt and gravel are found In thil primary

clarifier?

1_

6-3
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8. What is the likely cause of a comminutor or bariminutor not operating?

9. What action should be taken if improper shredding or unusual vibrations an.1 noise

is noticed from a comminutor or barminutor?

10. What action should be taken if ice has coated the machinery tracks and guides?

6-4
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3770 Technical Training Group
(Civil Engineering Training)
Sheppard Air Force Base, Texas

144117frIVr

PC J3ABR56631 000-IV-6c

OPERATION AND MAINTENANCE OF PRELIMINARY TREATMENT UNITS

Using AFM 91-32, solvi: three operational problems concerning the preaeration unit
on the preliminary treatment process.

REFERENCES/EQUIPMENT/MATERIAL

AFM 91-32

INSTRUCTIONS:

1. This progrOSS check contains three items. You must answer all of them in order
to roveive a satisfactory rating.

2. When you have completed this progress check return it to your instructor.

3. If you have no questions, begin your progress check.

DIRECTIONS:

Below are three operational problems concerning the preaeration unit of preliminary
treatment process. You may use AFM 91-32 to obtain the solution.

1. What determinines if preaeration is required?

2. What purpose does preaeration serve?

3. If a preaeratton unit contains no air bubbles, what is this an indication of?

6-5
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3770-Technical Training Group
(civil Engineering Train1ng)
Sheppard Alr Force Base, Texas

OBJECTIVE

PC J3ABR56631 000-IV-6d

OPERMON AND MAINTENANCE OF PRELIMINARY TREATMENT UNITS

While on a field trip to a local municipal wastewater treatment plant, monitor the
operation of the grip remover and screen/shredder. Use a checklist to evaluate
procedures against the standards set forth in AFM 3l-32. Student's checklist must
correspond to 60% of the entries made by the instructor's evaluation of each item.

REFERENCES/EQUIPMENT/MATERIALS

AFM 91-32

INSTRUCTIONS:

1. This progress check will be accomplished under actual field conditions at a local
wastewater plant.

2. Using the attached checklist, you must actually evaluate the operation of the items
listed on the checklist.

3. Your answers must correspond to 60% of the evaluation of the instructor's assess-
ment of the operation.

4. When you have completed this progress check, return it to your instructor.

5. If you have no questions, begin your progress check.

DIRECTIONS:

As a wastewater plant operator, you must be aware of the changing conditions
effecting the efficient operation of wastewater equipment. This progress check is
designed to test your ability to recognize operational and maintenance areas concerning
the equipment. Your instructor will be accomplishing a checklist also. Your checklist
must agree within 60% of the instructor's checklist on each item in order to receive a
satisfactory rating on this progress check.

GRIT REMOVRRS

1. Is water entering the unit evenly?

2. Is the mechanlcal grit remover in operation?

3. Is pre-chlorination taking place in the grip chamber?

4. Are trash and rags left on the grip chamber chain?

5. Does unit have proper propertional wier?

SCREENS AND SHREDDERS

1. Is sereen properly set for receiving flow?

2. Is screen raked and clean?

3. Are proper gates open to allow flow to enter the screen?

4. Are cleaning tools in a sate place?

5. Is Barmunuter in operation?

6-7
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3770 Technical Training Group
Civil Engineering Training
Sheppard Air Force Base, Texas

OBJECTIVN

PC J3ABR56631 000-IV-7a

OPERATION AND MAINTENANCE OF PRIMARY TPEATMENT UNITS

While visiting a municipal wastewater plant, observe the operation of the plant and
equipment. !Ise a schematic to trace the flow through the system and a checklist to list
the maintenance and safety Items with no more than three instructor assists.

REFERENCES/EQUIPMENT/MATERIALS

None

INSTRUCTIONS:

I. This progress check contains three parts, consisting of nineteen items. You must
answer all items correctly.

2. You are authorized three instructor assists.

3. Whan you have completed this progress check, return it to your instructor.

4. If ther are no questions, begin your progress check.

DIRECTIONS:

Study the illustration of the sewage lift station at Wichita Falls, in figure 7-1,
and place the number from the figure by the name of the component in the space provided.

Measuring device

Electric motors

Air compressors

Screens and shredders

Wet well

Control panel

Pumps

Ventilation

Swing lift valves

Fresh water tank

7-1
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1stLevel

Figure 7-1. Lift Station

882



PART 2

INSTRUCTIONS

During the Field Trip list any discrepancies noted.

What discrepancies in operation and maintenance did you witness on the field trip?

a.

b.

c.

d.

e.

f.

PART 3

INSTRUCTIONS

Study the illustration of the 63 wastewater plant
figure 7-2 and place the number from the figure by the
space provided. Some names are used more than once.

Grit chamber

Distribution box

Sludge pump room

Primary clarifier

Secondary clarifier

Trickling filter

at Wichita Falls, Texas, in
name of the component ln the

Primary dlsgester

Secondary digester

Sludge drying beds

Boiler room

Influent from lift-station

Effluent



Figure 7-2. Wastewater Plant

STOP

Before proceeding any further, have the instructor check your work.

