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PREFACE — —

This Sanitary Survey Traiding Manua] has been developed as an aid to state

agericiés who provide instruction to inqpectors of water systems:. It is

hased on the minimum information that an inspector with timited experience

rieeds to Know to Successfully assess a pubiic water system.

The Inbtructor s Manual and Student's Text are intended for use in

Fonductjhg technical assjstance seminars for State and local agency
personnel reqPoroible for State pubiic water supply programs under the

Federal safe drinking Water Act:

materiais is to provide the minimum training that, when complemented by
on-the-job tratning; will enable personnel to perform effective
rvaluations of small public water supply systems. Personnel attending )
training where these manuals ars used by an instrictor should have a basic
knowledge of water supply systems and some limited on-the-job experience
of sanitary surveys conducted by experienced agency personnel. It must be
stressed that these manuals provide only “"need-to-know" information; that
is;, only the basic questions, and their rationale and importance, that an
inspector needs to know to adequately evaluate a water system. These
manuals do not provide technical detail on every facet of a water system;
nor are they intended to provide an inspector with the ability to provide

technical-assistance.

111
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L ROPOSED SUHEDULE

DAY 1

ISR Title Contact Time Sohedoele

P N

OR TENTAT LON 60 minutes B30 dm Y 30 ain

SRR CEGULAT CONS 0 minutes g0 am 10:00 an
Briodk 15 minutes L0-00 ap o 10:15 am
: URATER 5OURCES
" Generat 36 minttes 10:1% am 10:45 am
Wolls 50 minutes 10:45 am 11:45 am
funch 60 minutes 11:45 am - 12:45 pm

Sorings 45 minutes t2:45 pm 1:30 pm

o Giirface sources 45 minutes 1:30 pm - 2:15 pm
PP 45 minutss 2:15 pin 3:00 pm

minutes BEK pm - 3:15 pm

)
o}
N
Y
g

Ve

WRTER THEATMENT TS ditinoes 3:19 pr 4:30 pm

-
(

o
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PROPCSED SCHEDULE (Cont inaed)

pDayY 2

Ceih Title Contact Time SehiedinLe
£ STORAGE
£l Crévity Storage "0 minutes 8:30 am - 9:00 am
. dydropneumatic Storage 30 minutes 9:00 an - 9: 1 oam
7 WATHR DISTRIBUTION
T Distribution Systems 45 minutes §:30 am - 10:1%5 am
Break 15 minutes 10:15 am - 10:30 am
b Cross-Connections 30 minutes 10:30 am - 11:00 am
; MONITORING/RECORDKEEPING 45 minutes 11:00 am - 11:45 am
Linch 60 minotes 11:45 ar - 12:45 pm
9 MANAGEMENT /SAFETY 45 minutes 12:45 pm - 1:30 pm
o SURVEYS 66 minutes 1:30 pm - 2:30 pm
Break 15 minutes 2:30 pm -~ 2:45 pm
COMﬁpNiCATiO&SZ,,, 30 minutes 2:45 pm -~ 3:15 pm
PUBLIC RELATIONS
10 TECHNICAL ASSISTANCE 30 minutes 3:15 pm - 3:45 pm
13 CONCLUSION ‘S minutes 3:45 pm - 2:30 pm
vi
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[HSTRUCTION D

N thorough undarstanding of this Instructor's Technical Manual is vital t-
the successful pres senitation of a sanitary survey training program.  Thi-
manual; when complemented by on- :he job experience for the student under

ttie quidanre of the more experienced 1nspector,rwould enable the

instructor to succecsfully provide the minimum training necessary t:

conduct a sanitary survey:. In presenting sach a program, the student '

Text must be utttized in conjunction with this manuat:

This manual is designed for use by indiﬁidnélé who are experts in the
field of water systems and sanitary surveys, but who may not be
expertonced in instructional techniques. "he prerequisites for an
individual utilizing this manual would be an academis background in public
irinking water systems with a minimum of 3 years of experience in

performing sanitary surveys.

This manial 1ncludes the bas*c text material audiovisuals, and
<valuatton exerclses as well as detalled 1nstructionq for presenting the
material and managing sanitary training activitlies. The content of this

manual is geared for presentation to students of varying educational
backgrounds. Students being trained via this manual should be sanitary
enngineers, sanitarians, or technicians with some limited exprrience in

performing sanitary surveys.

Manual Goals

The purpose of the Instructor's Technical Manual arnd Student's Text is to

provide the basic outline; text; and materials for use in a State tralning

progrdm The outline and teit éhould bc modified to present the spec‘flc

_f pirimary lmportance to such a presentdtion is the student's ability #o
relate course information to the activities of the sanitary survey.
Insofai as possible, the instructor should exptaln ivow the information
presented can be used during an actual survey.

“he 1nspector ShOJ'd be able *o determine not only that trie water system
i€ complete, but alcso that it is functioning in ar approved manner :

The 1nstructor can greatly enhance student understandin1 by retating

anecdotes from personal expurience demonstrating means of determining

whettier system activities such as disinfection and cross-connectton

controt are, in fact, being adequately performed:

vii



Coaeentat ton

Poonuiesenn bl ly preserit @ sanitary Survey training program ut !
miivyt, rile instrictor mdst be thoroughly conversant with ol o

wall water systems and the activities of a sanitary survey. . 3o no

Hitormarion s provided in brief outltine form. The ocutlines are i
th serye as quklelinﬂc to ensure that all relative information i
wered.  The outlines in themselves are not complete sources of
iformation but rather dre notes deéesigned to be expanded upon by
tristructor. 1t is imperative to the Successful presentation of i

ALl that all pointa in the outlines be covered.

i out tine approach wjil provide the 1nqt1uclor with Max it iA»xz':f“

i ad<\‘.rq the training program to the §kecif1c rneeds of a paitic:

ar
r5gion The points covered in the outline are general and will >p,1“
.t sanitary survey reauifrements:
il i T T e
instructor's-—Tecknical Manual Student's Text (sejarars ma o
o Instruction Gulde o Introduction
- Proposed dchedule o Basic Material (Unit. 1 (.-
O rnparggfpgigheck11 its , o Provislons for student':
o Rasic Material (Units 1-13) supplementary materie’

o Evatuwation Forms

» Instructional Atds
(additional coptes of each
from which transparenctes
cen be made)

o Provisons for including

specific State information

Cormat

?Eé—gpigg. The manual is divided into 13 units »f varying lengths. -ch
Uit is organized into the following sections:

o Unit Summary. Thic section glves the 1lnstructor an ovorview of i
unit material:

o

what the student should be zble to do at the end of the materia!

object ives Each unit is based on spncific objecr1Ve5 that sStato

presentatton: The objectives are based on informatiOW the

inspector reeds to succes isfally perfoim sanitary survey Th#

instructor shouid make careful note of these objectives and use

them to guide the presentation;

viit
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) Bd\ic Matprlal This section providps thp basic lnformation in
outline form. The instructor should use the bas.c material Sectlun

tec guide the presentation, betng sare to cover att points in the

outtine: rddittonai tnformation and personal anecdotes Shouid bp

presented as time allows: Transparencies and other graphics are

included in this section as aids in presentation and as
reinforcement of text material.

«» Baslc_Material Format. This manual presents basic material and
iristructional strategy iin 4 two-column_ format on the right-hand
pade. The basic materldi, in outline form, i1s located in the right
column. (Related material 1s inclucded in the Student's Text.)

)pecific instructions for presenting the materid are iocated i
the left column. These directions are desligned to aid the

tnstractor in varytng the material presentationq and 1in encourdginq

active student participation in the program:

The left- hand page is provtded for the omtitning of sppctfir Stat e
information pertinent to conducting scnicary surveys:

o Unit Emphasis. Units dealing with system components and operations
emphasize sanitary risks and means of assessing these risks. The
sanitary risk factors listed in these units describe situations or
conditions that can increase the risk of contamination. They can
also be used to identify specific means of protection.

) Prior to the prescntation of _each unit,
students should read the basic material in the Student's Text.
This will familiari*e students with topics to be covered in the
unit so that they can contribute actively to unit sessions.
specific as%*gnments for this preparation are listed both in the
Instructor's Technical Manual and in the Student's Text.
Instructors should assign each section ir advance of the sesslion

and nxpect thiat students wilt come to ctass prepared:

o The Pre- and Post-Tests. A pre-test and a post-test will be given
to measure the level of progress each student has made during the
training session.

Elexibility

The manual is designed to accommodate specific requirements of the

participants and of the ilocal circumstances: The instruztor should

rdteLuily review the information regardtng educat tonat background and

water supply experience received on the parttctpant data questionnairQC'

The level of education and experience of the group wiii determine the

amount and depth of technical information to be presented during a
particular training program.

ix
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Whieit af atl possible,; instructor materials sach as site wdps. well logs;

St ' particilar geographical area.

- Uontent Modif fcation. Changes in the content of the manual to
reflect the types of systems or supplies that students will
ecticounter In a particular area can be made simply without
digruptlion to the overdll organization of the mariual. The lesson
cbjectives dand instructlonal strategles are sufficiernitly flexible
to accommodate additions and deletions of materlal. Provisions ate
giide 1n the Instructor's Technical Manual for these modifications.

Instructors are encouraged to add additional materials, visuals,
examp les and anecdotes to supplement the basic material of this
manual: However, care shouid be taken to assure that additions
tetate directly to the instructional objectives and do not stray

from the cateqory of "need-to-know" information. Any changes
should always relate directly to improving the student's ability to
conduct a successful sanitary survey.
cchedile -Modification. The Proposed schedule 15 sét up on a 2-day
12ack of time. If such a schedule is impractical, the plan may be
et Ted
tachoiinilt 45 independent, und one or morv Ux e presented in
cii evenlilg or in a proygram of consecutlve evenings or weeks:
“itrts might be grouped to spread -he program over a 2-week
pretlod of partial days.

N itaat oo \"ff"l“lr()rf;j?\ﬂl;)

At the ¢lofe ot the tralning, all participants (students and instructors)
an be asked to ¢valuate the overall effectiveness of the ptesentation.
specitically, the instriuctional staff, trainirng material, presentation
oryanication, and facilities wWill be evaluated. These evaluations can be
vsed to identify deficlenicles and mdke improvemierits in tlie Gverall orogram:

b
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Preparation Checklists

Preliminary Activities. Use this checklist in planning and preparing for

the

training sessions. Additional steps may be necesSary to meet specific

requlrefents.

Revirw all materials thoroughly, paying particular atte ion to the
Instrijction Guide in the Instructor's Technical Mg -ual:

Set the dates for the prog: am and schedule the facilitles: Facility
considerations include:

Meeting room of adequate size

Adequate number of tables and comfortable chairs
Nearby facility for lunch

0:0:.0:0:C

Lodging for out-of-town participants
Prepare and me.l letters of invitation and Farticipant Data Sheets
(Form 1) to prospective participants.
Adjust course to meet specific requirements, if desired. Change
Student's 1iext, 1f necessary.
Prepare roster of participants. (See Form 2.)
send Acknowledgment Form and Student's Text to particlpants 2 weeks in
advance. <
Make arrangements for equipment:
o Chalkboard/chalk
Movie screen

Overhead projector, spare lamp

0 GO

Instructional materials (see "Logistics" section of each lesson)

buplicate ail matertals to be handed out to the students.
o Pre-test
o Simulation exercises
o Post-test A
o Evaluation forms {optional) o o )
o Other materials to be added by the instructor

Presentation Checklist. Use this checklist to prepare for each presentation.

Review entire lesson thoroughly, including material in Student's Text.
Study lesson objectives.
study basic matertal: clarify questions; insert specific State

tnformation:

pupiicate handouts (if any).

Prepare other material as needed to complete lesson.

Make sireé necessary equipme. . is avallable and functional.

x1i
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Form 1

Please complete this form and returi it to this address by:

Plaase type or print the information requected below:

Your Name:

Employer:

Work Address:

S Zip:

Phone:

{(Area Code)

How long have you been in present job?

Brief summary of present job duties:

Previous experience pertinent to smali water systems:

(1) Dates: from to —

Employer : - L

Duties:

(2) Dates: from .

Emp loyer :

Duties:

(3) bates: from to

Employer : L

Duties: : — -

o ' - 14
ERIC
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Form 1 (Continued)

Education:
High School Graduate?

College(s) Atterided:

Yes_  No

(1)

Ma jor :
Years of Attendance:
Coltege(s) Attended:

Major :

(2) S

Vears of Attendance:
college(s) Attended:

Ma jor: e —

19 —-19 .

Title of Deqree:

(3) -

vears of Attendance:

19 - 16

Title of Deqree:

Previous Training in Water Suppty-Related Topics:

Uniits or CEUs _

(2) Name of Course:

units or CEUs

(3) Wame of Course:

Year Conducted ——
Year Conducted

Units or CEUs

please supply the following information abou
your area of jurisdiction:

No. of Spring Sources

No. of Well/infiltration Gallery Sources

Year Conducted ___ -

Total Number: - -

t the public water systems in

: of this; the:

No. of Surface Sources ——

xi11



Form 2

Roster of Participants

SANITARY SURVEYS OF WATER SYSTEMS

Course Location: Course Sponsor: Course Date:

Name ard Address

Job Titie/Position: -

1. - .

SO
|
|
|

10.

11.

12:

13: .

t4: B

15.

x1v

Q i i‘”
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UNIT 1: ORIENTATION — "THE NEED TO KNOW"

unit Summary B 7 7 .
Registration and Introduction
Schedule and Format
Pre-Test
The Sanitary Survey

unit objectives B o - ,
To conduct a successful sanitary survey,

and why it is being condicted.

At the cilose of thts unit; the student
should know:

. What is a sanitary survey

. Why sanitary surveys are perforimed

. Who conducts such surveys

. What activities occur during a survey

o 1IN

Logistics . - - B -
Approximate Presentation Time: 60 minutes

(o}

Registration (10 minutes)
Pre-Test (to be duplicated)
Answer Key

Basic Material

0 0.0 0

Student Materials

o Student's Text, Unit 1

§£Ué§H%—Pfé§éfé%ibﬁ

o Unit 1 should be read prior to the session.

Unit References

Report of a sanitary Survey in the North_

Adams, MA; Water Supply System, January 8,
1982; by Peter C:. Kuralekas, USEPA, Bostor, MA




rRegister students:

Introdice 1nstructors(s)

gtve brief biographical

sketch to tnsti}iigtudent
confidence in instructor
credentials.

RBVicﬁ StheaUIe, fdiﬁéf

Sﬁﬁiﬁéﬁ purpose of and
administer pre-test.

Have students code
identlification on pre-
test (e.g., use last
four digits of driver's
license) to allow
students to remaln
anonymous yet recelve
evaluated test results:.

introduce students. BAsk each
to give some brief personal
background information. Try

to create informal atmosphere.

Have students briefly explain
what their job is. This in-
formation can be used to draw

experience.

Registration For located in this unit
(10 minutes)

Personal Informaticn
o Home tocation

o Previous experience

Purpose of Pre-test (5 minutes)

o Invertory student's knowledge of
sanitary surveys

o Highlight topics to be covered
in training program

o Provide instructor with guide to
areas of students' knowledge that
will need strengthening

Administration of Pre-test (20 minutes)

O Pre-test should be admin-

istered and evaluated in the

first pertod: This will

allow instructor to determine
where additional emphasis may
need to be placed in the
training program. This may
be facilitated by giving the
pre-test and allowing
students to introduce
themselves while another
instructor grades pre-tests.

|-y
(V4
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Form

Loca

10:
i1
12.
13.
14.
15.

16.

tion:

Registration Form

Date:

Student Address
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SANITARY SURVEYS OF WATER SYSTEMS PRE-TEST

This test is intended to assess your prior knowledge of water systems and

their operations b the conciusion of the tratning program; a post-test

will be administer .o evaluate your progress and the overall effective-

ness of the program: There may be more than one correct answer to some of

these questions.

1. Smaller water systems usually have

a. a dgreater variation between the average daiiy demand and the

maximum daily demand than do Iarger water systems.

b. less variation between the average datly demand and the maximum

daily demand than do 1arger water systems.

c. a variation between the average daily demand and the maximum

daily demand similar to that of a larger water system.
5. & dimension with the unit of "feet of head" 1s measuring which of the
following?
velocity
Length
Pressure
Flow

Q0 oo

3. wWhich of the following is a Factor affecting the tikelihood that a

glven source of pollution may contaminate a well?

Depth of well
Distarice from well

Type of poilutant

Diameter of the well.

a0 ow

4 The results of fermentation tube method and membrane filter method
a. are directly comparable.
b. cannot be compared.
c. are a measure of the spore- forming ba~teria present in the sample.

S. Tha two basic mairntenarnce checks on the hydropneumatic storage system

are

a. correct air goiume

b. <correct air gap separation
C. correct pressure range.

d: presence of a diaphragm.



6. The most effective cross-connection prevention device 1is

an air gap.
@ vacuum breaker.

reduced pressure zone backflow prevciter:

a check valve:

o O

7. The chlerine contact time for a free chlorine residual should be a
minimum of

10 minutes.
45 minutes.
30 minutes.
5 minutes.

N T

§. A system is producing 500,000 gallons of water per day and utilizes
10 pounds of chlorine per day for disinfection. The estimated
chlorine dose 1is

mg/1
mg/1
mg/1 ,
mg/1

Q.0 oo
BN IS O
O b N

9. Turbidity is of concern in water quality because

it Is a suspected carcinogen:.

it interferes with disinfection.
it interferes with coagulation.
it causes corrosion.

QNI

10. The best reason intakes should be located at various depths in a
surface impoundment is to

withdraw the maximium amount of water.

withdraw the best quality water. ) -

provide a backup in case of clogging of an intake:

O ool

11. The purpose of jar testing is

to determine the minimum turbidity.

a:
b: to determine the optimum chemical dosage for coagulation.
c
d

to determine corrosivity of raw water:

to determine atkalinity of finished water.
12. The accepted method for determination of turbidity is
a. Nephelometric method.
b. Jackson Unit.
c. Amperometric method.




13. The dppllcation of gréhular activated carbon and chlorination at the

same polint as a means of pretreatment

a: for the control of taste and odor.

b: for the removal of color.

c. a costly and ineffective means of treatment.
14. The primary purpose of rapid sand filtration is
disinfection.
removal of color. =
removal of taste and odors.
removal of turbidity.

0 T

15. An iricrease of turbidity in a spring collection chamber after a rain

indicates

a: a defective drain valve:

b: backflow of treated water:

c. surface water contamination of the source.

16. The AWWA-recommended procedure for disinfection of new water mains
involves

a. 300 mg/l chlorine dosage with & 10 mg/1 residual after a 3-hour
contact time. o _ . S o

b. 10 mg/l1 chlorine dosage with a 25 mg/1 residual after a l-hour
contact time.

c. 2.0 mg/l chlorine dosage with a 2 mg/l residual after a 30-minute
contact time, o

d. 50 mg/l chlorine dosage with a 10 mg/l residual after a 24-hour
contact time.

17. Comiiion problens observed in gravity storage tanks are

nonlocking manhole covers:

corrosion of metal tanks.
improper or lack of screens on vents.
ciudge buiidup in the tank bottom.

lack of disinfection after making repairs

[ AN =" NNl » At

18. samples for free chlorine residdal

can be stored up to 6 hours before ahéivsis;
can be stored up to 1 hour before analysis.
can be stored up to 24 hours before analyqis

must be analyzed immediately after sampling.

Q.0 o w
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Pre—test Key

10.
11.
12.
13.
11.

15

16.
17.
18:
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Explain objective cf unit. The- Sanitary Survey (20 minutes)

Use qupstions to elicit

responses prior to _pre-

senting materiai on

specific areas:

Use Transparency 1-1. 1. what is a sanitary suarvey?

o Defined in National Interim Primary
Drinking Water Regulations 40 CFR:

o No longer the classic "sanitary
survey" of watershed.

Use Transparency 1-2. 2. wWhy should sanitary surveys be conducted?
o Required by law (NIPDWR 40 CFR).

o betermine adequacy of both quantity

and quality of the water provided
for public consumption.

o Identify problem areas and provide
possible remedies.

Use Transparency 1-3. 3. Who conducts sanitary surveys?

o Competent personnel who are
experlienced in the 1dent1f1cation
of problems within a water system.

Use Transparency 1-4: 4: what are activities and their rationale

of a sanitary survey?

o Inspect and Evaluate
a. Water source
b. Intake structure and wells
c. Treatment/conditioning
~ facilitles
d. Distribution system

Emphasize that the O Review
period of the survey e
is very short when a: operations and maintenance
compared with total practices
time system must b. Records; ftles, maps,;
function. correspondence

c. Management practices and
) personnel needs
d. Competency of technical and
~ancillary personnel
e. Laboratory certification (if
other than State lab)

1-8
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© Sample
a. Sample source and distribution
for bacteriological; physical;
chemical; and radiological
properties and (as required)
perform and evaluate field
analyses.

Emphasize that this is [}

the heart of the survey. ~ o , 7

a. Complete survey treport and pre-
sent data (both negative and
positive comments) to
operating personnel.

b: Discuss problem areas and

provide recommendations

for their remedies. Provide
an appropriate time schedule

for remedtes:
o Notify
a. The owner/operator; public,
State regulatory agency.
and EPA of deficiencies
{as required).

Emphasize that remalnder Sanitary Risks
of presentations will be ) -
spent answering these 1.
Juestiorns.

what conditions cause sanitary risks?
T N 5. How can they be recognized?

Use Transparency 1-5.

Use Transparency 1-6.

Briefly highiight com- Water System Components (5 minutes)

ponents that wiil be

discussed during course. o Source -
© Intake Structure/Wells

Use Transparencies 1-7 o Treatment

and 1-8. o Storage

o Distribition

InStructor's Narrative

gﬁtféagc£iéh

puring this training program we will be covering the basic "need to know"
of sanitary surveys: This will neither prepare you for every situation
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nor will it make design engineers of you. You will merely be

provided a starting point from which to develcp competency in the

field of water supply. Although this informatton is appiicable to

all systems, we will be addressing smalier systems servingrless

than 10,000 in population. But before we go further, we must ask
urselves some basic questions:

ﬁhat is a sani The classic "sanitary survey" was an
inspection of a watershnd to identify potential sources of

variety of other activities that could contaminate the source of

water suppiy. This is not the type of survey we will be

discussing The basis for the survey we are considering 15 found

in the National Interim Primary Drinking Water Regulations. This

regulatton defines sanitary surveys as "an onsite review of the

water scurce; facilities, equipment operation and maintenance o:

a public water system for the purpose of evaluating the adequacy

of such source,; facilities; equipment; operation and maintenance

for producing and distributing safe drinking water " Essentially,

it 1s a review of a public system from the source to the
consumer's tap. The next question is then:

why should_sanitary surveys be conducted? In th.; day of high
technology, it would seem that the problems of water supply would

have by now been identified and solutions provided. There have
been reports within recent history that would tend to cast doubt

on this uss umption one of these reports was the Survex;of o

Community Water Supply.Systems carried out nationwide by the U.s.

Public Health Service in 1969. The results published in 1970

showed that of 969 community water systems surveyed serving more
than 18 miilton people, 41% were delivering water of inferior

quality based on the U.S: Public Health Service Drinking water

standards; essenttaily the same standards utilized today:

The Community Water Supply Study also showed that; apart from

gquality; many other problems were apparent:. About 56% of the
water systems evidenced physical defictencies inciuding poorly

protected sources; inadequate treatment; and inadequate system
pressure, Operators were inadequately trained; with 77% lacking
sufficient training in fundamental water microbliology and 46%
deficient in chemistry. Other problems included inadequate
inspection frequency of systems by State authorities and
insufficient sampling of water suppllies to measure bacteriological
or chemlcal quallty of the water. In mony ways this was shocking
to a public that rar°1y questioned the guality of a water supply
system Another factor that enters the plcture is the developrient

of new analytical methods that allow the measurement of

contaminants in the parts per billion range. Results of studies

by researchers in the Netherlands and by EPA scientists in

Cincinnati and New Orleans showed that a variety of new
contaminants were being found in water systems. Suddenly the
organics were upon us. Early health and epidemioclogical studies

indicated that some of these organic compounds were potential

1-10



cancer-causing agents. Has the quality of water improved sirce
the implementation of the safe Drinking Water Act? By its

definition we are dealing with 60,000 community water systems

About 67% of the total number of community water systems serve

populations of 566 or iess but oniy 2 4% of the pogulation

as small water systems (serving 3;300 or less); yet they serve
onty 10.7% of the population.

Having looked at this distribution of systems, a review of the
FY 81 national microbiological violations is informative.
Approximately 92% of the systems in violation of the HCL and/or

systems category. There has been general improvement in
practically all categories with regard to the previous year s
compliance data. As for the MCL violation, the national aVerage

for FY 81 was 8. 5% It is interesting to compare this figure with

the results found in the 1969 Community Water Supply Study

meritioned earlier. At that time more than 12% of the 969 systems

surveyed fatled to meet the microbiological MCL. A more

significant comparison is the compliance with monitoring

requirements In the 1969 study, only 10% of the systems
conducted a monitoring program sufficient to meet the standards.
In FY 8l, 74% of the systems carried out a regular monitoring
program. The same type of trend follows for the turbidity
violations as well.

These are only statistics. Perhaps a better way to illustrate the
need to conduct sanitary surveys would be to provide a specific
case study of a small water system in New‘England This

MCL for turbidity, surprisingly, there were no violations of the
MCL for coliform in over 3 years:

of suppty. The watersheds on the reservdir were very well
protected with no human habitation; farms, or other obvious
sources of contamination. However, one must also consider the not
so obvious sources such as wild animals that can _certainly be
sources of disease causing micro-organisms like Giardia. So} by
the historic definition of the sanitary survey, the watershed was
very clean and would be indicative of a very good water supply

system. However, by applying our present definition of a sanitary
survey that evaluates the entire water system from source to the

consumer's tap; this particular water system was, as you will see;

a disaster Treatment consisted of oniy simpie chiorination wtth

chlorine g4as. Kmong the deficiencies noted during our survey at

the chlorination faciiity were:
o The operator of the facility was a part-time employee with
no trainincg other than on-the-job training in water
treatment.

~¥
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wooden structure in which hay was also stored for usé by the

operator for feeding animais; an obviousiy serious fire
hazard:

Chlorine feed was interrupted when chang ng cytinders;
allowing untreated raw water to enter the distribution
systems.

only one Cl, cylinder was connected to the chlorinator and
was not being weighed.

There was no standby chlorinator in case of equipment
breakdown.

There was no emergency power to provide continuous
chlorination during power failures.

The existing gas chlorinator had 1nadequate rapacity to
chlorinate the water during conditions of high flow and high

chlorine demand.

There was no forced ventilation in case of chlorine leak and

no chiorine atarm system:

A World War II vintage gas mask was used that would threaten
the 1ife of the operator should the operator try to use it
in repairing a serious chlorine leak.

Chlorine feed was not proportional to chlorine demand.

There were a number of deficiencies in the operation. maintenance;

and facilities used in the storage and distribution of water,

which will be mentioned briefily:

6

water mains were not disinfected according to the AWWA
standards:

There were 40 deadends in the distribution system with no
reqular flushing to remove corrosion products; sediment. and
poor quality water from the deadends.

1900 S to around World War II and many are still present A

at the consumer's tap to determine if lead is being imparted
to water.

1-12 - -



o There were a number of areas of low pressurt where pressure has
been known to go to zero during peak usage of water.

o There was a 0.6 million gallon uncovered earthen distribution
reservolr that 1s subject to airborne contamination, insects,
and animals. Water receives no treatment after leaving the
reservoir.

o) Two other concrete distribution storage reservoirs had 1mproper
hatches and vents that could permit birds and animals to enter
the reservoir and also leave them subject to vandalism and

sabotage:

© A booster pumping station had no low pressure cutoff switch to

shut the pump off in case of low pressure and lack of water:

In terms of water quality; there were supposedly no coiiform
violations in 3-1/2 years,; but considering the magnitude of the
noted problems, this would seem highly unlikely Various check

resUlts Inorganic and organicfchemical samples taken by the
State revealed no other MCL violations.

This example polnts out the number and types of problems present
in some of today's water systems. It also highlights "why"
sanitary surveys are needed. After answering "why," then we move
to "who. "

Who conducts sanitary surveys? Obviously, the answer in the near
future will be "you do sanitary surveys." The people conductingf
sanitary surveys are those individuals who, through a combination
of knowledge and experience, are competent tO assess sanitary

risks. ~_They are also able to make sound, adequate. and econointcal

recommendations: These individuals have to realtize the iimits of

their knowiledge and be cautious about giving advice beyond this

1tmit. The final question is; then:

conditions and adeguacy as a water system',and determine the
effectiveness of the impleémentation of past recommendations
regarding the system. This program of instruction presents the
information needed by the inspector to effectively carry out the
following activities:

Inspect and Evaluate

Water source
Intake structure and wells

Treatment/conditioning facilities

bDistribution system

00 C O
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Essentially this activity is an in- depth re oW of the facilities
and processes involved with delivering pota. .e water to the

consumer .

Review
o Operation _and maintenance practices
O© Records, files, maps, correspondence
O Manadgdenient practices and personnel needs
0 Conmpetency of technical and ancillary personnal
O Laboratory certification (if other than State

laboratory)

system. The inspector s Visit will only be a few hours in )

duration, a very short period when considering that the system

must be meeting requirements 24 hours/dav, 365 days/year. This

review wiil help identify problem areas:
Sample
o Sample source and distribution for bacteriological; physical;

chemical, and radiological properties; and (as required)
perform and evaluate field analyses.

This sample will provide a look at the water quality For that

brief moment when the sample was collected. The inspector may use

this for comparison with data (for the same period) that was

collected/analyzed by others.

Recommend

0 Cocmplete the survey report and present data (both negative

and positive comments) to operating personnel:

o Discuss problem areas and provide recommendations for their
remedy.

This activity can have the most positive impact of any performed
during a survey. Communicating to the operating personnel what
the inspector's findings were and discussing recommendations for
alleviating noted problems is the heart of a sanitary survey.
However, 1f the recommendations are erroneous due to snap
judgments on_the part of the inspector or a failure to recognize
the limits of the inspector's own knowledge, the results can do
great damade.

Notify

o Notify the owner/operator. the public, State regulatory
agency, and EPA of deficiencies (as required).

The inspector should communicate in writing the comments resulting
from the survey to the appropriate individuals and organizations.

1-14
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These have been the what., why, and who of sanitary surveys. For

the rest of this program we will discuss the "need-to-know" o
details of how to conduct sanitary surveys. The questions that we
will attempt to answer are:

1. what conditions might causé Sanitary risks in each of the
components of a water SYgtém?

2. How might these conditions be recognized?

We will be following the same path that the water would take

through a system: We will be discussing the following:

Source: This water body, whether above or beiow ground, must
provide water in adequate quantity and quality to meet
requirements.

Intake structure—or wells: The water must be collected in a
manner to provide the best possible water without degrading
the source.

Treatment: Water that is of inferior quality must be treated
to meet standards. This treatment must riot create further

probiems:

Storage: These components provide adequate quantities to meet

short-term demands that may exceed the capabilities of the
source Or treatment units. Storage must be provided in a
manner to prevent contamination:

pistribution: This component dispenses the purified water to
the consumers in the necessary volume at adequate pressure.
In providing water to the consumer, care is taken to minimize



THE SANITARY SURVVY

what Is a Sanitary Survey?

A sanxtary survey is an oqs;te 1nspectlon of a public water system bj

competent personnel who uUse a standard form, procedure, and method to

survey the effectIveness and maintenance of the system and to determine
its ability to pr0v1de cocntinuously safe water tc the consuming public.

Wwhy Conduct a Banitary Survey?

determlne whether the construction; equipment; facitities, opetatlon, and

.maintenance of the parts of a water supply system are adequate,; effectlve,

and efficient in producing adequate quantitjes of safe water for the o
consumIng publlc, and whether the water guality meets acceptable standards.

Who Conaucts a Fanitary Survey?

technlcians who have experience; knowledge; and competence in the de51gn,

operation, and maintenance of water suppiy systems. These personnel must

also be cuallfled to assess problems us1ng hydrologlcai, hydrauixc,

sound adequate, and economical recommendations.

What Occurs During a Sanitary Survey?

The activities of a sanltary survey prov1de a comprehensive; accurate

record of the component parts of water systems, assess their operating

conditions and adequacy as a water system, and determine if past

recommendations regarding the system have been effectlvely implemented.

Thls program of instruction presents the information needed by the

inspector to effectively carry out the following activities:
o Inspect and evaluate the water source.
© Inspect and evaluate the intake Structure.

o insoeot and evaluate the treatment/condltlonlng fac111t1es.

o Inspect and evaluate the distribution system.

ST 1-4
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Sample source and distribution water for bacterivlogical, physical,
chemical, and radioclogical properties,; and (as reguired) perfori
and evaluate field analyses.

