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ABSTRACT

This military-developed text contains the third
section of a four-part course to train environmental support
specialists, Covered in the individual sections are field sanitation,
classes and sources of waste, composition and characteristics of
sewage, principles of sewage treatment, primary waste treatment,
secondary waste treatment, tertiary waste treatment, chlorination and

"stream surveys, industrial and radioactive wastes, and safety ¢
practices. This section contains both teacher and student materials.

Printed instructor materials include lesson plans with an outline of

teaching steps and a plan of instruction detailing the units of

instruction, the duration of the lesson, objectives, and supportive
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containing objectives, assignments, text readings, and review |,

questions; a workbook containing exercises and lab work; and a manual

on safety and first aid procedures. (MN) :
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MILITARY CURRICULUM MATERIALS.

The military-developed curriculum materials in this course
package were selected by the National Center for Research in
Vocational Education Military Curriculum Prcject for dissem-
ination to the six regional Curriculum Coordination Centers and
other instructional materials agencies. The purpose of
disseminating these courses was to. make curriculum materials
developed by the military more accessible to vocational
educators in the civilian setting.

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

¢ Generating knowledge throuéh research

¢ Developing educational programs and

products
¢ Evaluating individual prograrﬁ needs q
and outcomes .
N .
¢ Installing educational programs and
products
* Operating information,systems and - ~
services :
Y
¢ Conducting leadershin development and
training programs . ' -
FOR,FUR:THER INFORMATION ABOUT . ¢
Military Curriculum Matérials
WRITE OR CALL
Program Information Office
The National Center for Research in Vocational
Education ) . N
“  The Ohio State University :
1960 Kenny Road, Colunibus, Ohlo 432310
Telephone: 614/486-3655 or Tol! Free 800/

848:4815 within the continental U.S. * .
{except. Ohlo) .
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an activity to increase the accessibility of
military-developed curriculum materials to
vocational and technical educators.

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

- "Access to military currlculum materials is

. provided through a “Joint Memorandum of
Understanding’’ between the U.S. Office of
Education and the Department of Defehse.

The acquired materials are reviewed by staff
and subject matter specialists, and courses
deemed applicable to vocational and tech-

\'?'he National Center for Research -in
Vocational Education is the U.S. Office of

~ Education’s designated representative to
acquire the materials:and conduct the project
activiti/es. .

Project Staff:

Wesley E. Budke, Ph.D., Director
National Center Clearinghouse

Shirley A. Chase, Ph-D.
.Project Director &
Q

“ nical education are selected for dissemination.

.

One hundred twenty courses on microfiche
(thirteen in paper form) and descriptions of
each have been provided to the vocational
Curriculum Coordination Centers and other
instructional materials-agencies for dissemi-
nation. * . :

“
Course materials include programied
instruction, curriculum outlines, instructor
guides, student workbooks. and technicai
manuals..

The 120 courses represent the following
sixteen vocational subject areas:

*

AgricuItJre Food Service
Aviation Health
Building & Heating & Air

Construction Conditioning

Trades Machine Shop
Clerical Management &

Occupations Supervision
Communications  Meteorology &
Drafling Navigation
Electronics Photography

Engine Mechanics Public Service

The number of courses and the subject areas
represented will expand as additional mate-
rials with application to vocational and
technical education are identified and selected
for dissemination.
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How Can These ,
Matenals Bo= Obtamed’?
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Contact the Curriculum Coordination Center
in your region for information on obtaining
materials {e.g., availability and cost). They
will respond to your request directly or refer
you to an instructional materials agency
closerto you.

CURRICULURM COORDIHNATION CENT l:i S

EAST CENTRAL NORTHWEST
Rebelcca S. Douglass William Daniels
Director “Director

100 North First Street  Building 17

Springfield, IL 62777  Airdustrial Park

217/782-0759 Olympia, WA 98504

_ 206/753-0879
MIDWEST SOUTHEAST
Robert Patton James F. Shill, Ph.D.,
Director Director
1515 West Sixth Ave. Mississippi State University
Stillwater, OK 74704 Drawer DX

Miscissippi State, MS 39762
601/325-2510

405/377-2000

NORTHEAST WESTERN ]
Joseph F. Kelly, Ph.D. Lawrence F. H. Zane, Ph.D.
Director Director

225 West State Street 1776 University Ave.
Trenton, NJ 08625 Honolulu, Hl 96822
609/292-6562 808/948-7834
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Coprse Description: B .
) ‘. \ N ! \
. . P o . .
This is the third section of a four-part coursa to train environmental support specialists. The entire course includes training in water treatment plants,
operating procedures for solid waste disposal and maintenance of water and waste processing systern components. T.he previous sections deait with
This section discusses waste treatment and disposal. It consists of one block containing 78

[%
A

\waste processing, water analysis, and water treatment.
hours of instruction, . . - ..
BlGck V — Waste Treatments and Disposal contains ten lessons covering 78 hours of instruction. The lesson topics and respective hours follow:

Field Sanitation (2.5 hours) . ' ’
Classes and Sources of Waste (1 hour) _ P - R - .
Composition and Characteristics 6f Sewage (4.5 hduts) v Y.
Principles of Sewage Treatment (8 hours) Y
Primary w;;u Treatment with Field Trip (16 hours) . o . TLooe
Secondary Treatment with Field Trip (24 hours) - -

. Tertiary Treatment (3 hours)
* " Chlorination and Stream Surveys (5 hours)
Industrial arfd Radioactive Wastes (8 hours)

Safety Practices (6 hotirs) . &
’ -
This section contains both teacher and student materials. Printed instructor materials include lesson. plans with an outline of teaching steps and a plan
. of instruction detailing the units of instruction, the duration of the lesson, objectives, and support materials needed. Student matenials inciude a study
guide containing objectives, assignments, text readings, and review questions; a workbook containing exercises and lab work; and a manual on safety and

, first aid procedures. : .

Several mil)itary technical manuals and commercially produced texts were als'o referenced but are not provided. Audiovisuals recoéﬁmendod for the
entire four sections but not provided include twenty films, three slide sets, and one schemstic diagram. This section should be preceded by Environmental
Support Specislist, Blocks | and 11 (17-4) and Environmental Support Specislist, Blocks 111 and 1V {17-5), and followed by Environmental Support

(17-7). it can be presented in a large group instructional setting or adapted for individuahized study 1n wasto treatment

Specialist, Blocks Vi and VII
or ecology courses.
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PLAN OF INSTRUCTION - -

K

COURSE TITLE o

Environmental Support Specialigt

2r it N - B x, ¥ t-l P
. 4 . . ‘e
Waste Treatment and’Disposal‘ o
. A TROtsIRLL o AND CRITERION OBIECTIVES B + T L PP0RT wiTER 5.8 anD SUIDANCE !
1. Field Sanitation - 25— ‘Column 1 Reference STS Referencé ‘
= : - (2/0.5). |Ta~ 10a, 10b, 10c, 10d, i0e

e

Day 36 _ N T 8 .

a, Followmg‘\vntten mstructions, demon (2/0.5) Instructional Materials: .
strate a knowledge of proper location,‘ construcH 'SG 3JABR56330~V-1, Field Sanitation
tion, operation, and maintenance of facilities W8 3ABR56330-V-~ 1 P1, Field Samtatxon
for disposal of waste in isolated and combat ] T .
Jareas by wnting ‘responses {o measurable ! Audio.Visual Ald§’ -

written items,

-

* | Slides, Field Sanitation

Training Methods . Co.
Discussion (1,5 hrs)

) Performance (0.5 hr)

. Outside Assignment (0.5 hr)

a

Instructional Envnronment/Design v
Classroom (1, 5-hrs)

Laboratory-(0, 5 hr)

Study Hall (0.5 hr) .

" Group/Lockstep *

+

Instructional Guidande )
. Discuss field sanitation and facilities and show slides, Monitor zmudent
| performance, ] )
~ ¥ . ) ) (' S
’ H . ; ) - -
! AN
-, . e
PEIRNETSRrE - 3ABR56330 :2-: 6 June 19%5 LLOGK 1% v 3} T eaceno” 30
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PLAN OF INSTRUCTION {Cantinped)

or statements relative to characteristics and
composition of sewage, complete the definition
or statement with the proper term or intorma-
tion.

. UNITS OF INSTRUCTION AND CKTERION OBJECTIVES 20:.:‘R°AUT,:§))N 3 SUPPORT MATERIALS AND GUIDANCE
2. Classes and Sources ol Waste 1 Column 1 Reference STS Refarence
’ ’ ) (1/0) 2a 11a
. Day-36 :
‘ a. Given a list of ten waste materials, (1/0) Instructional Materials
identify by written response a source of each SG 3ABR56330~V-2, Classes and Sources of Waste
and classify each as being domestic or WB 3ABR56330~V~2-P1, Classes and Sources of Waste
industrial.
Training Methods
~/ ° Discussion (0.7 hr)
Performance (0.3 hr)
N Instructional Environment/Design
Classioomn: (0.7 hr)
Laboratory (0.3 hr)
\ ,. GgAX/Lockstep .
\ Instructional Guidance -
\ ‘ Discuss\gources and classes of waste and the general characteristics
\ . , of each, ‘
3. Composition and Characteristics of 4,5 Column 1 Rgference ‘STS Reference
- Sewage . | (8/1.5) | 3a N 11b
* | Day 36 o N\,
a. Given incomplete definitions of terms (3/1.5) | Instructional Materials

SG 3JABR56330-V-3, Composition and Characteristics of Sewage
WB 3ABR56330~V-3-P1, Composition and Characteristics of Sewage

Training Methods

Discussion (2 hrs)
Performance (1 hr)

Outside Assignment (1,5 hrs)

-«

oare 6 June 1975
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PL AL OF INSTRUCTION (Centinued)

' UNIT$ OF INSTRUCTION AND CRITERION CBJECTIVES :&%‘J‘g’_‘ ’ “ SUPPORT MATERIALS AND GUIDANFE .
Instructional Environment/Design
Classroom (2 hrs)
Laboratory (1 hr)
Study Hall (1.5 hrs)
" Group/Lockstep
Instructional Guidance /-
Discuss characteristics and composition of sewage and the_efs cts they
have on sewage plant operation. Emphasize the hazards associated with
sewage. Monitor student performance. Make and check outside
assignments daily:! On day 56, direct students to read pages 1 thru 25,
SG V-1 thm 3, and answer questions on pages 2, 21, and 25.
4. Principles of Sewage Treatment 8 Column 1 Reference STS Reference
(6/2) 4 - ] 1ic ‘
" Day 37
a. Given-a list of 20 statements and a (6/2) Instructional Materials
list of 20 terms related to principles of sewage AB ~-V-4, Principles.of. Waste Treatment
treatment, match the terms to the proper W3 3ABR56330-V-~4-P1, Principles of Waste Treatment ¢
statements. ’ ’
Training Methods
Discussion (5 hrs) /
Performance (1 hr)
' Outside Assignment (2 hrs)
*| Instructional Environment/Design
. Classroom (5 hrs)
Laboratory (1 hr)
Study Hall (2 hrs)
Group/Lockstep
PLAN OF INSTRUCT.CH MC. 3 ABR56330 DATE g June 1975 I BLG 5K NO. v ] Jl =2lfeh gg
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FLAN OF INSTRUCTION (Continued)

and a schematic of a sewage plant, identify and
‘| operatethe valves to performthe designated
_operations. A

, UNITS OF INSTRUCTION AND CRIT ER’IOM OBJECTIVES _°§‘,.”°’t,’,§?," s N SUPPORT MATERIALS AND GUIDANCE

AN Instructional Guidance

\ Discuss principles of sewage treatment, Monitor student nerformance.
| \ Make and check outside assignments daily: On day 37, direct the
students to read SG V-4, and answer questions on page 33.

5. Primary Waste Treatment with Field 16 Column 1 Reference STS Reference

Trip (12/4) 5a 11c, 11d

Days 38 ! 5b 11c, 11g(1), 11g(2), 11g(3), 11n(1), 11h(2),
. and 39 11h(3), 11h(9), 11h(10), 11h(11),

a. Observe operation.of municipal (6/2) 5c 11h(1), 11h(2), 11h(9), 11h(10), 11h{11), 11m
sewage treatnient plants during field trip and
practice personal hygiene and safety during Instructional Mcterials
field trip. . SG 3ABR56330-V~5, Primary Waste Treatment

} ) ’ WB 3ABR56330-V-5-P1, Primary Waste Treatment .

b. ~ Cemonstrate a knowledge of operation | (5/2), ’ )
of preliminary and primary treatment systems Audio Visual Aids ;
and components by making written responses Slides, Sewage Plant Operation
to related gquestions. ’

i Training Equipment
c. Given the sewage ‘treatment trainer” | (1/0) Sewage Treatment Trainer (12)

1 Training Methods ¢

Field Trip (5 hrs)
Discussion (4 hrs)
Demonstration (1 hr)
Performance (2 hrs)
Outside Assignments (4 hrs)

~

5 T AN SFONSTRUCT IH NT
- L,

3ADBR56330

“*T¢ 6 June 1975~
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PLAN OF INSTRUCTION (Continued -

pry —— *
DURATI N
UNETS OF INSTRUCTION ANO CRITERION OBJLCTIVES ® I (HOUR?)N SUPPORT MATERIALS AND GUIDANCE
2 3 .

Instructional Envinmnent/Design_
: - Field Trip (5 hrs) ,

B . ‘ Classroom (4 hrs)

Laboratory (3 hrs)

s Study Hall (4 hrs) ’ . *
. Group/Lockstep )
: T . Instructional Guidance . '
: On day 38, brief students on safety and what to look for during field ' .

trip. The field ‘trip will be for introduction and familiarization with
waste treatment systems and equip ent Check students for compliance | .
with personal hygiene requirements. “After field trip, review what was

| observed. During day 39,-discuss q)ec?ﬂ%operation of preliminary and
T primary treatment and monitor student. performance. Assignments:.

"~ ~~|.day 38, direct students to read SG V-5, pages 34-49. On day 39, direct

- - _students to read pages 50-65, Pd answer questlons on pages 66 and 67,
6, Secondary Treaiment with Field Trip - .24 Column 1 Reference -~ STS Reference
(18/6) 6a Ic,\ﬁhjzi Ilh(4), 11h(5), 11h(), 11h(7),
Days 40,41 11h(8
and 42 | 6b . 11c, llh(4), th@» A1
a. Following field trip to municipal -and (6/2) i ¢ - 11¢, 11h(8), 11lo. e .
basg sewage plants, list the types of systems 6d . 11c, 11h(8) \’\\\
and the treatment umts at each plant e
P -}~ --|-Instructional Materials . : R S
b. Given a list of incomplete statements (6/2) SG 3ABR56330-V-8, Secondary- Treatment Waste \‘\’
and a list of terms or phrases relative to i WB 3ABR58330-V-6-P1 Secondary Treatment Waste
trickling filters and oxidation ponds, complete ' WB 3ABR56330-V-8-P2 Configuration and Operation of Activated
, | the statements with the proper terms or - Sludge Systems
: phrases. WB JABR56330~-V-6-P3, Principles and Conﬁguration of Contact * ,
. - : Aeration Systems : s
. . | ]
G AN OF INSTRULE™ i ns 3/ BR56330 ) oate 6 Juue 1975 l BLOCK WO, 'y ] FAGT HO. g4
‘ . {)
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PLAN OF INSTRUCTION {Continved)

DURATION
<N T8 JF INSTRUCTION AND CRITERION OBJECTIVES , D?muﬂs) SUPPORT MATERIALS AND GUIDANCE
2 S

3

€. Using written definitions-and sche~ (4/2) Zudio Visual Aids

| matic of an activated sludge plant, identify
. component s relative to the plant and answer
‘| questions relative to operation of activated

_sludge plants,

.d. Following written lnstrfzctions,
identify componénts and answer questions

‘ .| relative to operation of a contact aeration

TVS 56-2, Sewage Plant Operation
FLC 13-94, Municipal Sewage Treatment Process

' Training Methods
Field Trip (5 hrs)

Discussion (10 hrs)
Performance (3 hrs)
Outside Assignments (6 hrs) *

system, .
Instructional Environment(i_)es_igg
Field Trip (5 hrs) -

Classroom (10 hrs) .
Laboratory (3 ars)

Study Hall (6 hrs),
Group/Lockstep

Instructional Guidance - < -
Discuss systems, general operation and maintenance of units, and
emphasize safety on field trip, Discuss details of operation in class

and monitor student performance, Make and check outside assignments
daily. - On: day ‘40, direct the students to read pages 68 thru 84 in SG V-6,
On day 41, direct the students to read pages 85 thru 106. On day 42,
review SG V-6, .

*

3 Column 1 Reference STS Reference
(2/1) Ta 1lc
; . Day 43 .
a. Given ten incomplete written - (2/1) Instyuctional Materials
statements relative to tertiary treatment, SG 3ABR56330-V~T, Tertiary Treatment ’ .
complete the statements with-proper terms or | - ——|"WB-3ABR56330-V-7-P1, -Tertiary-Treatment——— ~ ———— ——- -

information,

7. Tertiary Treatment

y

DATE 6 June 1975 B ' N l'

e
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- ° PLAN OF INSTRUCTION (Continued)

o

. UNITS OF INSTRUCTION AND CRITERION DBJECTIVES - A ;b}JHROg.'?)N 3 SUPPORT MATERIALS ANS SUWSANZE

Training Methods

Discussion (1,5 hrs) -
‘ Performance (0.5 hr) '

A X ‘ Outside Assignment (1 hr)

I Instructional Environment/Design 3
o Classroom (1.5 hrs) ~
. Laboratory (0.5 hr) ‘ .
N Study Hall (1hr) . , *
: Group/Lockstep

. £ Instmctimal Guidance [ -~
> o Discuss methods ofTertiary treatment., Monitor student pbrtormance.
2 , Have students read pages 108 thru 114 of SG V-7 and answer questions on
// page 114 for outside assignment.

‘ 8. Chlorination and Stream Surveys 5 ‘| Column 1 Reference STS Reference
~ 41 |8 Tih(e

. . Day 43 8b "11n -
: a, Given a schematic of a sewage plant, (2/0 5)
identify points where chlorine might be applied Instmctional Materials
and answer written questions relative to SG 3ABR56330-V-8, Chlorination and Stream Surveys
sewage chlorination, WB 3ABR56330-V- 8-Pl Chlorination and Stream Surveys ¢

b. From information provided,.answer (2/0.5) Trajniqg Methods ' . .

== | written questions relative to stream surveys. Discussion (2 hrs) -
- . P~rformance (2 hrs)

Outside Asgignment (1 hr) *

¢

e

yoos - - - - =
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' *  PLAN OF INSTRUCTION (Continued
‘ . UNITS OF m/smucudn AND CRITERION OBJECTIVES 2°?u“o‘tf.{?," 5 - ‘ . Tswroar MATERIALS AND GUIDANCE ~ ” ’
' * | mstructional Environment/Design . W /
) - | Classroom (2hrs) . ok
; ' . Laboratory (2 hrs) - * P
, " | Study Hall (1 hr) . K .,
’ Group/Lockstep '
. . Instructional Guidance .
. . - | Discuss principles of chlorination and monitor student performance. . L s
’ . 3 Have students read pages 115 thru 120 of SG V-8 and ansyer questions
: on pages 120-ahd 121 for outside assignment. ..
9. Industrial and Radioactive Wastes -8 Column 1 Reference STS Reference - ~
’ X . 1 (6/2) 9a ' 12a;7°12b, 12c, 12d, 12e, 12f, 121
v Day44 | 9b e 7d§6) “Tel 4 12 2L, 12h, 12i, 12j, 12k .
% a, Using related in!ormation, rdentify (3/1) - .
types and dangers of industrial wastes, and |- Instriictional Materials :
- _ | methods of testing, treating, and disposing ‘| SG 3ABR56330-V-8, Industrial and Radioactive Waste °
: ‘of them. N WB 3ABR56330-V~9-P1, Industrial Waste Treatment -
. WB 3ABR56330-V-9-P2, Radioactive Waste Contamination
; b. Using related information, identify (3/1) | \ ' o .
’ radioactive markings, ind state procedures ° Training Methods K . .
for handling and dispusing of radioactive o Discussion (4 hrs) . . .
materials, . Periormance (2 hrs) o -t . -
- Outside Assignment (2 hrs) .
. ©o . Insmctional Envnronment/Desngn . ’ N - -
: . . . Classroom (4 hrs) .
¢ ) N Laboratory (2 hrs)
. ) Study Hall (2 hrs) .
. o
%L AN OF INSTRLCTION NO, 3ABR56330 ; pate - .6 June 1975 l 8.974 40,y l PAGE ND, 37."“ T ‘l .. '
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. - PLAN OF lNSTRUC';ION (Centinued) |
G - - I

. oat . . - DURATI
s 0F M IRLT T AND (R T ON SRS TSy (HOUR?‘N . SUPPORT WATERIALS AND GUIDANCE

3

s P : Instructional Guidance
o . . . | Discuss types of Industrial waste, dangers of untreated waste, tests for
: industrial waste, treatfuent methods and procedures, and maintenance
- T of treatment equipment. Discuss the sources of hazards and identificatioi’
of radioactive materials and.areas. Discuss procedures for-collecting,
handling, and shipping radicactive waste. Monitor student performance,
, ) Make @nd check outside assignments dally: Day 44, read pages. 122-130,
. : ! 8G V-9, and answer questions on pages. 131 and 132. X -

—— -

6 q Colurin 1 Reference " STS Reference :
4/2) (i0a ' L R .
= | pay45 |10b Ta, 76(13), 11d 3

)

10, Safety Practices

-

a. [Identify general safety information by (2/1) | Instructional Materials ,
completing measurakle written items, SG AFS 54, 65,. and 56, Safety All Courses "
o o - WB 3ABR56330-V-10-P1, Safety Practices
b. Using AFR 127-101, Chapter 3, (2/1) |AFR 127-101, Chapter 3, Section F, Ground Accident Preévention
Section.F, paragraph 3-23, identify sewage Handbook - ’
plant safety practices by listing two safety ~ ' )
practices.from cach subparagraph a through i, | Training Methods ; ,
. . Discussion (2 hrs) . ~

/ . A E ; Performance (2 hrs) - )
) . , ! Outside Assignment (2'hrs) v

. . ‘ Instructional Envirchment /‘Design ¢
< . Classroom {¢ hrs) :
\ - ) Laboratory (2 hrs) .

. ' Study Hall (2 hrs) ¢ .
- : __ Group/Lockstep

S - . | Instructional Guidance . .-
A . I Digcuss .safety and saféty publications. Monitor student performance.
' { Make and cile’ck outside assignments daily: Day 45, read pages 1-15in

- ) J SafetSG and*answer questions on pages !5 and 16,

r

N

. .

»

“
i
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. LESSON PLAN ( Part |, Generol) - o
- AFPRPVAL OFFICE AND DATE NSTRUCTOR
TCETC/17Jun’
COURSE NUMBER COURSE TITLE : .
* 13ABR56330 | Environmental Support Specialist ~
BLOCK NUMBER ) BLOCK TITLE
\'4 Waste Treatment and stposal
LESSON TITLE \
| Field Sanitation (Day 36) S
. T LESSON DURATION
- CLASSROOM/LABORATORY ’ ] COMPLEMENTARY D TOTAL * )
2 Hrs A . 0.5 Hr . 2.5 Hrs
N - . ) POl REFERENCE
. PAGE NUMBER..- . .. -—~}~PAGE DATE PARAGRAPH
30 6 June'’!d - - 1
. STS/CTS REFERENCE
NUMBER DATE -
563X0 28 July 71
’ SUPERVISOR-APFROVAL
. SIGNATURE DATE SIGNATURE ODATE
PRECLASS PREPARATION
Q E A
€ ‘f&'fa?én"ﬂ%&“ r::xl:\r:r":v | CLASSIFIED MATERIAL UNGGLRAAS’;:‘F!ICE;'gsA::;AL
ISG V-1
- WB V-1-P1 *
i Slides, Field Sam-
< tatlon

CRITERION-OBJECTIVES AND TEACHING STEPS

11a. Following written instructions, demonstrate a knowledge of proper location,
construction, operation, and mamtenance of facilities for disposal of waste in

isolated and combat areas by writing responees to measurable written items.

(1) Field latrines and urinals
(2) Cesspools and septic tanks
(3) - Tile fields and subsurface sand filters

—
ATC foM 770




A

BODY (110 Min)
PRESENTATTION:

1a, Fblloéjnguwritten instructions, demonstrate
a knowledge of proper location, construction,
operation, and maintenance of facilities: for
disposal of waste in isolated and combat
areas by writing responses to measurable
written items,

.

(1) Field latrines ani urinals

”

(a) Types of latrines .

1 Straddle trench-designed to
accommodate 100 men per 16
T feet total trench length orf
8% of unit

& Trench dimensions- length
4 feet, width 1 foot, and
’ depth 21 feet

o

Construction features-
canvas walls, toilet °
paper holders, water for

washing hands, covering
‘dirt, drainage ditches,

-
~




Mamtenance-shelter a.nd ‘trench
areas should be sprayed twice
weekly with residual msectic:Lde
to control t'ly breedmg.

Operation-user of this type
latrine straddles either

end of trench in a squatting
position, relieves himself,
then covers his excreta. with
the covering dirt provided. .

N

Closing procedures-closing
is accomplished when trench
becomes filled to within one
foot of the surface or when
it is to be abandoned

' Trenches, sidewalls, and

grounds within 2 feet sprayed -
with residual insectlclde .

-

Fill trenches with 3 inch

layers of dirt..spraying-—-
with insecticide and packing
each succes:.ve la.yer

-

Mound trenches -over“‘;'ith-
at least 1 foot of dirt,

Place sign readmg;-
CLOSED IATRINE and also
the date,




2 Deep pit-designed for
prolonged stay with standard
type latrine box to .accammodate
"« 8% of any size unit .at one time

a Pit dimensions-length 73
feet, width 2 feet, depth
6 feet ‘

b Construction features-
excavate pit to accammodate
o standard latrine box

 Asva guide to pit depth,
allow one foot per week
of intended use if .operated
at full capacity -

Not desirable for pit
depth to exceed 6 feet

Pack Tlu’t tightly around -
bottom of latrine box

Provide drainage ditch
around latrine

¢ Maintenance~interior of
: . - latrine box is sprayed .
T . twice weekly with residual .’
’ insecticide to control
fly breeding

’




d- Operation-this type
" latrine designed to
accamnodate a 50 man unit
of which 8% (4 people) can
make use at one time.

-

¢ .Closing procedures-same as
for straddle trench,

3 Mound latrine~designed to be
used where ground water or rock
ledges are-close to surface.

& Pit dimensions- length -
74 feet, width 2 feet, depth ‘ -
or height of mound -dependent
on depth of ground water,

‘ . b Construction fedtures~plow
: area to aid 1liquid seepage
!

§ .
Dirt mound cqnstructed in : )
one foot layers with surface - "
of each layer roughened )
and top.of mound at least i
@ feet wide and 12 feet long, '

@ Desired height of mound and
, " pit depth determined by water
table, )

- N -

-~

¢ Maintenance~same as for
deep pit




I

jo

-

Operatipn-éame as for
- deep pit

Closing procedures-same
as for straddle trench

Bored hole latrine-designed
to accoomodate one person

at a time and is used at
guard: posts, lookout sites,
or waiting stations in. .
isolated or combat areas.

Ao

[[=8

Pit dimensions~hole
drilled or bored 6 to 20°
feet deep about 18 1nches
in. diameter,

H

i
Construction features-Drilled.
hole covered by a latrine
box or metal drum with a

_flyproof seat cover and

self-closing 1lid, -

RN
Maintenanc ;same as-for
straddle trench,

‘A

N

‘Operatlon-thzs t;;:\iatrlne )

«designed for one man use.

Closing procedures~same as
for straddle trench,

-~




‘5 Pail latrine-designed for
use when dug latrine not
possible,

*
oo

g Pit dimensions-no pit
provided; instead, a
[ waterproof .bucket'is plafed
. under a modified standard
[ latrine,

J b Constryétion-modified
standard: latrine box,

.

3 Leakproof. bucket-

Self~closing seats and
rear doors

Flyproof latrine box
A~

I
<
-

& Maintenance-pails-emptied
and cleaned ddily or more
often as neccessary,

' Content.s buried or burned

’ d Operation-designed to
accomnodate four men,

Closing procedure~box,
surrounding area, and
pails are cleaned ‘and
disinfected with soap. -
‘ or residual HTH,

{13




(v) Loca\.?:i:on of field la.trmes-f:.eld

()

Ino

latrme facilities should not be
located

1l Within 100 yards of mess.,
facilities or water supplies

2, Where the slope, drainage,
and depth of earth cover is
,:ma.dequate

i,
,i .

g te
\\(J.th:.n 30 yards of barracks
,.‘0{ sleeping quarters

W

4 Upwind from mess fac:.lltles
.and quarters

~ 1 . )
Urinal-An area specially designed
for the discharge of urine .

General rule-urinals should
‘serve at least 5% of the
unit's strength

s

Types of urinals

-




& Pipe uriral-consists of
standard soakage pit with
ventilating shaft .and as
many.funnels as necessary
to serve the given ’_Qtrength

1

Pit dimbnsions-létigth 4 feet,
width 4 feet, depth 4 feet,

Construction features:
.4x4x4 foot pit dug and
filled with suitable
contact material

 Pit is topped with a 2 inch
layer of small stones or
gravel

Ventilating shaft sunk at
each end of pit to reduce
odor.

Pipes at least 1 inch *
diameter extending 30 inches
above ground and - at least
8 inches below surface

Pipe toppe&_ with tar paper
or sheét metal funnel
filled with grass or straw

Maintenance- change grass
or straw filler daily

Wash funnel with soap and ’
water ’

i
N




J

t . o -

[ N ] £
Operation-designed to Co v oo ’
serve Sf of unit strength S R
1 s ) . . \\\

. Closing procedures when o « X

“~n ~ \

* soakage pit becames . : ) \

clogged or site abandoned
it should be:

Thproughly sprayed with _
residual insecticide-, .

Mounded over with a foot
layer of compacted earth

Marked w::.th sign reading \
CLOSED SOAKAGE P]f'r, dated : ‘
\ . - ‘

b Trough urinal-type of' urinal : - -
using standard soakage pit. . v
with receptacle constructed - .
above grourd,

. Pit dimensions~same &3 for
pipe urinal ‘ ‘

— -=an§trggp§ozi features:
trough -should be -6.feet s
+ onaside - - ;

?&Ha;fe enough slope to c‘a‘rry' ) . A
liquids to hscharge comer -

[ G UUU . RUUUU, RN e
- ’
;
) .
L)

Pn.pe connected to dlscharge
", torner to carry liquid inte L
_plt. >




L

[{¢]

"at eutrance to discharge . |
pipe. - - i

"Operation~designéd to

: o C . £
Filler of grass or . . ‘ ’ ;
straw on a screen placed /

-

Maintenancg;—changé _-fill\ezj
daily . |

Burn or bury used filler

‘Wagh trough daily ' . .

accommodate 5% of the
unit at one time .

Closing procedure~-same as
for pipe urinal .

“ L

Urinoil~type urinal-uses

standard soakage pit with ‘
specially- designed oil lined, /
odor, and flyproof receptacle. e

N~

Pit dimensions-same as for . .
pipe urinal

»

Construction.features: urine /
recéptacle constructed from a
55 gallon drum and pieces of
2~inch and 4~inch pipe welde

into place.
. { o
t"
Remove top from one end /
of drum, ¢
‘ ‘o N
) 12 . )
/I - ’
. i 41 /




-

Cut out 2 inch hole in
bottom center of other
end of drum

x

Insert 2 inch pipe into-

hole ‘approximately 6 to 8
inches allowing 6 to 12 inches
to extend below drum

Slotted, capped, 4 inch
pipe is placed over 2 inch |
inside of drum so that the !
highest slot is about 2 inches
below top of 2 inch pipe

‘Water is poured into the
drum to a level even with
the top of the 4~-inch pipe.

A 2-inch.layer of oil is
.then poured én top of the
water :

!
:

Maintenance-keep inside
walls of drum to a level
above o0il line smeared
with an oily film to
prevent odors and fly
breeding '

Operation-additional water
~or urine added to drum
sinks below oil and is
flushed through the slots
in the 4 inch pipe and then
overflows into the soakage
.pit

~

42
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/

Closing procedures-remove
drum

h
¢

I

L4
*

Follow same procedures as
for'pipe urinal . .

|

S,

¢ | (2) Cesspools and septic tanks .

I

(a) Construction features which

(b)

(c)

characterize cesspools

+ A 3 a

1 Brick .or masonary structures
with dry open joints

2 Unlined bottoms by
3 8 to 10 feet deep

Explain the operation of a
cesspool '

Desirable terrain for cesspool
locations

1 “Porous soil from 8 to 10
feet deep -

2' Water table at least 15
feet deep

14 U

Ao
b

-~




>

(d) Percolation test is used to
determine leaching. capability

(e) Sludge is. removed from -cesspools
by

1 Bailing
2 Pumping

(f) Sludge is disposed of by burying
/

\

(g). Septic tanks are designed to -
‘hold sewage for a period of
time to allow for bacterial

" action

(h) Operation of a septic tank is

=

Settling
2 Digestion

! 15

14

6




(i) The minimum size of a septic
tank is 500 gallons

Records kept on séptic tank
operation should include

Date of inspection

Conditions found

3 Corrective action taken

Siudge and scum depﬁ

~ (3) Tile fields and subsurface sand filters

(a) Disposal tile fields may be used
when sewage flow is small and
porous soils exist

(b) Tile fields can be used when
1 Oround water table is well

below -the tile field

\




"2 The soil has good
- leaching characteristics .

jw

Subsurface drainage is away
from the tile field

3

4 Drainage area covers large : .
area

(¢) Minimun width of trenches based
on types of soils are

-

h
s’

1 Sand and s;mdy loam, 1 foot -

* 2 Mixture of sand, loam and
clay, 2 feet

3 Clay with some gravel, 3 feet
(d) Maximm trench depth is 2 feet

(e) Methods used to protect tile
fields

1 Fencing - o

S

17




S o ‘2 Posting

3 Seeding with grass

(f) Subsurface sand filters are
used if soil is not absorbent

(g) Dosing tanks are used if
distribution tile exceeds
200 feet

‘t(:

APPLICATION:

Have students accomplish WB 3ABR56330-V-1-P1

EVALUATION: N _ g

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

: o " CONCLUSION (5 Min)




LESSON PLAN ( Pait |, General)

‘APPROVAL OFFIW. INSTRUCTOR
| TCETC/17JG875 sl
COURSE NUMBER COURSE TITLE
3ABR56334 | ____|Environmental Support Specialist
BLOCK NUMBER BLOCK TITLE . A
v Waste Treatment and Disposal

" LESSON TiTLE

Classes and Sources of Waste (Day 36)
LESSON DURATION

CUASSROOMLARORATORY g ~ COMLEWERTANY TOTAL
1 Hr 0 ' 1 Hr
’ POl REFERENCE
PAGE NUMBER PAGE DATE PARAGRAPN
31 6 June 75
. P . STS/CTS REFERENCE
NUMBER “DATE .
563X0 28 July 71
SUPERVISOR APPROVAL
SIGNATURE DATE i SIGNATURE __DATE
* * »
PRECLASS PREPARATION
EQUIPMENT LOCATED EQUIPMENT : GRAPNIC AIOS ANO
IN LABORATORY FROM SUPSLY CLASSIFIED MATERIAL UNCLASSIFIED MAT ERIAL
None None None SG V-2
. WB V-2-P1

CRITERION OBJECTIVES AND TEACHING STEPS

2a. Given a list of ten waste materials, identify by written reébdnse a source of
-each and classify each as being domestic or industrial.

(1) Waste and pollution control
(2) Sources and characteristics of domes;ic wastes

(3) Sources and characteristics: of ipdustrial wastes




BODY (50 Min) : )

. PRESENTATION:

2a, OCiven a list of ten waste materials,
jdentify by written response a source
of each and classify each as being , )
damestic or industrial.

(1) Waste and pollution contro]:

(a) Why controls are necessary °
L

’

1 To regulate the amount and 5

quality of waste or pollution |

2 discharged into public |
. waterways

2 To insure public health
(b) Who implements these controls .
1 Federal agency

|
|
|
|
|
\
l
2 State agency _ ~
3 Local agency

| eric - 49




.

(2) Sources and characteristics of )
domestic wastes . -

(a) Sources of damestic waste

)
=

domes. -

‘Schools

o

3 Businesses -

(v) Characteristics of fresh
: " domestic waste

Pl

1 Gray in color

2 Soapy dishwater odor

» I “

3 Contains dissolved, suspended,
and/or Floating solids

4 pH normally 7 : 3

-

(3) Sources and characteristics of * , .
industrial wastes

1)




(a) .S.our‘ces of industrial 4
- wastewvater

- 1 Aircraft washing

Fuel system maintenance

(18

Paint stripping and corrosion
control - - %

|7

'

Aircraft maintenance shops

I+

§ Vehicle maintenance shops

-

Air materiel Depots

o

\\ +(b) Characteristics of industrial \ .
i\ wastewater . 2

\ 1 Chemical odor - -

2\ Color or dye

/

3 0ily or greasy

| 4 Toxic.to\living organisms 5]
\

\ =

\ -

.
%
S N



APPLICATION:
Have "Astude_nts complete WB-V~2-P1,Classes and o o ' v
Sources of Waste. ‘ :
"EVALGATION : . . - Co S
Evaluate by oral, written questions, and/or
observation of student's performance during C .
lesson. This may be accdmplished at any time \
during lesson for increased effectiveness,
CONCLUSION - (5 Min)
SUMMARY : ' A 5 C.
N Pd ’ . " .
N . . ‘ .
- REMOTIVATION: T ) :
r . . » .
« 7 /
& T - o
STUDY ASSIGNMENT:  NONE / RN
\ - f
4
{ ’l
6 - o
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LESSON PLAN ( Part1, Generel)

APPROVAL OFFICE Agz m; . ;E' .] INSTRUCTOR .
COURSE NUMSER | COURSE TITLE
3ABRS6330 . - |Environmental Su rt Specialist’
BLOCK NUMBER - 1 sLocCx TITLE .
s )" Waste Treatment and Disposal .
LESSON TITLE ’

Qomposmon and Characteristms of Sewage (Day 38) -

LESSON DURATION

CLASSROOM/LABORATORY Y COMPLEMENTRRY - TOTAL
3 Hrs ‘ _1.5 Hrs ~ ‘ 4.5 Hrs_
POI REFERENCE

PAGE NUMBER . . -PAGE DATE PFARAGRAPY

31 . 6June?5 . 3

E i STS/CTS REFERENCE-- - -
. NUMBER DATE *
\563X0 . 28 July 71
SUPERVISOR APPROYAL
SIGNATURE DATE SIGNATURE DATE

- Y.,

PRECLASS PRESARATION

. EQUIPMENT LOCATED -~ EQuiPmENT Ny . GRAPHIC AIDS AND
, IN LABORATORY . FROM SUPPLY . CLASSIFIZD MATERIAL UNCLASSIFIED MAT ERIAL
None None None .. SG-V-3
. . , . +  |WB V-3-P1

3 N
CRITERION OBJECTIVES AND TEACHING STEPS
3a. Given incomplete definitions of terms or statements relative to characterlsticu

and composition of sewage, complete the definition or statement with the proper
term or information. /

(1) \\Characte'gistics of sewage
. - g
(2) Composition of sewage

-

b

' (3) Effects of characteristics and composition on plant operation )

4

¢
]

ATC Ffom 970, . .

AUG 72




i BODY (170 Min)

' PRESENTATION: . \

- 3a.

Given incomplete defi tions of

terms or statements. relative to
characteristics and ¢ sition

of sewage, cunplete the definition
or statement with the proger term

or inf omation. N

(1) Cbmcterlstac'; of sewage L

(a) Danest:.c scwage

! I

: 1 Fresh domestic waste

(sewage)-gray in color,
odor of soapy dishwater

o
o
.l

g Stale,_,or\septlc sewage~
’ dark in color, rotten sgg

.or dgcayed odor,

(b) Inddstri/al waste.

A

/

» -

1 Color frod dyes

-~




(a)

,‘(b,)

(c)

(d)

(f)

‘Water 99.9%

1 Oxyge \

: :/ 1
. / |
, -
4 Methane
Volatile solids are found as
a part of sewage waste ! T '
B | ~ ‘0

Solids 0.1% : i

| S
b . ..

. | \

J N . - - | . >
Solids are organic and inorganic

o N 0

Gases found in sewage are

Carbon dioxide ' ' \5

o

3 Hydrogen sulfide

Biological composition of
sewage includes




1 Parasites

2 Saprophytes

s

! ' 1
\ 3 Wonm%
/

i

(3) Effects of characteristics and -
cunpositio7fon,p1ant operation
& * . N

| ‘
I (a) Facgérs affecting strength
- of ?ewage )
/

/

1, Time of day
'2 Rate of flow

3 Laundry and meat packing waste

|
‘ \
- ' . 4 Number of users :
A '
- /
i ount of grease in sewage
|

\ .

1 Grease retards biological
- action

~

'R
Ry

e




2 Removed in'primary clarifier
by skimming

r’e

" 3 Placed in heated digester

4 Small amounts of grease may - -~
be digested

o i
S S n

Large amounts of grease must
be buried or burned

jn

/
/

(c)“ Industrial waste

1 Normal dilution allows
plants to handle industrial
waste

e e ; -
2 Specidl holding tanks for '
N,  large batch treatment
sometimes used

3 Some chemicals can destroy
bacterial action canpleé 1y

APPLICATION: : - \

Students will complete WB V-3~P1, N
N Composition and Characteristics of Sewage.




EVALUATION:

Evaluate by oral, written questions and/or
observation of student's perfoimance during
lesson. This may be accanplished at any

time during lesson for increased effectiveness,

CONCIUSION (5 Min)

REMOTIVATION:

STUDY ASSIGNMENT: ;

'SG 3ABR56330-V~4, Principles of Waste Treatment

)




ey

LESSON PL AN ( P-nl Generel)

APPROVAL OFFICE ANDD [ 4 INSTRUCTOR
TCETC/17Jun?
COURSE NUMBER COURSE TITLE

1. 3ABR56330 Environmental Support Specialist

BLOCK NUMBER BLOCK TITLE

\'A _ Waste Treatment and Disposal

LEZSSON TITLE

Principles of Sewage Treatment (Day 37)

-_LESSON DURATION

L FIISSIUOM/LAHDRATDRY '&MPL!M(NTARY ) ~ TOTAL
I~ 6 Hrs 2 Hrs 8 Hrs
. POI REFERENCE
PAGE NUMBER PAGE DATE PARAGRAFH
32 6 June 75 Co 4
' '$TS/CTS REFERENCE
NUMBER X DATE ’
563X0 : 28 July 71
SUPERVYISOR APPROYVAL
SIGNATURE DATE . SIGNATURE OATE
|
*PRECLASS PREPARATION |
EQUIPMENT LOCATED : EQUIPMENT GRAPHIC AIDS|AND
IN LABORATORY FROM SUPPLY CLASSIFIED MATERIAL UNCLASSIFIED MAL‘!RIAL
None None None SG V-4 1
WB V-4-P1 |

CRITERION OBJECTIVES AND TEACHING STEPS _

a. Given a list of 20 statements and a list of 20 terms related to principles of
j[sewage treatment, match- the terms to the proper statéments.

(1
(2

Physical principles and processes used in sewage treatment
Chemical processes used in sewage treatment

)
)

(3) Principles of biological processes used in sewage treatment
)

(4) Sewage treatment systems and subsystems

\
. \‘

RM
ATC Fom . 770




BODY (340 Min)

PRESENTATION: ‘ , .

4a. Given a list of 20 statements

and-a-list-of-20-terms.-related . e ’ \
to principles of sewage treatment, ) ;
match the terms to the proper state-

ments.

(1) Physical principles and processes
used in sewage treatment ' . /

(a) Screening
. (b) Sedimentation o
(¢) Filtering

(d) Evaporation

(e) Aeration

(f) Drying . 60 )




e .

{2) Chemical processes used in
sewage treatment _ o

() Chlorine
(b) Lime
(c) pH adjustment \

(3), Principles of biological” . \
_processes used in sewage treatment

T ke o e

(a) Aerobic
(b) Anaerobic

(4) Sewage: treatment systems and
subsystems .

!

(a) Preliminary treatment




1 Bar screens

Camminutors

2 'Separate settling tanks

—fm
/
!

/
i

3 /Separate digesters
/

/
7/

e

4 Sludge drying beds

(¢) Secondary

1 Trickling filters




o

Activated sludge

3 Contact aeration

4 Oxidation ponds

(d) Tertiary

1 Chemical coagulation

‘Filtration

1o

[[]

Adsorption

(e) Preliminary equipment

1 Remove large floating
objects




2 Removes abrasive material

>

3 Reduces size of large
floating matter ’

4

1. Prevent large suspended
materials from entering
- the plant '

2 Screenings from bar
screen are d:.sposed
-- -——-of-by--- -~

a Gr:md:.ng and returning
to influent -

o’

Incineration or
sanitary landfill

4

Burial, if other’
means are not available

o

a;

o




(g) . Grit chambers

1 Allow heavy inorganic r
solids to. settle from
sewage influent : . \

2 Removes inorganic
,materials to prevent .
excessive wear on pumps
and sludge removal equipment

-~

3 Orit depth should be Y
checked weekly

b

(h) Comminutors

1 A power driven grinder for ,
shredding large solids

2 Installed at the influent
. . of the plant, or at the
© ‘pump station




3 ‘It is a large vertical
: ot drum with knives attached
- . . for cutting } , ’

©

{4

Used in conjunction . ) E
with bar screens ) \

(i) Parshall flumes: A device \1 \
o used to measure the rate- ’ : N < e \
of-flow of sewage entering

t the p}mt \ . \

\ \ \ \ o

(i) Setthng tanks: designed to P T
A detam sewage for a/period
of tme to allow é,ettleable ’
sol:.ds to settle to bottom . : T
- of tank ’ ‘

) b
. | .
(k) Dlgesters Allows for /

collected settled solids ’ . /
to d;.gest to P more stable , .
‘ compound ..

A »

’ (1) Drying beds: Dewaters '
sludge from digesters




(m) Secondary equiment: ‘
contact aeration, tri
filters, activated sludge
and. oxidation ponds, These

., 8¢ systems that promote T ,
¥ a biological growth which | . ' A
)  decomposes solids left in ‘ ' i
- effluent from primary ’ ' o ‘ :
' systems e
‘ .

N v \
. o

,(n) Tertiary equipment: ,"
- filters, adsorbs, or : :
coagulates solids from
effluent of secondary

system ‘q

a, L |
(o) Grease removal f :

-

~

=% -Preaeration: - this. is . “
a method of agitating - o
or stirring new sewage
by diffusing air through
it

& Minute particles cling
| to the air bubbles
. and rise to the swrZace

i where they are siimmed ‘
off . '




. Th;i.s ";-)roce'ss also . T B
:, o aids “settling and ‘
. Co ) ‘ . reduces odors

-
-
1 .

o

¢ Side walls and troughs o
. ~ should be cleaned as
- . needed ) ' . .

i

XY

Aeration is a continuous _ .
N process ) -

LY

. -} e Dissolved oxygen-test. )
' . . is-run on the effluent > : . )

3

e e e o - - -

2 Vacuum flotation operates - T

. on the same|principle as X . |
aeration, wx\th the addition
of suction.,

APPLICATION:

e students comgle WB, 3ABR56330-V~ - . , ’

~P1, then point out the -equipment on ‘ : N .
the trainer and have students dist ish , ’ B
, between Jpreliminary, primary, and secondary )
treatment and explain the opera.tldhal
steps o ea.ch




i

1

EVALUATION:

},
!
|
|
!
|
|
|

Evaluate by oral, written qui?stions, and/or
observation of student's performance durirg
- lesson, This may be accomplished at any time
° during lesson for increased effectiveness.

CONCLUSION (10 Min)

© OSEMMARY:

REMOTIVATION:
“

STUNY ASSIGNMENT:

S :ABR76330-V~3, Primary Waste
T :utment

12

6
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LESSON PLAN ( Part |, Generl) \ /

APPROVAL 'OFFICE AR T

i
INSTRUCTOR .o
TCETC/17Ju s .
COURSE NUMRER | "COURSE TITLE \ v
3ABR56330 | Environmental Support Specialist j
BLOCK'NUMBER | SLOCK TITLE :
A4 * Waste Treatment and Dispgsal ‘ /
LESSON TITLE /L
Primary Waste Treatment mth Field Trip (Days 38 and 39) /
] . LESSON DURATION /
CLASSROOM/LABORATORY COMPLEMENTARY TOTAL /
12 Hrs | . . _4 Hrs 16 Hrs
N | PO! REFERENCE I
PAGE NUMBER PAGE DATE PARAGRAPH
33 | 6 June 75 s /5 .
] STS/CTS REFERENCE g
NUMBER - i | oare /
563X0 I ' 28 Juiy 71
— — , SUPERVISOR APPROVAL = . /
SIGNATURE DATE SIGNATURE' DATE
T ] 7 \
| ! i
i !
| [ /
| / /
. PRECLASS PREPARATION /
L s */ a
Eol:;aptf:;;:rco/gvm FROM ’SPU“Pj’NLTY CLASSIFIEO MATERIAL uncGLRAzz:‘;fE;!ai:ggAL
Sewage Treatment |None None / SGV-6 -
Trainer | | / WB V-5-P1 :
j / Slides, Sewage Planq
| , . / Operation
| /
|
| | /

5a., Observe operat:mn of municipal sewage treatmept plants durmg field trip and
practice pers ox?al hygiene and safety during field trips.

( 1) Over\pew of what to_look for on field trip /

(2) SafetyL and personal hygi

e f

& f
(3) Tdent1f1cai:1on function, and mamtenance of plant and equipment
(4) Rev1ew of field trip \ 4‘

ATC oM 770

AUG 72

, e
/ o




LESSON PLAN (Part |, General) CONTINUATION SHEET
CRITERION OBJECTIVES AND TEACHING STEPS (Continved)

5b. Demonstrate a knowledge of operation of preliminary and primary treatment
systen%d componenis by makmg written responses to related questions.

e\ration. of grit removal devices
(2) Operation of screens and comminuting devices
(3) Preaeration and flotation - ‘
(4) Measuring devices
(5) Operation of settling tanks
(6) Operation of digesters and compon&xts
{7)- Sludge disposal

5¢c. Given the sewage treatment trainer and a schematic of a sewage plant, identify
and operate the valves to perform designated operations.

(1) Flow through comminutor, Imhoff tank, and secondary system

(2) Flow through bar screen, separate settling tank, and seconda\ry system
(3) Drawing sludge to drying bed

(4) Recirculating sludge

Q .
E M FORM 7704 9 % GPO: 1972773388/ 24 ‘




-

5%

Course No: , 3ABR56330 Branch Approval

.Days 38 and 39
PART IT
( INTRODUCTION (10 Min)

CHECK PREVIOUS DAYS STUDY:ASSIGNMENT

e T

ATTENTION:

OVERVIEW:

MOTIVATION:

%ﬁ-—




CONCLUSION (DAY 38)

SUMMARY :
Briefly summarize the main points of the lesson

STUDY ASSIGNMENT:
Read 56-V-3 and answer questions on page 66

INTRODUCTION (DAY 39)
CHECK PREVIOUS DAYS STUDY ASSIGNMENT

REVIEW:

OVERVIEW:

MOTIVATION:




PRESENTATION:

5b. Demonstrate a knowledge of operation of
preliminary and primary treatment systems
and components by making written responses
to related questions,

(1) Operation of grit removal devices

(a) Purpose

(b) Types

(c) Regulating flow

(d) Methods of removal

(e) Disposal of grit

(2) Operation of screens and coamminuting
devices ‘

(a) Screens

74

5%

.
NS




2 Construction

3 Cleaning

4 Disposal of screenings ,

(b) Comminutors

1 Purposge
2 Construction
" (3) Preaeration and flotation

(2). Purpose

‘(b) Construction




(¢) Operational procedure

4

(4) Measuring devices

(a) Purpose

“(b) Weirs

(¢) Parshall flume

(d) Parabolic flume

(e) Kennison nozzle

(f) Venturi meter

‘ -(g) Venturi flume

(h) Dosing cycle

e




s

(1) _Timing pump operation
(5) Operation of settling tanks . ,

(a) Primary settling tanks

Single purpose structures

=

Removes gettleable solids

([

{w
(]
ke
o
o
n
L-J.

Y
[
[1}}
[N
o
W

Hopper bottom

N e L .

e

*

b Kechaniqal sludge collection

Mechanical sludge collectors must
be operated continuously

(R 28

R

3

‘(b) Imhoff tanks ¢




fr

v

J

Two compartménts

|8

Settling

Digestion

Upper tank slopes

The Imhoff tank includes:

a

{[=

ol

{[=9

Settling chamber

]

i

Sludge digestion chamber
Gas vent
Sludge pipe

4%

Channel for flow reversal

10

)

-/



4 Advantage of separatirg the : . e
settling and digestion.processes

4 - . ? /

*
H g* »

3

*a Settl:mg is not hampered by - -
> - rising gases

- [ -
L}
@

b |Keeps sewage fresh in settling

. \cqnpartnent E ’

~
R
-
Y

*
. 0 -
El

'

-

. . [N —- —

¢ -allows for more complete °
digestion .