7-5
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3770 Technical Training Group
Civil Engineering Training
Sheppard Air Force Base, Texas

OBJECTIVE

PC J3ABR56631 000-IV-7b

OPORATION AND MAINTENANCE OF PRIMARY TREATMENT UNITS

Using given information, a sampling device and working as a team, collect awastewater and a sludge sample from various sampling points within the plant, with nomore than two instructor assists.

REFERENCES/EQUIPMENT/MATERIALS

AFM 91-32
Wastewater Sampler, (1 ea team)

INSTRUCTIONS:

1. This progress check consists of collecting wastewater and sludge samples. You
must collect the samples in accordance with AFM 91-32.

2. Failure to follow the instructions will result in an unsatisfactory rating on thisprogress check.

3. When you have completed this progress check, return it to your instructor.

4. If you have no questions, begin your progress check.

DIRECTIONS:

While on the field trip to a wastewater plant, collect a wastewater sample and asludge sample. In the space below write down where in the plant the sample was
collected from.

SAMPLE

Raw

Primary

Secondary

Final

SAMPLE

Raw

Digestor

Digested

WASTEWATER

SAVPLING POINT

SLUDGE

SAMPLING POINT

7-7
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3770 Technical Training Group PC J3ABR56631 000-IV-7c
Civil Engineering Training
Sheppard Air Force Base, Texas

OPERATION AND MAINTENANCE OF PRIMARY TREATMENT UNITS

OBJECTIVE

Following written instructions, identify the operation of primary wastewater
treatment units by making written responses to questions according to AFM 91-32. Seven
of the ten answers must be correct.

REFERENCES/EQUIPMENT/MATERIALS

None

INSTRUCTIONS:

1. This progress check consists of ten units. You must answer seven of them correctly
in order to receive a satisfactory rating on this progress check.

2. When you have completed this progress check return it to your instructor.

3. If you have no questions, begin your progress check.

DIRECTIONS:

Complete the following questions which pertain to primary treatment by making short
written statements to each question.

1. What are primary clarifiers (settling tanks) used for in wastewater treatment?

2. What are the three types of settling tanks?

3. How is sludge removed in primary settling tanks?

4. What are three major construction features of an Imhoff tank?

5. What are the three types of digesters?

6. What is the purpose of a drying bed?

7. Why is a fork recommended rather than a shovel when removing dried sludge from the

drying beds?

8. How can wet sludge be used or disposed?

9. What ts the purpose of a flame trap?

10. What material is used on the media of a bacuum filter drum?

7-9
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3770 Technical Training Group
PC J3ABR56631 000-IV-7d

Civil Engineering Training
Sheppard Air Force Base, Texas

OPERATION AND MAINTENANCE OF PRIMARY TREATMENT UNITS

OBJEtT I VE

Following written instructions, list the maintenance practices of primary
wastewater treatment units by making written responses to questions according to AFM91-32. Eight of twelve responses must be correct.

REFERENCES/EQUIPMENT/MATERIALS

AFM 91-32

INSTRUCTIONS:

1. This progress check contains twelve items. You must answer twelve correctly in
order to receive a satisfactory rating.

2. When you have completed this progress check return it to your instructor.

3. If you have no questions, begin your progress check.

DIRECTIONS:

Complete the following questions pertaining to the maintenance of primary treatmentunits by listing the corrective actions to take for each situation. You may use AFM
91-32 Chapters 4 and 13 for assistance.

1. What actions should be taken if settleable solids are passtng over the effluent

weir of a settling tank?

2. What actions should be taken in cleaning the sidewalls of settling tanks?

3. What maintenance procedures are taken to care for "dead-ends" and corners of

settling tanks?

4. How is scum removed and disposed of during the care of an Imhoff tank?

5. How can floating solids and foam be controlled in the settling tank of an Imhoff

tank?

6. If the sludge outlet pipe of an Imhoff tank becomes clogged, what action chould

you take to unclog the line?

7. What maintenance procedure should be taken if excess grit is accumulated in an

anaerobic digester?

7-11



8. What maintenance procedure should be taken if watery sludge is being discharged to

the drying beds or units?

9. If the underdrains of a drying bed is crushed or has collapsed, what maintenance

actions should be taken?

10. How often should the vacuum filter medium be cleaned?

11. How is excess grease and oil removed from the filter?

12. If odors and foaming is noticed around the parts of the filter, filter room and

sludge lines, what maintenance action should be taken?
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3770 Technical Training Group PC 43A8R56631 000-IV-7e
Civil Engineering Training
Sheppard Air Fcymce Base, Texas

OPERATION AND MAINTENANCE OF PRIMARY TREATMENT UNITS

OBJECTIVE

Given five statements concerning the grease and volatile acids test, indicate if
the statements are true or false. Three of the five statements must be correct.

REFERENCES/EQUIPMENT/MATERIALS

None

INSTRUCTIONS:

1. This progress check contains five statements which you are to indicate whether
they are true or false. You must answer three of the five correctly in order
to receive a satisfactory rating.