Review operation and maintenance practices:

Review records; files; maps; correspondence.

Determine qualifications of engineering, Sanitation, and ancillary
personnél; review management practices and personnel needs.

Complete the Survey report.

Present sanitary survey data to operating personnel and (as

required) discuss onsite problems and provide recommendations;

Notify the owner/operator, public, State regulatory agency, and EPA

of deficiencies (as required).

{Specific inspection and reporting information is included in the basic
material of the following units:)

Program Objective

For the

remainder of this training program, we will be covering the

components of a typical water system:

0o 00 0

Source 7
Intake Structure
Treatment
Storage
Distribation

1. What conditions might cause sanitary risks in each of the

components?

2. How might these conditions be recognized?



A Sanitary Survey is:

A Review of:
* Source

* Facilities
¢ Equipment

* QOperations & Maintenance

34



A Sanitary Survey is:

A Review of;

* Source

e Faclilities

¢ Equipment

o (Operations & Maintenance
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- Why Do Sanitary Surveys?

¢ Required by Law
o Determine adequacy
* |dentify problem areas

36



LWhyDe Sanitary Surveys?

o Required by Law
¢ Determine adequacy
o |dentify probiem areas
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- Who Does Sanitary ' Surveys?

o Personnel experienced in evaluating
sanitary risks of water systems

38



~Who Does Sanitary Surveys?

Personnel experienced in evaluating
sanitary risks of water systems.
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Activities are:

° Inspect and Evaluate
* Review

o Sample

¢ Recommend

¢ Notify

Gl



_Activities are:

¢ Inspect and Evaluate
* Review

o Sample

* Recommend

* Notify
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What Conditions Cause
Sanitary Risks?
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What Conditions Cause

Sanitary Risks?
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How Can They Be Recognized?
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How Can They Be Recognized?
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» Distribution
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Components of

Typical Water System

e Source

e Intake Structure
* Treatment

* Storage

~e Distribution
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~ Examples of
Typical Water System

Surface Source  Intake

S\
e ™
Treatment L—ﬁ]

Bistiibition

R | G S

(A Storage ~

— ﬂ T Treatment L&

Distribution




i .Examples of

ypical Water System

Surface Source |nta|_<e
E 7 Pigs Treatment - ﬁ‘—

Source Distribution

—_— 7 / ]
Pup _JL —J——1
— f \ " Treatiment S ﬁ

Distribition

Intake

— ’ o
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UNIT 2: WATER REGULATIONS - "THE NEED TO KNOW"

Unit Summary

. Safe Drinking Water Act ) )
National Interim Primary Drinking Water
Requlations R
implementation of NIPDWK
Applicability
g'eqijii:emem;s'r B
Responsibilities
National Secondary Drinking Water Regulations
Appropriate State Regolations and Standards

Unit Objectives

The Federal and State drinking water regula-
tions form the basis for regulatory activity
in public water supply systems. An inspec-
tor mugt be familiar with these regulations,
their standards, and their implementation. B
This unit provides a brief overview of Federal
regulations.

Logistics

Approximate Presentation Time: 30 minutes

Instructor Materials

o Basic material -
o Transparencies 2-1 through 2-12
o Overhead projector and screen
o Chalkboard

WP 3 ’!’IL, — .,’jf

o Student's Text, Unit 2

session.
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O National Interim Primary Drinking Water
~ Regulations (40 CFR 141) -

O National Interim Primary Drinking Water

__ Regulations Implementation (40 CFR 142)

National Secondary Drinking Water

(ol

~ Requlations (40 CFR 143) - o
Water Treatment Plant Operation (Volume II,
Chapter 22)

(o]
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Use Transparency 2-1. Safe Drinking Water Act (5 minutes)

Briefly explain the o Resulted from concern over deteriorating
development of the public water.
Act and its purpose. c Increased public awareness
) o Congress Lntended that the Act be a
Us2 Transparency 2-2. par*nership:

- EPA prov1dlng CVeralI natronai guidance

- States (by acceptlng "primary® enforce-
nient responsibility) implementing the
taw within their borders

- Water utilities complying with the
regulations

o Mandated: ) S
- Primary Drinking Water Regulations
~ Secondary Drinking Water Regulations

Transparency 2-3. National Interim

Regulations (5 m1nutes)

c
I
14

o Purpose - to protect human health
(o] Enforceao‘lxty - federally enforceable

Transparency 2-3. O Applicability -~ all public water systems

“)

(D

!

Biiefly explain a A public water system is a system that pro-

public water system. vides to the public plped water for human

consumption. The system has at 1eaot 15 service

Use Tradsparency 2-5. connections or reguiariy serves an average of at

least 25 individuoals daliy at least 60 days out

of the year:. This includes (1) any collection,
treatment; storage; and distribution facilities
under the control of such a system and used
primarily in connection with such system, and
{2) any collection or pretreatment storage
fac111t1es not under such control that are used

ggg Transparency 2-6: Fommunrti_Wacer §ystem - a pubixc water system

that serves at least 25 service connec:tions used

Ask stuﬁents why there ry year-:ound residents or regularly serves at

would be a need for Teast 25 year~round residents. Permanent resi-
distinction between dents exposed to potential contaminants for
community and noncom- extended Feriods.

munity systems. . . .
Noncommunity Water Systems -~ a public water
Sycstem that is rnot a vommunity water system.

Brieéfly describe Reggiremehtsmbhaer4§i§5ﬁ§ (5 minutes)
requirements.

o o Srtxng - av01d areas of eartnquakes,
Use Transparency 2-7. floods; fires; or other disasters

Explain that due to
economics and geographic
location siting requirements
may not be able to be met.

2-3 o
Q 554

ERIC

Aruitoxt provided by Eic:



Use Transparency ° B:

Tell stadents that
bUELlfIC contaminants
are prov1ded in Tables
2-1 through 2-3.

Use Transparency 2-9.
Ask students to identify
public health implica-
tions of each.

Lxplain to.-students
that records of these
analyses bould provide
valuable information
for sarveyina the
‘ystem s water
quality;

Uze Transparency 2-10.

gggpau ze that States
Rave aut horit, to
implemsnt: more st

gent stardardf thar

NIPDWR

SLLess that 1ﬂsbectora

local (county, township,
water district) and

State requlations.

o Maximum Contaminant Levels
Established for: B
o Inorganic chemicals
o Organic chemicals
o Turbidity
o Mlcroblologlcal COntamlnantS
o Radiocactive contaminants

[¢) Monxtoring and Anailytical

o Frequency of sampiing and water

o AnalytxcaI requirements

© Record maintenance required

o Reportlng -
(o] Outl;nes when water suppller must make

reports to State agency

o Public Notification _ .

o Cutlines when supplier for community
water system must notify public and
how

o Record Malntenance
o Outllnes what records muost be kept and

for how lcng

Respon51b111t1es for Implementing NIPDWR

(10 minutes)

Federal

o Annual evaluation of sfate program

o Funding of State program eleménts

o Federal enforcement cf standards if
Statres have not instituted own program

State

o Adopt Federal, or equally stringernt,
standards

0 Maintain proglaﬂ that meets COndlthns
for "primacy." The most 1mportant for
this course is a systematic program for
conducting sanitary surveys.

Water Utility

Monitcr for contaminants:

Keep records and report results.

Pubiic notification as required.
obtain 2[10[ approval of plans and

specifications.

00 0 O
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_Drinking Water Requlations

Use Transparency 2-11:

{5 minutes)

Exglaln purpose of

NSDWR. o Purposes
S , - Prov1de esthetlcally appeallng water

Use Transparency 2-12: - Discourage consumers from using an
unsafe source

Ask students why o Enforceability

standards are import- - Guidelines only

ant from a health - Not federally enforceable

standpoirnt. - Individual State may adopt and

enforce standards
O Maximum contaminant levels

Instructor's Narrative

Note: This training program is designed to provide the student with only
"need~to~know" Informatxon. This dlch551on covers 1nformat10n

perflnent to sanItary surveys. If the partlcular State presenting

regulations; they should be emphasized:

As discussed in the last unit; the late 60's and early 70's were a period

of revelation to the general publlc concernlng drlnklng water sdpplles.
Reports were identifying problem areas; technologies were measuring
contaminants in the partes per billion range. Some of *.iese contaminants
were susnected or known carc166§ens. The problems with water §§§Eeﬁé were

be1ng dealt w1th in an uneven manner across. the Natlon. Drlnking water

thus av01d;ng the polltlcal hazardsfof water rate increases. As public
concern and anger grew, a movement for a Federal policy to provide a
comprehensive means of addressirg water supply problems gained impetus.
This movement resulted in the pa3ging coif the Safe Drinking Water Act
(PL 93-523) in Decembsr 1974.

Congress intended that the SDWA would Le a partnershlp between the States;

EPA; and local water utilities: EPA would provide the overall national

guidance by determining heaith effects and establishing standarde for
contaminants; researching treatment technologies for contaminants; and

monitoring State programs.

States, by accepting "primary enforcement responsibility" (primacy), would
implement the law within their borders. Thé water utilities wculd havé to
meet the requirements of the law, thereby providing the day-to-day
compliance.

The SDWA, among other ti .ngs, mandated two further regulations: the
Prlmary Drlnklng Water Requlatlons and the Secondary Drinking water

Regulaticns;
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The National Interim Primary Drinking Water Regulations were an immediate

attempt to meet the need for control of publlc water supplies. They

established the basis for the overall program and outlined the
responsibilities in implementing it.

Lot's briefly discuss this regulation:
égggggg - The purpose was to prctect human health by minimizing

Eplxcablilty - This regulatlon appiles to aii pubiIc water systems.
Public water system means a system prcvxdlng to the publlc piped water

for human consumptlon. The system has at least 15 service connections

or reghiariy serves an average of at least 25 IndIVIdbaIs daily at

least 60 days out of the year: This includes I) any collection,

treatmrﬁt, storage; and distribution facilities under the control of

such a system and used primarily in connection with such a system; and

2) any.collection or pretreatment storage facitities not under such
control which are used primarily in connection with such a system.
Public water systems were further divided into community and noncommunity

dystenms.

Noncommunlty Water System ~ A public water system that is not a
POmmunlty water System.

There is a difference in the standards applied to the two systems. This
i~ based on the fact that permanent residents are exposed to potential
contaminants for extended periods.

The regulatlons outllne requ‘renents that must be met for cor llance.
There is a sititng requirement that restricts the areas in whlch a water
system may be placed unless there is no a1ternat1ve. Maximam contaminant
leveis wers established for inorganic and organic chemicais, turbIdIty,
mIcrobIOqulcaI contamlnants, and radioactive contamlnants. Turbidity and

mItrobxoiogIcat contaminants are of narrlcuiar interest tc the ;anxtary
surveyor. The surveyor will most frequentiy be involved in evaiuarlng the

water suppller s methods for tuorbidity and free chlorine residual.

Mon1tor1ng requirements were also established with respect to frequenty of

ampl:ng, analytical procedures,; and record maintenance of test results.

A review of these records could prov1de the inspector with valuable
information for surveying the system s water quality. They can point out
problem areas and 1dent1fy trends in water quallty. Reportlng

agdencies of analyt;ca results. How soon q fallu;e to cqmply ulth any
primary water requlation had tc be reported is delineated in the
regu.ation.
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There was a requirement for public notification ir specific instance::

7he pubtic would be told firsthand of the shortcomings of its water

supply. How the general pubilc and the everyday customer would be

notified is outlined. This requlrement assured that the publzc would not

onty be aware of the hazards of the particular shortcoming but also

v uvide public support for corrective actions: A final requirement was

for record maintenance; specifying what records were to be kept and for
how long.

In addition to requirements of the regulation, reésponsibilities for each
of the parties that were involved in the implementation were stated.
Basically, the Federal responsibilities were an annual evaluation of State
programs, funding Of the State program elefents, and Fedéral enforcement
of standards if the States did not have primacy. The State requirements

prov1d;rg porsonnel who are able to conduct sanitary surveys: Finally,;
the water supplier had responsibilites. Briefly these were to monitor for
contaminants, keep records and report results, notify the public and/or
consumers when required, and obtain prior approval of plans and
specifications.

We have briefly been discussing the Primary Drinking Water Regulati- s:
Before going into the core of this course, let's take a quick look at the
Qpcondary DrInkIng Water Regulatxons. The purpose of this regulatxon was
to provide an esthetlcally appealing water, thereby dxscouraglnq consumers
from using a potentially unsafe source. The averace consumer bases the
evaluation of the quallty of water on their senses. A water that is free
of pathogens and contains no harmfal chemicals yet has color, taste,rahd
odor and stains Plothes could very well be rejected by a consumer. These
contaminant levels were guidelines and are not federally enforceable;

However ; the States can adopt them as enforceabte standards:
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Basic Material

In necognltlon of a declln° 1n tHe quality of drinking water around the

Nation; Congress passed the Safe Drinking Water Act designed to ensure the

de:livery of safe drInPIng water by _public water systems and to protect

underground water sources from contamination:

The Act required the Envirormental protection Agenﬁy to establish primary

and secondary regqulations i -Pj contaminants to a level wherer"no Known

or anticipated adverse effects on the heatth of persons occcur and which
allows an adequate margin of safety:™

The National Interim Primary Drinking Water :gulations specify

requirements and procedures for controtii-, contaminants in pub115 water
supplies.

Applicability

Although the Prtmary Regulatlons apply to all publlc water supply systems,
the regulatlcns make a distinction between community and noncommunity

systems. CommunIty systems generally supply drinking water to re51dential

and institutional users who might be exposed to dangerous levels of

contaminants for extended perIods of time. Consequently,ra wider range of

contaminants is controlled by the regulatxons. The reguiatxons define a

"public water system™ as a system for provxdlng piped water to the pubIIc

for human consumption if such a system has at least 15 service connections
or regUlarly serves at least 25 people at least 60 days per year. The

with such a system.

Some classes and types of regulated water systems are listed below.

Community Water

Manicipal systems and public water utilities
Mot ile home parks

Condominiums

Residential institutions and schools, 1nclud1ng hospitals, nur51ng

homes; homes for the aged, colleges

Housing developments,; public and prlvate

Multifamily housing complexes (all varieties)

Noncommunity Water Systems (with sevarate water systems)

Motels-hLotels-resort areas Campgrounds
Schools (nonre51dent) Highway rest areas
Restaurant and other food Marinas
service places _ Airports
ST 2-2
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Parks Medical care facilities

Recreation areas Shopping centers

Mlgrant labor and construction Office and commercial buildings
camps Public buildings and publiic

Children's and adult camps asgsembly facilities

Gasoline service stations Social and recreation clubc

Industries Swimming pools and beaches

Churches

The sxtlng of a water system 1s of prlmary 1mportance in_ensuc 1ng safe

water: The National Interim Primary Drinking Water Regulations encourage

the avoidance of hazardous locations when constructing new or expanding
DDbIlC water sYstems. Sites to be avoided are areas subject to

significant risks of:

o Earthquakes*
© Floods (100-year floodplain)

o Fire or other disasters that could cause a breakdown in the water

systems . -
© In many areas; California for example; it is 1mp9§§}b1e to

construct plants wthh are not subject to these _hazards. In those

provldlng a continuous supply of water.

t Levels

The reguiations include maximum contaminant levels for f1ve propertles of
dr:nklng water.

Inorganlc chemicals

Organic chemicals
Turbldlty

Radiological contaminants

0. 00010

The Specific maximum contaminant levels are provided im Tables 2-1 through

2-3. Each category has specific sampling and analytical requirements:

Water Purveyor Requirements

The watér pUrveyor must report to the State agency:

© Results of all tests and analyses within the first 10 days
following the month in which the result is received, or within the
first 10 days following the end of the required monitoring period -
whichever is the sShortest.

© Notice of failure to comply with any primary water regulations,

including monitoring, within 48 hours.

ST 2-4



An applicable maximum -ontaminant tevel
An applicable testing procedure
Scheduled corrections

Required monitoring

o 00 C

© Maintain the following records:

o Bacteriological analyses - for at least 5 years:

© Chemical analyses - for at least 10 years. Actual laboratory

summaries, provided that the following information is included:

~ Date, place, time of sampling:; name of person collecting

-~ 1Identification of routine distribution system sample; check
samples, raw or process water samples, special purpose
samples; date of analysis

= Lab_and person responsible for performing analysis

~ HAnalytical method used

o Records of action taken to cortect - for at least 3
years after last action was taken with respect to a particular
violation.

o Copies of written reports, summaries; or communications relating

to sanitary surveys conducted by itself, private consultant; or
local, State or Federal agency - for at least 10 years after
completion of sanitary survey involved.

© Records concerning scheduling Of improveiients - not less than 5
vedrs following expiration of sScheduling tinme.

Responsibilities for Implementing NIPDWRs

rederal

As already noted, the Federal Government through the Environmental

Protection Agency has set the MCLs and Secondary MCLs for constituents to
ensure that no adverse health effects occur. If a State desires primary
enforecement authority {primacy}, EPA will certify the program if the State
meets requirements. Annual evaluations will be performed to ensure the
quality of the State program.

Research, teclinical assistance, training programs, and funding are
provided States. EPA may take action if States fail to adopt or properly
implement the regulations.

ST 2-6
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e

bi ity qu ‘nfokcemeﬁt of the regulations. EPA would retain prcgrdm

SpOnalblllty only if a State is unable or unwilling to meet the minimam

rpqurements for primacy. To attain primacy under the Act, a State must

adopt Qtandégqs at least as s;rlngent as the Federal primacy standards.

States are free to adopt ard enforce more stringent standards appropriate
to that State.

Addition3ily the States must:
¢ Maintain an inventory of publir water systems.
Have a systematic program for conducting sanitary surveys.

& thabllsh a progra.i for certlflratlon of water Le;Llng laboratories
(unless testlng is done by approved State lahoratories).

complxance with State drlnklnq water feguldLLOhu'
Establish procedures for enforcement.

o Authority to sue in court for violations
© Right to entry S
O Authority to require suppliers to keep accurate records and make

appropriate reports to the State

o Establish and maintain recordkeeping and reporting of its
activities.

o If variances or exempticns are permitted, they must be under the
same conditions as granted under the Federal regulations.

o  Adopt and implement an adequate plan for provxding safe drinkirg

water under emergency conditions:

water Utility Responsibilities

Tiie responsibility of the water purveyor is to meet the primary standards
set by EPA, or the more stringent State standards.

These responsibiii;ies 1nclude the treatment and mon)torlng of 7
bacteriologicdl, chemical, and radLOIOp;cal contaminants; recordkeeping
and teporting of results to State ogjencies; and notificatic of any
noncomplidance to consumers and the public.

The NatIonat econdarx Dr1nkLDQAWaLELARegulaL49n5 are desxgned to ConthL
contaminants that affect the eCthetlcrquallty of drlnklng water, High

concentrations of these contaminants may have health as well as esthetic

implicarions. The federally set contaminant levels were set as guldelires
for State regqulations provided in Table 2-4.
ST 2-8



Table 2-1. 1Interim Primary Drinking Water Regulations (40 CFR 141)

Maximum Contaminant
Level mg/1

Type of B  Type of ,
Cortaminmant Name wWater System (except as noted)

Tnorganic Arsenic Community 0.05 mg/1

chemiczals Barium 1. .
~admium 0.010
Chromium 0.05
Lead 0.05_
Mercury G.002
Selenium 0.01
Siitver 0.05

Fluoride
53.7° F & below
53.8 to 58.3
58.4 to 63.8
63.9 to 70.6 -
70.7 to 75:2

1 79:3 to 90:.5

Mitrate {as N) Community & 1

Noncommunity

RN N
.
OV DD N

O

Organic gndrin Eormunity 0.0002 mg/1

chemicals Lindane 0.004
Methoxychlor 0
Toxaphene 0.0
2;4-D 0.1
2,4,5-TP Silvex 0.0

Turbidity Turbidity at Coiimunity & 1 TU monthly avg.
representative Noncommunity and 5 TU avg. of
entry point to 2 consecutive
distribution days
system

Chlororganics Tr thatomethanes  Greater than 0.1 mg/1

16,600 population
(if it chlorinates
water)

ST 2-12
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Tabie 2-2. Maximum Permissible Microbiclogical Tontaminants (NIFPDWR!}

 Less than 20 20 or More
Coliform Method per Month Samples per Month Samples per Month

Number. of coliform bacteria shall not exceed:

Membrarne filter 17100 mt 47100 ml in one 47100 ml in 5%

1100-mt portions) average density sample of samples

toiiform bacteria shall not be present in more than:

Maltiple :tute 10% of 3 portions in one 3 portions in 5%

fermentation vor tions sample of samples
(10-ml por ‘ons)

, Less than 5 5 or More
Coliform Method Per Month Samples per Month Samples per Morith

Coliform bacteria ehall not be present in more than:

Miltiple tube 60% Of 5 portions in more 5 portions in more

fermentation por tions than one sample than 20% of
{100-ml portions) samples

Tasle 2-3. Maximum Permiscible Radioactivity (NIPDWR)*

Contaminant picocurie per liter (pCi/l)

w

Combined Radium-225 and Radium-228

Gross alpha particle activity, incloding
Radium-226 but excluding Radon and
Uranium 15

Han-Made

Tritiom (total body) 20,000

Strontium-90 (bone marrow) 8

Gross beta particle activity (applicable to 50
sur face water sources)

*Por full explanation refer to Part 141; National Interim Primary brinking
Water Regulations. -
ST 2-13
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tule 2-4.  Special Moritoring Reguirements Under National

Interim Primary Drinking Water Regulations:

Frequancy ]
Contaminant Sur face Ground
sodium 1 sample anndally 1 sample at least
every 2 years
Corrosivity 7 samples annuatty 1 sample annually
(1 mid summer)
(1 mid winter)
vanle 2-5. National Secondary Drinking Water Regulations
Maximuii Contaminant Levels
Contaminaiics Level
Chloride 250 mgy1
Color 15 Color Units
Copper 1 mg/1
Foaming Agents .5 mg/1
Hydrogen Sulfide 0.05 mg/1
Tron ¢.30 ma/1
Manganerse 0.05 mg/1 7
odor 3 Threshold Odor Mumber
Pl 6.5~8.5
Sulfate 250 mg/1
TDS {Total Disscelved solids) 509 mg/l
Zinc S mg/1
ST 2-14
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Safe Drinking Water Act

Public Law 93623
as amended by Public Law 95-100

66



~ Safe Drinking Water Act

Public Lew 93523
as amended by Public Law 95-100
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SDWA
EPA: Provide Guidance
State:  Implement the Law
Suppliers: Comply With the Law

A

N
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SDWA

EPA

Provide Gundance
State:  Implement the Law
Suppliers: Gomply With the Law
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National interim Primary
Drinking Water Regulations
40 CFR Parts 141 & 142



National Inierim Primary
Drinking Water Regulations
40 CFR Parts 141 & 142
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NPDWR

PurpoabProtecf Human Health
Enforceability—Federally Enforceable
Applicabiity=All Public Water Systems
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NIPDWR

Purpese—Pr@teet Human Health
Enforceability—Federally Enforceable
Applicability—Al Public Water Systems
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Public Water System

15 or more service connections
o
25 people at least 60 dayslyear

7



Public Water System
15 or more service connections
or _
25 people at least 60 dayslyear

7D



Community Water System

 publicsystem
o 25 year-round residents or 15 service



Community Water System

public system
25 year round residents or 15 service
connections

71



~ Siting

~ Avoid areas of

Earthquakes
Floods
Fires
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Siting

Avoid areas of:
Earthquakes
Floods
Fires
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s morgamc Chemicals

o Organic Chemicais

e Turbidity '
o Microbiological Contaminants
o Radioactive Contaminants



e |norganic Chemicals

o QOrganic Chemicals

* Tutidty

o Microbiological Contaminants
o Radioactive Contaminants
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Monitoring

Frequency |
Analytical Requirements
Records
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Vionitoring

|
® S @

Frequency
Analyﬂcal Requirements




_Reporting

Public Notification
Record Maintenance

54



Reperimg

, Public Noflficatson .

Recerd Maintenance
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National Secondary Drinking
Water Regulations

Purposes—Provide Esthatically

Appealing Water




National Secondary Drinking
Water Regulations

Pw poses—Provide Esthetically
Apre=iiing \Water



NSDWR

s N Grceablhfy ~Not Fec eral!y Enforceable
o Maximum Contaminant Levels




NSDWR

Enforceaﬂlsty-——Noi jedefally Enforceable
Maximum C - * minant Leveis
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THE HEED TO KNOW"
General
Wells
Springs
Surface Sources
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3b:

General
Hydrologic Cyc!=
Rdequate Quality
Adequate Quar * ity

Wells
Sanitary Risks
Surveying Wells

Springs o
sanicary RisV
surveying “pritas

Sitface Souic
sanitary Risks

surveying surfsce sources
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UNIT 3a: GCeneral -

“he Need To Know"

unit sufmary

Hydrologic Cycle
Adequate Quality
Adequate Qu.:itity

Uni: Objectives

An inspector shouid be famitisr with the
hydrologic cycle and how it affects the
quality of water. Additionally, to edequatelv
evaluate a water source and system; the
inspector should know the demands for quantity
and how they are determined. This unit will
briefly discuss the hydrologic cycle, factors

importance of various water demands.

Logistics

‘mit Seterencos

Approkimate Presentation rize: 30 minttes

Instructor Material

o Baric Materiatl

o Trarsparencies 3-: through 3-4
o Overhzad projector and screens
o Chalkboard

Student Materials

o studi: < 'S Text, Unit 3&
stidert Preparaticr

o Unit 3a should be = .aé grir (o ilie
session.

Manaal! of tndiviaual Wster Supply System
tparc *)
Wai»r Systems Handbook

vater an” Wastewater Enginearing (voluma 1,

Werer T tment Plant Operation (volume 1.
Cliapter: 2 (-1 3¢
er .. . v et O . vtor {(Charter z)



Use Traniparenc; 3-1.: Hydrologic Cycle ‘tutes)
Introduce a discussion

of the hydroiOglc cybie O Sur face wateg
by expiaxnlng how natur © Ground water

contamination ° : acco o Aguifers (cont ned and vnoonf!
lat:? 1n wate: 5 it o Sinkhe s
£1 ~+ chrough che part:. o Zone . . aatU' Lon
ot the cycle: Define 5 Flow dlreptlon of.

-ach componént and ~ evaporation

«dicate flow direction. - transpiration

- runofr
e Transparency 3=2. - percolation

- S L ~ infiltration
Describe both - - :tfined
and anconfined guife .

Usse Transparency 2-7

Ask students to ilcontify Sources of Water Contaminatica (5 minutes;
50me major sources of -
pellution. © Proximity to:
- nearby sewers
List sources on chalkboard - waste dizpesal
as they are suggested - animal pasiuring
by students. - chewically tiééﬁéa ¢ rilcultural I,

- chemical storage are:s
subsurface liquir vaste Aispo

S5tems
Eﬁ?ia}P,E? studentg
thet these soarcecs o Impact of hlgr—flood ru.of
present hazards to 5 Chimical constitution - souil
drinking water,; ard; above rock . )
where possible, should « Decompositiern cof crganic matter
oe noted daring a
anitary survey.
Use questions to 1. ™. at are potential sources of contaminat: -7
promote discussion ot 2. which of the sources are relzvant cniv to
water and how 1t might gror.i water, to surface water, to LOth?
becone contaminated.
Use Transparency 3-1. Water Demand {6 minutes)
wxplain the vacrious o AVékaow daily demarn..

is average demand
o How is it -alculated?
o Importan«y to small wacur
iyste g7

water demands.

o Impact OfrﬁhaCCbUhted—fdr water and

ERIC
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Refer L Ceximum demand

Studer- s e o What is raximum daity demand?
for es- ime- ing averaye o How it is figured?

deily - +t+ require- o Importance to small water systems

ments.
o Peak demand
6 Uhét is ‘peak demand?

o Importance to small water systems?

O ﬂlre demand .
o What 1s fire demand°
© How it is estimated?

o Importance to small Wwater systems”

(quriest sons conce tning  Sanitary Risks (10 minutes)
ary risk..

Dlecy
cant

i. Whzt type of source {surface, grorns .
Ce ,inatlon)

2. What is the total desigr production
capacity?

3. What is the pres-nt average datty
pxoducticn

j. What is the maximum daily production?

. Does system have an “operational” maste-

_ meter? ]

6. How many service confiection: aré thers:

7. Are service connections melered?

(actcintor’s warras tve
In tiiis uny. Je wiil re discussing so .rces of water; and it= adequacy both
4 terms of quality and quantity. » a buginning we should discuss the
hyd: »loglc cycle. ns the n-me implies there 15 a contiiious circulation
of milsture and wWaier. A< & start poiie and he~ause of {+s Size with

m-;p ct to the total volume of water let's plia Uup .he cyclé at the

Tedric Padtation from the sun evape.ates water from thr ocean inte the

moaphe‘e Ac rhe witer vapor rises. it cools, creating clouds Fr o
et Clouds rie molstui . condenses and fulic back -~ th  earth s suiface
fn the torm of precipikution Precipita:;cﬁris )SS*ﬂLLdlly tlie sou:ce .
2y orr frosh water: fart of tnis prec pitation, ="te: afuratinq the
sootace  russ oft to streams:  The water rhat esditers the scil inittdlly #e«

istained o cNe plant root zone “r zone of acraticii: ‘ite ot atilized

by the p.:1ts continues on thr« » tne suh<arface formitions arder the
influence »7 gravity. =Zventuai.y water re - hes a zone where alt tne
formation | tres are f.lled with water, the zonz of saturarinn: ‘tiie upper
~iige of “his zone is what 1s referred te as 1 water table. Dgppncirq on
nograbny ., geclogy. and - he hydrosrcat! . pressure, the weier moves through
e cturatea {orisdtion and mt . reanpear where the vurface intersec::s the
Guter table. 7Tre fermations of 5t. .3t that are Saturated with water .vad

Lrom whidch ground wate. acy o ~--ined ate called aquifers. T0 quaiify as
an aquiltet, a geologle formation m st contain paied or of Ceores thae
34
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n7e fliled with water and large enough o permit the water to Move at a
perceptibie rate Aquifers may be either confined or unconfined.
Unconfined aquifers have a free water surface. Confined or artesian

aquifers have the water surface restricted both vertically and

horizontally by formations that are impermeable The water pressure

within these aquifers ts such that when the upper “nnfining layer 1is

broken; either by a well or fauitiine. the water w._1l rise above the top

of the aquifer. 1In some cases; the water rises above the land surface arid
an arteslan spring or well is created:

uhat impact does the hydrologic cycle have on a sanitary survey? The

inspector must realize that from the moment of inceptton. water is heing
contamindted by natural and manmade sources. The raindrops are formed
around dv particles. Falling through the air, the water picks up
additiona pollutants such as gases, plant seeds, and chemicals such as
sulfur, r' trpgen, and carbon dioxide. Upon reaching the surface; water

becomes ‘irther contaminated by, for instance, domestic and industrial

waste. . It passe3 through subsurface formations it dissclves materials
thar t: <t on the quality of the water. What are soiie poitential scurces
of -¢ . -ilnaticn?

Gc tes of Water Contamination
~ Proximity to:
- nearby sewers
- Waste disposal
- anlinal sasturing
- clueriically .reated agricuitural lard
‘Hemical sturage areas
- subsurface licuid waste dispo sal systems
- b jhways
o Impact of high-flood runcff

O chemlcal and physical characre istics of soll above rock

As stated earlier. a survey for potential sources of contanination within

¢ watershed or recharqe zone 1s rno longe - a sanitary survey. In fact,

due to limited resources; time, and perfDnnel a detalled eValuation ot

these areas wiil be beyond the scope of survey: The inspector will be
concerned with pollution in clos- proximrty of the ater sdpbiy source:
The system oim.r should be questioned as to what provisions are made by
the water system to limit contamlnation of the source (e.g., zoning
restrictions, cortrol of watershed, restricted use of inpoundment, and
reriodic 1i. pec lons).

our discussicn has thus far dealt with the "quallty” aspects of snurces.
there s anot<er pqually as important faftor of adequacy: gquantity. 1In
providing sufficient quantity cf water to meet a system s requirement , wWe

storage eap:"itv treatment unitrtapacitie:; pumip capacities.,and
distribution systems. 1In speakirg of adequate qLantity we refer to

various types of water Jdemands. water demand is the total water used by a

systoem i . sperified period of time. The components of demand are o
residenit Y41, indt-=trial, commercial, irdistrial, public, fire, other water
=



utibicies, mamn leskage, unaccounted-for water, and water used in
treatment: We wiil briefly be dlscu591ng four types of demands: averadge

daily demand, maximam demand; peak demand; and fire demsnd;

Average daily demand is the guantity of water utilized on a&n average day.