Y ?

Imhoff tank operation

jn

g .

a “Flow reversal

Influent baffles distribute
flow more equally :

lo’

. *
- = N

o .

Surface scum is skimmed off

Sludge depth snculd be 2 ft. :
below settling compartment

[{¥




v,

S

-4

A

— TR Prevent foaming

',

"_i_‘_ Characteristics of sllidge

e Sludge withdrawal requirements

/
i

4 e

AN

~

a Excess raw solids

i
i

b Excess sludge withdrawal

Tests performed on the settling
compartment .

-

=

b1
a Suspended solids

&

b Settleable solids ,'

o
212

i

v
vy o




‘Pests performed on the digestio;';
' {

0

4

) » compartment :
) /
/I
- I"l
/ ‘ l
a APH X
. y
~
b Total solids
v: ‘i .
i ¢ Volatile solids
B d Sludge depth .
S
/

(6) Operation of digesters.and components

<

(a) Decomposed sewage products

‘ . 1 Gas \
N

2 Supernatant liquor

-

13




, / | _ |
‘ . ./(b) Reduces volume of sludge ‘ : - S

. . ~
, N » * *
{ .

.

: . 4 .
(c). Digestion of primary sludge occurs _
- . - . in three stages N ‘ . -

: ‘:/ St s - [' . P . ) .
/ 8 ¢ * ' R ’
. / | . .
1 Highly acid stage" s . . ST -
. . )
. 4 s ..
) .7+ 2 Less acid stage ; \
@ ‘0

s

Fermentation (alkaline) - ) . 7
stage ‘ . . )

, ¢ ] - - -
< -
h + . *
R .

L S .
v i > .
. -

(d) Types of digesters - s ' o

{ .
4 . P - . - 3
- -

o

- .
-~ . f .

Liquid level (floating cover) ‘ .,

S

R d
. 8
o . e i
2 Gas holder cover .
1 +
- b »
. - ]
-, - *
- ‘.’ -
3 Fixed cover > .
L [N 82 R
' 1
> v . .
. -t C
-
/ ’ . N

FN
i
=]
0
[~]
<
[
]
(14
(=)
2
(20
om
[1]
7]
-
o
]
£

ERIC™ =+ © Lo S ‘ :

v
FalTo: Poiod b EHG . . . s .




(e) "Digester operation.

., . )
. "’\J '
1 Pi'e—startiq inspections

| o

a Check pipes

\ \

lo*

Check valves and stirring !
mechanism
/

¢ Check vacuum relief valve

N

[{ &)

Fixed cover digesters are
completely filled with raw
sewage

3 TIloating covers are raised
from the low level supports
during initial -filling

=

Seed digesters with partially
or well digested :sludge

<

15




/

- —? .. —f—V.: . S f S
I

'\
, '\
5 Sludge being added to a dlgestef‘ '
should contain a high percentage
of s%llds. .

i

'S

’ 1

6 Punrp:mv too much siudge into .
a dlgester will cause foam:.ng

J
?
|
{
!
}
_[

1 buperna.tant may be treated by |
a.eratlon, T With of without lime

|

{
/
!

j
!

8 Supernatant is disposed of by

Y ReI:ming to Iaw sewage .
eq y divided between,

Prmry settlmg tanks

Dlscharg:mg it to sludge
beds. or lagoons when sghds

content is found higher
than desirable

o

1

9 Heated dige:i;ters (85-95°F)

{
1

For internal heating, keep

&
water in coils below 14

-

16

x‘ | Al

bb




For external heating sludge

is pumped through tubes in

the unit, heated, and returned
into the digester

o

10 Sludge circulation speeds up
digestion by

2 Mixing raw sludge and seed sludge

Thickens the “sludge

o

¢ Reduces its moisture

d Assists in maintaining
alkaline conditions

¢ Releases gas

=

Breaks up scum

2 -

11 Mechanical stirrer (agitator)

! l “a . 17 ‘ 8 {)_ | ) LTy




a Mixes contents

b Breaks up scum

¢ Keep grit removed from the
floor of the tank

d Seeds incoming sludge

12 Scum and grease is re'ad:ily
digestible when kept wet and
warm

(f) Drying beds

1 Sludge drying beds afe used to
o dewater and dry,digested sludge

-

- 2 Construction features of sludge
drying beds are

4 o

b7

.
e v
y
B




a Ground is dug to desired depth
and grade to form furrows

b Open tile drains are laid
in the furrows

c Oravel, 6 to 12" is placed
on top of tiles

”

d Sand, 6 to.12" is placed on
top of gravel and leveled

Outside walls are constructed
of concrete, wood

o

oo

Drying bed operation

a Sludge bed preparations are:
removing sludge chunks; smooth-
ing, cledning and grading sand;
placement of splash plates.

, ‘Blowers are installed if the
area is below ground, _Sump
pumps are also used to remove
excess water

19

b7




(7) Sludge dispos%}

(a)

(b)

. Purpose

[

Prevent disease

o

Allow room to treat additional.
sludge

Jeo

Dried sludge

=

Dry slﬁdge may be used as fill
in low areas .

o

Dried sludge may be pulverized
and used for fertilizer )

-

Siudge should not be usgd
on crops that will bte eaten raw

Jeo

Wet sludge

4

A




(d)

(e)

FY4

Wet sludge may be discharged
directly from the digester to
sludge lagoons in isolated areas

f=

&

Wet sludge may also be dispoéed '
of by transpprtiing it in tank v
boats for dumping at sea

1o

Sludge application

z

Application of 8 to 12" of- sludge .

=

o

Application of minimm depth o .
if bed area is limited ‘ . N

{w

Coagulation-

Removal of dried. sludge

e

Remove sludge when it can be
picked up with a fork without
excessive sand sticking to the
underside

21 -




2 Removed from beds by wheel-
barrows, trucks. or tractors

2

L.

&
.

5c., Given the sewage treatment trainer and a
schematic of a sewage plant, identify and
operate the valves to perform de51gm.ted
operations,

(1) Flow through cominutor, Imhoff tank, ..
and secondary system ;

(2) Flow throgh bar screen, separate
settling tank, and seconda.ry
system

(3) Drawing sludge to drying bed

1
Al

(4) Recirculating sludge

APPLICATION: ~

Students will use WB V-5-P1 to answer questions
related to preliminary and primary treatment
systems. and to operate the sewage ‘treatment
tralner. .




"EVALUATION:

Evaluate by oral or written questions and/or
observation of student's performance during
lesson., This may-be accomplished at any time
during lesson.for increased effectiven;ss.

3 -~
CONCLUSION (10 Min) Coe

SUMMARY : T ‘ .

REMOTIVATION: . -

4
»- 9

STUDY ASSTUNMENT:

5

Read SG +3:5R56330-V-6 - *

- -

»
v
.

23
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LESSON PLAN ( Part |, General)

APPROVAL OFFIC INSTRUCTOR
TCETc/er%‘%é- v

COURSE NUMBER

COUISE TITLE

3ABR56330 * Environmental Support Specialist _
B8LOCK NUMBER BLOCK TITLE
\'i Waste Treatment and Disposal

LCSSON TITLE

‘Secondary Treatment with Field Trip (Days 40, 41, and 42)

LESSON DURATION

COMPLEMENTARY

CLASSRCOM/LABORATORY TOTAL
18 Hrs 6 Hrs 24 ‘Hrs
4 PO! REFERENCE
PAGE NUMBER o | PAGE DATE PARAGRAPH
34 4 6 June 75 6
STS/CTS REFERENCE
NUMBER ATE
563X0 28 July 71 .
SUPERVISOR APPROVAL )
SIGNATURE . DATE SIGNATURE DATE -
€4 &

PRECLASS PREPARATION

EQUIPMENT LOCATED
IN LABORATORY

EQUIPMENT
FROM-SUPPLY

CLASSIFIED MATERIAL

GRAPHIC AIDS AND
UNCLASSIFIED MATERIAL

None
A

None <

None

.

SG V-6
|WB V-6-P1
WB V-6-P2
WB V-6-P3
TVS 56-2

FLC 13-94

CRITERION OBJECTIVES AND TEACHING STEPS

(2) Safety

(1) What to look for on field trip

6a. Following ﬁeld trip to municipal and base sewage plants, list the types of
" |Isystems ‘and the treatment units at each plant.

(3) Operation and mafintenance of secondary sewage treatment

-

? (4) Review of systems visited
\\ )
[s¥s )
ATC oM. 770 o
AUG 72




LE$$O;J PLAN (Peart |, General) CONTINUATION SHEET

75

CRITERION OBJECTIVES AND TEACHING STEPS (Centinued)

6b. Given a list of incomplete statements and a list of terms or phrases relative:
to trickling filters and oxidation ponch complete the statements with the proper
terms or phrases. /

(1) ‘Basic features of trickling ﬁlters

(2) vPrinciples of filter operation

(3) Factors affecting filter operation o |

(4) Operational pt'oblems and controls

(5) .,Constructibn features of axidation ponds and lagoons
(6) Principles of operation of oxidation ponds

6c. Using written definitions and‘scl_lematic of an activated sludge plant, identify
components relative to the plant and amswer questions relative to ogerations of
activated sludge-plants,

(1) Components of a conv’?n’fionat acﬁvg.ted sludge system

(2) Principles of activated sludge treatment

(3) Operation of a conventional activated sludge system

(4) .Operation of a contact smbﬂizahon activated sludge system
(5) Operation-of an extendcd aeration activated sludge system

6d. Following written instructions, identify components and answer queshons
relatwe to opegation of a contact aeration system.

(1) Components-of 2 contact aeration"system

(2) Principles of operation of contact aeration
4 3 . o

TATC FoRrM 04 2

Avirm =y

M _/ . , 2 6POL 1972 779-308/24




(‘.011:"se No: 3ABR56330
Days 40, 41, and 42

J PART-II

j
INTRODUCTION (20 Min)

CHECK PREVIOUS DAYS STUDY ASSIGNMENT

REVIEW: i

ATTENTTON:

OYTRVIEW:

MOTIVATION:




~ APPLICATION:

n

- 1::;%-«»

i BODY (1040 Min) .

PRESENTATION:.. f A
_ \ \';l« *
6a. Following field trip to municipal and
base sewage plants, list the types of
systems and the treatment units at each
" plant, .

———

(1) What to look for on field trip

(2) Safety
H

J

. f
(3) Operation and maintenance of
secondary sewage treatment -

|

1 \ .
(4) ﬁeview of systems visited

)

‘:

?
¥
H
'
+
)

Have students observe operation and .
maintenance, safety precautions and N
methods of jtreatment on the field trip,

+ - §

Have students list the types of systems

‘and ‘the_treatment units at each plant.
o ‘ .

} s




% H ! 3 3 . u{
CONCLUSION (DAY 40) ’ ‘ /
SOARY: - . o E /
Briefly sumarize the main points. of lesson. . ) /
. 3 - /
* v / * ‘: !
——— ". ) 9\‘
. 5 . ~ : \\
STUDY ASSIGNMENT: b ~ - .
Read $G~V-6 and answer qu‘?stions. ’ .47 . =
t . N R ;. -
2 ) ' ~ .

| |

L3
%

:

]
o

o

INTRODUCTION (DAY 41)

CHECK PREVIOUS DAYS STUDY- ASSIGNMENT

REV]IM H . { .
; - ,1
‘ -
. T >
. l i -
OVERVIW: e —
e
} f -
! -
—_——
=OTIVA "TON+ ‘
R /




PRESENTATION:

0b, Given a list of incomplete statements
and a list of temms or phrases relative
to trickling filters and oxidation ponds,
complete the statements with the proper
terms or phrases, *

/ (1) Basic features of trickling filters

2

(a) Provides secondary treatment
- of sewage

(b) Basic structure
1 Filter media

2 Distributor

3 Underdrain system

Y (c) Filter media must be

3'to 8 feet deep

[ S

o

}Iard a.n& durable

,

\/;

‘\" .



A

a

3 Uniform in size

(d) Filters are classed according
to rate of loading

1 Low rate

Normal BOD loading of ) .
600 1bs per acre foot

o

Continuous or intermit-
tent dosing

jo’

S Seasonal unloading of
zoological film

, 4 More complete BOD removal
and nitrification

o

. High rate

Normal BOD loading of
5000 1lbs per acre foot
per day » '

i®

jo

Continuous dosing




L - N i
. !
<4

. ¢ More total BOD removal- &
because of greater volume

Less % BOD removal
fram given volume of

) sewage due to high rate
- . of flow )

e

a

(2) Principles of filter operation

. .
. | /

(a) Aeration

. (b) Zoological film '

(c) Aerobic bacteria “s,

(d) Natural shedding of film

(e¢) Removal of the shedded
film - ° .

(3) Factors affecting filter operation

[

99

- (a) Rate of loading




(b)

(c)

' (d)

=

. Volumetric ¢

[d

oo

BOD

Uniformity of distribution

\

-

Fixed nozzles

2 Rotary distributer

3

Révolving disks . d

o

Frequency' of application -~

=

Intervals betweén dosing

During periods of low flow

1o

-~

Ventilation

1 Path of air circulation

F




b Underdrain

¢ Filter media pore spaces

Air circulation is accomplished
by '

18

a Natural circulation

<

b Forced circulation

\ .

(e)- Seasonal temperature effects

1l Biological action is o
-greater in summer

2 Natural air circulation
depends on .difference of
air and sewage temperature -

b}

@

Joo

Air circulation is upward °
in winter and downwaré in ’ -
sunmer

(4) Operational problems and controls

0 10j

NS




(a) Operational problems

e

Ponding

Filter flies

it

[ [

Odors or septic film .

’

’

o4 ‘Freezing

(b) Operational controls

I3

Recirculation o

=

i

Chlorination

v

[0

Flooding

(N

Resting filter

(c) Operation of dosing siphon




‘ ~ 1 Dosing .siphons are . o .
‘used to supply sewage )
to subsurface filters
and trickling filters
intermittently

. 2 The main features of a ‘ o
dosing siphon include .

a Siphon bell

b -Auxiliary -vent

- “

¢ Blow-off trap C , ‘ Yy

A

d Main trap

) (5) Construction features of oxidation
g . ponds and lagoons

>

(a) A shallow basin with a
maximm depth of 5 ft, . . N

%

(b) Sewage is discharged into the
middle of pond

(6). Principles of operation of
axidation ponds -

LY
N, -
e

Q

2 1U3 ‘ °




(a) Oxidation by natural process

(b) Oxygen is supplied by

s "

1 Absorption from the surface ’

2 Vegeta*lon and algae fram g
the bottom

4

-~

(c) Most efficient where -
evaporation and ground .
‘seepage is high . &

"

@

(d) Minimum prior treatment
is primary settling ' .

f} “ -

(e) Ponds are often used in s
series .

(Y As the effluent passeé from
one lagoon to the next the
PH increases and BOD decreases

(g) Alternately raise and lower
the water level about 6"
every 10 days for mosquito
control

>

13

L)




(h) A log is kept on the qun.iity
of effluent if overflowing

~

A weekly test should be made
of -overflowing. lagoons to
include:

»

Quantity of overflow

-

Dissolved oxygen -

Suspended solid'sé?

APPLICATION:
Complete WB V~6~-P1




L ] <
. CONCLUSION. (DAY &1)
v 14 MRY3 ’ . » ’ N
S . .
*STUDY ASSICNMENT: ‘ -
Read SG-V-6, pages. 85-107 )
. )
INTRODUCTION (DAY 42) o ¢
CHECK- PREVIOUS DAYS STUDY ASSTIGNMENT
REVIEN: .
» ( ¥
OVERVIEW: | .
o MOTIVATION: )
4 9 ‘




N

PRESENTATION: S -

\ " 6c. Using written definitiong and schematic

of an activated sludge plant, identify
camponents relative to the plant and
answer questions relative to operation -
of activated sludge plants.,

-
-

. (1) Components of conventional -
activated sludge system

_—/ i

(a) Preli.v&i‘y treatment equipment

A
A
+

4

(b) Primary settling tank

AR

(c) Digester

(d).. Sludge drying beds

P -

(e) Aeration tanks -

(f) Fipal settling tanks
.7 ‘ /

’

() Aerators




>

/ o , ! N
(2) Principles of actlvated sludgc

treatment . .

L

(a) The activated sludge process
is the agitation of a y
mixture of cewage with ‘
bacterlallv active sludge .

o . 4

-

.

~ - - s &

(b) Formation offa;¥'-5}own : |
floc~sludge

\ \
-
e \
. > [N »
\ . )

Ll

-

(¢c) Sludge contains’ tllamentous .
and unicellular bacteria and
algae

(4

’ . H

.-. (d) Prese enceof _OOIOgICal"“ -
forming bacteria . . . Ct

N R

[

17 74 o .




) —'\ @
1 The aaration period for
diffuser is 8 hours- .

o

2 The deratisn perioad for ¢
mechanical accation is

/ 12 hours

(f) Five factors involved in ‘
puritfication of activated
Lshudze are .
N €

\ ‘ 1 .Concentrat‘ion >f- solids
\ in the mixed liquor

2 Settling rate of mixed ) .
. liquor solids ‘

7
o

3 Volume of sludge return

s -
€

- e
» 4 Concentration of solids .
in return sludge

» ’ . 03
5 Quantity of air required
. for various loadings .

(g) The characteristics of
high-quality activated
sludge are .




- 1 Settles rapidly

>

2

3

Odorless
Golden brown

Granular

2

AN

A

(h) The factors used in determining

the. quantity of activated sludge

are

1 Mixed liquer solids

@

-

% Sewage strength

3 Aeration time

-

| v

\

4 Quantity of air

(i) Plant operation difficulties

¢

1 Presence of oil and

grease

20

11

{

)

R




2 Bulking of sludge

(j) The sludge index is useful
in determining efficiency of
the aeration system

(x) Perform the following
steps necessary to arrive
at a sludge index mumber

Sludge settles 20% volume
per .30 minutes .

j=

>

2 Suspended solids are
1000 P (,1%) '

3’ Sludge index = 20% = 200
0.1%

(4) Operation of a contact stabilization
activated sludge system

(a) Modified adtivated sludge
system :




|

|

\

|

|

(k) Raw sewage aerated with |
. activated sludge in contact i
mixer ) ’ ’ ‘
|

|

\

i

|

|

(c) Reaerating settled sludge
from clarifier to recycle

(5) Operation of an. extended aeration
activated sludge system .

(a) Race track is one type - .

N .
o

(b) Aeration 24-72 hours

x

(¢) No reaeration of clarifier 3
under{low

Following written instructions, identify
components and answer questions relative
to operation of a contact aeration system. >

(1) Components of a contact aeration
system ¢

22 112




S

- - (a) Preaeration tank : .
(b) Primary .settling tank x

.{c) Digester

(d) Drying beds

a (e} First stage aerator

(f) I;memedia.te settling tanlk

(g) Second stage aerator -

(h) _Final settling tank

?

' | (i) Chlorination (post if needed)

<

(2) Principles of operation of contact
aeration

¢ 23




(a) Recirculation

R | Reduce primary settling -

odors

2 Seed incoming primary
effluent

.

3 Mamtam a higher DO content

(b) Constant blower cperation

(c) Orowth characteristics on

-~ —plates

(d) Draw sludge from intetmediate
and final settling tanks at
4 hour intervals and return to

plant influent

i 4
(¢) Determine DO content during
N each shift .




(f) Maintain dissolved oxygen )
content of 1 ppm from
first stage aerator and

3 ppm from second stage’
aerator

-

APPLICATION:

Accamplish WB~V~6-P2 anid-P3_to identify
components and answer questions - -

-

EVALUATTON :

“valuate by oral or written questions and/or
cbservation of student's performgnce during o
———— - iesson;—This may be accomplished at any time ‘ ’
: ; during lesson for increased effectiveness,

, CONCLUSION (20 Min)

SIMMARY:




REMOTIVATION:

° ©

STUDY ASSIGNMENT:

<

Read SG-V-7, Tertiary Treatment

~

26




LESSON PLAN ( Pari'|; Genercl)

APRPRQVAL QOFFIC INSTRUCTOR
TCETc/l'u@ﬁzg agé

C.OURSE NUMBER

COURSE TITLE

3ABR56330 Environmental Support Specialist
BLOCK NUMBER SLOCK TITLE )
\'A Waste Treatment and Disposal

LESSON TITLE

&

Tertiary Treatment (Day 43)

LESSON DURATION

CLassroom/LasoraTonry _ COMPLEMENTARY . TOTAL.
2 Hrs 1 Hr 3 Hrs
POI RGP ERENCE
PAGE NUMBER PAGEDATE PARAGRAPH
35 - 6 June 75 7
. STS/CTS REFERENCE :
NUMBER DATE
563X0 28 July 71 -
SUPERVISOR APPROYVAL .
SIGNATURE DATE . . SIGNATURE DATE

ZQUIPMENT LOCATED

PRECLASS PREPARATION

LQUIPMENT . ) ! GRAPMIC AILS AND
IN LABORATORY FROM SUPPLY CLASSIFIED MATERIAL . UNCLASSIFIED MATERIAL
None None None SG V-7

WB V-7-P1

CRITERON OBJECTIVES ANO TEACHING STEPS

7a. Givemsten incomplete written statements relative to tertiary treatment
complete the statements with proper terms or information.

(1) Purpose and need for tertiary treatment
\ (2) Methods used for' tertiary treatment

ATC for. 770

AUG 72




BODY (100 Min)

~

PRESENTATION: . . . .

) 7a. Given ten imcomplete written
- . statements relative to-tertiary
-treatment, canplete the statements T o B
with proper terms or information,

- (1) Purpose and need for tertiary
\ treatment ) ‘ .

() Further reduction of BOD

“

(b) -Remove poiscnous chemicals

-

(c) Rgnovenitntes and ) . .
»  phosphates .

~ (2)_Methods used for tertiary N
treatment ————

(a). Principles of tertiary
treatment :

L4 3 ] | ’ 1 l 8 X - 4 - ' i -/ .
1 -Adding a third step to ,
primary and secondary




2 May be chemical or
mechanicel

e "’M‘(‘b‘)'—‘Equipﬁ?ﬁt;a‘ea‘*" :
Chemical feéders
CﬁlorjmtO?s
" Filters
Aerators

Newly designed equipment

2 Reverse osmosis

D Ion éxchanger;

(c) Chemical trestment




4 T e |

1l Lime-usedasa  _— T
... -----TTemoving impurities \ ’ P |

-
7 .

-

4

2 Chlorine-a strong

solution is used to ' R <
oxidize poisonous metals. -

%
L]

@) Mechaj.nica‘l treatment -

1 Effluent pusse,sv thru
microscreens to remove . ‘ -
micro-solids . . .

» N ?

2 Filtered through

. ¢ Activated carbon T—

3
L}
»

3 Aeration’ . N

.
2 -~




& Releases gases

- » ’

" Oxidizes toxic metals

£

. (2) Control measures

by

1 Tertiary effluent is labytested_
for any remainmg impi vities

AY

g’ ébnatgnt observation necessary
for efficient plant operation

L

3 "Goal of tertiary treatment: -
Treated effluent exceeds quality
of receiving stream

APPLICATION:
Students wijll complete statements in Workbook
V~7-P1 .




.
.
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<
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. \
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- =
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.

- ' \\
. EVAIUATION: = * .
Evaluate by oral gr.writtén,questions and/or
~  observation/of student's performance auring
lesson: ‘This may be accomplished at any time
-.during lesson for increased effectiveness,
R : " “CONCIVSION (10 Min).
SUMMARY : , '
_ L T /
REMOTTVATION : .
" STUDY ASSIGNMENT: .
NONE - ) L. .
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Course No: 3ABRS6330 Branch Approval:
“Day 43 : , . Date:
. PART IT

) ‘
INTRODUCTION (10 Min)

CHECK PREVIOUS DAYS STUDY ASSIGNMENT )

-~ r

REVIEW:

L) . < -

ATTENTION: o

-~

-“'
-

‘ . . . - .
— . . »
. ¥ . ¢ ‘ -~ * . ¢

S A rui et provided by enic [
e




BODY (100 Min)

-

mmmuum :

Ta. Given ten imcalplote written
statements relative to- urthry
treatment, complets the statements

with proper terms or information. .

, (1) Purpose and .need for tert:hry
' 2 . treatmemnt

(a) Furthar reduction of BOD

~ 4

(b) Remove poisonous chemicals

-

v . phosphates

\
AY

‘ (2) Methods used for tertiary
treatment (?

€

" (a) Principles of tertiary
treatment

N 1Addinga.thirdstepto

primry a.nd ‘secondary

oo
"M

o




-7

2 May bé chemical or ’
) mcmm i T~

(b) Equipment u.aed

-

1 Chemical feeders

s

S

4 Chlcrinators
3 Filters

4 Aerators

S Newly ,designec‘i equipment

v A

& Reverzs osno&is
b Ion exchangers

(c) Chemical treatment . .

1
—
Lo
(4]




|
: k
\
J dZ/ .
)
o {
o
L4 2 Chlorine-a st’rong’ _ ‘
) solution. is used to :
— axidize poisonous metals :
T ' ‘
“‘\\\x ‘/ ) J‘
'(d). Mechanical-treatment -
\\ \\\\ N
' 1 Effluent passes thru : _ :
| microscreens to remove o - ﬁ

|, micro-solids ; ‘

-
T
{
»
-




ieases gases ~

b Oxidizes toxic metals

(e) Control méasures B .

;- 1 Tprtii.ary éfﬂucnt is lab tested
for any remaining impurities

£ Constant observation necessary
for efficient plant operatiom

-

3 Goal of tertiary.treatment:
Treated effluent exceeds quality
of receiving stream

<

< . 1
APPLICATION:

Studé;zta will complete statements in Workbook
V-7=P1 ’ ) '

-~




EVALUATION:
Evaluate by oral or written questions and/or
observation of student's performance during

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

. R ' CONCLUSION (10 Min)

SUMMARY : .

REMOTIVATION:

STUDY ASSTRMENT: - , -~

NONE

128
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LESSON PLAN ( Part'|, Generel)

] APPROVAL OFFICE A

TCETC/17

INSTRUCTOR -

COURSE NUMSER

3ABR56330

BLOCK NUMRER

A'A

COURSE TiTLE

| Environmental S_umort Specia.list

BLOCK TITLE

Waste Treatmeﬁ and Dis@al

LESSON TITLE

Chlorination and Stream Surveya (Day 48)

©__LESSON DURATION -

CLAsSROOM/LABORATORY

-] Comesrmenvany

1Hr

TOTAL

5//hrs

4 Hrs
POI REFERENCE D

. PAGE NUMBER PAGE DATX SARAGRAPYH -+

% 6 Juse 75

$TS/CTS REFERENCE

NUNSER y DATE s

D63X0 28 Julv 7]

_ SUPERVISOR APPROVAL - -

SIGNATURE . OATE SIGNATURE-

" PRECLASS PREPARATION

GRAPHIC AIDS AND
UNCLASSIFIED MATERIAL

TOUIPMENT
FROM SUPPLY

EQUIPMENT LOCATED
IN LABORATORY

CLASSIFIED MATERIAL

SG V-8
WB V-8-P1

None None None

. CRITERON OBJECTIVES. AND TEACHING STEPS

8a. G1ven a schematic of a sewage points where chIoﬂne migﬁt be
{applied and answer written questions reltl:lve to sewage chlorination.

(1) Prechlorination of sewage
(2) In plant chlorination
(3) Post chlorination

8b.  From information provided answer written questions relative to stream
surveys. .

(1) Purpose of stream surveys

(2) Sampling points

(3) -Assets andliabﬂiﬂes of streams

(4) Reporting results of stream surveys

ATC o™ 10

AUG 72

Q




. BODY (200 Min)

mmnmm.
8a, Given a nchuntic of a m phnt, :I.dnt:l.fy
points where chlorine might be applied and
answer written questions rnhtin to sewage
chlorination,
. (1) Prechlorination-of sevage .
b, (a) Prechlorination is the addition
: of chlorine to the plant :lnﬂmnt
1l Used during low flow of sewage
Y 2 keepa sewage f{resh
‘ , b
3 ‘Helps to prevent odox:a
(b) Forms of chlorine used
' 5

. 1 Gas (stored in liquid forn) - -

: ' o 3 - . 139




'3 Calciwm hypochlorite
4 Sodiwm hypochlorite

(2) In plant chlorination

~

(a). Used in control of odors when
~ prevailing winds are in the
(directioh of inhabited areas

{b) For infi*:lenta of trickling filters

N
N\
! N N
= ) M hd \ ~
(3) Post chlorimation
\\\
\

(a) Reduces bacteria couk;

\ :
\

~ {(b) Reduces BOD

8b. .From information provided, answer writtem-

questions relative to stream surveys,

' 4




-— . - \

(1) Purpose of strean surveys

- (a) Stresm surveys are used to determine
a stream's ability to receive waste
- ﬁ.tb.wt bec‘.-iig"" mted. _m
whon building a new m treatment
plant or making additions to an.
old p],gnt.

(b) Streams are tested weekly to

determine:
1 Turbddity . - - —
2 Fish life ) ‘

4 Sludge deposits

-

5 Vegetation on stream bottom




-

§ Relative flow as being lov, average,
or h;gh‘ , .

| -

(c) sm?lm amalysis includes:

i
i

1 Dissolved cxygen (D0)
e

~

2 -Biochemical oifygep demand (B(D)

>

4 -Bagteriological analysis, if
. e effluent is discharged
above water supply intske

(2) Sampling points




. \\'\\ . - ' “) ;
() Above amr@m )

~.

- P : ' . o
/ (b) %alow sewer outfall ’ o /

- ° \ )
' |

- e —
v

(c) Several gﬂ;a down-gtream

R

(3) Assets and liabilities of streams g T

(a) Good and bad stream characteristics .

LN
1 BOD is liability (vhen high)
Z‘Hi‘dlconcenmtianofmiupod

o

3 In wam water, decomposition is

. rapid, and oxyge. is less. soluble,.
(Sumwer. is the critical season
for stream protection)

-

(b) Sewage treatment procedures ‘ L “ .
“for correcting a polluted stream
. { R z




LRuon solids to prevent sludge
~ deposits - A

€

!

& Reduce BOD of plant effluent

3 Treat to aid nitrification

e

5_: Re-serate plant effluent
S Chlorirate phnt'e.ffluent

’ (4) Reporting résulta‘ of stream survey

Records of’stream surveys are ket "ot
AF Form 1463, Sewvage Utility Log o
(S_upp:_luenary) (

-

on a schematic of sewage plant the points of
' chlorination and angwer questions relative to
stream survey, : .

f




EVALUATION: . «

\ - e
* Evaluate by oral or written questions cnd/or
obsemtion of studnt's performance-
. lesson,’ m. my be uoupl:l.lhod at
during lesson for increased offocﬂmu.

" SUMMARY: X
. REMOTIVATION:

STUDY ASSTGNMENT: - o

Read SG V-9, Industrial Vaste

«

time ’

'
5 -
.
)
13
D
t
A
.
.
.
3
.
5
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T ‘ -  LESSON PLAN(FmI Gosors)” “ 1
APBROVAL OFFICK AND DAY ms-rauc-ron . - e N
TCETC/17Jun7 e ) .
¢ " COURSE uunn:n nl ITLE
‘e | “SABR5 : nvi}éhmental Support Specialist f,
. “BLOCK NUMRER .. . . #LOCK TITLE ' ' D
\i .} Waste Treatment and Disposal ‘
e Lusson TiTLE . -
W\Lﬂ)
o v i LESSCN DURATION s
© CLASSROOM/LABORATORY T~ "1 CoMPLEMENTARY . TOTAL
&HTS . © "2 Hrs 8 Hrs
. PO! REFERENCE .
PM! NU“.!H . . PAGE DATE ) . PARAGRAPH
37 . 6 June 1975 . ' 9
: ’ STS/CTS uzrnznc: E
1 NUMBER . . DATE
-1 563X0 2 ' ‘ 28 July 1971
.. o B SUPERVISOR APPROVAL
SIGEQ'IJ’UR! " DATE SIGNATURE DATE
PIECLASS PREPANATION
\ 'm::c':::;n‘ﬂco“:vm r::uu .sm-'p':rv CLASSIFIRD MATERIAL UN:L.AAS;:‘!!IC!:S:TA::IAL
None None None 'SG V-9 -
a WB-V-9-P1
WB V-9-P2
_ o : o
A .;" ¢ ) ! ] ’ 4 o .- -../"

= CRITERION OBJECTIVES AND T!AO“NG STEPS .

9a. Using related information, identify types and dangers of industrial wastes
and methods of testing, treating, and disposing of them., , .

!

{1). Types and sources of industrial westes o /

~(2) Hazards.of untr'eate& waste _ _
‘(3) Industriat waste surveys and analyses o
(4) Methods of treating industrial wastes /
(5) Methods of disposing of industrial wastes ;

(6) Methods of testing ) !

[}
- o -

aTC 1o,
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. .. LESSON'PLAN (Pert |, Genersl) cou’rmbmouwén
T SCRITERION'OBJECTIVES AND TEACHING STEPS (Continved) ’ ~
9%b. Using related information, identify radioactive martings, and state il

procedures for handling and diapoaing of radioactive materials.
.(1) Sources of radioactive yad;e
(@) Mesmring radicactivity

" _ (3) Identification of r%@?e markings

4) I'I%ndling and disposing of radioactive waste

N ;

11 GPOI 1972 770-398/24
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- COURSE NO: 3ABRS56330
DAY 44

. PART II

CHECK PREVIOUS: DAYS STUDY ASSIGNMENT
) N /o

MOTIVATION:

T

INTRODUCTION (10 Min) ~

<

t

.t

BRANCH APRWAL%MI‘

DATE:_ 29 Jul 1975




Using ‘related information, iddtify types
and danggrs of industrial wastes and
methods of teating, tneati.ng, and disposing
of them,

AN

-

N

AN
(1) - Types and sources_ of
“industrial wastes

(a) Types

1 Cyanides

2 Chromiwm cc-pound: and
other toxic metals

3 Acids and allalies

4 Orgenic solvents, phemols,
and aniline’

B iaacalt!

[T




3 Orease, oil emulsions, and
- detergents

SRadioactive Waste - S .

(b) Sources
; Battery shop

»

Z;Autunotive cleaning ' SR

3 Vehicle repaif
ﬁ_ffint shop

S Plating shop
“ ‘ e .Q,Airplane repair
Z Airplane éleaniﬁg

8 Laundry




(2)

/

(3)

-

Hazards of yntreated Waste. - -
. j .,
(a) Fire and explosion

-

-

(b) Toxicity -

(c) Interference with stream purification

-(d) Odor, sight, and taste
nuisances

induatrial waate,,qux;viya and:
analyses '

(a) Importance
(b) Flow méasurement
\ (c) Sarpling

(a) Analyses

(e) Effects of operating sched;xles

(£) Records

.t




(4) Methods of treating
_ industrial wastes

(a) Ceneral tyi)e; of ti*eat:n"eﬁt
1 Physical

& Blological

3 Chemical
4 Ion Exchange

(b) Treatment for specific waste
i Oyin;l.des ’

& sources-metal plating,
steel hardening, rust
prevention, and stain
removal )

b Dangers-a source of

 danger to potable water
supply and in concentrations
above 0.1 ppm, are capable ' -
of destroying fish life, -

& Treatment-Lagooning or
detention for 200 hours or
more, chlorination with
lime used to maintain pH above
8.5

7




|

|

1

-] lhngert-!‘oxi.c to anaerobic and |
asrobie bactlrh. Also to : fl
fish life and manicind throu;h : :
the witer v drtik, ' . :

=

-

S Treatment-Chiromic .acid
"~ recovery and redu:tion process

3 Acidﬁnd Allalins . j

A Sourcés- pdekling " and cleaning”
operations, corroded metal,
and concrets sewer pipes.

\-u‘f

b Dangers-interferes with sludge
digestion and biclogical acticn,
torx:lc to f:l.ah, causes corrosion,

g'hutnat-ﬂmtnnntion
(The pi of industrial waste
" should be in a range of about
6.0 to 9,0 for admission to
a sanitary sewer, Where both B
acid and alkali waste are involwved,




the mixing of the two
mey provide the required
PH correction,)

Ofganic solvents, Phenols, and Andiine

A source-Paint removel, cleaning
of aircraft, powered ground
-qquipnntahdra‘mgch.

. b-Dangers-Create explosion

- and toxicity bhagards, ianterfers
vith sevage treatment, and pollutes
potable water, -

T8 Trumnt-chu:lu; oxidation
and biological axidation

Creases, 0i1 emlsions, ard Detergents

A Sources-cluni.ng of aircraft,
powered ground equipment, motor
Pool, and laundry operations,

2 Dangers-Coating of carrier systems
and treatment units, increases,
B,0.D,, interferes with the [ ]

efficiency of precipitants used
used for sedimentation of industrial




- pH values renging froe'9,0 to = - . .
10.8 releasing carbon dioxide -~ . T
which causes partial sludge -
flotation -t

S Treatment-physical and
neutralisation of pit’

«(5)  Methods of disposing of industrial wastes
: . ! "
(8) Burning

() Burying
- (&) Treatment of specific wastes

(6) Methods of Testing - _ | ’
(&) Colorimetric

-~ 4 () Flectrometric -
(g) Cravimetric
|

@) Volumetric

(e) Sedimentation




t

-~ 9b, Using related information, identify . i

A radicactive markings and state ° T
: procedures for handling and P .
disposing of radiomctive materials : ‘ : .

N

(1) Sources of radioactive waste
" (a) Hospital

(b) Electronic Equipment

- (2) Measuring radioactivity

(3) Identification of radioactive
markings ’

on & yellow background .
or black symbols and letters.

on yellow background

\

(b) Green léglors for electronics
equipment,

( \jed symbols and letters -

(4) Handling and dispos ng of radioactive
waste \ h

-




2~ (@) ) lhndl:l.n; procedures’

" (b) Precautions

-

(¢) Radioactive liquid wasté

(d) Radicactive sclid waste

Using workbook, answer questions

relative to.industrial wastes treatment

and disposal also answer questions on
radicactive waste disposal, . .

EVALUATION: ‘

. Evaluate by oral or written questions

and/or cbservation of studezts -

performance during lesson, This .
may be accomplished at any time

during lesson for increased effectiveness,

RN

CONCLUSION (10 Min)

REMOTIVATTON: ‘ .

STUDY ASSIGNMENT: N

Read study guide on safety practices
~ SC AFS 54“, 55, and 56 Safety A1l Courasss

]

T ——

g




LESSON PLAN ( Pert |, Goneral)

. - muca\vu/orr;ct 77 i TRUCTOR - : ;
< TCETC/I'?Ju%“ , . .
b COURSE NUMBER COURSE TITLE - L
Environmental t Specialist
BLOCK NUMBER ] SLOCK TITLE )
\'4 Waste Treatment and Disposal
LESSON TiTLE ’ s .
Safety Prag; tices (Day 45) . 3
m Luoﬁuo::m ouu'nou . TotAL
4 Hrs ‘ 2 Hrs 6 Hrs
. POI REFERENCE : )
PAGE NUMBER ¢ | PAGE DATE i " PARAGRAPH
- 38 . . . 6 June 1975 10
) : STS/CTS REFERENCE © T, ‘
[ NUMBER o, ; DATE 5
563X0 28 July 1971
) SUPERVISOR APPROVAL ,
SIGNATURK " DATE . SIGNATURK DATE
kY
PRECLASS PREPARATION : ‘ :
N LAsomarome® " rmom somey SCLASKIFIES MATERIAL UNCLASSIFIEDIIAT ERIAL
None .- ' |None ~ |Nonme -|SG AFS 54,55, and
- S ' . t 56
- . [WB V-10-P1
! | - |AFR 127-101,
' - . ' = Chapter 3 s Sectiog
» - ‘ i . F
; N\

. CRITERION OiJ!CTW!S AND.TEACHING STEPS . ~
10a. Identify general safety information by completing measurable written items.

(1) Causes of accidents

(2) Work areu safety practices

(3) Fires and fire prevention

(4) Electrical hazards and safety practices
(5} Safety equ1pment ‘

r© () First aid g | ¢
[ n
ATC foml. 10 N
o A 113 .




I 'LESSON PLAN (Pert |, Genoial) CONTINUATION SHEET
' CRITERION OBJECTIVES AND TIACHING STEPS (Comtinuow
10b. Usir.\g AFR 127-101, Chapter 3, \Sectibn F, paragraph 3 §§ _identify sewage
plant safety practices by listing two safety practices from each aubparagraph a
through i. \ .
< (1) Physical hazaris . \ |
o (2) Sewage ges hazards \ o ' ’
. . \
/(8) - Chemical hazards \
(4) - Safety 2quipment and devices |
s \ | 3
= | |
l
. |
’ It !
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bourae No:
Day 45 -

_ \Branch Approval:

PART II

INTRODUCTION (10 Min)

CHECK PREVIOUS DAYS STUDY ASSIGNMENT

OVERVIENW:

Date:__ 2 A:y y Al

-




BODY (220 Min)
. PRESENTATION:

10a, Idattify general safety mfomtion
by cmpleting measurable written items,

s

= ‘ = i 4
(1) Causes of accidents /
/

(a)  Unsafe condi7lona

/

(b) Unsafe pers/ém.l characteristics

- f

- /

i !
(2) Work area ufe‘,éy practices

(a) Sfewer maintenance safety
{ j

\Renéve and rephce heavy
ml.nhole covers carefully g
and; only with the proper
ools .

an approved safety belt
attached lifeline, tested

(b tations and 152
\\__ : ®) jf:tén:plm:: safety

//f 4 -




1l Maintain a high level
of good housekeeping,
which involves cleanliness
of floors, windows, walls,
and equipment, Keep -
tools properly stored
vhen not in use, -

-0 }'& Keep walkways clean and
free from slippery sub-

! stances such as grease
and oil

3 Take particular care
with the electrical
distribution system and
facilities

4 Warning signs will be
installed near dangerous
machinery, or at locations
involving a stumbling hazard

5 Sufficient fire extin-
guishers of types approved
by the underwriters
laboratories, They should

be placed at readily
accessible locations in
the plant

(c) Machine guarding




¢

¢ 1 For maximm safety,
machines will be located
to.provide sufficient
space for the operator to

‘handle materials and perform
routine job operations with-

out interference from his
own equipment or from other
operators nearby.

2 A1l machinery will be
fimlyg secured to floor

3 Machines or their
appropriate parts, will
be color-painted according
to established standards
such as the TO 34 series
-and Chapter 4 of AFR
127-101, to increase
‘contrast-and -improve
visibility thereby reducing
the accident potential,

\

4 All machines that are
belt, chain or coupling
driven will have safety
guards ?

(d) Personal hygiene
L Treat all cuts, skdn

abrasions, and similar
injuries Mﬂy 1

WEVS

.
I
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-1
-+ pipettes-"1ot your mouth;

g

10

Call a doctor for all :
but .clearly minor injuries

Kn_ow first-aid procedures

Keep fingers out of noae:,

" mouth, and eyes

\
Be inoculated for water-
born diseases

After work, before eating,
and at other .convenient ‘
times, wash hands thoroughly
with soap and hot water

_In, laboratory work, use
"siphon bulb when 1 using )

Keep hands out of sewagd, sludge,
or other waste as much as possible

After handling waste,
wash hands before eating,
drinking or smoking

Keep finger nails

short and .clean *\\

/57




1l Take a shower before
you leave work

(3) Fires and fire preventiom

(a) Chemical fire hazards
. (b) Fire prevention principles

(4) Electrical hazards and safety
practices

) . (2) Grounding
(b) Safety power switches
(c) Explosion procf motors

(5) Safety equipment

(2) When a hazard exists or
is likely 'to exist, commanders
will-be authorized to direct
exposed personnel to wear
safety equipment and
clothing -

N

o // |
/-
[
|
j |
) |



(b) When job requirements
~ specify the wearing of
protective apparel and
_devices, this requirement
then becames both part of
safety regulations and a -
- condition of employment

°

(c) - If a military person avoids
or disregards orders to wear
protective clothing or equipment
required on a job, he may be
guilty of failing to obey
& direct order and will be
subject to the provisions of
the Uniform Code of Military
Justice (UOMJ). - '

(d) Safety toe shoes

&~
cam

1l Safety toe shoes or
_ ___approved foot or toe
guards or both should
be worn by personnel
working in areas of
heavy moterial haydling

2 Safety toe shoes are
issued to AF civilian
employees world-wide by
BEMO IAW TA 016

i
(e) Respiratory emergency
equipment

¥




1 Bmthing equ:l]nent of
the filter pad, uniater,
, or cartridge type, is
designed to reduce
contaminated air to

a safe level for bmthing
2 Hose mnaks
3 Airline respirator

4 Self-pcon;aim&é oxygen
breathing apparatus -
with bottle

5 Self-generating oxygen
_ _ bréathing apparatus

& Gas mask
1 Respirator

§ Goggles for eye protection

]

(f) Safety hard hats

]l Hard phatg.c hats

10




2 Metal hats
(6) First aid

(2) Specific types of wounds

4

. (b) Fractures and severe burns

(c) Heart Lung resuscitation

Emergencies fram toxic
substances

Prevention of adverse
effects of heat )

¢

Using AFR 127-101, Chapter 3, Section- F,
paragraph 3-23, identify sewage plant
safety pnctices by listing two safety
practices from each subparagraph a

through i, N

,
»

(1) Physical haza.v;ls

- L4

" (a) Drowning

11 .




(b)

(c)

(2)

(3)

(d)

(e)

(&)

(g)

(a)

Infection |

Asptyiation " "
Burns | T -
mectrbc;ixﬁm i

L 4

§

Slipping, tripping, and falling .

General machinery injuries

Hydrogen sulphide

&

(b) Methane gas

(c)

(a)

é;rbon dicxide

Chemical hazards !

Chlorixe ( ' 184

12




(b) Acids and allalies

(4) Safet;' eggimt and devices
. & R .

(2) Flame arresters.
~ '(b) Gas burners

" (e) Good vent.ilation\ and
lighting '

APPLICATION:

Students will supply answers to camplete
Workbo\ok V=10-P1

EVALUATION:

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

. - CONCLUSION (10 Min)
SUMMARY :

13
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CLASSES AND SOURCES OF
WASTE \

i
i

OBJECTIVE:
. This study guide will assist you in becoming familiar with the
classes and sources of waste.

+ INTRODUCTION:
.o When you leave here you inay be assigned to a base sewage plant,
. . Your knowledge of classes, and sources of sewage will help you become
" a better plant operator.The informgtion to be covered will be under the \
.following topics: :

] ® CLASSES OF WASTE -
‘\

@ SOURCES OF WASTE |

CLASSES OF w)q\s'rE
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 séu\/age. Although sewage
‘ contains considerable floating matter - including fecal solids, paper,’
B grease, and kitchen refuse, about 99.9% by weight of the total volume
is water.‘Sewage generally has a higher temperature than.the water I
supply. When fresh, it is usually gray and almost odorless; stale or
septic sewage is dark and has a rotten or putrid smell. Ordinarily -  —-—
.. -turbid, -sanitary sewage becomes more septic as it grows older.

v Industrial,
Industrial waste, usually liquids such as acids, oil and metal

cleanipg solutiqns, results from aircraft washing and industrial operations,
When the volume of waste is small, it is normalily disposed of through

DESIGNED FOR ATC COURSE USE




the samtary sewage treatm

Domestic Waste. /

|
i

ent plant. In some cases, however, it is
, necessary that separate industrial waste treatment plants be qonstructed

This type of sewage

source is from the buildings on base with latrines. Most of the sewage

SOURCES OF WASTE

. ./

comes from all over the bage area. It is
from the kitchen and bath rooms inthe base housing area. It also comes
from the dining halls and tl;OOp living areas on the base. The other

being treated on Air Force|Base will be of the domestic class.

" Industrial Waste. |

This type of waste W

. area, chemical and photo 1

dry cleaner, paint shops eJtc

SUMMARY l ' i

/

/

In this study guide &ou’ have become £
and sources of séwage. It is necessarythat

method of disposal, Some
%e.

QUESTIONS

}. What are the classes of

2. Domestic sewage comes from what spec

eas of a base will yield both classes of sew -

sewage?

\

e have a safe,samtar

. - /

ic place? /

3. Industrla.l - wage comes from what specific place? f

1

4, W' . percent of sewage i‘by welght is water®”

i

e Describ/e the make-up of industrial waste"
|
)

REFERENCES

]

ill be from the motor pool, aircraft washmg
laboratories, garbag7 wash racks laundnes,,

/

/
/
/

/

iliar with the classes’

1. ~ AFM 85-14, Maintenance and Operation of Sewage andf Industrial

Waste plants and Syétems

/

2.~ Water Supply and Se age by Ernest W. St {al 4th ed1t1on
2
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FIELD’SANITATION

OBJECTIVE

The purpose Jf this study guide is to assist you in learning field
sanitation, its use, size, construction and operation of cesspools and
septic tanks.

INTRODUCTION

In this study guide we will discuss the principles used to treat and
dispose of small .quantities of sewerage wastes. , Such processes are normally
used at small installations. These processes can be accomplished by means
of cesspools, septic tanks, tile fields, and subsurface filters. The
facilities are, for the most part, underground. The cesspool is adequate
only for very small groups, such as those using a single building. Septic
tanks are practical only for small installations. Both the effluent and
sludge produced by such treatments are potentially offensive but, with
careful design, construction, inspection and proper sludge removal, the
facilities can be made to operate without nuisance and with minimum atten-
tion. .

The methods for waste disposal will vary with the situation. At perm- .
anent and semipermanent camps, water-borne sewerage systems, like those of
our cities, are provided. Under field conditions, military units must

.adopt various field methods to dispose of wastes.

These items will be discussed further under the following main topics:
-~PROCEDURES FOR DISPOSAL OF WASTE IN- ISOLATED AND COMBAT AREAS

1-TYPES OF CONSTRUCTION AND INSTALLATION OF SOIL ABSORPTION SYSTEMS
 AND SEPTIC TANKS

PROCEDURES FOR DISPOSAL OF WASTE IN ISOLATED AND COMBAT AREAS

0f all typés\of sewage, human waste is the most frequent carrier of
intestinal disease germs. Special precautions must be taken in its dis-
posal. In many permanent and semipermanent installations human waste may
be carried off by a water-borne sewage system. In temporary camps and iso-
lated areas, field latrines are used by the individual uni'ts for the dis-
posal of human waste.




Latrine Location

In isolated and combat areas, latrines are located at least 100 yards .
away from tha unit kitchens and at least 100 feet away from any water sup-
ply source. Drainage of the waste into the soil must be away from the
water source. Latrines should be dug in porous, well drained soil and
should not extend below ground water level. A good latrine location is
about 30 yards from the end. of squadron streets within eagy.reach. It
should be lighted at night unless military security dema?concealment.

Latrines are used to bury excreta away from flies and to prevent fly
breeding, soiling of the earth, and contamination of water @applies.
Individual units are responsible for their maintenance. There should be
enough latrine seats or spaces to accommodate eight percent of the unit at

one time. Two linear feet are allowed for "each man. Always construct the
unit latrine away from the water supvly to prevent contaminatfon.

Latrine Construction

Latrines should be. enclosed in'iemporary shelters such as tents, wall
canvases, or brush screens. A drainage ditch is dug around the latrine
enclosure to carry off surface water. _ B

Hand washing facilities should be placed at the latrine exit. These
may be made by running rods through two cans and supporting each rod on
two forked gstakes. See Figure 1. One can is filled with soapy water and
the other with clear water.

Latrines

At temporary sites deep pit latrines and urinal troughs or soakage pits
are used. Where tight soil conditions do not permit proper sewage dis-
posal, a pail latrires may be necessary. However, until latrine facilities
can be furnished, straddle trenches can be used.

STRADDLE TRENCH. A trench is dug 1 foot wide, 2% feet deep, and 4 feet
long. Two feet of length are allowed per man for at least eight percent
of the unit. For 100 men, there would be four such 4 foot trenches as
shown in Figure 2, ’

There are no seats in this type latrine. Boards .can be placed along
the sides of the trench to provide sure footing. When there is no natural
concealment or isolation, a brush or canvas screen should be provided.

The earth removed while digging is piled at one or both ends of the
trench. A paddle or shovel is placed in each pile so that every man can
promptly cover the excreta and paper. This is done to reduce odors and
keep flies away. Toilet paper rolls should be placed nearby on pegs or
other holders and protected from rain by a wooden covering or tin can. A

4
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Figure 2. Straddle Trench Latrine for 100 Men
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means of washing hands must be provided. If necéssary a latrine orderly is
assigned to make certain that .excreta is covered and that there is enough
toilet paper and sufficiént water for men to wash their hands.

Straddle trench latrines are closed before they are abandoned or when
they are filled to within one foot of ground level. Earth is domed over
the pit and tightly packed. If the soil is loose or sandy, it should be
mixed with oil. The site is then marked by a sign CLOSED LATRINE.