2. If there are no questions, begin your progress check.

3. When you have completed this progress check, return it to your instructor.

DIRECTIONS:

Identify whether the following statements concerning grease and volatile acid tests
are true or false by placing a "T" for true or an "F" for false in front of the
statement.

1. Volatile acid tests measure the acid content of the sludge.

2. Volatile acid tests are valuable to maintain digester control.

3. Volatile acid tests uses a hot plate as a piece of equipment needed to run the
test.

4. To run a lab grease test you must have at least 1000 ml of sample.

5. Holding time for a grease test sample should not exceed 24 hours.

7-13
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3770 Technical Training Group PC J3A61156631 000-IV-8a
Civil Engineering Training
Sheppard Air Force Base, Texas

OPERATION AND MAINTENANCE OF SECONDARY TREATMENT UNITS

OBJECTIVE

Given a llst of incomplete statements and a list or terms and phrases relative to
tho operation of trickling filters, compiete the statements IAM AFM 91-32. Eight of
twelve completed statements must be correct.

REFERENCES/EQUIPMENT/MATERIALS

None

INSTRUCTIONS:

1. This progress check consist of twelve items. You must correctly answer eight in
order to receive a satisfactory rating on this progress check.

2. When you have completed this progress check, return it to your instructor.

3. If you have no questions, begin your progress check.

DIRECTIONS:

Complete the incomplete statements in Column A by using the terms or phrases inColumn B. All selections can be used once, more than once or not at all.

COLUMN A COLUMN B

1. Trickling filters remove pollutants from wastewater a. settleable
by changing and solids to sludge.

b. super-high-rate2. The film covering the filter media of a trickling
filter is known as layer or film. c. slime

3. -Trickling filters are part of the process. d. biological

4. The type of bacteria mostly found to decompose solid e. dissolved
matter on the trickling filter media is

f. aerobic
5. Trickling filters remove solids by action,

not by filtration. g. roughing

6. The four different classes of trickling filters are h. zoogleal
_ ..... -

i. distribution system
7. The four main parts of a trickling filter are the

, and the j. collodial

k. standard-rate
8. A trickling filter must have the right amount of

and 1. se.c.ondary
solids to settleable solids.

m. high-rate9 A trickling filter can remove up to to
percent of son. n. media

10. Recirculation from the final clarifier back to the o. food
trickling filter is used to the removal
of and p. ponding

It. Factors which can affect trickling filter operation q. 85-90are and

r. seasonal changes

8-1
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12. Two types of distributor arms are and

8-2 891

s. oxygen

t. rotary

U. underdrain

v. fixed

w. microorganisms

x. retaining wall

y. increase

z. temperature



3770 Technical Training Group
Civil Engineering Training
Sheppard Air Force Base, Texas

OBJECTIVE

PC J3ABR56631 000-IV-8b

OPERATION AND MAINTENANCE OF SECONDARY TREATMENT UNITS

Given information and a troubleshooting guide, identify the maintenance
requirements for trickling filters by following a troubleshooting guide with maximumof one instructor assist.

REFERENCES/EQUIPMENT/MATERIALS

AFM 91-32

INSTRUCTIONS:

1. This progress eh#NA consists of five items. You must correctly answer all itemsin order to receive a satisfactory rating on this progress check.

2. You are authorized one instructor assist.

3. When you have completed this progress check, return it to your instructor.
4. If you have no questions, begin your progress check.

DIRECTIONS:

Use table 5-7 in AFM 91-3r and determine the action to take to correct thefollowing operational problems in trickling filters.

OPERATIONAL PROBLEM/INDICATOR ACTION TO TAKE

1. What action should be taken if there
is grease on the filter media?

2. What action should be taken if leak-
ing Is noticed around the center
column?

3. What action should be taken if the
flow through the distributor arms
are not uniform?

a.

b.

a.

b.

a.

b.



4. What action should be taken if an a.
uneven splash or spray pattern is
noticed coming from the filter arms?

b.

5. What action should be taken if black a.
growth and foul odor are noticed on
the filter media?

b.

8-4
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3770 Technical Training Group
Civil Engineering Training
Sheppard Air Force Base, Texas

OBJECTIVE

PC J3ABR56631 000-IV-8c

OPERATION AND MAINTENANCE OF SECONDARY TREATMENT UNITS

Given information and incomplete statements related to wtstewater lagoons, write
the cG:rect term or phrase to each statement according to AFM 91-32. Six of the ten
responses must be correct.

REFERENCES/EQUIPMENT/MATERIALS

None

INSTRUCTIONS:

1. This progress check consists of ten items. You must correctly answer six in
order to receive a satisfactory rating on this progress check.

2. When you have completed this progress check, return it to your instructor.

3. If you have no questions, begin your progress check.

DIRECTIONS:

Select the correct term or phrase from Column B which applies to the incomplete
statement in Column A.

COLUMN_A COLUMN R

1. Bacteria in lagoons may be either
or

2. Stabilizing organisms included in the processing of
wastewater lagoons are

, and some fish.