Ave rage daity demaﬁd is atilized in dotermining treatment nit capacities

and raw water pump capacxtles Average demand can be estimated by a

combination of projected population figures and normal water usage

requirements. Generaily, a standard piahnlng gXIde, such as Table 3-1 on

page ST 3-12; is utilized in maklng the estlmat . The fact cannot be

woverst oased that tables such as this give estlmates. This figure must
B vl ool tith regional and demegraphic considerations. As an example;

the @ -r caplta consumption can be influenced by lawn irrigation and

sw.or ii.g vonl usage, which would be a greater factor in the Southwest than
in northeastern sections of the United States. The surveyor is well
2ivised to review local information on water systems of comparable nature
wli-fi evaluating water usadge.

n Lw‘klﬂg of maximum demand we evaiuate two types. hﬁ max imam daII)

demoarnd is the qreatest amod
}xpnrxenre with small residentiai water systems suggcots Fhat: tne ms X imum
dqv 1s 1.5 tu 1 timez the average uay However; this ratio may not apply

o other t.pes of water systems. In general, the smuller the water

stem;, the greater the vari: lon between the average anc “he maxiwmun
. The other type is max’*mun hourly demard. The maximum hourly demand
1s the qreatest amcunt of water that will ke used in any bewir during a
JGay. Maximum hourly demeénd is sometimes referred - » as the peak hourly
iemand, altuough there will be short-term peak demand races lasting for
several minutes that will exceed the - ximum hourly demand rate. Each
tvpe of system exhibits 1ts5 own maxiiua hourly and short—-term peak demands
*he hours of peak occurreice wil' vary. As an example, shopping
. rs usually experience hourly peaks in the early afternoon while
~..adential communities may experience two peak hours, about 8:00 a.m. and
f:00 pom., The maximum hourly demand is oft.: expressed as a ratio of the
svérags doily deémand  in gallons per minute. Generally sSpeaking, the

o

cantler the system, the greate: the muximum hourly rate in respect to th
crage d3aily rate.

Py Linum deilv 3 nands occur for those specifieﬁ periods of

time.  Sh - are ieferrad to @5 peak demarids: Tris is thie

REX LNI0m ame it L U :ssary to teet che p=ak shot t-term demand rate

fiiat HMdy OCCuLr €0 o . B iurlng ¢ day, but usuhlly dU*ng the peak

Low  wperiod.  he irstentanenus peak may last for several minutes. The
rate is particularly important 1in cons:lering the sizing c¢f the storage
rank in a hyatbphéumatié ";ftém. “hé eff. ~tive storage capacity is
i esigned tn meet 353RS. In the absence of
pzak demands; the wells and
r The smaller the
swatem, the creater the ratio of *he péék cemard toe the average demand.
wxperlence with small reszidenvial communitics suggests that the peak
ceuriy Jdemand ey range from about 6 te (0 times the average daily 2emand.

iy
1
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Th~ ‘1"“;, type of demand is firc dv anc. An adequate system provides
sufficient water to meet peak demands tfor domestic, commercial, and
*nqqstridl purposes as well as for firefighting. Fire demand 15 the

amount of water capaclity that must be ‘designel into a water sysStem for

firefighting purposes: #ire flow is not included in the definitioii of
average datily and maximum dallj demands and must be added if fire
mrotegrion {s desired: Fire flows are USJallv expressed as ailons per
minute to fight a fire of : certein duration: Local fire underwriters
will prov’ ‘e specttic requirments on reques: :

A loglical yeestion ai this [ nt wight be: "What does thls discussion on
demand have to do wita a sanltary survey?" There are several sanitary or
health-related imracts that these demands can have. Does the system or
sortjons of it e =m _out of wate.? This its one of tiie first questions
{nat should be ask: in determining adequacy of a system. If the answer
is yes, then 4 defin nsalth problem exists. How much water ts being
vroddeed--and—for whaty . nis may be a gquestion that ‘s difficult to

mswer . partlcularly for smailer systems. Many of these systems not onty
tack ¢ervice meters but "lack master meters as well. In these cases; the
dmoirit of water produced may be estimated from pump rating curves and
either pump hoiir meters or eléctric meter5. The impact of unaccounted for
water and leak~ can ’‘ricrease the per capita “emand to as much as 600 gpd.
This ruts a strain i the source and the meghanical units of the sSystem.
Unacournted: for water can have sanitary significance in terms of service

oatdces; low pressures: and contamination prot.ems from tross coinection: .
These losses are also nonrevenue producing and therefore place a financial
purden vn th2 system. Coupled w.'h unreatistic water rate structures;

thii can create real problems as : .uired maintenance and repltacements
Jdelayed because of lack of funds.

me b e
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ot te Maberial

e two prln01pa] gources ot water supplices are surface waters and ground
Wa-t Both originate from precipitation. Some of the precipitation

collects on the aurface of the earth to forim streams, lakes, and other
surtace waters Som- sSeeps downhward through the earth where it accumn—
lates in the poro spaces in the soils that overlay rock formations: The

ceepage continues downward and Iatératty to fiit the Lnteréénnectlng

]OInt% crack%, solution channets, pore spaces, and other openings in
these rock tormaﬁlons below the soils: Ground water 1s not static and

tends to move stowly through the vuhstrata, some of it reappearlng at the

edge of streams and lakes or as springs and seepage areas. Energy from

the sun evaporates water from the earth;, streams; lakes; and seas and

promotes transpiration of moisture from growing plants to form water vapor
1n the atmogphere. The water vapor forms into clouds, which 1n turn

produce rain and snow to replen1sh the surface and ground waters. This

continuous process 1s called the hydrologic or water cycle; and by its

very nature, water is exposed to both natural and man-induced contamina-
ti1on,

round Water

Ground water s the principal source of water for small water supply sys-

tems: Ground water generally has a more consistent good bacterial quality
than surface water, hav1ng undergone considerable natural purification
rhrouqh str31n1ng ano prolongéd gtoraéé However, a number of arééé have

thelr wastes. Generally 1t requires little (if any) treatment prlqr to
use; whereas surface waters invariably require rather sophisticated treat-
ment. Furthermore, groutd waters are reéadily available in most areds of
the country in sufficisnt quantitiecs to meet the needs of small water
systems.

r»uLx\]\.e lﬂa"‘ r

Prnc1n1tation that does not enter the qround through intiltration or 1s

rot retirned to the atmosphere by evaporatxon flows over the ground

”urrace and is classified as direct ranoff: Direct rvnoff is water that
moves over satarated or Impprmeabte surfaces,; and in stream channels or
other natural or artificial storage sites:. The dry weather (base) flow of

streams 1s derived from ground water or snowmelt,

Runott from ground surfaces may be collected in either natureal or
artificial reservoirs. A portion of the water stored in surface
reservoirs is lost by evaporation and from 1nf11trat10n to the ground

water table from the pond. Transpiration erm vegetation in and ad14cent
to ponds constitutes another means of water 1oss.

man and nature and because the guality of the water varies consider-

necause surface waters are exposed to potentialty severe contamination by
th

ol

2Ot
]
{

ahlv; a relatively high degree of treatment is reguired to ensure :i5
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constant notefy.  The treatment is generadally more sophbiisticated than with
Jrourd wa wrs and requires more diligent operation and mainteéenance aned
mor s cos b,

How el rkorb are Occatibns when quriace water is 4 source f{or d small
water cui ply system because of the poor quality or laCk of locaJ ground

witer: il fa”tors bexng equai impotndments such ©s natuzal lakes or
ponds,; .O)VOIrG, are prefprred over streams sirnce the qua 11ty of this
water :, =ty Iars variable, reducing the extremes in quality:

Cuality of WLien

Precipitatic.. i the fosw of rain, snow, hail, or sleet contains very few

Impurities. " ace amourt: of mineral matter, gases, and other substances
may be entrained as the orecieitation forms and falls through the earth's
atmosphere; however, the pre~ipitation has virtually ro bacterial content.

Once precipitat.on reaches the earth s surféCe, many o~portunities are
presented for the introduction of fo;elgn substances ia 2 the water, which
may lowe, 1ts guality to the puint that it constitutées a health hazard or
impairs its isefulness,

source to ncarby sewers, waste dlsposal construc-
«>turtng, cHemlcatiy treated agrlculturai tand; and

(such as sait or petroleum) increases the Iikeli-

(hnmicat Srorago areas

flood of contamination: Other sources of contamination are completety

sich as the impact of high flood runoff; chemical composition of
{e.g.; the presence of iron), or decomposition of or-

natural,
sn11 above th: rock
ganlc matter.

Sibstances that altar the quality of water as it moves over or below the
Sirtdce Of thé €aiti may be classified as follows:

o Organic

© Inorganic

) Blologlca7 )
o Radiological

7mpuririo§ in natural waters depend 1arge1y on the crtcumstanrea of the

its hlstory. Water destined for an aquxfer pIcks ap Impnrlttes

source and Water de |
15 it seeps through sorl and rock, Inciudlng possxbie polttution: Pollction

as

sources may include leaking sanitary sewers, septic systems, waste disposal

1E5;; éﬁa éééldehtal clscharges. Uptake of mlnerals is Common. ~The

Pomnxned with a relatively long retuntion period in the ground, will ofteh
aid in removing micro-organisms. This long retention time can, however,
create problems in that ground water once contaminated can be costly to
Durgé ih térmé df bdth tiﬁé éhd mdhéy. Cthhd Qétété héVéﬂé,féitly stable
"""""" ) WéllS affected

,ontamlnatlon.
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Water. Demands

Thie prquc'bﬁ average aally demand is the quantlty oL water projected to
o used by a urecific system or part of a system in an average day. This

15 based uilun ov“n*'ﬁn*e from water meter readings in similar water
systems over a:: ciler 31 veriod of time and reflects the normal seasonal

and daIT} Va[lg(:wLé; For design purposes,; it IS usually determined by
ostrmat‘nq the pywiation or units of housing or other uriits and

mullplylwg by zn a "2ldite person or per unit water consumptlon derived from
past experience. Othnor witer demand termS frequently relate to this ba51c

term. The average daliy demand will be exceeded on many days so it is not
appropriate to design merely rfor the averdage. For this reason other terms

are used to express the probabit gi .Atest amount of water that may be uzed
in one day, or other period of time:

variocus theS of establishments. in ga1101= per day per unlt The unit is

persons per day unless otherwise indicated:. The values shown may vary
throughout the Nation, and the inspector is advised to review local

information on water systems serving similar size establishmernits,

will use in one day. Experlence with small re51dent1a1 water systemq

suggests that the maximum day is 1.5 to 2 times the averane day. However,

this ratic may not apply to other types of water systems.r In general, the

cmaller the water system, the greater the variation between the average

and the maximum day.

used in any hour during a day. Max1mum hourly demand is sometimes o
referred to as the peak hourly demand, although there will be short-term

peak demand rates lasting for several minutes that will exceed the maximum

hourly demand r~ce: Each type of system exhibits it own maximum hourly

and short-term peak demands and the hours of peak occurrence will vary.

As an example, shopping centers Usually experience hourly p<aks in the

early afternoon thie reSIdentlal comiunities May experience two peak

hours, about 8:00 a.m. and 6:00 p-m. The maximum hourly demand is often

expressed as a ratio of the average da11y demand, in gallons per m1nute.7

Generally speaking, the smaller the system; the greater the maximuii hourly
rate in respect to the average daily rate.

Peak demand is the max1mum amount of water necessary to meet the peak
short—term demaﬁd rate that may occur several times during a day, but

usoally durlng the peak-hour period. The instantaneous peak may tast for
several minutes:. The rate is partlcularly important in considering the

sizi-~ of the storage tank in a hydropneumatic system. The effective 7
sto: : capac1ty is usually designed to méet these short-term peaks. 1In

the z.sence of suffICIent effectlve storage to meet extendad peak demands;

the wells and pdmps iust be capable of meeting the peak demands. The

average demand. ExperIence with small resldentlal commun1t1es suggests

that the peak hourly demand may range from about & to 10 times the average
daily demand.

ST 3-7
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Flre 1l©w is the amount of water capacity that must be des1gned 1nto a

water yseem for firefighting purposes. Fire fiow is not included in the

deflnltlon ot average daily and maximam dally demands and must be added .f
fire protection is desired. Fire flowe are USUBl;Y eXpressed as gallons
per minute to flght a fire of a cercta- uratlon. Local fire underwriters

will provide specific requirements on Loguest.

Sanitary Risks

1. What typé of source (surface, ground or combination} ?

There are specific risks for each type of source, which will be
covered in later sections of Unit 3.

2. what is the total design production capacity?

Comparison of this flgure w1th present demand figures ailows the

inspector to determine if there is adequate treatment capacity:

3. What is the present average dally productlon?

Compar ison of this flgure w1th values for other s1m11ar systems on a

per capita basis may poxnt out problems w1th1n the system. an

evaluation of average daily production trends may indicate problems as

well. For example; if consumptxon is excessive or production trends

are increasing without an accompanying population or use increase,

leakage within the distribution system may be indicated.

Comparison of this figure with design capacity allows determination of

adeqguacy of treatment capacity.
5. Does syst.:i have an "operational” master meter?

for the ut111ty to accurately monltor production.
6. How many service connections are there?

This figure provides the 1nspector w1th an 1dea of the size of the

system; this means the total number of homes and businesses served by

the system. 1t should not include connections for vacant lots.

7. Are servicé connections metered?

fhis allows a water balance to be made. fThere is aiso a correlatlon

betweern metéred service and water conservation: 7If the system 1is
metered, the per capita consumption is reduced.

A review of the system S records and operator responses should grOVIde

A

ST 3-9



Tabte 3 1,7 ulde for L°t1mat1ng Eve age Dally Water Requ1re¢ ‘nEs*

Type of Establishment {(The unit 13 por erson " Average Daily Usz {gpd)

unless otherwise stated) o

Aitport (per passenger) 3-5
Assefbly Halls (per seat) . 2
Camps - Child, overnite, ccntral facilities 40-50
- Construction 50
- ngrant labor ) 35-50
- Day type, no meals sarved 15 .
Churches (per member} 1
Cottages; season occupancy 50
Ciubs - Residential 100
- Nonresidential 25
Factories, sanitary uses; per shift 15-35
ted Service - Restaurants 7-10
- With bars 9-12
- Fast food 2
Highway Rest Areas 5
Hotels (2 persons per room) 60
Institutions - Hospitals (per bed) 250-400
- Nursing Homes {per bed) 150-200
- Others 75-12%
office Buildings ) 7 15-30
Laundrles, self service (per customer) S0
Motels (per bed) 60
parks - bay uose (with flush t01lets) 5
- Mobite homes (per unit) 200
- Travel trailers (per uanit) 90~ 100
Picnic Areas (with flush toilets) 5-10
Residential Communltles
- Multi-family (per bedroom) 120
- Rooming house and tourist
homes type (per bedroom) 120
- single family typé (per hcuse) 400
Resort Motels and Hotels 75-130
Retail Stores (Der t01let room) ) 400
Schools - Day, no showers or cafeteria 15
- Day, with cafeteria 20
- Day; with showers and cafeteria 25
- Residential types 75- 100
Shopping Centers, per sq. ft. sales area 0:16
Swimming Pools and Beaches 10
Theaters = Drive-in ({per car) 3-5
- Others (per seat) 3

*The vdlues listed_ in Table 3-1 are for normal water requirements and do
not include cpecial needs or unusual conditions. State and lucal requirec-
mhn*c may vary from those provided in this table. Additional allowance
should be made for frequent lawn watering, swimming pool maintenance,
1ndu°'*1al or commercial process water, cooling water, firefighting, and
other special uses.

ST 3-12
O
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UNIT 3b: Wells - "The Nesd To Know"

Unit Summary

Types and Characteristics

Sanitary Risk Factors

EXirciSe I: Identifying Sanitary Risk
surveyihg’jellg i o

Exercise 11: Surveying Wells

tnit Objectives

A major function of the sanitary survey is to

determine the degree of protection afforded

the source. At the end of this untt the
student should know:

1. Characteristics and components of
_ wells - ]
. _. Sanitary risks to wells and how to
identify them

Loglstics

Approximate Presentation Time: 60 miniites

Instructor Materials

o Bastc matertal N
o Transparencies 3-5 through 3-11
o Overhead projector and screen
o Chalkboard

Studedt Materlials
o student's Text, Unit 3b

o small Water Systems Serving
the Public (Chap:ar 5)
O Manual of Individual Wwater
_Supply Systems (Part II)
© Groundwater and Wells
o Well Drilling Operations

o water Supply System Operation (Chapter 3)

3-8
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Brisfly describe
differences between
each type of well.

Use Transparency 3-5.
Use Transparency 3-6 to

discuss components:

Briefly doscribe
importance of each.
question on checklist.

Provide personal
experiences or
arnecdotes to relate
course matertal to
actual sttuations an

encounter.

Explain to students
that activities of a
water utility immed-
jately adjacent to a

well can have adverse

impact:

ERIC

Aruitoxt provided by Eic:

A. Types of Wells (5 minutes)
o Drilled

o Bored

o bug

B: Components (10 minutes)
Casing

Sanitary seal
Grout

Pitless adapter
Screen

Pump

Vent

0.0.0.0:0:0:0!

C. sanitary Risks (30 minutes)

1. Re« \rea/sdrface Area

a. Is recharge area protected?
o Ownership
o Fencing

o Ordinances
b: What is nature of recharge zone?
o Agricultural
o Industrial
o Residential
o Other
Enphasize that activities on
recharge zone can impact on the
quality of ground water:

c. Is site subject to flooding?

o Impact of drainage of

 immediate area: B
o Problems of well field in
floodplain of less than
100-year filood:
d: 1Is well located in proximity of a

potenttal source of pollution?

Table 3-2. Sampie Minimum Distancea Between Walla and Pollutlon Sources

Source Poet from wWell Hemarko

Watertight Sewera 50 L o
Other Scwarn 100 Consult the State
septic Tanka 100 requiatory. agency
Sewage Field, Bed or pit 200 16f special local
Animal Pena and Yarda 209 fequitements.

Source: Small water Syatems Serving the Public, Chapter S,

3-9
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Points of Risk on Tranbparenoy
1. Flooding from stream

Septic tanks

Filiing station tanks

Sewers

Fuel storage on site

Proximity of highways

(salt and spills)

NS W N,

N

Well Data
S a. Depth of well
Emphasize import- b. Drawdown
ance of measiiring : o What is the well's drawdown?
drawdown. O How is it measured?
3. construction

Use Transparency 3-8: a: Depth of casing
o Protection against surface waters
Expltatn importance of and undesirable aquifers
informaticn requested
bv each question. b. Depth of grout
o Protection against sirface water
contamination

o Minimum of 20 feet recommended

c. Does casing extend at least 12 inches
above the floor or ground?
o Protection against Flooding

Explain that concrete d. Is well properly sealed?

pad by itself 1s not o Concrete pad in good condition
sufficient becaiuse of o Well head seal

burrowing animals and

erosion: e. Does well vent terminate 18 inches

above ground/floor level or above
maximum flood level wiih return bend
facing downward and screened?
o Keeps contaminated water and
animals from entering well.

f. Does well have suitable sampling cock?
o Sampling cock at well point is
helpful in identifying location
of probleiis.
g. Are check valves, blowoff valves, and

water meters maintailned and operating
properly?




h: 1Is upper termination of well protected
(housed, fenced, barrier)?
1. TIs lightiny protection provided?
4. well pumps

a. 1Is intake located below the maximusn

7 drawdownz

b. Are foot valves and/or check valves
accessible for cteaning?

" @e Transparencles 3 10 b: Evaluation of Risks (15 minutes)

and 3-11 to discuss

deficiencies: pefictencies

Proximity of underground fuel tank
and lines

Use of weil pit

Impioper well vent

Lack of lighting protection

Lack of drain in well pit

a2 :
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Pl s Welln

it Surnnar ¥e

Types and Characteristics
Sanitary Risk Factors
Surveying Wells

sMall Water Systems Serving the Public (Chapter )
Manval of Individual Water Supply Systems (Part II)
Ground Water and Wells

Well Drilling Operatxon<

Water Supply System Operation (Chapter 3)

Baslc Material

TG reach the ground waters underlylng the earth's surface, a well must he

constructed to penetrate the desired water—bearlng stratz: These
structures may be dug, driven, bored, jetted, or drilIed dependxng on the

geological formations through which Lhey must pass and the depth to which
they must reach. Dug, driven, bored; and Jettedrwells are usnally
confined to relatlvely sofc soils overlayxng rock and to shallow depths

normally less than 50 feat (15 meters) . Wells using these sinking methods

should not be constructed for use as public water sources unless

qperxficaily approved Dy the State regulatory agency. Drilled wells may

be used 1n both soft and hard soil and in rock and may be sunk to depths
of several hundred feet.

Drilled wells can be constructed in all 1nstances where driven and jetted

woils might otherwise be used and 1n many areas where dug and bored wells

dre tonstructed The larger dlamete[ of a drllled well, compared w1th a

develop the full capac1ty of the aqulfer.

There are various components of a well, many of which cannot be observed
by the sanitary surveyor. Some of the more xmportant ones follow:

Well casing is institled in wells to prevent the collapse of the walls

of the bore hole; to exclude pollutants (eitrer surface or subsurface)

from enter;ng the water source, and to prov1de a column of stored
water and a housing for the pump mechanicms and pipes.

God=-13
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wopt grout ts oused o il the annular open Space Tett Geoiid s

[y

nutuldv ot the well casing during construct ion to prevent wnde: P2 0
water and contuamina’ion from entering the well,

.(revn~ are installed at the intdke point ol the well to hold back

ans tab te Jquxf(r mdterral and periit free tlow ol water into the

well.  The well screen should be of good guality {(corrosion=re:- L,

hydraulically efficient; and with qood s structiral properties)y.

sleove connections to prevent contaminated water or othor mdtetldl
Irom entering the well: & varIety of covers and seals are available
Lo meet the varrety of condltlons encountered, but the principles and
the objective of exctuding contumination are tlie same.

Pitless adapters are used to eliminate the need for a well prt.

Because of the flooding and pollutron hazards 1nvo]ved, a well plt to

house the pumping eguipment or tc permit acce%sxhiltty to the top of

the well is not recommended. Some States prohibit its use. These

units vary in design but generally include a special fitting desxgned

tor m0unt1nq on the )1de of the well ca51ng. Thﬂ well dlscha—ge and

rhe c351ng underground below frost depth and at the same time,
provxdes for good accessibility to the well casing for repairs without
excavation:

Sanitary Risks

"s tue aquifer recharge area protected? What is the riature of the
recharge area?

The hatiure of act1v1t1es on the recharge zone and whether or rnot they
ar- controlled can influence the quaixty of the water source:. This

information can assist the inspector in the identification of the

potential source. The recharge area can be protected by means rangrng

from ownership of the area by the utility with restricted access tn»

zoning laws prohibiting the use of subsurface waste disposal (septic

tanks). The owner/operator should know this information:

15 thé site subject to flooding?

Runcff in the 1mmed1ate area should be drained away from the well
site: The well field should not be placed in a floodp1a1n (100—yearr

flood). To protect a well is easier than to clean an aqu1fer once it

is COntam1nated Informatlon on flood1ng and slte dralnage may be

reccrds: The exposed casing should terminate 18 inches above known
fiood level:

Is the well located in the proximity of a potential source of
pollution?



vl Btate pequlatory agency slould be consulted for its poticy con-
certnoig well location, oartlcnlarly the minimum protective distances
Detweetn tha well and solrces Of existiig or potential poliution.
:JBié ;—? i an nxample of typlcal Min i d1°tances. These dlStanCL

contamination.  The wdtgr purveyor shoald prov1de even greater prote\

t1on where possible: The tabte applxes to pr0perly constructed wells
with protective LdSlng set to a dopth of at least 20 feet below ground

curtace . Other uroes of wells will require special consideratiohs:

At 0L dample Minizum Distances Dotween Wolla and poliution Sources
SITTRE Foet from wWell Remarks
Wnﬁvrtiqht Sewer s 50
Other Sewers 100 Consult the State
septic Tanks B 1u0 regulatory agency

sewdge FlPld, Bed or Pit 200 for special local
animal pens and Yards 200 requirements.

o small Water Systems Servina the Public; Chapter

4. What 15 the depth of the well?
THe yreater the depth of the aquifer utilized, the lesa chance of
surface contamination degrading the water quality. -per aquifers

Jcnerdlly have a more consistent quality of water.

5. What is the well drawdown?

orawdown is the dIfference between statlc water levels and pumplng
water levels. Measurlng drawdown is important since changes in draw-
Adown can indicate problems in the adguifer (declining water levels) or
well (Incrustatxon, sand).r The operator should be able to provide this

information: If the operator is not measuring drawdown, he/she should
he encouraged to do so-

6. What is the depth Of the casing?

be strong eriough to resist the pressires exerted by

The casirg must
g materlals and corrosion by 5011 and water env1ronments.
t

the sarxopndl

The casing mus

aquifer to *the surface through anstable formatlons and through zones

of actual or potential contamination: The casing should extend above

potential levels of flooding and should be protected from flood water

contamlratlon and damage. In unconqolldated so1ls, the ca51ng should

ERIC
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expected drawdown level: In consolidated rock formations, the casing

should extend 5 feet (1.5 meters) into firm bed rock and sealed into

place. The operator should be able to provide this information:

7. wWhat is the depth of grouting?

Specific groutlng requlrements of a well depend on the exlstlng )
sur face conditions, especially the locatlon of sources of pollution,

and the sdbsurface geologic and hydrologlc condltlons.i To achieve
the desired protectloh against contamination, theé annular spacé must

be sealed to whatever depth is necessary, but inh no case less than 20
feet.

This provides protection agalnst sur face runoff or draInage

problems. The 12 inches is recommended when there is no potential
for flooding.

9. 15 the well properly sealed?

Well head covers or seals are used at the top of the casing or pipe
sleeve connections to prevent contaminated water or other material
from ehterihg the well R vétiéty bf covaré éhd éeélé éte éQéiléble

the objectlve of excludlng contamlnatlon are the same. Well covers

and pump pIatforms should be elevated above the ad]acent finished

ground tevel and should be sIoped to drth away from the well

casing. Well pits should not be used, since they may result in

contamination. Pitless adapters are used to eliminate the need for a

well pit. Because of the flooding and pollution hazards involved; a
well pit to house the pumping equipment or to permit accessibility to
the top of the well is not recommended. Some States prohibit its
use. A concrete slab around the well casing is not a completely
reilable seal, since burrow1ng animals and insects can undermine it

or it can be broken or cracked from frost heave or velicles:

10. Does the well vent terminate 18 inches aboveigtggnd/fioor tevel or

above maximum flood level with return bend facing downward and
screened?

Eﬁis is to keep water (from water cooled bearings for example), dust,
insects, and animals from entering the well casing.

Il1. Does the well have a suitable sampling cock?
This is important when trying to isolate sources of contamination in
a well field. 1If there is a well field and individual sample cocks
are not provided, it is difficult to determine if one or all wells
are the problem;

ERIC
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12.

te,

Are check valves; blowoff valves, and water meters maintained and
operated properly?

valves should be maintained and operated to prevent contamination
from entering the well.

IS the ugper terminatisn of th- well protected?

The upper termlnatlon of the well should be either housed or fenced

to protect 1t from vandalism and vehicle damage.

Is lightning protection provided? )

AY

nghtnlng surges can develop in powertines durxng thunderstorms.

Hucn surges can damage pump motors; creating loss of water Supply as

211 as costly repairs. To protect agaxnst this; Irghtnxng arrestors

‘1n7be provided where service lines are connected to service entrance

1hles or ét thé motor oontrol boi. A multlground arrangement can be

s pump intake located below maximum drawdown?

This prevents the pump from running dry as well as protects against
contamination in upper portic - of water table from being pumped.
Are foot valves and/or check valves accessible for clearning?

A5 wlth above- ground valves, tHese valves mist be ma1nta1ned in an
operating manner to prevent flow of undesirable water ifto the well.
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UNIT 3c: Springs - "The Need

o Know"

'nit Summary

Spring Source Collection System Components
Sanitary Risk Factors

nit Objectives

A majo: fUthiQh of the sahitaty survey is,tb
determine the dedree of protection afforded the
source. Springs are sometimes used as public
water sources. At the end of this unit, the
student should@ know:

1. Characteristics of springs
2. Sanitary risks to springs

Iogratices

Approximate Presentation Time: 45 minutes

Instructor Materials

o Basic material
o Transparencies 3-12 through 3-16

O Chalkboard

student Materials

o Stodent's Text, unit 3c

Student Preparation

o Unit 3¢ should be read prior to the session.

Unit References

0 Small Water Systems Serving the Public
(Chepter 7). _ B o

o Manual of Individual Water Supply Systeis
(Part II)
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Use Transparency 3-13.
Point out major components
of each type. Aask students
to describe the function of
each component. Explain as
necessary.

Use TranQparenc1co 3-14
and 3-15:

Point out major components.

Use personal experiences
and anecdotes to relate the

course material to actual
situations an inspector
may éhcbudter durihg a

Emphasxze,that actvatxeg

on recharge area have greater

impact on water quality

of springs than cf wells.

Use Transparency 3-13.
Briefly explain importance
of items.

Spring Collection System Components
(10 minutes)

o Spring flow interception

o Storage tank/collection chamber
o Screened overflow

valved supply intake

Drain

Tank/chamber cover

Screened suppiy intake

0 0 0 0

B. Infiltration Galleries (5 minutes)

Components

Screen

Collector pipes
Gravel and sand bed
Backfill

Sump

Drainage

0.0 0.0 0 0!

Sanitary Risks (30 minutes)

1. Recharge Area/Surface Area
a. 1Is recharge area protected?
o Ownership

fEﬁciﬁg

o Ordinances

el

b. What is nature of recharge areca?
Agricultural

Industrial

Residential

Other

c. 15 §ite subject to floocding?
2. Construction

a. Collection chamber
Watertight

3. Site Protection
a. Diversion ditch for surface drainage
b. Site fencing with secured access

4. Water Quality
What conditlons cause changes to

| Sy
| oy
&0



Use Transparency 3-16. Evaluation of Springs
Have students identify

deficiencies of illustration. Deficiencies:

o Inadequate cover (not tight fitting,
not lockable)

o Proximity to pollutant source

o No site fencing

o No drain

o No exterior valves

o Improper overflow (no screen, no
overflow drainage provisions)

o No surface drainage division.

o Improper intake (located on bottom, no
screen)

3-14
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UNIT 3c: Springs

Unit Summary
Spring Source Collection System Components

Sanitary Risks

tzirt References

Small water Sy;Lems Cervlnq the Publ

(Chupter 7)
Manual of Individcal wWater Supply System;

(Part IT)

basic Material

To properly develocp a spring supply, the natural flow of ground water must
be captured below the ground surface; and the method used must not
contdminate the water. Springs are subject to contamination by wastewater
disposal systems, animal wastes; and surface drainage. Springs are also

susceptible to seasonal flow variations, and the yield may be reduced by
the pumping of nearby wells.

5prings may be gravity or arteslan, G;avi;yfspg;ggs occur where the

water-bearing stratum overlays an Impermeabie stratum and outcrops to the

surface. They also occur where the land surface intersects the water

table. This type of spring is partxcuiariy sensitive to seasonat
fiuctuations in ground water storage; and frequently dwindles or
disappears during dry periods. Gravity springs are characteristically
low-yielding sources, but when properly developed they may be satisfactory
for small water supply systems.

Artesian sprlngs dlschargc from arte51an aqu1fers. They may occur where
the confining formation cver the artesian aquifer is ruptured by a fault

or where the aquxfer outcrops at a lower elevation. WArtesian springs are

usually more dependable than graVIty springs, but they are partlcularly

sensitive to the pumplng of wells deveioped in the same aquifer. As a

consequence; artesian springs may be dried up by nearby well pumping:
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Important criteriarfor sprihg sources 1nclude selectlon of a spring with

atceptable water qdalxty,rdevelopment to the reqiired guantity of water,
and sa:r 'tary protect1on of the spring collectlon system. The measures

taken to develop a spring muost be tailored to the prevailing geological
conditions.

Spring Source Collection System

waner—bearlng atratum or la1d in grevel-packed trenches. The flow is

direcced into a storagde tank. As a2r alternative; a watertight concrete

coltection chamber is constructed w.th openings in the bottom and/or a
side wall to intercept the flow. This chamber may also serve as the

storage tank: Where poss1ble, the walls of the colleciion chamber should
extend to bedrock or the impervious stratum. The watertight walls should

extend 8 or more inches above ground to prevent entrance of surface

water. An overlapping (shoe-box) cover will prevent entrance of debr1s

1ntercept as mucn of the spring as poss1ble. when a sprIng is located on

d hillside, the downhill wall znd sides are extended downward to bedrock
or impervious soil to ensure that the structure wiil hold back water to
maintain the desired level in the chamber. Supplementary cutoff waiis of
concrete or impermeable clay may be used to assist in controlling the
water table ih the oicihity of the téﬁk. The lower béEEiéﬁ 6f the uphIll
freely wh;le theraqu1fer,mater1al is held back. Backfilling with graded
gravel will aid in restricting movement of aquifer material.