__DEEP ‘PIT LATRINE. This type of latrine is -used with the standard
latrine box and must conform to it in size. The standard box which takes
care of four men is 8 feet long and 30 inches wide at the base. (A unit of
100 requires 16 feet of latrine space, 2 standard latrine boxes.) The four
holes have flyproof covers. Blocks or bars installed to prevent the covers
from opening to a vertical position will also insure self-closing after use.
All cracks are made flyproof by nailing strips of wood or tin over them.
The deep pit lattine is buil: with a urine trough or soakage pit. A metal
deflecting strip is placed where it will keep urine from soaking into the
wood. Then the whole unit is enclosed by brush or canvas, or a large wall
tent. See Figures 3 and 4. - ' )

Figure 3. Deep Pit Latrine for 50 Men

¢

‘ N
The pit is dug 2 feet wide and 7% feet long. This gives the latrine

box 3 inches of support on -all sides. The depth of the pit varies with the
length of the time the latrine will be used. As a guide, allow 2 feet for

6




»

80K PLACED o4 SURLAP~
. SN OF DIRT MACKED OVER BURLAP

7,

UNNE DESLECTWE STRW ~$TeF BLOCK

i

Figufe 4, Cross Section of Standard Latrine Pit

cover and 1 foot additional for each week of use. (A latrine to be used 1
week will be dug 3 feet deep.) These measurements are for average- soil.

In clay or cighc soil where absorpcion is poor, the depth should be in-
creased in proportion. However, rock or high ground water levels may limit ‘
the depth in sandy soil. A support of planking or sandbags may be neces- |, / ;'
sary to kezp the sides of the pic from caving in. Drainage ditches are dug . !
to lead rain water away from the pit.

A

Unless the latrine pit is in tight clay soil or has been blasted from
rock, it has to be flyproofed in order to prevent fly breeding. This is
~done by digging around the pot an area 4 feet wide and 6 inches deep. The
earth’is then replaced over the area, tamped down, and more oil is added.

If burlap is not available, oil is mixed with the earth alone which is
tamped down. If there is no oil, use clay or other well compacted soil
moistened with water. The laCrine box is then carefully fitted over the
pit and earth is packed tightly around the edges of the box to seal any
remalning cracks. See Figure 5.

The only way to reduce odors and to prevent fly breeding is to keep the
latrine clean, 1id closed, cracks sealed, and make sure that the flyproof-
ing sezl is not broken. Putting lime or oil into pits is of little value.
Burning out the latrine is of no value and will spoil the flyproofing.
Once flies have entered, they can be prevented from breeding by using
powder borax .or other approved preparations. One pound of powder borex is
used for every 8 hole latrine every 5 days. The powder should be distri-
buted equally over the contents of the pit. If the contents are dry, add
enough water to dissolve the borax but not enough to carry it away. If
borax is not available, DDT or other insect sprays can be used. Care must
be taken not to get the spray cn top of the box or lids.

\
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Figure.'5. Flyproofing Deep Pit Latrine

Latrines should be policed daily and kept clean at all times. There
should always be enough toilet paper and water for hand washing. A holder
should be provided with scme type of covering to keep the paper dry. When
fiies are around, keep baited fly traps outside each latrine enclosure.

The box itself and the seal at its earthen base should be kept tight and
repaired. The seats should be scrubbed daily with soap and water and dried
after cleaning. The seat cover should always be lLept closed when not in use.

Deep pit latrines -are closed when abandoned or when filled to within 2
feet of the surface of the pit. The box is removed, the pit is sprayed
with an insecticide and covered with burlap when it is available., Next, it
is filled with dirt (oil soaked if the soil is loose or sandy) and tamped
and domed 12 to 18 inches above the surfice. If hogs or dogs are in the
viéinity, cover the pit with heavy stomes, logs, brush, broken glass, etc.,
to keep them from unearthing the contents. The site should not be used

again, so it is marked with a sign CLOSED LATRINE and the date of closing.

MOUND LATRINE. This type of latrine is used where there is a problem
of ground water. The earthen mounds make it possible to construct a deeper

Pit . * o

A mound with a box 6 feet wide and 12 feet long (mgniﬁum) is built for
a standard four-seat latrine box. It should be high enough to meet the
pits requirements for depth, allowing one foot fromothe bage of the pit to

8
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the ground water., First, the area where the mound is to be raised is plowed

or dug up. Then layers of airt are built up, each not more than a f£éot in

depth. Each layer is packed solid and the surface is roughed before the .
next is added. If the earth is dry, sprinkling each layer will make it

stick together and pack down more firmly. It may be necessary to use revet-

ment or bracing to keep the walls of the pit from caving. The size of the

base of the mound depends upon the kind of soil used. A relatively flat °
slope is preferred. Advice from a soil: engineer and heavy equipment like

bulldozers will speed up the work.

The mound latrine' is flyproofed in the same way as the deep pit latrine.
However, it will be.necessary to extend the tamped area two feet down the
slope of the mound in order to get 4 feet from the edge of the pit. Direc-
tions for closing the mound latrine are the same as for the deep pit-

latrine.

BORED-HOLE LATRINE. This type of latrine is used for sentry stations
and other small isolated posts. It is a round hole, 1% feet in diameter
and 15 to 20 feet deep, covered by a one-hole box latrine or by an impro-
vised seat such as an oil drum sunk into the ground with one end removed
and the other end cut out to the shape of a standard latrine box seat hole .
fitted with a flyproof 1id. A urinal consisting of 1 inch or larger pipe .
similar to that used in a urine soakage pit can be placed at one side of
the seat. The lower end of the pipe extends into the hole, but must not
protrude enough to be soiled by feces. Do not use the bored~hole latrine
in shallow well -areas or where high ground water level exists.

PAIL LATRINE. Where nonabsorbent or tight soil makes a deep pit -
latrine impracticable, a pail latrine is substituted.

A standard latrine box may be used as a pail latrine if hinged doors
are placed on the rear, a floor added, and a pail placed under each seat.
If the box is located in a building, it should be placed against the out-
side wall of the building so that the hinged doors of the latrine open
directly on the outside. The latrine seats and rear doors should be self-
closing and the box made flyproof. The floor of the box should be water-
_proof concrete if possible and should slope toward the rear enough for wash

water to drain rapidly.

A trough urinal can be installed inside the latrine building with a
drain pipe leading into a.container outside the building.

Pails must be removed and emptied daily (more frequently if necessary).
The contents of the pail may be disposed of in an Otway pit, by burial, or
by incinerator, or if possible, into a nearby manhole or sewer. Empty pails
are replaced in latrine containing at least one inch of disinfectant. At
suitable interva}s, pails are replaced by clean ones. See Figure 6.

'SQ‘.IL'




"1 INCH OF DISINFECTANT,
LATRINE SUCKET

I
Figure 6. Pail Latrine in Building '

Otway Pit

This pit is a type pf septic tank used for dumping latrine pails or
hospital bed pans. Disinfectant other than those in the latrine pails
should not be used. . '

The pit is 10 feet long, 3 feet wide, and 6 to 8 feet deep. It siiould .

. be located at least 100 yards from the kitchen, squadron streets, and water

supply. The Otway pit is covered with timber on which is spread oil-~soaked

earth to make it flyproof and lightproof. A hole with flyproof and light- .

proof cover is left at one and of the roof into which éxcreta is dumped.

There is another hole 6 inches in diameter at the other erd of the roof

over which a standard flytrap is fixed.. The only way light enters the pit

is through the hole under the flytrap; newly hatched flies making for the

1ight are caught in this trap. ’

Urinals

TROUGH. If a deep pit latrine is dug in ground ‘which absorbs 1liquids,
a urine ‘trough draining into the pit is included within the latrine enclo-~
sure. This trough may be built of tin, galvanized iron, or wood. If it is
made of wood, it should be lined with tar paper. The trough is U~ or V-~
shaped, 10 feet in length for every 100 men, and slopes to one'end. At the
lower end it is connected to the pit by a short section of pipe fitted with
fine mesh fly screen. However, the pipe may be omitted and the trough may
extend directly into the pit if the point at which it enters is flyproof.
This trough must be washed daily with soap and water. '

> 10
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SOAKAGE PIT. If the latrine pit is in soil which absorbs liquids pébtly,
a/gepatate urine soakage pit should be built. This pit is—about four feet
d&uare and four feet deep. It is.filled with pleces of broken rock, flat-
tened tin cans, bticks, broken bottles, and othet contact materials. See ——

Figure 7. .

APRON OPTIONAL

SECTIONAL VIEW

Figure 7. Soakage Pits with Pipe Urinals (With Ventilating Shafts)

Two ventilating shafts, 4 to 6 inches square are insercted to reduce
odors. These shafts extend from about one foot above surface to within 6
inches of the bottom of the pit and ¢ontain a number of holes along the
sides. The tops of the shafts are covered with fine“screen, straw, or
grass to keep 6ut flies. -

Urinals’ made of pipe, one inch in diameter or larger, are placed at
. each corner of the pit along the sides. (There should be at least 5 for
- every 100 men.) The pipes extend 8 inches below the ‘surface. In the upper
end of each pipe is placed a funnel ‘of ‘sheet metal; tar paper, or similar
material. The rim of the funnel should be about 26 inches from the pipes
to keep from getting clogged with cigarette bhtt§3 paper, ‘etc. See Figure
7.
v - N
Since the soakagé pit can usually accommodate 200 men indefinitely, it
* is better to surround it with.a square trough urinal instead of using indi~
’ }é vidual funnels. The trough is 6 feet square with a drain pipe extending
from the lowermost corner to 8 inches below the surface.in_the center of
the pit. See Figure ‘8. Care must be taken in leveling the trough to
assure good drainage and to prevent pooling of urine. The pipe reaches
below the surface to prevent contamination and to reduce odor. The urinal

11
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Figure 8.\ Soakage Pit with Trough Urinal (Without'Ventilating Shafts)
trough may bihloéated withih the latrine enclosure with the pit outside.

-Special precautions to take for urine soakage pitsrhrgi_'“
1, Change| the grass or‘straw in ‘the funnels daily,
2., Clean the funnels with. soap and water.
- 3) Change\funnels when necessary. .
™ 4, Keep the pit free from oil or any other substance which might clog
. \

i ]

o o
\ °

Wher the pit is %o be closed, withdraw the pipes gﬁd cover the pit with
1

earch, \

" If the latrian are located out of the way, a large can or pail contain-
ing ‘one inch of disinfectant can be placed at the/end of each squadron
street at night for use as a urinal. Each morning the contents of the cans
will be poured'int? the latrines or urine soakage Bits, and the cans washed
-thoroughly. ‘ :

TYPES OF CONSTRUCTION AND' INSTALLATION OF SOIL ABSORPTION
i SYSTEMS AND SEPTIC TANKS ’
Cesspools may be used for small quantities of sewage where soil condi-
tions[are exceptionally good and where clogging of the surftunding soil is
ot lgkely. A cesspool is a leaching well in which the walls are brick or
masodgy laid with dry open joints, and the bottom of the well is left

12
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unlined. Sewage flows into the cesspool and stands,;solids settle o the
bottom and are digested, grease and other floating materials float on the N
top, and liquids leach or seep into the soil. f

When the soil is clogged and the unit is full, /the solids must be re~
moved by bailing or pumping. The-solids should be/buried where the water . .
supply will not be endangered. Caustic potash (lye) will to some extent }
liquefy solids in a cesspool. However, chemical treatment is not recom-
mended because it will not eliminate the necessity for removing the contents
when the cesspool .is full and clogged. When clogging continues and cannot
be’ corrected by solids; removal, the best solution«would be to install a

septic tank system with a tile disposal field. /See Figure 9. Leaching . ;]
Cesspool with Wood Cover. - s // '
S yd , /
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Figure 9. Leaching Cesspool with Wood Cover
Location

Since the action’ of a cesspool depen;\\ pon its seepage or ]eaching ‘into
the surrounding soil, it should be used only>where the soil is porous to a
depth of at least eight (8) to ten (10) feet. To protect water sources,
the ground water table should normally be below this elevation. In fine
sand areas, leaching into the soil is improved by putting gravel around the
walls and on the bottom.

13
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A Lecond cesspool ‘may be constructed when the first becomes filled to
take the’overflow from the first. In such cases, the first should ‘operate
as a septic tank to collect the settling and floating solids and to provide
a trapped outlet on the connection leading to ‘the next leaching cesspool.
Septic tanks may be placed-advantageously ahead of leaching cesspools 4n
large installations to reduce. the quantity of solids passing to the .cess-
pools well, thereby deldying clogging and loss of leaching effect. Addi~
tional leaching cesspools should be Separated from existing cesspools by a°
minimum of 20 feet measured between outer walls of wells.

/s .

Size . . sl

<
o

. Total number and size of cesspools required depends on quantity of
sevage and leaching characteristics of the total exterior percolating area
. above the ground water table including bottoms and side walls beiow the
maximum' flow lines. The allowable rate of sevage application per square .
foot per day based on the recommended leaching test is given below. Soils
requiring more than 30 minutes for a fall of 1 inch are unsatisfactory for

leaching, .and some other disposal method should be used. .
Time for Water to Fall Allowable ﬁgte of Sewage Application in Gallons
One Inch (Minutes) Per Square Foot of Leaching Area
. -\ . N ,
‘1 5.3 ! )
o . ) ' .
2 ~ x Y 4-3 . J .
"5 : .2 - -
10/ : 23
30 C 1.1

Test

o/ | )

The test for leaching should be made by digging a pit about one-half"
the proposed depth of the cesspool with a test hole 1 foot square and 18
inches deep in the bottom. The test hole is filled with water to a depth
of 6 inches which 1s allowed to drain oif. Water 6 inches deep is again
added, and the downward rate of percolation measured in minutes required

for the water surface to lower 1 inch in the hole.

When cesspools are properly maintained, maintenance will be at a mini-
mum. Solids accumulating in a cesspool must be removed. periodically and
transported to a safe place for burial. To avoid clogging .and overflowing,.
cesspools should be inspected semiannually to determine need for scum and
sludge removal and correcting deficiencies. .

14
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SEPTIC TANKS _/
\

= Septic tanks do not require continuous opération and may be used at very
‘'small scattered installaticns where sevage with floating and settleable
solids removed can be disposed of by dilution (discharge into a body of
water), leaching wells or trenches, subsurface tile fields, or artificial .
subsurface filter systems. Septic tanks when installed and maintained pro=
perly provide an efficient sanitary/method of sewage disposal. ,

Size ' . : i
' The size of the septic tank is /determined by the amount of sewage to bé .
disposed of. The minimum size for|septic tanks is 500 gallons. Small tanks .
should have sufficient capacity to|detain or hold sewage for at least 24 i
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 deter-
- mining the size of & septic tank il 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 deteation plus an extra. capacity of 15 to 25
. percent of the daily flow for sludge space.

Operation ———

Septic tanks are simple in operation. Sewage flows into a tight (non-
leaching) tank and is detained there long enough for large solids to settle
out. Solid matter settles to the bottom of the taik and partially decom-

= poses producing liquids and gases. Slow undisturbed flow through the septic .
tank provides for the separation of liquids and sludge and for bacterial
action. The bacteria acting upon the sludge are anaerobic. They work only
in the dark and where there is little or no air. Undigested solids form a
residue of sludge on the tank bottom. From 4 to 69- percent of the incom~ -
ing suspended solids are carried off suspended in the effluent. The tank
inlet and outlet can be submerged to insure a reduced flow. Wooden baffle
boards can be used for this purpose. A submerged outlet prevents scum
which ferms on top of the surface from paesing out the effluent. The
-effluent is the sewage waste or liquid discharged frem the outlet.

Inspection

Periodic inspection is necessary to prevent health hazards sud nuisance.
Inspections should be performed at periods of high flow and as frequently
as required by tank size and population load, but at least every six months
toc determine that: oL

1. Tank inlet and outlet are free from clogging; accumulated material
should be immediately removed and disposed of by burying.

~
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Depth of scum is such that scumiis not passing out with the effluent,
and sl dgefand scum. accumuration does not exceed oneTfourth of tank

capacity.

l

-
l

/

4

Effluent passing to subsorface disposal is relativeiy free from

-suspended 8olids to sgoid clogging of subsurface pipelines and fil-
The quantity can be determined by the Imhoff Cone Test;
more than one milliliter of settleable solids per 1iter of effluent

ter beds.

should be considered excessive,

4, AppurLenmt faci 1d.ties such
and t}le fields,are working properly.

dosing siphons, dis:ribution boxes,

Addition of lime, chlorine,

I

!
!

4

compounds,’ is of questionable value and is not 'recommended.

E;nsive.

1 of sludge and scum.

fective means of keeping -tanks working properly. is through periodic

RSN
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SeparatiJg sludge and scum from the liquid in”septic tanks is difficult;
for small tanks they-are customarily mixed, the entire contents being re-
moved when clesning., The material removed contains fregh pr partially
digested sewsge solids which. must be disposed of without 3ndangering public
. Disposal through manholes in the nearest sewerage system as approved
. by, looal authorities or burial in shallow furrows on open, /land is recommended.

A diaphragm tjpe sludge pump is best suited for removing
which shou}d be transportéd in a watertight closed conta

éhe tank contents °
i er.

" Co tents ‘and effluents of septic tanks Are character}stically odorous
ior any other chemicals or pro-

The
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Records should be kept of each septic tank and disposal field inspection,
These should include date of inspection, sludge and scum depth, conditions
found, and corrective action taken.

Disposal Tile‘Field .

Where small quantiqies.of sewage (less than 2000 gallons. per day) are
involved and favorable soil conditions exist, settled sewage may be dis-
charged into the ground -through subsurface tile fields. Effluent from saall
septic tanks installation is usua%}y 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 sewage
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.
v o )
2. The soil has satisfactory leaching characteristics within a few feet
of the surface and extends several feet below the tile.

3. The sibsurface drainage is away from the field.

4. The area is adequate,

’

—

5. There 1is no possibility of polluting drinking water supplies, par-
ticularly 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 results, the rate
of sewage application to the total bottom area of the tiled trepches may be
taken from the following table. Soil testing over 30 minutes. is not suitable,

FROST LINE. Placing tile below the frost. line to prevent freezing is not
necessary. 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 oppor-
tunity for clogging near pipe joints. Pipe 4 to 6 inches in diameter is
recommended. The larger pipe gives greater storage capacity for solids and
larger area at the joint for solids to escape into the surrounding gravel.

mo | {
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Time for Water to Fall Allowable Rate of Sewage Application in Gallons
One Inch (Minutes) Per Square Foot Per Day of Leaching Area
1 ‘ ’ 4,0
2 3.2
5 . 2.4
10 ' 1.1 )
30 .8

o

. PIPE LAYING. To provide for free discharge of solids from the line %o
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/}Qalong 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. © D

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 gyavel,:3 feet.

4., Trenches should'preferably be not over 2 feet.degp.

LAYOUT. The layout of the piping system depends on the shape of the
available area and the slope of the surfdte. A typical layout is shown,’ in
Figure 11, When tile is laid in sloping ground, flow must be divided
equally to each "lateral. Because of the &mall slope required for distribu-
tion lines and the advantage of having a fairly uniform depth of cover soil,
individual lateral trenches follow the ground contour lines. as shown in
Figure 12. Tile fields are generally laid out in a herringbone pattern or
with laterals at right angles to the main distributor. The distance be-
tween lateralf should be not less than three (3) times the width of the
trench. A distribution box ar, the head of the disposal field to which the
laterals are connected will insure equal distribution of flow.

»
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Figure 12, . Layout of Tile Field on Sloping Ground
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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)5 inch mesh and retained on a 3/4 inch mesh is recommended.
This gravel bed gives a relatively large percentage of voids into which the
solids may pass and” collect before the effective leaching area becomes ser- ) 4
iously clogged: The soil which fills the trench must not £ill 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
gravel of suitable bankrun gravel over ‘the medium stone is recommended.

PROTECTING THE PIELD. Once a tile field is constructed, all traffic
must be excluded by fencing or posting to prevent crushing the tile. Plant-
ing shrubs or trees over the field is not good practice since the roots tend
to clog the tile lines; grass over the lines assists in removing the moisture
and keeping the soil open. , ' '

INSPECYION. Inspections of the field distribution boxes should be made
at frequent intervals. If any portion of the tile'field is not taking its
share of effluent, appropriate adjustments should be m;de; If it appears
that the tile line may be clogged or if effluent is coming to the tile field

20 ‘
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ground surface, the lines should be excavated to determine the reason for
. T failure or clogging. lNecessary corrective action should .he taken.

Subsurface Filters

USE AND SIZE. If the soil will not absorb sewage sufficiently for the
use of subsurface tile fields, subsurface sand filters may be required;
open sand filters are preferrcd if they can be placed in an isolated.area.
Subsurface sand filters are used only when nd isolated area is available. . .
Sand filters should not be used where septit tank discharges exceed 2000
gallons per day._ These filters are individual trenches of\gectqngular beds .
consisting of distribution tile, filter medium, effluent collecting under-
drain tile, and discharge line. \

SUMMARY . y -
o, .

To improve living conditions and prevent disease, human .waste must be
disposed of in a sanitary manner. In field maneuvers, combat, and isolated
areas, this is done -through the construction of latrines and scakage pit
- urinals. " A

‘ There are a number of different types of latrines and soakage pits.

Some of these are: - straddle trenches, deep pit latrines, mound’ latrines,

pail latrines, Otway pits, urine soakage pits, and: urine troughs. Special
precautions must be taken in order to maintain the latrines and pits in a ‘
sanitdry condition,.

B 9 _
e At semi-permanent and permanent installations sewage must be disposed
of in a manner acceptable to sanitary requiremrnts. Primary and secondary \\\\
P treatments are used followed by chlorination, aeration, and disposal.
Smaller installations use septic tanks and subsurface irrigation. ) : -
QUESTIONS

1. In what type soil is cesspools best suitable?
o 2. How are solids removed {rom cesspools when they become full?

3. What is the best method for correcting a cesspcol when clogging
continues and cannot be corrected by removal of solids?

. 4. When a second cesspool ig added, what is the minimum distance that the
: second cesspool can be constructed? ) "

5. How are solids disposed of from cesspools? ’ 4 .
6. What is the difference between cesspools and septic tanks?

&

7. What is the minimum size for septic tanks?

21
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8. What percent of suspended solids. are removed in a septic tank?
9. List 5 conditions important for proper funct%oning of tile fields.

10. What sfze tile pipe is recowmended and why?
. — ! . N g
1ll1. If the soil will not absorb the sewage effluent with the use cf tile .
_ fields, what can be installed?

<

12. What is-the purpose of dosing tanks? B ) (.
13. Latrines are located at least how many yards from Eicchens? From any i
water sugply source? ' (
14, What perceﬁt of a unit should be provided latrine facilities? ' ®
15. Name 5 types of field type latrines:
16. What is Fhe primary purpose of the Otway pit? !
17. What a;e the. dimensions f;r a straddle trench? l
~18. ’How are latrines marked after they are full or the unit moves to a new
location? . -
19. How deep is the disinfectant in a pa;l for the pai} type latrine? —_ d

20, Give the generzl description for constructing a urinal soakage pit.




therefore, the study of additional material is recommended.

“tion. These effects include the clogging of pumps, coating of equipment
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~ COMPOSITION AND CHARACTERISTICS OF SEWAGE
OBJECTIVES

The purpose of this study guide is to'aseist you in becoming familiar

with the composition and characteristics of sewage. .
INTRODUCTION
o . °
Sewage is made up of various types of waste from different areas, and
may come from a base’or a city. These different types of waste are o

classiﬁeg as either domestic sewage or industrial sewage. The informa-
tion concering the effects of the two classes of sewage on plant operation

and the composition of the two classes will be presented under the follow-
ing headings:

[

® EFFECTS OF SEWAGE ON PLANT OPERATION ~ —

@ COMPOSITION.OF SEWAGE .

This study guide may;’ not include all the information you need to know;

EFFECTS OF SEWAGE ON PLANT OPERATION
Domestic and industrial sewage have similar effects on plant opera-

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. i

COMPOSITION OF SEWAGE :
The general term sewage is used to describe all waste materials-

flowing through the sganitary sewage system. It is largely the water supply
of a base after it has been fouled by many uses.

23
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Sanitary Sewage ' B 0

Sanitary sewage, which is better known as domestic sewage, is the
liquid or semiliquid waste from latrines, slop sinks, kitchens, showers,
_and other sanitary conveniences. Although sewage contains considerable
floating matter, including fecal solids, paper, grease, and kitchen
refuse, about 99.9% (by weight) of the total flow is water. Sewage |
normally has a higher temperature than the water supply. When sewage
is fresh, it is usually gray in color and almost odorless. When sewage is
stale or septic, it is dark in color and has a rotten or putrid odor, - ’

Industrial Waste . .
. ) ] (
Industrial waste consists of liquids such as acids, oils and metal

treatment solutions which are the result of aircraft washing and industrial

operations. Normally, small amounts of industrial waste can be disposed

of through the sanitary sewage treatment plant. However, it is necessary

that separate industrial treatment plants be constructed to dispose of large
amounts of industrial waste.

- Q

Compoeition of Sewage’

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 “. €. Leaves " c. Sand
d. Alkalies d. Cotton products d. Metal pro-
. e. Gasoline e. Food stuff ducts
f. Kerosene f. Fecal matter .
g. Milk - * g. Small animals .
h. Alcohol . h. 'Plastic products
i. Solvents . :
SUMMARY

. Sewage is made up of various types-of waste from different areas.
This waste is classified as either domest!c or industrial. Domestic waste
“consists of waste from latrines, slop sinks, kitchens, showers and.other

" sanitary conveniences. Inaustrial waste consiete of acide, -oils and-metal-
treating solutions. Industrial waste may ki1l helpful bacteria when it is
disposed of through the domestic waste treatment plant. Sanitary or

18§
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domestic sewage is usually gray in color and odorless. About 99 9% by
weight of the total sewage flow is water. Sewage is made up of liquid
organic and inorganic materials.

QUESTIONS R
.——%+—How will domestic sewage affect plant operation ? /

2. Name four sources of domestic se;vage. ‘ /
3.. How does the temperature of sewage compare with that of the water

supply ? ; .

B
H - ”

. 4. * Name three organic materials.

' ’_ 5. Name three inorganic materials.

6. In what way would large quantities of industrial waste a.ffect a domes-
tic treatment plant? .

1. What percent by weight fs water in the total sewage flow ? \
8. What ig the color of fresh sewage ?

. REFERENCES A L, i
<

AFM 85-14, Maintenance & Operation of Sewage and Industrial Waste

Plants and Systems .
&
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Y : - PRINCIPLES OF WASTE TREATMENT | ,
»

4 5
OBJECTIVE s
) fie purpose of this study guide is to aid you in learning how to process sewage.
+ —_——

H - .

Wmonouc:now | ; i
/ ' ‘ |

- y; When you graduate from this course you will be going to a base and pe%haps be
ope rating a waste treatment plant. You will understand the equipment in the plant if
you know the principles on which it operates. The principles will be discussed under

the {ollowing topics:

TREATMENT PRINCIPLES . e
] )

EQUIPMENT USED . / . /

o\ ‘
; *  STAGES OF TREATMENT ‘, /

‘This »tudy guide may not contam all information you need to know; therefore, the
study ofq’addxtxonal material is recommended. : .

; TREATMENT PRINCIPLES
N K s . / ¥
- Phyaswal C - . . C y .
/ X h
’ Sewape usually contains a quantity of undigestxble inorganic or mineral matter such ;
as -and, ‘gravel, glass, metal, and even some large organic matter that must be re- ,
mo e¢d. The removing or grinding or shreeding of ‘.his matter is referred to as a phys- o /
ica’ princ.»le. Sludge drying beds are also considered a physical treatment since evap- .
oration ta: es place, and no chemical or bxologxcal process takes place. Grease re- . .
mo al is u:so a physical tre&tment. It can therefore be understood that any treatment
the ~cwage receives other than chemical or biological can be referred to as physical

treatment. .

Chemical L ’ - . . . ' ) ' .

The use of chemicals in sewage is limited. Chlorine may be used for odor control j

but 1t must,be added continuously and is very expensive. It is more feasible to add an

application of copper sulfate every.six months during peak flow. Lime and iron salts

may also be used but these only control rather than prevent odor. A dose of 5 ppm of

copper suliate is used when the chemical is in contact with the organisms for an ex- .

tenced period. It is recommended that a dose of 50 ppm’be used in the sewers,because .

of tne shOx t contact period. Copper sdlfate is added in the uppermost manholes during ;

or judt bel rre peak flow. Hydrated lime is also used in slurry form to contrgl acid

dig‘f*stion. Sufficient lime should be added when the .pH of the sludge is below76 5,

Envugh sh)uld be added to raise the pH to 7.0. Chlor1ne is also used during low flow

to heep se vage fresh. The plant effluent is also chlorinated in order to prevent dise se, ,
- 26 : . /:
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Chlorine can also be used during low flow in order to prevent filter flies. An applica-
tion of hydrated lime to sludge during withdrawal helps reduce odors and fly breeding
on the drying beds. *

- ——y—

Biological ,
Biochemical Oxygen Demand (B.O. D.) organic matter in sewage, chiefly of human
or food ongm, is unstable and changes readily under the effects of chemical and biologi-
cal (bacterial) action. 'As this organic matter decomposes, it uses up the oxygen origi-
nally present and additional oxygen must be supplied to prevent it from becoming stale
and putrid. The quantity-of .oxygen utilized by microorganisms in the oxidation of the
organic matter, enabling sewage to form stable compounds is called the bioc\hemiéa\l
oxygen demand. It is measured in parts per million (ppm). Satisfaction of this demand
depends on time and ferrperature, and B.O. D,_tests of sewage are normally run at a
standard temperature of 20°C for a five day period. B.O.D. indicates the amount of
decomposable organic matter presen.t and, therefore, the concentration or strength of
sewage. Weak sewage has-a B O.D. of about 100 ppm; medium sewage, 200 ppm. and
strong sewage, 300 ppm. . ‘

Bacteria in s°wage are of threée types: aerobes, which live 2ud develop in the pres-
ence of free oxygen; anaerobes, wh1ch live and develop in the absence of oxygen; and

~ facultative ba.ctena., which are a.ctwe under either condition. Almost all sewage bac-

terxa feed on organic matter, and their feeding activities aid in the process of decpm-
posxt1on. Some types of bacteyia are pathogenic, or disease-bearing; these usually

¢ originate in body wastes dlscharged by victims or carriers of infectious diseases such
as typhmd dysentery, and cholera. The bacteria .decompose or break down the sewage
sohds into different compounds as a result of their feeding activity. Fresh sewage con-
tains enough free oxygen to support the -aerobic bacteria on the organic matter for a time.
“The products of this are stable ;and free from unpleasant odors. As the oxygen dxmm-
ishes the anerobic bacteria becdme actwe,ﬁcaulmg unstable and odorous products.
This is called putrefaction, Anf adequate supply of oxygen must then be introduced to
favor aerobic activity and prom{:te deco{npontlon without nuisance. This final step is

ca.lled oxidation.

EQUIPMENT USED

}
f
Bar Scrée}ls \t
These are used-to protect p' mps and remove floating materials that would form a
heavy floatage in settling tanks.! They are made of steel bars spaced 1/2 inch or more
apart. The bars form-a grid that is'placed at an angle in the direction of flow in the
influent channel. They are cleaped manually or mechanically, In manual cleaning, the
streen chamber is flushed frequently with a heavy stream of water to'remove grease
and material collected in front of and under the screen. A long-}.andled rake is used
to pull the screenings to the top of the screen and deposit them on a draimng platform.
The mechanically cleaned screen.has a built-in rake. It either operates by a fldat
switch which activates the rake when there is a loss of head or pressure through the
screen, or by an electnc motor wuh gear reducers.
1 . t
Five screens with 1/4-inch penmgs or smaller are sometimes used to remove an
additional quantity of suspended tohdl before further treatment. They are commonly
ot the rotating drum or rotating disk type. Cleaning is accomplished by scrubbing or

t
' ¥
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brushing, preferably with water under pressure from-a-hose., When the screen becomes
clogged with grease it can be cleaned with kerosene. See figure 1, Mechanically Cicaned
Bar Screen, ) .

-

Grit Chambers i
lhe purpose of a grit chainber is to remove the sand, gravel, glass, metal, and

heavy organic matter such as coffee grounds and fruit seeds, It is an enlarged channel

or long tank placed at the influent end of a treatment plant to remove the heavy, «coarse,

lnorganic solids from the sewage. It should not remove the lighter organic suspended

solids, which are intended for treatment, The cross section of the chamber is designed

to retard flow velocity just enough to cause the heavier solids to settle and form a

deposit that can be removed, If not removed these particles can cause pump wear and

excessive wear on other plant equipment. When the velocity of the flow is reduced to

one feet per second grit settles quickly, If the velocity is slower unwanted organic

matter may settle and mix with the grit and cause an odor. Continuous removal equip -

ment is available with a washing device to remove organic matter from the. grit. The

equiprnent removes the grit on an incline, moving it up by scrapers or a screw feed

conveyor., This action causes the organic matter to become suspended again. If more -

than 15 percent of the drained grit 1s organic material, the chamber 15 improperly

desigred or operated. -

o

.

Manually cleaned chambers usually have an alternate channel which will allow sew-
age to flow during cleaning operations, Grit must be removed from the compartment
when 1z is 50 to 60 percent full and immediately after excessive sewage flow, Care-

tully frush the grit if it still contains organic matter; then remove it by shovel or bucket. .

Aicchanical removal grit equipment should be operated at intervals except at large
plants. Operation must be frequent enough to prevent overloading and must be continu-
sus during excessive flows, Organic material is washed out during the operation. Chan-
nel wixls must be flushed or scraped frequently to remove grease =accumulatzions. Tke

" metal sarts above the waterline must be kept well painted to avord corrosion., See

figure 2, Grit Chamber with Conveyor Removal Mechanism,

-

Comn: .nutors . e

[hese are- vertical, Slotted drums equipped with cutting knives reyolved by an elec -
tric m stor,  ihe sewage flowing through the slotted drums forces coarse solids against
the kn:s ¢ s until they are reduced to Pieces small enough to pass through tire slots, T[he
sther type of «omminutor, & submerged screen shredder, is semicylindrical in shape
and har cutte:s Operating within a fixed semicircuvlar screen grids It is usually installed
1n conyunction with a bar screen which may be put in service when the comminutor is
shut down for repair. See figure 3, Cutaway View of Comminutor.

Grease Remoyal 3

P: -acration is a method of agitating or stirring new sewage by diffusing u1r through . N
ite It us installed initially at some installations for grease removal on the principle )
that the emulsified particles will’cling to the air bubbles and rise to the surface, Grease
forms : mat that can be skimmed off, A-preaeration period of from one o three hours -
is necessary ty produce worthwhile results, including a reduction of B, O, N, Only 1n
extfeme <ases is this economically feasible, The use of existing preueration tani's 1s
Justified 1f needed to keep sewage fresh by resupplying the oxygen is it passes through
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primary tanks for reducing odors, and for increasing the effect1venes== of secondary

treatment. They may also be used as grit chambers.

-

@

Vacuum flotation as a method of grease removal has the same disadvantages, or
limitations as preaeratxon. The same principle of aeration is used but with the addition
of suctinn, supphed by a small vacuum purap, to carry solids tc the surface. This
process 1emoves a little more grease than primary settling alone. Vacuum flotation,

_however, is sometimes used for primary settling to »emove settleable solids along with
grease. A detention period of 15 to 20 minutes keeps sewage fresh. They may also be
used as grit chambers,

STAGES OF TREATMENT

: Preliminary Treatment ' g ,

1

This is any treatment that is done prior to the sewage entering the primary treat-
ment system. The equipment used to perform this type of treatment.may vary depending
on the strength and compositions of the sewage. The equipment used may be a bar
screen, grit chambex, chlorination, or aeration. In general, preliminary treatment
is any treatment or preparation that is done to sewage pricr to the sewage entering the
settling tauks. . )

S

~ Primary Treatment

Primary treatment is partial and usually consists of sedimentation. An intermed-
iate degrée of treatment between primary and secondary may involve the use of chemi-
cals to remove suspended matter from sewage. The suspended matter is coagulated
or formed into settleable particles. Efficiency of this treatment varies with the sewage
and. the quantities of chemical agents used. The extent of treatment necessary depends
on the quantity of sewage and its strength in relation to the characteristics of the
receiving water. If primary treatinent is sufficient to prewvent stream pollution and
nuisance, it is not practical or economical to add secondary facilities that increcase
construction, operation, and maintenance costs.

Primary treatment usually removes from 30 to 40 percent of B.O.D. and from.50
to 60 percent of the suspended solids. The components normally found'in a primary
plant are as follows: * ’

1. Screens - remove large suspended and flcating solids, such as sticks, rags,
and other niaterials. that may clog pumps or cause excessive %Scum. -

2. Comminutors or grinders -‘grind the solids and return to sewage flow. B

3. Grit chambers - remove sand, heavy solids, and materials that would increase
wear on pumps and clog sludge lines.

4. Grease removal equipment - preaeration ta.nks, to prevent clogging filters,
piping, and pumping equipment. .

5, Measurement devices, such as weirs, parshall flumes, and parobolic fume
and venturic meters, etc. Other devices are used to measure gas production.

%

. 31 _
: - 185 N

FRIC. o

Aruitoxt provided by Eic:




' -

. t 6. Sedimentation.or settling tanks remove settleable solids that settle to the tank
bottom, where they are removed in the form of sludge, ) ,

7. Sludge digéstion tanks or digesters digest and stabilize organic mattgr through
the actiun of bacteria, Sludge from the settling tanks contains a-large amount of water,

- most of which is.separated from the solids during digestion and is drawn off ag super- !
natant liquor. Digested sludge ‘becomes a relatively inoffensive residue on the tank

bottom, -
&, Sludg: drying beds,_--drain and evaporate remaining water from digested sludge,

-

9. Shf&ge pumps are usually necessary for the transier of sludge,

10, Chlorination facilities disinfect the effluent from the treatment plant and
. ¢ _control odor, - .

v
~ .

Primary treatment entails preiiminary treatment also. In the past few years in
the waste field, people have distinguished between the two as was stated earlier., If
there are no settling tanks the plant is considered to have only preliminary treat:nent.

.

Secondary treatment is the means for further treatment of primary settling tank
effluent by biological processes. In these biological processes, organic matter remain-3y
ing in the sewage after primary treatment is stabilized through the action of oxidizing
bacteria. This is ordinarily accomplished by means-of a trickling filters, the actiVated
sludge process, contact filters, intermittent sand filters, -oxidation ponds, gr the com-
binations of such facilities. Final settling tanks are required with the activated sludge
process, trickling filters, and some of the combined processes. For small installa-
tions, particularly following septic tanks, secondary treatment can be provided by sub-
surface sand filters, tile fields and- leaching wells are nfore ‘or disposal than treatment.
Procésses commonly used in secondary treatment to stabilize the soluble ang finely .
divided suspended sewage solids in the primary settling tank effluent are as folclows:

. 1. Filtration - the biological oxidation of sewage golids through beds of stone or
sand. Trickling filters or intermittent sand filters are commuonly uged with dosing
tanks in high-capacity filfration.

. 3
2. Contact aeration - this is oxidation in the presence of organisms that are
retained on surfaces of material in contact beds or on contact plates. Oxygen is pro-
vided by compressed air blown through the settled sewage while it is in the contact tanks.

4 LY .
3. Activated sludge - this method is a process of oxidation by aerobic bacteria
that occurs in aerating a mixture of sewage and activated sludge is returned.to the sew-
age entering the treatment plant to ''seed" or innoculate the incoming raw sewage,

4. Subsurfaceirrigation- the applicat“ion and disposal of '!:r'eated effluent to the
‘ 8bil by means of underground open joint or pe rfo;ated pipelines,

Tertiary Treatment ) ) .

This term has come about in the.last four to five years, because of future require-
_ments for better water quality, tertiary treatment methods may become necessary to
meet water quality standards, It is treatment of the effluent, or polishing a’ter secondary
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{reatnient for reducing residual B,0.D., pboiphatc angd naitrate removal. These pro- ' :\ ‘
cesses may be physical, chemical, or biblogical in nature.” Some processes used arc: -
chemical precipitation, ion-exchange, attivited carbon absorption, membrane separa- 0
tion, ammonia stripping and stabilization ponds.. It can also be, any treatment after a
normal or present secondary treatment. " - .
SUMMARY oL . T
. . . o
o ', - .
In this study guide you have read about the principles of waste treatment and the
~ eguipmeént used. The principles being physical; chemical, dnd biological, The equip- ,
ment used in preliminary primary secondary as being; bar screesns, grit chambers,’
¢emminutors, aerators, settling tanks, digestérs, etc.
QUESTIONS : L ' ' a
L. Name the three treatment principles.
' 2. How does bacteria break sewage down? )
3, What type of unit will remove heavy ofganic solids from sewage, such as sticks? )
4. What type of unit Will remove sand and.small Stones from sewage ?
5. What equipment will remove grease froth sewage ? t /'v
. 2.t Coey ~ »
. ] _‘“\r..'. . .y, . .
6. What two types of equipment can be considered to be in primary treatment?
7. Why is chlorine added to the plant efiluent? ' . ‘
. .. 2 P .
8, What type of equipment is uséd for-tertiary treatment? ‘
- ' "o ' &
9. What is sewage composed of 7 , .
‘REFERENCES -~ ( ‘% .
1. AFM 85-14, Maintenance and Opétration of Sewage and Industrial Waste Plants
“ and Systems. . T, ’
.2. AFD 161-20, Environmental Hgalfﬂ Engineering Handbook ,
3
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PRIMARY WASTE.TREATMENT
OBJECTIVE

: The objective of this study guide is to familiarize you with the units
and fundamental principles of preliminary and primary waste treatment.
R - <.

INTRODUCTION

When you graduate and go to another base, you may be required to
operate a sewage plant. This study guide will aid you in learning the
fundamentals of primary waste treatment. The treatment process begins -
with the removal of sand, grit and large floating solid materials. This
removal of solids is kiown as preliminary treatment. The next stage of
treatment ig, called primary treatment which further processes the sewage
to a point where it can be disposed of properly.

Waste treatment information will be covered under the following

topics: *
‘®@ PRELIMINARY WASTE TREATMENT -
® .. PRIMARY WASTE TREATMENT i
\(!. . 5 .
~ PRELIMIMNMARY WASTE TREATMENT
- AMMA7#;;1:1;é7preliminar3; area of waste disposal includes the collection systems
and pumping stations. A shredder and bar screen may be required at the
pumping station. ‘
Collection Systems ’ - "
¢ Collection systems at most installations are designed to receive sani-
o tary sewage onij. Most installation collection system sewer lines are
laid beneath the ground surface and usually include the following facilities:
house sewer pipe, lateral sewer line, branch sewer, main sewer and force
mains carrying sewage under pressure from pumping stations.
. 34
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Pumping Stations

When the flow of sewage by gr;wity is not possille, it is ‘necessary to
construct pumping stations at low points to lift the sewage to a higher ele-
vation so it can flow to the treatment plant. ) ~

The most commonly used pumps in a sewage system are centrifugal,
axial-flow propeller, turbine, and ejector pumps. Centrifugal pumps are
used more than the other types-due to their simplicity, efficiency of opera-
-tion and smaller dimensions. . .

Grit Chambers, “Shredders and Bar Screens

The, purpose of the shredder equipment (comminutor) is to shred solids
so they will not clog the equipment: The bar screen will remove large
objects which may be disposed of by other methods, such as burning or
burying. Refer tor AFM 85-14, Part D, Section 3, page 44, Maintenance
and Operation of Sewage and Industrial Waste Plants and Systems.

Metering‘ﬁ?e]ices | . ' )
| Operators must know at all times how much, sewage is being treated to
insure proper plant control and sampling. Such data provides valuable ) ‘

records for comparing plant efficiency and future information for designing
additions to the installation. Many methods have been devised to measure
liquids flowing in open channels and in pipes, flowing full or partially full.
Although some equipment requires elaborate and expensive apparatus, the
more simple and comparatively inexpensive methods are most frequently’
used. The choice of method will depend on plant capacity, the treatment
process utilized, and the required degree of accuracy.

Metering devices are subdivided int?rimary and secondary elements.
Primary elements, such as weirs, Pars all flumes, and venturi tubes, )
produce a measurable change of head in liquids while flowing through the
respective device. Secondary elements, stch as float gages and indicating,
integrating and recording instruments, measure the change in head.

PRIMARY METERING DEVICES. Included in this group of devices are
weirs, Parshall flumes, dosing cycle, Kennison nozzles, parabolic flume,

venturi meters, and venturi flume.

Weirs. Weirs are regularly formed notches or openings through
which water flows. They are classified according to shape as rectangular,

35
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tr1angu1ar V-notch, trapezoidal or parabolic., Rectangular and V-notch
. types are the most common. :
- % -
Weirs should be kept clear of debris, slime, or any fouling material -
Y that would restrict the flow of liquids. The elevation of the weir plate must
be checked and the plate kept level. Accumulated solids behind the weir

must be cleaned frequently, * R B
g

NOTE: See AFM 85-14, Part D Section 5, page 51, Metering
and Sewage Flow.

Parshall Flume. In open channels, the Parshall flume is often used
for measuring flows. This flume has an open and constricted channel in
which differences in sewage elevation above and below the corstriction can
be accurately translated into rate of flow. The surface rise is usually
indicated and recorded by the same type equipment as used with weirs.
, The Parshali flime is better than the weir in that it is self-cleaning, can
" handle a wide variation of flow, and does not require as great a head loss.
It is particularly useful where the available head is limited. The flume
must be kept free from debris that may catch in the flow channel. Accumu-
lations appearing from time to time in float wells should be removed.

Dosing Cycle. A method of mreasurement used in plants havmg a
filter dosing chamber is to install a float-actuated. mechanical device for
counting the dosing cycles. Sewage elevations in the dosing chamber and
rate of flow to the chamber during the dosing period must be known to con-
vert dosmg-cycle count to an estimate of flow. This methed is widely used.
but is subject to considerable error because of variations in the rates of
flow to the chamber. The dosing Siphon may remain in operation during .
high flows, or the siphon may.fail to air lock, permittmg continuous flow
to the f11ter w1thout counter operation.

, Kennison Nozzles., Kenmson nozzles measure flow through partially
filled pipes and open channels having a wide range in-flow rates. This
device is particularly successful for measuring raw Seéwage and sludges.

Parabolic Flume. The parabolic flume may be used to measure free
flows through open channels or partially filled pipes. The ﬂume measur-
ing section has a circular inlet and parabohc outlet. Rate of sewage flow
is determined by the depth of sewage in the float pipe or well connected to
the flume above the invert. A gage glass and scale may be used as the
secondary element to indicate rate of ﬂow :

36
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Venturi Meter.* The venturi meter, generally used for screened
sewage and sludge, measures flow under pressure in pipes. The essen- .
tial part.of-the primary device, the venturi tube, has a constricted throat. N
As liquid passes through the throat, its velocity increases and pressure
decreases. The differential in pressure at the inlet and throat of the tube
may be measured by secondary elements such as floats in wells connected
to these pressure points or by manometers or other pressure-differential
instruments. The venturi meter has a high degree of accuracy and causes
only a small pressure loss in the line in which it is placed. )

\

Venturi Flume. The venturi flume, which operates on much the same
principle as the venturi tube, is sometimes used for measuring flows!in ,
sewers becauge it does not require spec1a1 structures. Little operation or
maintenance is required, but passages of the flume must be kept clear of
slime and accumulated solids to insure continuoiis-operation. For the
secondary element, a single float-actuated reqordet ‘may be used.

SECONDARY METERING DEVICES. Indicating, recording, and .
integrating instruments convert the primary measurement of head or head
differential to terms of flow. They may indicate the momentary rate of
fléw, continuously record the momentary rates of flow on a. clock-driven
chart, integrate or totalize the volume of flow, or perform a combination
of these functions. The simplest type of mdicatmg instrument is.a float- -
mounted staff gage located directly over the float well. The more compli-
cated types are elecironically controlled and may transmit from primary
to rece1ving stations by wireless means or television. These instruments
must be designed and calibrated for 1the type and size of primary elements
with which they are used. ‘

Application of Metering Devices. Many installations equipped for
secondary treatment and chlorination have the main sewage-metering .
device located in the plant influent line. Sinée rate of flow at the point of )
chlorination usually differs from that at the influent, an indicating type
meter is needed. near the chlorinating chamber for accurate control of
chlorine dosage. A weir with a float gage or water level recorder is
enough. -

The weir may be set in the efﬂuent'channelsif it does not back up
sewage into the treatment units. Location at either the influent or effluent
end of the chlorine contact chamber may be made, the effluent end being
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- . preferred because the chamber is .u'sually large énough to’ eliminate high
- approach velocities. A weir box on the effluent line may be necessary.

S Primary’ Elements. \Sewage solids accumulate in float or stilling

£\ e s . s g . ¢ . B2
wells, venturi rings, and-behind weirs. Solids must be removed o insure
-meter accuracy and avoidance of odors. :

s .

Secondary Elemehnts. Instruments providing only flow indicatation are
" read hourly during plant attendance. Total daily flow and maximum and
minimum flows are estimated from thesé readings. " Integrators are read
each day.at the same time, preferably at 0800 hours, and total daily flow
is-obtained by subtracting previous day's reading and multiplying by con-
stant shown on meter case. Record charts are changed daily at same ’
time integrator is read. Maximum and minimum flow readings are
obtained from the chart.” ' .

@
1 2 -~
-

Timing Pump Operation. Estimation of flow by timing pump opera-
tion-is sometimes desired, especially inhigh-capacity filter plants and in
activated sludge plants where recirculation of effluents is practiced. Cali-
bration of the punips is necessar§ for this operation.. Calibration may be
thade by the following volumetric method:

¢ Time the pumping from a‘tank or surhp after élosing the inlet. ',

<

e Time the rise of sewage in a tank into which the pump is i
discharging. The head during this test must be about the same

during normal pump operation.

UNITS OF MEASUREMENT. ‘ Sewage may be measured either by rate
of flow (volume passing a given point in a unit of time) or by total volume.

Comirion units and equivalents are as follows: -
. © N - L 4 ~

1. Cubic feet per second (c.f.s.) used in recording rate 6f stream
flow and flow in storm sewers.

1 c.f.s. = 448,83 gallons per minute (g.p.m:)
L e.f.5. = 646,315 gallons per day (g.p.d.)

2. Gallons pei' minute (g.p.m.), used in pur’nB output and sewer
flows as a rate of flow. , '




1lg.p. m.~= 0;-00223 cubic feet\p.er second (c.f.s.).

= 1,440 galions per.day (g.p.d.)

3. Millibn gallons per day (m.g,d.), used ih total daily flows and -
. may.be used to express rate of flow. -

£

1m, g.d. = 1,547 cubic feet per second (c.f.s.)
= 694. 4 gallons per minute (g. S.,m.) ;

4. Thousand gallons per day, per month, or accumulative du_rir}g v,
~ fiscal year (for reporting purposes). i ;

15000 gallons = 0.001 miliion gallons

2 <

e. Cubic foot, used in storage volume.

~
] !

-1 cubic foot - 7,48 gallons J )

. . )
RECORDS. The following daily records are recorded on the monthly

_report. . ‘ . . e
" e Total flow in thousands: of (1000) gallons per day.
¢ Maximum rate of flow in thousands of (1000) gallons per day. . i

e Minimum rate of flow in thousands of (100(5) gallons per day.
) G
: ™
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Aeration Units and Tanks . .

In some plants, -grease and oil are removed by hand skimming in the
settling tank. Inlarger plants, it is done in preaeration tanks which
aerate the sewage and skim off floating material. Preaeration units at
Alr Force bases are operated to keep sewage in fresh condition for. grit
removal, to reduce odors, and to improve the efficiency of secondary
treatment. Preaeration tanks are equipped with automatic greaseremovai
equipment. Aeration is accomplished by mechanical aerators in rectangu-
lar tanks. ‘ ' .
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Primary ‘Clarif‘iers o \ , : : / y
Separate s,éttlin"g tanks or clarifiers are single-purpose structures for

removing settleable solids from the sewage. Sludge deposited in these -
' - tanks is removed to a separate digestion tank or other place of disposal. ’

Settling tanks, which are classified according to purpose, include pri-
+ -mary tanks for treating raw or screened sewage, intermediate tanks
located between two stages of biological treatment, and final tanks for the
Jast stage of settling.  They are classified according to method of sludge
removal as hopper bottom and mechanical sludge collection tanks. Those
designed for mechanical sludge removal may be réctangular, circuldr or ,

square.