3. A lagoon should be located at least
from all water supplies.

4. Soil conditions for construction of lagoons should
be

5. Some construction features of lagoons include

6. Surrounding area of a lagoon should be kept free
from and

7. Cattails, burr reeds, and other shallow water plants
should be controlled because they attract
and

S. A lagoon effluent below average may indicate
has developed.

9. What visual observations can indicate the operation
efficiency of lagoons?

a .

h.

8-5
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a. algae, bacteria

b. dikes

c. one-fourth mile

d. weeds

e. aerobic

f. level

g. mosquitoes

h. protozoa, rotifers

i. clear effluent

J. anaerobic

k, sloped walla

1. pourous

m. muskrats

n. faculative

o. leakage or perculation

p. crustaceans, worms

q. brush



10. Tests for good operation and function of a lagoon r. free-board space
include

, and
S. insect larvae,

amphibians

t. accesses, well
maintainei

U. pH, flow

v. no scum or grease

w. suspended solids

X. temperature, D.O.



3770.Technical Training Group PC J3ABR56631 000-IV-8d
Civil Engineering Training
Sheppard Air Force Rase, Texas

OPERATION AND MAINTENANCE OF SECONDARY TREATMENT UNITS

OHJECTIVE

Define the activated sludge process and principles by matching the correct phrase
or term to a statement related to activated sludge. Seven of eleven responses must be
correct.

REFERENCES/EQUIPMENT/MATERIALS

Nune

INSTRUCTIONS:

1. This progress check consists of eleven items. You must correctly answer seven in
order to receive a satisfactory rating on this progress check.

2. When you have completed this progress check, return it to your instructor.

3. If you have no questions, begin your progress check.

DIRECTIONS:

Select and match the statements from Column A with the terms and phrases in ColumnB which pertain to activated sludge processes or principles. Selections can be used
once, more than once or not at all.

COLUMN A

1. A biological unit or system used in
secondary treatment.

2, A system that can remove as much as 95%
BOD.

3. Affecta the A.S. process more than some
other systems.

4. Mixes with the sludge already in the
aeration tank.

5. Enough supplied to keep the wastewater
aerobic.

6. Must be returned from the final settling
tank to the aeration tank.

7. The name of the contente in the aeration
tank.

S. The name of the liquid and solids that is
sent back to the aeration tank.

9. The name of the oolids that are removed
from the plant system.

10. Organisms that do not settle well or do
Lot form a heavy floc.

11. Three nutrients required for A.S. process

8-7
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a.

b.

C.

d.

e.

f.

g.

h.

1.

j.

k.

I.

m.

n.

COLUMN B

influent wastewater

waste sludge

sludge

floc-forming

activated sludge

phosphorous

mixed liquor

oxygen

microorganisms

carbon

shock loads

nitrogen

filamentous

returned activated sludge
(RAS)



3770 Technical Training Group PC J3ABR56631 000-IV-8e
Civil Engineering Training
Sheppard Air Force Base, Texas

OPERATION AND MAINTENANCE OF SECONDARY TREATMENT UNITS

OBJECTIVE
I.

Indicate the basic facts about activiated sludge systems by matching the properfacts to a list of various types of systems. Twelve of seventeen must be correct.

REFERENCES/EQUIPMENT/MATERIALS

None

INSTRUCTIONS:

1. This progress check consist of seventeen items. You must correctly answer twelve
in order to receive a satisfactory rating on this progress check.

2. When you have completed this progress check, return it to your instructor.

3. It you have no questions, begin your progress check.

DIRECTIONS:

Ntch
used once,

the Tollowing statements to the system they
more than once, or not at all.

STATEMENTS

describe. The systems may be

SYSTEM

1. 8-12 hour aeration detention time a. r3c

2. Reaeration basin has a longer detention
time than the aeration tank

b.

c.

Conventional

Egtended aeration
3. May include a primary settling tank

d. Contact stabilization4. Oxidation ditch
e. Submerged contact aeration

5. May use rotors to aerate the mixed liquor

6. Microorganisms live on rotating discs

7. May be shaped in a circular construction
similar to package plants

8. Operates with a very oid sludge age

9. Separated into stages ot treatment

10. Cement-asbestos plates

11. Has a short detention time for the
wastewater

12. Mixing zone, reaeration zone, aerobic
digester, settling zone

13. Uses only diffused aeration process

14. Requries R.A.S. for seeding the aeration
tank.

15. Uses an intermediate settling tank,;
16. Detention time is at least 18 hours

17.
-=2.1

Does not require a digester

8-9
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3770 Technical Training Group PC J3ABR56631 000-IV-8f
Civil Engineering Training
Sheppard Air Force Base, Texas

OPERATION AND MAINTENANCE OF SECONDARY TREATMENT UNITS

OBJECTIVE

Indicate the corrective action to take when operational problems develop by listing
the proper corrective action for each problem according to AFM 91-32. Two of four must
be correct.

REFERENCES/EQUIPMENT/MATERIALS

AFM 91-32

INSTRUCTIONS:

1. This progress check consists of four items. You must correctly answer two in order
to receive a satisfactory rating on this progress check.