The tankecoyer,should be cast in place to ensure a good f1t. The cover
should extend | extenid down over the top edge of the tank at least 2_inches,; should
be heavy enough to prevent dislodging by chlldren, and should be lockable.

A drain pipe with an exterlorsgalﬂe,should be placed close to a wall of

,,,,,,,,,,,

the tank at the floor level toc permit draInIng. The end of the pipe

should extend far enough to allow free dlscharge to the ground sur face,

away from the tank. The d1scharge end of the pipe should be screehied to

prevent nesting by animals and insects.

The overflow is usally placed slightly below the maximum water-level
elevation. The overflow should have a free discharge to a drain apron of

rock toc prevent soil erosion at the point of overflow and should be
screened:
The sugply intake should be located about 6 inches above the floor and

should be scrEened’ Care should be taken to ensure good bond between

pipes and the concrete structure:

Infiltration Galleries

access to a head water mountain stream where the watershed is generally

heavily forested and uninhabited by man- However, after perIods of heavy

rainfall or spring thaws; debris and turbidity may cause problems at the

ST 3-25
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water intake and will materially increase the required degree of

t-eatment. If the conditions are suitable, this problem can be avoided by
constructing the intakeé in an underground chamber (infiltration gallery)
along the shore of the stream or lake.

Galleries may be considered where porous soit formations adjoin a stream
or lake so that tlie watér can be intercepted undergound to take advantage
of natural filtration. Any gallery access structu. should be located
above the level of severe flooding.

A cvpical installation generally involves the construction of an

tnderdrained, sand filter trench located parallel to the stream bed and
about 10 feet from the high water mark. The sand filter is usually

Tocated in a trench with a minimum width of 30 inches and a depth of about

10 feet, sufficient to intercept the water table. At the bottom of the

trench, perforated or open joint tile is laid in & bed of gravel about 12
inches in thickness, with about 4 inches of graded gravel located over the

tile to support the sand. The embedded tile is then covered with clean,

coarse sand to a minimum dépth of 24 inches, and the remainder of the

trench backfilled with fairly impervious material. 7The collection tile

drains to a watertight, coricrete chamber from which water may flow to the
distribution system by gravity or pump, whichever is appropriate. ]
Chlorination is generally necessary and may be done in the chamber or at

another place; but prior to any use.

Where soil formations adjoining a streai are unfavorable for the location

of an infiltration gallery, the debris and turbidity that are occasionally

encountered in a méﬁntainrgﬁgeam may be controlled by constructing a
modified infiltration gallery in the streaii bed.

If a natural pool is not available in the Stream bed, a dam is usually

constructed across the stream to form a pool. The filter is installed in
the pool by laying perforated pipe in a bed of graded gravel, which is
then covered by at least 24 inches of clean; coarse sand. About 24 inches
of freeboard should be allowed between the surface of the sand and the
surface water level. The collection 1ines may terminate in a watertight,

concrete basin located adjacent to the upstream face of the dam from where

the water is diverted to chlorination facilities.

Sanitary Risks

1. Is the recharge area protected? .
2. What is the nature of the recharge area?

3. 1Is the site subject to fiooding?

4. Is the collection chamber properly constructeds

The collection chamber should be watertight to prevent the inflow of

undesirable water: The tank cover should be impervious and lockable.
The drain should have an exterior valve and the exterior end

screened. The overflow should have a free discharge to a drain apron
to prevent soit érosiopi This information may be obtained by

inspection of the coliection chamber.

ST 3-27 -
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The supply intake should be located & inches above the chamber fioor
and screened. This location reduces the withdrawal of the sludge that
may build up in the chamver.

1c the site adequately protected?

The following precautionary measures will help ensure spring water of
consistently high guality:

o Diversion of surface dralnage from the site. & surface dralnage
ditch should be Iocat§§7UPh111 from the source to intercept

surface water runoff and carry it away from the source: Springs
in close proximity to agrxcuituraiiy developed land treated by

pesticides and herbicides may be particularly susceptible to
contamination.

o Protection from stray livestock and from tampering by means of
site fencing, locked covers, and warning signs.
7. wWhat conditions caase changes to quality of the water?

A marked increase in turbIdlty or flcw after a raxnstorm is a good

indication that surface runoff is reachlng the spring.

ST 3-29 11 7

ERIC

Aruitoxt provided by Eic:



UNIT 3d: Surface Sources - "The Need To Know"

Unit Summary
Types and Characteristics
Sanitary Risks

Unit Objectives o

evaluating these risks discussed.

1ogistics
Approximate Presentation Time: 45 minutes

Instructor Materials

o Basic Material ,

o Transparencies 3-17 through 3-19
o Overhead projector and screen

o Chalkboard

Student Material

o ctudent's Text;, Unit 34

Stodent Preparation

o Unit 3d should be read prior to the session.

-

Unit References , ,,,
o cmall Water SystemS Serving the Publi-c
(Chéptgr 8[7 o . . ~
o Manual of Individual Water Supply Systems
{Part III) o ) o
[e) wa;erfTreatmeh; Plah;rOpérétibh {volume
1, Chapters 2 ahd 3) , o ] o
o Wdter Supply System Operation (Chapter 2)

3-15
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Use Transparency 3-17.

Use Transparency 3-18.

Use the cistern as an
example of how a con~
trolled catchment
functions.

Explain that use of
cister.s should be
dIeCOUngEd if other
adequate sources are
available.

Use guestions to guide
Class discussion.

Use Transparency 3-19.

Discuss potential
problems involved
in watershed use

for small systems.

Use quethons to guide

class discussion.

Explain use of streams
as source.

L;st,pros and cons of

system on chalkboard:

Draw rough sketch of

a typical intake system
on chalkboard.

A.

Types and Characteristics (15 minutes)

~on*rolled Catchments {5 minutes)

0 0 0. 0.0

1.
2.

0 0 0 O

1:
2.

3.

Collects rainfall runoff from defined area
Water stored in cistern or reservoir
Predictable yield (historical data)
Poliutant exposure controilable
System components

- Watertight collectlon chamber

- Inltlal ruroff dlverSibh

- screened 1ﬁtake, overfTow, draln lifies

Larger systems involve paved ground area

for collection

What is the purpose of a roof washer?

What potential pollution sources miaht
contaminate this system?

Por Is/Lakes (5 ﬁihﬁtéé)

Collect rurioff from wavershed
Predictable yield
lLarge storage capacity
Watershed control essentlal
- Protectior from pollution sources
Protection against erosion, dradindge

from anlmal areas,retc.

- Area, minimum 1-year storage

- Fenced
~ Minimom depth.

- Screened inlet

8 feet

What factors should be considered when

descrlbing a pond or lake?
Is control of activity or watershed
necessary? If so; to> what degree?
How might watershed control be accompliched?

o]

(o]

Less desirable source
- Large watershed

- May require very high treatment levels

-~ Sensitive to adverse temperature levels

typIcal during low-water stages

High water sStage best for diverting water
to storage

System components.
~ Screened intakec 1ocated upscream fxom
pollutant sources
- Storage reservoir
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Use question to guide
~lass discussion.

Explain imprct of

watershed anIVIt es
1 water qv 1Ity. Note

types of

hazards of

land use.

Give an example of ¢
watarshed contrcl
program (sec “hdoter 3,
Water Tréatment FPlant
Opecitionj.

Pes.:ribe ef
of tvpas of cor

Jectiv.  -:ss

cro. .

BnphaSLZe importance of
contingencv planning to

students.

Use. personal experiences

arid anecdotes to relate

course material to actual

situations an inspector
may eacounter.

control area immediately
around intake.

1.

What factors are of particular importance in
evaluating the use of streams as sources?

1;

What isit'neinature Of i‘fhé watersheé"é

o Industrlai

tcultural

o Residential

What is the size of the ow.ned/protected area
of the watershed? )
» Importance of protecting watershed

How is the watershed controlled?
o Ownezshlp
0 Ordinances
0 Zoning restrlctlons
Has management had a watershed sarvey

performed?
© Importance of vtility to be concerned

with land use of watershed

Is there an emerggncy spill respcnse plan?
o Identificaticr of potential spill sites
and _types of contaminants
o Need for spill plan
o Need for prior coordlnatlon

o Present demands
6 Future demands
o]

Trends
Is the source adequate in quality?
o Present quality

o Trends
Is there any treatment provided in the
reservoir (algae control; insect control,
chemical addition)?

o Reduce bacterial and organic
contamination

3-17
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o
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10. Are there any sources of pollution in the
proximity of the intakes?
o Boat launching ramps
o Marinas o
O Wastewater discharges

Draw examples of 11: Are multiple intakes, located at
intake structures on different levels, utilized?
blackboard. Discuss

both stream and o Spring/fall turnover N
impoundment intakes. o Ability to draw best gquality water

12. 1Is the highest quality water being drawn?
O Raw water testing

13. How often are intakes inspected?
o Screen integrity
o Periodic cleaning

Have studerits suggest 14. What conditions cause fluctuations in
conditions that might quality?
inflaence water quality: o Rain

[e] tgin'd ,

o Curents

15. Review of dam inspection (Iif applicable in
State)

o Burrowing animals

© Trees

o Sinkholes

ERIC

Aruitoxt provided by Eic:
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UnIT 3d: Sdr%aéé Séuréeé

Unit Summary

Types and Characteristics
qanxta:y Risks

Unit Referencen

small Water Systems Serving the Public
{Chapter 8)

Manual ot Indxvxdual Water Supply Systems
{part III) o ,

Wdter Treatment Plant Operation
(VOlume 1, Chapters 2 arid 3) B

Vater Supply System Operatlon (Chapte' 2)

Basic Material

surface water sources used for small water supply systems reqguire consid-
eration of additional factors not usually associated with ground water
sources. When small streams, open ponds, lakes, or open reservoirs must

e used as sources of water supply, the danger of contarination and of the
consequent spread of intestinal diseases such as typhoid fever and dySen—
tery is generally irncreased. Clear witer iSs riot always safe, and the old

saying ttdt ranning water purxfxes itseif® to drinking water quality

within a stated distance iIs false.

The phyv1Cd1 chemlcal, and bacterioloaqical contamination of surface water

makes it necessary to regard such sources of supply as unsafe for domestic

use unless reliabte treatment, Inciudxng filtration and disinfection; is

prﬁvxdhd The treatment of sarface water tOo ensure a constant; safe

qupply requires diligent attention to operatxon and maintenance by the.

owner of the system; Principal sources of surface water that may be
developed are controlled catchments,; ponds or lakes, surface streams; and
irrigat.on canals. Except for irrigation conals, where discharges are
dependent on irrigation activity, these sources derive water from direct
precipitdt ion over the drainage area.
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Controlled Catchments

In some areas, ground water 1s so 1naccess1b1e or so hlghly mineralized
that it is not satisfactory for domestic use. In these cases, the use of

controlled catchments and cisterns may be necessary.i A properly located

and constructed controlled catchment and CIStern, augmented with a

satisfactory flltratlon unit and adequate disinfection facilities; will

provide a safe water: However, cisterns should be utilized only when no
other source is available:

ponds/Lakes/Reservoirs

The development of a pond as a supply source involves: (1) selecting a

watershed that permIts only water of the hIghest qguality to enter the

pond; {2) asing the best water collected in the pond; (3) filtering the

water to remove turbidity and reduce bacteria; (4) disinfecting filtered
water, (5) properly storing the treated water; and (6) properly
ma1nta1n1ng the entire water system.

The value of a pond or lake as a source iS its ability to store water
during wet periods for use dur1ng perlods of llttle or no rainfall. &
pond should be capableée of storing a minimum of one year 5 supply of

water. It must be of suff1c1ent capac1ty to meet water supply demands

and evaporation losses. The drainage area (ﬁatersﬁeéj should be large

enough to catch suffxcxent water to fill the pond or lake during wet
seasons of the year-s

To minimize the possibility of chance contamination, the watershed should
be :

o Clean,; preferably grassed

o Free from barns, septic tanks, pr1v1es,,and s01l absorpt;on fields
o Protected against erosion and drainage from livestock areas

o Fenced

The pond should be:

o Des1gned to have the max1mum pqss;ble water
storage area over 3 feet in depth

o Fenced 7 o 7

© Free of weeds, algae, and floating debris

In many 1nstances, pond deveIopment requires the construction of an
embankment with an overflow or spillway:

Streams and Rivers

Streams receiving runoff from large uncontrolled watersheds may be the
only source of water supply. The physical, chemical, and bacteriological



qualltv o€ surface water varies and may impose unusually or abnormallv
high foads on the treatiiefit fa0111t1es.

Stream intakes shouid be located upstream from wastewater discharges
storm drains; or other sources of contamination. The watér should be

pumped when the silt ioad is low. K low-water stage usually means that

the temperature of the water is hxgher than normal and the water is of

poor chemical quality. Maximum silt oads; however, occur during maximum

runoff.f ngh~water stages shortly after storms are usually the most

Irrigation Canals

ifrproperiy treated, irrigation water may be used as a source of domestlc

water supply. Water obtalned from 1rrlgat10n canals should be treated the

IWater from 1rrlgat10n canals may contaln 1arge concentrations of
undesirable chemicals,; including pesticides, herbicides, and fertilizer.

perfodic chemical analysis should be made.

Sanitary Risks

1. What is the nature of the watersheds
Tndustrial Agricultural Forest Residential

As previously noted, the activities on the watershed will impact on
the water quallty of the runoff. The potential for spills from
industrial dctivities, herbicides and pesticides from agricultural
land uses, organics from plant decay, and animal-borne diseases are a

few problems that may be indicated by land use on the watershed.
2. What is the size of the owned/protected area of the watershed?

To reduce the extent of contamxnatlon of the watershed, many utilities

have chosen to purchase a portion of it. Ancther method is to

restrict activities through 2zoning restrictions and ordinances.
3. How is the watershed controlled?

This question allows the inspector to evaluate the effectiveness of

wavershed control measures. Ownershlp with restricted access is the
most stringent measure but it is also the most cestly.r If ordlnances

are used, the inspector may wish to know how they are enforced:

ST 3-35
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4. Has management had a watershed survey performed?

Tf the utility has had a watershed survey conducted, many of the

above Questions may be answéred by referring to it. The fact that a
utItIty has conducted such a survey would indicate a concern on its
part for the protection of the supply.

5. Is there an emergency spill response plan?

Some industries (e:g:; petroleum) are requxred to have emergency

spill plans. Potential spill sites should be Identlfled by the

utility and contlngency plans deveioped in the case of a spill.

However, because a plan is only paper; the necessary eqUIpment and

personnel must be identified and coordination between respectlve
agencies ({(fire, police, water utility) worked out prlor to any
emergency.

6. Is the source adeguate in quantity?

TO answer this guestion, the inspector should determine if the source

is adequate for present as well as future demands. The source should

be able to continucusly fieet the demands of the water system.

Decreasing trends in guantity are also important to note. Operation

records should provide this information.
7. IS the source adequate in quatity?

A réViéw of monitoring records sﬁauia Eévééi ‘this answer. Aé with

8. 1Is thec-e any treatment prov1ded in the reservoir?

Particular concern is assuring that only approvec chemicals pe

utilized and that they be properly applied.

9. 1Is the area around the intake restricted for a radius of 200 feet?

Restriction of contact sport:z (e.g., swimming and water ski1ig) and

use of powerboats in_the vicinity of the intake is important: This

will reduce the coliform and organic pollution of the intake water:

10. Are there any sources of pollution in the proximity of the intakes?

marlnas, and boat launchlng ramps should be identified: If the use
of the reservoir is Hot restricted, the impact of activities should
be minimized as much as posSSible by keeping them away from the
intakes

ERIC

Aruitoxt provided by Eic:
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11.

12

13:

13.

water. The operator should be questloned as to how the intake level
is selected, what tests are accomplished, and at wiiat frequency.

suggested tests are dissolved OXygen, metals, and nitrogen valies.

As with all components, maintenance must be perxodxcaiiy performed on
the intake strocture: Removal of debrls and inspection of intake

screen integrity will prevent damage to pipxng valves and pumps .

this is particularly important during winter months due to the danger

of sheet and frazzle ice buildup:
What conditions cause fluctuations in water guality?

on~shore w1nds, and changlng currents may create adverse changes to
water _guality. Conditions creating such problefs should be noted as
well as what measures are bexng taken to mitigate then.

Has the dam been inspected for safety (if appticable)?

Dams should be routinely inspected to avoid conditions that may
endanger their integrity._ Many States require that such inspections
te performed. However, 1f not required, operators should be
enicouraged to look for such things as erosion, sinkholes, burrowing
driimals, and trees growing in the dam face.
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UNIT 4: PUMP FACILITIES = "THE NEED TO KNOW"

Unit Summary T
Types of "unps

,,,,,

Saniitary Risks

Unit Objectives - ] ] ] ]
The adeguacy of pumps and pump operation is an

important factor in majntair - the sanitary

By the end of the unit the student shoulc know:

1. Where pumps are commonly found in
water systems

2. What sanitary risks sre involved with
pumps and how to identify then

Logistics

Approximate Presentation Time: 45 minutes

Instructor Materiails

o Basic material
o “~ransparency 4-1
o Chalkboard

Student Materials

o Student's Text, Unit 4

Student Preparation

o Unit 4 should be read ptidt to the
session.

7,&,,,,,,,,

o Manual of Instruction for Water
Treatment Plant Operators
(Chapter 19)

o Environmental Engineering and
Sanitation (Chapter 3)

o Well Drilling Operations

o Operation of Water Supply and
Treatment Facilities .

o Water Supply Engineering {(Chapter 15)

> Water Supply System Operation (Chapters

3 and §)

s 167
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Use Transparency 4-1.

Explain pumps:

Types
Construction
~ features
Operation

9]

Make rough s ~hes on
chaikboardrgggﬁg&;iéga—
tion when approprtate:

Use questions to encourage

discussion and present
addicional information.

ASk Studcnts to suggeat
a sanitary risk in each
of the factors, and a

agalnst the risk.

Make rough skei iirs on
chalkboard for explain-
tion wheri appiopriate.

Use nzrsonal experiences

and anecodotes to retlate
the course matertfal to
actual situations an
inspector may encounter

during a survey.

Point ou: what pro-
léms can occur from
lubricants. 911l
contamination, non-
potable water as
lubricant.

Major Types and Characteristics (16 minutes)

A.

Positive Displacement
Centrifugal

Jet

Rotary

0.0 00

Shallow Well
o Deep well

o}

See Table 4-1 for instructor review information.

1. what are the advantages and disadvantages of
each type? -
¢ FBor what situation is each type best sutted?

siuitary R1sks (10 minutes)

A. General
Number {include reserve', location, and
type .
2. Rated Capacity o .
o When was pump last ra.ed?
o Is pump metered?

ey

5. Condition of equipment

o Are pumps operabte?
o What is state of repair of pumps?
4. What type of lubricant is used?
5. Eu :jency power system
wnat cype? , o
Ficquency of function testing?
Record of primary power faliures?
Automatic or manual switchover?
Are backup PUﬁpS/ﬁbtbe provided?

C oo ¢

B. Pumping Stations

1. Is all electro/mechanical rotating

equipment provided with protective
guards?



Point_out the importance

. _Out

of each of these 1items.

. Are controls functioning properly and

adequately protected?

. Are underground compartments and

suction wells waterproof?

. Are permanently mounted ladders sound

and firmly anchored?

Is faclility properly protected against
trespassing and vandalism?
© Vandalism

o Animals

o Flooding
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i‘}‘n Ln 1l
Suctnm
[kt

1705 f.
2225 fi:

WL max.

2Rt max.

. IH"I‘I[ 19

sutm- STy s

Table

. Vi:;,rnml
Well-Pomping
tepth

2225 f1.

AN

10-20 fe.
28 (.
S0~ %0 L.

4-1.

= i|:‘i\l.ii
Pressare
Heady

100-200_ft,
Up to 600 fr.

above cylivder.

100-150 ft.

e

100-800) tt .

TyPes

r\)su ive actioa.

Diacharge againgi vanli)w
heads.
s wiateT cntaining
sardd ad silt.

F.npeually mlap(pd [n Inu

Smoth, evea flow.
Pumps water containing
said md BilE.
Presaure on uyatem is «vea
and free from shock.
Low-start ing torque.
l&ml[y relisble and p;xﬂ
scrvice life,

Samv: s atraight centri-
figal except not aiitable
for pping water contain
ing sand or silt,

They are seli pnmuxg
Same 9 shallow w1t
turhive,

All electrical canpurwvlq
are aorasible; aove

j—y
~3
o

and (,hqmg tczlstn,.;

ot pumps

biﬂa{ivar‘in’gn-s

. [’u,lmtirg digcharge.

¢ ii')ji"?:f to vibrat ion ard
noise.

o Mainterance cost may be
high. .

. rﬁy G@His? dEsLTace:

G

_—

ﬁumrits

® Besr suited_ for capaci-
tles of 5-15 gpmo against

B rate to high heals.

e Adaptsble to hand
operatisu. .

& Can be uutélléd i | very

casirg).
Pump must be set dlreutly
over well (deep wells):

e Loses prime easily.
. Efiiciemy rhpprds m

henda and speed.

. :Sam,m siraiﬂ\k cedri-
fugil except maink ains
priming easily,

e Efficiercy depends on
opeating under désign
head and speed..
Réqmres straight u-[l
targe encugh for turhine
bowls_and_tousing.

. Lubricat ion_and allgymrt
of ahaf' cnnrnl

Very efficient punp for
capacitiea above 6C gpm
ard heads up to about
150 ft.

Reduct ion ia presaure
with increased éliiiafify
not. as severe as atraight
centrifugal .

BEST CC?

Y AYAILRBLE



Ty of Bep

tiith ine
(milt ist age

Gntrifugal (cont.)
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Sii¢t jon
Lift

i’uq') .’ni
mtor
subme rpesd.

Jeb:

1 Shallow welt, ...,

5730 it.
below

& e Lot |

15-20 ft.
be long
ejector.

Practical |

. VU;;Vu.:li
Well-mping
fepth

')i} A0 fr.

e ]

Up to 15-20
ft. below
- jeetisi

25120 fe .
. MEX,

[ =

Table

_ ﬁ'u .Ii
Predqire
1hada

"\()—-’000 ﬁ N

80-150 fz.

80-150 ft.

& iy,

critical— —

-1

k(ivm{ ngee

{Continued)

Nigadvag ages

P S ——

e

Same_ain shallaw wel!
turbine.,

Easy to frost-proaf.
Short pomp shaft to mxtor.
Quiet operation.

wel T aEraightness not

High capacity at low
heds.

Simple in operation.
Toes not_have to v
installed over the well.
No_moving petts in this
well.

Sarme a3 shallow well jet.
Well atraighmess ot
critical,

Abragion fraom samd.
pait to motor or ponp
ires pulling from
well,
Sealing of electrical
equipreit Fram water
vapor critical.
Mbrasion from sand.

smaller diamctewm or
greater capacities, are
more wilnerable to wear
ard frilure fram sard and
_other causes .

Capacity reduces as 1ift
increases.

Air in suction or return
line will stop pmping.

Sam m,uj,\ai iow wll i-’-f;

iower efficiency,
espcially at greater
1:f¢s.

total water pumped_st
SO-fe. Life a&nt 75% at
100-ft . lift, --

The aount of water

Ty:

Rotary: .
1 Shallow w11
(gear typ)

O
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22t

Umally

aubwmergend .

50-500 £t .

50-250 ft .

100-500 ft.

ry

variable heads.
Efficiert opevition.

Same aa shallow well
rotary.
Only ave mving g
device in wesll.

Subject to mpid water if
water containe samd or
sile:

Wear of gears reducrs

efficiency,

Same as shallow well
totary except no gear
wWeat .

A ciklosa rubte sEmot

Flexible drive coupling
has been wesk point in
prp.  Best adaptad fot
low enpacity an! high
heads.

s life of pump.

[

BEST CCPY AvaiLABLE
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'f‘xpes,oﬁéumpsv

Positive stpiacement Pumps*r The p051t1ve dlsplaCement pump fo:ces or

dlspiaces the water through a pumping mechanism. There are several

types reciprocating pumps; helical or splral Lothr, regenerative turbine
pumps; and diaphragm pumps.

Centrifugal Pumps. Centrifugal pumps contain a rotating impeller mounted
orn a snaft turned by the power source. The rotating impeller increases
thé VéldCity 6f the Qétet éhd diétﬁétgés it ihtd é éUtthhdiﬁg ééSiﬁg

pressure. ThlS decrease of the flow further increases the pr/2assure.

Jet {(Ejector) Pumps. Jet pumps are actually corbined centrifugal and
ejector pumps. A portion of the discharged water from the centrifugal
pump is diverted through a nozzle and venturi tube. A pressure zone lcwer
thar that of the surtcinding area exists in the Vehtuti tube, “terefore,
water from the solrce (well) flows into this area of reduced pressure.

The veloc1ty of the water from the nozzle pushes it through th?,?}?“

towar i the surface where the centrlfugal pump can lift it by suctiori: The
centrlfugal pump theri forces it into the distribution system.

Rotary Pumps: In the rotary pumps there are two cams or gears that mesh

together and rotate in opposite directions: The gear teeth or cams fit
slosely to the casing so that the water will be drawn up the suction pipe
and forced into the discharge pipe. Such pumps require no valves and are
self-priming. They are positive displacement. They can be operated at
high speeds and so obtain large capacity with small size. They have the
disadvantage of showing considerable 31lip. Water containing gdrit is

especially injurious to them.

1: what is the number (1nc,ud1ng reserves) and lccation of pumps?

At least two pumping anits shounid be provxded (for both chemical feed

and water applxcatlons of pumps). Pumps may be used for a variety of

reasons within the system: raw water; chemical feed; flnlshed water,

and solids movement.iiihe type of pump is important to assure proner
application:; For example; positive displacement-type solution pumps
should be used to feea 11qu1d chemicals but not to feed chemical

slurries: The operator anl 2 review of the plant schematic can
provide this information.

2. Whact 1s the rated capacity of the pumps?

dangerouafoverload, The,;nspec;or, hﬁ';d also askrwhen the pump was
last rated. This is particilarly imp@ttéht when phe pumpihq Fiméris
nsed to estimate water production. The pump may have been riated 10
years ago for 200 gpm, but due to changes in the pump and system is

.
~F
4!

ST -2
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presentiy onty pumplng 125 gpm. The 1nspector should also note if tha

pump is metered: This can help the operator détect changes in the

system and take corrective action before a serious problem develops.
What is thé condition of the equipment?

The pumps should bé operable! No benefit is provided the system when
onIy one of its three raw water pumps is functional. The inspector
should note the state of repair. Although packing nland seals require

a constant drip of water, it should not be an excessive spray. The

pumps should not be overgreased or overoiled. Excessive noise and

vibration; partxcuiariy of centr1fugal pumps, woild indicate

problems: Note the cond1t10n of the room; if it's dlrty, operatlon

cannot be satisfactory: Dirt will get into the lubricants and shorten

the life of the bearings.
What type of lubricant is osed?

In the case of well pumps; thxc is particularly 1mportant since oil

contamination c¢f the aqd1fer is possible from improperly maintained

submersible pumpc In the case of water-lubri—ated purps; the
possibility of bkbés:bénnebtibn exists.

IS the emergency pbwer/isackcup system provided?

system: This may berptovided by an aux111ary generator or by d1rect1y

connected engines: The Inspector should note how emergency power is

provided, how freguently it is tested; and whether there is automatic

or manual switchover. This inspector should also be concerned with

the number of primary power failures. Availability of replacement
pumps, motors, and critical parts should also be evaluated.

Are all electro/mechanical rotating equipmert provided with protective
gue. Ig?

The 1nspeetor should not only be concerned wlth the san1tary aspects

of the eqnxpment baut safety as well. The inspector should check to

see that belts,; gears, rotatlng shafLs, and electrical wiring are

properly shielded to prevent injury:
Are controls functioning properly and a: - uctely protected?

All controls 556616 be fﬁnéEibnéi. Jerry-rlggxng of controls presents

f#re underground compartments and suction wells waterprocf?

pump stations should be wateérproufed to present flooding of the pump
room. The suction wells should be protected to prevent entrance of

GndeSIrabie water into the conipartment either through the walls or

car face water:
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10.

As previously stated, the inspector should be concerned with safety.
This concern is not only for the operator's sake but for the
inspector's own preservation. The inspector should follow safety
procedures and inform the operator of unsafe conditions or acts fe:g:;

entering a confined space that i= not properly ventilated).
IS the facility properly protected?

The site should be properly protected against fire; flood; vandaiism;
and other hazards. The location should be a minimum of one foot above
the highest flood elevation. Runoff should drain away from the
pumping station. Pumping facilities should be protected acainst

vandalism and unauthorized entry by animals or people.
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UNIT S: WATER TREATMENT

"THE NEED TO KNOW"

Uriit Surifary

Treatment Processes
Sanitary Risks

Unit Objectives

Treatment of water is often necessary to

assure that water quality meets applicable

standards. It is necessary for the
surveyor to understand proper treatment for
water quality problems: This unit provides

a brief overview of treatment and sanitary
risks.

Logistics
Approximate Presentation Time: 75 minutes
Instructor Materials

o Basic Material

o Trgnggéygﬁciés 5-1 to 5-8

o Chalkboarad

Student Materials
o Student's Text; Unit 5
Studernt Preparation

o Unit 5 should be read prior to the
session.

o Scan Table 5-1.

Unit References

o Small Water Systems Serving the Public
{Chapters 9 and 10) -

o Manual of Instruction for Water
Treatment Plant Operators (Chapters
5-15)

o Manual of Water Utility Operations
(Chapters 7-11)

o Watar T-iitment bPlant Operations
(Vo ~hapters 4-9 and 11)

o Ma: itment Technigues for
M terif Primary Drinking
| E] thﬂS i ) o

o Wat ¢ System Operation (Chapter
4)

4-]
¥ Py ;1;
177
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Use Transparency 5-1:

Draw a typIcaI tre; ‘ment

process schematic on the

chalkboard (see example).

befine each of the
activities involved in

water treatment.

Indicate on the diagram
the activity point and
the treatmant process{es)
involved.

discussion and present
additional information.

State that thlarsectlon

IS ODMSM ()

For a
detailed discussion of a
particolar process; they

will have to consult other

references or programs.

Use Transparencies 5-2 and
5.3,

Suggest that students
draw a schematic of
plants when 1nspect1ng.

application p01nt and
amount of chlorine
addition can impact
on TTHM generated.

I*et:eatmEHt,— géneraiiy for removal of
taste and oders.

Coagulation/Flocculation - treatr ent with
certain chemicals for coiiecting nonsettle—

able particles into larger or other fine-

grained materials to remove particaiate

matter too light or too finely divided for
removal by sedimentation:

Sedimentation - removal of suspended matter.

Filtration - the process of passing a
liquid through a filtering media for
removal of suspended or colloidal matter
usually of a type that cenn : be removed by
sedlmentatlon.

Disinfection - destroylhg pathogenlc

organisms with chlorine, certain chlorine
compounds, or other means.

1. liow can effectiveness of
treatment process(s) be
determined?

2. What records would be help-
ful in making this determina-
“ion?

(65 mMinutes)

(1C minutes)

t; What chemical is used?

2. What amount is used?

o Discuss commonly uséd chemlcals/

- Chloxlne, chlorine diox»ide, ozone,
potas~-ium permanganate activated
carbon

evaluated?
4. What is point of application?
o Improper application
5. 1s pfb?éfrﬁi*iﬁé achieved?
o Short circuiting
6. wWhat other pretreatment is provided?
5-2

178
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ST

onal expe. eno

gl anecdotes to relats

course material to

actual situations an
inspectnr may enocone
Arine o eanitas

PRSI,

LI
fooma
g chemi ]
e e oL Fo s e
3o irumentati- snd controls £ oo

tire v R8s ddagidate, ajperational,
and beini Uutil’zed?

The operator's answers to ques iong

ment wili «i-e ingpector 1insight
inte -he opsrator's competency;

adeguate and

“. Are adequate safoty device:. avail-
anle and precautions observed (d
mask; safety goggles; gloves, pro-

tective clothingj?
 Em: .asize the importance of the

cang tIn

b

s iixXi . g adegquate hased o
shgervation?
o ProbBlems with short oin MR

I« -gquipment operated proper

5

qoend repair?

weeulation/Sedimentation (5 minutes:

o visuval

1s process adequate base
observation?

o Znod floe formation

o No floc carryover from se-dimantation

1s emiipment operataed propeily and in

5-3
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TR S N L ITRAS

y—i

ont rhat 1o

Cher

e Transna
: iain that inspecter

showlid not only be
‘oncerned with saniery

ety of chlarinaticn
‘0t safet - &m well.

r-parency 5-8.

1S5 use - coli.orm
teria as indicatcr
ind sampling. Discuss

rortance of confluent

arowth ana olonfes too

merous to count.