RECTANGULAR. TYPE. Rectangular type tanks are sh,o%vn in figure 1. .
Figure 2 is an overhead view of this tank showing the sludge and scum -

. removal equipment. Chain conveyors sweep the sludge particles accumu-
lated on the bottom toward the sludge hoppers at the influent end. Cnthe
primary tank, the conveyor sweeps the entire surface of the tank, forcing .
the scum directly to the draw-off point in front of the effluent baffle. , R
_ Sludge hoppers are emptied by gravity or by pumping while tank remains
in operation.. N . \ .
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Figure 2. Rectangular Tank Showing Skimming Action of Mechanism

CIRCULAR TYPE . The circular type tank with mechanical sludge
collection is illustrated in figure 3. Figure 4 « is a cut-in view of a circu-

lar tank, showing the type of sludge co

llector mechanism. The influent

comes through a centrally located, inverted siphon surrounded by a sub- )
merged diffuser which introduces the feed quietly, well below the surface,

distributing-it evenly to all parts of the tank.

]

HOPPER TYPE. Sludge can be removed firom hopper tanks through

withdrawl pipes without the necessity of emptying the tanks or interrupting

are.suitable for smaller installation.
settling tank, :

<

operation-—Hoppers, Which take the place of a sludge collector mechanism,

Figure 5 shows a multiple hopper

secondary settling tanks should be 2.5
’ 41

VDErTEI\;*TIbN PERIODS. The normal detention periods of primary and

hours for average daily flow, except
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Figure 3. Circular Primary Settling Tank
. Inlet -
/
. N = % ) . . utlt P|ipe
o - tor - —Fjpure 4—Circular-Primary-Settling Tank
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SECTION
'Figure 5. Multiple-Hopper Settling Tank

for activated sludge plant primary tank which should be 1.5 hours,
Excessive detention may cause septic sewage, produce odors, and increase
the load on secondary treatment units. Where duplicate units are used,
long detention periods are avoided by removing one or more tanks.from
service during continued low flows or by recirculating effluent from secon-
dary units through the primary tank. When removal of solids by settling
tanks is far below normal (50 to 70 percent suspended solids), the cause

is determined; operators constantly look for ways to improve operation.

OPERATION. Good housekeeping at the settling tank is essential to
prevent odors, flies, and unsightly appearance. Floating solids passing
out with the effluent may clog filtering equipment; grease may cause pond-
ing of filter media. ' ‘

- Floating Material Removal. Floating material must be removed once
each shift or oftener if present in large quantities. Some mechanical
skimmers automatically remove material to a sump for disposal; other
tanks have a manually operated skimming pipe. However, a hand skimming
tool should always be used to facilitate entrance of skimmings into the pipe
or trough. Where skimmirngs are pumped to the digester, a minimum of
sewage and wash water should go with it to prevent upsetting the digester
operation. If large quantities of fairly dry skimmings tend to upset diges-
tion, they should be collected in'a covered can with openings for draining

Nast
. -

—excess-water-and hauled to a sanitary fill or incinerator. The can must not
be placed whefe 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 under pressure directed against flouting material fre-
quently-settles-floating-material- :

40
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.o Cieaning Sidewalls. éidewalls of channels, bafﬂés, ;ei\rs, launders, / y V
. and tanks are kept clean of grease and other solids by hosing, scraping, or '
brushing once each day or oftener if necessary.

Dead ends and corners are brushed atleast once each shift and fine’
sand and gravel are removed for burial or used as fill.

Decks and walks are hoséd at least once each day. Where pressure
is not available for hosing’, secondary effluent may be used with a portable
pump, pressure system, or other pumping equipment.

Grit Removal. If grit appears in channels or hoppers, grit chamber
operation is checked. If the unit has not grit chamber, one should be
installed if necessary. However, since grit is a sign of breaks in the
sewer System or storm water connections, the system should be checked
thoroughly before a grit chamber is constructed.

Sludge Withdrawl. Proper sludge withdrawl is important to settling
efficiency. A flexible schedule of withdrawing concentrated sludge must
be established with the following factors considered. :
The sludge's solids content should be as high as possible. This means
a slow rate of withdrawal and stopping withdrawal when sludge becomes ’
. thin. ‘

Water volume in the digester must be reduced wherever possible
because this volume directly affects digester operation. A decrease in
solids content causes a larger volume of sludge to be heated, a greater
volume of digester supernatant to be returned, and 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 as a 6 percent sludge introduces 47 pounds or about
5.65 gallons of water, about half as much. Sludge must be drawn slowly
(50 to 60 g.p. m. or less) to avoid pulling light sludge and sewage to the
intake; it is sampled during the drawing to note the consistency and obtain
the composite sample.. A quick-opening 2-inch valve must be provided for
sampling, if other means are not available. Sludge of thin consistency can
be recognized from experience by correlating its appearance with sludge

. solids test results. ’

Hopper bottom'fanks, used as separate settling tanks, require more
care in drawing sludge because of the larger number of hoppers. Sludge
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from the hoppers at the effluent end normally has a low solids content, but
must be removed to prevent carrying over with the etfluent Hoppers are
squeegeed several times each week to remove adhering solids.

The interval between remiovals is regulated by sewage load and
weather conditions. Shorter intervals are required during high flows of
strong sewage and during warm weather, If sludge rises from the hoppers,
removal is incomplete or too infrequent.

Sludge should normally be removed from primary settling tanks three
to four times each 24 hours. Sludge collected in settling tanks following »
. standard trickling filters is drawn at least once each day, except during
filter sloughing when more frequent withdrawal is advisable.

Good judgment is necessary to obtain a bala}lce between high solids
concentration and a clean tank bottom, especially where light sludge from
secondary processes is returned to the primary tank for resettling.

Mechanical sludge collectors in circular tanks and all settling tanks
for activated sludge must be operated continuously. Intermittent opera-
tion of circular tank mechanisms cause solids to accumulate on the tank
floor placing a large starting load on the mechanism. Continuous opera-
tion provides greater sludge compaction. Sludge collectors in rectangular
tanks ‘are not usually operated continuously although it may be done, '
especially when the sewage is strong and the rate of flow high. The
mechanism should normally be started from 1 to 2 hours before pumping,
~ tanklength governing length of this period somewhat. At least two com-
plete runs for the length of the tank is desirable. The tank bottom must
be well cleaned and old sludge completely removed to the hoppers. Rising
gas bubbles and sludge along the tank indicate incomplete ¢leaning or too
long a period between operation. Hoppers in rectangular tanks should not
be filled more than 6 inches from the top. In withdrawing sludge, 2 feet
of sludge blanket may be left in the hopper. Where there are two or more
hoppers, .only one should be drawn at a time.

Thé daily volume of sludge removed is'measured by the following
methods:

- . Where sludge is drawn to an open vsump before pumping to the
—digester,—ealcu}ate—vo}umeﬂofﬂthef-sump—per‘fovt‘of-d@pth.

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.

/9]
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-  Where 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 pump valves clog, time while- clogged is not included.

-  Where floating covers are installed in digesters, check irolume of
-sludge pumped in several days against the above calculation by the

rise of the cover. This procedure is one way to calibrate the T \
sludge pump. .
Methods of Control. Suspended solids and settleahle solids tests are s

primary measures of efficiency since solids removal is a primary function.
Proper operation should remove 90 percent of settleable solids- and 50 to

70 percent of suspended solids. Low solids removal may be caused by
short circuits in the tank, incomplete removal of sludge, incomplete collec-
tion of sludge from tank floor, short detention period causing high veloci-
ties, or long detention periods allowmg gas formation in fank.

BOD removal is a secondary measure of tank efficiency. Low BOD
removal with normal suspended solids removal usually indicates septic
action caused by an excessive detention period or incomplete sludge
removal. Also indicative of these conditions is a pH value ‘of the tank
effluent lower than that of the influent. . \

- Analysis of sludge samples for solids content, samplmg the tank
bottom for presence of solids and appearance of rising gas or sludge indi-
cates whether or not the methods of removal are effect1ve
Causes of low efficiencies must be determined and corrected conti~

nued difficulty is reported to higher authority for advice and correction.

RECORDS AND REPORTS. The following data is reported. monthly‘

o -  For influent and effluent of tank settleable solids, pH, suspended
. : solids, and BOD.
-  For primary iank sludge; volume removed, pH, percent solids,
percent volatile matter.
- Changes‘—m;«thecnumber_of_tgnks in operation. .

In addition to the data required monfhly, 'the following daily records
are kept: .
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——the flow—Teveling-of outlet weirs is necessary to equalizedistribution

-

-  Volume of sludge returned or recirculated to raw sewage or other
plant units (refers generally to secondary sludge).

.~ Volume and dispostion of skimmings. |
= Remarks on operating difficulties. ’

~Imhoff Tanks. The main features of the Imhoff tank-are shown in
figure 6. ~Sewage flows slowly through the upper (settling) compartment”
and settleable solids  pass through a slot in the hopper bottom into the
lower (digestion) compartment The slot is trapped from below by an
overlap in the sloped walls of the- hopper bottom. As anaerobic decomposi-
tion takes place in the digestion compartment the gases produced rise but
are diverted by the overlapped slot into a- separate\gas vent. There the
gases may be collected for fuel or more-commonly are allowed i to escape
to the atmosphere. Solid particles rising with the gases are simllarly\pre-
vented from entering the settling compartment. This separation of settling
and digestion processes permits more efficient settlmg unhindered by dis-
turbance from rising gases, keeps sewage in the upper compartment fresh,
makes digestion more complete, and produces a better effluent. Digested
sludge is-withdrawn by gravity (hydrostatic head), or pumping through a
sludge pipe from the bottom of the digestion compartment. A settling tank
detention period of 2-1/2 hours for average flow is usually provided for
__Air Force installations. The speed of sludge digestion depends chiefly on
" temperature, so the s sludge-holding capacity of Imhoff digestion compart-
ments, which are unheated, may be decreased for higher temperature and
mcreased for lower temperature areas. A sludge capac1ty of 3 to 4-1/2

. cubic feet per capita is average.

OPERATION AND CARE OF SETTLING COMPARTMENT. Imhoff
tanks require regular, frequent attention to maintain efficiency and to
'uninimize odor and sight nuisances.

Reg"ulatlon and Reversal of Flow. Proper distribution of the influent
to the settling compartment is essential o 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
hlocks.of concrete may sometimes be used in the influent channel to divide

13
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between units. Many long tanks, where most of the solids may tend to
settle at the influent end, have channels to’ reverse the flow, using the
entire digestion space to full capacity. If uneven sludge distribution occurs,
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SEDIMENTATION
CHAMBER

/\ . CHANNEL FOR REVERSING FLOW

Figure 6. Sectional View of Imhoff Tank

— flow must be reversed each month. Settling compartments have influent
..and effluent baffles, which should not extend more than 18 inches below
“the sewage surface. The influent baffle distributes incoming flow more
equall;f,\icros\s\ the entire compartment.

;. .Cleaning andS%Rem\olal. Care must be taken in all tank cleaning
operations,to avoid. excessive stirring of sewage, which interferes with
natural settling and may cause shnmng\stomass under baffles. All walks,
tops of walls, and exposed interiorwalls should be\aeaned by@smg and

' scraping once a day. The channels and tank walls of the settling- ‘compart-
ments must be kept clean and free from grease, scum and gritty deposits.
Scum-on the surface of the flow compartments must be skimmed off.-
Skimmings should not be placed in gas vents, where excessive amounts
produce odor nuisance. Skimmings should be transported daily in covered
containers to an incinerator or sanitary fill or buried promptly with a thin
cover of earth and recovered with an additional 6 inches of earth after 24
hours. A spray of water (final effluent may be used) helps to settle float-
ing solids in the settling compartment (see figure 7). Solids sticking to

the upper sides of the hopper bottom of the settling compartment must be. _
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- Figure 7. Water Spray Used to- Settle- Floating Solids

pushed thrbugh the slots weekly or more often if nécessary. A long-
handled squeegee is a suitable tool for this purpose. «Slot cleaning is
accomplished by dragging a heavy chain, attached to a pole, along the slot

(see figure 8).

OPERATION OF DIGESTION COMPARTMENT. Digestion compart-
went§ in Imhoff tanks and in separate sludge digesters operate in a simi-
iar mauner, -

Control of Sludge Level. Sludgé 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

~nuch lower to prevent the sludge solids from passing up through it.

Slque must be withdrawn frequently enough to maintain the proper level;_

smalldraw-offs, monthly or more often, should be made, rather than
large draw-offs at longer intervals. Only well-digested sludge should be
withdrawr&]gwing enough in the compartment to pre vent acid digestion
and foaming, Lgually, not more than half the depth of sludge should be
removed at ohe time. In northern climates , however, sludge must be




Figure 8. Empty Settling Compartment Showing Hopper and Slot

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 reasons when sludge drying may .
not be possible. .

Measurément of Sludge Depth. When the tank is operating at near
capacity or there is a possibility of overloading, the depth of sludge in the
digestion compartment should be measured or sounded weekly at both inlet
and outlet ends of the tank. Monthly soundings are sufficient if the sewage
load is less than 75 percent of rated tank capacity. The most effective -
method of sounding is the use of a pitcher pump witﬁ a rubber suction hose.

A hand pump of the pitcher type is €quipped with a rubber suction hose,
"~ Twhichis marked for length at 2-foot intervals and weighted at tie end-—With- — —— —
the pump in operation, the hose is lowered through the slot in the settling ‘
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compartment. The length of hose submerged when sludge first appears— - -+ =~ -
equals the sludge 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.

m;fA~-sludge-sampler7‘fiégine 9, may be used to measure sludge depth,
lowering it through the gas vent into the sludge compartment and taking .
samples at consecutively deeper.points until the sludge levelis reached.
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Figure 9. Samplers Designed for Collecting Sewage and Sludge .

- — .An.ixion-plate-on-aweighted_wood-block,_12.1:0_18.inches_squane,,..c_an_ _

. be attached to a graduated wire or chain and.lowered through the gas vent.
The plate stops when the sludge level is reached and .he distance from the
surface to the sludge level may then be measured to determine the sludge
depth. L AN
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Sludge Removal. Well-digested sludge is black and granular, with an
inoffensive tarry odor, a pH normally above 7.0 and a volatile solids con-
tent of about 50 percent. It drains and dries readily on sand beds and does’
not breed {lies on beds during drying periods. Digested sludge must be
drawn off slowly to allow the mass to settle evenly and prevent the forma-. d
tion of a cone above the-sludge outlet. Such a cone would permit partially
digested-sludge or even raw sewage to be’ withdrawn, creating odor nuxsam ¢
and sludge drying difficulties. - . T ;
-t the outlet.pipe clogs,. flow may be started by applying recirculated
effluent or water under:pressure (not connected to the potable water x
system) through a hose immersed in the sludge riser pipé. Opening and
closing the sludge valve may also reheve clogging. Sludge may alsov be
ag1tated 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 dry-
ing and hardening of solids in the pipes. v

. Gas Vents or Scuth 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 uf the
following methods may be used: breaking up the-scim with a'rake or hoe;
hosing scum with water under pressure using a fine spray; keeping the
scum wetted down with water, or preferably liquor from the digestion com-
partment by means of a. portable pump. The use of large quantities, of
water should be avoided because it creates subcurrents. Heavy dry scum
should be shoveled off when 2 to 3 feet deep and placed on drying beds. In
cold weather, frozen scum must be removed frequently so that gas escape
1s not blocked

Foaming. Foaming is jndicated by the rise of large amounts of black
sudsy, offensive scum in the upper part of the digestion compartment,
gas vents, and in some cases, through the slots. Acid digestion, with a
lowering of pH and the formation of gas with a high carbon dioxide content,
follows this condition; if it is not checked, the foam may overflow into the
settling compartments and carry with jt suSpended solids from the diges-
tion chamber.

Causes. Foaming occurs when raw solids accumulate faster than they :
can be digested and is usually brought about by the followmg
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' Insufficient digestion capacity‘.

o

Starting the tank without first seeding the sludge w1th well-
digested matter; this is especially applicable when new tanks are
placed in service. as

The change to warmer weather from low winter temperatures
when there has been a lack of digestion.

»
~ Ay

. Excess1ve W1thdrawa1 of diges,ted sludge. .

-

High grease content of sewage solids and high calcium soap con-

" tent from hard waters

o

Controls. Careful operation will usually prevent foammg If it
occurs, the followmg methods wil> control or mimrmze it:

1.
2,

Mixmg digested sludge with raw sludge before starting the tank.

Periodic heavy hosmg or use of a contmuous water s pray' to
‘break up the foam. . .. .

Application of sludge or sludge liquor from the hopper bottoms to
-the gas: vents by means of an air lift or portable pump, thus.mix-
1ng the foam with digested sludge. .

Addition.of hydrate lime slurry if sludge pH is below 6.5. Add
sufficient lime in this suspension direct to the sludge compart-
«ment by means of a pipe inserted into the gas vents at different
points. Add sufficient lime to ad]ust the pH-to 7.0.

. Putting the tank out of service until the foaming sub51des which

is the most effective method when at least one other tank is avail-
able, or reducing the flow to the foaming Imhoif tank avoiding a
deté ntion of more than 6 hours to prevent septic conditions
Drawmg off mcompletelv digested sludge if the compartments are
heav1‘1y loaded; an application of hydrated lime to the sludge dur-
ing w thdrawal helps to reduce odors and fly breeding on the dry-

ing beds. .

&
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7. Where d1gester capacity is madeq/uate 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 N -
‘ \ o \ - 1
: Settling Compartment - The séttling compartment is controlled in .
smaller plants by settleable solids tests and pH determinations. Tests for
suspended solids and BOD are added for larger plants Normal operation
should result in a settleable solids reduction of 90 percent,or more, a sus-
_pended solids reduction of 50 to 70 percent, and a BOD reduction of 30 to,
40\percent Causes for lower .efficiencies should be determined and cor-  °. .
rected \ ,

»

"’. by

R " Digestion Compartment. Digestion compartment control is guided by
\—wweekly or monthly sampling of sludge depth an# samphng of digested sludge
- at the bottom of the compartment before sludge is drawn to the drying beds. ]
Tests for sludge pH are made at all plants and fests for, total solids and
volatile solids at larger plants when directed. Experienced operators can -
-lell when sludge is well d1gested by its granular appearance and tarry )
odor. . . e

Oil and Grease in.Sewage Flow. Oil and. grease m raw sewage enter-. -
ing an Imhoff tank or ether treatment; umt causes difﬁculties such as inter-
férence with digestion, floating of solids, and' increase of BOD. Such,
wastes should be intercepted before entermg the samtary sewer system

N . . .. ~ g .

v
Qrganic matter in sludge furnishes food for bacteria and*other tmcro-
organisms; while passing through them, it breaks down intosimpler and .
more stable substjances This is the basis of the sludge digestion process,
which produces t}kee final products digested sludge, supernatant liquor,
° and gas. Digestion reduces the volume of sludge to be handled,. simplifies
disposal, and provides'd more stable and inoffersive product that under
¢ertain conditions may be used as a.s$oil conditioner The organic matter _
in sludgé is reduced to simpler and more stable forms.and a conegiderable
_ part of the solids are changed to liquids and gases. Digested sludge is
‘- dried on drying beds; supernatant liquor,is returned to the raw sewage .
efitering the plant; gases are burned or used to provide heat or power for je
the digester or treatment plant. Gas may also be used to operate gas
engines for pumping or other plant purposes. L

Digesters
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.on single, two-stage, or two=-story digestion-tanks: -It"is dlS0 necessary
_-that-they~be used under conditions. where snow and-ice would interfere with
~ the movement of floating covers. Because the fixed-cover digester must

- at the same time and in the same amount as the addition of (resh.sludge.

. More commonly, gas space is- provided by 2 small dome of concrete, .

“'heating is a more recently developed method of ma1ntam proper sludge .

one is equipped ‘with a ¢over that "floats" on or moves up and down with |,

. ported by the gas pressure in the tank. (See figure 11.)

- different vates, A highly acid stage marked by a lower pH and production .

There are three types of dlgestJ.on tanks They will be coveged in the
following paragraphs. ‘ :

UNCOVERED TANK§ Uncovered tanks are usually hopper-bottom
tanks without gas collectior or heating equipment. They are used on small
umts or for storing. partly or fully dlgested studge from other dlgesters

- ~~FIXED COVER- TANKS Fixed-cover tanks-may be- used-for_economy e

be kept full to keep out air, withdrawal of supernatant liquor must be done

Digesters of this type:are usually concrete structures with sloplyg
bottoms; they may or may not be equipped for leating and mixing sludge .
and for scum-breakmg “Thé ‘cover mady be a flat or domed concrete slab
with or without space for gas between it and the liquid level in the tark.

usually located in the center of the cover (see figure 10). The gas dome

and seal are- usually connected to a boiler ‘or waste burner and must always .
be provided with a'flame arres . .Heating the sludge is accomplished-by- STy
external heating or by passing. ' water through pipes arranged in coils - 7 )
near the inside walls or hung from the roof of the tank, External sludge

temperatures . L r
L4 ‘?o
FLOATING COVER, TANKS Floatang cover tanks are of two kinds:

the liquid level in the tank; the other has a gas- ~holder cover thht is sup-

CAUTIQN Sludge must not ‘be withdrawn froth a ﬂoating A

cover tank when the cover is at its lowest position and .~

restg‘ng on its support brackets . s
STAGES" There are three stages in the d1gest10n of fresh sludge, o

due to the factthat the compounds in sewage breakdown or decompose at

of gas with a high carbon dioxide content is soon followed by a less acid
stage, and ﬁnally by a fermentafion stage in which the pH rises towards
the alkaline-side Of the pH scale, After the third stage is reached, BOD

.decreases sharply, most of the ﬂoating solids have settled and methane

.
’
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Figure 10. Digester with Fixed Cover
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 gas is produced in volume. In a properly operated digester, the three

e

stages proceed simultaneously on the solids in the order of thei age in the
digester. Whena digester is placed into service, the first two %es\pre-
vail for some time, with therthird stage starting later. After the third T L
stage is established, fresh sludge may be added withcut appreciably affect- T
ipg the characteristies. of the tank contents. The three stages gradually o
therge until little evidence of the acid stiges remains. Rapid digestion

follows with heavy evolution of gas with high methane content. The result-
ing sludge is relatively stable dnd can be handled without any considerable

odor nuisance. -

~

€

TEMPERA"f‘URE. T»empera;ture—determines the a.tg‘of digestion.

Mesophilic digestion, which progresses best betweer 40° and 105°F, is

generally used. Above 105°F, the organisms of mesophilic digestion - - )

become¢" inactive and thermophilic digestion océurs. The latter range is

not presently used because of the odors and operating difficulties. Approxi- "

mate time of digestion at different temperatures can be determined from

figure 12. 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 maintajn and require considerable heat transfer, especially in -

the cold climates. The practical operation range is between 85° and 95°F. )
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-._signs “\of incomp}ete digestion. . .

\ : O ' ) Qay -
| NOTE: Detailed information and materials covered to this
\ point in the study guide may be found in AFM 85-14, Main-

' tenance and-Operation of ‘Sewage and Industrial Waste
' Plants and Systems, Part D, Sections 2 thru 8, pages 41
\ thru 100. , -

. DIGESTER OPERATION - GENERAL INFORMATION. The type of
tank, disposal facilities, and season of year govern digested sludge with-
dra“\rl. Some digested sludge should be left inthetanks to seed theincoming
raw ‘sewage and maintain balanced alkaline férmentation. g

’ | . ’ -
V\Vell-.digested sludge is usually gpaaular, has an odor similar to that
of tar, and is dark in color. Gray or light brown stripes in the sludge are

The sewage gas is commonly used for heating water to mairitain diges-

ter tenﬁperatur@;\ot—he\r uses-include building heating, laboratory burners,

screeni\ngs ; and grease incineration, or fuel for gas engines-driving pumps,
blowers or electric generators. —Excess gas is burned in a waste gas
burner. \ ‘ T

. ) \\

Speciial gas burners, usually ipstalled at the treatment plant, ‘have a
pilot line burning either digester or domestic gas and a digester waste gas
supply liﬁ‘e. If digester gas is used for the pilot line, the pilot line con-
nects from ‘the waste gas line ahead of the pressure relief and flame trap

4

- .assenibly to provide a constant source. ) .

~Some §afety devices found on digesters are drip traps for collecting
moisture in the digester gas lines. Pressure-vacuum relief units for
rrelief of pressure in the digester and to allow air to enter the digester if a
vacuum is produced, A means to stop flames which might cause digester
explosion'is tprovided by a flame arrester. '

- °

Boilers Are sometimes provided to heat water which is circulated
through the sl\\xdge digester to heat the sludge. The boiler should be
operated at‘a temperature of 180°F to prevent excessive moisture in the
flue. Circu ati\ng water is kept at 1400F or less by the thermostatically
controlled three-way valve which mixes the water from the boiler with the
cooler wate dif'\egt from the coils of the digester or by manual setting pf
valves in the lines. . . . o

Many -gas distribution systems have gages or manometers to measure
the actual gas pré\ssuge in various parts of the system. By observing these
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ges, the operator can tell when there is moisture in the "system . -
ormally, three gages are used to measure pressure; at the digester,
_ point of use, and supply to the waste gas burner,

Y

Records must be kept on the digester and gas eqtupment to help the
operator keep the system in good operating condition and to provide for the
proper management of sludge, supernatant 11quor and gas.

Sludge Drymg Beds -

Sludge 1s removed from digester or Imhoff tanks ‘to drying beds or a
mechanical filter where the digested sludge is dewatered and dried. This
process may be accomplished through the use of drying beds or mechani-
«cal filtration. .The dried sludge may then be disposed of in several differ-
ent ways. ‘It will be necessary to keep accurate records of the operation

on a monthly operating log. . o

Well-digested sludge from the separate sludge d1gester 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. This sludge drying takes place
both by evaporation from the surface and by drainage through the sand and
gravel. Water drainage through the bed is returned to the raw sewage flow 3
wherever possible. When plant elevation makes this impraticable, itis |, -
discharged.to other points in the piant or to the receiving stream; in most o
" cases, it goes directly to the stream. .

CONSTRUCTION FEATURES OF SLUDGE DRYING BEDS. In the con-
struction of an underdrained sludge bed, the ground. is dug to the desired
. depth.and graded to form furrows.. In these, 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 parti-
tions 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 13 shows a typical sludge bed. Glass covers,
such as those used for greenhouses may be installed over beds to increase
drying efficiency, to provide all-weather drying and to e11m1nate odor
nuisance. v

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 vhich slows drying..
Sludge withdriwals-from digesters and Imhoff tanks should be scheduled
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. Figure 13. Sl,udge ‘Drying Bed

according to the 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 frequently. 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
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: wet weather, when drying is retarded. Normally, sludge lagooning should - \ .
" not be resorted to unless digester facilities are inadequate’to.store the :

sludge produced. . : o - .

SLUDGE BED PREPARATION. Before sludge is applied-to the bed,

the sand or other filtering medium must 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 8 to 12 inches is generally recom- _
mended. 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 lintited, sludge must bé drawn ‘more often and applied at mini-

‘mum 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 wwater or supernatant after each use.to prevent sludge from

hardening in them, 1If it is necessary to draw partially digested sludge and
“fill sludge beds, hydrated lime suspension may be used to arrest decompo- ‘
sition. Add approximately 25 pounds of hydrated lime suspension-to each —
100 pounds of dAry solids in the partially digested sludge. This sludge mix -
ture will be difficult to remove and will dry slowly. -

.
e
R

-

COAGULATION. The addition of floc-forming chemicals that cause
sludge particles to adhere with the floc to form small masses of floc and
sludge will allow more water to filfer out and speed the drying process on
sludge beds. This is not a normal procedure but may be used temporarily
where it is necessaryto speed bed drying to remove sludge from an over-
loaded 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; 1
to 2 pounds per cubic yard (200 gallons) of sludge are usually required.
The proper amount can be determined by mixing knovn quantities of sludge
and alum and observing how the sludge flocculates and separates from the

. liquid. ‘ . d
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REMOVING DRIED SLUDGE. Remove dried sludge when it can be N
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 sludgé may be moved from the beds by wheelbarrow, truck, or trac-
tor, but do not allow heavy equipment on the beds unless runways are pro-
vided 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 preconditionedin prepara-
tion 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, o R
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 sewage.

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 usually 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 filtering 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 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 1/16 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 the
drum or disk. The broken cake falls into a receptacle or chute or onto a
conveyor for transportion to a point for further drying or disposal. The

" sludge liquor removed is usually returned and mixed with the raw sewage
coming into the plant. Both vacuum-producing and air-compressing facili-
ties are required for operating mechanical filters. '




SLUDGE DISPOSAL AND UTILIZATION. Well-digested sludge
contains about 4 to 10% total solids. The volatile solids content on a dry
basis‘is helow 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. Sludge must.come well-digested from digesters and

- Imhoff tanks for it to d#y quickly, completely, and without odors.

%f ————-—Sludge may be utilize(i for a useful purpose. .Sludge.drying is usually

~an additional 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 piled at an accessible place for 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. s N

Dried digested sludge may be used as-a fertilizer. Sewage sludge is
not high in nitrogen, phosphates, or potashcontent, 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 sewage sludge is the humus content which
averages from 25 to 35%. - N Co

Use of sludge for fertilizer is subject to rgstri}ﬁ/;ions.. It should not be
applied to .crops which will be eaten raw. The frequent presence of hook-
worm eggs in sludge may cause-infection where climate and soil favor con-
tinued hookworm activity. Digested sludge is particularly suitable for
fertilizing vegetation cultivated for dust and erosion control, or for lawns,
flower beds, and shrubbery. In many cases, it is possible to sell excess
dried sludge locally to nurseries or farmers. ' '

Dry sludge méy be used as ﬁn‘ir'i low areas not subject to heavy
traffic. -Care should be taken during disposal, because the sludge will not

support heavy equipmerit.

: DISPOSAL OF WET SLUDGE. Inisolated 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 prac-

_tically odor-free and the liquor from them will not be ohjectionable. In
emefgencies, .lagoons are sometimes used for digestion-of raw or partially
digested sludge, in which case odor can be expected. Where large axjéas

< i
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are available, lagoons may be used until ﬁlled then abandoned and new
lagoons constructed.

In some instances particularly where drying bed facilities are defi-
cient, well-digested sluclge may be drawn into tank trucks and applied
d1rectly to areas being fertilized. Wet sludge is normally applied in
quantities of 100 to 400 gallons per acre: Lawns may.be sprinkled lightly
immediately after an 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
dump1ng at sea.

R

RECORDS Sludge drying will be reported on the monthly operating

log tdo‘rnclude the following - .
[ Total gallons drawn to beds | . //\
e Average pH, percent solids, percent-volatile solids [/ i ‘.
e Total cubic yards of dried sludge }emoved : ‘~ ],\ .

® 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 in as follows:

e Date, volume in gallons and depths in inches of sludge appl1ed
to each bed by bed number.

e Results of pH, percent solids, and percent volatile solids of each
sludge withdrawal to each bed.

o\ Date, volume in cub1c yards, and disposition of sludge removed
from each bed.

SUMMARY

Preliminary treatment includes. any treatment or preparation that is
done to the raw sewage prior to entry into the settling tank. This can be
accomplished by bar screens, grinders, shredders, and chlorination at the

N
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pumping station if it is used. Flow metering devices are used within the
systém to -measure influent flow rates and quantities.

 Grease and oil may interfere with plant operations such as clogging
pumps and filters, famd may retard digestion. In some insta}lations, grease
and oil are remove? in preaeration.nd vacuum flotation units.

Primary clarifiers aré used to digest sludge, remove scum, and heat
the sludge. Thes.el,j may be of a rectangular or circular shape..

The Imhoff tarka is a two-compartment tank. As anaerobic decomposi
tion takes place in the digestion compartment, the gases produced rise and
may be collected gor fuel or bz allowed to escape to the atmosphere. The
separation of the settling and digestion processes permits more efficient
settling, keeps sefwage in upper compartment fresh, makes digestion more

complete, and produces a better effluent.

Separate sett;iing tanks are single-purpose structures for removing

- settleable solids from the sewage. Sludge deposited in the bottom of these

- . is removed to a separate digéstion tank. The settling of solids in separate

or plain sedimentation tanks is generally not aided by chemicals or coagu-
lants. These type tanks can be classified according to their methods of
sludge removal as, hopper bottom and mechanical sludge collectors.
Mechanical-type sludge collectors may be rectangular, circular or square.

The sludge collected in the primary settling tank is usually treated in
a digester. The-digester changes the sludge into a.readily disposed pro-
duct with minimum interference with other plant operation. 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 final products of digestion are digested sludge, sludge liquor, and
gases. The digestion process has three stages: high acid, lesser acid,

-

W

| i
S

and fermentation. - —

. ] ) ) :
Before sludge can be disposed of, it must be suitably dried. The
removal of moisture from sludge réduces its volume and changes its
characteristics, so that it can be moved with a shovel or garden fork, and

can be transported in nonwatertight ‘containers.

. The digested sludge is dewatered throughuse of drying beds or mechani-
cal filtration. The dried sludge may then be disposed of in several ways.

§1udge d'ryin‘g operation is reported on the monthly log.
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QUESTIONS‘ ) ‘ . - N -
R \ . . \
1.

10.
11:
12,
13.
14,
15.

k]

. What is the maximum depth to which hoppers in pr1mary settlmg
tanks may be filled ? ) '

procéss ?

Name the\E'pe\s of flow metering devices.

\ -
What is the recommeuded length of detention time in the preaeration

S .
Explain the preaeration process. ’ ; ’ o

i

What.is the fr,equency of sludge ran 6’in‘1 from primary settling tanks ?

L
How do sohds get from the settling compartment to the d1gest10n com+

partment in-the Imhoff tank? , ; '

_What two methods may be used to remove digested sludge from the

Imhoff tank ? ? ) -

What two methods may be used for disposing of skimmings from the
Imhoff tank ? : ) \

How often should sludge depth be measured in the Imhoff tank ?

W

16.

17.

What are the characteristics of well-digested sludge ?
Whiat hazards are associated with digester gas ?

What type of bacteria are in digesters ?

k4

What are the stages in the digestion of sludge? .

What is the most satisfactory temperature operating lange in

digesters ?
H

| Why is it necessary to thoroughly mix fresh sludge with old sludge

in digesters? - - , )

Name three types of'digester tanks. il
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18.

19.
20.
21.

22.
23.

24,
25,

1.

Which type of gas is produced. in the largest volume in digesters ?

What records must be kept on digesters ‘and gas equipment ?

_What is the water content of well-digested slu'dge?

ke

What is the recommended depth of sand and gravel in a sludge drying
bed?

What are the advantages of covering a sludge drying bed with glass ?

What is the corrective actxon for a clogged sand surface 1n a drying
bed? . -
|

-

' What 1s the most comrnon coagulating agent used in sewage ? '

How is dried sludge removed from the dry1ng beds ? ' .
How is sludge conditioned for filtration?

In the filtration process, what is used to pull the sludge agamst the

" filter cloth?

Well-digested sludge contains what percent total solids ?

3
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SECONDARY WASTE TREATMENT
OBJECTIVE

»The objective of this study guide is to present those waste treatment
units that are considered secondary treatment. . \

INTRODUCTION

Waste plants discharge large volumes of water. This water normally
flows into streams, rivers or lakes. You learned that the effluerit from
primary treatment still contains a lot of solid content. Secondary treat-
ment is designed to further clean the waste water so the streams will not
become polluted. 'ﬂ ' ‘ .

Let us look at some of the units that make up a secondary treatment
system. These units will be covered under the- following topics.

e it S

® DOSING SIPHON i
e - o

® TRICKLING FILTER - ._
® OXIDATION PONDS . L _ .
® ACTIVATED SLUDGE SYSTEM ’
® CONTACT AERATION
DOSING SIPHON

The dosing siphon is a mechanical device that transfers waste water
from the primary treatment system to the secondary system. It is instal-
led in a dosing tank between the primary clarifier and the frickling filter,
The dosing tank fills to a preset level; then the dosing siphon automati-
cally siphons the water out. '

AN
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AR "Operatlon of Dosing S1phons . o ' !

. Intermittent dosing of. {he tmcklmg filter is prov1ded by a dosmg tank
from which fluids are automatmally siphoned. A siphon is shown in figure
1. Water will be standing in both the main trap and the blowoff trap. As

- the liquid runs into the dosmg 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 depre8sed both in the d1scharge line
and the blowof! trap. "Phis continues until the water level is at the maxi-
e mum discharge line of the tank, while. at the same time, the water under
> the bell is near the upper end of the discharge pipe. Water level is at the
- bottom of both biowoff and discharge line, Discharge is now ready and a
slight increase of head in the tapk causes' the water 1e1;e1 at the bottom of
the blowoff trap to be depressed sufficiently to allow the air pressure to be
. released with considerable violence up the vent pipe;, This sudden release
.+« allows water to rush into the discharge pipe. The /momentwn causes dis-
"charge through the giphon and into the distnbutu;;r system, and the tank
- . is emptied. Emptying continués until the water level in the tank is below
the elbow of the siphon vent, This permits air‘to enter the bell, relieve

the blowoff trap so it will be filled when the/ siphon stops. . -

¥
]

"TRICKLING FIL'TER o L

. Desr-ripti'on

: Thmtnckhng ﬁlter Iooks like a smmmmg pool full of rocks 't it can
: be round in shape or reg¢tangular. The bed of rocks ranges in dépth from
. . " three to eight feet deep. On.top of the rocks is mounted a, water sprink-
.- ling system. Water'is sprayed or sprmkled over the rocks and if trickles
downward to an under drain system that carries the water off to another s
‘treatment unit. * - / ¥

¢

-

-

£

P:urpose ) .o ‘ o
. The purpose of t»nckhng filters is to further treat sewage water by
letting bacteria, fungi, worms, fly larvae, protozoa an7 algae break down

the remaining wgste from primary treatment

Operatlon . , ‘ / . N

Settled sewage is apphed to the tr1ck11ng filter m a fine Spray The
applied sewage trickles m a thin film over the surfaces of the filtering

69 . .; a- :J
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the vacuum, and stop the discharge. Water has also been running through _
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Figure 1. Dosing Siphon
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" medium which become coated with zoogleal film, which contains aerobic
bacteria, fungi, worms, fly larvae, protozoa, and algae. A continuous
supply of food and oxygen for these organisms is furnished by the applied
sewage, which is sprayed on the bed so.as'to absorb a maximum amount

of oxygen. The mm over the stones of the f11ter media removes fine sus-
pended and ,collod1a1 solids from the sewage 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 orgamc solids which have become concentrated in and -upon it.
This brings about 2 reduction of B.O.D., ammonia, organic nitrogen, and,
especially‘in the lower portion of the bed formation of nitrates. The con-
centration of organic matters in the film from the applied sewage explains
why -sewage is adequately treated even though only a.short period of time
is required for it to trickle frdm the ‘top of the bed to the.bottom. A new
' filter bed must acquire its zoogleal film before it is very efficient: The
time requ1red is usually two weeks, although this may be decreased if the
filter effluent is recirculated to the filter bed.

Protozoa.feed upon bacteria and will reduce the number of coliforms
in the applied sewage to about 50 percent in a five foot deep filter. Larger
animals, such as worms, may also be present, but the zoogleal-forming
bhacteria are the most 1mportant The film on the bed becomes heavy and
thick at times with dead organic matter which has been worked over by the
various organisms. This sloughs off to appear in the effluent-as humus -

like suspended matter, which still exerts some B.0O.D. This sloughing off - -

or unloading is found.inall trickling filters. The accumulated material
apparently interferes with the aerobic bacteria and reduces the efficiency
of the filter. A bedthat unloads continuqusly, thereby keeping retained
worn-out film and dead matter to a minimum, usually shows a better all-
time efficiency than a filter that sloughs off periodically. A thin trans-
parent film upon the filter media indicates favorable condition. The un-
loading characteristics of trickling ﬁlters make it necessary to give me(l

sedimentation to the effluent. , \

Bacterial and other organisms are continually active when food and

Xygen are avai_able, and do not need any time for rest. With substrates
e;ncountered in sewage treatment, the more food that is available, the
more active they will be, and only stop when the food supply stops Thus,
the upper portions of a tmckhng filter are more active than the lower por-
t19ns in removal of B,O.D. This explains why, when trickling filters are
operated in series, the secondary filter operates less efficiently than the
primary filter.

”
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Loading of Filteq{s
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Filter loading is usualfy expréssed as either the volume of sewage
applied per unit of filter surface, or the strength of sewage in terms of
quantity of B.O.D. applied per unit of filter volume. ’

Volumetric loading is expressed as millions of gallons per acre day
(m.g.pa.d.). To determine the volumetric loading, the avetage flow in
m.g.d. to the filter, including any recirculated effluent, is divided by the
filter area in acres. '

B.0O.D. loading is expressed as pounds of B.O. D. applied per day
per acre foot. (Acres times depth in feet.) It is determined by multiply-
ing the average B.0.D. (in p.p.m.) of the primary effluent by the average
flor (in m.g.d.) and by 8.34 to obtain pounds of B.0O.D. per day,.and
dividing this by the acre-feet of filter area. If filter or final tank effluent,
other than normal amounts of final tank sludge, is returned through the
primary settling tank, the recirculating B.O. D.- load exaggeratés the
loading as calculated in this manner. In such cases B.O.D. loading is
based on the quantity and B.O.D. of the raw sewage, less an assumed 35
percent B.O.D. removal in the primary settling tank. High-capacity fil-
ter, B.0.D. loading is sometimes expressed as pounds per cubic yard.

To convert this to pounds per acre-foot, multiply by 1, 613. Table 1
illustrates some types of filter loading. . ‘

Efficiency of Filters

The efficiency of filter operation, assuming the filter is not over-
loaded, depends on distribution, ventilation, filter media and temperature.

Sewage must be distributed evenly to make effective use of the whole
surface. Uniform distribution through fixed nozzleg is provided by proper
dosing of the dosing chamber. As head decreases,ét e circle of applica-
tion becomes smaller. Rotary distributors have a 'ger number of ori-
fices 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 entire filter.
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. ’ LOADING
~ FILTER TYPES ’ Volumetric BOD Ib per

. _(m.g.p.a.d.) acre ft .
. Standard Rate (Low Rate) T '

Normal Design Approx 2 600
Highly Loaded 2 to 10 600 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* . - 3,000t012,000

*May be above m.g.p.a.d. in

some cases

Table 1. Filter Loading by Types
The spaces in the filter media must be kept open to provide air circu-
lation. Natural air movement is up through the filter in cold weather and
down in warm weather because of temperature difference between dir and -
sewage. Filter underdrains must be ample in size, kept open, and their
outlets unobstructed to allow passage of air (see figure 2). Forced venti-
lation of beds by means of blowers is sometimes provided. '

AAPMMCRE BLOCK: B, NATCO TiLE€: C, ARMCRE BLOLK wITH
LATERAL VENTILATING SLOTS: D, METRO MONOUNIT TYPE:

€, CANNELTON BLOCK.
Figure 2. Blocks Used in Underdrain System of Trickling Filters
73 .
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The filter media must be hard stone, free from dust, dirt or other
foreign material, and uniform in size (two to four inches) throughout the
filter to avoid dense spots that may cause ponding.

- "~ Filters operate best during warm weather. Winter conditions in

northern climates may reduce efficiency as much as 50 percent.
~ //

, 7

Types of Filters !

‘LOW RATE FILTERS. Standard or low-rate filters may be rectan-
gular with fixed nozzles, as shown in figure 3, or circular with rotary
distributors as shown in figure 4. In either case, intermittent dosing is
provided by a dosing tank with automatic siphon or by direct pumping.

- Ed
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Figure 3. Standard Filter with Fixed Nozzles
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Figure 4. High Rate Filter with Rotary Distributor

The standard raie filter, usually unloads during fall and spring.
When a change in temperature or heavy flow of influent causes the beds to
slough off its growth of orgunisms and dead matter, the filter effluent be-
comes turbid and frequently carries off large masses of worms normally
present in the filter., The solids in this effluent are removed by final
settling.

HIGH RATE FILTERS. High rate trickling filters are usually circu-

lar in shape to-accommodate the rotary distribution, as shown in figure 4
which is more satisfactory for the high variations in flow than the fixed-

~nozzle sprays. The filter stones are generally about one inch larger in
size than those used for standard or low-rate filters. Sewage is applied
continuously, and a portion of the effluent from the secondary settling
tanks is usually recirculated and reapplied to the filter with the primary
settling tank effluent.

75

234




Advantages of the high-rate filter are slightly lower initial cost,
smaller plant area required, freedom from filter flies, and reduced odor
problems. Some of the disadvantages are that operation is much more
sensitive, the filter is unable to handle wide ranges of loading, the result-
ing sludge has a high water content and is more putrescible, and the de-
gree of purification is lower unless recirculation is employed, which in-

creases the operating cost.
P

In high-rate filters, Sewage that has already passed through the filter
is recirculated, either continuously or at times of low flow of raw sewage.
By this means, a greater volume is applied and sewage strength is reducec
making the volume of flow on the bed more constant than for standard-rate
filters. The heavy application of sewage causes continuous unloading and
reduces film thickness, with the following effects: reduction of fly-breed-
ing by washing 6ut more larvae, preventing odors by freshening the sew-
age, more uniform operation, the seeding of applied sewage with active
organisms ard enzymes resulting in more efficient treatment with better
utilization of the depth of the filter. Solids are not retained as long as in
standard-rate filters, so they are less stable and continue to exert a con- i
siderable oxygen demand in settling tanks receiving filter effluent, Like-
wise, the solids have considerable oxygen demand and continue clarifica-
tion and B.O.D. removal in settling tanks as long as aerobic conditions
are maintained. Nitrification is negligible with B.O.D, loading in excess
of 2,000 pounds per acre-foot. Settling tanks, including primary tanks if
filter effluent is returned through them, are integral parts of high rate
filter treatment. There are three types of high rate filters, the Aero-

.- filter, Bio-filter and Accelo-filter,

Aero-Filter. The Aero-filter is designed to dose the entire filter bed
surface continuously and at a uniform rate. The beds are usually six to
eight feet deep, with the filter media from two to four inches in diameter.
Recirculation, which is not an important element of the precess, is usu-
ally used only during periods of low flow to maintain the minimum rate of
application. A continuous trickling of the sewage over the filter media,
with maximum contact and aeration, is essential. For beds under 34 feet
in diameter, a motor driven rotating disk provides distribution; for
larger beds, rotary distributors with four to ten branched arms are used.
Figure 5 illustrates the single stage aero-filter. Special nozzles discharge
..Sewage in a rain-like spray. A dosage rate in excess of ten m.g.d. is
maintained. Adequate ventilation of the filter bed is essential for oxidizing
the sewage; forced air may be required when the temperatures of air and
applied sewage are within ten deégrees F of each other. If blowers are
provided to force air through the filter, all openings to air at the filter
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have single or two-stage treatment as shown in figure 6.
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. -Bio-fiiters. Bio-filters combine the use of\a clarifier and 'high rate
trickling filter with filter discharge material returned:to the clarifie

The recycled filter discharge material may consist merely of filter)
effluent or of flow from a secondary clarifier following thg filter.  (See

figure 7. )\ ~

HECINLSLE Tt oN o RFCINCULATION
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Primy clarifier v Fumus sludges Final clarifier

Slucge t¢ . Secondary filter
digoster
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Single-stage complete treatment, . Vet
Single-stage complete treatrment with dual recirculation.
Two~stage treatment, |[ntermediate clarifior is sometimes

omitted.

Figure 7. Bio-Filter Flow Diagrams
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Accelo-Filter. The Accelo-filter system inclu&g&recirculation of
unsettled effluent from the fliter back to the inlet of the filter, distributor
as shown by the flow diagram of figure 8. It is used'for both low-rate and
high rate filters. The principle claimed for this: gystem is that the direct
return of filter effluent. intensifies biological oxidation.

Prirory, clarifier

- rimary filter :
/{/,,Final cleririer
L ,

influen . Effluent

! ) (v) Secondary filter

Effluent

‘ Final clarifier
primary clarifier filter

filtar (a) Single-stage filter,

{r) Two-stage. plant with dual
. circulaticn to the primary
{c) . filter. (c} Two-stage plant
with airect recirculation
+ within each staye.

i

‘ _ Figure 8, Flow Diagram of Accelo-Filter
| Operation o}\Filters and Appurtenances « |
_ CONTROL'QF PONDING. Ponding is caused by dense spots in the
bed that stop flow, The condition may result from the application of an
excessive volume ‘of sewage to the filter; a large amount of suspended
solids or grease in\ghe influent; filter materials that are crumbled, dirty,
or too small; prolific growth of fungi, algae, and other animal and plant
. forms.filling the voids between stones; or poor ventilation. Ponding

caused by plugging of filters may be reduced or eliminated by one or more

of the following: (1) Flushing the surface with a fire hose; (2) Raking or
forking the surface stone;\ (3) Stopping the distributor over the plugged
area and allowing the sewage flow to wash down the growth; (4) Punching
holes in the top layer of stone with an iron bar; (5) Applying chlorine or

chlorinated lime, up to 5 p.p.m. residual, to the filter influent for two to
four hours at weekly intervals%his ‘should be done at night when sewage

flow and chlorine demand are low. (6) Flooding the filter for 12 to 24
hours, if possible, every 7 to 14 days; (7) Allowing the growth to dry by
resting the filter for 12 to 48 hours\if other units are available.
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CONTROL OF FILTER FLIES. The film on standard ra\.;e filter-bed
- stone frequently becomes inifested by filter flies. The ‘PSychoda alternata,
or filterfly, is a nuisance to plant-operators and nearby residents. Heavy
infestation is caused by high temperatures and thick growth on !

LY i

stones.

Filter flies can be eliminated by flooding the filter 12 to 24 »hour\s every

two weeks, by heavy doses, 6 to 15 P.p.m. of chlorine at the filter influ-

ent, or dosing tank, or by changing to high rate operation, \
' \

+  FILTER'MEDIA AND UNDERDRAINS. Keep the filter surface free \
from leaves and twigs. Any small roc¢k or sand particles or othe:\accu- RN
mulations must be washed out of the filter underdrains and removed from -
the collection channels'to prevent their discharge to settling tanks where N\
-they may plug sludge lines. Ke p the underdrains and channels open to
ventilate the filter. In winter, the filter surface must be kept sufficiently
free from snbw and ice to permit proper operation of the Jrotary disﬁribu-

.

tor. Remove disintegrated filter stone and replace with sound stone!,

. ODOR CONTROL. Odors caused by decomposition .of organic matter
may be reduced or controlled by the following means: (1) recirculating
final effluent to add dissolved oxygen; (2) reducing primary tank-deten-
tion periods by taking gne or more tanks of out of service, ifthe deten-
tion period exceeds three hours; (3) chlorinating filter influent with :
dosages up to 5 p.p.m.}; (4) the application of chlorine or copper sulfate
to the raw sewage at the upper ends of the system is helpful in preventing
septic sewage; and, (5)- flushing sewers periodically is also helpful in
delivering fresher Sewage to the treatment plant, ‘thereby assisting in
odor control. Lo g
. \ I
.. v ' % X ' )
WINTER OPERATION. In many cases, operation of trickling filtéers
durin‘g cold weather causes little difficulty. In extremely cold ‘climates,
however, it will be necessary to take precautions to avoid damage to/:
equipment or interruption of the operation. In the case of rota,']ry disfri-
butors, the drain valve in the distributor base is usually opened slig,htly,,
to drain and prevent freezing in the distributor arms. Use of :’recircfzu/la’-
tion to. minimize freezing at the filter by cutting down 'the time of thg‘ :
dosing cycle during low-flow-périods is also practiced. To-minimize .
freezing, dosingtanks are sometimes, covered with planking and insulated
with straw. o o /

| /
SLUDGE REMOVAL. Sludge from settling tanks following high-rate
" filters becomes septic mere rapidly than that from standard-rate, filters
and must be removed at least once each shift or oftener as nqc‘qséary. If
centrifugal pumps are used, recirculation to the primag settling tanks
should be from the bottom of the tanks or the sludge removal pipe to give
continuous removal of sludge. ‘ 80 - Q “; :
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i OXIDATION PONDS »° -

Oxidation pohds Sqm-etimes cailed lagoons, holding or evapoféting
ponds, or percolation-beds, under certain conditions-offer economical
. gewage treatment and disposal with a minimum Jf initial materials. '

An oxidation pond is a shiallow basin in which the sewage or industrial
waste is held.for a period of time, such that some desired degree of sta-
bilization occurs. There may or may not be an effluent from an oxidation
pond. 'Some are so_dzsigned that evaporation and ‘percolation proceed at
a rate sufficient to keep all the. waste within the oxidation pond; others
/ are designed for continuous effluent flow. Oxidation ponds have banked

«edges of sufficient thickness to contain the waste waters. These banks have
an inside slope of about four to one. To reduce the erosion effects of any
wave action due to winds, the entire area within the oxidation pond is
usually stripped of vegetation, and the tops.and outer sides of the retain-

ing banks are grassed. S

Qxidation ponds may be constructed so that the waste waters are from
3-5 " feet deep; usually, they are not.constructed over three feet deep.
When the wind is strong enough to prevent surface scum, inlet or effluent
baffles may not be required. Distribution baffles are shallow so water
velocity under them is not rapid enough'to scour the pond bottom. It is
recommended that the sewage should be discharged into the center of‘the
oxidation pond slightly dbove bottom elevation. Some structures carry
. effluent from one oxidation pond to another. These 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 déten-
_tion period, onlythe top two feet of water in ponds under ten acres in area
and only the top three feet in ponds.over 20 acres in ‘area are considered.

