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PREFACE

This Sanitary Survey Training Manual has been developed as an aid to state
agencies who provide instruction to inspectors of water systems; It is

based on the minimum information that an inspector with limited experience
needs to know to successfully assess a public water system.

The Instructor's Manual and Student's Text are intended for use in
conducting technical assistance seminars for State and local agency
personnel responsible for State public water supply programs under the
Federal Safe nrinking Water Act;

The overall objective oz seminars conducted through the use of these
materials is to provide the minimum training that, when complemented by
on-the-job training will enable personnel to perform effective
evaluations of small public water supply systems. Personnel attending
training where these manuals are used by an instructor 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.

iii
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rD HEPUEE (Continued)

DAY 2

Title Contact Time s;ch0,dn1,,

STORAGE

E: I Cravity Storage '0 minute:'; 8:30 aM 9:00 i

Hydropnenmatic Storage 30 minutes 9:00 on 9: 0 am

WATSP DISTRIBUTION

Distribution Systems 45 minutes 9:30 am 10:1 am

Break 15 minutes 10:15 am - 10:30 am

Cross-Gonnections 30 minutes 10:3G am - 11:00 am

MONITORING/RECORDKEEPING 45 minutes 11:00 am 11:45 am

Lunch 60 minutes 11:45 am - 12 :45 pm

MANAGEMENT/SAFETY 45 minutes 12:45 pm 1:30 pm

17 SURVEYS 60 minutes 1:30 pm 2:30 pm

13icak 15 minutes 2:0 pm - 2:45 pm

COMMUNICATIONS/ 30 minutes 2:45 pm 3:15 pm

PUBLIC RELATIONS

12 TECHNICAL ASSISTANCE 30 minutes 3:15 pm 3:45 pm

CONCLUSION minutes 3:45 pm - 4 :30 pm
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I:,P;TRUCT1ON (;HIPH

Athorougll understanding of this Instructor's Technical Manual is vital
the successful presentation of a sanitary survey training program. Thi

manual; when complemented by on-the-job experience for the student under
the guidance of the more experienced inspector; would enable the
instructor to successfully provide the minimum training necessary t,
conduct a sanitary survey. In presenting such a program, the Student'
Text must be utilized in conjunction with this manual.

This manual is designed for use by individuals who are experts in the
field of water systems and sanitary surveys, but who may not be
:xperi;inced in instructional techniques. The prerequisites for an
individual utilizing this manual would be an academic background in publft
'.ranking water systems with a minimum of a years of experience in
perfotming sanitary surveys.

This manual inclLdes the basic textmaterial,audiovisuals, and
evaluation exercises as well as detailed ifistructions for presenting the
material and managing sanitary training activities. The content of this
manual is geared for presentation to students of varying educational
backgrounds. Students being trained via this manual should be sanitary
engineers, sanitarians, or technicians with some limited experience in
performing sanitary surveys.

Manual Goals

The purpose of the Instructor's Technical Manual and Student's Text is to
provide the basic outline, text,. and materials for use in a State training
program. The outline and text should_be modified to present thespecifit
situations ercountered during the conduc- of a sanitary survey within that
particular State.

'f- primary importance to such a presentation is the student's ability to
relate course information to the activities of the sanitary survey.
Insof-ai as possible, the instructor should explain now the information
presented can be used during an actual survey.

The inspector should be able to determine not only that tne water system
is complete, but also that it is functioning in ar approved manner;

The instructor can greatly enhance student understandlnl by relating
anecdotes from personal experience demonstrating means of determining
whether system activities such as disinfection and cross-connection
control are; in fact; being adequately performed:

vii



,10.01c4A

present a sanitary survey training program lit
m1H)>I, h instructor mug he thoroughly conversant with ,A1

wafer systems and the activities of_a anitary survey. .

Intourr,,iflon is provided in btief outltne_form. The outlines are
(-1 guidelines to ensure that all relative information

voted: The Outlines in themselves_are_not complete sources of
Iftc)rmation but rather are notes designed to_be expanded upon
1y,:.tructor: If is imperative to the successful presentation of

resat all poIntf, in the outlines be covered.

ouf,_ne approach will provide the instructor with Maxim um
dap Ing the training program to the specific needs of a pa :tic::I is

region. The points covered in the outline are general and W11 ,)p:ily
scinitar-,, survey requirenent:

rmat

uctor's-Teciiical Manual

o instruction Guide
o Proposed Schedule
o PreparationChecklists
o Basic Material (Units 1-13)
o Evaluation Forms
o Instructional Aids

(additional copies of each
from which transparencies
can be made)

o Provisons for including
specific State information

Student's Text (-,,edard

b introduction
o Basic Material (Unit..., 1

o Provisions for studont'
5uppl,ement,Jry

Te-Units. The manual is divided into 13. units of varying lengths.
Wit is orgahized into the following sections:

Un4t-Summay. This section gives the instructor an overview
unit material:

Objectives. Each unit is based on specific objectives that Stt:'
what the student should be able to do at the end of the material.
presentation: The objectives are based on information the
inspector reeds to successfully perform sanitary survey: Tn-
instructor should make careful note of these objectives and use
them to guide the presentation:

10
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Material. This section provides the basic Information in
ratline form: The instructor should use the basic material section
to guide the presentation; being sure to cover all points in the
outline; Additional information and personal anecdotes should be
presented as time allows; Transparencies and other graphics are
included in this section as aids in presentation and as
reinforcement of text material.