‘lse perscnal experierice

oo have speratios

or-danecdotes to relate
material to actual

may encol: e during a

Tinitary surve .

scuss =ed to stop

‘hanging cylinders o

ore-cylinder system.

Piltration {5 mind-es:

Post-Chlorination (20 m!  es§)

adeg: od or observa-

the process adequate; cperational; ane¢

good repailr?

o Presence of mudballs; . a-
o Backwash
o Possibility ~f cros -connections

1.

S~
.

1s adequate chlorine residus’
being maintained?
o Describe types - res -dval =nd
their importar-e.
~Combined - slower ac
disinfectar=
- Free - fas- r acting
- Breakpoint .lorinat.o

s there sufficient cor act - 30

ainut =2 minimum) betwer a2 the <hleri- B
natic poir* and the ~t point of use?

IS the @isiafection eguipmient reing
operated and maintained properly?

o Describe importance ¢f contact time.
o Problems with = ort circuiting

13 ope ational standby ecuipment
pruvided? If not; are critical spare
sarts on hHand?

5 Emptasize importance of continusus

chlorination.

Ls a manifcld provided to allow “eedi- 3

from more than one cylinder?
n Allows continuors chlorina+t._.on

Are scales provided for weigh.ng of
containers?

Are chlorire stovage o .4 Use areas iso-

lated from other work areas?
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rreatmend

i

Proe dmpeer tan

ol ane aafetsy

Ther common

Ceoproblemns,

2.

‘,:N>
p o

Ts room vented to the ;

rzhaust grilles located not more th.n

& inches above floor level? )

o Une complete air change per minite
recommended

rLye all doors hinge..

outwar: (ISR E ST

with panic bars; and at Ieast one

provided with a viewport?

is self-containuet brea*’  ing apparatus
availalrle for use dnri: j repal: of

1s a means of leak detection provided?
o Twe of AdifIvtge ammonium hydrosiage o

“1lorane detection devices

iz Are all gas cylinders restrained
chainirg to wall or by other -
Other Treatment (5 minutes or v e
depending on instructor's dis-retion)
The instrurter shovld diso s otheyr
treatment processcs preser - in the A,

such as:

Uleraviolet
‘on Exchang.
tiloramine Diginfecti-»n

; D ide Disinfection

Carbon Absorption

Tndine Disinfection
Povers:s Osmosl:

L‘!d‘.\ i
(%



o e Bl o (ma v Problems cad Uocatment

Segs e Porvscal Treatment

“~etion

7 filiration; disinfect
settlinc, filtratire
disinfection

R AN ra. Filtration
cand, diatomaciios
. TJomplete treatment
chem:.. . addition,
coagulation
settlinag. filtrarios

Liam or Iron o tgules
Liite coftering

oxidizing to
tredazinc as abo

N0 ey ] e T ame cheming

T COC T
.l h ma@gdliation

He oo fteving

RPE ; Tod- o o ma - fom

voroar gulfa
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UNTTUS: WATRR TREATMENT

Summary

Treatment Processes
Sanitary Risks

Unit References

Small Wzter Supplies Serving the pablic

__ [Chap: ri 9; 10)

Manual ~f Instructi-rn for Water Treatment
Plan® Operators {Chapters 5-15)

Manug; Oof Water Utility Operations
(Chapte*s 7»11)
(Vélume 1, Chaptérs 4-9 and 11)

Water 3upply System Leoraticrn iThapter 4)

Riic Material

i@ purpose of water treatment is to condItIon,rmodlfy Orf remove

undesirable impurities to provide a water that iz safz, wvclatable, and

¢~ceptable to consumiers. Na* 11 standards (specified in the NIFDWR with
maximam contamjnan’ leve:. some of the impurities that are considéred
important to the lit “i‘ Gf rnsumers are set under tlie Federal Safe
Drinking %at=r act <7 theg: contaminAs-*s are present in excess of the

establisned limits; chea vater must be created to reduce She leveis. Sornie

impurities that affect tle osthetlb gualities of the water are Iisted in

SDWR as ~uidelines. Treaf"=ﬁ* or rodification of the water to achieve
there dc¢ rable levels is highly recommernded.

“ome of the common treatmert processes anf their purposes are:

D*etgeatmen* - generally for removal of *azte and ocoors.

\o 90¢3~L@L/¢1Cv("latlon - treatmr . with ce-tain v1em1cals for
llecting nuonsettleable pasticles into 33*99: or .. >er fine=grainred

Eé ials o remove particulate matte. tco tight or too finely
cvided for removal by sedi:. atation.

Sed  :-stion - removal of ~uspended - -tter.

o
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itration - filtering through sand, anthracite, ur other fine-

gLalned ‘materials to remove particalate matter too llght or toco

finely divided for removal by sedimentation:

pisinfection - destloytnw pathogenlc oraganisms with chlorine, certain

=hlor ine compounds, or otlier means.

For specific information or the tr.ctment process, hwrauggosted
references shouild be consulted: It is suggest=d that th» inspectc  ba
familiar with:

Coagulat: Alum‘num uifate and irc— Salts
Chlorination: Gas and Hypochlorite
Filtration: Rapid $-3nd

Pressure
Diatcmacanius £arth
i 1 Exchange
Lime Softening
Sedimentation

Taste and Odor Jontrol
Corrosicn Control

sanitary Risks

Prechlorination/Chemical pPretreatment

flthougb treatmernt for té e and odors can be pertﬁrmg§7:;7§gyoraA

locations in the trzatment process, frequentlj it is conducted az a
pretreatment. 7This allows the time in the pipe from th~ .. ake to the
plant to be ug:d as contact time. Chemicals commonly . z2re chlorire;
activated - irbcn, potdssium permanganate, ozone, and chiorine di-Xide.
There are ~thor pr=treatient processes such as aeration, presedimentation;
and scro: ing that ma; be encountered, but the following guestions deal
with processes utili .Zing chemical addition.

l. Frut chemical is used?

The inspector -hould determine what are utitizeo, if they

are approved, and if they a.e being properly appli~d.
2. Ahat is the amount usedr

T amount u*lllzed should be bas~d on testing. The insrictor should
igquire as to how the dosage is det: rmined and how fieruently. In
some cases thi 1nC“*;tor w1ll f£ind rhat th: dosage has been btased on
tests condacted in the dlstant past ar.d has remained the same even

thouyb cenditions have changed.

3. For prechlourination; has totai trihalomethines TTHM) beeii evil.ited?
thﬁbbih TTHM control is nct Eé&difés for syscens ser- rng a

Tation . less than 10,000, the inspector stogid deotermine if

cor is awar Sf their impact ard causes: Trhe dosdq@ and/or

. lication p v be changed to reduce their levels
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4. wWhat is e p01nt of aubllca A7

The 1nspector shoald determlne st -q:vibéié,été being added at the
be poxnt to achfeve fbe Qegired :«sults. The inspector should

alert the operator to imprope apsiication such as addition of

powdered activated carben and chilciine at the same point.
5. Is proper mixing achieved based on -:sual observat.on?

Thie inspector should be looking for evidence of short circuiting.
6. What other pretreatmerit is provided?

Other processes should be noted and evaluated as to their sanitary
risks.

Chomical Feed

Tblc ‘ECthn deals with chemical addition for such processes a° coagu—

lation, lime softening, ~ctivated carben addltlon, and corrosion control;

k good policy is .or the inspector tc draw a simple schematic of the piant
systems and where che” cals are added. The following questions apply to
chemical feed.

1. What cliemical is used?

The inspector sho id determifie what chemicals are utilized, and if
tiiey are approved. The Guéstion should be acked a to how the dosage
1s determined and freqiuency of this determination.

Where is it applied?

rne Lnspoctor should note the applxcation poxnt and evaluate it in

lignt of the purpose of the cnemical addition:
3. what is :ne conditicn of “he feed equipment?

The eq: .ument should be functional ar.) properly maintained. For
,"amp‘P with dry chemical feeders watch for problems with "btiaéiﬁé"
of the chemical in the hopper. Liguid solution feeder 1inés should

tl chserved to see thzt they are not clogged. The operator shoula be
asken If a preventive raintenance program ex1sts and is utilized.

“he care taken for the equxpment of the facility could reflect the

operaLor's attitude towards the SY§S§T7§§7§75h019. Cross conncction:

and the possibility of bacterial contamination of stock solotioris
stould be noted.

4. kre 1n>t[umpntat10n and controls for tne process adequate, opera-
t:.nal, and being utilized?

Conticlling processes is difficult when instrumentation is not
functional and/or properly calibrated. The instrumentation °s
useless if the uperatiir does not know the significar.ce of tne
mﬂasurement The inspector should ohserve the cont.ols and gue.t txon
the oper-.tor 2'ovt calibration cherks and what i35 done based on the

measurement.

4]
3
v
t
n
<ah |



O

ERIC

Aruitoxt provided by Eic:

At least ¢ 30-aay supply of chemicals on hand is recommended: Level
1nd1cators and overflow protection should be provided for liquid

chemical storage. This is particularly important for tanks located
near a well to prevent contamination of the aquifer. Chemicals
stored toqether should be compatible. For example, hypochlorite and
activated carbon should not be stored near each other. Strong acids
shovld not contact ch10r1tes. Chemicals shpuld be stored in a manner
that would preclude a spill from entering the water being treated or
the source.

Are adequat= safety de-ices available and precautions observed?

Safety gogales, gloves, hearing protection;,; and respirators should be
provided for protectioa against injury by the particu_ar chemicals.
THe inspector should observe safety procedures during the
inspection. As stated previously, the inspector should be concerned
with safety, the operator's and his own.
Mixing

1. 1Is mixing adeguate based on visual observution?
Problems with short circuiting §§qgjgibe ng;gd. Rdequate ééig?iéﬁ
water and zgitcolion should be orovided in the ‘ase of dry chemica?
addition.

2. 1Is equipment operated propeily and in ‘ood repair?

Mixing c.n be accomplished by several means (mecia.ical mixers;
dlffusers, pump blendero, arf Laﬁiles); 013 irsyrecter should

"""""" 1s fanctioning property:

Flocculation/Sedimentation

IS the process auequate based on visual obscrvation?
1he inspectcr should observe if there is good fis= formation prior to
Sedimeritaticon: The bobt floc <iz2 randes from J.1 mm to about 3 mm.
There saould be little carryover of the floc fr - the sedimentation

bazin.
Is ecuipment operated prope:ty and in good repair?

In the ame of mechanic:l floczulaters; tae paddles should all be
zresent a1} turning. The flocuwulators should +:3% brea. up the iloc:
rre jar t=ats .21ng performed to detirmine optimum Acsage Sf

che Yicaler

‘rope~ - jalation and locou’ ien cAannot be routi.2lv &
viithcot car testinu.

£
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Filtidatioch

Several typ«: of filters are available for use in water system “ch as
diatomaceous =arth, pressiure sand filters; and rapid sand fil . . s
stated previouzly, this manual provides only the "need to 'r-.i° ~F -shrii-
tavy risks ihvolved wlth the components. The insp. tor s! .o+ . <uit the
suggested references for spacific operat ral cons deratic

1. 1Is process adequa“e based on ohservation?

The primary purpos: of filt is to remove turbidit Thie
inspector snould Le concerr: . the filtration process acLually
reduces the turbidity: If : '  are multiple filters; the effluent
from each filter should he =. . ed.

Y. fAre instrumentation ard controls for the proc: 5 ade: 1ate, opera-

tiondl, and hLeiag utilized?

urbIdxty bhOUld be meaqured in the influent and effluent from the
filters: Head loss through the filter is also important to filter

operation, as is the use of flow rate controllers. The instruments
‘ogighéoe measurements and controls should be present and
functionat: The operator should know the 1mportance of the

readings: The answers provided should indicate the operator'

competence to the Inspector’
i. 1Is eguipment operater prreperly and in good repair?

For rapid sand filters, the inspector should lock for problems such
as: mudballs, cracks in the media. backwashing difficui§§¢§

resilting in short filter runs and/nr failure to clean media; and

lo:s of media. 1If a protlem is indicated, the inspector may wish to
nave the cperator backwash the filter.

rPost-chlarination

THe prirary purponse of post-chlorination 1s dicinfection. Disinfection
the process of destr 'ying a large jportion of the m1croorganlsms in wator
w! 1 the probaoility that all pathogenic bacteria are killed in thre
process.  water treatment, disinfectisn is almost always accomplished
by addxné - -ine or chlorifie compoundé. Othér processes that may be

is

encountercd ¢ :: ultraviblnt disinfection and the use of iodine or

ozone:. The measure used to determine effectiveness of disinfection is the
coliform group: “he standard test for the coliform group is either the
multiple-tube fermentation technijue or the membrane filter technigue. An
in-depth discussion of these uechnlques may bz found 'n "ftandard Methods

for the Examination of water an. Wastewater:” The coliform qroup iz used
as ar ‘adicator of nachogenic orgar isms: The us~ of this indicator group
has Several advantaces over tegtlng for specifiz ichoaetiic organisms:

kr 2Ly these advantages are:

1. <tase of isolation: USlna rel~ti velv .sophisticated aralytical
prouc :Gires und eguipment, tné presence of coliforms can bs
detected. The procedures can give results in 24 hours, making it
a comparatively rapid bacteriolngizal test.



2. (OllfO[mS a:e present 1n lazge nvmb rs ﬂ feceq oF

in s,£f1c1ent quantities Lo determire the degree of
with fair accuracy.

3. Coliforms are resis~-nt to the forces <' -atural purification to
a dgreater dedgree than commonly encoiunte: = puthogens. Conse-—
Jiltently, the coliforms will normally st..l1 be present after the
disease-producing pathogens may have di=~ »ff ard will contirue
to indicate tiie possibili: dander to the we=er.

hlorination_Terminology

Regardless of the form of chlorlna*lon, chlorine ga;, or chlorir. com-
pounds; the reacti - ir water is basically the same. The standard term
for the chlorine concen'-7iinn is either milligrams per liter 'mg/l) or
part s per million (ppmy .

o Chicrine Dose: The %total & ount of chiorine fed into a volume of

water by the chlorinator.

0 fhlctiﬁegiemand- Chlcrlne is a very active chemical OdelZlng
agent. When 1n1ected into water, I* combines readxiy with

certain inorganic sabs sances that are oxidizable (hydroggn

U*tlde, nitrite; ferrous Iron, etc.) and with organic impuri-

‘ies 1nclu01ng micro- .-ganisms and decay products. These

PdéglOnS consuize or us: up some of the chlorine before "= can

fully destruy micro-orcerisms. This amount used up is the
chlbtihé demand.

Chlozine Dose - Chlo.ineé Residual

Chlorine Demand

. The amount ot hlor'sL (by test) present in
the water after the chlorine demand 1qrsat1sf1ed and after a
specified time periocd. The presenc? of a "free" residual, in
~ontrast to a "comdined® residual of ac least 0.2-0.4 ppm (in
reLatAvely unpolluted, low turbid ty water), after the chlorine
Jemand is satisfiel, Lcuallv provides a high degree of ansurincw
that the disinlectic.a of th. water is coimslete.

O

A residucl also provides some protection zgain:t any chance
contamiration tha* may lnadVerten(ly entzr the system. The
chlorine residual test sample . usu=‘;y collected before the
first pc.at in the distribution sy~ts wherd waico is consumed.

However . it s also advisable to alsc .:@gi a: the tarthest p it
in the sy.tem to ensure that a residua. *k'éfé _throughout <h
whele Lysten. He residual test is the .asis for “acreasing or
d:crecsing the chlorinat.r feﬂd rate to :triieve the desired
value. Too much chlorine re-idual wiil be cifensive *~ scme

consumers.

Chlorin~ Residu:l = Chlorine Dose - Chlorine Demand

El{fC‘ 153
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e} éﬁlé;éhe CbhtéCt Tihei The ccntact t1ne IS the tIme Interval

passeq by the aampllng p01nt., A certain minimum period of time

is requxred for the disinfecting action to become completed. The
contact time is usualiy a fixed condition dependent upon the rate

of flow of the water and the time it takes the water to pass

through the piping and storage facilities: Generaily speaking,

it is preferable that the contact perxod be not less than 30

minutes under the peak demand flow conditions: However, even

more time may be necessary under unfavorable conditions:

.2 Chlorinaticn

Chlorine gac is availableé in compressed gas fo:.: stored in steel

vressurized cylirder.;. A gas chlorindgtor met: s the gas flow and mixes it

»ith water which is then injected as a water ' .iution of pure chlorine:
h1>r1ne gas is a h1ghl' toxic lung 1rr1tan* ‘3 spcecial facilities are
'quxred for storing and Housing 3as chloris - 5rs. The advantage of this

mefr6d is the convernience afforded by a rela';&ely large quantity of
chlorine avaiilabie tor continuous operatlon ©.» soveral days or weaks

:thout the need for mixing cheiiicals. Gas ¢nlisrinators have aih advantage

ere variable water flow rates are encoun*-.ed as they may be syncronized

o feed chlorine at a variable rate.

oroekdocdnat on

sygucm v.eh ihékbéhSiUé

Ny .Ior*nators 2 satlsfag wory chlorlnatlon method. 7These small chemicai
feed pumps are_ des gned to punip (inject under pressure) an agueous solu-
tion of chLor ne into the water system. They are designeu to operate
against pressares as high as 100 psi but may alsc be used 6 inject
~hlor.ne solutions - atmcspheric o« negative head {suction side of water

pump) c~--.. .ions.

The pumping rate is usually manually adjusted by varyxng the strcke of the

piston or diaphragrm. Once the stroke is set; the hypochiorxnator feeds

dccurately at thatv -ate. However, chlorine measarcniznts shouold be madc

occasiorally at the beginning and end of the weill pump cycie because if

the drawdown is aigh; the punplng rate varies consxderabiy and the

concentration will vary since the applied dose is corstant. A meter ing

device may be used :to vary the hypochlorinator feed rice syncronxzed with
Lie water Idt&. Where a well gump is "~ed, tne hvr’ehlorlnator is,

1. .~ adeguate chlor -= residual being maintained?

The answer to this lies in whether tliare nave been any pﬁsxtive

ﬂn11form counts. The nevr step 1n determ 1a\Ion c ~adequacy wcuI Se

ST 5-13
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connection in che system. The inspector should review where the

utility's sample points within the distribution system are located

and/or how they were selected. If the inspector is to sample, a

deadend portion of the system that is remote from the plant may be

selected: A free residual of 0. 2-0 5 mg/l or a combined residual of

1:0-2:0 mg/I should be nalntalned at the most_distant points in the

system and at the ends cf deadend sections. The chlorinator should

have sufficient capacity to provide adeguate treatment under peak
flow conditions.

IS there sufficient contact tiae petwoiop the chlorination point and
the first point of use?

Contact time should be a wapbirum of 30 minutes for free residual and
2 hbﬁfé for é ééﬁbiﬁed ieSiduéi. This may be deEeEﬁiﬁed By figuring

between point of chlorination and use.
Is the eguipment properly operated and maintained?

The inspector should determine that all eguipment is operational and

5reven*ive maintenahc=,is rGUtiﬁély pérfdrméd Some 1nd1carﬁrs of

g;gtxngs that arc damaged badly COrLOded or ]oose, no ga. low to
the ch*orxnator, or frost on valves aiid piping:. For pOwdered

dlslnfectanus, some indicators ere clogged feed iines and valves. A

~ore detailed discussion of these probiems and tiei: solutiohs is

pecovided in "Water Treatment Plant Operation;® Chapter 7:

Ts operational standby equipme ‘i« piovided? I not; are critical
spare part3 on hand?

Disinfection mist be continuous! Standby equipment of sufficient
capacitv - replace the largest unit iS recommended. Where it is
not, fiow to the water systei should be halted and critical spare
partse should be on hand for immediate replacément.

Is a manifold provided t> allow feeding wes f + phe
CY;J”GEK?

“s stated above, citzorination mus be continuous. [ Ldn . -old should
bc provided tc zilow empky y11nqe;s to be changed without stopping
cnlorination. 1f only one cylinde: can be ttilized, the inspector
shoald determlne what procedure is followed when it is changed. Thaz
operator could be aiiowrng water to continue to Llow into the system
while he changes the cylinder, a process that could take 30 mindtes.

Such a situation counld result in contamination of the ertire systeri.

Are scaies provided for weighing cylinders?

chlorine used each day and to determine when they are near empty so
they can be changed. These scales should ve located so that the
cylinders will be conler than the chlorinators to prevent condensing
of the chlorine in the lines.

ST S5-15
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Is the chlocrine storage and use area isolated from othcr work areas?

ITmltations of the protectlve equlpment The 1nspector should be

knowiedgeabie in these areas as well. A *rief overview of chlo; ine

is that it is a heav1er than-air gas, wtlf“ is corrosive in moist
atmospheres and is ex;remeiy toxic. 1Its o cticity ranges fr- throat

irritation at 15 ppm to rapld death at 1, 000 ppm. Ccnsequently, tne

storage and use areas for chlorine should be above ground, well

ventilated, and separated by a gas-tight part1t1<w from other work

dreas. Both chiorine gas and perticutariy sodium chitorite should riot
be stored with organic compou.ds.

Is room vented to the outdoors by exhaust grilles located not more
than 6 inchss above tne floor level?

The room should be vented at a rate of one air change per miniute with
exhaust grilles not higher than 6 inches above the f'cor: Aan inlet

grille for the room should be located near the ceiling: The vapor-
ticht fan switch should be Jocated cutside the room and equipped with

=i indicator light. The insnmector should ensuze that the exhaust
from the chlorlne room w1l not entec 1nto othel 1nter10r areus.

chiorAﬁe room in the JlClnltY of the makeup air inlet for other rooms.

Are all dcors hlnged outward; eéuipﬁed with panic bars; and at least
one provided with a viewport?

need fur J.ors to be hinaed outward is based on the fact that
...ieone ir the r<om could be overcome and passed o;_ Lga}g§t the
door, making rescue Jaifficult if che door has to swing into the

rom. The door siiould also have warning signs affixed; alerting
personnel to the dangers.

Is a self-contained breathing apparatus available for use Quring
repair -f leaks?

The use of chiorlne reguires prutectlve clothlng. Chemlcal goggles

shouid be woin by personnel entering the area for routine inspec-

tioi . wWhen cyLlnders are changed or adjustmerits made to tne system,

1mperv1ohs gioves, chemicai goggles, and a full face shield should be

worn (unless a full fa"eplece respirator or hood is used). Chlerine

canister-type gas masks are only aucep*abTe if the kncﬁﬁrchxorlne

vapor concentration is 1ess than 1% and oxygen level ygreater than

16%. Acdltlonaiiy, canlste"—type gas masks must be checked coutlneiy

and the canister changed when it has reached its expiration date or

hhas been damaged. vhen a worker enters a heavxLy contaminated area

for repair; a seif-C)ntalned breqthlng dpraratus is required. Use of

protective equipment and emergency drills should be practiced.

Emergency procedures should b: coordinated with fire and _police

personnel. The inspector should ask if the wtility has an emerger- =y

plan and if it has ever been practiced.

ST 5-17
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11.

13

Are there means of leak detection?

The inspector should never enter a room contalnlng chlorlne gas
w1thout first opening the door sllghtiy to check for the smell of
chlorine. A squeeze bottle of dilute ammonium hydrOXIde can be used

ggg leak detectlon by squirting_a small amount into the room prior to

entry.r If a leak is present a "snow" will form. There are also
continuous and portable chlorine detection devices that may be used.

Are all gas cylinders restrained by chaining to the wall or othér
means?

Cyllnders should be restrained to an immovable object. They should

be transported and stored in an upright posxtxggiand kept away from

direct heat and direct sun. Empty containers should be segkygated
from full containers.

vedr due to chlorinator fallure or feed pump fallure?

Any interruptions in chlorination and their cause should be
identified. The operator should be questicned as to what measures
have been taken to preclude recurrence of the interruption.

ST 5-19
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TRANSPARENCY " 5-2

Com

on Pretreatment Chemicals

O © & 9 ¢ 3

Chlorine

Chlorine Dioxide

Ozone @

Potassium Permanganate
Activated Carbon




,ommon Pretreatment Chemicals

Chlorine

Chlcmne Dioxide
Potassium Permanganate
Activated Carbon

¢ & @
O
N
Mo
g
CD

197



Chemical Feed

0T+,

g
-4
n
-
é
$]
<
w
i
(%}

193




Chemical Feed

133



o)
o

204

5-11 TRANSPARENCY ! 5-4




=

=



Flocculation/
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Post-Chlorination
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Why the Coliform Group?

1. Ease of Isolation
2. Presentin all Fecal Pollution
3. Greater resistance to Natural Purification

209



Why the Coliform Gréup”

2.
3.

1.

Ease of Isolation
Present in all Fecal Pollution

Greater resistance to Natural Purific
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UNIT 6: STCRAGE - "THE NEED TO KNOW"

Unit S _mmary

Gravity Storage
Hydropneumatic Storage

Unit Contents
6a: Gravity Storage
o Characteristics
o Sanitary Risks
6b: Hydropneumatic Storage

O Characteristics

LA
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UNIT 6a: Gravity Storage - "The Need To Know"

Unit Sunimary

Charactéristics of a Gravity Storage
B sys't'em o
Sanitary Risks

Unit Or)2ctives

A major function of the sanitary survey is
to determine that a storage system is free
of and protected from contaminations
Gravity storage will be discussed and
sanitary risks outlined.

Logistics

Approximate Presentation Time: 45 minutes

o Basic Material =

o Transparency 6-1 to 6-3

o Chalkboard

o Overhead projector and screen

Student Materials

o Student's Text; Unit 6a

Student Preparation

Unit References

o Small Water System Serving the Public
_ (Chapter 6) L
o Manual of Individual Water Supply

_ Systems (Part V)

o Water Supply System Operation
(Chapter 5)
6-2 -



Use Transparency 6-1:

Identify on chalkboard
diagram of the various
~omponents. Explain

tie2ir functions.

2 Transparency 6-2.

use personal experiences
and anecdotesﬁpgrreiate
material to actual

situations an inspectcr
may encounter during

a sanitary survey.

Point out importance o
information requested by
each question.
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General (10 minutes)

f’”_’ o

Sani

0.0 0!

5
P

Supply (generally a well)
Inlet

Reservoir

o Elevated

o Surface (on ground)

o In ground

Outlet  _ S
pumps (if applicable)

tary Risks (30 minutes)

1.

Does surface runoff and underground

drainage drain away from the storage

structure?

Is the site protected against

flooding? o )

o Provides protection against contami-
nation by nonpotable water

Is storage tank structurally sound?

Are overflow lines; air vents; drainage

lines; or cleanout pipes turned down-
ward or covered; screened and

nated a minimum of 3 diameters above
the ground or storage tank surface?

nonpotable runoff

Is site adequately protected against

vandalism?

o Fernced N
o Hatches lockable

Are surface coatings in contact with

water approved?

o Unauthorized surface coatings can
degrade water quality through organic
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11.

Is tank protected against icing and
corrosion?

Corrosion
o O»; water; in contac% with steel
o Esthetic problems _
o Heavy metal solubility
o protection:
o Rust prevention barrier (paint,
cemierit, other zoatings)
o Carbonate film coating
o Cathodic (sacrificial anode)
can tank be isolated from system?
take tank out of system without
shutting down entire system.

Is all treated water storage covered?
what is cleaning fregquency for tanks?

L

problems
o Protection i )
o Periodic draining, cleaning
Are tanks disinfected after repairs are
made?

o Followirg entry for service, repair
o Protection )
o Procedures to disinfect system
o Records of procedures; effectiveness

6-4
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UNIT 6a: Gravity Storage

Uniit Summary

Characteristics of z Gravity Storage System

Unit References
Stiall Water Systems Serving tke Public
~ {Chapter 6) -
Manual of Individual Water Supply Systems
~ {(part V)
Water Supply System Operation
(Chapter S)
Basic Material
well supplies are often pumped directly to a gravity distribution reser-
voir (tank) from which water flows on demard to the points of use. The

wells may also be pumped directly into the distribution system with the
tank floating {(riding) on the system. Either arrangement is acceptable.

The pumps may be controlled by water level float controls or pressure

switches: ~The storage tiank is Sufficiently elevated to ensure adequnate

operating pressares.

A gravity storage system offers several advantages over other (e.g..,

hydrepneumatic) systems and should be considered where topographic
conditions are favorable. The larger the water system; the greater the
advantages. However, even smaller systems will have these advantages:

O Less variation in pressire

o Storage for firefighting use

O One to two days' storage to fieet water requirements

o Greater flexibility to meet peak demands

© Use of lower capacity wells (pumping not necessary

to meet peak system demand)
© sizing of pumps to taks better advantage of alectric

load factors 7 i
© Reduced on and off cycling of pumps ,
© Tie-in of several wells, each pumping at its optimal rate
Since the gravity reservoir provides the storage necessary to meet the
peak system demands; the wells need not be developed to meet the peak
system capacities, as is generally necessary with pressire tank systems.

ST 6-2
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The wells shouldibe capable of meet1ng the max1mtm day demand within the
perind of time when ater use is significant. For example, day schools
usually exert a sxgnlflcant water demand ~nly over a 10— to 12-hour. day.

The wells must; therefore; be pumped at a rate suff1c1ent to meet the

maximum day demand in a 10- to 12-hour perlod. Under these cond1t1ons,

the reservoir (cank) should have an effective capacity eguivalen: to the
arerage daily demand.

structural supports above groind, may be iocated partly below ground; or
may be “anks placed on pads or cradles on che ground surface. Elevated
tarnks are necessary when high ground is not available within the service
area: The ope:zting water levels of the tank should be sufficiently above
the distribution system to produce m1n1mum _operating pressures of 35 psi
(about 81 feet of head) but preferably 50-75 psi (116 to 173 feet).
Pre-sures should not exceed 100 psi (231 feet).

Shallow recervoirs with 1arge dlameters are preferred over deep ones with
smalier d1ameters, other things be1ng equal. Tanks with larger diameters

have more waterrper foot of drawdown and are thus less prone to pressure
fluctuations: They are al<o less costly to build.

w1de range of capac1t1es. Pre stressed concrete tanks are q01te popular,
Since they require less maintenance.

i: Dpoes surtace runoff and underground dra1nage dra1n away from the
storage structiure?

1éVélsu surface runoff and underground drainage shouid be away from

the structure. Prov1slons shouid be included to guard against the

and quallty, character of soil; poss1b111ty of wastewater poiiutlon-

and overtopping by floods. sSites in ravines or low areas subject to

periodic flooding should be avoided. Any sewer located within 50

feet of a storage reservoir with a floor below ground levei should be

constructed of extra-heavy or service-weight cast ircn pipe with

tested, watertight mechanical joints. No sewer should be located
less than 10 feet from the reservoir.

high water levels in any Stream, lake; or other body of water. fheéé

reservoirs should be placed above the high water level; and the
structore and its related ‘parts should be watertight. The ground

sur face above the reServo1r should be graded to dra1n surface datP[

within the vicinity. walls or fenc1ng should surround open

reservoirs; and public access should be prohibited:

ST 6-4
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Is storage tank structurally sound?

The inspector should base the answer to this guestion on visual

observation. Look for washouts and signs of foundation failure.

Are overflow lines; air vents, drainage lines, or cleanout pipes

turned downward or covered, screened, and terminated a minimum of

3 diameters above the ground or storage tank surfacn?

Any overflow, blowoff, or cleanogt pipe from a storage reservoir

should discharge freely into an open basin from a point not less than
three diameters o: the aiééEéEggrgiggiabqve the top or spill line of
the open basin. All overflow; blowoff; or cleanout pipes should be

turned downward to prevent entrance of rain and should have removable

#24-mesh screens to prevent the entrance of birds, insects, rodents,

and contaminating materials. If the discharge pipes are likely to be

submerged by surface or flood water; a watertight blind flange should
be provided to attach to the pipe opening to prevent contaminated
water backflow intoc the reseérvoir. If the reservoir must be emptied
when the normal outlet is subiierged by surface or flood waters, pumps

with outlets above the flood water should be used for emptying;
Is site adequately protected against vandalism?

Manholes and manhole frames used on covered storage reservoirs and
elevated tanks should be fitted with raised, watertight walls. Each

manhole frame should be closed with a solid watertight cover and a
sturdy locking device. The frame should be locked wheh not in use.
The storage site should be fenced to prevent unauthorized entry.
Ladders to tops of storage tanks should terminate 10 feet above the
ground to deter unauthorized climbing:

Are surface coatings in contact with water approved?
\ . -
¥yS that are in contact with water should be approved.

Coati
Unauthdyized coatings can create problems due to organic and
inorganic contamination of the stored waters.

Cathodic protection may be provided for metal storage tanks. icing
can be a parflicularly traumati: problem in northern areas. Tanks
have "blown their tops®™ due to the presst

severe cases, tRe cathodic protection and tamk interiors may be
damaged. Tanks Xpould not be allowed to remain idle if freezing is a
problem. Heaters \may need to be used in tanks reserved for emergency
purposes. '

}ir tops"™ due to the pressures that can result; in less

Can tank be isclated Pxom the system?