. In oxidation ponds, treatment is accomplished by nature with very
little assistance from man. If sufficient time and sunsbine are provided,
bacteria and algas, with the help of occasional wind action, stabilize the
organic matter in the waste wateii. (See figure 9.) Where the velocity of
flow is reducedxgn entering the oxidation pond, suspended and setteable
soilds will be deposited. These plus the dissolved organic matter are the
food stuff for the forces of nature. )

. Oxygen is supplied on the surface and stirred in by wind action. Addi-
tional oxygen is made available by green plants; 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. ' a1
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/‘ - 'Figure 9. .Waste Treatment in OxidationPonds .

/ .. .

,/ Other nutrients, such as nitr'o&g'en and phosphorus, are also available
from the sewage. . . . -
. Several other factors should be. considered in using oxidation ponds to
treat sewage wastes. Due to the widé shallow area exposed tc the atmos-
phere, evaporation of water will take place. Further, sdme percolation .
of water into the ground will also occur. Both of these tend to reduce the
volume of waste to be disposed., Consequently, the: use of oxidatica ponds
is most efficient where. these two factors are high. ‘
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There is the poss1b111ty of contamination of ound water by percola-
tion of oxidation pond waters. Therefore, an investigation should be per-
formed before adopting oxidation ponds for waste\treatment. However, in
passing through an oxidation pond, a certain amount of bacterial reduct1on
occurs. These reductions in colifogm organismsiare primarily due to the
action of natural enemies on these bacteria.

g -

Oxidation ponds may be designed to d1scharge‘a continuous effiuent
just as a sewage plant does, or if sufficient areas 1s avaﬂable to rely up-
on evaporation and percolation to the extent that no effluent or d1scharge
occurs When an effluent is discharged, it will usually be lower in B.O.D.
- ~and,will be supersaturated with dissolved oxygen. \ \

! ! \
This state of supersaturation is due to the action of algae in the oxi-
dation ponds.Algae are simple one celled green plants that live in streams.
They and the bacteria do the major part of the work,in omdatmn ponds.
The bacteria in the oxidation ponds break down the organic carbon materi-
als in the sgwage to carbon dioxid2. The algae\take the carbon. dioxide in- .

to their systems and give off oxygen. A
- \

. The oxidation of sewage is conducted in yany ways for various pur-
poses. It can be used on industrial or domgstic sewage. It has been used
for partial or complete treatment. Due to the location and design of vari-
ous bases, the adaptability of oxidation ponds will vary. Sewage plant

_effluent may be discharged.to oxidation ponds in favorable locations such as.
desert or isolated areas, and where ample land is available and the climate
is dry and warm. . -

' Treatment

To use oxidation ponds for treatment and disposal, certain conditions
are necessa.ry for proper operation.

MINIMUM PRETREATMENT Primary- setthng is the minimum
treatment g&ven gewage before it is put into the lagoons Otherwise, ex- .
_ cept-under unusual conditions, sludge deposits-build: ,up in the 1nf1uent sec-

tion of the lagoons not only causing septic cond1t1ons during d1gest1on but
also makmg periodic cleaning of the inlet lagoon necessary

1
PERCO_.ATION When ponds are first operated or if they are located
above coarse sand or gravel formations, much sewage is lost through per-
colation into the soil., Unless the format1on under the pond is generally
porous, this condition generally lasts only for a short time. The floor,
clogs rapidly with sediment, greatly reducing or ehmmatmg completely
the sewage flow into the ground a3 /

A
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.EVAPORATION. Evaporatton may cause considerable sewage loss,
-depending on the surface area of the pond. In some dry areas such loss
. equals the entire sewage flow.

SETTLING. Additional suspended solids settle out while the efﬁuent
remains in the ponds, thus improving tne quality of the effluent.

BIOLOGICAL ACTION. BiOI,ogical life developed in the lagoons uses
the organic and mineral matter in the sewage for food to produce more
stable products. These products-often stimulate. abundant growth of algae
and other vegetation. Solution of oxygen from the atmosphere, and ability

. of vegetation to produce oxygen under sunlight help maintain aerobic
lagoons. In a properly constructed system, aerobic conditions establish
themselves after a short det ention period. The lagoons develop an odor
similar to fresh-water pcnds in wooded areas. During cold or cloudy
weather, treatment becomes much less effective because algae oxygen pro-

\ duction,is retarded.

Operation )

When the weather 1s clear and warm and the pond system is operated
normally and in series, the quality of successive effluents improves as it
passes between ponds. /Dissolved oxygen appears and often increases to
the supersaturation point; the pH increases as the sewage flows from one
pond to the next until tHe effluent is definitely alkaline and the B.0.D. 4nd
suspended solids decrease. Operation and maintenance procedures are
simple and are generally as follows.

WALLS Protect the inside of wa11 surfaces from collapse or wave
erosion by adequate W1dth and height of fill. .

MOSQUI’&'O CONTROL Control mosquito breedxng by keeping the
shores clean and by, alternately raising and lowering the water level about
six 1nches evéry ten days during breeding season. N

SLUDGE MalLe sure that no raw or digested sludge or supernatant .-
liauor is d1scharged into the ponds. Lo

\
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THE ACTIVATED SLUDGE PROCESS

The activated sludge process is a method that employs a sludge which

by aeration and agitation has become flocculent and has accumulated a

\ population of aeroblc bacteria. This is added to sewage and the mixture
is agitated sn the presence of oxygen. The ‘mixed liquor is then. settled in .
a seconda.y or fin 1 settling tank. The clear liquid is emptied into a
stream or upon the; ground. Part of the sludge is recirculated through the
aeration tank and part of the sludge that is not needed for the desired ac-
tion in the aeration tank is sent to the digester. This is illustrated in

figure 10.
e i Mm 1 Amanen Toen s s
== . <|D"".'
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Flgure 10. Flow Diagram of Activated Sludge
Process

N,

N

Activated sludge appears as a light to dark brown floc and settles
rapidly. The jelly-like portion of the sludge contains many hlamentous
and unicellular bactena and algae. Upon this jelly-like.mass numerous

' protozoa and some metazoa attach themselves and feed upon the orgamc
matter contained in the sewage. This matter is ingested and assimﬂated
\ by the protozoa, anditheir bodies are an end product of the sludge. The ,

\zoogleal—formmg bacteria are present and important. \Some theories
state there must be a proper relationship between the teria and proto-
zoa while other theories hold that the number and species of protozoa
iﬁdicate the condition of the sludge. In any case, the sludge\must have a
su})ply of nutrient to support its living organisms. Dissolved: xygen from
the\gewage, sludge mixture, sludge and sewage must be thoroughk{agltav
ted d{lring the aeration penod Oxygen may be obtained through diffused
air or, at the surface of the tank.
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" logical oxidation of the adsorbed material takes place. Usually 15 to 45

During the aeration of the mixed liquor, adsorption of solids and bio-

minutés of contact with the sludge is required for the adsorption of solids

before biological oxidation begins. The highest rate of oxidation usually

occurs when the recirculated sludge first comes into contact with sewage

falling off gradually for two to five hours, then continuing for a long period

at a more or less uniform rate. Proper functioning of a plant requires a

balance between the two functions. If biological action proceeds too rapid-

ly, the sludge becomes very dense, but very small particles are broken

off and do not settle to give a clear effluent. If biological action lags. :
behind, the floc becomes very bulky and light, and will not settle in the ) .
final settling tank, and the effluent will not be well clarified. But with ’

good operation, it will balance the'two processes.

L

BIOLOGICAL ACTION. When sewage is agitated continuously in the
presence of oxygen, an active biological material known as activated
sludge, is developed. This brownish floclike substance is composed of
numerous organisms, including protozoa, in a mixture of organic solids
in various stages of decomposition. Activated sludge absorbs dissolved
organic material, including ammonia; it has an agglutinating or floccula-
ting property which frees sewage from its dissolved and suspended
impurities. Some materials in sewage are consumed by the organism
but their most important function may be the production of complex chemi-
cal substances called enzymes which react rapidly to change obje ct1onab1e
matter to stable substances. ,

FLOW PROGRESS. A flow diagram of the act1vaued sludge process
-is.shown.in figure 10.. After receiving primary settling, sewage is mixed
with activated sludge to form mixed liquor. The mixed liquor then re-
ceived prolonged aeration in an aeration tank and is conveyed to the
final settling tank from which clear supernatant liquid is usually discharged
without further treatment. The sludge-collected at the tank's bottom is
returned, all or in part, to the influent end of the aeration tank and mixed
with incoming settled sewage to continue the purification process. Excess
sludge is usually pumped to the plant influent and is resettled with the
primary sludge to concentrate it.
i

Types of Aerators

The basic factor in the activated sludge process is aeration, which is
necessary to supply an adequate supply of oxygen to keep it biologically
active, There are two general aeration methods.
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DIFFUSED AIR. In diffused air plants, aeration is accomplished by
compressed air released at the bottom of the aeration tank, passing upward
through the tank contents. Aeration tanks are designed and diffused equip~
ment is usually located so as’to give a spiral motion to the mixed liquor.

‘ Methods include placing diffused plates on the floor of the tank adjacent to
wall over diffuser-plate boxes (see figure 11); -inserting diffiiSer tubes
. into.the-sides-of -a-fixed"air pipe along one side of the tank; attaching dif
“fuser tube assemblies to movable pipes (swing diffusers) by which the tube
-assemblies may be lifted out of the tank for cleaning (see figure 12). The
‘principal components of the swing diffuser are shown in figure 13.

In diffused-air plants, air discharged through the diffuser should be
controlled at both the blower and down pipes. With this control, air input
can be fitted to the changing demands of sewage strength., About 95 to 98
percent of the air keeps the tank contents in motion, mixing and causing
solids to form floc; the rest of the air is used to supply the oxygen re-
quired for oxidation and stabilization. One type of blower used for pro-
viding air to diffusers is shown in figure 14.
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Figure 14. Blower Used for Air Supply to Diffuser System

PN

MECHANICAL. Mechanical aerators use impellers, revolving disks,
or brushes for spraying sewage into the air or pulling air down into the
sewage.

Figure 15 shows equipment for pulling sewage up through a cone from
the bottom of the tank and spraying 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 16 illustrates another mechanical aerator which forces
sewage downward in a draft tube. Air mixed with the sewage at the funnel
of the tube is pulled downward and rises from the tank bottom through the
sewage. :
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Figure 15. Updraft Mechanical Aerator
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Aeratiort Tanks and Equipment

Fhe aeration period is the average detention time in aeration tanks, '
based on the average flow of sewage being treated by the plant plus the
flow of return sludge. Aeration tanks vtilizing diffused air, which are
usually rectangular and narrow, are designed for a detention pericd of -
eight hours. Mechanical aerators, generally installed in square tanks
arranted in series, are designed i4r 2 twelve hour aeration period
Sludge is returned from secondary settling units by gravity or pumping.
Figure 16 shows the automatic return line for a mechanical aerator.
Sludge return is controlled by weir boxes orifices; on gravity lines
adjustable sleeves on pipes to the sludge hopper of the “settling tank con-
trol the amount of return sludge.

Plant Operation i o

. Extent of purification depends upon proper control and adjustmert cf
the biological process: Plant operators must determine the best vpe:z-
fing range of all factors involved by systematic trial and establish pro
cedures by study and observation to meet variable conditions. These

factors include the {ollowfng: . =
o 'Concentrat-ibn of solids in mixed liciuor.
® Settling rate of mixed- liqu\or solids .. /" ’
® Volume of sludge return.

® Concentration of solids in return sludge.

i e s

® Quantity of air re\quired‘ for various loadings.

QUALITY OF ACTIVATED SLUDGE. High quality activated sludge
settles rapidly, leaving a clear, odcrless, stable liquid above; it is
usually golden brown and has a slight musty odor. The floc ‘usually
appears to be granular with sharply defined edges. Settling characteristic
may be determined by allowing one liter of mixed liquor to settle for one
hour in a graduate and periodically noting the volume of settled sludge.
Settling to a volume of,20 to 30 percent in ten minutes indicates good ; o
.sludge. Figure 17 shows good and poor settling qualities for activated S
sludge.

- a
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‘Figure 17. Curves Showing Conditions of Activated Sludge |

Density. Dense sludge is desirable.. Density-expressed-as sludge
index is computed by dividing percent of volume after 30 minutes Settling
by percent mixed-liquor suspended solids. Example: If sludge settles to
20 percent volume in 30 minutes with aeration solids at 1,000 p.p.m.

(0.1 percent), the sludge index is 30_% or 200. 'An index less than
0.1% '
-100'is usually expected in diffused air plants; with mechanical aeration, it
usually is 200 to 300. A higher than normal index indicates bulking of

93
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' to produce the desired purification in the ayailable aeration time and low
‘enough to give economical air utilization. Mixed liquor solids concentra-

- oY)

Sludge. The nomograph presented infigure 18 correlates the sludge index
With plant operation data. Assuming (line A) a sglids concentration in the
mixed liquor of 2,000 p.p.m. (by weight) and a sludge index of 100, it .
would e necessary to ireturn 25 percent by volume of return sludge with a
concentration 6f one percent (by weight). A higher return could be main-
tained at increased pumping cost but a lower return would increase deten-

tion time of return sludge in secondary settling tanks which is undesirable, |
Line "B" assuming mixed-liquor solids of 2,000 p.p.m. and a sludge = .
index of 240 (calculated on the regular 30 minute settling period) indicates \
a return of 100 ‘percent, A lower percentage of return would mean a rapid
filling of secondary "se#t]ing tanks with sludge. There are indications, -
however, that the concentration of sludge in a test cylinder may be higher

at the end of 60 minutesI than at 30 minutes, the difference increasing with \
mixed liquor of poor-setfling characteristics., If the calculated sm%’e
index should be appre'ci?,bly lesg’after one hour test (line C) than after a
30 minute test, a sludge; return of 65 percent would provide a correct
balance of solids. N ‘

[
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QUANTITY OF AC’QIVKTED SLUDGE. The amcunt bf sludge, mea-
sured by the suspended solids in the mixed quor, must be great enough

tion, "sewage strength, aeration time, and quantity of air are all interrela-
ted. \1 ‘ /-

Proper Concentratio:n. The concéntration of mixed liquor solids for
best operation under all conditions must.be determined-for-each-plant by- - - -—

“trial. Aeération solids cohcentrations of 1 , 200 to 3, 000 p.p.m. in

diffused-air plants and 50‘106to 1, 200 p.p.m. in méchanical plants are
usual, but they may be varied to suit seasonal or plant load conditions. )
. 1 “ . 5 . /
Excessive Concentration. Ma:/ﬁmum solids concentration to be carried /
is limited by air supply an“d raw-s;\;:age load. If solids build up indefinitely,
tely exceed the available supply and

the air and food requirements ulti
upsets occur. After the-desirable solids-concentration in mixed liquor is

| .

{

determined, it is maintained by wasting part of the retu‘rn‘\sludge. Where

shock loads are imposed by sewage varying widely in’ strength, the ‘solids
content of mixed liquor must be enough_t“o-absorb.—the_» shock.\ For economy;
excessively high solids concentration cannot be carried mere )%because
the available blower capacity permits-it. Because of wide varidtions and
high' peaks in sewage strength at Army posts, a higher concentration of

-

0

- mixed-liquor Solids is necessary'than in municipal plants.
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- . Tests Control tests for m1xed-11quor and return sludge suspend
' sohds and.settled volume are made da11y or preferably once each sh1ft
QUANTITY OF AIR. Although most of the oxygén d1ssolwed in the )
mixing liquexr during aeration is used by the activated sludge it is only
two to five percent of the oxygen supplied to the tanks. Air Tequirements ;
" are governed by B.O.D. loading, quahty of sludge and sohds concentra- ,

-

. tion of mixed liquor. .° . . - B
4 t . o ) ! . B N
. Control. In dif_f‘used air plants, air application is usuaIIS' controlled

by, blower combinations or variable output blowers. Air supply in mech-

.anical plants is governed by, the number of units in service and aufomat1c

time switches on each aerator ) /. .

»

. . Tests. Make d1ssolved-oxygen determ1nat1ons daily or preferably ’ .
. »each shift, on examples of the .mixed liquor collected at the inlet énd, " ‘
middle, and outlet ¢nd of the aerators. Inhibitor is used in collectxng
d1ssolved oxygen samples to arrést bacterial action and cxygén utiliza- .
tion; otherwise low test results are obtained. These tests indicate
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
SR ' pip.m. at the end, air supply is adequate. .

2,

¥
Excessive Application. Excessive air application is wasteful and may
- - cause the flocculent sludge to be finely dispersed-and difficult to settle.
Much of it passes over the setthng tank outlet weirs.

AERA’TION PERIOD. Approximately 8'0 to 85 percent of sewage ppri-

per1od sludge is regenerated organic matter stab1112 ed, and s1udge con-
d1t1ons for further activity. The sludge's capac1ty for \ak1ng in prganic
m? tter js limited 2nd regeneration is necessary before an'additional load
pplied. Activated sludge requires 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 a.lmost saturated. o

! Oxygen Utilization. Oxygen ut111zat1on, initially rapid, follows a i
- fairly well-defined, tapering curve to a lower, more even rate as treat-
ment progresses. Time required for.purification is in inverse propo_i'tion
;. tothe amount of sludge. Doubling the quantity of suspended solids in the
\ sewage sludge mixture halves the time for complete oxidation if hydraulic
and mechanirtl conditions permit settling out the increased sludge and

' enough dissolved oxygen is avanable
' : . 96
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Measuring Utilization. Oxygen util{‘.zation over a short periold of time
can be measured by rate of oxygen utilization in p.p.m. per hour. The
curve in figure 19 shows what happens to'any unit volume of mixed liquor
passing through an activated sludge plant. Before treatment starts,
return sludge whose liquid portion has a low oxygen demand and raw sew-
age usually having a low immediate oxygen demand and a high B.O.D.
are present. At zero time period of treatment on the curve return sludge
and raw sewage are being mixed together and the aeration process started. .
At this point the rate of oxypen utilization is maximum and remains con-
st.nt for some time. The length of this period of constant rate of absorp-
tion varies directly with strength of sewage and inversely with amount of
sludge, other factors remaining constant. After holding for some time, )
oxygen.utilization decreases abruptly at first to an almost constant rate
4s aeration proceeds for several hours. _ .
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Figure 19. Oxygen Utilization Curve
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Use of Oxygen Curve. Characteristic curves show the ma:umum rate
of oxygen utihzaiimn to be definitely related to the rate of ut1h ation at
completion of the process. This ratio, at least 3:1 and usuallg( 4:1, guﬂdes
proper adjustment of air distribution to meet oxygen demand. Tapered or
step aeration to vary air distribution saves total air used by placmg pro—
per amounts where they are needed

"/
. Adjusting eratmn Tanks. Aeration periods of eight hours for diffused
aeration and 1 hours for mechanical aeration are desirable. Adjustment
to conform to faotors discussed above improve plant operation. In mech-
anical aeration tanks at small installations maintaining dissolved OXygen
in first stage of aerat1on is often difficult. Small diffuser units are in-
stalled to booster the oxygen supply. .

RATE OF RIfiJTURN. Volume of activated sludged returned/from final
settling tanks to aeration tanks normally ranges from 20 to 40 percent of
the raw sewage flow. A high rate of return reduces aerator détention but
keeps sludge fresh and may return needed dissolved oxygen to/ the aerator
inlet. A low rate of return increases/aerator detention time; it is feas1b1e
when the sludge has a low rate of oxygen utilization and does/not readily
become septic. A mgh return sludge/concentration is obtained with low
return rate.

RATE OF WASTE. A division is usually provided to s/plit the flow of
returned sludge from the final settling tank either to waste or to aeration
tank influent. Suspended solids corcentration in the aeration tank and re-
turn sludge determine when and how much sludge is d;verted to waste.
Routine schedule's must be developed for wasting sludge in small amounts
daily, holding soihds in the aeratign tank nearly constant j Sludge is
wasted slowly and uniformly, genérally during the periods of low flow.

Rate of waste sludge is normally bout ten percent of the return sludge.

FINAL SETTLING TANK. Because settled sludge must be maintained
fresh for return to the aeration tanks, the sludge blanket in the settling e
tank is kept below two feet. Mec mcal sludge collectﬁon equipment must
be operated contmuously Hoppersg are squeegeed often to free them of septic
sludge. Short c1rcu1tmg and eddy urrents are correct walls, weirs, and
channels are hoséd down daily. " Rising sludge which 1s black on the under-
side incidates that sludge is sticking\on the walls or floors these areas
must be kept free\of accumulated slugge.

\\. | xﬂ | ‘\ |
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Operating \difficulties are usually one or a combination of three con-
ditions; the presence of oil or grease; bulking sludge; and disposal of
supernatant from the digester.

OIL AND GREASE. Oils 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 dif-
fused floc resulting from loss of biological balance and a light floc con-
taining sphaerotilus, a microscopic threadlike fungus growth. Bulking
may be caused by the following: Too high or too low aeration tank solids
concentrations, inadequate air supply, inadequate 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 sewage solids flushed to the
plant by rains after a long dry period, sewage abnormally high in organic
solids, especially sugars and starch, or fungus accumulations from the
sanitary sewer system may likewise cause bulking sludge.

When bulking results in septic aeration units, wasting the sludge and
redeveloping a healthy floc may be necessary. Inthe early stage of bulk-
ing, reconditioning is aided by increasing sludge return and-amount of
air.| Fungus growths usually can be controlled by the following: Applying
chlorine to the return sludge in doses of 1.0 to 8.0 p.p.m. of sludgé re-
turn flow, adding ferric chloride to the mixed liquor and adding copper
ammoniam sulphate to return sludge.

Rising sludge in final-settling tanks is usually cuased by an exces-
sive retention period forming gases whicp- lift the sludge in chunks.
Increasing the sludge return rate to lower the sludge blanket corrects the
trouble. This condition also may be caused by nitrification brought on by

excessive aeration.

EFFECT OF DIGESTER SUPERNATANT. Disgester supernatant
disposal in the activated.sludge plant is troublesome, especially when the
digester is not functioning properly. Supernatant 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 during
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sludge pumping, it throws a heavy load on the secondary process. If the
~ mixed liquor is not in condition to receive tkis load, the sludge soon be-
"~ comes gray and septic.

® Supernatant is returned as uniformaly as possible.

® Returning it directly to the aerator often eliminates the difficulties.

: \
® Returning it to the aerator during low loadings sometimes is

successfh\l.

If the supernatant is returned intermittently, th®solids in the mixed
liquor must be in condition to receive it (higher in concentration), The
DO must be carefully watched and increased during the period of necessary.

Records \
The following data are reported on the monthly \operating logs:

® B.O.D., suspended solids, settleable solids, and relative
. stability of final-tank effluents.

® DO of mixed liquor at inlet and outlet ends of aeration tanks.
DO of mixed liquor at inlet and outlet ends of aeration tanks.
DQ of final~settling tank effluent.

Volume of return sliudge.

Volume of waste activated sludge.

Suspended solids in mixed liquor and return sludge.

® Percent settled solids volume mixed liquor and return sludge
(30 minutes). :

® Sludge index.

° Volume of air (in 1,000 cubic feet or hours of operation of .
mechanical aerators.

® Remarks of unusual conditions such as bulking, its cause and
“control, peak loads, etc. 100
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CONTACT AERATION

. Contact aeration is basically an aerobic biological process. It con-
sists of passing settled raw sewage through aeration tanks that contain
plates of asbestos cement or other impervious materials. The surfaces
of these materials become covered with zoogleal film of aerobic organisms.
Air to support this organic life is blown through diffuser tubes:or pipes
under the contact media. The biological action is somewhat similar to the
action in a trickling filter where biological life forms on the stones instead

of plates.
Flow System

A flow diagram of two-stage contact aeration plant is shown in figure -
20. Single-stage aeration is generally limited to partial treatment only.
Each aerator is divided by an overflow dividing wall into two sections
operated in series. This is illustrated in figure 21. Each plant is pro-
vided with air blcwers and accessories for compressing air and blowing it
through the ditfuser or pipe system. Facilities for sedimentation and
sludge digestion are similar to those used in other treatment processes.
Low-head pumps and pipelines for recirculating second-stage aerator
effluent to first-stage influent are often added to improve plant effluent and

eliminate odors. .

, DIGESTION TANK

S—— —— SLUDGE DISPUSAL
SECOMD STAGES
AERATOR
SLUDGE PUMP- -CEJ FIRST-STAGE.
: — AERATION )
. PRIMARY-SETTLING INTERMEDIATE.SETTLING FINAL.
PRETREATMENT; ' / ATE G
UNITS VO TANK TANK SETTLING TANKS
s s t
INFLUENT i : 4 1 ; /
L 1 H .
| Y Y Y {EFFLUENT
L -4 edece d - '

..{;}..4;.-..-

Lsiuoce pums

Figure 20. Flow Diagram of Contact Aeration
Plant ~
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The biological action in the contact aerator is comparable to that in the
trickling filter where organisms form a film on stones instead of plates.
.Biological life is also suspended in the liquor. Aerators not functioning
properly contain organisms causing 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 treat-
ment units, When dissolved oxygen disappears and an anaerobic condition
develops, aerators produce conS1derab1e amounts of hydrogen sulfide

causing odor problems,

G ‘ - WATER SURFACE ¥l )
~':~'\" ’: N N—"EFFLUENT __ ]
e 14 N p N4
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:. 4 o h g a‘ v )
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Figure 21. Cross Section of Single-Stage Contact

Aerator
7

Facilities
Facilities for sedimentation and sludge digestion are similar to those

used in other treatment processes. Low head pumps and pipelines for

rerirculating second stage aerator effluent to first stage influent are often

added to improve plant effluent and eliminate odors A typical contact

aeration plant is shown in figure 22.

o

102

0O
o
ce




Figure 22, Contact Aeration Plant

For effective operation, an aerobic condition must be maintained in
all units followmg the primary settling tank. Air distribution must be
efficient, plate growths must be renewed at intervals, and sludge in urits
followmg the primary settling tank must not he allowed to become septic.

Contact aeration requires the screening out of floating and suspended
organic matter to protect contact surfaces. Grease and scum must also
be removed to prevent them from coating the surfaces and interferring
with biological activity in the aerator. Primary settling tanks are usually
provided for this purpose.
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Recircul_ation “‘

Recirculation is usually not required in contact aeration except for
odor .control at full loading. The effluent from the second stage aerator
contains the highest concentration of dissolved oxygen and aerobic organi-
sms. When this liquid is returned to the inlet of the first stage aerator,
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 contact plates. This recirculation usually eliminates odors
and produces a higher degree of treatment.

v

Operation of Contact Aerators

. The exact operation of all contact aeration plants cannot be given in
_one hard fast set of rules because each plant is different and varies in
operation. The fullowing procedures should be noted when operating a con-
tact aeration plant. ’ S

When a -contact aerator is placed in operationor returned to-service
after the plates have been cleaned, apply the primary effluent at a rate
not to exceed 25 percent of the normal flow. Sufficient quantities of air
diffused into the aerator until a heavy growth appears on thé plates. When
a dissolved oxygen concentration of 1 p.p.m. is obtained in the first stage,
gradually increase the flow and air input until the full flow is obtained,

" maintaining the D.O. of 1 p.p.m. and 3 p.p.m. respectively. Air valves
should be regulated to apply approximately two-thirds of the air to the
primary aerator. If adequate D.O. concentrations can be maintained,
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 ke recorded. Air by-passing any
part of the contact surface will result in dead spots favoring anaerobic
growths. Clogging of perforations in the air distribution grid is prevented
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 removable observation plates of asbestos cement are placed in
each of the aeration sections between the contact plates. - The color of the
growth indicates its oxidizing power; a brown thin film is most desirable,
with a grayish thin film next. A black film or any underlying black por-
tions indicates a septic action, which is undesirable. An odor of hydrogen

<
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sulfide (rotten egg) will also tell you that a septic action is taking place
in the process. The heavy growths or biologically dead or inactive film
must be cleaned off 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 water or compressed air. .

Sludge should be drawn from intermediate and final settling tanks at
four-hour intervals and returned to the raw sewage flow. To avoid septic
conditions, squeegee sludge from the hoppers daily. )

Wash down walkways and brush influent and effluent channels every
day. .

If two or more intermediate settling tanks are used, keep only enough

tanks in service to provide 1-1/2 hours detention at the average daily rate

of ﬂow/. . ’

_ Dissolved oxygen concentrations in the effluent from each aerator

section and in intermediate and final settling tank effluents should be
determined each shift. The B.O.D. and suspended solids test on com-
posite samples of raw sewage and of primary, intermediate, and final
effluents also should be made.

Record the estimated or metered volume of air used daily; estimate
quantity of sludge returned edch day to the raw sewage flow; daily quantity
and method of recirculation; time at which units are taken out of and re-

turned to service; and the daily average of the results of dissolved oxygen.

In general, all records that are kept current can be observed and the
~ plant's efficiency can be determined. They also prove valuable when
checking out a new operator on the operation and maintenance of the plant.

SUMMARY K

: AY
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. ' -

The dosing siphoh is an autp‘matic device that keeps the trickling

filter loaded. The dosing siphon is located in a dosing tank somewhere
between the primary clarifier and the trickling filters.
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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 sewage in an

- aeration tank. Since aerobic bacteria are used, then air is necessary for

them to live. Regulation of the air supply is very important to the activa-
ted sludge system.

Contact aeration is basically ari aerobic biological process. It con-
sists of passing settled raw sewage 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.

*

QUESTIONS

i. The dosing siphon transfers waste water to what other treatment unit?

i

2, Ifa tr1cklmg filter began to fill up with water, what would you
" diagnose as being the trouble ? -

3. When a trickling filter bed is replaced, how long does it take to
reach its full efficiency again?

4. What is. meant by ponding in a trickling filter? >
5, Why must oxidation ponds be limited in depth? L. .
6. Where sould oxidations ponds be most effective geographicall.

7. 1Is there an effluent from an oxidation pond?

8. Describe activated sludge.

9. Name the two general aeration méthods used for the activated
.sludge process. d ’
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10. C‘ontact aeration uses‘a biological action sinﬁhr to what other unit?
.. ‘ -5 .
11. In contdct aeration, on what is the biological film grown?

12, If‘a‘l\ hyhrogeﬁ sulfide odor i8 coming from the aerétor, what would b
your didgnosis? v
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TERIIARY TREATMENT o

OBJECTIVE

“

The purpose of t.l'us atudy gmde is tu familiarize you with some of the tertiary

treatment processes. N

INTRODUCTION o .

-

Much has been written vver a puriod of many years about the nved to control bollu-
v

More recenily, there has been a rapid rise in Interest in treating waste waters |

tion.
for more direct and deliberate reuse. The advanced waste treatment research pro-
T e oaAns ~

gram of Public Health Service has begun to develop and demonstrate practiral
of treating municipal sewage and other waterborne wastes to remove the maximur.
amount.of-pollutants. The purpose of this is to restore and maintain t» .aa‘ion's
water at-a guality suitable for repeated reuséi-.

. :

"are heing

The current terms "tertiary treatment" and "advanced waste treatment
used to describe a great vanety of sewage treatment processes which range from sun-
ple ponds used to polish seco?dary effluents to complex demmerahzauon schemes.
The materials found in secondary effluents which are of concern in most pollution con- {
trol programs are suspended solids, B.O.D., bacterial concentrations, phosphates '
and nitrogen, Where direct water reuse -is being considered, removal of soluble non-
bjodegradable organic materials and dissolved solids may also be necessary,

]
X

The processes discussed in this study' guide will be limited to some of the main
ones, where secondary treatment is madequate for removal of B.O.D., suspende’l,

o s

solids, phosphate, and mtrogen. B . .

-~

Tertiary treatment will be discussed under the following main topics: .

%* PRINCIPLES OF TERTIARY TREATMENT

¢ !

) . \ # METHODS OF TERTIARY TREP:ATMENT o . -

\ ' '
{\ ' PRINCIPLES OF TERTIARY TREATMENT ,/ .

’ | The term tertiary treatment, means third-stage treatment for sewage or waste-

, water. It is used primarily for polishing secondary plant effluent. The principles used
may be physical, chemical, or biological in nature. Some processes used are--plain

. .sed1mentat1on, chemical precipitation, filtration, ion-exchange, activated carbon ab-

sox\ptzon, electrodialysis, evaporation, liquid-liquid extraction, freezing, reverse )
osmosis, oxidation ammonia stripping, stabilization ponds, and others. Tertiary
treatment can be just about any process used after normal secondary treatment,

1 |
. - !
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. much bey'ond 90, percent treatment, other methods areoneeded. No one method of

ass”

The best conventional processes may achieve a 90 per,cent reduction in B, O. D, -
and suspended solids.and do a good job in reducing microbial contaminants, To go

tertiary treatment is the best in every plant, because each plant’ has different PTr
lems and capabilities. In many cases, a combination of some of the processes men- \
tioned are used to meet specific reuse requirements ecopomxcally.

“

; METHODS OF TERTIARY TREA;;MENT '

) . i /

Quality requirements for water reuse vary w1de1y/./ Sometimes B, O, D. plays a ;
part, but more often other characteristics .are m:;/e important. For example a water ;
that contains gross, solids or tends to develop slimies would be undesirable for reuse in
most cooling systems, Color, hardness, the concentration of specific minerals and
ions, temperature, pH, turb1d1ty, salinity, and uniformity of quality: may be deter- //
mining characteristics for a particular use or tr- itment method. Sometimes a com- ,
plete tertiary treatment system may be warranted for the removal of obJectwnal !
materials. //

|

-

Filtration - k

Sand filters, coal filters, and microstrainers have been enhancing the quality of
some secondary effluents for years. Following 'good secondary treatment, plain fil-
tration (filtration without tIhe addition of chemical coagulants) can remove most sus-
pgnded solids and B.O. D, This makes the effluent suitable for many mdustrlal uses.

o

' D-E Filtration - s - ' .-

Stud1es have been made on diatomaceous earth (D-E). filtration of secondary efflu-
ents; where D-E was fed ata controlled rate to the effluent which is then:passed )
through a precoated filter septum, It was found that D-E f{iltration produced'a final
jeffluent with no detectable B, O. D, and only a trace of suspended solids. The major

problem aszscciated with D-E filtation is its inability to tolerate szgnzf'ca::t v"r'at ons
iof 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 secopdary effluent
turbidity can be maintained at less than 10 units, it has been estimated that the oper-
ating 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 efflu-

elnt filtration can be provxded at much lower ‘costs.

Microstraine rs

i ’ C

,  Microstraining is another process that may be used for tertiary treatment. A
recent study has shown that a microstrainer \thh openings of . 001 inch wolld remove
an average of 89 percent of the suspended solidg found in the secondary effluent. A
microstrainer with . 0015 inch openings would remove 73 percent. Caution must be
obgerved about the adverse effect of grease and h1gh secondary effluent solids content.
The estimated cost of microstraining is about 1.5 cents per 1000 gallons for a plant

treating 10 mgd.

- —

109




ERIC

Aruitoxt provided by Eic:

.affect D-E filters, microstrainers, and

. ] S . * & s e ——
. . Q-{é :
One reported problem concerning the ability of a microstrainer to handle ‘wide ' .
fluctuatiorlxs of solid loadings was that an increase in secondar'y effluent suspended
solids frgm 25 to 200 mg/l caused the output of the strainer to drop ffom 60 to 13
gpm in a few minutes. As with D-E filtration, microstraining alone does not.,pro-
vide rel{able tertiary treatment because it is nqt“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 be ineffective due to rapid clogging of the filters. .
Va .

Filter Iv/[edia Distribution - . .
o f .

. It is apparent from the abo*e infor-
mation, that filtration of se. unnary etiia
ents is a difficult problem. Ihe varia- o
tions in effluent quality which adversely

slow sand filters=ilso have an éd_verse .
effect on rapid sand filters.

The sensitiw’ty of a rapid sand filter | o
to high suspended solids concentrations
can be réadily understood by looking at
figure'l. "Figure 1 illustrates a cro08s
section of a typical single-media filter,
such as a rapid sand filter. :

: ‘ : . Figure 1. Rapid Sand Filter .

Most of the material removed oy the nilter > reoved at or very near the surtace
ot the ved., When the secundary »rtluent contawts relativery hign solide congcenratiens,
a sand fulter will (log at the surfacein only a e muoutes,  As wou‘ld ve expivied from
the gran size distribution llustrated i figure 1, 5 v 90 percent of the newdivss oc-

currs in the upper one inch of the ramd . : » *

e . '
safid beds when filtermyg acivated siudue o ¢ R
vrent erfluent? ) -

¥ A ¢
. ’

One 3.pproach to increasing the ef- ..
fective filter depth is the use of a dual- .
media bed with a discrete layerof coarse 3
coal above a laye}" of fine sand, as shown
in figure 2, The work area-is extended,
although it still does not include the full
depth of the bed, 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 nun.

w

‘Figure 2, Coarse Cual Above San
A
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It has been found that grain size is of'major importance in determining how effi-
ciently 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 2, /It would be desirable to have the coal as coarse
as is consxstent with solids removal to prevent surface clogging. The sand needs to, l?e
as fine as possible to provide maximum solids removal, However, if the sand is too .
fine in relation to the coal, the sand will actually rise above the top of the coal during
the first backwash and remain there when the filter is returned to service. For exam-
ple, if a 0.2 mm sand were placed bel 1,0 mm coal, the materials would actually |

tom layer. Although the sand has a hi ’gher,specxﬁc gravity, its small diameter, in
this case, would result in its rising al‘)ove the coal at a given backwash rate.
A

Mixed-Media Bed ‘ ' . '

To overcome the above problem and R
to achieve a filter which closely approaches :
an idcal filter is illustrated in figure 3.

The problem-of keeping a very fine
medla at the bottom of the filter is over-
come by using a third, very heavy (gar- -
net, 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 gradation 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 sen-
sitivity to surface clogging but forces
the effluent to pass through a much finer
media"than does either a sand or coal- Figure 3. Coarse To Fine
sand bed. The uniform decrease in par- ’
ticle size with filter depth allows the entire filter depth to be utilized for floc removal
and storage. This discuseion describes the effluent quality achieved by mixed-media
filtration from a properly designed activated sludge plant. The B.,O.D. is less than 5
mg/l; and turbidity, less than 5 units. The cost of this application of mixed-media
hlttatmn {including both capital and operating costs) is about 1 cent/1000 gallons.

e

Although a mixed-media filter can tolerate higher suspended solids loadings than
can the other processes discussed, it still has an upper limit of applied suspended
solids at which economically long runs can be maintained. W.tl:h suspended solids
loadings up to 120mg/1 filter runs of 15 to 24 hours at gpm/sq. ft. have been main-
tained. Solids concentrations of 500 mg/l or more will lead to uneconomically short
filter runs, even when using a mixed-media filter. A reliable tertiary filtration sys-
tem will require either a seondary effluent of uniformly good quality, or some inter-
mediate treatment to reduce any extremely high solids concentrations prior to filtra-
tion. Since the former is very unlikely, a unique device has been developed which
permits supplementary settling of secondary effluent with a minimum of space and cost.

|

&
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Coagulation and Sedimentation

¢

‘ :;:er suitable for inany uses,
and they can als/o pre?are secondary effluents for even higher degrees of treatment,
The cos! is pri/marilndepensient upon the coagulant do‘seXrequix:ed, Generally, greater
quantities of goagulant are ne: ~ssary to precipitate phosphates than for effective tur-
bidity removal. For 'xample. an alum dose of ZSmg,’I r&y produce excellent coagu~
lation and ;r{inimum‘ turbidities, but it will reduce the phos\pha.te content only slightly,
To renﬁogg most of it xxequi'res about 150-200 mg/1 ofIP .\\ Lime doses are usually
about twice as great tojobtain the same results, but sin e price of lime is only

half that of alur, c‘:osts\‘are comparable,

Coagulation and sedimentation alone can reclaim

/ Efficient coagulatio"n and settling of a good quality| secondary effluent will provide
a finaljproduct with a turbidity of 1 to.2 units, Suspended solids and B, O, D, will be
. less than Smg/l, Phosp}\mtes can be,reduced to 1 or 2/mg/1 by \using enough coagulant,
‘ {
La;vge doses of coagl\xléhts yield massive quantities of chemical sludge; however,
recovery and reuse are more economical than disposing of the sludge and-purchasing
new coigulant. Recent st\|dies prove that lime recovery and reuse are feasible,

’

1
Filtration and Coagulation

Té remove nearly all of the particulate niqla'.tter requires the filtk tioa of the chem-
i?zlly coagulated effluent, !Settling must precede filtr:'ation with the uie of conventional
rapid sand filters, If chemically treated secondary effluent were applied directly to 2

conventional sand filter, th% surface would quickly seal, Only by using mixed-media
filtelrs is it possible to eliminate the need for settling of the chemical flo:, However,
P it fr‘equent and severe /upseth of the secondary clarii/{er occur it is best to provide
_{ settling prior to filtl/'ation. j I

{ At a 2.5 mgrl water reclamation plant at Lake Tahoe, the coagulated and filtered
’ " cffluent (no settling) had a B. O, D, less than 1 mg/l'a C. 0, D. {chemical oxygen; demand)
. 0f 20 to 60 mg/'l‘,/ a phosphate content of 0.1 to 1,0 i g/1, al color of 10 to 30 units, a
' turbidity of 0,1 to 1,0, and a coliform content of less than 2.1/100 mi fohlowing chlor-
ination. No viruses were|present, Even with the Fhemicai doses riecess%ry for phos-
phate removal, the high degree of treatment costs jonly $80to $100/mg for a 10-mgd
| plant, When lower doses a\re satisfactory, cost m;ay dip to $20 to $30/mg

. ‘ } Adsorptigﬁ ,
‘ ( Y

' A_cvivatéd carl‘aon 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 activated sludge elements are passed th}-ough beds of granular ca‘rbon or
when powdered carbon is slurried with the effluent, the removal of 79 to 95 1pe rcent of

) the C.O. D, «bearing organic‘ma'terials are eliminated. The carbon treated ieffluent is

! ' clear and nonfoaming, The organic materizls escaping carbon are believed to be large-

iy colloidal,, : .

»
{
i
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The principal factors in the use of activated carbon for treating municipal effluents
are listed below.

1, Contact times of 15-30 minutes in granular beds or 3-5 minutes with powdered
carbon is required.

2, Carbon reactivation is necessary to reduce costs to acceptable levels., Ther-
mal regeneration has been proven practical. The actual technology for reactivating
granular carbon on a large scale is known. Reactivation of powdered carbon has been
shown feasible, but the technology is in an early stage.

’

3. Pretreatment of an effluent ahead. of the activated carbon ma;f_be required,
\ R
4, 0,5tol lb of carbon will treat 1, 000 é\allons of secondary effluent.

5, Preliminary cost projections for reduction. of 50 to 70 mg/1 of C, O.D. to
10-15 mg/l are from5-10¢/1, 000 gallons of wastewater for plants larger than IQé;;ngd.

6. Inorganic salts are not removed by carbon.

Electrodialysis

Electrodialysis has the capability of reducing the concentrations of inorganic ions
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 electrodinlysis.

‘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
process should be nearly free from organic contaminants. Suspended solids must alsou
be at a very low level to avoid physical plugging of the electrodialysis cells.

Some of the significant findings on electrotlialysis of municipal wastewaters have
been as follows: '

1, 6-10 kwh/1,000 gallons is the estimated power required to remove 300-500
mg/1 of solids.

2. Product to waste volumes of 10:1 can readily be achieved and 50:1 has been
accomplished.

3, Total cost for electrodialysis will vary with the amount of materials removed.
Preliminary estimates indicate that 15-20¢/1, 000 gallons may be the range for munici-
pal effluents, This cost does not include allowance for necessary pretreatment or for
ultimmate disposal of the brine concentrate, _ .

SUMMARY

The term tertiary treatment, means third- -stage treatment for sewage or waste-
water, It is used primarily for polishing secondary plant's effluent. The principles
used may be physical, chemical, or biological m nature.

o 113
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Some processes used are plain sedimentation, chemical precipitation, filtration,
1on-exchange, activateu carbon adsorption, electrodialysis, evaporation, liquid-liquid
extraction, freezing, reverse osmosis, oxidation, ammonia stripping, stabilization
ponds, and others. Tertiary treatment can be just about any process used after nor-
mal secondary treatment. No one method of tertiary treatment is the best in every
plant, because each plant has different problems and capacities. In many cases a
combination of some of the processes mentioned above are used to meet specific re-
nse requirements economically. )

QUESTIONS
}. Define tertiary treatment.
2. What is the purpose of tertiary treatment?

3. List three main principles of tertiary treatment.

4. List five tertiary treatment processes.

5. What is the reason for the special arrangement of media in the mixed bed filter?

-
.

6, List two~disadvantages of D-E filter,

7. Name four impurities that can be reduced by tertiary treatment, .
8. The organic materials escaping carbon are mostly : ¢ . .
REFERENCES ' ) o

1, The American city-magazine of Municipal Management and Engineering June 1967.

2, Control of Water Pollution by Wa;te Water Utilization.
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CHLORfNATION AND STREAM SURVEY

©

DBJECTIVE . : o

—— - k)

The objective of this study guide is to develop your understanding of the procedure
used in pre-chlorination and post-chlorination of sewage and o familiarize you with
stream pollution control and the chemical test used for determination of stream
pollution. :

’

INTRODUCTION

The need for sewage disiufection cannot be overstated. The increasing pop.lation
and the.growing demand for water supplies lead us to co. sider sources that were not
suxtable years ago. With the population increase comes more need for swimming
areas and also mo.e bodies of water to receive sewage plant effluents. Chlorination
is used. to dxsmfect fmal effluents, control odors, and to protect our sources of °"
water,

Chlorine may be obtained in the liquid state, chloride of lime or a sodium
hypochlorite soiution.

The information regax:aing pre- and post-chlorination of sewage and pollution
control by stream surveys will be presented in this study guide under the fo&lowing

- main topics, n
) ¥ PRE-CHLORINATION
* IN-PLANT CHLORINATION FOR OPERATIONAL CONTROL
*¥ POST-CHLORINATION ‘ .
. % STREAM SURVEYS : o '
¥ STREAM ASSETS AND ILIABILITIES §
@' * LOCATION OF STREAM ANALYSIS
- * CORRECTIVE MEASURES
* RECORDS N
PRE-CHLORINATION
Pre- chlormatxomxs the adding of chlorine to sewage as it enters the plant.
Disinfection of raw sewage without further treatment is not practical because of .
limited.effect of cnlorine on large solids as well as being expensive. 4
. _ ‘ 115
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Low Flows .
Pre-chlo:ination mav be 1sod 0 keop s2wage iresh and present vdors when

sewage flows are helow the rate [or which the treatment plant was designed and

detention periods in settling tanks are excessive. The amcunt of chlorine required

dapends on how putrid the sswage is '‘when it reaches the plant. A dosage up to .

5 ppm, even withoat reaidual, is usually effective, ) . ¢

-

Odox:s

©
- .~

Chlorine acts iminediately on hydrogen sulfidz gas to prevent odor. Influent
to trickling filters may also be- pre-chlorinated to control odors. This is usually
done only when prevailing winds are in the direction of inhabited areas. Elimination
of foul odors from sewer systems and treatment plan:s throughout the year is
increasingly difficnlt. With che rapid growth of population and mcdern highways into
the outlying districts the probleni has becontewosse in recent years,

iN-PLANT CHLORINATION FOX OPERATIONAL CONIROL

-~

[}

In some areas of plant op.:ration, chlorination igs used. This type of chlorination
is neither pre- or post-chlorination but is defined as in-plant chlorjnation.

. 14
Filter Control By In-Plant Chlorination |
Ponding of tric}'ding 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. —
Application is best mad= at mght when sewage flow and chlorine dosage are low.

Fxlter flies can be controlled somewhat by chlorination to a residual of 0.5
to 1,0 ppm ior several hours at 2 week intervals, Care must be taken not to decrease

filter effxcxency by destroying bacterial growth,

Actwated Sludge Control

Chlorine may be applied to return activated sludge to correct bulking caused
by fungus growths. The dosage depends on the solids content of the sludye; over-
chlorination must be avoided because it may effect the biological life in the
activated siudge. ‘

Chlorination may be started by applying approximately 1 ppm (based on return
sludge flow) and increasing the dosage daily by small amounts until a slight turbidity
is noted in the final tank. Dosage should then be decreased. In most cases the
maximicm dose should not exceed 8 ppm. ..

@

If a bulking has been continuous or continues to reappear whenever chiorination
is stopped, a small amount of chlorine applied continuously (after bulking has been
remedied by heavier chlorine dosage) may help to maintain a low sludge index. In
some cases this may also be accomplished by continuous low chiorine dosage of the

m-ommg raw sewage.

©
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POST-CHLORINATION s
- N :
Post-chlorination is chlorination of sewage plant final ‘effluents to redace bacteria .

and B. O, D.; it is usually usad only when necessary to protect the receiving stream.
Determination of the necessity to use post-chlurination is made by the major air

command, ‘

@
\

Disinfection ®f Plant Effluents \
. \ .
Disinfection is generally necessary whehn sewage effluents are discharged to ~
- bodies of water used for domestic water supply, reprodqctu{n of shellfish, recreation .
ot craining activities, and irrigation, Disinfection may be regular-as when supplies ,
are /enda.ngered, or seasonal as when the stream is used for s‘u\immi.ng. During
rainy seasons or periods of high run off, disinfection mav not be\necessary because
of the increased diluvion of sewage by heav, ilows. Because chlorine demznd and
sewage flow will vary the chlorine residual of the effluent should be.checked hourly

' s@:the raté of chlorine feed may be adjusted, . .
’ . a

\
N
N

. +

Complete sterilization of sewage is not practicable or economicall;\f\easible,
but the reduaction of bacteria count in settled or treated sewage effluents is\as high . o~
as 99.5 parcen: following chlorination for a 15 minute contact period with a residual
of 0.3 to 0.5 ppm. This residual will usually kill all types of disease-producing
* bacteria and insure effective disinfection. s N

N

. . \

A 15 minute contact detention period is necessary to provide time for chlorine\

to concact and kill organisms. This may be in a separate contact chamber baffled N
to prevent short circuiting (see fig, 1) of in the outfall sewer if it is long enough.

\’~ , of? *
« cuiomine®/ A% 1

HOSE_. ;/ KL AT Eoe i

-° * ’ 2
Figure 1. Chlorine Contact Tank .

Reduction of B,O.D, . N
Each ppm of chlorine added to sewage-effluent reduces B. O;l‘J. in the receiving
stream by 1 to 2 ppm. This B, O, D; reduction is efféctive in preventing septic
condition or low dissolved oxygen content in a stream where the dilution factor is
LY low., The effect is lost however if there are sludge banks in the stream below the

° o:utfall, .
~— ) av .
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For post-chlorination to protect receiving streams, a chloric: residaal up to
0.5 ppm is adequate although higher residuals may be required d.ring low stream | .
flows. Post-chlorination is not a cure-all for poor stream conditions and cannot
replace proper sewage treatment and correct operations.

. - L4 s

'f  STREAM SURVEYS
- Stream surveys should be made once each week on successive days (Monday the
first week, Tuesday the second week and so on). Collect the samples shortly after-
. noon on thes? days.

Purpose of Stream Survey ]
’ e

A stream or lé.rge body of water is commonly used for final disposal of liquid
wastes. Sewage is usually treated to séme extent befors such disposal. The extent s
of treatment required depends’ on the ability of the stream or body of water to
absorb wastes without pollution. ’

The requirements of the receiving water is the first consideration in
establishing'the basis for design-of the treatment plant and thereafter operators
must know’and meet these requirements coﬂsisténtly. .

Other items in a stream survey are noting stream conditions, such as
turbidity, presence of algae or types of fungus, sludge deposits, ‘vegetation on
stream bottom,’ fish life, oil, and.odor; estimating relative stream flow, such as
high, average, or low; or gaging flow when a gaging stafion is near. When
effluents are discharged to lakes or tidal waters, stream tests should be —_
modified according to technical recommendations of major command samtary ’ o

engmeers. )

"
E

-

’ . STREAM ASSETS AND LIABILITIES
. § )
Unless it is grossly polluted, every stream or body of water has certain assets
s to balance against the liabilities of pollution, All natural waters are somewhat
polluted by vegetation if not by sewage or wastes. B.O.D. is a liability. On the
other hand, the concentration of dissolved oxygen in water and its ability to absorb
\ oxygen from the surrounding air (reaeration) are assets. Removal of oxygen from
the water to satisfy B.O.D, is called deoxygenation.

\ Oxygen is less soluble in warm water than in cold water, so there is less ‘
axygen available to combat organisms during summer flows when decomposition
is most rapid. For this reason, and because of accompanying lower stream flows
.summer is the critical season of the year for stream protect1‘3n.

[

. Sunlight promotes the growth of algae, which produces oxygen during the day
and helps to stabilize organic matter ir. the stream. Heavy pollution may deplete
the oxygen during the night when algae is inaciive. Because of this, sunlight .
conditions may affect results of stream surveys, Algae¢ and other vegetation use
the nitrogen, tarbon diokide mineral, and other compounds in air and water for
growth and development. Treatment of sewage éffluents to a point of high
nitrification is not always desirable because it promotes abundant vegetation that ) e
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- haal .
vventually decomposes and causes serious natural pollution which, In some cases,
~ may exceed pollution caused by sewage, .