2. When you have completed this progress check, return it to your instructor.

3. %If you have no questions, begin your progress check.

DIRECTIONS:

Write the corrective action you should take to correct the operational problems
listed below. Use AFM 91-32 for assistance. Problems will pertain ta activated sludge
aeration tanks, settling tanks for organic/hydraulic loading of the system.

PROBLEM CORRECTION

1. Odors are devloping in the aeration tank.

2. A white fluffy foam is noticed in the
aeration tank.

3. A large and sudden decrease in solids in
the final clarifier is noticed.

4. Clumps of sludge aro rising to the surface
of the aeration tank and the D.O. has
dropped - an odor is noticed. Presume an
organic overload in aeration tank.



3770 Technical Training Group
Civil Engineering Training
Sheppard Air Force Base, Texas

OBJECTIVE

PC J3ABR56631 000-IV-8g

OPERATION AND MAINTENANCE OF SECONDARY TREATMENT UNITS

Ritch a list of Incomplete statements concerning submerged contact aeration units
with the correct term to complete them. Three of the five statemmts must be correct.

REFERENCES/EQUIPMENT/MATERIALS

None

INSTRUCTIONS:

1. This progress check consists of five items. You must correctly answer three in
order to receive a satisfactory rating on this progress check.

2. If you have no questions, begin your progress check.

3. When you have completed this progress check, return It to your instructor.

DIRECTIONS:

Complete the statements in Column A with the words or phrases in Column B.
Selection may be once, more than once or not at all.

Column A Column B

1. are used to distribute a, I ppm and
TIY-iiiiifi-Cffroughout the basin.

b. Water
2. The foam on top of a contact aeration

plant can be controlled by a fine c. Brown
spray of

d. Aerobic
3. The color of mixed liquor in a

wastewater plant is e. Diffusers

4. The type of bacteria in a contact I. Green
aeration plant is

g. Anaerobic
5. Dissolved oxygen in a contact aeration

system is hept between h. 3 ppm and
and

i. Gray

J. Chlorine

k. Air

1. Oil

8-13
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3770 Technical Training Group
Civil Engineering Training
Sheppard Air Force Base, Texas

OBJECTIVE

PC J3ABR58631 000-IV-8h

OPERATION AND MAINTENANCE OF SECONDARY TREATMENT UNITS

Given ftve statements concerning a rotating fixed media biological unit, indicate
if the statements are true or false. Three of the five statements Lust be correct.

REFERENCES/EQUIPMENT/MATERIALS

None

INSTRUCTIONS:

1. This progress check consist', of five items. ou must correctly answer three in
order to re:teive a satisfactory rating on this progress check.

2. If you have no questions, begin this progress check.

3. When you have completed this progress check, return it to your instructor.

nIRECTIONS:

3elow are five statements concirliing a rotating fixed media biological unit.
Indicate if the statement is true or false by placing a T for True avid an F for false in
the r;pace provided in front c7 the statement.

1.

2.

3.

4.

5.

The reactor ie. nuomerged a little less than halfway in the wastewater.

The speed of the reactor is 2-4 rpm.

The biological process of the rotating biological reactors do-not require
pretreatment.

The growth on the rotating media is called bio-mass.

Solids separation is normally accomplished in a conventional final settling
tank.



3770 Technical Training Group
Civil Engineering Training
Sheppard Air Force Base, Texas

OBJECTIVE

PC J3ABR56631 000-IV-8i

OPERATION AND MAINTENANCE OF SECONDARY TREATMENT UNITS

Using AFM 91-32 and given a list of statements concerning wastewater plant safety,
oorrect the statements which are false. Seven of ten must be correct.

REFERENCES/EQUIPMENT/MATEUAL5

None

INSTRUCTIONS:

1. This progress check consists of ten items. You must correctly answer seven inorder to receive a satisfactory rating on this progress check.

2. When you have completed this progress check, return it to your

3. If you have no questions, begin your progress check.

DIRECTIONS:

instructor.

Below are ten statements containing information which is false. Correct the
statements so they state a true fact.

1. Oxygen deficiency is a minor hazard in wastewater collection system.

2. Personally turn off and tag all power equipment before starting any maintenanCe.

3. Entering any below-ground level area where gases may have collected requires a
filter wash.

4. Emergency electrical first aid consists of two basic steps.

5. Your first move Ls to turn off and tag all power from any electrical component.

6. Always start a positive displacement pump against a closed discharge valve.

7. Work alone while mowing or burning vegetation,

R. Apply water to a chlorine leak as this will indicate the leak.

9. Maintain slip surfaces on all ladders, stairs and catwalks.

10. On duty operators should be expected to interrupt their work to actguides for visiors.

11. When you must lubricate a machine while it is operating
at least 6" from any moving part.

12. Sludge digesters are comparatively safe when empty, but
partially filled.

as safety

. The fittings should bc

more dangerous when



3770 Technical Training Group
Civil Engineering Training
Sheppard Air Force Base, lexas

LAW ECT1VE

PC J3ABH56631 000-IV-8j

OPERATION AND MAINTENANCE OF SECONDARY TREATMENT UNITS

While visiting a municipal wastewater plant, observe the operation of the plant and
equipment. Use a schematic to trace the flow and identify the compcnents. Use a
checklist to list the maintenance and safety items with no more than three instructor
hssists.