Tanks should be able to be taken out of the system for repair without
shutting down entire systen. '

ST 6-6
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10.

11.

IS all treated water storage covered?

Reservoirs should be covered to prevent airborne contamination (birds
and aigan growths that 1mpart tastes and odors). Covers should be

watertlght made of permanent materlal and constructed to dra1n

The surface of a storage reservoir cover should not be used for any

purpose that may result in contamination of the stored water.

Over a period of time, reservoirs may accumulate organic and inor-
ganic debris, which settles tc the bottom as a sludge. This sludge
can contribute taste, odors, and turbidity to the systems when it
accunulates to a depth approaching the outlet pipe. Periodic drain-
ing of the tank and cleaning is necessary. The tank should then be

disinfected before relise:

Are storage tanks disinfected after repa1rs?

reservoirs and elevated tanks on the distribution system should be
disinfected before being put into service or after extensive repairs

or cleaning have been compileted:

ST G-H 22115



Unit Summary

Unit Objectives

to determine that tne storage system is

free of and protected from contamination.

Hydropneumatic storage will be discussed
and sanitary risks outlined.

Logistics , , , ,
Approximate Presentation Tife: 30 minutes

o Bas1c Mater1a1 )
(o] Transparenc1es 6 4 through 6 8

Student Materxals

o Student's Text; Unit 6b

Student Preparation

o Read Unit 6b prior to the session.

Unit References

o Smaiil Watnr Systems Servxng the Public

o Manual of Individual Water Supply
ystems (Part V)

o Planning for an Individual Water System
{Part V)

o Water Supply System Operation {Chapters
3 and 5)

ERIC
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Use Trant pa":viés -4,
6~5 and 6-6.

Ekgléin principle of
system.

éé;aip,nn the transparency

the various system
components. Ask,students

to describe the functions:

tqe TranSbarénéy 6-7 to

Show various types of
q3qtem tanks.

List terms on chaikboard.
Ksk students to deFIne
th,m. Exgialn as
necessary.

Use gquestions to guide

class discussion.

Expldin purpose of

controls and what to
look for.

Types and Characteristics (10 minutes)

1. Principle: Air pocket at top; pump's
energy pushes air down, water out;
cycle repeats when cnergy dissipates

o Gteel tank

water in contact)
o Floatlng wafer (wafer
separates air and water)
o Flexible separator (dIaphraqm or

bag separ§§e§7a1r and water)

Air volume control
Relief valve

Inlet piping

Motor controls

High~low water level controls
Lbﬁ ?féééuré/flbﬁ controls
Elr compressor and controls
Pump

OIO]OIO]O]OIO]OIOIO

3. Terms
o Cycle rate - frequency of pump
start and stop per hour
o Cul:~in Pressure - predetermined low
pressure level in system at which
pump is activated
o 'Qt:bﬁt ?féSSﬁfé - ?féaétéfﬁinéd

pump shuts off

1. What advantages/disadvantages do
the various types of tanks offer®?

2. Explain why hydropneumatic systems
have lééé ﬁééblé storage than

3. What might this mean in terms of
sanitary protection?

Sanitary and Other Risks (15 minutes)

1. Does 1ow préssure levei provide

2. Are instruments and controls adequate;
operational; and being utilized?
o Water level sight glass
o Pressure gauges

o Water level controls
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Exglain importance of

each question and its
rationale.

Use Transparency 6-8.

Explain how to estimate

if storage capacity is

adequate. uxglaln

formula.

Work problem on

chalkboard. Use other
examples. Ask one or
two students to work
problem on chalkboard

for class.

Describe a waterlogged
tank-

5.

Are the interior and
exterior surfaces of the pressure tank

in good thSIcai condition?

o Hazards of improperiy maIntaIned

tank; e: g., at 50 pSI a tank has

3.5 tons of pressure per square foot.
DO NOT TAP TANKS WITH METAL OBJECTS.

Tank supports should be structurally

sound. B i

o Structurally sound and properly
positioned

Is storage capacity adequate?

Storage Capacity Assessment

Sio

© Formula for estimating approprlate

tank size
L
1-(Py/Py)

Lo}
i

Tank volume in gallons

Peak demand rate gpm X desired

mlnutes of storage

i
('f
!
[y
3
el
laj
- 0
]
]
=]
)
fD
+
E
[o}l
0 |
gl
gl
01
Ll
e
Ql

Py = C

P5 = Cut-out pressure + atmospheric

pressure (l14.7 psi)

o Data Sources

o Operating records to determine peak
demand and supply rates

O Engineering records to determine
system design pressures, capacity

1. what would be the minimum tank size
needed to meet a peak de*and of

30 gpm for 5 minutes and gav-e

pressures of 40-60 psi?

What is the cycle rate?
o Indicator of waterlogged tank
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UNIT 6b: Hydropneumatic Tanks

Unit Summary

Types and Characteristics
Sanitary Risks

Unit References

Small Water Systerms éervihg the Public
(Chapter 6)

(Part V)

Planning for an Individual Water System
{Chapter V) )
Water Supply System Operation

(Chapter 3 and 5})

Basic Material

Hydropneumatic systems are very common for use in Storing and distributing

small water supplies. They combine the enérgy from a pump with the
pr1ncxp1e of air pressure to force water into the dlstr1but1on system.
Understand1ng how the hydropneumatlc system is suscept1ble to san1tary

components.
The system operates in the following manner:

o The pump starts up at a certain pressure (cut-in pressure), and the
energy from the pump moves through water to the pocket of air; air

© When the pressiure builds to a certain point (cut-out pressure), the
pump stops and the air forces the water into the distribution
system;

© when the pressure becomes “»0 low; the pump starts up again, and

the czcle is repeated: T cycle rate is the number of times the
pump starts and stops in 1 hour.:

A typical hydropneumatic system is made up of the following parts:

ST 6-10
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Item Purpose

O Steel tank Store water

O Air volume control Control air volume

O Relief valve Prevent excessxvely high pressure

o 1Inlet piping Allow flow of water into system

O Pressure gauges Monitor pressure

© Motor controls Control cut-in and cut-out points

o H1gh/low water level controls Regulate water level

0 Low pressure or flow controls Maintain balance between water and

) air pressiure. _

© Discharge piping/air Discharge water from tank; Force

compressor additional air in to increase

pressuri¢ (prepressurizing)

separatlng water and air and the tank size and placehent vary: &all these
factors may contr1bute to the degree of vulnerability to sanitary risks:
The three kinds of tanks are:

Conventional

o Air cushxon in direct contact with water- air volume controls

neceasary

O Capacity ranges from a few to several thousand gallons

o vVertical or hcrizontal placement

© Outlet located near bottom of tank; combined inlet-outlet or

separated on opposite sides of tank

© Air volume control located in upper portion of tank; provisions

available for prepressurizing

Floating Wafer

o] Floatihg wafer (r1g1d floats or flex1ble rubber or plastic)
separates water and air, but separation not complete; some loss of
air expected requiring occasional recharging

o Vertical placement limits tank capacity
o Inlet and outlet combined at bottom of tank

o Internal air Check valve to Prevent premature loss of air due to

electric outage or excess water demand

Flexible Separators

o Separator fastened around inside of tank for complete separation of
air and water, either flexible diaphragm or bag type
o vertical placeméht 1imit§ tahk ba§abity
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Sanitary Risks

1.

Does low pressure level provide adequate pressura?

Maintenarice of adequate pressiure is especially 1mportant. Too litt’

pressure can cause a reversal in the flow of the water; allowing
from a polluted source to enter a potable, stored water source. Tc.

high pressure can strain system components, cause high leakage rates,

and can force air out with water. Low pressure can indicate improper
connectxons, or cross—conhections, made from storage to serviced -

facilities. Adeguate pressuré is needed to keep the water flowing from
storage to serviced areas. ] low occurs when potable
water pressure is less than nonpotable pressure; yack £low
is a reversal stemming from a vacuum at the potable supply. Backflow

and back51phonage are especially hazardous sanitary risks when they

involve poisonous or harmful chemicais. Inspectors must be aware of

proximity of polluted sources and must protect stored water against
cross-connections.

To ensure against bachlow and backsiphonage, minimum pressure must be
maintained at all times.

System Pressures
(Pounds Per Sguare Inch)

Optimum Working Pressure = 40-60 psi
Minimum Working Pressure = 35 psi
Maximum Pressure at Service éBnneétiéné % idd ééi

Minimum Pressure at Service Connections 20 psi

in the water of facilities served by the system and consult operatxng

records to see whether pressure is adequate at service connections.

Are instriments and controls adequate, operational, and being utilized?

mattex. Carefui Installation and maintenance of pollution prevention

devices can prevent their entry into the hydropneumatic systei.

To ensure proper operation and maintenance of the Bystem, the

following components must be routinely checked and adjusted for

changes in the peak demand:

Air volume control

Relief valve

Motor controls

High/low water level contrels
Iow pressiure flowicont;olg
Air compressor and contiols

c:'0 00 00

ST 6-14



O

ERIC

Aruitoxt provided by Eic:

Frequently, c: ‘ols are not adjusting after de11very of the system

from the factory. Operating records will reveal or191nal calibration
and whether peak demand has changed.

Are the interior and exterior surfaces in good condition?

The interior and extérior should be in good physical condition: The

inspector may not be able to inspect the interior surfaces but should

emphasize the importance of regular inspections. The 1nspector may

determine if they are belng performed by reviewing maintenance records.

Is storage capacity adequate?

There are several formulas for determining reguired storage capac1ty.
One method is presented.

in seiectlng and evaluat1ng the _tank, storage capacity muost be matched

to the peak demand {period of highest water use) of the system:

OtherWIse, the tank will supply neither sufficient daily water needs

nor emerg5.ncy rieeds, such as for firefighting.

To ensure against Inadequate storage capac1ty (and stralnlng facili-

ties at peak demand), purveyors must know pumping capacity and peak

demand rates; which can be used in the formula below to compute

appropriate tank size: Engineering records list pump capacity, cut-

in, and cut-out pressures. Operating records show current peak demand

and whether peak demand has changed since the tank was 1n3talled

which could require a change in tank size.

Formula for Estimating
Eppropriate Tank Size

o - ,”

l:(Pi/Pé)

Tank volume in ééiiéns
Peak demand rate; gpm x desired minutes of storage

o
om
P Cut—1n pzessure + atmospherlﬂ pressure (14 7 psi)
P = CUL—GUt BimEELiE T sbiciiiiaris momro—

2

now
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The pressure pumprshouid not cyc;e frequently (10 -15 cycles/hour
acceptabile) Frequent or constant operation of the pressure pump

indicates a "waterlogged" tank or imprcper settings on the pressure
controls.
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Types of Pressure Tanks
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Types of Pressure Tanks

CONVENTIONAL WAFER D1APHRAGM WATER IN BAG

AIR IN BAG
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Control e
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UNIT 7: WATER DISTRIBUTION = "THE NEED T6 KNOW®

Unit Summary

Components of a Distribution System
Sanitary Risks

Types of Cross-Connections
Sanitary Risks

Trit Contents
7a: Distribution Systeris
o Components -
o Sanitary Risks
7b: Cross-Connections

O Sanitary Risks

&0,
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UNIT 7a: Distribution Systems = "The Need To Know"

Unit Summary

Unit Objectives

A knowledge of d1str1bUL10n system components
and their iriteraction iS essential in assess-

1ng the sanitary irntegrity of a system. This
unIt should fan111ar12e the 9tudent wlth dlS—

Lcgistics 7 7
Approximate Presentation Time: 45 Minutes

Instructor Materials

o Ba51c Materlal -
o Transparenc1es 7 l through 7 3

o Chalkboard

Instructor Freparation

© During this presentation; the instructor

will be a2sked to draw on the chalkboard
a simple diagram of a typical distribu-
tion system. A rough sketch of th1§

diagram should be prepared in advance:

Stident Materials

» Student's Text, Unit 7a

Studant Preparation

o Read "nit 7a prior to the sSession.

Unit References

O Small wWater Systems Serving the
Piblic {Chapter 11)

© Manual of Individuzl Water 5 ply
Systems (Part V) )

O Marnidal for Evaluating Public
Drirking Water Supplies (Part III)

O W ter Suppiy System Operation (Chapters

6 through 8)
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Use Transparency 7-1.

E;;eﬁly dlscussicanépt
of pressure head loss
relative to pipe gizing.

Use Transparency 7-2.

Use Transparency 7-3.

E%E%%iﬂ types, functlona,

and purposes of valves.

Sketch,a simple diagram

of a distribution system
on the chatkboard.

Ask studenps to identlfy
1ocat10ns where these

ERIC

Aruitoxt provided by Eic:

Coliporients of a Distribution System (15

minutes)

L

010

(o}

Convey supbly to polnts of use

Pipe size relative to flow

gpm,; dIstance

Types -
o Galvanized. Not recommended for

underground use; subject to corrosion

from soil, acid water

o Copper. Heavy types used undegj
ground; less sensitive to corrosion

o Plastic. Corrosion resistant;
subject to puncture

© Last Iron. Corrosion resistant; good
hydraulic characteristics

© A/C. Lightweight; corrosion resistant

© Lead. Present in older systems. Can
be a source of lead contamination in
tapwater

Valves

n
5
5

Control water flow

Control backflowiri 7
Adjust water tevels and

for repair

Types:
o Shutuoff Valves stb? flow df Qétef.

fiow at varying pressures.

o Reiiefeyaivesfpermit water to escape

from the system to retieve excess
pressure.
o Float Valves respond to high water

levels to close an inlet ripe.

o Altitude Valves shut off flow of
water to storage tanks at a preset
level to avoid overflow.

o Blowogf Valves provide a means to

flush¥sedimentation from low
points/deadends in the distribution
system.

o Air Relief Valves are used at high
points to release entrapped air.

o Pressure Reducing Valves are used for
redicing pressure between a high and
low pressire area.

O Hydrants provide water for fire-_
fighting as well a8 a means to flush

gsystem.
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Explain other components

and their purposes and
functions. Use the
diagram to demonstrate
locations of all system
~omponents.

Use questions to guide
class discussion.

Ask students what
information would be
desired on a distri-

bution plane.

EE§E££§§ the lmportance

on the sanltary risks of

the water systen.

Briefly describe AWWA

disinfection procedures.

!'i s i

o Monitox flow through var:ous sections

to prévide regulation, reimbursement,

and maintenances

o Protect against pipe movement

Sanitary Risks (30 minutes)

Is proper pressure maintained through-
out the system?
o Inadequate working pressure

- Backsiphonage/backflow potential

demand

i, §§g;§;n how low pressure or
pressure fluctuation might con-
tribute to backsiphonage.r

2. Why must the pressure controls be

adjusted to adapt the system to
demand fluctuation?

3. What controls would be used to make
these adjustments?

wﬁat types of construction materials

o Pipes
o Caulklng materials

Are pianB of the water system available
o] Mlnimum of Plan

- Locations

~ Main size

- Vaive 1ocation

loss of service to the system
o Deadends

Does the utility have an adequate
maintenance program?

Frequency of main breaks
> Pressure testing

Flushinq prbgram

Corrosion control
Disinfection procedures

00 O 0 0 0
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Is the system interconnected with any

other water system?

o Drought

o Emergency
7-4
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UNIT 7a: Distribution Systems

Unit Summary

Components of a Distribution System
Sanitary Risks

Unit References

Small Water Systems Serving the Public
(Chapter 11) -
Manual of Individual Water Supply Systems
(Part V)
Manual for Evaluating Public Drinking Water
Water Supply System Operation
Chapters 6, 7, and 8)

Basic Material

Many failires to meet the requirements of the drinking water standards are
directly related to the usSe of poor operating and maintenance procedures
for distribution systems or to the presence of sanitary defects in the

system. Some causes that contribute to poor water quality are:

Inadequate main disinfection

Unsatisfactory main construction; including improper joint-packing
Close proximity of sewer and water mains

Improperly constructed; maintained; or located blowoff; vacuum; and
air relief valves

Negative pressures in the distribution system

0. 0.0.0:0. 010!

0.

Components of the Distribution System

distribution system:
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Pipes

© Pipe size relative to flow gpm; distance
o Types , ]
© Galvanized. Not reconmended for underdround use; sabject to

B corrosion from soil, acid water _ o
o Coggg : Heavy types used underground- less sensitive to
corrosion o

o Plastic: Corrosion resistant; subject to puncture

O Cast Iron/Ductile Iron. Corrosion resistarnt: good hydraullc

Characteristics; unlined pipe can be subject to iron tubercles

O Asbestos Cement. Liahtweignt, corrcsion resIstart‘ easily cut
putfeasily broken

o Lead. Used in clder systems, particularly as service iines: No
longer approved under any circumstances due to possibility of
contaminating tapwater.

valves

Control water flow
Control backflow
Adjust water levels and pressures

Isolate sections of system for repair
Tvpes
Shut=Of f Valves stop flow of water;

Check Valves permit water to flow in one direction oniy.

O 0 0.0 O

. o,

o
© Flow Control Valves provide uniform flow at varying pressures.

o Relief Valves permit water to escape from the system to relieve
eXcess pressiire.

Float Vvalves respond to high water levels to close an intet plpe.
Blowoff Valves provide a means to flush sediment from low
{wInts/deedends in the dlstrlbutlon system.

[0

¢}

tank at a preset 1eve1 to av01d overflow and allows water to

fiow Into tank after level drops.

air.

o Hydrants provide water for firefighting and are a means to flush
the system.
etors ]

O Monitor flow through various sections to provide regulation;
reimbursement, and maintenance

Meter vaults

O Protect meters and controils

Thrust Blocks and Anchors

O Protect agarnst plPP movement

ST 7—4253
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Sanitary Risks

The questions that a surveyor should be asking with regard to the

distribotion system and their rationale follow.

1

Is proper pressure (40-70 psi) maintained throughout the system?

The system should be designed to supply adequate quantities of water
under ample pressure and should be opeiated tc prevent; as far as

possible; conditions leading to the occurrence of negative pressure-

Steps to prevent negative pressure should inclide minimizing planned

shutdowns; providing adequate supply capacity, correcting undersized
conditions, and §55b951Y7S¢1§§§§h9 and locating booster pumps to
prevent the occurrence of a negative head in piping sibject to

guction. Continuity of service and maintenance ©f adequate pressure
throughout a public water supply system are essent:iil to prevent
backsiphonage. The inspector should determine if complaints about
inadequate pressure have been registered. He or she should determine

if there is a program to periodically monitor pressures throughout the
system.

What types of construction iraterials are used?

The components of the distribution system should meet the current AWWA

standards. The corrosivc effects of finished water on nonferrous
metal pipe used for water-scrvice lines should be considered, together

with possible toxicological effects on consumers, resulting from
solution of the metals. Only nontoxic plastic pipe should be used,

when plastic pipe is acceptable. Materials used for caulking Should
not be able to support pathogenic bacteria and should be free of oil,

tar, or greasy substances. Joint packing materials should meet the
latest AWWA specifications.

Are plans of the water system availabie and current?

The minimum record of a distribution system contains maps showing

locations of all mains, main size, and the location in detail of every
line valve. The pipe layout should be designed for future additions

and connections to provide circulation where deadends are necessary in
the growth state of the pipe System. The system should be provided
with sufficient bypass and blowoff valves to make necessary repairs
without undue interruption of Service over any appreciabie area:

Blowoff connections to sewers or sewer manholes should be prohibited:
Does the system have an adeguate maintenance program?

This is actually an overall evaloation of the answers o & seriés of
questions, such as:

a. What is the frequency of main breaks?

weight of the overburden. To prevent main breaks; a routine

program for leak detection sShould be conducted.

ST 7-6 N
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b. Does the utility have a pressure testing program?
Such a program may be conducted in conjunction with thas fire

department to determine adequacy of fire flow- A record of

pressures throughout the system may help to ide~tify problems.
If they are conducted both during the day and at night, th y will

indicate the hydraulic afficiency undeér common requirements;
The whole system should be flashed once or twice a year due to
sediment deposition in the lines. The flushing should be well
planned and carried out; beginning at points near the water
piant/storage and moving to the outer ends.

Does the utility have i valve maintenance program?

oW

All valves in a system should be inspectad on a routine basis.

The frequency of inspection depends on type of valve; but an
annual inspection is desirable for all valves. This should

include completely closing, reopening to about one-quarter, and
reclosing until valve seats properly. A record of valve
naintenance and operation should be kept.

e. Does the utility have a corrosion control program?

The utility should have a program to evaluate corrosion and the
effectiveness of corrosion control particulariy to control

contaminants such as lead and cadmium.
f. Are proper disinfection procedures used after repairs?

The procedure outlined in the AWWA Standard for Disinfecting
Water Mains should be followed. The inspector should question

the operator as to what procedures are used. The final
determining factor should be that new mains and repaired main

sections should demonstrate negative bacteriological results

prior to being placed in service.

Is the system interconnected with any other water systems?

This of of concern for two reasons:

a. The water systems to which it is connected may be of a lower
juality and potentially pose a risk:

b: The other water system may provide an alternate SourCe in the
case of drought, contamination of the primary source or a similar

emergency.

The inspector should evaluate the answérS to such questions ang the

availability of records to determine the adeqiacy of the maintenance
program.

" 7255



UNIT 7b: Cross-Connections - "The Need To Know"

Unit Summary

Types and Ciaracteristics

Sanitary Rishs

Surveying for Cross-Connection Hazards

Exercise I: ~rotection Against Cross-
Connections

Unit Objectives

€ross~conrection: can be a major source of

contamination of a water s"stem. To

determine the deg:ee of ptotecrxo afforded

a water systom, an inspecter must under-
stand cross c0nnect10n control. In this

connectlons, their ccntrol and commcn
location within the treatment plant.

EBgistics
Kpprox1mate Presentatio: Time: 30 Minutes

Instructor Materials

o Basic Material

o Transparencies 7-4 through 7-9

Student Material

o Student's Text, Unit 7b
Refererices

o Small Water Systems Serving the

Public (Chapter IS)

€ross-Connection Control Manual

VO

Water Supply Svstem Operatxon (Ckapters
6 and 8)

o]
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Deflne cross—-connection.
Draw sxmple diagram on
chalkboard showing the
two types of connections.

Define backflow and
backsiphonage.

For each case shown,

ask students to _identify
contact point of
connection, and to
explain how reversed
flow might result.

Use Transparency 7-5.

Use example situations;

have students 1dpnt1fy
whether backflow or

backsiphonage and
recommend control.

Use guestions .o guide
class discussion.

Use HransparenCIes 7-6;

7-7 7, and 7-8 to show

various types of

preventive devices. Ks?
students to explain how

each would prevent
reverse flow.

List underlined tbplcs
on chaikboard: ask

students to Iist

posqxble sanitary risks

to potable water supplies:
Explain how each factor is
a potential risk. Discuss
degree of risk.

Cross-connection: A connection between
a drtnking (pofabte) water system and

Types of Cross-Connections
o Pipe-to-pipe
o Pipe~-to-water

Contamination Hazard

Contamination hazards result from

polluted fluids entering the potable
system through the cross-connection,
generally when distribution pressure is
inademquate.

o Backsiphonage occurs when a negative
pbressure or partial vacuum is Zreated

in the pOtdec system.

o Backflow occurs when the pollution
source pressure i: ;teatev than that ..

the potable system.
1. What is the major difference Bétwéén
backflow and backsiphonage?
2. How can a building be protected
against backsiphonage?

Contamination Prevention

o Removal of physical connection
o Kir ~gap separators

o Double check,; double gate vatves

o Approved backfiow prevention devices
o Vacuum breaker

o Reduced pressure zone
o Swing connection
o Barometric loop

Locations (S minutes)

© To other systems, i.e., fire systems
© To unapproved weIIb

o Restricted uvuses

- Fixtures and equipment
requlated by ordinance

I‘Jw
ot
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Use personal experiences
and anecdotes to relace
the course material to
actual situations an
inspector may ericounter
during & sanitary survey.

Ask seudents to explaln
why pressure maintenance

is crztxcai in prVentlng
contamination s Ask how an

1nspector might determine

that a Fa01lJty is havirg
pressure problems.

sanltaryrr;skrfactors and
lead to detailed discussiOn

o To hazardous water uses

Wastewater treatment plants
Boiler plants

Chemical manufacturing plants
~ Hospitals (health care facilities)
~ Nuclear power plants

o To intermediate hazards

o No airgap in service line
¢ No backflow/backsiphonage prevention
devices

- Inadquate for flow rate
~ Wrong devices
~ Breakdown

Pressiure Fluctuations

o0 Vacuum at facility
- Inadequate pumping
- EmerQean—f1re, drought,
etc.

o Reduced iii.;éséiife in se¢cvice line
- Blockage in pipes
- Break in pipes

-~ Hydrant breaks

1. Wﬁy,muétrCtdéé*gdﬁ@éCtibh7C§httdi
devices be carefully checked after
a large fire?

[\
e

as a school, present as great a
) hazard as a chemical plant?
3. What should a plumber know about

cross-connections before workinq in a
Fommunity served by a water fac;iity?

0d
)
x

Does a llnk to a lesser hazard such



Sanitary Risks (15 minuates)

1. Does the utility have a cross-connectirm
prevention program?

RéQﬁijéméﬁtS

o ARuthority to establish procram

o Technical provisions relating to
eliminating backflow and
CrOS$—C6ﬁhéCtith

o venalty provisions for violations

Are backflow prevention devices

2.
s to relate installed at all appropriate locations
the course material and tested periodically?
to actual situations o
an inspector may o Locations 7 7 -
encounter during a o Wastewater treatment plants
survey . o Boiler plants
o Chemical plarnts
o Hospitals
o Mortuaries; etc.
o Periodic testing necessary
3. Are cross-connections present at the
Use Transparency 7-9. treatment plant?

o Submerged inlets to soluticn
inspectors to point out tanks {(hypnchlorite, fluoride,
problems at plant since etc.) without backflow protection
cross-connections there o Connections between solution tanks
can affect whole system. and sewers 7

o Split chemical feed going to raw and

finishec water injection
o Finished water and supply waterlines

connected i

o Finished water used for priming raw
water pumps without backfiow
prevention

o Garden hoses in buckets; meter
vaults; sinks filled with water

<
11
[os}

o)

2ol
o
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altku%}uin - THere is a aubmerged 1nlet in the second Floor bathtub. AN
Automobile breaks a nearby fire hydrant causing a rush of
water and a neqatIve pressure in the service line to the

house; sucking dirty water out of the bathtub:

- A direct connection from the city supply to a boiler exists
as a safety mcasure and for filling the system. The boiler
water system is chemically treated for scale prevention and
corrosion control. The boiler water recirculation pump
dlscharge pressure or backpressure from the boiler exceecs
the city water pressure and the chemicatiy treated water is

Situation

)

pumped into the domestic system through an open or leaky
valvee.

Situari.on 3 - Wastewater seeping from a residential cesspool pollutes a
private well that is used for lawn sprinkling. The domestic
water System, which is served f:rom a city main, is connected
v the Qéll gupply by ﬁéahé bf é VélVé; Thé purﬁdéé 6f thé

qumestqc use . 7Dur1ng periods ef lowrc1ty water pressure,
ppossibly when lawn sprinkling ig at its peak, the well pump
discharge pressure excvesds ‘..at of the city main and well

. wAater is pumped into toe ity supnly through an open or
leaky valve.

. _tis 4 - A chemical tank has 4 submerged inlet. The plant fire pump
dfaWo SuCtlon dlrettly from the c1ty water supply llne,

po*able water supply and the flre~spr1nkler system of a
mill. The sprinkler sysiem is normally supplied from a
nearby lake through a high-pressure pump. About the lake
are large numbers of cverflowing septic tanks. When the

valve ié left dpeh, crhntaminated lake water can be pumped to

L. Resd the nk)ebtxveq/directxone to the studernts:
. Allow 10 minutes.

Reulew and determine acreptabilxty of student resPonses. éié;if§
n oceﬁures/cue EIONS .

ERIC
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itdation

fruation

it ion

tuation

Jv

Suggested Key

The not and cold water inlets to the bathtub should be above
the rim of the tub.

As minimum protectisn, two check valves in series should be
providad in the makeup water line to the boiler system. An
airgap separation or reduced pressure principle backflow
preventer is better.

Tie connection hetween the well water and city water should
be broken:

The water service tc the chemical tank should be provided
through an airgap.

The potable water supply to the fire system should be

through an airgap; or a reduced pressure bac+flow preventer



UNIT 7b: Cross-Connections

Unit Summary

Type and Characteristics of

CIOSS—COHHECtIOHS

SanIfary Risks

Unit References

Small Water Systamg Serving the Public
{Chapter 15)

Cross-Connection Contrcl - nual

Water Supply Systen. Opetaclon
(Chapters 6 ang -

Basic Material

To prevent contamInatIon of the communlty s water supply, thr purseiyor

must make sure that service connections ara properly made and are

cdntlnualiy monitored fbr cross-connection hazards. A cross- connectlon i=

a thSIcai connection or arrangement between othe:x w1se separate plplng

systems containing potable and other water, whereby water may flow between

the two systems. Hazarqe occur when water fIOWa tOwa'd the pctab1 “'wply
instead of from it to the service outlets:. Unlzss "ontroiied, Crosi

conr.ections can result in contaminated water replacing potable water at
varlous 51tes w1th1n a water c‘ys*em. If the contamlnated water 1s

préﬁer ééntréi valves, or as a pipe-to-water connection, in whlch the

outlet from a potable water supp*y is submerged in contaminated water.

Cross-connections are usuaily made untntentlonally or are made because

their hazards are not recognized. The two major types of cross-connection

nhazards--backpressure backflow and backsiphonage backflow--are

distinguish=d by their origins. Backpressure backflow refers to the row
of water toward a pctable supply when the contaminated water's pressure is
greater than the potable water's pressiire. Contaminated water pushes
toward rhc potable supply. (Liquid flows from a place of high pressure to
dné bf lbwér préééuré ) BaCPSiphbnaée baékfiéw is a tybe 6f Baékfléw

~>.able water supply. Contaminated water is sucked up toward the potable
sSupply.

262
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Plumblng defects can occur within any part of a water system, and cross-

connection hazards can occur where outside water pressure can exceed

potable water pressure. Therefore; oross—connectIOns must be prevented or

controlled at all service sites as well as at the water fac111t1.

voluntary nonItoring of conpec t*ons by the water purveyor and water users,

but also on an enforceable CQmmunlty control pjrogram. If a community
subscribes to a modern piumblng ccde, such as the Nat10na1 Plumbing Code,

1t° pruv1slons w111 govern backfiow anc cross- connectlons.i St111, the

orsit nce should have at least three basic parts:

o The technical proVisiohs relating to eliminating backfiow and

O Penalty provisions for violations.

Protection Against Sanitary Risks

At Service Sl*es- Cross—connectlons thaf occur at 51tes prv1ced by the

water fac111ty can usually be controlled at the s1tes thenselves. For

example; a submerged water outlet in an apartment bu11d1ng could result in

contamination of the water for the entire building (as well as threatenlng

the water facility's supply) if the water pressure of the contam'nated

water exceeds that of the potable water. To prevent this cross-connection

hazard, each fix!“re in the building should have a vertical airgap between
its water outlet and its flow-level rim. This will eliminate the physical
cross-connection link and protect the building (and the mun1c1pa1 supptly)
against backflow. An airgap separation may also be made at a point where
the water service enters the building. ({This protects only the municipal
supply, however, and not the building system.) Backflow prevention
devices, such as double check, doubile-valve assemblies, can be installed

when an airgap cannot be made. They can also provide backup when airgaps
are made; Surge tanks, booster systems, and color—codlng and 1abe_-ng of

back flow. Backslphonage can be prevenced by 1nsta11at10n of vacuum-
hreaking devices at water outlets where contaminated water is used and

where a vacuum could occur in the water supply pipe.

At the Water Fac111ty‘ To lessen the thances of nazardous cross-

Conneétlonsl water facilities should not be connected to unapproved

systems or tc private wells: If connections must be made to wastewater

treatment plants; boiler plants; and other sites with 1nherent1y dangerous

contamrinants; the connections must be carefuiiy monitored at the facility
.0 prevent contamination from entering the water supply. An a1rgap in
the service line to a premise at which extreme hazards exist may ber

warranted. Waterworks officials often prescribe the installation of a
backflow prevention device in the service line to a premise where

ST 7-12



hazardous use of water is found. Lesser hazards can often be prevented

with backflow prevention dev1ces in other locations. Backflow prevention

devices are critical {(used exclusively or as backup) in all water

facilities beceuse any water pressure greater than that of the facxixty

could cause a flow reversatl. Maintenance of systematic water pressure

will p: :vent backsiphonage stemming from the water facility. The facility

must also install and maintain devices that block baék51phonage flow as a

backup in cases when pressure does drop. {(This can occur if a main break
Or a tire overbiirdens tiie pumping capacity.)