Solids from natural sources carried by the stream and those produced by
sewage effluents tend-to settle in the stream bed, forming sludge banks where
N anaerobic decomposltmn takes place. Figure 2 shows a section of such a deposit.
There is actually a gradual grading between the aerobic and anaerobic zones rather
than the definite line shown.

.

( ~@I DOWN'WARD DIFFUSION
- Of OXYGEN

WATER . .
AEROBIC ZONE .

. L)
. ’ I } ZONE OF OXIDATION - Fy

A
& el R ham kel SURFACE OF.MUD
\ i . MUD= e
. \\ ANAEROSBIC . -
L]
ZONE o020 PSS ———————— UPWARD DIFFUSION
L e—,—— ]
Of DECOMPOSITION

] :
. PRODUCTS

* 1 3

Figure 2, Ssction of Sludge beposit i;t.Stream Showing Zones—of;Actionh

LOCATION OF STREAM ANALYSIS
° . . . . -
Select at least three sampling points as follows: above the sewer cutfall,
=~ point of discharge below a point where sewiage and water are well mixed; or
several miles below the outfall at'the critical point for definite flow and weather
conditions, which is the point of minimum dissolved oxygen as determined by trial
and past records, -

Samples should be collected at each established sampling point for the
determination of B. O. D, "and dissolved oxygen. Note, the water tempsrature at
each samplmg point. Where sewage effluents are discharged above water supply
intakes, stream samples for bacteriological analysm may-also be required.

- CORRECTIVE MEASURES . -

The following sewage treatment procedires are essential for correction of
stream ‘pollution; removal of solids to prevent sludge deposits, reduction of B. O.D,
in solids and in solution; reaeration of plant effluent by methods such as the step
aerator shown in figure 3; treatment to the point of low nitrification if algae are
detrimental to stream purification; under critigal conditions, chlorination of plant
effluent. which tends to delay deoxygenation.

RECORDS ' i .

Records of skream surveys are valuable aids in controlling treatment operations,
as well as in the design of alternations and additions to the plant. In the event of

A
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damage claims based on alieged stream pollution or niisance, such records are
> imgortant legal documests. The result of all test and observations should be :
recorded on the Sewage Utility Operating Log (supplemental).

2

b . > - vas

“ummaries of stream surveys shall include general conditions of weather and
stream tlow, distance of samgling points from the outfall, dissolved oxygea, B.O.D.,
and percent of saturation,

Figure 3. Step Aerator for Increasing Oxygen in Stream :

.

SUMMARY . . )

~
v

Chlorine is used in sewage disinfection and'odor control. It comes in several
forms but is commonly used in the gaseous state. Pre-chlorination is the
a'pplication of chlorine to sewage as it enters the plant inlet while post-chlorination
is accomplished by chlorinating the final effluents to reduce bacteria and B,O.D.
Stream surveys are necessary for stream polluticn control. Stream surveys
include visual observation of the receiving stream and applicable chemical
analysic, Stream survey records will indicate the need'for corrective measures

. ' or adjustrent if necessary. Such records are good legal documents and aid in
change or design alterations of a plant.

QUES? IONS

1., Why is chlorine added to sewage?

2. Define pre-chlorination. . o v

No
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Define post-chlorinationgl ‘ ’ ' ¢

How long a contact detentioa period is required to provide time for chlorine to
contact and kill organisms?
Why are stream surveys performed?

How often are stream surveys mszde?

[2%

List the three sampling points of.a stream survey. / -

C

Why is summez the critical season for stream protection against pollution?

List five visual items to be observed during a stream survey.

What is a step aerator? o
4

]

Give three reaschs why stream survey records are valuable.

. N

What is deoxygenation?

L]

AFM 85-14, Main?énance and Operation of 'S'ewage and Industrial Waste Plants and

Systems.,
“ r R
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INDUSTRIAL AND ﬁADICfAEHVE WASTE |

o :{ECIIVE ‘,

4 I

. _ o m— ° 1
- . The purpose of this study guide is to familiarize you with the proper prq{cedure in

treating and disposing of industrial and radioactive wastes, P

INTRODUCTION - | P

Industrial wastes differ from domestic or sanitary wastes (sewage) since it contains
many contaminating chemicals, Industrial and radioactive waste are more difficult/to
treat than sanitary wastes since they provide a potential to water pollution. It is the
responsibility of the installation engineer to supervise in the treatment and disposition of
industrial wastes. This is accomplished in such a mariner as to meet antipollution

requirements which are establishad by-State control agencies.
el t

-

]

Air Force personnel may encounter radiation ‘which is produced by many. sources
on an installation. The equipment whjéh produces these radioactive wastes are reactors,
radioactive isotopes, X-ray muchines, and electronic equipment., The radioactive equip-
ment or materials produce X-rays, gamma rays, and beta or alpha particles which over
a period of exposed time may cause,gevere injury to personnel, )

v <

Information -on.industiial and radioactive wastes will be-covered under the following

main topics: '

ORI -

¢ TYPES OF INDUSTRIAL AND RADIOACTIVE WASTES .
-+ HAZARDS OF UNTREATED WASTES,

* INDUSTRIAL AND R__.&bxogc,:nvz'w‘qs'rE SURVEYS
* GENERAL TREATMENT METHODS

* PROCEDURES FOR HANDLING AND DISFOSING OF RADIOACTIVE WASTES
* GOOD MAINTENANCE PRACTICE - y

<

TYBES OF INDUSTRIAL AND RADIOACTIVE WASTES :

-~

. ” ' . .
Indastrial and radioactive wastes generated at Air Force installations are chiefly

- products of equipment repair, aircraft-and.vehicle-washing,. cleaning of equipmeént, and

the use of'chemicals., These wastes are as varied ali'édmmercial operations themselves;

and, therefore, treatment for each type of waste must be considered separately, Each
type of treatment muet be modified to satisfy the requirements of the different state
water pollution laws. Some of the wastes you will be coricerne { with are_éyanides-,
chromium compounds,_acids,. alkalies, organic\ solvents, .and-products-of-radioactive:

-

. / - ’ .
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. Cyanides

(Cyanides are produced in metal plating, steel hardemng. rust pxﬂ.venuon and stain
. removal processes. Cyanide wastes require separate treatment (rom other types of
P wastes sinee it producces a source of danger .to potable water. Iv most cases waste
cyanides have concentratxons of less than 0.5 ppm because of tts ditution wu:h water., .

Chrominm Compounds
Lo o Ciiromium compounds originate from chromic plating, blight dipping, <opper strip-
o - ping, and anodizing operations. Qther toxic wastes, such as copper, lead, and zinc, ar
produced in metal plating operations. When these wastes ai;e above a certais, con entra.
tion t' ey become toxic to the anaerobic sludge digestion processes at the sewage treat- ,
ment plant. Compounds of chremium are not all equally toxic. Chromic acid and
chromic salts, especially pota.ssxum and sodium bicarbonate, are far more toxic than tn

natuml salts and oxides. - .

v

The US Public Health Service drmkmg water standards list the following maximum
- allowable—concentrations: :

PR Y

Hexavalenf chromium 0.05-ppm \ . \
Lead 0.1 ppm \ - ¢ ®
Copper . ) 3.0 ppm ‘

Zinc 15.0 ppm

+

- Acids and Alkalies, | . ,
— | ' . -
s Acids and alkalies are produced in the pickling.and cleamng opérations of metals.
Acid wastes inte riere with sludge digestion and biological action in the treatment
. processes., Excessive ac1dlty will alsc cause corrosion damage. The average critical
= concentration of sodmm hydroxlde and calcium hydroxxde is 100 ppm.

Where both ac1d and alxah wastes are 1m701ved the mixing of the two .may provide
the required pH correction.

\

- -t

N ® R
N [ . at

. - Organic Solvents | ° ~
= . &
Organic solvents, phénols and aniline, are waste products in paint x@moval, cleaning
of equipnient and research.’ The average pH values of organic cleaning compounds
range from 7.0 to 9.0, and the solvents contained interfere with.bacterial activity in
sludge digestion. ,These solvents and phenol cause ob_)ectxonableg tagtes and odors in

* T water supplies. . - .
—— - 2 . /
Greases, Oil Emulsions, and Detergents l -
3 N \
These wastes result from cleaning of aircraft, grpundlf:ower equipment, motor pool,.
and laundry operations. Grease and oil wastes must be segregated to avoid coating .
. carrier systems and treatment units and increaging B. Q. D, Grease-oil coatings will
also interfere witH the efficiencies of precipitants used }or sedimentation of industrial
‘wastes, “a “
/ . < ’ +! 1 ,
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The acceptable limit of oil concentration in wastes ranges from 15 to 30 ppm, 2 /
dependmg on stream usage. _Laundry wastes, which usually carry pH values from 9.0 ) )
t/o 10. 8, release carbon dioxide which causes partial sludge flotation. ° / *

. LT
* . N . }

h ‘/Radioactive Wastes . .

Radioactive wastes may be encountered by.AF personnel since this radiation is
produced by many sources. It becomes important for you to know the nature of a par-
ticular operation and guard against accidental exposure to radioactive materials. An- . - oo
other means of determining if radioactive substances are mvolved is to check the operas . .
tionwith a radioactive survey meter. There are several types of radiation which will
cause serious injury if you are exposed. The types of radxatxon most often encountered ‘ l\ 8
are X-rays, gamma rays, and beta'or alpha articles. . i

AN

X - . . ! . 1,

HAZARDS OF UNTREATED "WASTES ) ) . - .

R . { P

Many hazards are developed from untrea ed wastes such as, fire and explosions, ,

toxicity, and interference with stream purification. In addition, there are odor, sight, |,
and taste nuisances, v - A ) .
b K . e ) 5 : !
Fire and Explosion? '

: nghly flamma%le compounds and vapors in industrial wastes create fire and explo-
sion hazards, pari‘i?;ularly when discharged freely into sewers or to the ground. Vapors
from volatile solvents, fuels, and oils may.travel considerable distances in certain soils
and form explosive concentrations in low, enclosed places such as basements. Wastes

" with a high solid content may cause deposits that form explosive gas as they rdecomp.ose

Toxicity e . ~ .
/( ,/ . _ N N . ; M /
Certain indgistrial waste waters are poisonous to.human beings, livestock, and . ’ ,”
aquatic life, either by direct contact or by contamination of water supplies. Metal fin- )
ishing wastes, such as cyanide and chromium, and certain organic compounds are highly .
. toxic in minute concentrations if dischargedtv receiving streams or to ground water
" strata. Discharge of these wastes must be stringently Controlled. Hydrocyanic gas,
which may be-produced in the acid treatment of cyanide wastes, is also extremely poisun-
ous. The formation of sludge deposits by certain industrial wastes can create a potential
health hazard to prospective U users of the stream, as well &3 restrict or make impossible

its use for recreatxonallor agncultux"al purpopes. _

”

Interference with Stream Pu'rification . . . . -
; '
The self- purxfxcatxon of streams depends largely on sufficient-oxygen supply to
support the life and acthty of fish and other aguatic organisms. Oil and grease form
, mats and slicKs that hmder reoxygentation of streams. Wastes with heavy organic loads
utilize available oxy’g’e’h and form sludge deposits that interfere with stream self-
purification process;s. Acids and qaustic materials in strong concentrations destroy
fish and other lwmg organisms; cyanide and chromium wastes are partxcularly toxic to
fish and supportmg flora and fauna.

tﬁ/ . , R398 , :
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Odor, Sight, and Taste Nuisances

Grease, oil, and chemical wastes may cause unsightly and odorous mats on stream
surfaces and cpen channels, and create objectionable tastes in potable water.

INDUSTRIAL AND RADIOACTIVE WASTE SURVEYS -

LY

The importance of surveys has been noted in connection with the treatment and dis-
posal of sanitary sewage. Surveys are necegsary to determine the source, character,
and volume of industrial wastes. This provides guidance in the design of treatment
plants and helps to avoid water pollutien.

¢

Flow Measurements R

The flow of waste$ should be measured at representative points and expressed in
standard units of measurement. The standard units of measurement are gallons per
minute (gpm), gailons per hour (gph), or gallons per day.{gpd). The method used to
determine the volume of wastes depends on the size of flow. Common metering devices
include weirs, nozzles or flumes, and flowmeters, -

Sampling

Accurdte sampling is necessary for correct analysis of industrial wastes. The
samples should be taken in direct proportion to the flow and properly preserved before
analyéis. A recommended sampling interval is 10 or 15 minutes; the maximum period
should not exceed 1 hour. ’ ¢ -

Representative Samples

Samples must be representative of the entire body of wastes. Unsatisfactory
sampling techniques can make-laboratory tests useless or misleading. A careful
procedure is necessary to obtain representative samples because the waste can vary
in concentration throughout the day.

Grab Samples !

Grab samples, or single samples taken at onc point, do not give a reliable indica-
tion of the average waste throughout the day. Grab samples are taken for the following
tests; DO, pH, chlorine demand, residual chlorine, settleable solids, and relative

stability.
Composite Samples ‘ .

These samples consist of individual samples taken at regular intervals, hourly or
halfhourly, over a selected period of time, These samples are combined as they are

. collected or at the end ot the sampling period combined into a single container. Com-

posite samples are taken for the following determinations: suspended solids, B,O.D.,
total and volatile solids of slugge, grease and nitrogen.
J
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Analysis of Samples

In addition to anlysis for any toxic materials peculiar to the particulaxl' waste, State
, water pollution control authorities establish limits for: B.O.D. (biochemical oxygen
demand), pH, DO (dissolved oxygen), total solids (suspended and dissolved), temperature
of the waste, color, turbidity, oil, and grease.

» a

¥

- + a

Effects of Operating Schedules -

An important factor in industrial waste surveys is the determination of "when" and
‘"how' wastes are discharged. Flow measurements and sampling are affected by the
following consideration:

- . .The type and quantity of specific wastes produced may vary during the
opérating day.

- Wastes may be discharged in batches at set times during operation or at
cleanup time.

-  The method of discharge may involve combining wastes, or handling different
specific wastes separately and at different times.

Recards

Daily samples of efiluent taken for analysis must be properly identified and test
results recorded for guidance in future operations. Effluent must be measured, and
accurate records kept of total daily flow, Industrial waste surveys should be run for
a duration of at least one week; the minimum accepted survey time is three 24-hour
periods. Record this information on the Sewage Utility Operating Logs. -~

<

GENERAL TREATMENT METHODS

Reducing Waste Concentration -

Many agencies generating industrial wastes can reduce the amount and concentra-
tion of those wastes by proper handling of waste materials and by observing accepted
practices of good housekeeping. Waste materials can be properly segregated according
to groups in holding tanks and treated in concentrated form when the quantities (nvolved.
are large enough to cause operationai difficulties if included in the general waste flow.
These materials would include concentrated acids, concentrated alkaline solutfon, hydro-
carbons, cleaners, solvents, plating solutions, cyanide wastes, phenol compounds, and
solutions of a similar nature. A pickup service tan be established to collect the wastes
and transport them to the industrial waste plant where dxsposxtlon can be made at times
and rates most favorable to plant operation.

Combining Wastes ,

The most desirable and economical method of treating industrial wastes is to com-
bine them with sanitary sewage for treatment in the same plait. Some pretreatment,
however, is generally necessary to prevent the damaging effect of acids, alkalies, oils,
and greases on treatment units and interference with biological treatment methods.

PN
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Consideration should always be given to grouping industrial wastes because of the opera-
~- ting economies involved. Acid wastes, for example, can be grouped with highly alkaline
- ~ wastes; the acids can thus be neutralized without the expense of adding a special neutra-
' lizer such as lime. A’small volume of waste with a high B, O, D. can be djluted by a
another large volume of waste that is low in B. O.D. By such combinationﬁ, industrial
wastes may be brought into the range of bioldgical treatment as used in treating sanitary

sewage, thus permitting treatment with sanitary sewage. f
.+ Type of Treatment ° R .
Three general types of treatment can be applied to industrial wastes: physical, bio-
. logical, and chemical. Combinations of these types may be required in specific
® situations. \

PHYSICAL. Physical methods of treating wastes sometimes use the equipment and pro-

- cesses of chemical engineering, especially, for recovery of materials; however, they are
generally the same as for sanitary sewage. Such treatment is often necessary because
of the nature of some industrial waszes or as a preliminary to other types of treatment.

:

IR ] l. Screening is utilized to remove large solids or stringy materials. Inert
materials such as grit and sand are removed by means of grit chambers.

2. Flotation by aeration is used to remove oils, fats, and greases from’
~ industrial wastes. - R

3. Sedimentation or settling by gravity is utilized for substantially complete
removal of settleable solids and removal of 35 to 50 percent of suspended
‘ . solids. Separace settling tanks with mechanical collection equipment are
— commonly used.
R o 4. Gravity type oil separators should be installed for activities producing
large amounts of oily wastes if more refined types of oil separators are not
warranted. Preventing oil and hydrocarbons from reaching the industrial
waste lines will reduce fire and explosion hazards in these structures. Pro-
visions should be made to assure that oil r*moved from separator vnits may
be disposed of by any of the following methods: .,
a. Resale to refineries (waste oil).
b. Use for insect control.
"c. Use as a road-binder.
d. Use as a carrying agent for weed killers.
e. Use by fire department for drill purposes. > .
f. Burning in approved burning pits. e ’
BIOLOGICAL. The oxidation of organic matter by bacterial action, is the most economi-
cal waste treatment available, but some form of pretreatment is generally required for

. industrial wastes.

Trickling filters provide effectiye treatment for wastes that are high in B. 0. D. and
- low in suspended solids.
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The activated sludge method is useful where the organic loading is 'rela.:i;/ely uni-
form. In general, this process is’sensitive to shock loads and toxic materials and
requires careful operating control.

~
e

CHEMICAL. The addition of chemicals is designed to coagulate suspended or colloidal
solids, to break grease and oil emulsions, and to neutralize strong acid and alkaline
wastes. This type of treatment frequently involves expensive chemicals, so efficiency
must be balanced against economy. If chemical and biological treatments are to be
combmed consideration must be given to the fact that strong acids and alkalies inhibit

or mterfere with bacterial action. Specific chemicals are required for various wastes
such'as lime, sulphur or chlorine compounds, for cyanides and several sulphur compounds
for toxic metal wastes. Chemicals can be fed dry or in solution.

Strong acid or alkaline wastes often require neutralization by chemical means
before final disposal. ‘Where both types of waste are involved, mixing of the two is
advantageous, since only the excess, acid or alkali will require further neutralization.
The various acids used in the metal pickling process pose the greatest problems and
consist of sulfuric, nitric, phosphoric and hydrochloric acids, with sulfuric being the

most commonly used. Quick lime or hydrated lime is the alkaline agent most commonly

used. Neutralization is carried out by feeding lime slurry to the spent pickle liqugr.

contained in a tank equipped with an agitator. Lime requirements are obtained from the

“dcid value'* of the pickle liquor and,’ the "aikaline value" of the lime as dete:mined by

chemical analyses. The sludge formed in the process is; usually dicposed of by lagooning.

N . s

SLUDGE HANDLING. Sludge resulting from industrial waste treatment is dried and

disposed of by the same means as used for sewage sludge. The method of sludge treat-
ment and disposal used depends on the character of the sludge produced. Organic
sludge may be handled by digestion'methods used in sewage plants.- Drying may be
accomplished on open beds o{vacuum filters. Industrial wastes containing heavy doses
of chemical coagulants produce a large volume of sludge that ordinarily does not dry as
rapidly as sewage siudge. Sludge disposal is usually to shallow lagoons or by incinera-
tion. Some types of wastes interfere with sludge digestion because of their inhibiting
effect on bacterial organisms. Sludge resulting from the treatment of fuels, sclvents,
oils, and greases may contaminate ground water supplies by seepage if applied to the
ground. Care must be exercised that sludge drainage or disposal does ot create a new
pollution problem. These special aspects of industrial waste sludge handling must be
censidered in applying the methods commonly used for sewage sludge.

. [PROCEDURES FOR HANDLING AND DISPOSING RADIOACT;V'E WASTES N

There may be possibilities where personnel in the Air Force might comé in contact
with radioactive equipment, materials, and wastes. This condition could exist through
the use of atomic power, nuclear weapons, or radioactive equipment and materials.
Technical Order 00-110N-2, (Radioactivé Waste Disposal) provides information on the
disposal of all unclassified radioactive material which has no further use. The use of

radioactive isotopes in items of Air Force materials results in radioactive wastes
: q
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The handling procedures for radioactive equipment and materials include:

a. SAAMA as the coordinating agency between field activities and the Air Force
disposal contractors. N

b. Transportation costs incurred in shipping will be borne by the shipping activity.
¢. Land bunal of radidactive material by Air Force activities is not authonzed
" except upon specific approval.

o "

d. Segregate radioéctive waste from nonradioactive waste. — “
&
e. Liquid and ‘solid radloactwe materials intended for disposal will be accumulated,
storad, and disposed of separately. < .

PRECAUTIONS. Personnel engaged in any operation involving radioactive materials

‘will' observe the practice of personal hygiene., In all cases where a person handling

radioactive material receives a cat or skin abrasion the individual will be referred to
the nearest medical facility without delay. Radioactive equipment and materials will

‘be monitored during disposition operations. This includes packaging, marking, identi-
.fying and shipping. - ’ .

<

RADIOACTIVE LIQUID WASTE. Liquid radioactive waste may be discharged into .;.ewers.

" provided that both the activity of the waste and the volume of dilution water can be accu-

rately rneasured to assure concéntrations are within limits. Authorizatica for such
disposal can only be given by the director of Base Medical Service.

RADIOACTIVE WASTE, This category. includes radioactive refuse and items rejected
by Redistribution and Marketing. When solid radioactive waste is gencrated it should
be placed in a container which is properly labeled. This container will be covered with
a lid and kept free froi contamination. The outside of ‘he container will be monitored
to insure that radiation intensity levels are not exceeded. )

of

GOOD MAINTENANCE PRACTICE

The disposal of industrial waste requires the use of a good operating sewer system.
Unless the sewer system can remove wastes from equipnient and materials without
interruption, a serious health hazard results. The public investment, the safeguarding
of health, and prevention of stream pollution make necessary a program of routine sewer
inspections, flushing, cleaning, and immediate locatlon and repair of broken sections.
The common practice of cleaning and repairing ‘Sewers only when serious objections are
encountered i¥ never satlsfactory and is more costly than routine maintenance.

-

Sanitary Sewers ' ;
- General inspections are‘requlred of the entire sewer systems to establish schedules

for repairs. Special storm inspections are necessary to find points of excessive infil-

tration by tracing flow progressively upstream through the system. Outside grease

traps are checked for proper removal of grease dnd effective cleaning of traps. This

includes removal of sand, grit, or organic material from basin bottoms. Traps at

motor repair shops, filling stations and hangars are checked for proper removal of oil,

gasoline and grit.
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Storm Sewers . .

Special storm sewer inspections should be made during or immediately after a
severe storm. The inspection includes storm sewer®nlets and catch basm for ade-
quacy of water collection and presence of accumulated. debns.

Industria.l Waste Sewers : - ‘

The general inspections of the industrial waste sewers are similar to those of the
sanitary sewer systems. The flusk and check system include inspections for sluggish
flow and evidence of deposits or obstruction. . These obstructiona’should be flushed as
often as required to keep sewer clear. The waste flow at upper ends and flat grades
should be checked for sluggish movement. The.cleaning process mcludes rerhoval of

accumulated solids which allows an mcrease in rate of flow. .

-

SUMMARY . ‘ . »
8 ,

Industrial wastes at Air Force installations result mainly from metal plating,
alrcraft, and vehicle- ‘washing, cleaning of equipment, and laundry operatlons. Some of
the wastes include cyanides, chromium compounds, acids, alkalies, organic solvents,
and products of radioactive matenals. Modifications of treating wastes are sometimes
requlreq‘because of different state water pollution laws. . "

L] ‘ o

The hazards involved in untreated wastes are fire and explosion, toxicity, inter-

ference with steam purification, and odor, sight, and taste nuisances.

. Surveys in industrial and radioactive wastes ire necessary to determine the source,
character, and volume. This provides improvement in plant operation and helps avoid
water pollution. Accurate sampling is required for correct analysis of wastes. The
types of samples are representative, grab and composite. Samples are tested for BOD,
pH, DO, total solids, temperature, color, turbidity, oil and grease.

Three genefal types of treament can be applied to industrial waste: physicil,
biological, and chemical. Combinations of these types may be required in specific
situations.

Disposal of radioactive waste must be accomplished in a manner that will not create
a hazard. Liquid waste may be disposed in sanitary sewerage systems but should not be
discharged into a body of water that is to be used as a water supply.. If the contami-
nated waste ie lohd, it should be buried in the earth or placed in proper containers

for disposal. The disposal of radioactive materials must be carried out in accordance
" w ith the current directives and under proper supervision.

Workers handling radioactive waste should be kept at a minimum number and
protective clothirng and equipment should be worn. °

™
Bt

- i &
Good maintenance practlce should be utilized in an efficiently operdtmg seWage
plant. This is accomplished by general mspectlonn of sanitary sewers, industrial waste
sewers, and storm sewers. .

Bo | " 2Yy
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* QUESTIONS : . x = .
P 1. Explain the differences between industrial wastes and sanitary sewage?
v ' '
h -~ - Al - EY
2. HOw are cyanide wastes produced? - *
3. What happens to sewage which - comes in contact with excessive concentration of
chromium compounds ?
4. What is the disadvantage of excessive amounts of acids in the sewage system?
. «
5. How can the pH bé tontrolled when . .:ds and.alkalies are fed in the sewer system?
v “ v A
) 6. What dges an orgahic compbund such as phenol do to water suppli"es ? ’ .
7. How are phenols and aniliné produced?
8. Name some hazards which may exist in untreated wastes.
9. What is the purpose of industrial waste surveys?
2
N !
': 10, How is it possible to obtain a representative sample? <
' i
11, What tests can be taken from a grab sample ? »
L4 ~ ~
12, Why is it importént to obtain composite samples?
& *
o
! 13, Who determines the maximumr amount of chemical wastes in water supplies and
2 sewage systems? o
$
14. Why is it important to mainfain record on sewage plant operation? -
15. Why is it important to reduce waste concentration ?
16. What is the most desirable method of treating industrial waste ?
131
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Y 17.

18. What compound will prevent-formation of precipitates in industrial‘was‘te lines ?

a

a3 -1
What compound is used to neutralize acid wastes ? .

.

¥

?
°©
19. Name three general types of treatment that can be applied to industrial wastes.
7 20. What are the handling procedures for radioagtive équipment or materials-?
21, Why is it important to use good maintenance practice in the disposal of
industrial wastes ? R
S . !
, 2 : : : L
22. What general inspections are required of sanitary sewers?
REFERENCES . : ‘ .°
1. AFM 127-101, Accident Prevention Handbook
, 2. AFM 85-13, Maintenance and Operation of Water Plants and Systems
3. AFM 85-14, Maintenance and Operation of Sewage and Industrial Waste Plants
and Systems o )
4, TO 00-110N-2, Radioactive Waste Disposal.

v

.
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" . PURPOSE OF $TUDY GUIDES AND WORKBOOKS * . .

>

Study Guidesand Workbooks are training publications authorized by Air Training

Command (ATC).for student use in ATC courses.

) presents the information you need to complete the unit
ssignments for you to read in other publications which

The STUDY GUIDE (|
of instruction, or mak
contain the required informatte

The WORKBOOK (WB) contains work progedures designed to help. you achieve
the learning objectives of the “unit of instkuction. Knowledge acquired from
using the student study guide will help you Nerform the missions or exercises,
solve the problems, or answer questions {iredented in the workbook.

THE STUDY GUIDE ANb WORKBOQK (SG/“; B)contains both SG and WB material
under' one cover, _The two training publications may be combined when the WB
is not designed for you to write in, “or when both SG and WB are issued for you

¢ ‘ . "

Traiaing publications are desiéned for ATC use only, Theyare updatoed as nec-
essary for training purposes, but are NOT to be used on the job as authoritative
references in pre\ference to Technical Orders or other official publications.

s
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Department Civil Engineering Training ¢ WB 3ABR56330-V-2~Pl
Sheppard Air Force Base, Texas . ’ - 6 March 1872 - o0
FIELD SANITATION ) ..
. o B s

OBJECTIVE: . - -

Thé purpose of this exercise is to aid you in understanding ‘field
sanltatlon. . .
INSTRUCTIONS d ./ '

. <
Complete the following exercises: . N

¢ .
Use the 'study guide if necessary. .

1. Place an "X" beside the procedures taat are used for disposal of
waste in isolated and combat areas listed below. .

. " a. Deep pit

b. Straddle ‘trench.

, : c. Secondary treatment . .
d. Mound latrines : L

e. Bored-hole .

v e e ¢
. £.  Pail or lgtxck t " ‘ ) o : o
. 9. _ Soakage pits . ¢ |
.2_, Usi’ng.the diagram be\low, indicate with an "X" the best location for a
field latrine. . . o . B
: v a. G'ive, ycur reason f.or the selected location. A . ,'/"

’ -

£

b.  What-distance should a field latrine be from’ quarters?

. - ¢
-~ < L 1
. c. What distance should latrlhes be constructed from a water .
. . . supply? % ! -
* * - ‘ ’ ,
’ ) — 3 : < ¥
> ' ’ >
. 3
- ) ‘ Y o N WATER SUPPLY
. ’ b 3 A L . » y
- | I .I
! | j L R ; O .
SQUADRON =~
. l ") [ > 4.° 9
. MESS HALL
L. ] . "
306 YDS- STREAM FLOW
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3- Identify the following types of structures shown below.

ORUM IS SUNKEN
SUFFICIENTLY TO -
ALLOW 18" EXTENSION Q\ ———
ABQVE GROUND sum;z/,\\

/

. /
o >-’—}~ ~— _/{
. ) ‘ i
. SLOPE FOR URINE

& FECES DEFLECTION

]

T 5

. HOLE APPROX,

® X 12° ELLIPSE
URINE DEFLECTOR.
STRIP

*

.

__STOPBLORK |

e

)

EMC ’ a
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SMALL STONE VENTILATING SHAFT . —~
’ 1
PIPE
T *

‘ © ’ l ’ i

s ’ - B WITH STRAW

b
LARGE STONE
[
B
- [ & 1l
]
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4.

5.

. Qe

list methods for chemically treating field waste.

-

Identify the following structures, shown below.

MIOM SETTUNG TANK
DONNG TANK WITH
ALTIRNATING SIPHON
| m | TRE PIPE WITH TIGHT JOINTS -

3 SLOPE TO LD €.3%
: — .
, ' ! ' | I I | s Peg with OFeM
DISTRIGUTION JONTS. sLoPEe.I%
oY
o
UNORRORAIN i
hee I I 35 I
: DISCHARGE DISPOSAL
' i
c UNDRORAN COLECTOR O
4 o
a. >
LOOSE COVER,FUR .
INSPECTION AND ———a SELOW R
CLEANING .
G B e 2' MINIMUM
) 4
N PLASTER— i
\ Vi d ” ty
OvER ARcH IRARA . | wontaneo
JOINTS
INFLOW OF
RAwW OR
SETTLEO » -
SEWAGE ST iy MASONRY LAID &
. i ORY, OPEN
¢ JOINTS
o

SETTLED EFFLUEMT
TO SUBSURFACE
IRRIGATION OR
OTHER OISPOSAL
ECESSARY

6’ 70 30° OEEP .

] 4'T0 6 DIAMETER |
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6. For what percent of a unit should latrine space be provided?

7., In trough type .r‘-als, how many feet are .provided for each man?

- -

8. What is the Jditference between an otway pit and other latrines?

9. How is sludge removed from septic tanks?

10. Mhat is & ninimum size for septic tanks?
~ o

-
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SEWAGE TERMS AND DEFINITIONS

. . . . ~
robic wvacs:i rin - vadteria which require oxygen for growth.

<

Y M B3-19 - Mge.ienance and Operation of Sewage and :ndustrial Waste Piznts
Systems., e -.anual explaing sewage treatment and squipment maintenance,

AS \. " 2
-<21 v - small plants, resembling moss or slime, that grow ir water. Theyv are

Ly sirable in water systems, * -

-
<

4ne 'robic bacteria - bacteria that do not need oxygen to survive,

¥.C.D., (Biological-Oxygen-Demand) - the amount of oxygen used in the oxidation
of organic matter, .

€.F.S. -'cubic feet per second.

~—
°

Detention Time - the period of time from when the sewage enters a sank until it
lezves the tank,

o

.
Digestion - the breaking down of waste to a more stable form by bacteriz, -
: N

D22 sted Sludge - sludge that has been stabilized cnoué,\h through anaerobic
decomposition to permit handling without any nuisance.\

Dissolved Oxygen (D.O. ) - gaseous oxygen dissolved in water. Without dissolved
oxygen in water all fish life would die.

Effluent - outlet of a plant or from any piece of equipment.

Elutriation - a process of successive washing or decanting with fresh water to
les=en the concentration. Normally used to reduce the demand for conditioning
chemicals.

Facultative Anaerobic - bacteria that adapt to growth in either absence or presence
of -.xygen. :

— e g — e e e e

G. i{*. M, - gallons per minute, ,
Grit - inorganic matter such as sand,.gravel, rock, ‘etc.

Hiy- Rate - a trickling filter ope rated at a high average daily dosing rate, usually
betrreer 10 mgd to 30 mgd per acre. . —

-

. . . .
Inorganic - material that has no life or.has never had life, such as dirt, rock,
mizserals, etc. '

ERIC
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21,  Organic - any matter having had life such as skin, vegetable material, and 100ds.
22. Pathogeiic = Jbacteria that cause diseases. . °

‘23, Putrefaction - biolog.i{:dl decomposition of organic matter with the production ot \\

18, Leaching - the disposal of a liquid thr'ough 2 porous matcrial. Example: «<csspunls
draining down by water seepage into thd soil,

19. Liquor - a mixture of activated sludge and sewage in the aexation tank undergoing
activated sludge treatment, P

20, M.G.D. - million gallons per day.

b3

ill-smelling ‘products. S . , \

24. Raw Sludge - a collection of solids in a tank beforé any. treatment has been given,

— i .

25, Saprophytic - bacteria which live on dead organic matter, T

26, Scum - floating matter such as grease, oil, and froth (suds). T T ——

27, Septic - sewage undergoing putrefaction under anae robic conditions, foul smelling, \
28, Stale Sewage - containing little or no oxygen but h;s no foul smellk,

29, Supernatant - the liquid l;etween :he sludge on the bottom and the scum on the top )

in a digester,

30, Zooglea - a jelly-like substance made by bacteria. It is usually associated with
activated sludge growths in biological beds, ’

“PRIMARY TREATMENT "

Primary treatment consists of the following:

Grit Chambers
Bar Screens
Comminutor )
Primary Settling Tanks
Imhoff Tanks

 Clarigesters

Digesters ;

+ Sludge Disposal Facilities - .

.

0~ O Ul bW N -
.

13

SECONDARY TREA TMENT

Oxidation Ponds

Trickling Filter Process’ )
Activated Sludge Process 3/ [l
Contact Aeration Process R i

.

e e NV
-
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PRINCIPLES OF WASTE TREATMENT

OBJECTIVE

The objective of this workbook is to aid you in galmng a better under-
standing of the principles involved in waste treatment

INSTRUCTIONS S .

-Find a term in the right hand column which best fits each descriptive
phrase in the left hand column, .then place the letter preceeding the selected
term in the blank preceedmg the descriptive phrase.

. 1, : A1ds in removal of large floating a, oxidation pond
objects carried by sewage stream
b. contact aeration
<~ 2. Aids in removal of sand, gravel,
heavy solids, razor blades, etc.. ¢. chlorination
3. Shreds large sewage particles d. trickling filter
. and returns them to the sewage system ‘ .
) —~ ) e. an aerobic bacteria
° \-{ Condition of sewage producing "
~putrefaction f. primary treatment
5. A device\u\s\e\d to measure the - . g. Imhoff tank
. rate-of-flow of sewage-entering .
sewage plant - \\ h. . septic
- 6. A combination settling tank and ;.\gribéhambgr
N . digester _ ____ _ . ' o T
N ) ‘ j. bar screen
T. Type of sewage which settles to .
the bottom of the prlmary settling k. comminutor
tank ' C
1. Parshall flume
8. .Treatment which removes and
treats settleable solids - m, settleable solids
9. Treatment given to liquid portion n. secondary treatment
" of sewage remaining-after removal of
settleable solids ’ /
9 ‘
3 g 8 »




" 10.

‘ Decomposition of sewaze

- . C.
solids in the absence of air
© ~ P
11. The type of bacteria which
_ thrive.in well aerated sewage q.
12, Bed of graded rocks on which r
ZoogIeal fiim develops
‘ . S.
13. Last unit in the secondary
treatment t.
14, Method of disinfecting plant.
effluent
15. Additional treatment recom-
mended where secondary effluent
is to be utilized for industrial
purposes
16. Zoogleal film developed on
plates‘ in aeration tank
17. l Secondary treatment based on
raturn of solids from final settling
tank to aeration tank ¢
18. Most neérly duplicates natural
stream pruification process ‘
19, Biochemical oxygen dema;&",
20, Sanitary sewage contains -
,mostly . :
\\
’
3449

29/

-

aerobic bacteria
final settling rank
¢ ‘e
tertiary treati..ant
activated slud: e
organic matter

1

B.O.D.
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PRIMARY WASTE TREATMENT EQUIPMENT
OBJECTIVE '

The puipose of this exercise is to zid you in the 6peration of the
sewage trainer located in Roora 23, Bldg 939. :

NOTE: The trainer can be operated for primary and/or primary and
secondary treatment of sewage. The primary treatment can either be
by the use of the imhoff tank system or by the primary settling tank
system in conjunction with the digester.

INSTRUCTIONS

Using the schematic of the sewage trainer, adjust the necessary -
» valves and components to direct the flow for the following treatment pro-
- cesses. Write down the valve number and component letters and indicate
by a check mark whether they are in the closed or opened position,

1. Primary treatment using comminutor and imhoff system.

«

VALVE NUMBER  OPEN-CLOSE COMPONENT OPEN-CLOSE




" ‘ ’ )
2. Primary and secondary treatment usmg the bar screen and the separate -
primary settlmg tank,

VALVE NUMBER OPEN-CLOSE COMPONENT OPEN-CLOSEI

{ A
v

, 3. Draw sludge from the imhoff tank to drying bed.
VALVE NUMBER OPEN-CLOSE

N

-4, Recirculate sludge in digester

- -~ - -VALVENUMBER - OPEN-CLOSE  COMPONENT  OPEN-CLOSE

o &

o~




4

<

dnnd -d
IAIVA =X

aN3937

|

13

- g e

—— e e——— 2




\ %
' SECONDARY WASTE TREATMENT i P %,
OBJECTIVE . 9
- The purpose of thig exercise is to aid you in learning secondary )
waste treatwment; including dosing' siphons, trickling filters, “and oxidation
ponds. )
INSTRUCTIONS . - *
" Find a term in the right-hand column which best fits--each. descriptive
phrase in the left-hand column; en place the letter proceeding the T
selectgd term in the blank following the descriptive phrase. ; . R
1. Rotary filters are designed a., 3 to 8 feet, -
. ' b. 2 to 4 inches. -
2. Fixed nozzle filters are . c. round in shape. A
. e
‘3. The filter depth is generally d. rectangular in shape.
. i C e. noiéles, orifices, and discs.
4. The size of the crushed rock £. dosing siphons.. N .. ‘
" - : o )
is a* . ' g. continuously. -
5. - The proper dosing of filters is _ h. up through the bed. ©
controlled by T ‘i. each shift. ) '
' v e e e ~ . { ’
6. Uniform application %sfcéntrolled j. down through the fiitar.
by . k. biochemipal oxy§en demand
> (BOD) .. ~
7. Natural air movement in cold .
T — , 1. copper sulfate. .
weather is . ‘
. v m. hot climate. & .
8. nNatural air movement in warm i .
. n. control mosquito breeding.
weather is . o
e o. oxidatioq pond.
9. The.aerofilter is designed to . ‘
: ) P. dissolved oxygen (DO).
dose the entire filter bed . )
q. constructed shallow. .. .
i f r. .

lagoons cor Holding tanks.

-




Aruitoxt provided by Eic:

10.

»

- 11,

12,

13,

14,

15.

16.

-

17.

18-

,

Follow1ng ‘the hign rate ‘ .
trlckllng filter, the . .
final "settling tank .
sludge should be removed
at least : R

1 . . .

O
-

Trickling,filters have a .
1 \ . i d . .
tehdency to reduce . )
» .
The control of ‘algae may be

accomplished by'using

Fd B ’-/__ - 2
Ox1datlon ponds are some=

v .
tlmes called " . . . s

For more surface area to be ¢‘_ :
exposed to the -atmosphere- . . ‘e
and sunlight, oxidation )

ponds are - L. - . >

OxXidation ponds opérate best

in dry o .

o »

Keeping shorelines clean .-
andfraising-and lowering ' e
the water level every 10 -

iy

days helps s S - N

ny

“ ] .
If ponds are properly: * .
operated, there will be ' . .

an increase of . . .

May not have an outlet “ LN
t * A

Yy
» . .

~d v
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-and operation of activated sludge systems.

WB 3ABR56330-V-6- P2

CONFIGURA"'ION AND OPERATION-OF
 ACTIVATED SLUDGE SYSTEMS

OBJECTIVE - L .

The pqri)ose'of the exercise is to aid yéu in learhing the construction

IN§TR-UCTIONS

-

T 1. Stud ¥ figure 1 and place the’ appropriate corrf.spondmg number listed

" below the mustration in the circle provided.

2. Complete the following statements, using Study Guide 3ABR56330-V-6.

a. What type of bacteriais used in activated sludge process ?

!

b. 7'/LiAsg'tg{_q ;yp ' of aerators- used-in- aeratiorrtanks

- ( | 2 ‘;53 .
c. . Aeratxon utﬂizing diffused air are designed for a detectlon of
L hounﬁ»and mechanicar . ' hours. o
) . d. List five ch_ax:actenstics of activated sludge.
. = \

Y




»
»
. ¢
‘ <
* ¢ ¢ -~
" o /O o
Influent L /) Effluent
N /O } .
| . i
P l ]
LI . .. I . '
g — g —— —
. : _ _r ke
o " MAJOR COMPONENTS
1. Sludge Pumps . 5. Final Settling Tank
2. Aeration Tanks _ = (7 6. Primary Settling Tank
3. Pretreatment Units ’ 7. - Digestion Tank .
4. Sludge Djsposal 8. Return Sludge Line
* . ‘Figure 1. Flow Diagram of Activated Sludge Process
S ITE ;
17 - \




List three conditions which would cause bulking.

-

List five factors that determine the efficiency of an activated™—
" sludge plant. '

o

4

Compute the following sludge index: If sludge settles to 30%

volume in 30 minutes with aeration solids at 1,000 p.p. m. (0.1%),

what is the sludge index?
\ ,

»

sy

» J—

-./

——

!
v

List three effects that digestﬁrsupe‘i;gggant will ﬁave on an acti-
vated sludge plant. ST/

2




(1) 95 to 98% air in the diffused
aerator is used to

\(@\Detenﬁon time for the
diffused air system is

-~
\ % -——_\\

“ (3) 2% of air is used to\\\ e

- —

\
(4) Detention time for mechani-

4

|

(\§). The returned sludge is con-
. \\ trolled by . oo

. b\:(ﬁ's,,-Sludge is returned from

secondary settling units by

| cal aeration is » .

a,

b.
c.

d.

‘ Complete the phrases on the left by placing the letters on the _
i~ right in the space provided

Mix and keep contents
in motion

Gravity and pumps
8 hours

Oxidize the sludge

e. ‘12 hours

f.

Weir boxes and ori-
fices




s
WB 3ABR56330-V-6-P3

-

PR

PRINCIPLES AND CONFIGURATION OF
CONTACT AERATION SYSTEMS

L4

OBJECTIVE

The purpose of this exercise is to better acquaint you with the
operational methods employed in the contact aeration method of sewage
treatment. , . )

"INSTRUCTION

1. Study the illustrations.of the contact aeration plant flow diagram in
figures 1 and 2, and place the appropriate number ffom the given list
of components in the circles provided. , | PRI
@ e . -

¢ A -
.

i

/S0 /P

$
—r- et = @ ™ /
6 3 : |
IR !
“1. Pretreatment Units 6. Sludge Pumps
2. Inflyent 7. Effluent
3. Digestion Tank . 8. Primary Settling Tank E
4. First-Stage Aeration 9. Final Settling Tank
5. Second-Stage Aerator - 10, Intermediate-Settling Tank
’ 11, Sludge Disposal

Figure 1. Flow Diagram of Contact Aeration Plant
v P - ‘ . ’ ' !




2,

‘. Contact aeration is basically what type process?

2anRkL

Ry
g

N,
AN

e
a?ﬂ

13y 2

s :-‘. ."".w,.’:_ﬁ.:"
e, ) - ._ : ﬂ

MAJOR COMPONENTS

Sludge draw off -
Contact plates

Air-grid system

Influent L

Effluent

S ot e

Figure 2. Single-Stage Section of Contact Aerator

Use your study guide 3ABR56330-V-6 to complete the following
phrases or questions. ’ &

- l/
y

b. Describe the contact aeration process in your own words. -

°

@

21 324

2 ke




>

c. Compare the biological action in contact aerakion ur}its to that of

* trickling filters. | BN B .

3

d. What happens in contact aeration units if dissolved oxygen is -

lost?

N e e e T

S e. L..j»—f-gp-—l:wf_a.cgorsaﬂiwcontfibute‘t?’itS”e’ffec?i\Ve“é'p‘eTa'fi‘“dﬁ;’
(1) )
(2) .
(3 _ ,
(4).

f. Why must grease,rscum, floating and suspended solids be

1

C removed before entering aerator?

Y

g. Denote what oxidizing power each of the following colors have:

(1) Brown

(2) Black

. h. Describe what is happening in contact aeration unit if you smell

Shet

[

.an odor of hydrogen sulfide.
}
’ ' o e " 1, ’ . 7

22

. 321




f .t

i. What tests should be mhde on effluents from contact aeration :
. units? _
»
jo  What is the medium normaliy used in the aeration process to
; hold the bacteria slime? _ S -
- ./:}r
4
] ) .
y 32 ﬁ':l) w ¢
- -
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CHLORINATION AND STREAM SURVEY\

OBJECTIVE: To further your understandtng in uses of chlorin ation and
need of water samples. in making stream surveys. \

_IDENTIFYING-USE&FOR CHLCRINATION AND STREAM SURVEY \
Look at the schematic below, then answer the following questions: #

///mmn OoR uou-c»u:m "M

', 1. On the schematic above place a PrC at the point where prechlorinatlon
would be applied.

' 2, Approximately how many PPM dosages would you suggest. ualng for
prechlorination? -

3. Under what conditions would you suggest usirig prechlorination? :

4. On the schematic above place an IP at the points where an in-plant
dosage of chlorine could be used




3 ’

5. What is your reason (s) for selecting the site (s) for in-plant dosage?\

6. What dbsage would you suggest using at the site or sites you selected?

A

7. On the schematic place a PoC-at the point where post chlorination
would be applied. ,

8. How much contact time should be allowed a.fter post chlorination before
discharging the effluent into a stream? ‘ ,

“

9. How can it be determined how much chlorine is needed during post
chlori.nation? 7 , A

'~

10. In what manner doea a high BOD affect a stream?

11, BODis normauy more harmful to a stream during which part of the.
year ? . ,

"12. For a streain survey how man,_yﬁsanipling locations would you select? . ‘

4 °

13. List the sampling locatioﬁsi ‘ :

Y
™
\
N\

14, Why is the temperature of the strea!&needed during a stream survey?
N\ - L

e

1
v‘f \
- \
. .

25
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INDUSTRIAL WASTE TREATMENT  °
OBJECTIVE - \

| The purpose of this project is to aid you in understanding industrial
. waste treatment. '
f .

P
INSTRUCTION

| Using Study Guide 3ABR56330~V-9, complete the following questions
ancfl fill in-the blanks, . ‘

1. What types of wastes are included in industrial wastes?

i

|
l

2. What Air Force regulation governs the treatment and disl;osal of
industrial waste?
- 3. List four types of hazards involved with industrial wastes.

a. -

b.

C.

d.

' / : . .
4. List five types of wastes that are of primary interest to the Air Force.

Ioa,

b.

c. !

d.

26




208

/
/
"\;.) .

4 . \

. What is the maximum allowable conceniration of the following ?
. \

Pt . - ~

a. Hexavalent chromium

b. Lead ) . : o ‘
c. Copper ' ‘
d. Zinc o ' - | ‘ . -
e. Ph.énal ¢ompounds . | '

f. Sodium hydroxide _ ‘ ' a

Why are industrial waste surveys important?

List three methods of collecting industrial waste. Explain each
method. ‘ ‘ < )

.
ab. . N '
- - - -

o rd

WHat type of materials is used to construct sewers for industrial

—t——

wastes ?

LN . X » ‘J\L .
List the three general types of waste treatment. Explain each type. “

a.

. ™ - e




e i)
/ "

P

10. ‘How is sludge from industrial wastes dispo's°éd of ?

/

11. What is the average g. p. m. flow from aircraft wash racks? Peak

N

flow ?

12 What type of treatment is used to treat the combination of wastes J
from aircraft wash racks, engine repair shops, and engine test cells?

™

- <
=Y =
2

=

13. Explain thé opé}auon of an ion exchanger in the recovery of chro-

mates.

¥

=}

14. Describe the biological oxidation process in the treatment. of phenal

wastes.

15. Describe th,efbﬁtph treatment method used to treat éyanide. . ;

<

Checked byl
Ny Instructor




 WB 3ABR56330-V-9:P2

-
v

RADIOACTIVE CONTAMINATION

OBJECTIVE

The purpose of this workbook is to aid you in becoming familiar W1t<h '
procecures for- radiological disposal, ‘ \

INSTRUCTIONS |~ . ¢ —

Complete the following questions and phre.ses using Study Guide . ‘
3ABR56330-V-9, : o

1. Why is it necessary to be aware of the hazards of radiological disposal 24

¢

[ 4

2. How can radioactivity ir waste be reduced ? LN

“ N < -
\ - - v -
~ . - . .

>

3. How should radioactive wasteg be disc‘harged,int{o a sewage system ?

KN

5 5
4. List three precau‘ions tnat must be checked before radioactivity wastes -

can be discharged into a sewerage system. .
NI
~ - a. } N . . s ¢ .
> b
b. ' B ’ *
c.

*S. List three ‘methods that may be used to treat radioactive wastes. .

\'a. . . ~




10.

11,

.
‘a

- ..
! .

b.

L

" How should an area containing radioactive wyste be identified ?

o~ .
- -
»
.
\ . n

Who: supervises the disposal of radioactive waste ?

1'0 H : - - " j‘

What records arJé maintained on personnel ekposed to radioactive
. . > {
waste? By whom? -/

2

-

E
/
i

What technical order prescribes the procedures fcy*/ safe éisposal and
and limits of radioactive wastes ? )

What precaution should workers exercise while,{{rorking around radio-

o

active wastes ? : /




<t

ALV . N >
. . . g . N
> »
.
¢ - - * v N
- " N .
. * ‘
. PN
. .

12, When discharging radioactive wastes in sanitary sewers, what records

< 5
must be kept? L , .
~ : - -
-
A9 *
L d
¥ ~ o, . 2 P
. .
\ . o -
" Checked by ‘ .
. ~Instructor
S - -
. at
/
\ i L3
] 4 N
. ; .
)
,
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»
.
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\
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SAFETY PRACTICES
\ '

OBJECTIVE

% . The;purpose of this exercise is to aid you in understanding' some of the
common safety practices you will be expected to observe during job-per-

formance. . _ .. ‘
- e

INSTRUCTIONS

Complete the following stateménts by entering the correct information
in the blank spaces.. ‘

1. Unsafe act$ of people cause percent of all ‘accidents.

2. AFM 1’2'?-101 stdtes that no one male person should lift more than

3. Working areas should be kept . atall times.
4. When using hand tools, the force shquld be exerted -
the body. ~ :

5. To help prevent slippage, a wrench handle should be . -
not * ‘ L e L T T

- 6. Electrical power tools should always be

1. account for about one in evéry five hand
; tool accidents, ' - \ :
. .
8. Never hold a piece of material by hand and attempt to )
it withan
9. When loading ait elevator, the . should be known.
10. Never wear a ' hard hat around electrical hazards.

" 11, Safety color code:

a. Blue would in(‘iicate .

b. . Red would indicate

¢. Green would indicate

!




— \ : 3 : v - - - T N a - m"« ) N -

12. FL __is essential in the effective pre-
vention of fires. )

13. . is the "killer" in the case of electrical shock.

14. For combating electrical fires, a type fire extin-
guisher is recommended. i . )

15. " should never be ngen to a person who is uncon-
scious or has a belly wound.