Basic Material Format. This manual presents basic material and
Instructional strategy a_two-column_format on the right-hand_
page. The basic material, in outline form, is- located in the right
column. (Related material is included in the Student's Text.)

Specific instructions for presenting the materia' are located in
the left column: These directions are designed to aid the
Instructor in varying the material presentations and in encouraging
Active student participation in the program:

The left-hand page is provided for the outlining of specific Stte
Information pertinent to conducting scAliLary surveys:

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.

Studenil Preparation. Prior to the presentation of_each unit,
students should read the basic material in the Student's
This' will familiarize students with topics to be covered in the
unit so that they can contribute actively to unit sessions.
Specific assigi-Iments for this preparation are listed both in the
Instructor's Technical Manual and in the Student's Text:
Instructors should assign each section in advance of the session
and expect that students will come to class 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.

Flexibility

The manual is designed to accommodate specific requirements of the
p3rticlpants and of the local circumstances: The instructor should
rarefuliy review the information regarding educational background and
water supply experience received on the participant data questionnaires
The level of education and experience of the group will determine the
amount and depth of technical information to be presented during a
particular training program.



whi-ri at ail possible; instructor materials such as site maps. well 10T1;
.1!1,1criqincetinq plans should_ represent actual circumstances in the

partftular geographical area

content MOdification. Changes in the content of the manual to
reflect the types of systems or supplies that Students will
encounter in a particular area can be made simply without
disruption to the overall organization of the manual. The lesson
oblectives and instructional strategies are sufficiently flexible
toaccommodate additions and deletions of material. Provisions are
made in the Instructor's 'technical Manual for these modifications.

Instructotsare encouraged to add additional materials; visuals,
examples and anecdotes to supplement the basic material of this
manual. However; care should be taken to assure that additions
telate directly to the instructional objectives and do not stray
from the category of "need-to-know" information. Any changes
!:hould always relate directly to improving the student's ability to
-nduci a successful sanitary survey.

hed-41e-Modi-fica-tAOh. The Proposed Schedule is_set_up on a 2-day
6f time. If such a schedUle is impractical, the plan may be

.-h unit is independent, ,.nd one or more c:;. presented in
eening or in a program of consecutive evenings or weeks.

:n1; might be grouped to spread he program over a 2-week
i,1cl 6f partial days:

H)PTIONAL)

At. the clo.7.e of the training, all participants (students and instructors)
3n bedsked to evaluate the overall effectiveness of the presentation.

:peCifiCally, the instructional staff, training material, presentation
organation,andfactlities will be evaluated. These evaluations can be
1.ised to identify deficiencies and make improvements in the 3verall program.



Preparation Checklists

Preliminary Activities. Use this checklist in planning and preparing ffor
the training sessions. Additional steps may be necessary to meet specific
requirements.

Review all materials thoroughly, paying particular att. ion to the
ir-luction Guide in the Instructor's Technical Maual:

Set the dates for the pr0,,,am and schedule the facilities. Facility
considerations include:

o Meeting room of adequate size
o Adequate number of tables and comfortable chairs
o Nearby facility for lunch
o Coffee and refreshments available
o Lodging for out-of-town participants

Prepare and mai.1 letters of invitation and Prticipant Data Sheets
(Form 1) to prospective participants.

Adjust course to meet specific requirements, if desired. Change

Student's lext, if necessary.

Prepare roster of participants. (See Form 2.)

Send Acknowledgment Form and Student's Text to participants 2 weeks in
advance.

Make arrangements for equipment:
o Chalkboard/chalk
o Movie screen
o Overhead projector; spare lamp
o Instructional materials (see "Logistics" section of each lesson)

Duplicate all materials to be handed out to the students.
o Pre-test
o Simulation exercises
o Post-test
o Evaluation forms (optional)
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 material. Clarify questions; insert specific State
information;

Duplicate handouts (if any).

Prepare other material as needed to complete lesson.

Make sure necessary equipme, is available and functional.

Xi
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Form I

Participant Data Sheet

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

Please type or print the 1n1Tormatiol requested below:

Your Name:

Employer:

Title:

Work Address:

Phone:

Zip:

(Area Code)

How long have you been in present job?