Types of Dewvices:

vacuum Breaker: = -.:vice that is activated by atmosphéric pressuré to

biock the water Supp.Ly line when negative pressure develops in the line.

This aCtIOn admits air to the lin=2 and prevents backsiphonage. A wvacuum

breaker is qngrdesxgned to provide protect1on _against backflow resulting
from hackpreqqure, and should not be installed where backpressure may
ocCcur .

flos Puciion ) Veruwm 1n apphed

..................

bresruro-fzpe vacuum Tﬁis deviceé i i-stalled in pressurized
.ystems and will Gperate only when a vacuum occiurs. It is usually spring
loaded; and shnooild be specxally designed to operate after extended periods

under pressure because corrosion and deposxtxon of material in the line
might render it Inoperable.

Teur Cach

o114
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Reduced pressure ZonegBackﬁlOW—PréVéhtét {RPZ) : This device consists of

two hydraulically or mechanically loaded Pressure-reducing check vaives,

with a pressure- regulated relief valve located between the two chack

valves. Flow from the ieft enters the central chamber against the

pressure exerted by the locaded check valve 1. The supply pressure is

reduced by a predetermined amount. The pressure in the central chamber is

kepgi;ower than the incoming supply pressure through the operatlon of

relief valve 3, which discharges to the atmosphere whenever the central

chamber pressure is within a few pounds of the inliet pressnfe. Check
valve 2 is 1Ight1y 1oaded to open with a pressure drop of 1 psi in the

direction of flow and is Independent of the pressure required to open the

relief valve: 1In the event that the pressure increases downstream from

the device; tending to reverse the dlrectlon of flow, check valve 2
closes; preventing back flow: Because all valves may leak as_a result of

wear or obstruction; the protectlon prov1ded by the check valves is not

con51dered sufficient. If some obstructlon prevents check valve 2 from

closing tightly, the leakage back into the cential chamber would increase
the pressire in this zone, the relief valve would oben, and flow would be
dlscnarged to the atmospnere.

when the supply pressure drore to the minimum differential required to

Operate the re¢iiel valve, the presscre in the central chamber should be

atmospheric. _f the inlet prassur= s . ‘1d drop below atmospheric
pressure, re’ <. vaive 3 st ild remain ru’ly open to the atmosphere to

dlscharge any v iter tnat may flow kack ax - result of backpressure and

leakage of check valws .

Malfunct10n1ng of one R E L S PEI o SEARGHS valves or relief valve shoutd

always be indicated by a dlscharge ¢. water from the relief port. Under

no circumstances shouid ptuggzng of the relief port be permitted because

the device depends on an open port for safe operation. The pressure loss

through the device may be expected to average between 10 and 20 psi ~ithin

the normal range of operation; depending gpon the size and flow rate of
the device.,

Normal Direction of Flow R.v.uod Dnro(hon ol Flow

ERIC
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Doubte-C ilve Asseibly: The double-check; double-gate

valve assembly 1is a very useful and, when properly maintained, reliable

means of backflow protectIon for 1ntermed1ate degrees of hazard. As in

the case of other backfilow preventers, the double-check, double-gate valve

assemblu should be 1nspected at regular Intervals. SOme health authori-

The double-check, éaubiésgaté,sygtém has the advantage of a low heac
loss. With the gate vaives wide open, the two checks, when in open
position, offer little resistance to flow.

bouble-clizck ; doubie-gate assembli~s should be well designed and con-

structed. The valves should be ali bronze or, for larger sizes,

galvanized gray iron: The trim should be of bronze,ror other corrosion-

resistant materiat.: SprIngs should be bronze; stainless steel or spring

cteel covered with a coat of vxnyi plastic valve dISCS should be of

composition material with low water absorption properties: Test cocks
chould be provided.

Sanitary Risks

To éVéiUété,thé potential risks of cross-connections, the inspectcr should
determine the answers to the following:

1. Does the utility have a cross-connection prevention program?

The 1nspector should determine if the water fac111ty has Obtalned
authorlty to conduct a community 1nspection program through an
ordinance or other means. A cross-connection ctontrol ordinance

should have at least three basic parts:

o Authority for establishment of a program

o The technical provquons reiatlng to eIxm1nat1nq back flow and
cross-connections

o Penalty provisions for violations

ST 7-18 A
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Are packflow preventxon devices 1nstalled at all approprlate

locaticn (wastewater treatment plants, hospltals, industrial
locatic: ;7

The threat of cross-contamination hazards is espec1ally great at

wastewater treatment plants, boiler plants; chemicatl manufacturlng

uiants, hospitals, and nuclear power plants. Their water may contain
InherEﬁtly dangerous ma“*erials. These sites should be ensured
against phvsIcal links and should be equipped with devices to prevent

back ftow and backs1ph0nlge from contaminating water on the premises.

Are cross-connecticns present at the treatment pléht?

The 1nspector should brlefly discuss with the operator the importance

of ensiuring that there are no crovs—connectlons at the plant either
on_a temporary¥ or permanent basis: One way to help m1n1m12e the

potent1a1 of cross-connections is to have the pIpIng in thé pIant

color coded. The primary sources of cross-connections in the

treatment plant are submerged inlets to solution tanks; connectxons

between potable watér lines and process water lines; and at pumps-

When using phosphate solutions, tanks must be kept covered and o
disinfected by carrying a 10 mg/l free chlorine residua® to prevent
the growth of bacteria.

ST 7-30
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Types of Pipe

® (Galvanized e Cast Iron/Ductile Iron

* Copper
* Plastic

* Abestos Cement
° Lead

271



_ Types of Pipe

Galvanized e Cast Iron/Ductile Iron
Copper s Abestos Cement
Plastic » Lead
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Valves

o Gate
¢ Check
* Flow Control

Blowoff

Altitude
Air Relief
Fvdrants
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Valves

Gate

Check

Flow Control
Biowoff

274

e Altitude

Air Relief

Hydran
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. valves

Gate * Altituce
Check * Air Relief
Flow Control ¢ Hydrants
Blowoft
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A Cross-Co inecticn Is?

A Connectior: Between a Drinking Water

System and Unapprovea Water:



A Cross-Connection Is?
A Connection Between a Drinking Water
System ar< Urapproved Water.

[ s




Types of Cross-Conneciions

Bavksaph@nage Backflow
o Rackprzssure Backflow




ypes of Cross-Connections

» Backsiphonage Backflow
e Backpressure Backflow
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“erwoal Dicenfion of Flow Reversed Direction »f Flow

Reduced pressure zone backflow preventer —
pnnciple of operation.
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UNIT 8: MONI™ORING/RECORDKEEPING - "THE NEED TO KNOW"

Unit Summary

Monitoring Responsibility
Monitoring Requirements
Recordkeeping

In-ptant Monitoring

Unit Objectives

A function of a sanitary survey is to
determine facility compiiance with the
monitoring requirements. In order to make
this determination; an inspector must be

evaluation.

Logistics

Instructor Materials

o Basic Material -
© Transparencies 8-1 through 8-5
o NIPDWR

Student Materials

o Student's Text, Unit 8
Student Preparation

o Read Unit 8 prior to the session.

Unit References

ﬁégﬁiégiohs - 7 B
© Water Treatment Plant Operatioii
(Volume I, Chapter 10

© National Interim Primary Drinking Water
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BT R N ERRTR TV R I s Morntsorirng (0 minsgt ed)

ibilities of Water Parveyor:

i the rospongi= NESpoOns
i S for moniteoring o Arrange for all applicable samplii.:
2t s ont owith bhie regquired in the regulations:
Loy Thiot vy,

< Arrange for sample examinations ! .

Cap - Srate-approved laboratory.
o Some States may requlre tho
ingpector to take samples and submit i
‘ooan approved laboratory as a roubioe
cAart of & sanitary survey.
Preguency Requirements for Sampling and Analvsis

SUE R T OLOG TORT,

e ami nant Surface Source Ground Source
Colideo i Bacteria Monthly, basad on Same as for surface
population garve! sources except that
State agency may
Community systems of reduce to one sample
1~<§ than 1,000 people, per calendar quarte:

¢ Jinimim of one per
month

Noliconmmunity systeids,

4 minimim of one per
calendatr qudrter

O
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nitrate, whict

nor-ommunity

only to community Systems except for
applics to both —~ommrnaity anl

Mg
¢ %‘!!xxx
ERIS
By 1)
trate

Ground Sourde

Analysi
Iintervals

Surface Source

Ground Source

Ul ey
v 1

Methoxyceh lor
Towaphene 2,4-D
4, =T Silvex

Tortal rrithalo-

methane s

Analysis at 3-year
intirvals

Saiipling and analysis
conducted quarterly

Analysis only if
required by the
State

sampling and analysis.)

COACTIVITY

(Applies only to community-type

csystems)

ot aminant

siurface Source

Ground Source

Aralysis completed
at 4-year intervals

Analysis completed
within 3 years

after effective date;
thereafter at 4-

ERIC
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SUDILE  (Applies #ily to community-type systems)

Surface Source Grouna Source

""" i Sampling and analysis
conducted annually conducted every 3
yedars

o

6]
s
jéa
ct
1)
3
=

SORROSIVITY CHARACTERISTICS (Applies only to community-—typ

Surface Source r;round Sodrce

(one round of Two samples to be taken: Only one sample and
sampling and one midwinter and one anatysis required
analysis) midsumitier

(NOTE: Individual states may require a greater frequency of sampling and

analysis.)

TURBIDI.'Y

Surface Source Ground Source

Ssampling of at least Not applicable
once per day

ERIC
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1: How would an Inqpectox determine that

a faCIIItv tas met the flpquvngv
TPqUIfemPﬁt% for sampling and anilysis?

ey the (uegtion to

promote clags disensdsion.

Alvr t f(lderi&g that there

are other contaminants References (NIPDWR):
than those covered by the o Inorganic Chemicals
regulations; and to be on (141.11 and 141.23)
the lookout for unusual

conditions that might 0 Orgaric Chemicals
pose a risk of contami- (141.13 and 141.:4)
nation.

o Coliform Bacteria
{141.14 and 141.22)

Ensure that students N )
have a copy of thé o Radioactivity
National Interim (141.15, 141.1., and 141:76)
Primary Drinking Water
Regulations (EPR=570/9-
76-003) and Have {hem
locate section on MCLs
for future reference:

P‘P the question to 1. When would an inspector use MCT,
promote class discussion. information?

Use Transparsncy 8-3. Recordkeeping (5 minutes)

Discuss requirements o Bacterlologlcal éﬁalyse ~ for at leact
of NIPDWR for record- 5 years

Chemical analyses - for at least 10
vears

keeping. o

summarles, prqv*ded that the foiiowxng

1nformation is included:
- date, plaée, time of sampling; name

of person cottecting

- 1dentifiﬁation of routine diutrlbu—

tion system sampie, check sé

raw or p°ocess water samples; special-

purpose samples

date of analyses

lak and person responsible for per-
forming analysas i

analytical method used

- results of analiysis

o Records of actlonAtaken,to Ks ect

last actlon was taken with respect to a
particular vislatinn

ERIC
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lise Transparencices 8-4

and B=5.

braw sample point
schemé on blackboard.
Ask students for
reasons for particular
analysis. Sce
schemdtic prcvided.

ERIC

Aruitoxt provided by Eic:

o Copies of written reports; summaries; or
communications relating to sanitary
surveys conducted by the facility,
private consultant, or local, State or
FFederal agency - for at least 10 years
after completion of the sanitary survey
involved

improve-

fe] 7{2’9 COr dq concernin
ments not less than 5 years following
expiration . scheduling time

fn-house Monitoring (20 minutes)

Reasons for In~house Monitoring

o Important for proper operaticn of
treatment units

o Identifies trends in water gquality

before finished water qualiity is affected

Sample Points and Parameteis

5 Dependent on type of treatment

o Freguency dependent on type of soirce,
variability of source, importance of
parameter

Monitorirng Program Evaluation

Is operator competent and certified to

perform the tests?

L
.

2. Are testing facilities and equipment
adequate?

3. Do reagents used have an unexpired shelf
life?

4. Are records 5o the test results being
maintained?

Are tests and operational results being

supplied to the state regulatory agericy
(as required)?

(%))
.
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Pomp

' At er > Edpld odie 2 ficerculation > sesriing .
!
sample . _sample samp le
rytine chemicals aikaliniry alkalfntey

bacterid pH pH

jar test
I
|
i o eninrimarion soooooo—— o riltration o

|

sample , sagmple sample
ront ine cheamlcals tuirbidicy turbid
; bactertia alkalinity alkalisi.y
pH pH

Routine Analvéls @ coler tron alkalinity chlorid
torbidity manganese pH 7 f fuorid
sdor hardnéss fitrogen series

Jample Polnts and Analysis
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UNIT 8: MONITORING/RECORDKEEPING

Unit Suommary

Monitoring Responsibility
Monitoring Reguiremerits
Recordkeepiiig

In-plant Monitoring

Unit References

National Interim Primary Drinking Water
~ Regulations
Hater Treatment Plant Operati~n (Volume I,

Basic Material

THEé National Primary Drinking water Regilations outline responsibilities
and requirements of the water purvéyor with respect to monitoring: The
responsibilities for monitoring are:

|. Arrange for all applicable sampling regaired in the regulations.
2. Arrange for sample examinations at a State-approved laboratory.
The requirements for sampling frequency are provided in the tables
included in this unit.

ST 8-1



Frequency Requirements for Sampling and Analysis

Sur face Source

Ground Source

Coliform Bacteria

Monthly, based on

population served

Same as for surface

State agency may

Community systems of redice to one sample

less than 1,000 people, per calendar guoarter
a minimum of one per

month

Noricommunity systems,
a minimum of one per

calendar quarter

INORGANIC CHEMICALS

(Applies only to community systems except for
Nitrate,; which applies to both community arnd

noncommunity)

Contaminant

Ground Source

Arsenic
Barium
Cadmium
Chromium
Lead
Mercury
Selenium
silver
Fluoride
Nitrate

Analysis at l-year
intervals

Analysis at 3-
year intervails

ERIC

Aruitoxt provided by Eic:
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MRGANIC CHEMICALS

Joncaminant Sur face Source

Ground Source

Eiidrin Analysis at 3-vear
Lindane intervals
Methoxychlor

Tixaphene 2,;4-D

2,4,5-TP Silvex

votal Trihalo-
piethanes

Sampiing and analysis

Analysis only if
required by the

{tndividual States may reqguire greater freguency of sampling and analysis.)

RALIOACTIVITY (Appliés only . community-type systems)

surfzce Source

Ground Source

Analysis completed
at 4-year intervals

Natural
radioactivity

Analysis completed
within 3 years
after effective date;
thereafter at 4-

year intervals

S0DIUM  (Applies only to comminity-type systems)

Sur face Source

Ground Source

Sampling and analysis

Sampling and analysis
conducted every
3 years

ST 8-5 JQ
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CORROSIVITY CHARACTERISTICS (Appliés only to community=type systems)
Surface Source Ground Source

(Uie round of Two samples to be taken: Only one sample and

sampling and one midwintér and one aralysis required

Tnalvsis) midsummer

(NOTE:
apalysisl)

Individual States may reqiire a greater freguency of sampling and

Rk

o
=]
o

I

=

2y
o)

|
|

i

Surface Source

Ground Source

sampling of at least
once per day

Not applicable

The following records must be kept by the water supplier as

NIPDWR:

outlined by

o  Bacteriological analyses - for at least 5 years.

o  Chemical analyses - for at least 10 years.

Actual laboratory

reports may be kept, or data may be transferred to tabular

summaries, provided that the followlng 1nﬁormat10n is inclaoded:
O Date, place, t1me of sampllng, name of person Coliectihg
o) Identification of rout ine dlgtrlbutlon system sampie, check

sampiés, [aW Or Process water samples; speciatl pqrpose

samples, datp of analyses

¢ Lab and person responsxbie for performing analysis

O Analytical method used
O Results of analysis

©» Récords of action taken to correct violations -

for at least 3

yearS after last action was taken with respect to a particular

violation.

ERIC
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o Copies of written repo
to sanitary surveys condgggggﬁby itself, prlvate

local; State or Federal agency - for at least 10 years after
completion of sanitary survey involved:

o R ' reduling of improvements - not less than 5

The inspector should ensure that the tequxred monitoring is beIng

conducted and that analysis is performed by a certified laboratory.

Recordkeeping should also be evaluated to determine compliance with the
regulation.

regplat;ons.f The ana1y51s,for,those samples; with the exception of
turbidity and chlorine residual, must be conducted by an approved
laboratory. The operator must establish an in-house monitoring program to
prbperly éVélUété thé 6pététidh 6f tﬁé tréétﬁéﬁt systém. Tﬁé hhﬁbéi of

source, 1ts var1ab111ty of quallty, and_ the 1mportance of the parameter

being evaluated. The chart below 111ustrates sampling p01nts and
suggested moriitored parameters.

Sampling Points

|- raw water - O rapid mix ___ > flocculation ________ > settling
__sample _Bample _sample
routine chemicnls alkalfioity alkalinicy
bacteria pH pH
jar test
Usge < — Cﬁiéf‘iﬁifiéﬁ ( N B fiifi'ific’m L ]
éaﬁ’_i_é iiﬁg’te iiargié
rout ine chemicala turbidity 7t9t:b1dlty
bacteria alkalinity alkalinity
pH pH

s: color iron alkalinity chlor ide
tggpldity manganese pH fluoride
odor hardness nitrogen series

304
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With respect to this in-house mOnltoring, the inspector should be
concerned with the followiig points:

1.

The inspector may wish to observe the operator's technique in
collecting samples and performing analyses. The operator should
follow the correct procediiresS such as calibrating and zeroing specific
ion g}gggrodes. The operacor should be aware of iriterferencas that

may cause Incorréct readings.
Are testing facilities and equipment adequate?

proper operatlonal mdnltor‘ng. The equxpment shqnid be in working

order. The inspector may wish to look at the equipment: fThe

operatlon of the plant is not aided by a pH electrode that the

operztor has been using which as been dry for the last 6 months:

The facilities should be adequate for the equipment utilized. Many of
the electronic instruments are influenced by temperature and humidity.

Do rzagents used have an unexpired shelf life?

The operator chould be encouraged to mark the date of preparation on
reagents and to discard when appropriate.. The manufacturer-prepared
reagents should be discarded when the expiration date is reached.

Kre records of test results being maintained?

The records of tést results shouid be kept 80 that Lrends may be

observed.

on the test results. The operators shouid know the importance of the

particular test and what the results mean-
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Arrange for Required Sampiing

Sample Examination at S
Laboratory.
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Respensibilities

Sample Examination ai Si
aboratory.
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in-House
Monitoring
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Why Monitor?

Proper Operation
dentify Water Quality Trends

dentify Water Treatment Problems
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Proper Operation
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dentify Water Treatment Problems
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UNIT 9: MANAGEMENT/SAFETY - "THE NEED T0O KNOW"

Unit Summary

P'erstih'h”el

Finarice o
Emergency Planning
safety

Unit Objectives

The inspéctor, in order to evaluate the
total system, must be concerned with its
management and safety aspects. This unic
briefly discusses points of importance in
these two areas.

ILogistics ~
Approximate Presentation Time: 45 minutes

Instructor Materials

Basic Material
Transparencies 9-1 to 2-3
Chalkboard

0. 010!

Student Material

o Student's Text, Unit 9

o Read Unit © prior tc the session.

Unit References

o Manual of Water Utility Operation
(Volume 1) ,
o Water Supply System Operation

ERIC

Aruitoxt provided by Eic:



lise Transparency 9-1. Management (15 minutes)

Use Trancsparency a-2. o Personnel
Disciss aspects of 1. Are personnel adequately trained andyor
managenent that are certified?
important to the o In-house tralnxng programo
cperation of the o Correspondence courses
system. o Short courses
Ask students for 2. Are there sufficient personnel?
factors affecting o State requirements
personnel reguirements. o Sickness, vacations
3. Are the financing and budget
éatlsfactory?
o Present operatlon and malntenance
o Future replacements
o Future expansion
Use Transparency 9-3. 4. Is an emergency plan available and
workable?
Enphasize the Safety (30 minutes)
importarnce of safé‘y
for both the inspector o0 Source of Hazards

Electrical shock

Exposure to chemicals

Drowning

Working in conflned spaces

- High-intensity noise

- Sprains and strains due to lifting
- Slips and falls

and the operator.

Brleflz discuss hazards
and safety precauticns.

o safety Equipment
- Helmets
- Gcggies
- Gloves

- Shoes

-~ Resplrators

- sSeilf-contained breathing apparatus

o safety Concerns

- Iz adequate safety and personal

protective equipment provided?

- &Are the facilities free of safety
hazards?

O
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‘e management of the water system does not of itself represent a sanitary
risk tn the quality of the water. However, there are several aspects of
management that will affect the overall capabilities of the system.

Piersuniel
1. Ar~ ersonnel adequately trained and/or certified?

In order to properly operate a system, personnel must be adequately
trained. Thls can be pr0v1ded by an in-house tralnlng program

corducted by more experiericed personnei. Correspondence courses such
as Water Treatment Plant Operatlon, ‘Water Supply System Operatlon and

tralnlng relatlvely 1nexpen51vely. Operators should aiso be certified

by the appropriate state regulatory agency. Proof of certification
shiould be prominentiy dlsplayed ot otherwise made available to the

rnvpector.

2. Are there sufficient personnel?

There should be enoiigh personnel to provide for operation during

vacations or sickness as a minimum. The number of operators is
dep>ndent on the type and size of the treatment process.

Finance

1. Are the financing and budget satisfactory?

The system should be able to have sufficient funds for operation,

maintenance; and future replacements.

Fmergency Planning

4. 1s an emergency plan available and woikable?

The ut111ty should have a contlngency plan that outlines what action
wlll be taken and by whom. The eferg§eicy p1an should meetitne needs
of the facility, the geographical area, and the nature of the
eiflergency likely to occur. Conditions such as storms, floods, and

civil strife should be considered.

Another aspect of management 1s safety.r ThlS is a concern if the system

has 1 operator or 50. It has been pclnted out prev1ousiy that safety
should be a concern of the inspecior, both his safety and that of the
nperator. There are a number of safety hazards inctuding:

Etectrical shock

Exposure to chemicals

Drowning

watk¢n§ in confined spaces
High-intensity noise

Sprains and strains due to llftlng
Slips and falls

Y o) U [N S VTN O B
. . . LN

LW
| Sy
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The first choice in preventing accidents is to engineer Sut the CEpEsdr.:.

An example of this is providing guards for all rotating equipmernit and
belts. This choice is not always possible. The second choice is tiie wse
of protective equipment. The most frequently used eguipment and u
necessity of every plant are the following:

o Safety Hélmets - provide protéction from falling objccts in
manholes and pipe galleries. Can be used as a means of
identification.

o Goggles - provide eye protection from chemicals and flying 7
objects. They inay need to be siupplemented by full face shicld whin

o  Gloves - provide protection dgainst injuries from chemicals gl
aquipment.

objects.

O Respirators - protect the wearer from inhalation of dust; oryanic
vapors; and cther chemicals. This equipment is only to be used
where the stmosphere is known not to be oxygen deficient.

G Self-contained Breathing Apparatus - provides protectioh in oxygen
deficient atmispheres where the operatocr must work, such as
repairing chlorine leaks:

with regard to safety the inspector shouid be ~oncerned with

1. 1Is adeguate safety and personal protective equipment providedar

2. Are the facilities free of safety hazards?

5T 9-4 320
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Management

e Personnel
e Finances
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Management

¢ Personnel
* Finances
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Safety

Electrical Shock
Chemicals
Drowning
Confined Spaces
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SHpCORYS

. :ulv”;,:

NEED TO FHOW"

Survey Technicques
Sample Survey Forms

The inspector mist know how to actually

and some activities that should occur in

those phase5577ﬁisét of sample survey forms

is also presented.

Instrictor Materials

o Basic Material
© Transparencies 10-1 to 1=5

ftudent Material

5 Student's Text, Unit 10

Unit References

None

10~-1



arencies 10~1 ."ihd

»ansparency 10-4.

[ 1sonal experiences

1 dnepduteg to relate

(et oam material to

‘t Lt icn that inspectors
anter.
Cparenc, 10-5.
corno tunct o of a
raport
h; fflx Jdirscuss the
1mplo forms.
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Schedule

o
o)

Estlmathg time
Phases of survey

Preparation Phase

9]

Review of available records = =
Review of chemical and bacteriological
files

Review of self—monltorlng repbrts

Notlflcatlon of any scheduie changes

Onsite Phase

Review of system complaints

Review of monthly operator reports and
in-holise monitoring

Complete investigation of the water

y; treatment; and distribution
facxiltles

Make general description of the system
and a flow diagram

Exchange of information betwepn operator
and 1nspector

Completion of form

Sampling

Debriefing

Report Writing Phase

[}

Euncﬁlon

5 Formal notification of deficiencieés

o Motivate corrective action

o Provide records of compliarnce,
inspections

future

Activities 7

o Complete forma1 report

o Notification of approprlate
organizations

o Followup on technlcaI asszstanre/
questions asked by owner

o Notification of variance of written

evaluation from oral debriefing

o Samgi&”'”"’ 1 formé

Sample form compiled from this text
State of Alaska

State of Maine

State of Missouri

State of South Carolina

-0, 0:0:0 Q

(Can be used to develop or compare forms.)

328
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In the previous chapters;,; the concerns of a sanItary inspector have been
butlined In th1s Ln1t a plan for doxng the survey W1ll be developed. As

rmportant for the inspector to remember what the purpose of the survey

is. the inspector is to perform an onsite review of the water source.
faCll}tleS, equipment, operation, and maintenance of a public water system
for the purpose of evaluating the adequacy of such source; facilities,
eguipment, operation, and maintenance for producing and _distributing safe
drinking water. This purpose is easy to forget and to let the survey
become an exercise in completing the blanks in a particular form. As an
inspector, you rneed to concentrate ori identifying potential or existing
problems and evaluating their risks.

In plannlng for a survey, an estimate of the time requ1red will help 1in

managlng your schedule: The estimate shoul@ inciude time prlor to,;
during, and after the survey. Although the time required will vary witi,

the complex1ty and the xperlence of the 1nspector, a good rule of thumb

1nformat10n concerning the system be1ng surveyed Th1s review w1ll assist
you in being fully briefed on the system's past history and present

COndltlonS.r Many times, if you are familiar with the past system hlStOfY,
past inspections, reports, memorandums, telephone communxcatlons, you can

dispel remarks made concerning previous letters, conversatiors; etc:; that

are taken out of context; aitered, or just misunderstood. Tiils Rnbﬁledge

of the system s past conveys to the water system personnel a concern for

the system and professxonallsm on your part. Once the owner; operator; or
engineer realizes you are familiar with their operations and past dealings

with your agency; they will normally take the inspecting party more

seriously and the end result will be better; more accurate; and useful
information concerning their operation and facilities. 1In this

preparation period, the initial contact should be established with the
water system. Telephone contact to establish a mutually acceptable date
for the onsite visit is beneficial. A short notification letter giving
the survey time and date should be forwarded with instiructions for
reguesting changes to the schedule. This is also a good opportunity to
reiterate the reasons for performing the survey and to inform them of
specxflc 1nformat10n they w1ll need to provlde. This should be prov1ded

rnotice: If the Inspector must change the scheduie, it must be done at the

earliest Eossxbie time: The survey must never be postponed or cancelled
without prior notification:

A brief synopsis of activities during this period follows:

1. Detalled general flle rev1ew. o

2. Detailed review cf chemical and bacter1013q1rar files.

3. Review self-monitoring reports.

4: Make contact with owner /operator to establish sarvey date and time.
5. Give early notice of any schedule change.

In performing the onsite survey; the first step is to be punctual. This

will prevent getting off to a bad start because the operator had to wait.

ST 10-2 .
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This brlngs up the necess1ty of the successful survey. Imperatlve to a
successfuil sarvey is having a representat1ve of the water system,

preferably the operator, accompany the inspector durIng the onsite

survey. This will allow the 1nspector and operator to ask questlons and

develop; a mutual confidence in each other's ability:. Once this trust has

been developed; the operator may be more willing to be open about the.
operatlons and problems of the system. This is thé pétiba 6f EOEIUétihg

inspector cover all the points of the system. Agalnrlt 1s not the prlmary
function of the survey to complete the form. Many times system owners and

operators are "put off" by someone filling out a form. They wonder if you

kriow what you are asking or whether you are just filling out a form with

information that may never be used or evaluated. The inspector should
know why each question is asked. The judicious use of a form Will {a)
providé uniformity of inspections, (b) énsiure completeriess of the
inspection by another inspector, (c) facilitate data record, and (d) allow

followup inspection by another inspector. There is no best form since

each system is different and each report must be tailored to the specific

conditions of that system. There are several exampies of survey forms

provided at the end of this un1t. The first is a compilation of the

guestions that have been asked in the previous chapters. Other examples

are from the States of Alaska, South Carolina; Maine; and Missouri. These

examples may be used in developing or comparing your own survey form.

1. Review of system complalnts.
2. Revxew of monthly operator reports and 1n—house mon1tor1ng.

dlstrlbutlon fac111t1es.
4. A denéral description of the system and a flow d1agram.

5. FEstablishment of an exchange of information between the operator and

. inspector. 7

6. Completion of the form as regil ced.

7. Sampling as reguired.

8. Debriefing of the operator/owner at the end of the evaluation.

The last phase of the survey is the writing of the report. This

represents the official notification of the results of the evaluation. _

The report should be done promptly and reflect the information provided to

the operatoriatithe end of the onsite visit. If the written evaluation is
dlfferent from the oral debriefing; the operator should be advised )
teiephonlcally of such changes. There 1s 11tt1e that is more exasperatlng

onsite visit listing def1c1eng1es that,he,knows noth;ng about.r The
purpose of the report is (a) formal notification of defieieheies{ (b)
motivate corrective action, (c) provide records of compliance and ggtgge

inspections. The report it$elf can be as brief as a letter or as detailed

as necessary to convey to owners and OPEIators of the system what

deficiencies exist and what must be done to correct them.

ST 10-4



- Completion of formal report.

. Notification of appropriate organizations of results

Followup on techni-al assistance/questions asked by owner/operator.
Notification of variance of written evaluation from that providzsd in
the oral debriefing.

EYERVVEE NN
. .
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SURVEY SAMPLE FORM

Name of Facility System Identification -

Owher : Telephone

address

County
Treatment Piant Telephone Number
Name of Operator Certification e
water Purchased From Water Sold To —— -
(other than system)

SOURCE

1. wWhat type of Source? L

2. What is the total design production capacity?

MGD

3. wWhat is the present average daily production?

MGD

4. what is the maximum daily production?

%, Does system have an operational master meter? Yes

b. How many service connections are there? -

7. Aré service connections metered? Yes No

WELLS
1. 1Is recharge area protected?
Ownership Fencing Ordinances
Agr icultural Industrial _ Residential Other

3. 1Is site subject to flooding?

4. 1s well located in proximity of a potential source of
pollution?

5. Depth of well ft.
6: Drawdown ft.

7. Depth of casing ft.

| ST 10-8 3@2
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12:

13:

14.
1s.
16.

17

Depth of grout ft.

15 well properly sealed?

Does well vent terminate 18 inches above ground/floor
level or above maximum flocd level with return bend

facing downward and screened?

Does well have suitable sampling cock?

Are check valves; blowoff valves; and water meters

maintained and operating procerly?

Is upper terminaticn of well protected?

is lightning protection provided?

Is intake located below the maximum drawdown?

Are foot valves and/or check valves accessible for

cleaning?

Yes

SPRINGS AND INFILTRATION GALLERIES

I:

Is the recharge area protected?

Ownership Fencing

Ordinances

What is the nature of the recharge area?_

Agricultural __ Industrial __ Residential __ Other

Is site subject to flooding?

Is collection chamber properly constructed?

Is site properly protected?

What conditions cause changes to quality of the

water?

8

ST 10-9
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Yes

SURFACE SOURCES

1. What is nature of watershed? - , -
Agricultural - Industrial __ Forest __ Residential __

2: Wwhat is size of the owned/protected area of the watersrz(?

3. How is watershed controlled?
Ownership Ordinances ___ Zoning
4. Has management had a watershed survey performed? o
S. 15 there an emergency spill response plan?
6. 1Is the source adequate in guantity? S
7. 1s the source adequate in quality? —_—
§. 1s there any treatment ﬁtbéiaéd in the reservoir? —

9. IS the area around the intake restricted for a radius of

200 feet?

10. »re there any sources of pollution in the proximity
of the intakes? L

11 #?é,@?i?iﬁié intakes, located at different levels;
ntilized? _
12. Is the highest quality water being drawn?

13. How often are intakes inspected? —_—

14. What conditions cause fluctuations in gquality?

Location

2. Rated Capacity

sT 10-10
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. Are pumps operable?

10 wWhat is staté of repair of pumps? J——

Yes

5. What type of lubricant is used? -

¢ What type . .