"16. A ' 1S a broken bone with a
break in the overlying skin, with the broken bone protruding.

17, 'Severe burns usually cause

18. The most important thing to remember in giving artiﬁcxalaresmrauon
is o T .

19. Do not move an injured person unless ’

. Ad ' N ‘ N ' r
20. Define the three classes of fire and list the applicable fire extinguishers.

Type of Fire | Definition Extinguishers Used
Class A: . ) ' .

 Class B: )

Class.C:

ATCoSHEPPARD AFS TEX. 791481
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e o g T8 20 January 1975°

Sheppard AFB, Texas
SAFETY

OBJECTIVE

To present information on some of the hazards present in accomplishing your duties
as a member of the Air Force and the prescribed safety procedures to avoid personnel
injury or equipment damage. *

INTRODUCTION

As an Air Force specialist or technician, you should have two primary aims 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 pro-
tect 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.

The objective of this study guide is to help you prnvetit injury or death to yourself
or to your fellow worker, -and to prevent damage or destruction of Air Force equipment.
- The -valuable information pertaining to the objectlve will be presented in five sections as

‘ follows:
® SECTION I - G_ENERAL GROUND SAFETY

SECTION I - NUCLEAR SAFETY

>

" SECTION II - RADIATION SAFETY

SECTION IV - FIRST AID
SECTION V - SAFETY AND HUMAN RELIABILITY PUBLICATIONS

SECTION I
GENERAL GROUND SAFETY

General items of safety apply to just about all duty assignments within the Air Force.
To help you become more aware of the need for proper safety-practices, and to help you
survive in a challenging world, important information is presentad in the following topics

of this section

ACCIDENT CAUSES

WORK AREA SAFETY PRACTICES «

FIRES AND FIRE PREVENTION

ELECTRICAL HAZARDS AND SAFETY PRACTICES
SAFETY EQUIPMENT ‘

This supersedes SG AFS 54, 55, and 56, 25 February-1972,
‘ 1
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) "ucddent" or "accidental” as, "An event that |00

_ tation." This definitiondndicates that-with

'ACCIDENT CAUSES
A standard dictionary defines the word B‘ SE S

ACCIDE

takes place without one's foresight or expec-

adequate foresight, most of our accidents
canbe-prevented. They.can. Refer to
Figure 1 for a graphic representation-of the
underlying causes of accidents.

Often when another person is involved in
an accident of one kind or another, we can
readily see how he could have avoided it.
This is because there are certain things or

conditions which cause. accidents: All we
must do to prevent most accidents is 0

be able to recognize the causes and
apply the appropriate preventive Figure 1. Causes of Accidents
meagures. The following topics will

present some common causes of accidents and the action to take to eliminate

these cauges. . ~

NATURAL
PHENOMENA

WORK AREA SAFETY PRACTICES )

Your work area may contain’ many potential hazards if you fail to follow the safety
rules established for your protection. The following paragraphs will make you conscious
of some of the things you should, or shquldn't do, to periorm your job safely.

Housekeeéing

Poor housekeeping, that is not keeping your work area clean and orderly, can result
in various types of accidents both of a major and-minor nature. Broken bones, cuts,
gouges, bruises, burns, and many other injuries can result from poor housekeeping.

The prevention of these injuries is simply to practice good housekeeping. Some of the
important items to consider 1n keeping your working area, and also your living area, in

proper order are given below.,

e Kesp all floors and walkways clean, dry, and free from spilled oil, fuel, or
other contaminates. If fuel, oil, or grease is spilled, clean it up immediately.
Slipping and falling could result in a serious injury to you-or someone €lse.

¢ Insure that your plant or other area is adequately ventilated at all times.
Vapors from fuels, oils, greases, and various types of acids are injurious to
your health. )

o Keep all working areas well lighted if at all possible. You cannot work
efficiently and safely without sufficient lighting. Check the lighting system
frequently and replace burned out lamps fuses, and accomplish other
preventive maintenance as required.

e Don't leave tools scattered about on ﬂoors, engines, work stands, or any other
place other than those cabinets and boxes especially provided for tools. Some
tools used in maintenance are heavy enough to cause considerable damage by

falling a short distance. . -
3.3d -
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e Don't struggle with a tool box which is: too Heavy to handle conveniently. Men
have been known to rupture themselves, in handling excessively heavy tool boxes.
Divide your tools so that you.can handle them without strain. -

e Don't clutter your work area with‘unnecessary equipment. If you do not intend
to use an item, store it in a safe place.

e Keep all ropes, chains, cables, hoses, and electrical extension cords properly
. stowed when not in use. ¥ s MRS
e Provide suitable waste containers for waste and insure that waste is promptly
| put into the proper container Mark each. container for the material it is to be
used for o . .

o Use extra care in disposiﬁg of scrap metal, fng, wire, glass, etc. Insure
that all parts of the materials are well, ‘inside the waste container. The sharp

edges of these ma.terials will cut and tear yourskin as weu a8 your clothes. )

‘@ Maintain an 'adequate inspection program of all electrical cables, switchgear, .
and equipment for frayed wiring insulation, exposed contacts, and condition of
switch handles and other controls. PR

e Inspect your shop frequently for protruding nails, bolt ends, and other sharp
poirts which may cause injury. Also insure that broken window and door
glasses are replaced promptly and-the broken.glass properly disposed of.

e Insure that water fountains, lunch areas, and personnel clothing lockers are
' kept in a clean, sanitary condition. Illness caused by contaminated water,
food, coffee, etc., can often become more serim_ls than most accidents.
\\ The ‘abcve listea housekeeping items are not the only things for you to consider, bnt
they will help you improve your housekeeping situation.

Horseplay

nge of the common varieties of horseplay are pushing, tripping, directing com-
presseq air toward a friend, shocking a friend with electridty, apply{ng the hotfoot, and,
perhaps\the worst of all, goosing This goosing, if applied to a nervous person,. may
cause hhnto leap into moving machinery or into contact with high voltage electricity, or
he may simply fall and "only" break an arm. Injuries or deaths resulting from horse-
play cannot he justified. Horseplay in any Air Force shop is strictly forbidden.

Improper Wor Methods

Equipment shich has exposed moving parts such as belts, chains flywheels, moving
arms, etc., can be\a serious safety hazard uniess care is exercised during its operation
and maintenance. While most moving parts’of machinery are enclosed in protective
guards of one kind or\another alertness on the part of the operator or mechanic is
essential. Gloves, neckties, or loose clothing, particularly large loose sleeves, should
not be worn around moving machinery Just stop for a moment and visualize what would
happen if your necktie or ‘even your sleeve should become caught in a drive belt or chain.
You would be lucky to escap\e with your life.

3




Any adjustment, cleaning, lubrication, or repair gf moving machinery should be
accomplished with the device stopped if at all-possible.- If it is not possible to stop the
device, extreme care should, and rust, be observed to prevent serious injury.

The weight of various heavy parts and tools becomes a potential safety hazard. The
Ground Accident Prevention Handbook (AFR 127-101) recommends that objects weighing
more’than 50 pounds not be lifted by one person, This manual takes into consideration
that the object can be lifted in the pPoper manner. Refer to Figure 2 for the position to
assume whenlifting heavy objects, . . ~

This proper lifting position is important.
During many ‘maintenance tasks you tannot
assume the proper lifting stance; therefore,
the 50 pound limit may be far too high. Don't
feel like a sissy when you decide to use a
mechanical lifting device to.save your back.
It is the proper thing to do. Just be sure to
inspect the mechanical device for proper
operating condition before ‘each use and never
exceed its capacity.

The improper use of common hand and
power tools results in many avoidable acci-
dents. One of the prime rules in the use of
any tool is to use the right tool for the right
job. Another prime rule is to keep all tools o — s
in a good state of repair. Also keep tools in = *- Figure 2., The Right Way to Lift.
their pr0pe1"‘ place so that they can be used
when\needed., Some important .safety items to consider in the use of tools a.re given in
the paragraphs below:. - . i

¢ When possible, use- hand tools so that the worldng force is alwavs' directed
-away from your body. This will minimize the chances ofg.njury in case the
tool should slip.

When handles of hammers sledges, files and other tools become- Sphntered
or loose;-replace them 1mmediate1y .

e Mushroom heads on cold chisels, punches drift pins, hammers and other
similar tools should be dressed down as soon as they begin to check and curl.

Cutting tools should be keét sha.rp and kept in their-proper sheaths They
should never be placed in clothing pockets.

[
N

b

o Box end type wrenches omsockets gshould be used whenever possible. They
, are less likely to slip than open. end and other type wrenches «1Another thing,
' " if a job requires a special tool, use a special tool. T~ help prevent slippage,
a wrench handle should be pmled néver pughed.

Impact goggles or face shields must be worn any time there istdanger of flying
chxps sparks, or other debris. /

e Small parts shouid always be held securely in a vise while being worked on.

v D
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e Since hammels account for ahout one in every five hand tool accident, care ,”
must be observed in their use, Hammer handles should never be used as pry .
bars ahd since only the face of the hammer is case hardened, the side of it
should never be-used as a. striking tool.

e Screwdrivers are probably the most used, and the most misused, tool of all
They are designed for only .one use. This is to-loosen and tighten acrewa
Blades of screw drivers should he kept ground and dressed at all times, and
for each job the proper screwdr iver size should be considered. Firm footing .
" must always be established before applying pressure to a screwdriver and =
objects being repaired should never be held in your hand, or on your lap. The -
common vise was designed t hold parts securely while being repaired.

e Files and'rasps are particularly, hazardous to maintenarice perscnnel because
, of thelr abrasive surfaces, tanged (sharp pointed) handles, and their britcle
construction. Always use them ffor what they were designed for. Never use
* them as pry bars, punches, or chisels Never use a file or rasp without the
proper handle. inata.ued, you may drive the tang right through your hand.

e DPunches and chisels should be kept clean and during use should be héld firmly
between the thumb and all four fingers :

-

There are many more safety precautions to observe in the use of hand tools how-
ever, the space here prohibits listing them. It is highly recommended that you refer to :
the Ground Accident Prevention Handbook (AFR 127-101) cften. Frequent use of this o
manual can save you from many painful injuries. 5 , .
, Thepuseof- powered hand tools require generally the.same precautions as for non-

powered tools, plus additional safety precautions. In tlie case of electrical tools clean-
liness-and a.good state of repair is of the utmost importance. In addition to keeping the
tools and electrical cords in first.rate pondition, the tool should always be properly
grounded during use. This protects the worker agaihst the danger of electrical shock
in the event a short circuit occurs within the tool., This .ieeqd for grounding-is often
disregarded but it is important and must never be omitted. other {mportant precau-
tion is to always sécure the item being worked on in a vise, Never hold a plec of
material by hand and attempt to drill it with an electric drili Thé material may\\atch
_on the drill bit and become a rapidly spinning blade.

*

Observe Accident Prevention Signs e ,

% signs. ‘Warning signs are posted for one reason.only. That reason is to
preven accidents.

There may be times when you see an area posted which you donot 3 . .
consider a hazardous area. In these cases just remember that some one nad a good
reason to post the area, - so observe the warning sign.

N\ Standard signs are posted to warn of certain hazards: Danger signs (red) warn of
specific dangers only; Caution signs (yellow) warn of possible dangers and unsafe
practices; Safety Instruction signs (green) provide information-on general safe practices;
Directional signs (black and white) indicate the way to stairways, fire escapes, exits,
etc. ; Information signs (also black and white) carry messages of a genera.l nature;

Here are some of the signs you will see: DANGER HIGH VOLTAGE DANGER
KEEP OFF, DANGER KEEP AWAY, DANGER NO SMOKING, DANGER GASOLINE
CAUTION DO NOT TOUCH SW‘ITCHES CAUTION MEN WORIC[NG CAUTION USE
" GUARD,. and-many more.
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AF Form, 1492, "Da.nger Tag' " This ta.g is blue in color and is designed for use as
an important toom accident prevention; it will be attached, by designated tag-issuing
autiiorities, to material and irment no longer safe to use because of defects, abuse,
or wear. I is not designed or intended for use in reporting minor hazards which should
be corrected by the responsible sugerv:lsor, and utmost discretion must be used in
issuing it. Misuse of the tag will gaae it to become common-place, resulting in the
--loss of its intended value-as an effective part of the accident prevention program

. The responsible commander wﬂl\designate tag-issuing authorities in’ airu-a!t main-
tenance, base engineering, supply, food service, transportation, coramunricatior. and

. electronics, medical service, and other Air Force activities. Authorized personnel will
attach the ta.g to unzafe machinery, ment, tools, electric circuits and devices,
pipelines, valves, controig being 1epa1red workstands elevators, ladders, power-
operatca doors, znd other nnsafe items o mnditions incident to work procegses in
order to prevent employce injury and/or danaze to material or equipment. Since an
arbitrary tagging of equipment or material\may cause needless expense and -delay, the
tag-issuing authority will not attach-a danger tag without notit the appropriate super-
visor- of the activity affected. - However, if the hazard becomes too great, and the
responsible supervisor is not available, the tag-issuing a.uthoqity will issue the tag and:
inform the supervisor as soon as possible that-he has done so/ .

,'.
A

. " AF Form 267, "Electrical Danger - Men at Work. " This jrea tag may be usea-for
b cking and tagging requirements. - For example, to work on‘an item of ‘equipment in
sight of its disconnecting device, the dlsconnecting device would be tagged with a pro-
perly filled out AF Form 267. "

AF Form 268, "Caution - Abnormal Condxtions."ﬂ This yellow tag may also be used
for blocking and tagging For e ample, an automatic device switched fo manual opera-
: tion for testing purposes, should be-yellow tagged with AF Form 268.

h

Once the Danger Tag has been attached
2. machine or other piece of equipment, the
1tem will not be operated or used until.the
I 'hazard has been corracted and the ta.g re-
‘moved. ' . .

'FIRES AND FIRE PREVEN‘I/‘ION

While fire fighting is-the prime respon-
aibility of the area fire department, it is the
duty of each individual to do his utmost in
preventing fires, and to aid in extinguishing
them. This topic will cover the various

“ types of tires and the measures to apply in
controlXiag them, ’

®

' Fire Prevention

Good housekeeping is essential in the
effective prevention of fires. Accumulations
of rubbish, waste, dust, and other residue
are all sources of tires, One of tae fnost -

important- measures in fire nrevention is
shown in Figure 3. - C Figure 3. Fire Prevention at Work

3
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Lt Another .serious fire hazard m-the’aicuquhuon of fuel vapors, gases, paint vapors,
and other items of this -naturé. To eliminate this type of hazard, keep your shop clean |
and well ventilated. Proper inspection and tenance of -equipment will usually correct *\

. hazards due to leakage of flammable materialy. Generally, all painting should be accom- *
plished in an approved paint shop. When this 1s-not possible,’ the need for adequate shop ‘
-ventilation becomes critical.. Paint will burn,Ero will its vapors; therefore, use extreme \

- care when painting with a spray gun. Prevent fires whenever you can, but also know
. something about fire fighting in event you can'tprevent them all. :

Classes of Fires . I
{Fires are grouped into four general classes. Fires in each class can be extin- |

guished by the use of a particular action or extuig'niahing agent. Because all fire \

e:gtinguishing agents cannot be used on all types p_f fires, it is necessary to.know the

various classes of fires and which extinguisher t? use\for each class. :

. Class A fires are fires occurring in wood, é}ofﬁnﬁ;\ paper, rags, and other items _
of this nature. This type of fire can usually be handled effectively with water. Water )
provides the cooling and quenching effect necessa"ry to extl{:guish Clasg A fires. ;

. 1 . ,

Class B fires are those occurring in flammable liquids such as gascline, fuel oil,
lube oil, grease, some solvents, paints, etc. The agents required for.extinguishing
this type of fire are those which will dilute or eliminate the air by blanketing the sufface
of the fire. ° This action creates a smothering effect.

® Class C fires are fires in electrical equipment and facilitié‘g-. The extinguishing
agent for this type of fire must be a nonconductor of electricity and provide a smothering
effect. \ . /
Class D fires occur in combustible metals such as magnesiﬁm, 'pohssit;m, . \
powdered aluminum, zinc, sidium, titanium, ziroconium and lithium. The extinguish- \

ing agent for this type fire must be a dry-powdered compound. The powdered compoind
must create a smothering effect. 1 .

-

In the case of any fire, there are certain actions required of the individual who dis-
covers the fire. His first action should be to sound the alarm and alert all personnel.
Second, the installation fire department must be summoned and given explicit directions
to the location of the fire. 'These first two actions must be taken quickly, and after/they
have been accomplished the personnel available should apply the most effective measures
available to extinguish or to contain the.fire. To do this, it is essential that
you acquire a knowledge of the various types of portable fire extinguishers.

Portable Fire Extinguishers

" The Pump Tank type portable extinguisher is perhaps the most simple of all. Itis
simply a water tank with an attached pump. The gﬁecuve range of this device is onlya |,
fel feet and it should only be uséd on Class A ﬁr‘ep. To use this.extinguisher, simply
unhook the hose, direct it to the fire and start pumping. If you use all the water, refill

it from the nearest available source.and continue :ts use.

Soda-Acid type extinguishers are also used only on Class A fires. Refer to Figure
4 for the construction féatures of this type fire extinguisher. The use of the soda-acid
.extinguisher is also very simple. Simply direct the hose toward the base of the fire and
sinvert the extinguisher. This inversion causes a gajsdng of the solution inside the tank,
a reaction occurs and the solution is supplied to the hose under pressure. o
7
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the burning surface of the ma.terial

" be not to use this type if another suitable type is available

- extinguisher for use 1y on Class A fires. %

N .
\,___/

‘The Foam Type fire extinguisher is also shown#h Figure 4. This unit m
on either ,Class A or Class B fires. The method of usinggtﬁs extmguishlgr is atlrliebsal:rsizd
as for the Soda-Acid type _ Invert it and direct the hose so that the foam_.is layed over
the surface of the fire. This is for a fire C otmmcwue
involving liquids. For 2 fire in a solid ’
material, the stream of foam should be -
directed to fall lightly on, or flow over,

\

Carbon Dioxide-or COq type extm-
guishers may also‘be used on Class B and
on:Class C fires. This unit is a.lso shown
in Figure 4. To operate the CO, extin-
guisher, pull the seal locking plﬁ and open
the operating valve. The CQ2 should be
directed toward the base of the ffire with a
sweeping motion

Il
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SOLUTION -WATER AND SODKIM

GICARSONATE AND FOAM STAQILY
SOLUTION - WATER ANG( !
ALUMINUM SULPHATE

Loty
RN

A

Vaporizing L1quid type extinguishers
also may be found in some mstallatxons
These extinguishers contain a solution of SODA-ACID  FOAM TYPE  CARBON DIOXIDE
Chlorobromomethane (CBM) or other . ’
similar chemical, These iimts Figure 4. Portable Fire Extinguishers

S—

-.generally incorporate

a hand | pump for maintaining the discharge pressure and they may be used on Class B _,)
and Class C fires. The disadvantages of this type of extinguisher is that they give off a —~

toxic gas during use and therefore should never be used in a poorly ventilated area.

When they are used, it is not advisable to remain in the area of use. A saferulewould = = . -

Dry Chemica.l type extinguishers may
also be used on €lass B and C fires. These Z
units contain a dry powder usually sodium el
bicarbonate, and an actwating agent of COg
,or nitrogen gas. Refer to Figure 5 for an
illustration of the dr ¥ ghemical extinguisher.
These units should not be used on trash fires.
To put the: extinguishexf into use,. remove the
locking pin, open the cartridge. discharge
valve and squeeze.the nozzle handle. \

" ". s "
" WATER om *
s .. ANTI-FREEZE;

Figure 5 also shows a gas and water type

There are other types fporta.ble fire \ ‘
extinguishers in use at var ousiinstallations. ORY CHEMICAL GAS AND'WATER .

For information aboutJ these many different Figure 5. Dry Chemical and Gas N
devices, refer to the table shown in Figure 6. and Water Extinguishers

Remember, a stilc 'in time saves nine. If you can extinguish a fire while it is still " N /
small you can in somé ¢ases, prevent a major disaster. The only way you. can effectively N ,
fight fires is to be able/ to readily classify the fire and know which extinguisher to use in
each case. Also you must know how to use each extinguisher. —_ \/
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 First Ald Fire Extinguisher Characteristics
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Pump-taak .. Water ..... Cools, *_ A Manual pump or seif- Pump pressmre ... Yes* De- uotunoudul‘l- *
or ) .quenches. pressure  with hose Self-pressure. R esl fires.
<Seit- ' . nosale manipuiation.! - I .
\ Prnmi-g. B . * ! 3
Sods-acid .... Solution: Cools, A Invert tank, mhjpu- CO: xne pnngn‘. Yes Yes® Do not use ox elestri-
Sodium quenches. late nozslet - ~ eal fAires.
biearbo-
- nate. . . , . )
- 1
. * Foam, “; Foam$ .... Excludes B.A Invert or hand actuste CO: xas pressurs?. Yes Yes'! Relatively ineffestive \
chemieal air or to fail lightly on or on alechol acetome® ‘
rveaction. smothers, . flow over burning R !
/ material.’ S
! ’/ Vsporising JInert gas M. Excludes- C,B  Pump-or hand Hand pump, stored No » Gives off toxie gas ‘.
/ - liquid.» air or - actuate. air pressure, or when heated. Use !
! smothers. g cartridge. | care in eonfined
! . spacas. ’
. CO-TWO™ .. }“) Exeludes C.B () Sal{-contained No No™ Extinguishisg effest
- air or CO: gas pressure. . ®ot lasting: flash
‘ smothers. 7 baek may essur®
Dry chemicsl. Powder® .. Excludes C.B (; CO: esrtridge or No No™ Extinguishing affest o
air or nitrogen eylinder, not lasting: flash T
smothers. basck may oeeur. ,
I
Loaded ‘Liquid® ... Cools, A.B  Invert or hand CO: cartridge or Yes No )
streman. quenches. astuate* . gas from acideait
= reaction,
M Antifreese ... Liquid® ... Cools, A Invert or hand actuate. () Yes (M) Do not use on slestrl
. quenches. Dirsct at base of cal fires.
. N flame, ,
Water Water ..... Cools.\ A Direct at base of Thrown by hand .. Yes Yes! Barrels of water may
bueket. - quenches. flame. N be provided as
"‘ ' ' reservoirs.®
.Powdered ] Ditutes o), o] " Thrown by hand or Yes Yes = =
compounds. or ex. D . T dispeneed fm
AN cludes air cartridge om .
AN smothers. ated ext. ‘\ .
1 Direct stream’ at burning material. ’ # Oparate valve, Dlr-d at base of flame with sweeping me- °
2 Add calcium ehlorﬂc ,nﬁ{rm solution, Care will be exer- tion. .
cised to trest tnk or use.corrosion inhibitor. # Very littie expellant pnnmn nv-lhblc st subsero temperas
3 Direct umm; st base of flame. ture uniess special wlntcrludol oftered.
* Reaction of sods snd sulphurie acid. "Al'bxhdon of operator pessible in eonfined spaces. Limited
Do not add antifresse chemicals: provide hest. k
* Stabilised carbonic acld sxas bubbles.with water carrier, "Un only manufscturer recommended refill.
! Do not dlmt stream into flame. ¥ Operate valve. Direct muh downward at base of flame.
~9 Resction of ‘sodfum biearbonate snd sluminum suiphate. 1t CO1 eartridge is used Y" little expellant pressure will be
* Relatively ineffective on aleohol, acetone, and othar substances svallable at sub sero temperatures, .
which bresk down the foam, unlegs special foam is used. ,  ®Bolution of nk:s--‘:ln and sther salts,
. parent phys resetion.
10 CHLOROBRONOMETHANE ANO SIMILAR COMPOUNOS » D . ot base of abeve surfase it
11 Released by special vaporing chemical agents, liquid.
\ 12 Direct stream at base of flame or on sides of conmtainer. * Physieal tion appears to eosur and produse extinguishing
“\ 17 Doss not {resse at normal temperstures. Different agents effect on Class B\ fires, .
\ have different fressing temperstures. See Manufscturer’s instrue- ¥ Solution of jum chloride, or potsssium earbomate amd
A tions, other salts,
. 1¥ Carbon dioxide. . # Stored pressure or cartridge or gas from scid-salt re-
. i Carbon dioxide gas and solid anow. action. {

Figure 6. Fire Extinguisher Characteristics

N
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ELECTRICAL HAZARDS AND SAFETY PRACTICES -

Almost everyone is required to work on or around electrical circuits as they do their
job in the Air Force. You cannot see electricity; therefore, you cannot determine by
.looking at a conductor if it is energized by voltage. Also, you cannot determine the
amount of voltage applied to the conductor. In order to work safely around electrical
equipment, you must understand the following: '

e Operation principles of a.c. and d.c. electricity.
e  Functions of the electrical circuits you maintain.
o Use of electrical safety equipment.
e Safety precautions to be observed‘.
e Conditions whicﬁ cause an electrical shock.

- ¢ Effects of an electric shock. |

A number of people are electrocuted each year because they fail to understand one
or more of the above items. For example, when a person is electrocuted, death
resulted from which of the following?

e Voitage . -
e Current

- - ¢=—Resistance-

An electrical shock includes all three of these factors. However, "current" is the
"killer'' in the case of electrical s\hock. .

Voltage is an electrical preséui'.‘e which cgma;es tiny electrically charged particles to
flow through a conductive material.

Current is the movement of these \tiny electrically charged particles (electrons)
through the conductive material. Movement of electrons through the human body affect
the muscles and nerve system. Whenithe current exceeds a certain value, the muscles
affected become paralyzed. This cauéps the heart to stop beating and the lungs to stop
functioning. If this condition prevails long enough, death results.

Resistance is the factor which opposes the flow of current. The amount of resis-
tance that the human body has depends on certain conditions. The skin, when dry, has
a high resistance. This skin characteristic acts to protect a person from electrical
shock by low voltages. However, when the skin is wet or damp, it has a smaller amount
of resistance. Therefore; a person whose skin is wet may be electrocuted by low voltage
(about 100 volts), while a person with dry skin may not be e. 2ctrocuted with voltages of
this low value.

Effects of Electric Shock

Electric shock may cause instant death or unconsciousness, cessation of breathing, e
and burns of all degrees. If a 60 cycle alternating current is passed through a person

10 345 ’




from hand to hand, or from hand to foot, the effects when current is gradually increased
from zero are as follows: C
e At about 1 milliampere (0.001 ampere) a slight shock can be felt.

e At about 10 miilliampere (0.010 ampere) the shock is severe enough to paralyze
muscles so that a person may be unable to release the conductor. .

e At about 100 milliampere (0.100 ampere) the shock is fatﬁ if it lasts for one
second or more. A , '

Almost all electrical injuriés are caused by carelessness or overconfidence-in
handling équipment. Most personnel are likely to think in terms of high voltages, but
death lies in the low voltages too. The following facts are presented to illustrate the
hazards of low voltage. . Ve ' :

. \ ,

/ P
The human skin, through its resistance, acts as a protector against electrical shock.
This resistance to electrical current varies between 100,000 and 600,000 ohms for dry
skin. It may b« as low as 1000 ohms for wet gkin. The resistance of the internal body,
hand to foot, is about 400 to 600 ohms, and from ear to ear, 100 ohms. ‘

Assume that 120 volts is ap})uod to the perspiring skin of a worker who is standing
on a good electrical ground. Further assuming the worker has.a total resistance of
1500 ohms, the current through him would be about 0.08 ampere or 80 milliamperes
This amount of current is not always fatal, but it is painful. It causes severe muscular
contractions and makes breathing difficult. If the current absorbed is between 100 and
200 milliamperes, it prodices a heart condition, wherein the heart muscle fibers work
independently and without rhythm, causing instant death.

~

Electrical Maintenance

Here i8 the possibility of injury to personnel, the danger of fire, and possible
damage to material. Therefore, all repair and maintenance work on electrical equip-

ment should be pérformed only by duly authorized and -assigned persons.

When any electrical equipment i8 to be overhauled or repaired, the main supply
switches should be shut off. This includes switches ih each circuit from which power
could possibly be fed. The covers of fuse boxes and junction boxes should.be kept

_securely closed except when work is being done. Safety devices such as interlocks,

T overload-relays, and fuses should never be disconnected .except for replacements.

Safety or prote \v?device:glgu\ld never be changed or modified in any way without

specific authorization. Fuses should-be-removed and replaced only after the circuit has

been de-energized. When a fuse blows, it should be-replaced only with a fuse of the

same current and voltage ratings. When possible, the circuit shotld-be=carefully

checked before making the replacement; since the burned out fuse is often the result of~———-__

a circuit fault.

If practicable, repair work on energized circuits should NOT be undertaken. When
repairs on operating’equipment must be made in order to make proper adjustments,
every known safety precaution should be/carefully observed. Proper lighting should be
provided, and the worker should be insulated fro ground with some suitable non-
conducting material. A helper should be stationed near the main switch or the circuit
breaker so that the equipment can be de«energized immediately in case of emergency.
A man qualified in first aid for electric shock shou@ stand by during the entire period
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of the repair. During this type work on energized circuits, safety equipment in the form
of gloves, blankets, covers, safety tools, etc., must be used.

: Personnel should never work alone near high-voltage equipment. Even véry high
body resistance and resistance offered by protective clothing and equipment can be offset
by high voltages. Tools and equipment containing metal parts should not be used in close !
proximity to high-voltage circuits or equipment. ‘Handles of all metal tools, suchi as \
pliers, should be covered with rubber insulation. Warning signs and suitable guards
should be provided to prevent personnel from coming into accidental contact with high ) '\
voltages \

Work on electrical equipment should not be accomplished with wet hands or while
wearing wet clothing since this would greatly reduce body resistance. Wearing thin

soled shoes with metal plates or hobnails is unwise. Safety shoes with nonconducting /
soles should be worn if available. Flammable articles, such as celluloid cap visors,
and loose or flapping clothing, should not be worn. Also before working on electronic '
or electrical apparatus, ail rings, wrist watches, bracelets and similar metal items /
should be removed. Care should be taken that the clothing does not contain exposed /
zippers, metal buttons, or any type of metal fasteners. - /

Most portable tools are equipped with a ground wire and a standard ground plug. /
. This will protect the operator in event of a short circuit within the equipment. The f
ground wire must be connected to an approved ground and should have a total resistance /
of less than one ohm. Extreme care must be exercised to see that the ground connec- /
tion is made-correctly. If the equipment casing grounding conductor.is connected by /
mistake to a line contact of the plug-a dangerous potential will be placed on the equip- /
ment casing. This might easily result in a fatal shock vo the operator. - ___ —~

‘ sl‘iBefore .a worker touches a capacitor which is connected to_a-de-energized-circuit, -- -

" he should short-circuit the terminals to make sure that the capacitor is completely
discharged. Grounded shorting prods should be permanently attached to work-benches/
where electrical or electronic devices are regularly serviced. /

In addition to electrical hazards involved when working with batteries, the da.nger
of acid burns is also present. These burns can be prevented by the proper use of eye-
shields rubber gloves, rubber aprons, and rubber boots with non-slip soles. Another
battery hazard is the danger of explosion due to the ignition of hydrogen gas given off
during the battery charging operation. This is especially true where an accelerated
charging method is used. Open flames or smoking should not be permitted in the
battery charging room, and the charging rate should be held at a point that will prevent
rapid liberation of hydrogen gas. ‘Manufacturer's recommendations as to the charging
ates-for-various_size batteries should be closely followed; also, an adequa.te shop
exhaust system should be usedi————______

- .
——

Electrical Fires ST ——

}

General cleanliness of the work area and of electronic apparatus is essential for the
prevention of electrical fires. Oil, grease, and carbon dust :an be ignited by electrical
arcing. Therefore, electrical and electronic equipment should be kept absolutely clean
and free of all such deposits,

For combating electrical fires, a COy (carbon dioxide) type fire extinguisher is

‘ recommended. Water or foam-type exting'ui,shers should not be used since the water or
| foam will conduct electricity. In cases of cable fires in which the inner layers of -
|




insulation or insuiation covered by armor are burning, the only positive method of pre-
venting the fire from running the length of the cable is to cut (with insulated equipment)

the cable and separate the two ends. When cutting cables it is vital to insure that all
electrical power has been disconnected. - C .

(

SAFETY EQUIPMENT

Various types of safety equipment are
provided by the Air Force. You should be-
come familiar with the location and use of
.the equipment in the following topics:

e Safety Showers

© ’ e Personnel Protective Clothing
‘ and Equipment

" Safety Showers , . Q

If a toxic liqui¢ or vapor comes in con-
tact with the skin cc eyes, it should be
washed off immediately with large amounts

: of water. Special safety facilities are pro-
vided at strategic locations. When newly
assigned to a section, you should learn the
location of this safety equipment as quickly
as possible. ’

Eye Wash Fountain. When a toxic
chemical comes in contact with the eyes,
face or hands, the affected areas-canbe
washed quickly by use of the Eye Wash
Fountain, Figure 7. This fountain is
== - -.- _ _.specially constructed-to-spray water-into. -
: both eyes at thé same-time. — . . =

,f- -~

Emergency Shower. In the migsile site,
a toxic chemical may come in contact with
4n individual's body. If this should happen
to yqu, remove contaminated clothing and-
quickly move to the closest Emergency
Shower, Figure 8. Enter the shower, turn
on the water and thoroughly wash all areas
of the body. Be sure to use plenty of soap
to assure maximum removal of the toxic
agent. Where protective clothing is worn
and is exposed to a toxic chemical, wash
this “clothing off in the shower before you
remove it.

!

- Personnel Protective Clothing and Equipment
- _M.‘M

There are many items of protective
clothing and equipment developed for your

_"
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" AFR 127-101, Ground Accident Prevention Handbook, This manual has a wealth of

_objects. Most safety hats are water resistant, non-conductors of electricity, and will

protection. The complexity of this equipment ranges from éimple items such as gloves,
eye shield, hard hats, etc., to'more complicated items inclhding respirators, self-
contained breathing apparatus, and complete protective clotp\@ng ensembles. Information
on some items of this equipment is given in the following par:"tgraphs. This information
is only introductory and at your duty assignment you should determine the type of pro-
tective clothing available and make certain you learn its: purpdse and how to use it.
Your general health, and in fact, your very life, may depend on your knowing how to use
the equipment available. Four very important aspects of behavior are essential when
working in a hazardous area, or with hazardous equipment. These are:

) |

e Be able to recognize the hazard present. |

¢ Understand what the hazard means to you. \
e Know what safety equipment is available. \

e Know how to use the available equipment. ' o

}
i

Ear Plugs. This is about as simple a safety device as you wili‘ ever see; however,
don't let 1ts simplicity detract from its value. Expect to use these without fail when
working in an area where the noise level is continuously high, such as a diesel power-
house. It-is important to realize that sound of moderate intensity, éncountered for pro-
longed periods, can be as injurious to your hearing as high intensity 'sound encountered
for a short period of time. The very best thing te do with ear plugs is to keep them
clean and use them. In some cases ear mfuifs are provided as-extra protection for the

‘ears. .

i

Gloves. Gloves are required for protection in many types of jobs.. Locate the safety
gloves in.your area and use them. For the most effective use, you must know which type
of glove to use in each instance, and you also must know the proper cane-of these items.
Various types are supplied for electrical work, handling extremely code or hot items,
handling various chemicals, and for general physical protection of your'ihands from
bruising, cuts, scratches, etc. \

Eye and Face Protective Devices. If any one item of safety equipmeit could be
described as the most important, it would probably be the eye protective equipment. It
only takes a very minute piece of foreign material to permanently damage your eye and
cause you to lose your sight. To protect your eyes, determine the protective glasses,
goggles, or shields required for each particular job or area, and wear this equipment.
In case your supervisor cannot inform you of the applicable safety equipmént, refer to

informationregarding the protective equipment and the safety procedures for doing
various type jobs. Frequent use of AFR 127-101 will increase your chances of staying
in good physical condition, = \

Use of Safety Hats |

Hard hats or skull guards are designed to protect your head from falling'or flying‘

resist fire. They are available-in a variety of styles. Figure 9 shows several types of
Air Force approved safety hats. )

Since the hat is designed to protect your head, the one offering the most ht\:ad pro-
tection is the one with a full brim. Once you receive your hat, take the time to adjust it
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— properly. Proper adjustment provides for -
at least 1-1/4 inch of space between the top
of your head and the inside crown of the hat.
This space is to provide a cushioning effect
in event something strikes the hat. Some
important items to consider in the use of
safety hats are given below. .

e Never wear a metal type hard hat
around electrical hazards. This is
only common sense, since metal is

* a conductor of electricity.

o o Never drill air holes in your hard Figure 9. Types of Safety Hats .

hat. I it does not already have air
holes, do without them as any you drill may cause the material to crack badly.

e The most important thing about safety hats is to be sure and wear them in the
designated areas. It is absolutely worthless if you don't wear it.

’

SUMMARY

T The Air Force maintains a ground safety program designed to prevent accidents,

. and don't ever 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 pre-
scribed rules and precautions to prevent them. Some of the conditions which breed '
accidents are-poor housekesping, horseplay, improper use of tools and equipment, non-

~ observance of warning signs, and lack of an adequate fire prevention program. Of

| course, there are many other causes, among the&e are cases of personnel working with

unfamiliar equipment or material. Therefore, to prevent accidents, it is necessary to

know as much as you possibly can about the equipment and materials you come into con- .

tact with. In your assignment at various Air Force installations you will-be working ]

with, or near, such items as mechanical equipment, electrical equipment, liquidand - . _
_ compressed ‘gases, acids, and possibly even radioactive materials. Take the necessary

time to personally learn as much as you possibly can about the equipment around you.

Air Force manuals, pamphlets, technical orders, and commercial texts are available

from which to learn this material.

When it comes to the maintenance of electrical equipment, this type work should
only be performed by those personnel who are fully qualified. The person who maintains
electrical equipment must be thoroughly familiar with the circuits and must be safety .
conscious at all times. He should work on an energized circuit only when it is absolutely
necessary; he must use the proper safety equipment and take the necessary precautions . .
to assure complete protection against electrical shock. Remember, electricity always
conforms to certain laws of physics. You must treat it with the proper respect; other-
wise, your experience in this field may suddenly be terminated.

The Air Force provides a variety of safety equipment and protective clothing, but
you must become fami} ‘ar with its location and use. .

QUESTIONS
1. What is the definition of the word ""Accident?"




»

1
2. What percentages of accidents are consxdered by the Air Force as being '"Natural
Phenomena?"'

-

3. What are five rules of good housekeeping ?
4. What type of clothing should not be worn around operating mechanical equipment?
5. What type of wrench is first choice when it is at all possible to use it?

. i

6. What is the ratio ofulﬁifﬁﬁier' accidents as compared to hand tool accidents?

1. How much cushion space should be maintained between the top of your head and the
» inside crown of your safety hat? .

.8. What are the three classﬁications of f1res and what determines each class?
9. What type fire extmguisher must always be used on electrical fires? o

10. What is considered to be the minimum electrical voltage which will cause death by
electrocution? .

11.. What is the first precaution to observe if you are required to work on an energized
electrical circuit? .

12. What factor is-the-"killer" i electrical shock?

"13. Can 100 volts be fatal to the average perso;x?

"14. What is the amount of current and the time of application to produce a fatal
electrical shock?

15. What is defined as contact resistance?

16. What are the hazards to be considered when working on or around lead acid

. batteries ?

17.- What is the purpose of grounding electrical equipment?

v18. Name at least four items of protective clothing or safety equipment.

REFERENCES
AFR 127-101, Ground Accident Prevention Handbook

AFP 85-1, Electrical Facilities Safe Practices Handbook
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"SECTION 1T
= ,  NUCLEAR SAFETY _

3

You must be familiar with the Nuclear Safety Program, adhere to satety tuleés,
employ safe practices, and report or correct unsafe conditions. A nuclear accident is
one which we cannot afford. You must know about nucl ar safety and yoh must follow all
the prescribed nuclear safeiy rules if your duty is with'or near a n/ufcl_e fdevice.

<>

Information on nuclear safety will be presented in th following topi‘:s

o

. THE AIR FORCE NUCLEAR SAFETY PFOGRAM
C THE TWO-MAN CONCEPT

@  SAFING AND SEALING , ~ \\\
THE AIR FORCE NUCLEAR SAFETY PROGRAM  ° \\
’ The nuclear safety program guards our combat readiness by preventing nuclear )
accidents, incidents, and deficiéncies. , ,
The Air Force achieves safety in nucledr systems by: //\\ ’

] incorporating safety deslgn in the system. R ,\‘_

B \
ey -

~ RN

o adhering to_safety-rules and technical specifications and procedures governing
- - — -~~~ ".gystem operation.

SUES . .
' e employing safe practices during systemuse. . N\
Y .

e correcting unsafe conditions as they develop. . |

For the nuclear gafety program to continue to be successful individual nuclear
~weapon system-team members must: //V

e study and know nuclear safety rules and standards. “\
® . observe and e:nploy nuclear satety riles and ,stanclards. R
e report and correct unsafe conditions or procedur,e\s‘.: . ‘\‘
THE TWO-MAN CONCEPT ' L \
The TWO-MAN CONCEPT is designed to prevent the accidental or unauthorized \
firing of a nuclear weapon. AFR 122-4 establishes the TWO-MAN: CONCEPT which is

mandatory for nuclear weapons or nucledr weapon systems. \

Certain areas at a weapon system gite are designated as a NO-LONE ZONE, A
'NO-LONE ZONE is an area: \

1. That contains one or more critical nuclear weapon components to which a lone
individual must be denied access. .

—

2. From which one person could fire a nuclear weapon
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During all acttvities in 2 NO-LONE ZONE, the TWO-MAN CONCEPT must be

_
_rigidly enforced.
Individual two-man team members must: / . .
) Lo \
1. Be capable of detec{ting an incorrect procedure or unauthorized act on the part
' of the other member regarding the task being performed.
2. Be familiar with applicable safety and security requirements. \
3. Be authorized by competent authority. ' ~ "‘\, )
o b)
4. Upon detection of an incorrect procedure or unauthorized act: [ N
' ~N . / \
a. Take positive steps to terminate the task or act, and : \\ \\
| — - T ‘
b. - Immediately notify-proper duthorities of. the deviation. ‘ h \\
~ 7 The E‘WO-MAN CONCEPT is a very important aspect of nuclear safety. Safing and \
. sealing are another very important part of nuclear safety.
' SAFING AND SEALING ' . /
‘ AFR 122-5, Saling and Séaling, applies to each major command with an operationai
g‘&clear weapon,responsibility‘;. These cOmmandgf must develop appropriate procedural "
ectives to meet safing and sealing requirements of Nuclear Weapon System Safety )
Rules. ‘ ) . © ) N
* Explanation of Terms ?
S T . L= — e ———
Sating'. The method used ito protect a nuclear weapon/weapon. system switch, cover,
handle, and/or other critical c’10mponents from inadvertent activation or entry.
|
Sealing. The method used to provide evidence of activation or of tampering with a K
nuclear weapon/weapon system‘1 switch, cover, handle, and/or other critical component. /
. . /
Seal. A device used in'sea}ing, which by its unique design and/or marking, mini-
mizes the possibility of counterTfeiting, sﬁbsﬁtuﬁng, removing, or reinstalling that s
device without detection. < ———— o 2e, .
Crimping Device and Die. Specifically designed equipment for '1r\§talling a geal
which will cause that seal to bear a distinctive or unique marking after.proper installa-
ton. - . - = T :
Responsibilities 'and Procedures .
Each major air command with an operational nuclear weapon responsibility wiil
develop and issue appropriate procedural directives governing safing and sealing. As a :
minimum, these directives will: ‘ .
1. Require the designation of individuals authorized to apply/remove seals. ‘
.- + © 3 |
2. Provide guidances as to when seals are to be applied or removed. : ' < :
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3." Require the establishment of controls for receipt, stora&e, issue, inventory,
and disposal of distinctive seals, and/or crimping devices/dies.

4., Require the periodic inspection of seals on nuclear-armed *aircraft missiles,
and associated control systems !

5s Prescribe action te be taken when 2 seal is found broken or displays evldence of @
tampering.
Q L .; ) ) . ) ) ; P

SUMMARY

/

The Nuclear Safety Program guards our combat readiness by preventing nuclear
accidents, incidents,-and deticiencies. L i
~ s
. USAF Headquarters is responslble for the program and provides staff supervision
over all matter pertaining to the program. |
T ’ .

The Ajr Force Systems Command and Logistics Command share in the respousibility-
for nuclear weapons system safety This includes nuclear safety in the design, develop-
ment, and operation of a nuclear weipon ‘system. , - o /

J o

The Two~Man Concept and safing and sealing requirements provide for nuclear ]
safety by.preyenting the unauthorized arming, firing, detonating, or releasing ofa
nuclear weapon or the launching of a nuclear weapon delivery system. . ’ ”.

QUESTIONS 3 o o

t

f
i

1. What is the purpose. of the Nuclear Safety Program?

1
i

- 2, What organization is responsible for this program?’

i
i
:

3. Name four ways by which the Air Force achieves saiety in nuclear systems.

4. How can individual nuclear weapon system team members contribute to the Nuclear
Safety Program? : !

5. Whatis the purpose of the Two-Man Concept? %
- / *

v

6. Whatisa No-Lone Zone? ' /

)

7. Inthe Two-Man Concept , what is the responsibility ot individual team members?

T

/

8. Define the term’ "saﬁng. " . Loy

9, Define the term "sealing. W
10. Who prescribesithe action to be taken whex a broken

1/geal is found on an operaﬁonal

nuclear weaponZ! /
REFERENCES ) 7 f
‘1, AFR122-1, The Air Force Nuclear Safety Progriauz _
2. AFR 122-4, The Two-Man Concept . . e N

3. AFR 122-5, Safing and Sealing g




SECTION III ) ,
- B RADIATION SAFETY

i Y v

With the increased use of atomic energy, the possibility of coming into contact with
nuclear radiation is increased. For this reason it is {important to know the types of
radiation, the effects of exposure-to radiation, and the safeguards to be taken when
working in areas containing radiation sources. .

Ay e 7

Radiation safety is an important thing in your life today and supplementary reading
of additional material is highly recommended. AFP 136-1-3 contains an excellent
coverage of hazards involved, the maximum safe exposure rates, and additional precau-
tions to observe. Once you are exposed, it is a little late to start reading up.on-the
subject and you never know when you may be-exposed. N N :

»
.

Information on'this subject will be’ covered in the following topics: -

- Y

. @ IMPORTANCE.OF RADIATION SAFETY

’

® RADIATION PROTECTION
IMPORTANCE OF RADIATION SAFETY

. Nuclear radiation.can’'cause a variety ci personnel-injuries from loss of hair from
a minor dosage, to rapid emaciation and death from lethal dosages. .Personnel should
wear radiation.exposure indicators at all times while on duty since radiation becomes
°  dangerous when the body is over-exposed to, a source of highly concentrated radioactive
material. Since radioactive rays cannot be detected by any of the five senses {sight,” -
= .sound;-smell; taste,-or-feel),-a-victim-can-have: an overdose  without-any apparent knowl-
_ edge. A strong dverdose causes vofni,tlng‘to occur, several hours after exposure.
' 1 N . ’
1‘ It is important to realize that you’can be&:me exposed to radiation without the
a&losion of a nuclear bomb. Radiation sources are found in many plages. X-ray equip-
ment and radioisotope therapy units in hospitals are possible sources for exposure.
Also stock rooms where electronic ttbea, radioactive decals, luminous markers, and
other radioactive materials are stoz-?d,.are radiation hazards. v

The explosion of a nuclear bomb; like that of an ordinary bomb, but many tlfouap.nds
of times more powerful, causes daniige by blast or shock. The nuclear explosion also
prese:its other important dangers-in addition to blast shock. These changes are gener-
ally referred to as thermal radiation and nuclear radiation (initial and residual). As an

) alrman, you do not need to become an expert on the nuclear bomb. However, theré are
©  certain facts that you must undérstand to protect yourself from. this weapon and its
’ radiological ef*cts. ' !

Nature of Nuclear Explosions \ .
The four characteristics of a nuclear explosion are: blas., thermal radiation,

* . initial nuclear radiation, and residual nuclear rddiation. The effects of blast, thermal
radiation, and initial radiation cover a large area and occur almost instantaneously with
the explosion (see Figure 10). Your{rotectjo'q from these dangers will depend upon
your distance from the detomgo{ point and the type of shelter or shielding-you use.

- . // ' v
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« The last of these characteristics -
residual nuclear radiation - is given off by
the fallout after the explosion.. This is
shown in Figure 11. The term 'fallout" is
used to describe the radioactive gust.or
particles produced by the explosion of a
nuclear bomb. This radioactive dust falls
back to earth from the upper air after the
explosion is over. If you are exposed.to a
heavy concentration of fallout, you may be-
come ill or even die. You can avoid over-
-exposure from fallout of radioactive dust
if you know how ard what to do in case of a
nuclear explosiot. Your disaster control
personnel will determine the probable
.areas of fallout and what protection should
be taken. Remember, you cannot see or
feel residual nuclear radiation. Therefore, )
itis important that you know how to protect Figure 10. Nuclear Explosion
yourself against this hazard. '

Figure 11. Fallout

Effects of Nuclear Explosions \

To begin vnth, you must realize that the nuclear bomb is just another way of causing
an 2xplosicn. The destructive effects of -blast or-shock-in-a-nuclear explosion aré simi-
lar to those of an ordinary high-explosive bomb; however, nuclear explosion damage is
due to the violent change above and below normal atmospheric pressure. Thereisa
great wave of increased pressure outward on objects, followed by a returning wave in-
ward with decreased pressure. This is shown in Figure 12. These two waves of pres-
sure cause the greatest destructive damage because of the difference in air pressure
acting on separate surfaces of a structure. Your greatest danger from blast will be
falling objects or flying debris.* Nearly half the total energy of a nuclear explosion is
in the form of blast.

At the instant of a nuclear explosion, an extremely hot and shining mass, called the
"fire ball,” is formed. Immediately after the ball of fire is formed, it starts to emit
thermal ra.diation The thermal radiation consists of ultraviolet, visible, and infrared
rays. These ra‘ys will cause severe skin burns of various degrees to exposed personnel
several miles away from the point of explosion. ' Thermal radiation is also capable of
starting fires at considerable distances from the point of explosion. Thermal rays
move outward from the nuclear explosion's ball of fire with the speed of light and are
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Figure 12. Effects (/f‘Blast and Shock Wave /

delivered at great distances in a fraction' of a second. Therefore, i;/ is important that

you protect yoursielf from thermal radiation immediately upon the indication of a nuclear

explosion. « , /

 The explosion of a nuclear bomb ig associated with emission of nuclear radiation.
Initial nuclear radiation is generally defined as the nuclear radiation emitted within the
, first minute after explosion. Initial nuclear radiation is composed of highly penetrating
and harmful, but jinvisible, neutrons-and-gamma rays.- .

Neutrons are emitted in the initial weapon burst and have an effective range com-

parable with gammarays. They are harmful to the himan by direct radiation and indi-
rectly by producing radioisotopes which appear in the faflout :;?lerial.

Finally, you have to contend with residual radiation remaining after the nuclear
explosion is over| As stated previously, the contaminated particles and debris which
fall back to earth |after the explosion is\over are referred to as fallout. Fallout is the
main source of residual nuclear radiatign and is very dangerofis since it remains radio-
active for a long geriod of time and spreads to great distances from the explosion.,
Residual radiation is of major importance to you because it ié composed of highly pene-
trating and harmful gamma rays as well as harmful beta particles.

/ .
\ Types of Injury Caused f

1t is possible éor personnel to be injure\q in three ways }:y explosion of a nuclear
bomb: blast injuries, thermal radiation injuyies, and nuclﬁar radiation injuries.

Blast Injuries.| These are largely indiredt injuries caJsed by falling buildings,
flying debris, or b}&being hurled against a solid object.

Thermal Radiation Injuries. These are buxning injuries caused by thermal radiation
from the fire ball, or secondary fires. ;

1
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" Nuclear Radiation Injuries. This is in the form of radiation sickness caused by
overexposure to initial nuclear radiation, or more often residual nuclear radiation.

Residual Nuclear Radiation

i

There is one important fact about residual nuclear racation that you are likely to
overlook. That is, while heavy fallout (residual radiation) is a new factor, radiation
itself is not something new and is not found only in nuclear explosions. You have been
bombarded by radiation every hour of your life by cosmic rays from outer space. You
also receive a certain amount of exposure when you have a chest X-ray. This is done
by sending invisible (but powerful)-rays through some part of your body. For example,
when X-rays are taken of your hand you feel nothing. However, the X-rays have pene-
trated your hand. The light shaded outline of your bones on the film means that some
X-rays have been stopped or absorbed by the bones. Too many X-rays will tend to tear
down body cells, especially the blood-forming cells, thus causing injury. That is why 2
safety limit is set up. X-ray machine operators are allowed to be exposed only to a
certain amount of radiation each week. You have also heard of doctors using radium in
the treatment of cancer. In receiving this treatment, the patient is exposed to powerful
penetrating rays. The objective is to use the rays to kill the cells that form the nucleus
of the cancer formation. The doctor has to control the number of treatments he gives to
a patient or treatment would be fatal. In other words, the radiolegical hazard and effects

. caused by radiation are not unknown to you. Now that you know something about it you

cari do something about protecting yourself from radiation effects.