HFFERENCES/NUIPMENT/MATERIALS

None

iNSTRUCTIONS:

1. This progress check consist of three parts. You must correctly answer all parts
order to receive a satisfactory rating on this progress check.

2. You are authorized three instructor assists.

3. When you have completed this progress check, return it to your instructor.

4. If you have no questions, begin your progress check.

DIRECTIONS:

Complete each diagram pertaining to the different plants observed while on the
field trip. Trace the flow and identify the plant components.

Part I Burkburnett

II Electra

ill Iowa Park



PROGRESS CHECK IV-8j (Cont'd)

Figure 8-1. Burburnett

Ii

1

1.40k

1] FIT

.....0..."'

9'
Figure 8-1. Burkburnett Plant

Figure 8-1. Burhurnett

1.
Laboratory

2. Office
3. Drying beds---___

gas burner
5.

anaerobic
digester

6. pumps to
digester

7.
supernatant
tanks

8. blowers
9.

barmuttior
10. bar screens
11. parshell

flume
12. line to oxi-

dation ditch
13. final clari-

fier for new
plant

14. A.S. return
line (old
plant)

15. A.S. return
line (new
plant)

16. oxidation
ditch

17. line to river
18. weirs
19.

chlorine con-
tact tank

2n, plant
efflitent

21.
aeratiol tanks

22. mixed liquor
flow

91J4



PROGRESS CHECK IV-8j (Cont'd)

Figure 8-2. Electra Plant

905

Figure 8-2. Electra

1. Oxidation
ponds

2. Imhoff Tanks

3. primary
effluent

4. recirculation
box

5. office

6. lift station

7. drying beds

8. sludge valves

9. Imhoff
influent

10. grit chamber

11. bar screen

12. wet well

13. discharge to
ponds

906
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PROGRESS CHECK IV-8j (Cont'd)

Figure 8-3. Iowa Park

Figure 8-3. Iowa Park Plant

::

Figure 8-3. Iowa Park

1. Drying bed

2. bar screen

3. contact tank

4. reaeration
tank

5. blowers

6. underdrain
sump

7. chlorination
room

8.

9.

grit chamber

aerobic
digester

10. pump room

11.

12.

13.

parshall
flume

final
clarifier

measuring
device

14. grit pump

90b



3770 Technical Training Group
Civil Engineering Training
Sheppard Air Force Base, Texas

OBJECTIVE

PC J3ABR56631 000-IV-8k

OPERATION AND MAINTENANCE OF SECONDARY TREATMENT UNITS

Given Information related to laboratory test controls
system, Identify the type and reason for each test control
of six must be correct.

REFERENCES/EQUIPMENT/MATERIALS

None

INSTRUCTIONS:

I. This progress check consists of
order t) receive a satisfactory

of an activated sludge
according to AFM 91-32. Four

six items. You must correctly answer four in
rating on this progress check.

2. When you have completed this progrees check, return it to your instructor.

3. If you have no questions, begin your progress check.

DIRECTIONS:

Identify the A.S. control test by selecting the correct test for each fact orphrase listed below. Test items can be used once, more than once, or not at all.

FACT OR PHRASE

1. Can help the operator identify organisms
which may cause problems.

2. Relates the weight of sludge to the
volume the sludge occupies.

3. Solids retention time, or the average
time the orgenisms remain in the system.

4. The volume in mLs taken up by one gram
of sludge atter 30 minutes of settling.

5 Indicates the concentration of oxygen
in aneration tank.

6. It is used to determine the concentra-
tion of solids in the aeration tank.

8-23
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TEST

a. Dissolved Oxygen (D.0)

b. Sludge Age (S.A.)

c. Sludge Volume Index
(SVI)

d. Sludge Density Index
(SDI)

e. Mixed Liquor Suspended
Solids (MLSS)

f. Microscopic examination



3770 Technical Training Group
Civil Engineering Training
Sheppard Air Mrce Base, Texas

OHJECT I YE

PC J3ABR56631 000-IV-81

OPERATION AND MAINTENANCE OF SECONDARY T1EATMENT UNITS

Given Inforattlon and a troubleshooting guide, identify the maintenance
requirements for each activated sludge system by selecting the correct action to take.
Three of five must be correct.

REFERENCES/EQUIPMENT/MATERIALS

AFM 91-32

INSTRUCTIONS:

1. This progress check consist of five items. You must correctly answer three in
order to receive a satisfactory rating on this progress check.

2. When you have completed this progress check, return it to your instructor.

3. It you have no questions, begin your progress check.

DIRECTIONS:

Use the troubleshooting guide iu AFM 91-32 and your study guide to select the
correct maintenance action to take for each statement listed below.

1. How can grease and scum be prevented from enter-
ing the aeration tank of a contact aeration system?

2. .How often are the following items of a RAC plant
checked or inspected for preventive maintenance?