©  Frequency of testing

o Record of primary power failures: in

©  Automatic Manual _ Switchover

o Are backup pumps/motors provided?

~4

Is all electro/mechanical rotating equipment provided
with guards?

protected?

9. Are underground compartments and sSuction well waterproof?

10. Are permanently mounted ladders for pumping stations
sound and firmiy anchored?

'1. Is facility properly protect2d against trespassing

and vandalism?

1. What chemical is used?

2. what amount is used? S 1bs/day

3. For prechlorination, has TTHM been evaluated?

Yes

No

information

1. Wheré i5 point of application? R

5. 1Is chemical storage adequate and safe?

6. Are adequate safety devices available and precautions
observed?

5T 10-11 335



Yes No

l. Is mixing adequate based on visual observation? , _

2. 1§ equipment operated properly and in good repair?

1l: 1Is process adequate based on visual observation?

2. 1Is equipment operated properly and in good repair?

Filtration

1. 1is process adegquate based on visual observation?

2. Are instrumentation and controls for the process adequate;
operational, and being utilized?

3. What type of filter is utilized?

4. 1s equipment operated properly and in good repair?

Post-Chlorination

1. 1Is adequate chlorine residual being monitored? S
2, ;%igﬁéiéiéigféégiéﬁréidiﬁﬁéﬁi being operated and

maintained properly?

3. 1Is there sufficient contact time (30 minutes minimum)
use?
4. 1Is operational standby equipiient provided? If not,

5. 1Is a manifold provided to allow feeding gas from more

than one cylinder?

other work areas?
8. IS room vented to the outdoors by exhaust grilles

9. IS a means of leak detection provided? -

st i0-12 338
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10.

11.

12.

12.

is self-contained breathing apparatus available for
use during repair of leaks?

Are all doors hinged outward, equipped with panic
bars, and at least one pibVidéd with a viewport?
Are all gas cylinders restrained by chaining to
wall or by other means?

Have there been any interruptions in chlorination

or feed pump failare?

Yes

No

|

|

STORAGE

3:

What type of water is stored?

Raw Treated  — — — ——
what type of storage is provided? 7
Gravity — gals. Hydroprieumatic

Total number of days of supply? days

Gravity Storage

1.

10:

11.

Does surface runoff and underground drainage drain
away?

1S the site protected against flooding?

Are overflow lines, air vents, drainage lines or

cleanout pipes turned downward or covered, screened, and
terminated a minimum of 3 diameters above the ground or

storage tank suarface?

Is site 2deguately protected against vandalism?

Are surface coatings in contact with water approved?

IS tank protected against icing and corrosion?
Ccan tank be isolated from system?
Is all treated water storage covered?

what is cleaning frequency for tanks?

__ ___gals;

Are tanks disinfected after repairs are made?

51 10-15  33%
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Hyd’sepneu heumatic

1. Does low pressure level provide adeguate pressure?

3. Are instruments and controls adequate, operational,
and being utilized?

3. Are the interior and exterior Surfaces of the pressure
tank in good physical condition?

5. Is storage capacity adequate?

6. What is cycle rate?

Yes

No

DISTRIBUTION SYSTEM

1: 1Is proper pressure maintained throughout the system?

2. What types of construction materials are used?

3. Are plans of the water system available and current?
4. Does the utility have an adequate maintenance program?

5. . 'ie system interconnected with any other system?

|

CROSS—CONNECTIONS

1. poes the utility have a cross-connection prevention
program?

5. Are backflow prevention devices installed at all
appropriate locations?

3. Are croSs-connections present at the treatment plant?

Yes

1. 1Is the operator competent in performing necessary tests?
2. Are testing facilities and equipment adequate?
ST 10-14
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3.

7

1 .

Do reagents used have an unexpired stielf life?

Are

records of test results being maintained?

i;éS

MANAGEMENT

Are
Are
z&;fe

Are

personnel adesquately trained?
operators properly certified?
there sufficient personnel?

financing and budget satisfactory?

Is an emergency plan available and workable?

provided?

Are

the facilities free of safety hazards?

ST 10-15
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SITE PLAN

TREATMENT UNIT SCHEMATIC
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State of Missouri/Page 1

SHBOLUM LERAR . VEN, Lr NA LHAL HESL uHLED
DIVISION OF & ONMENT QUALITY
FUBLIC ORINKING WATER PROGRAM

RECORD OF PUBLIC WATER SUPPLY ROGTINE SURVEY

) ‘nspection imtal a 1 DATE.
Final_. Q2
Annusl O3
intarim Q4
21 F;WS ld No (ﬁ 5 écumy Nmé' —
4 PWS Naris: N
X Check person(s) wno should get analyses reports Checx person(s) contacted during inspection { ¢ )
O Mayor Bowrd ChamrmanPresidenyOwner | | O saperntendent/Mensger )
5. Namae: - 10. Name:
& Adaress’ 11 Adcress:
- a?\?-éﬁii-iié (5666: e — 'Ié_' C.:.lw-étiiii-ia 6666:
3 Uthce Phone Number- L1 - 13. Uftice Phone Numper L' -
3 ~oma Phone Numper L)< - 14 Home Phone Numoer {1
T Clark/Secretary { ) gomE{
'5 Name 20. Name: —
"6 Adcress: 21 Address:
T Cy-State-Zip Cade: 22 City-Stite-2Zip Coda: ————
‘8. CHice Phone Numoer- |1~ 33 OMica Phone Numper -
9 Home Pnone Numoer- ) - 24 +ome Phone Numper: L' -
= il SaFiple S6HIeE 15 | ) Operators and Cartification Level
25 Nime Z
16 Aacress
2 :-}-v-siai&ixo Zloce —
28 OHice Phore Numoer -
.9 =ome Prons Numoer
30 Pegple Served T Average Oaily Consumption
]; Service Co.’*ne&xon; ' jT er; Sv;i;r:s ) UGS
12 536;\'6‘5« SPeimary T ’*777.\.1’35 I8 é.ec::ncar-, Svstems ™ Ge
1 mipaciy Secorizirl T GGE 19 TEHE.Eeio Sk T oo T aGT
i¢ Finarag Mater larage T _ B Y fel Maxumum Oany Consumgtion
ST S sestems served D A0 Twr 37 - aGe
16 Names Ll raar. é,s:erﬂs - T 30 lecmndare Seearms,C Vit
. R T wGe
. - e 17 Ceroe T s — o
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SYSTEM SURVEY
- . _SATIS-_ | UNSATIS T AEMARKS

TEM fACTORY FACTOR
FACTORY

33 Surace Source Condilion ... ..........
<3 Ground Source Conadition .. ... ...
oS Pumps . 1
47 Dwnor Spécityy L .
- Trestrnent

v swration . e

45 Jramical Apoicaton L.

22 Nhixing . T
Seiiimg .................
Siit-ation O
Zantrol £

s _3DOrAtory EAUIPMENt  ...ooi..iiii..
35 Otnér Spacity) o0l Ciliiiiiiii

PIANt SIOFAGE ...\ e |

1)
I 57 S PUMPE L. — oo
} S3 Cistribution Storags ...
’ 33 Booster Pumps PP
50 Cross Connection Cantrol ...............
} 51 Mefering . .
" 32 Ctner (Specify)
- _ Record Kee
33 Analyses Recoras — -
54 V101aton ACONS ... oot
' 35 In3pection Reports L
86. Variance:Exemption
87 Opeérational Records
58. Systems Records
o Sample Submission i
39 Micrébiotegicai ) D -
") Chemical B
T+ Fiouride . . R o
~2 Radioiogical . i ‘ ]
o Waisr Guality |
T3 ViéropisIogical . oL Lo o - —
Sramica L R S S
PhvEr¢al . Lol il :

Radiologicat P S S _

2anng Codes Sanstactory - 0. Unsatisfactory (use one or more) — Construction Deficiency - 1; Operation and/or Maintanance

iciency - 2 Capacity Deticiency - 3.

Mn éiiﬁ-lli'y..___

Alk. Hard F Fa. Turb.

oH

Piant EHtyent C! Free ___ Cli Total

Zaor . Caclor

Phosphate Other

Otner

‘axomum Rate of Cperation (LS. M S. ____ Filters

morcvements
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, STATE OF 30UTH CAROLIVA _WATER SUPPLY D .ISICN
SANTTARY SURVEY REPORT

Jate: ——

iﬁspectad 34 :

- (signacara)
Station Coda:

i

[ Same of Facility: County: : —
vme Eiiiﬁi‘iéﬁii

| iddress: : _
yame of Opararor: Cartificarion No. and Grada:
fopulacicn Served: - - - - - No, of Services:

umber of unsatisfactory routine Bacteriological samples since lasc Sanitary Survey

“embar of routina Bactericlogical samplas siace laat Sadltary Survey Raporc:

Themical: Health oriented parimetars no€ meeting standards ou lasc report: —__———

Aasthatic oriented peTamaters not measting standards on last rapore:

\ TREATMENT PLANT

Capacicy: MGD) Averaga usaga: - —-——(MGD)

‘ Ifargancy pOWEE Cipucity Godar eDergency pover _ “GD
TREATMENT ‘sketch plant and locate injsction poincs)

baffle mix sedimancation pH adjuscoenc

sacHanical 4ix aeracion ion exchange —

disinfaceion Filtration saquascarion .

£lgceulation — Lime softenisg tasce and 5dET CORETSL
SREATMENT CHEMICALS:

sHIgEiAe Iize phosphace - -

‘ alum potassiom permanganacs fluoride

zaustic activated carben ammarniia

soda ash —— polyelectrolyce J—
Zan Jperatsr =onduct foliowing tests (has knowledge and equipment)? Yes No

oH chlorine trof shosphace {luoride turbidicy

Joes operator keap records of rtest results? ———Yes _—_ NO

car=iiied sperator on duty at all timas plant Is cperatizg’

Stant locked when operator not on duty? - CHemicals <ept under Lock?
--—-3ack-up feeders ivdilable. Chlorination room for 3as chlorimation.

__i3s nask. 3L37Es, aorcns, etc. available. faneral condifisn 3¢ planc.
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~OMMUNICATIONS/PUBLIC RELATIONS - "THE NEED TO KNOW"

K
Summar y
Commiinications -
Piblic Relations of Survey
;\‘;dv’u. t ey

The inspector must know who to contact with
regard to the sanitary survey being per-

formed. The relationship of the inSpector

Apprbximate PréSéhtétibh Timé: 30 minutes

Instructor Materials

o Basic Material

o Transparencies 11-1 to 11-3

Studant Materials

o Stud -t's Text, Chapter 11

Student Preparation

o Read Chapter 11 prior ' the sessiorn.

11-1



11-2:

Ask for student
suggestlons on what
should be accomplzsheu
in each phdse of

commanication:

Brieflvy discuss
activities involved
with each item:

Use personal experiences
and anecdotes to 11lus-
trate situations students
may encounter during a
survey.

ERIC

Aruitoxt provided by Eic:

Communications

Prior to Onsite Visit
o) Owner of Water System
o Obtain cooperation and established
survey dates
o Explain purp sses of sarvey
(o]

Regcest *that necessary informaticn be
available

o Operator
o Coordinate galnlng entry to 51te
o Ensure presence of operator during
survey

o Local Health Unit/Other Departments
o Ensure cooperation and coordination
o Obtain information pertinent to system

Durlng Onsite Visit

< Owner of Water System

Obtain information pertinent to system
Explain function of survey results
Explain recommended actions

Explain what action will result from
survey

0 0 00

o unerator )
o Obtain 1nformat10n pertlnent to
system
o Exchange of techn1ca1 information
o Explain sutrvey results
o ExXplain.recommended action

After Onsite Visit
o Owner of Water System
o Notification of deficiencies
o Instructions on corrections
o Compliance schedule for correctios

o] atate Regulatory Agency
o Case report where formal enforcement is
indicated
o U.S: Environmental Protection Agency
o Case report when State does not have
primacy under SDWA

ti-2 3617
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Use Transparency 11-3.:

o Public
o If

applicable MCL

appiicépiéﬂ?éé?%ﬁg procedure
required monitoring
§chedu1ed corrections

an exempticn or variance

Public Relations

and anecdotes to illus-
trate actual séguations

students may encounter
duri- 1 a survey.

o Importance of establishing good
relationship with owner/operator

12-3

362



An area that the inspe-tor of a water system must deal w1*h is who to
contact with regard to cthe sanitary survey. This contact is necessary for
obtaining cooperation, gathering information, coordinating w1th other
departments or agencies, and transmitting the results of the evaluation.
Briefly, the persons/agéncies the inspector Should contact, and the pirpose
»f the contact, are the following:

Privr to Onsite visit

o Obtain COOpetdtIOH and established survey dates

5] xplaln purpeses of survey

©  Request that necessary information be available

© ()[V rator
o Coordinate gaining entry to site
o FEnsure presence of operstor during survey

o Local Health Unit/Other Departments
O Ensure cooperation and coordinaticn

¢ Obtair information pertlnpnt to ﬁystem

Lur g the Onsite Visit

o Owner of water system

Obtain information pectinent to qystem

o
o Ewpiaxn function of survey results
o)

Exptain recommended actions

5 Explain what action will result from survey

s operator
o Obtain information pertirent to system
¢ Exchange of technical iunformatiocn
o Explain survey resultec
o Explain recommended action

After the chnsite Visit AﬁurvezﬁReporG;

© Owher of water system
o Notification of deficiencies
[e] Instructlons on corrections
> Compliance schedule for correcticns

o State Regulatory Agency
o Case repcrt where formal enforcement is Jndlcated

o U.S. Bnvironmental Protection Agency -
o Case 1 port when State does not have rflmacy under SDWA

o+ s 363
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o public ) o N
o If system is not in compliance with:
- applicable MCL
= applicable testing procedure
~ reéqidired monitorirg

- schediled corrections
an exenmption or var iance

Briefly, we need to d1scuss ~ -munications with the owner Joperator and

with the pUbllC. There is not sufficient time in this course_to fully

ddiscuss 1nterperbona1 reidtlonshlps and how to deal with people. However,

there are some points that inspectors should keep in mind. The establish-

ment of a good relztionship with the operator is important to tiie success

of the SD[VPY. The operator of the small water system occupies a unxque

position in the water supply industry. 1In most cases the operator is re-

sponsible for all aspects of the system froim operation of the piant to

budgntlng for equipment, and in small towns may also be responsxbie for

this other services [(wastewater treatient, road repalr, etc:) in the com-

munity. Consequently, the operator will frequentiy have only a basic

rhing krowledgL of the *rea;nent processes of that particular system.
“he fact that the operator may rnot be fully knowledgable about the

~hnical de51gn criteria does not make the cperator incompetent..

Lommunlcare with the operator in terms that can be understood, not By

)ourqe‘f or by an engineer; but by the operator. This is partlcularly

true when prov1d1ng assistance. An indepth discussion on the Brownian

m”"ement cf colloidal particles may dazzle the operator with your
hrillance but do little to foster a good relationship.

doallng w1th the general publlc. A technlcai knowledge of water treatment

and water guality cannot be assumed with the general puhllc. Conse—

gueéntly, vou must be careful to couch your communications in laymen's
terms, partlcular]y when deallng w1th probieg§71n the system. The public

should be made to realize the 1mbact of the probtem without having the
drngers exuyqeratnd

ST 11-4
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Post Onsite Visit



Communications

e Prior to Onsite Visit
¢ During Onsite Visit
® Post Onsite Visit

368
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’ DI AT,
Providing Technizal 2osisca
Cormen Proclers

7 o ognificant

survey is the
can reigel - the operator in overcoming

sperationar 4 procedural problems and in
improving the operation of the system.

Approxins -c Presentation Time: 3U minutes

Instr.cte. Materials

c TZasic daterial )
“easaparencies 12-1 and

pt
2o

Studen- Material

the gsession

Jnit References

Nono

[
I
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[RATI T o System -
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s Leak on &  Licrn side of syst.
: »  Plugged 2ller or e’jector
2 ; o problems » Worn or jective pump

Do o Dicchas line check val-:s nst.
back -

suetion line

o Los: ifie in piston-type [
Stordag St

S Rep oatlow
5 Drain valve op
Float switches on gravi-- hank

¢ Pressutr2 switch on hyd wpneumatic

«toraer tanks defecciw

stribuvion System
o Break in water m- %
» Hydrant(s) open
CyoeasiTe demad owver o ongel perct

cisoning of

‘ssible Causes:
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n Improper sealing of pump to hase
o Improper pump drainage

atéiéég System

o Debris in storage tank

»  Interior of tank coated with unappr ool
coating
Entrv of birde through defective wani
or spen manhole

PDistribution s _

5 Cross-connec: ioi with Source of Hewdg:
or toxic chemicals

«d Taste; Tolew; Odor

vyt ony

He<1th Risks:

o ‘ossible bacter:i:il or chiemical
contamination
Use by consurer of a more palat.alle but
less safe watar supply

1. Causer

tater Source

Entry of bird or .nimal throuah
iefective ven opein & inholda

#ell or Intake Structure

Tie=atment Proces:i.
Producti::n o7 chlorophenyls . . i
of chlorine on Preciisor s1Ibglaticen

PL . ing System N o S
o Repailr cor replaceme;.. cf pump parts

witnout adequate dis 1fection

¢ Use of -ontaminated vat. o Turre

sealir.- -[ p —.
v carer drainag of pump

Storage Sysiem )

~TDebris in stotrage tank

PO

o3

I
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THCHNTCAL ASSTISTANCE

Provi.cing Technical Assistance
Comi-n Problems

Ymall Water Systeuws .erving the 1 olic
(Chapter 13)

Handbook ~f individual Water Systens

Wiater SyStinis Hanc ooh

water Tredtment Pl.ont Operation (Volumes

s 11} ) ,

Water bupp Y Qy. 2in Operation

indtary survey 1s 1n part designed to assist the water nurveyor in

Tect g any deficienc’es in vater quality or the water supply system.

weder bt prisride this assictance, the i~spectoer must be ible to commun-
“tein perstnnel the pbééivlé cau: 5 ol prcblems. Problem

shonld Fe dpproached in a systema* monney with a concegr of the

s gt might contribute to water problems and with insSights into

ot water sys

ut [ﬁ" Tl

St i mainlenance and repaxr seiedul is of primary imporvens.
aa g wata: »npply sys*em. Every opportdnlty should pe kxken ti)

i1 tuidance in the dnvpioprpnt of such 2 gy.tem arnd tc sigply techin
drrances with potentizl and acoial water Tvsen pr)“’°ms;

“ow s technical asslistence is p')vxded is pquat‘y imortart as 'he i~
wmetiom aiven.  Unleoaa Lhe solotIcn i3 oLVIons, techriical ass- stance
Ciontd e tven ¢ nly .. -er *“he entire < ,stem has teep surveyed. There are

pxocnfure. First, the ObJG\CIVC of your visit is to

T PG for

"¢ nate the e~ lre water sy.tem. If you spenca y« ‘v time piPytgqi\herlocr

I in ateempticrg to daetermine the cause of & rrubtem, vou hnve chanrde ™
irootrecrive and may verv will overlook a serious sanltary risk: 1goia-

“ing cta cause of a water sywcem problem is tim: consuming and withou -
and analvrical «uppor., gererally difficult., 1If the operatc:- i-

et o, Fhe TOpL LOmMMOn o =~ w11 b vwe been evaluated and wili »..,«
o e ot Th  Second ! urveying £ antire system i1s ‘oot
L er U brok TR St Tons o avently,
BRES o rerved e om o ha . Paoh te BRI

ST =1 3
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“oooperataor Sheild be askeo what steps have been taken to evaluate and
v iunte the pro-.lem. ‘The inspector should determine if the jroblem has
wurped before and what action was taken. A review of cperating records

v provide o oclue to recent changes in the system or chemicals utilizea

e the o 3o

Yo doapecror shouldotemper any advice with a realization of t

o coabd knea.odge o' the problem. 1f erroneous informa-

roviiieid; a less of noney and tifme can  csult while tha hazard i
iet . ihe clas ic "I'm from the Governmeiit and 1'm here to helj
e ton followed oy assistance that intensifies th- problem rather than
osnlotion ¢ oo be devastating. The irspector with limited i
“hce 08 wiser to refer the problem to more expericnced percorinel.

e have developed a means Ly Mich assistance can be provided to
¢ svetem either by its request . a referral from & sanitary
cnformation with th operator by .1 inspector. The inspector

oo ooaitary problems to (he oper.-t . discuss theiv inpo; tances,

“ e of a means of resojaticn, pro.oace o
Dl e Foitowing e hileme T lievrr of Lhe posoinls cauvses. WhErever
,oito e the osalible oty ndicators of the pooblem 50 as ko
i the water purvevo Dreloes, lIse thie el=mernts of the
M IUEEEER Sr UL SRR NN g6
R r Sl
e R - TR TSR
) . .
' 1.t
W
has dronDsed below we 0 o s e
o Of welil STreeen with clebd
Gerocaer fiol hias bheeen diinostied
oo sStructur
Sebr s hireeking pifs
[rot s 1wy galveas oo ove Bwetbtings
et fews s wlopree a1 mtraine:
T i we L Gf o colie ot ion Shambar
e cilection chant, . r or pipea freeszing

sl oseroo paagged or broken
Well poire coptured above water tabdle onallow o VDowith oo

)

Centgmendt—Egd pitent

Pevttical difery control oaat D ed te et b whit e Dy ddde b
grer >t i o champe ot fuomp
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Litare

woltage

€3

- ut electric motor

o Lzfective pressure switch

O Systum valved oft

& Air cck in Suction : ine

© Leak on suction side of system

o lligged ejector or impellet

G Worn or defective pump o
o Discharde line check valve installed backward
< Loss of prime in piston-type pump

 arage system
. Ruptored tank

o Dprain valve open

¢ Float switches on aravity ta-i defective

. pressure switch on nydropneuratic storage tank defecti

Dirtribution System

Break 1n water main
o Hydrants open . . o
o Excessive wat~r demand over prolonged period

Problem 23 Wwater Quality Violates _Standards

healtn Risk

o nNisease or chemical poisoning of consumers

pPossible Causes:

Waler Source
o Contamination of source by wastewater or toric chemicals

well or Intake Situatiocn ,
o Onsite ~“itamination by wastewater Or toxic chemicairs
6 TInoperative well seal

Tr
o)

]

Contaminatiori »f treatment chemicals
Insufficient chlorine feed rate

© Chlorine solution exhausted —

O Defective chemicals feed eguipmern:
Pump System

O Repair o:r replacement of pump parts without adequate diszir?

o Use of contaminated water to lubr-cate package
o Improper sealing of pump t sase .uring repair
o Improper drainage of pump

ST 12-5
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atorage System

o Debris 1in storage tanks

o Interior of tank coated with unapproved coatings

o Access of contaminants :hrough broken vent or open manhole

o Cross-connection with source of sewage or toxic chemical

Problem 3: The Water Has Bad Taste, Odor, or Color

Health Risk
o pPossible bacterial or chemical contamination
o 1lise by consumer of a more palatable but potentially less safe water
supply

wssible Causes:

Water Source
o Contamination of source hv foreign substance

Well or Intake Structure

O rntry of contaminant “nto structure through defective vent, open
manhole, or screen _ o , - ,

o Inopératise well seal, allowing entry of contaminant

7

TreaLmentgggocess o ) ) ) ) )
o] -:oducrion of chisrop..enyls by action of chiorine >n precursor
T Dstanti

L

ylmg Sx tem
© Repiir cr raplaicemert 3£ p 1p parts without zdeguate disinfection
o .te cf contaalia~er” wacer cto lubricate package

»laproper seni.n, of pump to pase; allowing entry cf contaminants
o Inproper dra.s.age of pump

otO aa iutem

o Debrls in storade iink
v Interior of tank coabcd w‘th Lnapproved coatlnns
o rntry of contaminan:.s through broken vent or open manhole

Distribuvion System
¢ Iron bacteria growti in pipes

o
=]
po
1
]
v
oy
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Assistance
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When to Provide?

o After Survey is Compiete
¢ Obijective is to Evaluate Entire System
¢ Problem can be Caused Threughout
System

382



When to Frovide?

e After Survey is Complete
? ijeetive IS to Evaluate Entire System
e Problem can be Caused Throughout
System

383
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Crogram Eualuat ion (Optional)

Studentd shonld coimplete the post-test with
S« Acec-irdoey -
Approximate Presentation Time: 60 minutecs
Instructor Materials

3 Post-test (to be duplicated)

o Key to the post-test

o Evaluation form (to be duplicated:
in1t References

oo lnits 1 through 10 of tiis manudal

Areas of emphasis will be determined by
instructor(s}. {20 minutes)

T -
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CALUFARY GURVIYS OF WATER SYSTEMS POST-TEST

Tire may be more than one —oriect sf.aswe- ¢< some of the guestions.
"t imary putrpose of rapid sand fi° v s
. cdisinfection.
. removal of color.
. removal of taste and odors
1. removal of turbidity.

e chlmrine contdet time for a free —nloriis residudl shoulsd be &

crrvormuam of

[ 1% minutes.
b 45 minutes.

3N dindtes.
i 3 mindtes.

A ~hlorine dose of 1:0 mg/l is desired -si:jy a 2% hypochlorite

solution: 1:5 million gallons of water are pro-uced per day. The
sstimated number of gallons of sodium hypochlorite sclution use. per

R I

.
‘ on
. Tes

“i increase in turbidity in a well after a rain :ndicates
<. excessive drawdown.
v of surface water coentamination.

. possibila

. faulty pump.

water and a chemical solution tank is

9. 1 reduced pressure zone backflow preventer.
. a check valve.

- a wacuum bhreaker.

. an Aalr gap.

Tha +in hdsic maintendnce checks on the Hydroprieumatic storage sy

Are

3. correct air volume.
. correct air gap separation.

. cerrect pressure range.

presence of a diaphragm.

13-2 o
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5. 16 National Interim Primary Drinking water Regulations provide

a. maximum contaminant levels for certain parameters.
b. reguirements for monitoring frequenc; ar? netods of analysia.

c: that States may not require more stringent ste: aras than
outlined in the Regulations.

2. <camples for free chlorine residual
a: can be stored up to 8 hours before analysis:
b. can be stored up to 12 hours before analysis.
c. can be stored up to 36 hours before analysis.
d. must be analy-ed immediately after sanpling.

9. The membrane filter method for coliform analysis

a. lS tle quickest acceptabié method (if the test is negative).

b. does not require a large amount of incubator space.

c: allows comparison of results to those of fermentation tubo
technique.

d: does not require judgment on the part of the tecbniCian.

10. The pressure exerted by water standing in a pipe of tank is called

a. dynamic pressure.
b. pneumatic pressure.
c. head.

11. proper disinfection may be determined by comparing which of the
following two test results?

a: Jar test results

b. DPD teéest results

o Bacteriologicai test results
d. Alkalinity test results

e. PpH test results

4
[V
o

The purpose of grouting in a well is to

a. prevent the casing from corroding.

b. prevent settling of the pump shaft.

¢. prevent air binding of the well.
d. prevent entry of contaminated surface water.

13. The most common water treatment —-thod for coliform reduction is
a. granular activated carbon.
b. chlorination.

c. lime-soda ash treatment.

a. neagtralization.

13-3
386
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Program Evaluation

Sanitary Surveys of Water Systems

Plesse rats the following by circling the appropriate number (1 = lowest;
10 = highest):

A. Inst;uct%oaaLAStaif, (ConSIdpr- organIzatIor and clarity of
presentations, interest in assuring that learners assimilate material.
preparation and knowledge of material; use and appropriateness of
visual &ids, etc:)

Instroctor (List name)

I _ . e e . ...1 2.3 & 5 5 7.8 9 10
2 ' .. .....1 2.3 4 5 & 7 8.9 10
3. . e e e . .. X 2 3 B 5 6 3 8 9 10

Comments: . -

i

B. Instructicnal Materiai- (Con51aer. overall apprcpriateness of
material to basic program objectives, i.e., provide training to enabil=

completion of sanitary surveys of small water systems when compiemented

by on-the-job training; completenress of subject matter within each

unit.)
Unit No. Name Your Rating
1 rientarich 1 2 3 4 5 & 7 8 9 10
2 Water Regulations 1 2 3 4 5 6 7 8 9 10
3 Water Sources i 2 3 4 5 6 7 8 9 1&
4 Pumps i 2 3 4 5 6 7 8 ¢ 10
5 Water Treatment 1 2 3 4 5 6 7 8 9 10
6 Storage 1 2 3 3 5 & 7 8 % 10
7 water Distribution i 2 3 4 5 & 7 8 9 19
8 Monitoring/Recordkeeping 1 2 3 4 5 6 7 8 9 10
9 Management/Safety 12 3 32 5 6 7 8 9 10
10 Surveys 1 2 33 5 86 7 8 9 10
11 Communications/Public Relations 1 2 3 & 5 6 7 8 9 10
12 Technical Assistance 12 3 4 5 6 7 8 ¢ 10
i3 Conclusion 1 2 3 4 5 6 7 8 9 10

ERIC
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omments: — oo _

C. overall pProgram Organization: (Consider: relationcliip of one unit to
irother, reinforcement of material from one lesson to the next,

position of lessons within the program, length of presentation; etc.)

Comments : S —

n. Lésson Support Materials: (Consider: appropriateness of visual atds,
adequacy and appropriateness of materials received prior to the
program, etc-)

Conmments: —

tn

)

Facility: (Consider: availability of media equipment, seating
zrrangament and comfort;, lighting, temperature, etc.)

1 2 3 4 5 & 7 8 9 10

Comments : S

O

ERIC
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F. Additional:

I: Was the course of benefit to you? Yes No

2. Wouid you recommend the program to others who were entering careers
related to Sanitary Surveys of Water Systems?
Yes No
Comments : - -

390
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Program Evaluation

Instructor
(10 minutes)

Note to the instructor: These questions are presented only as a gujde *
assist you in organizing your impressions of the conduct and outcome o7
the program: Your report should include important subjective and
observational information for use in continually upgrading the traini:

program.

The Particinzants

1. Were they motivated?

2. Did the Uhits meet their needs?

The Techniques

1. Were the techniques and methods appropriate for and helpful in
presenting the material? Please explain.

————— qu Least?
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3. What changes would you suggest to the designers of thé program?
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CEERURD REFERENCES

Water Treatment Plant Operations, Volume I
whter Treatment Plant Operations, Volume II
“iter Siupply System Operation ,

Avdilable from: Kenneth Kerri =
Department of Civil Engineering
calif. State University, Sacranerito
6000 J Street
Sacramento, CA 95810
(Phone: 216-454-6142)

pPvice: 30,00 per manual

ol of Water Utility perations
~ilable from: Texas Water Utilities Association
6521 Burnet Lane_
- Austin, TX 78757
Priceas $17.00

T MAnudal of Insgtriction for Water Tredtment Plant Operators
Avaitable from: Health Education Services, Inc.
P:O: BOx 7126
Albany, NY 12224
Dy fee s $3;13

Planning for an Individual Water System
Avallable from: American Association for Vocational
Instructional Materials

WAter Systems Handbook - B B
Available from: Water Systems Council
221 North Lasalle Street

Chicago; IL 60601
p-ice:  $6:00

. Ernvirormental Engineering and Sanitation
-~ by 3bseph K. Salvato
Available from: John Wiley & Sons, Inc.
Somerset; NJ 08873
price: $55.00

. Hational Interim Primary Drinking Water Reculations

Availeble from: Superintendent of Documents

Stock No: 055-000-00157-0
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G, Ginual nf 1nd3v1dual Water SuppIy Systems
Available from: quperlntendeﬂt of Documents
U:S: Government Primting Office

Washxngton, DC 20402

- - Stock No. 055-000-00229-1
price:  $6.00

91 "How to Conduct a %anltaxy Survey” Procedures Manual }
Avatilable frcom: New Mex1co Health and Environmental
Department
Environmental Improvement Dlvl&lon
P.0. Box 968 S
Santa Fe, NM 87504-0968

Price: $4.00

ADDITIONAL READINGS

ign, prepared jointly by the American

1. Water. T
Water Works Assoc1ation, Conference of State Sanitary Engineers,

and American SOPIety of Civil Engineers

Bvailabte from: Data Processing Department, AWWA
6666 W. Qulncy Avenue
Denver, CO 80235
Order NO. 10006 :
Price: To members - $14.40; nonmembers - $18.00

2. Water Quality and Treatment: A Héhdbook of Public water
Supplies; American Water Works Association, Third Edition,
McGraw-Hill, 19722

Available from: Data Proce551ng Department, AWWA
6666 W. Quincy Avenue
Denver, C077§0235

Ordeir No. 10008
Pricé: To members - $34:10; nonmembers - $42 60

7echn:qpes for Meeting the Interim Primary
Dririking Water Regulation; EPA 600/8-77-005
Aviitable from: ORD Publications
USEPA-CERI
26 West St. Clair Street

Cincinnati, OH 345268

Price: Free
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