The greatest danger from residual radiation comes from exposing yourself fcr long
periods of time to radioactive particles. These particies may be near you or may fall
with dust, settling on your body or clothing. Fallout, like X-rays, can destroy living
tissue, particularly in the blood forming system. Therefore, airmen working in a
radioactive or "hot" area will not be allowed to absorb residual radiation beyond a safe
limit as determined by your disaster control officer and medical officer. While you can
become seriousiy iii, and even die, from breathiag radicactive dust, there ig less
danger than when your whole body is exposed to nuclear radiation either residual or
initial. Remember: All types of radiation are dangerous (residual, initial, thermal,
X-ray, radium, or even an infrared lamp) because you cannot hear, see, taste, smel,l,

or feel radiation rays. S

The three important types of residual radiation are alpha particles and beta parti-
cles, and gamma rays, see Figure 13. Any agent or material that gives off alpha,
beta, or gamma is said to be radioactive.

* Alpha particles can be stopped by a sheet.of paper and are dangerous only when
inside the body. Beta particles have little penetrating ability, but may inflict severe
burns. The gamma ray differs from alpha and beta particles in that it has high pene-
trating ability. Thus, a body exposed to gamina rays receives radiation both ingide and
out, ‘frequently resulting in serious radiation sickness. Many people believe that very
little can be done in treatment of radiation sickness. This is true in case of a lethal
dose, but certainly is not true when the exposure is in the median lethal range. Many
borderline cases can be saved by good medical and nursing care; whole blood transfu-
sions; control of infection by antibiotics; intravenous’feeding to supply necessary sugars,
proteins, and vitamins; and control of the bleeding tendency by use of drugs.

There are certain measures set up by your disaster control officer to protect you
from receiving extremely large doses of radiation. Your disaster control personnel
will indoctrinate you on the procedures to use while in a.contaminated area. Be sure

you follow their instructions.
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Figure 13. Residual Radiation

To obtain a better understanding as to why residual radiation is so dangerous you
must know a few facts about residual radioactivity. When dealing with residual radia-
tion you will be concerned primarily with beta particles and gamma rays. The beta
particle cannot travel as far as the gamma ray, refer to Figure 14.

Figure 14. Distance of Travel Through the Air

Also, beta particles cannot penetrate any great thickness of material. Most beta
particles can be stopped by moderate clothing. While beta particles may be less pene-
trating than the gamma ray, they represent a potential hazard. When beta particles
accumulate on your bare skin, you can receive a beta burn and become a casualty.

The gamma rays travel great distances through the ait and can penetrate consider-
able thicknesses of material. It is because these rays can neither be seen nor felt by
human beings (but can have harmful effects at great distances from their source) that
they are important in nuclear explosion. The gamma rays can pass through concrete
or earth just as radio waves can penetrate the walls of buildings to make your radio
operate. Of course, gamma rays are weakened by passing through concrete, but some
of them will get through. How much gets through depends upon the thickness of the

concrete.
24 .
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The first indication of an overdose oi residual radiation probably will not show up
for several hours-or possibly days. Then you most likely will get sick and begin to
vomit. The time elapsing prior to your illness depends on how large a dose you have
received. It does not mean that when you start vomiting you are going to die. For a
few days you.might continue to feel far below par, but with proper medical care you
would still stand a better than even chance of complete recovery.

RADIATION PROTECTION

The effects of blast, thermal radiation, and nuclear radiation will vary with the
location of the point of burst in relation to the surface of the earth. Therefore, ir order
to be able to protect yourself against nuclear explosions, you must have an understand-
ing of the different types of bursts. The main types to be considéered are air burst,
surface burst, and subsuriace burst.

Self Protection

Let us now consider the defensive action to take in case of a nuclear explosion.
In planning such protection there are several variables to consider, such as type of
burst, distance from explosion, weather conditions, and shelter available. What defen-
sive action may be taken then for the different types of bursts ?

The type of cover you would take in case
of an air burst will depend upon your mission,
location, whether or not you are warned, and
many unforeseen factors. As with any explo-
sion, the more protective material, or dis-
tance between you and the burst, the safer
you are. It is doubtful that you will be
warned far enough in advance so that you can
reach a safe distance from the explosion.
Therefore, if you are caught in the open, you
should drop immediately to a prone position
(see Figure 15). If you are inside a building,
fall to the prone position and crawl under a

. desk or any item that will offer protection
from flying debris. Falling flat on the
ground and covering your face is better than
standing. Above all, do not attempt to get y
up until you are sure that the blast eifect has Figure 15. Elementary Protection

passed over.

As previously noted, a concrete shelter is better than wood and an underground
shelter is better than a fox hole; although any of these is better than standing out in the
open. As is true with protection from all dangers of war, you as an airman must make
the most of what you have. Remember that speed in taking cover is vital, and if you
are able to protect yourself against the effects of blast and thermal radiation, you will
generally be well protected from the initial radiation.

In the event of a surface or subsurface burst by a nuclear explosion, the area con-
taminated by fallout will extend well beyond the range of blast and thermal radiation.
Further, the effects of blast and thermal radiation are over in a few seconds while
residual radiation remaing for considerable time. The protection taken against sources
of residual nuclear radiation may be either passive or active. Passive protection means
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Figure 16. Types of Simple Earth Shelters

to remain in the contaminated area while taking all possiblé shelter from the gamma
rays. This could be underground shelters, basements, or fox holes covered with
several feet of earth, see Figure 16,

Since you have no way of knowing whether your shelter is safe from residual radia-
tion, your disaster control personnel will check to find out. From their check it will be
determined how safe your shelter area is and if it is safe to remain there. .

Active protection is evacuation from the contaminated area to one that is free from
contamination or to one which is less contaminated. This action is by no means easy
since the resulting radiation exposure may be greater than if passiye protection
measures were taken. Therefore, it is impossible to make any definite recommenda-
tions. The action taken will depend upon your disaster control personnel; always rely
upon their knowledge and judgment. Above all, remember that your mission may
require you to remain in the area. You may have to leave your shelter to help in decon-
taminating the area. But your disaster control personnel will continue to keep check on
the amount of exposure you have received regardless of what you are doing. One of
their main concerns is your safety.

In general, the protection against nuclear explosions (regardless of the type-of
burst) may be summed up by the terms "distance’ and "shielding." In other words, it
will be necessary that you get beyond the reach of the effects or get as much material
as possible between you and the source of radiation. Since it is very doubtful that you
will have time, or that your mission will allow you, to get beyond the effects of a
nuclear explosion, you must be prepaired to put a sufficient mass of material between
you and the explosion. This means that you will have to use what is at hand. To act
safely, you must remember what fortes you are facing (blast, thermal, and nuclear
radiation) and put up the best possible defense against them.

Protective Equipment ¥

All personnel entering a contaminated area should wear protective clothing to pre-
vent the entry of radioactive dist. The main reason for this precaution is to shield beta
particles from your skin. Beta particles won't penetrate far into your body but they will
damage the skin. The effect is a reddening and blistering of the skin and is called 'beta
burns." Such damage may not appear until some time after exposure since beta particles
have a delayed action. You may not know you have received skin burns from beta parti-
cles until it is too late to prevent painful injuries. In the event you feel you have beer
exposed, let the medical people examine you. They are better-qualified. Always play
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safe by wearing any protective clothing you have in the manner in which you are instruct-
ed to wear it. Also you should remember that clothing offers very little protection
against gamma rays. Therefore, in addition to taking steps to prevent beta particles
from reaching the skin, you should have your seli-indicating meter with you.

When you enter a "hot" area, keep radioactive dust off your body and out of your
system. If you inhale radioactive dust into your system, you can obtain a serious
internal injury. If there is radioactive dust in "hot" areas, be sure that you wear your
protective mask. Your disaster control personnel will inform you about the condition of
the area you are entering; therefore, be sure to follow their instructions. Above all,
you must remember to wear gloves to protect your hands while in a contaminated area.
Touching radioactive material with bare hands will result in serious injury. By wearing
gloves it will be easier to decontaminate your hands, especially under the fingernails.
You cannot afford to be careless when working in a radioactive area.

Any clothing that covers you gives some protection against beta particles. In order
to protect the basic clothes you are wearing from radioactive dust, extra or protective
clothing is desirable. For-dry operations, heavy clothing and shoes should be worn.

You should also wear cotton or canvas work gloves and a tightfitting cap. It is advisable
to tie the bottom:s of the pantlegs (over the shoes) and the end of the sleeves (over the
gloves).to prevent the entry of radioactive dust. If the area you enter has large quanti-
ties of dust, you should wear your protective mask or dust respirator to prevent inhaliri'lg
it. When you are doing wet decontamination, you should wear water-repellent clothing,
rubber boots, and rubber gloves. Make certain that your rubber clothing does not have
breaks or tears because this would allow beta particles to enter..

Radiation Detection and Measurement

-~

Instruments developed for the detection and measurement of radiations are called
radiac, or radiosurvey instruments. Radiac is an abbreviation for radiation detection,
indication, and computation.. Radiac instruments measure the absorption of radiation,
either in terms of dose-rate or dosage.

" Dosage is the term applied to-the total or accumulated amount of ionizing radiation
recieved regardless of the time involved. Dosage is measured in terms of roentgens
(r) or milliroentgens (mr). A person could absorb 200-r in a minute, an hour, a week,
or a year, and the dosage would be only 200-r. Dosage is accumulative; however, if a
person absorbed 20-r the first day, 5-r the second day, and 6-r the third day, the total
dosage would be 31-r. '

The total quantity of ionization received during a single radiation experience is
called a dose. The radiation dose in roentgens is referred to as an exposure dose. It
is a measure of the total amount of ionization that a quantity of radiation could produce
in.air. This is different from the absorbed dose, given in reps or rads, which repre-
sents the energy absorbed from the radiation per gram of specified body tissue. When
a small.portion of the body, say 100 grams of tissue, and the whole body, say 80,000
grams of tissue, are exposed to the same dose-rate of radiation the effects produced
will differ. A dose of 5,000 r can be used to treat skin cancer on the hand. This will
Teave a scar but will not affect the entire body to any great degree. On the other hand,
absorption of 500 r by the whole body would be fatal to a majority of those exposed.

In addition to the dose-rate detection instruments used by disaster control person-
nel, all personnel in your unit may be issued a dosimeter. This is a detection device
used to indicate the radiatioa dosage you have received. ‘
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Warning Signs
AFTO 9 Series 6f forms are t_med to aid in the identification of radioactive material. * .

! These have a background of yellow with red symbols and black lettering. Any time
these warning signs appear, precautions must be taken against the radiation hazard
identified. Such warning placards are illustratéd in Figures 17 and 18.-

- r4 <

SUMMARY "

/

The primary defense against radiological effects of nuclear detonations is to prevent
or minimize nuclear radiation casualties from nuclear bursts, or from radioactive
materials used as casualty agents. Radiological effects, whether caused by radioactive
agents without a nuclear explosion or by the nuclear bomb, are not mysterious. You
have been exposed to various radiations many times. While radioactivity has attracted
considerable interest because it represents a new type of attack, casualties due to this
hazard are likely to represent a ‘fairly small portion of the total. You must remember
that this will depend upon several factors, such as type of shelter or shielding used,
ability to decontaminate, type of burst, weather conditions, type of terrain, as well as
distance from the detonation point. ) ) ‘

Your safety from radioactivity depends upon your ability to identify radioactivity
warning signs and signals, and to take the appropriate safeguards against personai con-
tamination. In other words, your safety here is the same as in any other situation.

e e~ . ——— e . —

2. What are some of the fairly common sources of radiation?
i

3. Inanuclear attack, what offers the greatest-danger to you? 0

4, What ar.e,fqurclfai'ﬁig;istics of a nuclear explosion?

//s/mn you detect nuclear radiation: '

6. What offers you the greatest proteétion from radiation?

What series of forms are used as radiation warning éigns and labe_is?

7
8. If you feel you have been exposed to radiation, what 18 the first thing you should do?
9

If you are required to work in close proximity to radioactive materials, what safe-
guards should you take? )

10. Whose knowledge and judgement should you rely upon when working in a radiation-
contaminated , "hot'" area? \ \

’
-—

Know what the hazards are, know how to identify the hazards, and know what safety )
measures to take. Learn as much as you can while you have the timae, so that you can _ —_
_ take care of yourself when the need arises.
QUESTIONS .
1. What publication covers radiation hazards and precautions? o

REFERENCE . : . .

TO 00-110A-8, Radiological and Disaster Recovery at Fixed Military Installation
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SECTION 1v - S

FIRST AID /- -

. “; . .

Some day you may save someone's life, possibly youy own, if you know how-to-pro-

perly render first aid. As you know, first.aid refers-tg/the treatment given the sick or
; injured before regular medical or surgical treatment can be administered by trained

"~

« ¢  personnel. -

: emergencies just py acquainting yourself with the contents of this section. Information
of value to you visef)re‘sentgd in the following topicé : : i

® SPECIFIC TYPES OF WOUNDS =
®. FRACTURES AND SEVERE BURNS

e o

® HEART-LUNG RESUSCITATION

® PREVENTION OF ADVERSE E/:FFECTS OF HEAT

_ The\informa.tion‘ presented in the following paragraphs is not intended to qualify you
! as a doctor or even as a medical aid man, but it may help you save a life.
- ’ i " e
e SPECIFIC TYPES OF WOUNDS L -

The life saver steps: Stop the bieedip_g‘,.,preveﬁt' 'é/h’c;;k, and protect the wound,
should be carried-out when t treating7afy person who, has suffered injury.

D
o

PO

_ Stop-the-Bléeding
First apply pressure to the wound with a dressing or any clean article of cloth, The-
dregsing is placed against the wound and firm pressure should be applied as long as

T

. __ .. __needed. I the wound is.on_an arm or leg, and if bleeding continues, place the patient _

in a prone position with the injured limb raised. The limbs should not be raised if
‘broken bones are suspected. . S

If blood is gushing from the wound and the previously discussed methods of stopping
the bleeding have failed, a tourniquet should be applied. The tourniquet should be
tightened only™enough to stop arterial bleeding (gushing of blood from the wound). Al-
ways place the tourniquet between the wound and the heart, in most cases just above the
wound; however, in_case of bleeding below thé knee or elbow, a tourniquet should be -
placed above these joints. . ce e

The patient should be seen by a medical officer as soon as possible after the tourni-
quet is applied. The tourniquet should not be loosened by anyone except trained medical

personnel. s

Bleeding can often be reduced or stopped by applying hand or finger pressure at
various points on a'patient's body as indicated in Figure 19.

31

The fundamentals- of first aid are easily learned. You can improve your handling of

® EMERGENCIES FROM TOXIC SUBSTANCES . L
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The preasure points in the groin and neck _ !
are particularly important. /If the wound is . :
too high on the leg for a tqurniquet to be )
applied, the pressure points in the groin can
be used. A neck pressure;point should be . N
- used when the patient-has a profusely bleed- R ‘
ing scalp wound:~ Use the heck.pressure }
point only when other methods of stopping - -
the bleeding have failed. Do not apply pres- . : ]
sure to both neck points at the same time or -
the blood supply to the brain will'be criti- P .
cally reduce -
: o Ce
Prevent or Treat Shock el ;
Treatment for _shock is started as soon ' .
as you come-upon a casualty. Shock is a i
‘condition of great weakness of the body. It ‘ I,
/ an, and often does, result in death, and . -
y be caused by any type of injury. The ‘
mbore severe the injury, the more likely the o,
\ occurrence of shock. i i
A person in shock may tremble:and ‘ .
appear nervous. ' His pulse becomes rapid A ] . j
and weak. He may be excessively thirsty. - : ’ i
.-He may become quite pale and wet with P SN
o perspira.tion He may gasp for air and he Figure 19. Pressure Points for
may pa.ss out. ) - . - Bleeding Control
. )
£erson may not go into shock for sometime after an injury; therefore, he should
be tredted for shock whether he has shock symptoms or not. To prevent.or treat shock, N
— - . —make- the-pa.tient -comf{ortable:—Remove any any bulky items the patient has been carrying.
Loosen ‘his belt and clothes. Handle him gently. Do not move him mone/than is abso-
- lutely nécessary. If he is lying in an abnormal position, make sure no bones are broken
‘before you attempt to straighten him out. If there is no head wound, lower-his head and
shoulders, or if possible, raise his legs to inérease the flow of blood to the brain.
Patients with head wounds are treated as described in the section covering head wounds.
Use 2 bla.\xket coat, etc., to keep him from hecoming chilled.  Be sure to put some-
thing under him to protect him from the cold ground. If he is unconscious, place him
. facé down with his head turned to one side. This position helps to prevent choking
should he vomit. ‘Once you have the patient in the proper position, don't move him ¢
. because to do so might make his blood pressure drop. | ;
If the patient rema.ins conscious, replace body fluid by giving him coffee, cocoa, or
teato drink. Do not give fluids to a patient who is unconscious br to one with a stomach
wound. In some cases it may be advisable‘to apply breathing oxygen if available.
Protect the Wound . _ S )
A-dressing held in-place by a bandage helps protect the wound from germs; foreign ,
matter, and further injury. Keep your ha.nds off the wound and do not touch the side of ; — g

the dressing that goes next to the wound. Don't pull clothing over the area to be treated; —_
tear or cut clothing away from the wound.
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i
. To treat a belly wound, cover it with a sterile dressing from a first aid pack or kit, >
fasten the dressing securely and treat the patient for’‘shock. Do not try td replace
orgahs such.as intestines, protruding from the belly: To do so might cause infection
and sever shock. However, if it is necessary tp°mofve an exposed intestine in order to
cover. the wound then do so. Be sure tokeep the intf‘estine’s wet with water. Do not give //
food or water through the mouth but the person's lips may be moistened with a wet cloth,
Chest wounds are particularly dangerous if ai:q/ls being sucked in and blown out of
the chest cavity. thx;ough the wound. When such condition exists, the wound itself is not
as dangerous as the air which goes through it because the air squeezes the lung, and
may cause it to collapse, Make a chest wound/a.(rtight as soon as possible. The /
victim's life may depend on it. To make the wound airtight, have the patient forcibly /
exhale, if possible. Immediately apply a dressing which is large enough to stop the /
flow of air through the wound. Pack the 4ressing firmly over the wound. Cover the /
dressing with a large piece of material, such as from a waterproof garment to help /
make the wound airtight. Bind this covering securely with a belt or strips of torn /
clothing. Encourage the patient to lie on his injured side so that the lung of his unin (u‘-
ed side can receive more air. o

| . '
. 2

x .

Head wounds may consist of one of the following conditions or a combination of
these conditions; a cut or bruise of the scalp, fracture of the skull, or an injury to the
blood vessels to the scalp, skull and brain. A scalp wound is easily detected because
of the profuse bleeding. To treat such a wound, perform the three life saver steps
described above. Once dressing is applied, do not remove it.

°

It is more difficult to discover internal injury to the head. Suspect 2 brain injury.
if an individual: o s .
:# Is, or has recently been unconscious. i

e  Has blood or other fluid escaping from the nose or ears.
- o ;

e Has a slow pulse. N

e Has a severe headache. o
e Is vomiting.

e Has had a convulsion. -

e Has different sized eye pupils,

e  Has difficulty remaining conscious.

In any head-injury do not place the p\a.ti‘ent's.‘hea,d in a position lower than the rest
of his body. Keep him flat on his back unless he is unconscious or unless the wound is
on the back of his head. If the patient is unconscious, examine the mouth for false
teeth or other objects which might cause choking. Place him face down with head

turned togpe side. i

S~

Extreme care must be taken with patient's with head wounds. Obtain expert
medical treatment if at all possible. If he is unconscious, move him on a litter face

down.
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Bleeding from the neck usually is severe because of the many'bloqd vessels in this ‘ -
area. Stop- the bleeding by exerting pressure with a sterile dressing.: Then bind the ‘ \

dressing so as to protect the wound. If the large artery, or vein i8 cut, apply hand

pressure both above gnd below the cut. A patient with a penetrating neck wound needs

special treatment to prevent him from choking on blood. Have him lean forward with

his nead held forward and down or_have him le face down. Thege positions allow the - .

blood to.drain out 6f his mouth instead of into his windpipe. Treat for shock but do not ..
_ use the face up shock position, AND GET MEDICAL HELP AT ONCE. .

., Part of the treatment for jaw wounds is similar to that of neck wounds, because .
usually there is severe bleeding and consequently danger of choking on blood. Have the -
patient sit up with his head held forward and down. If his jaw is broken, do not bandage
his mouth tightly shut. Place the absorbent part of the dressing over the wound and tie .
the tails over the top of the head to lend Suppori to the jaw. When treating'a jaw wound
as in the case of a neck wound, do not use a face up -head low shock position.

4

FRACTURES AND SEVERE BURNS - - ¢ PR

When treating patients with fractures, remember two important points: prevent . .
shock, and prevent further injury. Careless handling of patients with fractures can
result in further injury.

A fracture should be suspected if there is:

{ e Tenderness over the injury with pain on movement. . . \ T
& Inability of the victim to move the injured part. "“

. N
e Unnatural shape. ‘s : Co ' \

e Swelling and a change in color of the'skin. -
i . A ‘ [ . .
A fraviure may or may not have all these signs. If you are not certain whether a -
fracture is present or not, givé the patient the benefit of the doubt, treat the injury as

_afracture. : . -

There are two types of ‘ractures. A closed fracture (simple fracture) is a break

in the bone without a break in the overlying skin, An open fracgge (compound fracture) -
is a broken bone with a break in the overlying skin, with the broken bone protruding.

Most fractures require spiinting. Proper splinting relieves pain and helps prevent .
turther injury. The reduction of pain cannot be overemphasized, because excessive pain o

increases the danger of shock. . ‘ .

b}

Arn_1 Fractures

Fractures-of the arm should be supported with splints whenever possible t> keep the
fractured bone from moving. Temporary splints can be made from such items as,
boards and branches. The gplint should always be padded with soft material to protect |
the limb from pressure and rubbing. Biud the splints securely at several ‘places above -
and below the fracture but_not so tightly as to stop the flow of blood. ,Apply a splint tc ‘ .
efther side of the arm. If an injured elbow is bent, do not try to straightén it; if ) T
straight, do not bend-it. o ’ —~

-
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| A sling is the quickest way to support a fractured bone of the arm or shoulder, a
sprained arm, or an arm with some other painful injury. The arm should be bound
snugly to the body to prevent movement. You can make the'sling by using any material
that will support all the portion of the lower part of the arm and hold it close to the body.

Fractured Backs /

First Aid for Broken Backs. Often it is impossible to determine whether a person
"has a broken back or not. Suspect a fracture with any back injury, especially if the back
has been sharply struck or bent. Remember,. if there is a fracture, and the bone frag-
ments are moved, the spinal cord may be cut. The foliowing first aid procedures should

be-followed if a person has, or]may have, a broken back: ; .
. i

8

e DPlace the patient on ajflat surface. -~ i

e If a patient must be moved, lift him on the litter without bending his spine for-
ward and securk the pahent to the litter in several places

- @ Carry the patient face down in a blanket litter if he is already in a face down
_ position. .

e Keep the patient's body lying straight and natural, with the air passages kept
T f{ree.

e Treat for shock, but keep the patient flat rather than in a shock position.
The following is a list of things that should not be done:
e Do not move the patient unless absolutely necessary.

e Do not raise his head, ‘even for a drink of water.

e Do not twist his neck or back.
~- o Donot carry him in a blanket face up.

Leg Fractures

The quickest way to splint a broken bone in a leg is to tie both of the victim's legs
together both above an. below the break. The uvainjured leg serves as a splint for the
fractured leg. This method is good if the patient must be moved in a hurry.

If time permits, a good splint for the lower part of the leg can be made by using
two long sticks or poles. The poles should be rolled in 2 soft cloth materizal to act as i
padding for the legs. Bind the splint firmly in several places. Splints should extend .
from a point well above the knee to a little below the foot. '

Hip and Thigh Injuries

Splints for fractures of the hip and thigh are imfxrovised in the same manner as
splints for a leg fracture. The inside splint should extend from the crotch to a little
below the foot and the outside splint should extend from the armpit to a little below the

foot. l

35

};{6’




Broken Necks |
The life of a person witl% a broken neck is in extreme Just as in the case
of a broken back, bone fragments may cut the spinal cord. KW he patient's head still
and straight. You can keep the vatient's head and neck motionless by placing heavy
objects such as stones at each side of the head as supports. | Place rolled clcthing or a
rolled blanket under the neck ffor support and padding:- To place the\roll under the neck,

. raise the shoulders. Do not bend the neck forward, DO NOT twist or raise the head

under any co‘nd/itions. Leave {\he person absolutely motionless and tr?alt for shock.

Treatment for Burns \ ‘ |

i
Severe burns are more liki(ely to cause shock than othez} types of wounds so be sure
to treat for shock whenever a p?rson has been severely burned. Yl
; . \ .
Infection is another great danger in cases of seyere burns. To get c\othing away
from thg,bu’rn, cut or tear the clothes, then gently lift them off. Do not pull the clothing
over the burn and do not try to r”gmove pieces of cloth that /stick to the burr§ed area.

4 /

J¥f large sterile dressings are available, burned surfaces may be coverkd,, but in
the/case of severe burns it is best to leave the burn exposed. Never break the hlisters
orjtouch the burn. /' g

; ) ;
The victim of burng’ should drink a lot of water béca,lise of the loss of body fluids.
If possible, add 3alt tablets or loose salt to the water. Three or more M of water
should be consumed.by the burned victim every 24 hours,f. Agaix} medical personnel
must be summoned at the earliest possible moment. | | f

Treeatment for Electrical Shoc& ,/ ; -

} Immediate action must be taken in cases of electric shock. Seconds count)as they
can mean the difference between death and recovery. Artﬂicial respiration is the funda-
ental first aid measure for this emergency. A person coming in contact withla "live
re'' 15 the usual cause of electrical shock. ” If the switch is nearby, turn it off, but do

not spend time hunting for the switch. Remove the victim from the wire by uaiﬂg adry
wooden pole, dry clothing, rope, or any non-condictor. Be sure not to touch the wire
or victim/with your bare hands or you will end up in the same condition as the victim.
Artificial respiration should be s‘;a.rted immediately ; er freeing the victim from the
wire. , | .

i . ’
HEART-LUNG RESUSCITATION /

Resuscitation procedures describ{e;i herein are in two parts; which, when combined,
constitute heart-lung resuscitaiion. These procedures are applicable to victims lof

1

' electrical shock, heart failure, drowning, suffocation, and certain other causes; how-

ever, the original consideration here is electrical /éhock.

7

\ Artificial respiration is applicable where respiration hao stopped, but there is

‘pulse however slight. The easiest place to detect the pulse is not in the wrist, but in

|

the throat on either side of the windpipe near the collarbone. In cases where 20 pulse
is apparent, use closed-chest cardiac massage along with artificial respiration.

Closed chest cardiac (heart) massage i8 the rhythmical compression of the hent
without opening the chest by surgery. It is designed to provide an artificial circ - "m
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in order to keep blood flowing to the brain and other organs until the heart's beat has
been re-established. Closed chest cardiac massage is used in cases where the heart

has stopped beating (cannot detect a pulse).

The primary reason for the heart's ceasing to beat is insufficient oxygen to the vital
centers. This could result from smothering. Other reasons include electrical shock,
excessive bleeding, shock, heart disease, effects of certain drugs, and even anxiety.

When the heart stops beating or breathing stops, it is always an emergency. Be
calm; think; act! Time is of the utmost importance - SECONDS COUNT'! Ifyouare
alone, or there are only two of you to conduct emergency aid, DO NOT TAKE THE
TIME TO SEND FOR HELP. If additional personnel arrive, then send for medical
personnel. The great danger when the heart or breathing stops, is the lack of sufficient
oxygen carried in the blood to feed the brain. The brain is the most sensitive tissue of
the body and the results of a shortage of oxygen becomes severe within a few minutes
(usually about three) after breathing and circulation are cut off. Thus, while a victim
who has had delayed resuscitation may live, he faces the possibility of extensive brain
damage - 2 human vegetable. I

Mouth-To~Mouth Method o -

THis method of artificial respiration is accomplished by executing the procedure
listed below.

1. Place the casualty on his back (face up). Do not put anything under his head
as it may flex the neck, causing the air passages to be blocked.

2. Quickly clear his mouth of any foreign matter by running your fingers behind
his lower teeth and over the back of his tongue. Wipe out any fluid, vomitus,
or mucus (see Figure 20). This cleaning should not take more than a second
or two since little time should be lost in getting air into the casualty's lungs.

3. If available (do not waste time looking for these materials) place a rolled
blanket or some other similar material under the shoulders so that the head
will drop backward. Tilt his lead back so that the neck is stretched and the
head is in the "chin-up" position (see Figure 21). This aligns the air passages
8o that they do‘not become blocked by kinking or pressure.

Figure 20. Clean Victims Mouth Figure 21. Position Head and Lower Jaw

. . ¢
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Place your thumb into the corner of his mouth and grasp the lower jaw firmly.
Lift the lower jaw focrward to pull the torgue forward out of the air passage.
Do not attempt to hold or depress the tongue.

With other hand, pinch the nose shut in order to prevent air leakage.

Take a deep breath and open your mouth wide, Seal your mouth around the *
casualty's mouth and your thumb, and biow forcefully (except for * infants and
small children) into his mouth until you see his chest-rise-(see Figure 22), If
the chest does not rise, hold the,jaw-up"more forcefully and blow harder while
making sure_there is no blockage of the air passage and no air leakage around
the mouth or nose. .

When his chest rises, stop blowing
and quickly remove your mouth from
his., Take another deep breath while
listening for his exhalation. If Lis
exhalation is noisy, elevate the jaw
further,

When exhalation is finished, blow in
the next deep breath. The first five:

to ten breaths must be deep (exceépt

for infants and small children) and
given at a rapid rate in order to
provide rapid reoxygenation. There-'
after, continue breathing at a rate

of 12 to 20 times a minute. >

Figure 22, Apply Mouth-to-Mouth
Respiration

CAUTION: Excessively deep and ra.pid breathing may cause you to become
faint, to tingle, and even to lose consciousness. Therefore, after the first
five to ten breaths adjust your breathing-to a rate of 12 to 20 times a minute
with only moderate increase in normal volume. In this way rescue breathing -
can be continued for- long periods without fatigue, -

After per!orming rescue breathing for a period of time, you may notice that
the casuaity's stomach is bulging.. This.is.due.to.air being-blown-into the
stomach instead of the lvags. Although an inflation of the stomach is not
dangercus, it makes inflation of the lungs more difficult. Therefore, when
you see the stomach bulging to 2 marked degree, apply gentle pressure to
the stomach with your hand between inflations.

S

As soon as artificial respiration has been started and while it is being con-
tinued, an assistant should loosen any tight clothing about the casualty's neck,
chest, or walst. KEEP THE PATIENT WARM. . :

Continue artificial respiration without interruption, until natural breathing is
restored or until a physician declares the patient ir dead.

¢

To avoid strain on the heart when Vthe palient revives, he should be kept lying
down and not allowed to stand or sit up. He should be kept warm. Give him
a warm drink, such as coffee or tea. . ,

38 37
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- 13. A brief return of natural respiration i& not a certain indication for stopping the
resuscitation. ‘Not infrequently the patient, after a temporary recovery of
respiration, stops breathing-again. The patient must be watched, if naturai:
breathing stops, artificial respiration should be resumed at once.

Closed Chest Cardi?.c Massgage '4 e

a 4 . e -"“”’w"
It is imperative that-blood-circulation be maintained while the mouth-to-mouth
_resgpiration” is’Ee/in’g’ performed. A quick method of determining if the heart has stopped
beating is-to lift the victim's eye lid and observe the pupil. If the pupil is dilated
. (enlarged), the heart has stopped beating and artificial blood circulation must be main-
tained throughout the revival procedure, or until natural heart beat is re-established.

Follow the procedure listed below to establish and maintain circulation.

» 1. Lay the patient face up on a solid
support, such as the floor, ‘ground
or pavement. A bed or couch is
too soft. ;

2. Clear the patient's throat and
mouth of any foreign matter.

3. Begin mouth-to-mouth resuscita-
tion simultarieously with heart

massage. If two people are avail- & ;o il |
able, one give mouth-to-mouth Figure 23, Two Person: Heart/Lung
resuscitation while the other gives . Resuscitation Method
closed chest cardiac massage (see )
Figure 23). If only one personis X HEAJT AND THORACIC CAGH .

available, alternate eight counts .
of cardiac massage with two counts fH'Edegt? gM )
of mouth-to-mouth breathing. F
- - ' THE BREASTBONE THE HEART
4. Kneel at right angles to the patient's
trunk so you can use'your weight in

applying pressure.

5.. Place the heel of your right handon
the breastbone of the patient, with
“fingers spread-and-raised-so-that -
pressure is only on the breastbone;
but not on the ribs (see Figure 24).
Place your left hand on top of the
right, and press vertically down-
ward - apply enough pressure to
depress the breastbone from one
; ard one-half to two inches (see )
- Figure 25). The chest of an adult,
although resistant when he is con-
scious, becomes surprisingly
flexible when he is unconscious.

Figure 24. Heart and Thoracic Cage

‘89




NOTE: With a child, use only one
hand and relatively light pressure.
In newborn infants, use of fingers

only may be sufficient.

E

* NOTE: The heart is located between
the sternum (breastbone) and the
vertebral column, Pressure on the el
breastbone forces the heart against THE . "R
the spine, thus forcing blood into the STERNUM
arteries. Release of pressure allows
the héart to refill with venous blood. -

D =N

6. Release the pressure immediate- -~
ly, -lifting the hands slightly (see ~ <z .
Figure 26), then repeat in a ca- ' : \'\\ . THE
dence OF APPROXIMATELY 60 N If , HEART ’ .
THRUSTS PER MINUTE. . \-Y — N .
Yy Gl N ' THE
7. Continue-closed chest cardiac: L A VERTEBRAL
massage until you get profes- : . COLUMN

sional medical aid. Also, if )

possible, continue to give mouth- Figure 25. Pressure Forces Blood

to-mouth resuscitation un{il some- - out of Heart

one arrives with a tank of oxygen . -~

to take over. .If you are on your : .
\\

.
~®

own and the victim shows no re-
sponse, continue both measures
until the victim becomes stiff
(rigor mo sets in). Even
trained and rienced medical
personnel {ind it increasingly ' . \ ’ Sy
difficult to say when a person is THE STERNUM . = .
really dead beyond recall. Again, 3
~ the most imgortant point is to VENOUE -
immediately bogin and continue RETURN
resuscitation etlorts. '

Back Pressure-Arm Lift Mathod

The back pressure-arm lift maethod
of artificial respiration is shown in : ,
Figure 27, This method may be used e — HEART
when the victim has suffered mouth injur- :

llTRg ASSIN

ies, or when vomiting is occurring. _ﬁ S THE
‘ ' aar D B vertesral
Back Pressure-Hip Lift Method _ ) COLUMN
This is another method of artificial . Figure 26. Release Pressure, ‘
respiration which may be used when the Heart Refills /

Exhaled Air Method is not desirable, and
when arm injuries prevent the use of the Arm Lift Method, (see Figure 28),

e
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1. Yo begin back.
proasure acm-kit .
methed, place hends sn
!idm'shdnm

" Figure 28, Back Pressure.- Hip Lift Method -

'EMERGENCIES FROM TOXIC SUBSTANCES

AFM 127-101 should always be consulted for current information relative-to chemi-
cal hazards. As an airman, you can expect t6 come.in frequent contact with potentially
dangerous substances. Fuels, solvents, and fire extinguishing agents are examples of

*such materials. Over-exposure to these, and many other substances, can result in
severe illiiess or death. Remember, the early effects of toxic substances are often

difficult to detect; So Be Alert! . ’

<
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" Fuels

Vv Some fuels rnay present a potential hazard. Look for these symptoms in yourself
and others: drowsiness, headache, lassitude, a sense of well being and buoyancy,
excitement and disorientation; and then, in a later stage a reduced level-of conscious- -
ness, convulsicns, and finally coma. Immediately remove a person to fresh air if he
develops any of these symptoms, Normally, fresh air is all that is needed for mild
contamination. If clothing has been saturated with fuel, remove the affected clothing.

Cleanse the skin-immediately with large amounts of water.

If the victim is found unconscious, remove him to fresh air.and give him oxygen if
available., Keep him warm. Give artificial respiration if he is not breathing and get
Juedical help as soon as possible. The best first aid for toxic fuel, as for all toxic
substances, is:to practice correct preventive measures.

Solvents ' o : .

,  Solvents compose another group of chemicals that often prove toxic, As is
© true in any case of toxic posioning, immediately remove the victim from the '
" contaminated area, remove any clothing that is saturated, and throughly wash the
‘ contaminated skin, .

- .
PREVENTION OF ADVERSE EFFECTS OF HEAT

When working under high temperature conditions, there are several important
precautions that you should take to prevent heat cramps, heat exhaustion, or heat stroke.
Your ability to quickly recognize the symptoms of each and provide the correct treatment -
may save your life or the life of your fellow worker, , N

) The symptoms, effects, treatment, and prevention of the adverse effects of heat ¥
AN are presented in the following topics.

. Heat Cramps

A cramp is the result of excessive loss of body salt by perspiration. 7iae cramp
may occur in the arms, legs, and stomach. The body temperature will usually remain
— {

normal, ,

~ This condition is relieved by replacing the salt lost from the body through the
administration of a salt solution by mouth. This condition also requires rest.

 ° Heat Exhaustion

Heat exhaustion is the result of excessive loss of water and salt from the body. It —
is characterized by profuse perspiration, coolness of the skin, low blood pressure, fast'
. , Ny "y o
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o~ pulse, extreme weakness, nausea, headache, staggering, mental confusion, pale skin, -
-and occasionally, leg and stomach cramps. Mild cases recover rather promptly under
rest alone, but death due to circulatory collapse is not uncommon.

Treatment consists of moving the individual to a cooler place to rest, elevate his )
feet, massage his arms and legs, aad give him water and salt as freely as he will take
it. ) ) . a,

»

Heat Stroke

Heat stroke is a very serious condition with a high mortality rate. It is’the result
of the breakdown of the body's heat regulating mechanism. The early symptc=as are the
same as for heat exhaustion, except that the individual's skin will be hot, red, and dry
and there will be absence of perspiration. However, the onset of heat stroke‘may occur
with dramatic suddenness and there will be collapse and loss of consciousness. Convul-
sions may occur and the body temperature will be high. Death may- occur-suddenly.

' \\Tr eatment

The lowering of the patient's body temperature as rapidly as possible is the most
important objective in the treatment of heat stroke. The longer he remains in stroke,
the greater the threat to life., Remove the patient's clothes. If there is any source of
cool water, hé should be submerged; otherwise, water should-be-sprinkled-over-him-and——
its evaporation hastened by fanning. Massage the extremities and trunk of the body. It
is very important to get him to the hospital immediately.

-

Prevention .

Lo By. now you should realize that, over-exposure to heat is a very serious thing, and
that recognition of the syniptoms and knowledge of first aid treatment is essential. But
most,important is the knowledge of prevention. measures. They are simple and no one
need ever suffer the effects of cramps, exhaustion, or stroke. The first rule is to
drink plenty of water, at least 8 ounces per hour, more if you prefer. Take four to six
salt tablets per day. One important note about salt tablets - Never take a galt tablet
without a drink of water. It may cause nausea and vomiting.

Keep yourseif in the hest of physical condition and the chance for any advers!e
effects will be greatly lessened. . s

. Regardless of physical condition, a person who is suddenly exposed to extreme heat
;. must pass-through a period of acclimatization. Strenuous work during this time should
be limited. Work periods must and should include alternating work and rest, periods.
Most individuals become fully acclimatized after five or six days exposure.

. Remember, it is easy to prevent the adverse effects of.heat. Replenish the water
and salt lost through perspiration as the losses occur. Drink water and take salt tablets.

£y

Asbestos Exgoeure

.n ivay 1974 the Air Force Surgeon General's Ofiice issued, through medical chennels
a preliminary 6ccupational health standard on asbestos exposure (SG ltr, "Asbestos
Exposure,'' 8 May 74)., The standard provides airborne concentration limits, methods of
compiiance, environmental nionitoring requirements and procedures, -and guidance
on personal protective equipment. " .
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The burden of determining* compliance with this standard rests largely on the
medigal service; however, assistance by the ground safety staff and supervisors is
st ly encouraged, For example, assistance in locating operations involving potential
exposure to asbestos dusts is greatly ' ‘ .o .

At first thought it might .be assumed that asbestos usage is extremely limited in the
Alr Force environment, Perhaps pipe insulation in an old building might create a problem
when these buildings are repaired or demolished, However, a glance through the General
Services Administration catalog indicates a'wide availability of asbestos products.
There are numerous stock-listed items in the 5330, 5640, and 5650 Federal Stock

Classes that contain asbestos, such as:

Manhole gaskets f
Packing material
Tape, asbestos
Cement, asbestos . .
Insulation, pipe “
Honeycomb paper
Insulation felt, thermal
Millboard, asbestos \
Paper, asbestos : s
- Shingle, asbestos cement . 3

, Normal use of these materials is not likely to resuit in an exposure to airborne
concentrations of unbound asbestos fibers approaching lmiting values, hut the possibility

cannot be ignored. Personnel who work with asbestos materials should be made awar'e__ y

of the health hasdard potential that asbestos poses, and instructed in preventive and

. protective measures.

°

SUMMARY

First aid ig-the treatment given to an injured person before medically trained
personnel arrive. A working knowledge of first aid may mean the difference between
1ife and death of an injured person. Know how to recognize the different types of
injuries, wounds, and the proper treatment for each. Good common sense and adherence

to safety rules will keep your work as a first aid manto a minimum,

1. What are the three life-saver steps that should be carried out when treating a
: wo'unded or injured person?

What 1s shock?
W_ are the different types of fractures? : ‘
What is the best method of glving artificial respiration? -

(2] [ 2
L] L ]

When shoild an injured person be moved? o
. 'To what extent should you attempt to render medical aid?

E #4330 | 5

)
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7. What is the best treatment you can give for shock? '
8. What is generally the best method of reducing bleedirg ?

9. Who should attempt to'set broken bones?
10, Wt is the most important first-aid to undertake in c:/Ze of severe burns?

. ‘REFERENCES . .
1. AFR 127-101, Ground Accident Prevention Handbook ‘ ) %

3, AFP 85-1, Electrical Facilities Safe Practices Handbook

——t
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SAFETY AND HUMAN RELIABILITY PU

\

!
!

BLICATIONS

Selected safety publications are presented to you in this sectiolp in alphabetical/
mumerical order; they are Manuals (AFMs),. ‘Pampbhlets (AFPs), and Regulations
(AFRs). These are simply for presentation order and does not indicate that on . -

publication is more important than Py
Get acquainted with them, _'_._‘_M wother.,

They are all imiportant to your well-being.

:
|

’ AFM 35-99, Hum‘nsi.rfémm PROGRAM

Probably the most important thing you can learn about AF manuals, pamphlets,
and regulations from this section is that they are indexed in Alr Force Regulation\0-2,
AFR 0-2 is the Numerical Index-of Standard Air Force Pbalications. Another index.of
real importance to you is AFR 0-6, Subject Index of Ailr Force Publications. Remember
you can locate the number, title, and date of any standard Air Force regulation, manual,
or pamphiet in the index, AFR 0-2, C ‘

This manual establishes the requirements and reaponsibﬁities for.screening,
selecting, and continuously evaluating all personnel who control, handle, have
access to, control launch of, or control access to nuclear weapons, miclear weapon
‘systems, It provides for the seléction and ratention of personnel who are physically.
and emotionally sound and reliable, and have demonstrated good judgment and profes-
sional co ence. It also providesmm@res*:or*reusignmmﬁmn_of
individuals found to be unreliable ‘for such daties. P

Thie objective of the Huraan Relisbility

y P

rogram is to eliminate, as far as possible;-

the occurrence of acts which could lead to
or unauthorizeéd launch of a missile/airc

an unauthorized detonation of a nuclear weapon
raft carrying nuclear weapons. This ,

. ’objective can be accomplished by scree

ning,-selection, continuing education, and

¥

surveillance of individuals assigned to

and knowledge of, a nuclear weapon system.’
AFM 127-100,- EXPLOSIVES SAFETY MANUAL

This manual has been developed to cbyef all ‘Air Force explosives cperations, ¥

you are required to participate/in any explosives or dem
do s0 only after carsful review of AFM 127-10Q,

positions where they might gain access to,
\ . - /

s /

* !

/

olition operatims, you shculd -

?

AFR 127-101, GROUND ACCIDENT PREVENTION
This is an Atr Force regulation which présents comprehensive and detal..

‘guidance for personnel in the areas of safety, accident pravention, and first aid. It is
a’very useful, and easy-to-use regulation

. -Its ease ot uge stems from the very

-+ detailed alphabrtical-index in the back. Sinceit:isso exsy to use. and since it

contzins so much needed information

, you must become familiar with this valuable
, document, - . L

) - . H
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To gi{re you some idea of the coverage of '‘AFR 127-101, the table of contenis is
shown as follows: - .

-
. N o

L __Chapter * .
- 1 ;- Introduction | ‘
2 - Ground'Accident Prevention Program
3 - - Principles of Industrial Shop Safety -
, 4 - Safe Practices in Operation and Maintenance of Base Facilities

N and Construction

g _ 5 - . Health Hazards and Protection
e - Fire Prevention - ‘ . o
7 - Liquid Propellants and Hazardous Materiala 5 N
— 8 - Alrcraft and Flight Line Safety Practices.
9 - Safety in Railroad Operations [ o
10 . - Electrical Facilities, Electronic Equipment; Lasers and l\iasers
11 - Safety in Motor Vehicle Operations | :
12 - - Safety in Materials Handling |
13 - Recreational and Off-Duty Activities )
14 - Medical Facilities - ' 1
> AFM 127-201, MISSILE ACCIDENT PREVENTION
) g This manudl provides general, basic,information on hazards involved in dperating
- and maintaining missile systems, and describés measures for preventing mishaps., It T/
o~ explains how to operate missile systems and prepare safety survey checklists, It "

applies to all Afir Force installations. \
The Missile Accident Prevention handbook 18 a very interesting and informative ;
» manual dealing with the hazards and gafely procedures at missileiinstallations. I you K
are agsignedto duty 4t a base-having missiles, and you very well may be, be sure '
to familiarize|yourself with AFM 127-201. 1t is also indexed in AFR 0-2, Use it and
- learn the fine-art of' sél\f-‘f:rotection, and protection of USAF equipment. e

AFP 85-1, ELECTRICAL FACILITIES SAFE PRACTICES HANDBOOK
This pamélglet .prescribeé safe practices and proced;xres for personnel engaged in

~ax'}d operating electric systems and facilities. The size of this pamphlet
~ has been desiqned to facilitate ready reference by workmen on the job. It is pocket-
b

size. .
b \ .
- . The rulestand recommendations contained in AFP 85-1 are directive in nature and
V¥ " will be {ollowed at all Air Force installations, - \ ’ L ' T

This pamphlet is especially useful to all personnel who workon or around electri-
cal equipment |or systems. It is a relatively small, pocket-size booklet which is easily
carried and egsily used right on the job. Along with many sat,’ety‘precnutiona to observe
when working with.electrical equipment or systems, this pamphlet prescribes the pro-
cedures for first aid, ind heart-lung resuscitation. This includes instructions for

T mouth-to-moufh'artificigl respiration and for closed.chest cardiac massage,

. M L / .




AFR 122-5 SA FING AND SEALING

- person at the scene of a mishap, .

v ' . / .

. . ' « /
TP 85-1 is a highly useful booldet%?x;ll who are exposed to electrical systems '
operation or maintenance. Take time to study the one in your file, and if you work with

electricity, try to getta copy for your individual use, Your publications clerk canget -

you one,

L] »
. . .

AFR 50-24, TRAFFIC SAFETY EDUCATION N -7 TR

\

This regulation prescribes a Traffic Safety Training Program for Air Force officers,
airmen; and civilian personnel, Again, knowledge of this regulations will help you r
understand why you have to attend fiver training. The Air Force needs you alive and -
in good condition, and conducts an extensivesafety program to keep you this way. "

i

AFR 122-1, THE AIR FORCE NUCLl{AR SAFETY PROGRAM ; ,

sibilities tp those HQ USAF offices and major.commands concerned with nuclear weapon

systems’ (US Air Force or ully-operated), nuclear power systems, or logistic move- } .
ment of ndclear weapon cargo. This regulation is not intended to resirict equipment

and proc ures presently used for support of nuclear systems or logistic movement.

However ‘iafter the date of this-publication, any proposed change or modification to

existing procedures or equipment that could affect nuclear gafety must conform with

this regulation. /
AFR 122-4, THE TWO-MAN CONCEPT _ 7 - ;

%gulation explains the Alr Force-Nuclear Safety P?ogram. It assigns respon-

-
'rhis regulation establishes the Two-Man Concept, ‘the primaf purpose of which is ’

to enhance nuclear safety during nuclear weapon/nuclear weapon Bystem operations.

It applies to all organizations assigned to mission or function inv

lving nuclear weapons
or nuclear weapon systems. :

— p———~

@

Tlis regulation requires that a major command with an operational miclear weapon

- responaibility _develop appropriate procedural directives to meet safing and sealing

requirements of Nuclear Weapon System Safety Rules. _
AFR 127-4, INVESTIGA’IZING AND REPORTING USAF ACQﬁ)ENT,S/—INCIDENTS ) -

This regulation combines all accident, incident, and-nuclear deficiency reporting
and investigative requirements in the iields of aircraft ground, explosives, missile,
and nuclear; glfgty’_,lt_ntates policy, explains terminology, establishes responsibilities,
and preufribes procedures, It tells hew to report a USAF accident including the Air

Force Resex‘veb i X

The important part about this regulation is to know what to do if you are the first

First Military Eeraonnel at Scene of Miahap /’/
. The first muitary person reaching the s/cene, it the gitua .ion requires, will-

1. Secure necesnry medical services or identification assistance, as required. ) -~
: ~ | : .
- ‘8 - R A : - *
: Y 384
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2, Report by telephone or the most expeditious. means all known facts to the
nearest Air Force installation.

3. Obtain names and addresees of all available witnesses (including rank, SSAN,
organization, and station of all military personnel)} whose testimony may aid .
the investigation. . «

4, Until relieved or otherwise instructed by competent autilority, do whatever i3
necessary to make sure that the wreckage is not moved or tampered with in any
way, except to 2ssist or rémove persons injured or killed, and eliminate any

further danger. .

5. ‘Establish the necessary guard as follows: ' ‘.

a, If mishap occurs at or near a US military installation, obtain the guard
y from its commander. ‘ ’

o

- P
é b. If mishap is not near a US.military installation, obtain the guard from
- civilian sources at'the local rate of pay. The use of civilian guards does
not cancel the security responsibilities of the senior military person at the

scene of the mishap.

c. Enlist aid of .localllaw.enforcement ~gencles.

6. Shield from public view or photography, documents or material known or sus-
pected fo be classified. :

N
The above procedures apply upon recognizing that an accident or incidert has
occurred. Personnel encountering these situations must take the immediate actions
indicated above. It is unlawful to leave the scene of an accident unless properly dis-

- missed.

The formal reporting of accident is the responsibility of the commander concerned.
Prior to submission of formal reports, he will: appoint an accident investigating officer -
or officers, who will conduct a thorough investigation to insure that reports submitted

4 .

are accurate. ,

4FR 127-5, USE OF PROTECT'VE EQUIPMENT BY VEHICLE OPERATORS AND "
PASSENGERS -

This regulation.cites the requirements and prescribes specifications for seat belts
and protective (crash) helmets for riding Air Force-owned motorcycles or similar
vehicles, motor scooters, etc. A ghatterproof eye protector must be worn with the *
h‘glmet. Center directives usually will require the same safety equipment for on-base
registration of private motorcycles or similar vehicles. This again is an example of
the concern that USAF has for its personnel, both on and.off the job.

AFR,127-6, THE USAF HAZARD REPORTING SYSTEM
J

T‘h_is regulation outlines ‘the pufpose, functional scope, and responsibilities of
hazard reporting within the USAF. It also outlines the reporting procedures. Under the
terms of this regulation, a reportable hazard is considered to be any condition, act or .

49




circumstance that jeopardizes or may jeopardize the safety of personnel, weapon
systems, facilities or equipment, when the condition is not a part of a reportable acci-
dent, incident, or deficiency. ) .

2

SUMMARY P

The regulations, pamphlets and manuals treated in this study guide are very import-
ant-to you and to your next assignment. However, there are many publications pertaining
to safety. While coverage of all these publications is Jdmpractical in this-publication,
always remember that all Air Force regulations, manuals, pamphlets, and letters are
numerically indexed in AFR 0-2 and that the "subject" index is AFR 0-6. In addition,
safety-type publications are also included in the Technical Order System, particularly in
the TO 00-25 Series. - ) .

8
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