ITEM INSPECTION

a. unusual noise, vibration, heat

b. smooth disc rotation

c. lubrication

d. chain drives and alig1ment

3. If septic conditions are noted in the primary
tank of a conventional A.S. plant, what
maintenance action should be taken?

4. If septic conditions are noticed in the final
clarifier of a contact stabilization plant,
what action should be taken?

5. What action should be taken if the rotors of an
extended aeration, oxidation ditch are not
working?

8-25

910



3770 Technical Training Group
Civil Engineering Training
Sheppard Air Force Base, Texas

OBJECTIVE

PC J3ABEI56631 000-IV-8m

OPERATION AND MAINTENANCE OF SECONDARY TREATMENT UNITS

Working as a team and using a schematic to operate the wastewater plant trainer,
locate the correct valves to control the flow of water through each processing unit with
no more than five instructor assists.

RIWERENCES/EQUIPMENT/MATERIALS

Wastewater Plant Trainer

INSTRUCTIONS:

1. This progress check consists of operating the wastewater trainer. You must follow
the instructions in order to receive a satisfactory rating on this progresa check.

2. When you have completed this progress check, return it to your instructor.

3. If you have no questions, begin your progress check.

nIRECTIONS:

Work as a team and follow the checklist for operating the wastewater trainer. Use
the diagram to locate and identify the valves according to each plant unit. The
instructor will be available for assictance and direction.

Instr initials



WLSTEWATER TREATMENT TRAINER CHECKLIST

Open the valve or valves to start a flow of wastewater through the trainer.

a. Check all valves on the trainer and be sure they are closed

b. Start the flow through the grit chamber, bar screen, and the commInutor by openingvalve number 11.

c. Open valve number 13 so flow rill fill the Imhoff tank.

d. Open valves number 17 and number 19 to remove sludge from Imhoff tank, open valvesnumber 10, number 1, 2, 3, and 4 to get sludge to drying beds from Imhoff ttank.

e. When completed with project, drain the Imhoff tank by opening valve number 18 andclosing valve number 13. Be sure valve number 12 is open and valve number 11 isshut off.

f. Repeat step b.

g. Open valve number 14 and begin flow through primary settling tank.

h. Fill primary settling tank, operate skimmer and sludge collector. Draw sludgeto digester from primary settling tank by opening valve number 21, valve number 8will be opened to remove sludge from digester when It has filled. Make sure valves
number 1, 2, 3, and 4 are open.

i. When this is completed, open valves number 10 and number 3C t- drain system.

j. Be sure valve number 22 is open for effluent to go to the trickling filter.

k. Then transfer wastewater from trickling filter to secondary settling tank by
opening valve number 25, then activate pump.

1. Drain trieLling filter and secondary settling tank by opening valve number 24and 26.

m. Open all valves at this time for trainer to drain.

n. Leave valves open to allow for drainage of trapped water, reducing corrosion.

914
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Pretreatment

Prekiminary treatment

Primary treatment

Secondary treatment

3 4

LIST OF VALVE NUMBERS

OAR SCREEN
GRIT

CHAMBER

12 COMMINUTOli

WASTEWATER TREATMENT

TRAINER

Legend of Symbols
Symbol Description
Dol

I

VALVE

UNCONNECTED

I LINES

14
15

IMHOFF
TANK -

I20 tI

TRICKLING
FILTER

25

SECONDARY
SETTLING
TANK

17 IX1
II

rPRIMARY
SETTLING

TANK

1)6(k 23

1>(11%.."24

Figure 8-4. Wastewater Treatment Trainer

STOP

Before proceeding any further, have the instructor check your work.

8-2li
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3770 Technical Training Group
Civil Engineering Training
Sheppard Air Force Base, Texas

TERTIARTY (ADVANCED) TREATMENT

OBJECTIVE

PC J3ABR56631 000-IV-9a

Given a list oc. incomplete statements and a list of terms and phrases related to
advanced mtstewater treatment, select the correct term or phrase that pertains to each
statement. Seven of ten selections must be correct.

REFERENCES/EQUIPMENT/UATERIALS

None

INSTRUCTIOft!S:

1. This progress check consists of ten items. You must correctly answer seven in
order to receive a satisfactory rating on this progress check.

2. When you have completed this progress check, return it to your instructor.

3. If you have no questions, begin your progress check.

DIRECTIONS:

Complete the statements listed below by selecting the correct term or phrase.
Selections may be used once, more than once or not at all.

STATEMENT TERM/PHRASE

1. Advanced wastewater treatment will remove a. coagulation

and solids. b. nitrogen

The three treatment processes that can be used in

AWT are

3. Basic units in AMT systems can include

, and

, and

c. coagulant aids

d. microscreening

e. biological

f. filters

g. flocculation

h. stainless steel

i. lime

j. plastic fabric
4. Three chemicals used to help remove heavy metals in

k. denitrification

1. chemical

5. Seven of twelve types of AWT are m. sedimentation

n. ion exchange

and o. filtration

p. physical

2.

AWT are and

9-1



6. Organic polymers are used as

q. activated carbon

7. Filters can remove and r. ferric chloride

solids frcm wastewater. s. organic

t. suspended
8. Microscreens or microstraining are which

u. Electro-dialysisare made of or
v. carbon absorption

w. collodia/

x. reverse osmosis
9. Carbon filters are used to remove matter.

y. aluminum-sulfate

z. nitrate
10. Dentrification is the reduction of to

aa. nitrite
and then to gas.

916
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3770 Technical Training Group
Civil Engineering Training
Sheppard Air Force Base, Texas

THRTIARTY (ADVANCED) TREATMENT

OBJECTIVE

PC J3ABR56631 000-IV-9b

Given information and a troubleshooting guide, and four problems, list one
corrective operational or maintenance procedures for a phosphate tank, denitrification
unit and a carbon Filter IAM AFM 91-32. Two of four procedures must be correct.

REFERENCES/EQUIPMENT/MATERIALS

AFM 91-32

INSTRUCTIONS:

I. This progress oheck consists of four items. You must correctly answer two in
order to receive a satisfactory rating on this progress check.

2. When you have completed this progress check, return it to your instructor.

3. If you have no questions, begin your progress check.

DIRECTIONS:

Use AFM 91-32, table 14-5 to answer the following questions which pertain to the
operational and maintenance problems of the AWT units.

PROBLEM CORRECTION

1. Chemical feed units are not running.

2. Prlor floc in the phosphate precipitation tank.

3. Two many suspended solids in the effluent of an
activated carbon unit.

4. The condition of wastewater in the denitrifieation
unit is turning septic; pH is 5.8.

STOP

Before proceeding any further, have the instructor check your work.

Instr initials

9-3
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3770 Technical Training Group
Civil Engineering Training
Sheppard Air Force Base, Texas

DISINFECTION PROCESS

OBJECTIVE

PC J3A0R56631 000-IV-10a

Given a schematic of a wastewater plant, identify the points where chlorine may beapplied and complete written statements related to wastewater disinfection. All chlori-
nation points must be identified and ten of the fifteen completed statements must becorrect.

REFERENCES/EQUIPMENT/MATERIALS

None

INSTRUCTIONS:

1. This progress check consists of one schematic and 15 incomplete statements. You
must correctly accomplish the schematic and answer 10 of the 15 statements in
order to receive a satisfactory rating on this progress check.

2. When you have completed this progress check, return it to your instructor.

3. If you have no questions, begin your progress check.

DIRECTIONS:

Answer the following questions pertaining to disirfection. Complete the diagram'by
indicating the chlorination application points within r. treatment plant.

1. What color is chlorine gas?

2. What type of material is most often used for feeder lines on gas chlorinators?

3. Other than disinfection, what other reason can chlorine be used ahead or within the

wastewater plant?

4. Why would chlorine be used in a settling basin?

5. Why would chlorine he added to trickling filters?

6. Why would chlorine be added to an activated sludge system?

7. What aro the four forms of chlorine used in wastewater treatment?

8. How should 150 lb. chlorine gas cylinders be stored?

10-1
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9. What are the four steps used for handling the 150 lb. chlorine cylinders?

10. What type of gasket material is used to make a seal between cylinder valve and

chlorinator?

11. What should be checked before opening the chlorine cylinder valve?

12. If not enough chlorine gas is being discharged to meet the demand, what action

should be taken?

13. What other types of disinfectants may be used at treatment plants?

14. What procedure should be taken when performing maintenance on chlorine equipment?

15. Use the diagram below to identify the points where chlorine may be applied for a
specific reason or treatment by drawing an arrow at the point of application.

INOMION TAM

Figure 10-1.

10-2
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3770 Technical Training Group
Civil Engineering Training
Sheppard Air Force Base, Texas

LOGS AND REPORTS

OBJECTIVE

PC J3A8R56631 000-IV-11a

Given pertinent data about a wastewater plant and AF Forms 1462 and 1463, completethe forms. Four of the seven entries must be correct.

REFERENCES/EQUIPMENT/MATERIALS

AF Form 1462
AF Form 1463
AFM 91-32

INSTRUCTIONS:

1. This progress check consists of seven items. You must solve four items correctlyto receive a satisfactory rating.

2. When yoU have completed this progress check, return it to your instructor.

3. If you have no questions, begin your progress check.

DIRECTIONS:

Complete the following questions pertaining to logs and reports. Fill in theinformation asked for on AF Form 1462 and AF Form 1463. Four of seven must be correct.

1. Most information pertaining to plant operation and maintenance is gathered from

what source?

2. Using an AF Form 1462, what is the maximum, minimum and average influent pH

-c;Aing?

3. Using an aF Form 1462, what are the settleable solids readings for 19 June 1957?

4. Using an AP Form 1463, what is the maximum, minimum and average raw ROD readings?

5. AF From 1462 is prepared in and posted .

6. AF Form 1462 is reviewed monthly by the

7. The second copy of the 1462 is forwarded to

9 1 tj
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