Brief summary of present job duties:

Previous experience pertinent to small water systems:

(I) Dates: from to

Employer:

Duties:

(2) Datef:: from to

Employer:

Duties:

( ) Dates: from to

Employer:

Duties:

xii



FOrm 1 (Continued)

Education:

High School Graduate? Yet__

College(s) Attended: ( )

Major:

Years of Attendance: 19 19 Title of Degree:

College(s) Attended: (2)

Major:

Years of Attendance: 19 19 Title of Degree:

College(s) Attended: (3)

Ma_

Years of AttendahCO: 19 19 Title of Degree:

PreVibUt Training in Water Supply-Related Topics:

(1) Name of Course:

Units or CEUs Year Conducted

(2) Name of Course:

Units or CEUs Year conducted

(3) :Jame of Course:

Units or CEUs Year Conducted

Please supply the following information about the public water systems in

your area of jurisdiction: Total Number: ; of this; the:

No: of Well/Infiltration Gallery Sources

No. of Spring Sources

No. of Surface Sourcet



FOrit 2

Course Location:

Name and Address

Roster of Participants

SANITARY SURVEYS OF WATER SYSTEMS

Course Sponsor: Course Date:

Job Title/Position:

3.

4.

5.

6:

8.

9.

10.

11.

12.

13:

14;

15.

16.

17.

18:

19.

20.

xiv



UNIT 1: ORIENTATION "THE NEED TO KHoW"

Unit Summary
Registration and Introduction
Schedule and Format
Pre-Test
The Sanitary Survey

Unit Objectives
To conduct a successful_ sanitary survey,
the student must know whei.. a_survey is
and why it is being conducted.

At the close of this unit; the student
should know:

1. What is a sanitary survey
2. Why sanitary surveys are performed
3. Who conducts_such surveys
4. What activities occur during a survey

Logistics
Approximate Presentation Time: 60 minutes

o Registration (10 minutes)
o pre-Test (to be duplicated)
o Answer Key
o Basic Material
o Transparencies 1-1 through 1-8

Student Materials

o Student's Text; Unit 1

Student Preparation

o Unit 1 ShbUld be read prior to the session.

Unit References

Report of a Sanitary Survey_ih the NOrth
Adams; MA; Water Supply- System; Jahuary 8,
1982; by Peter Kuralekas; USEPA, Boston; MA



Registar students.

Introduce instructors(s);
give brief biographical
sketch to instill student
confidence in instructor
credentials.

Review schedule; format,
and looistical necessities.

Explain purpose of and
administer pre-test.

Have students code
identification on pre-
test (e.g., use_last
four digits of driver's
license) to allow
students to remain
anonymous yet receive
evaluated test results

Introduce students. Ask 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
anecdotes from actual student
experience.

Regist-rat-ionFormlocated in this unit
(10 minutes)

Personal Information

o Home location

o Previous experience

Purpose of Pre-test (5 minutes)

o Inventory student's knowledge of
sanitary surveys

o Highlight topics to be covered
in training program

o Provide- instructor with_guide to
areas or students' knowledge that
will need strengthening

Administration of Pre-test (20 minutes)

1-2

o Pre-test should be admin-
istered and evaluated ip the
first period. 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.

13



Form 3

Location:

2.

3.

4;

5:

6.

8

10:

11.

12.

13.

14.

15.

16.

17:

18.

19.

20.

Date:

Reg-1st rat ion Form

SANITARY SURVEYS OF WATER SYSTEMS

Student Address

1-3
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Student code

SANITARY SURVEYS OF WATER SYSTEMS PRE-TEST

ThiS test is intended to assess your prior knowledge of water systems and
their operations. the conclusion of the training program; a post-test
will be administer o evaluate your progress and the overall effective-

ness of the prograLL There may be more than one correct answer to some of
these questions.

1. Smaller water systems usually have

a a greater variation between the average daily demand and the
maximum daily demand than do larger water systems.

b. less variation between the average daily demand and the maximum
daily demand than do larger water systems.

c. a variation between the average daily demand and the maximum
daily demand similar to that of a larger water system.

2: A dimension with the unit of "feet of head" is measuring which of the

following?

a: Velocity
Ls; Length

Pressure
d. Flow

3. Which of the following is a factor affecting the likelihood that a

given source of pollution may contaminate a well?

a. Depth of well
b. Distance from well
c: Type of pollutant
d; Diameter of the well.

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 bacteria present in the sample.

5. The two bagic maintenance checks on the hydropneumatic storage system

are

a. correct air volume
b: correct air gap separation.
c: correct pressure range.
d: presence of a diaphragm.

1 -4



6. The most effective cross-connection prevention device is

a. an air gap.
b. a vacuum breaker.
c. reduced pressure zone backflow prevuter.
d: a check valve:

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

a. 10 minutes.
b. 45 minutes.
c. 30 minutes.
d. 5 minutes.

8. 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 is

a. 0.4 mg/1
b. 0.2 mg/1
t. 2.4 mg/1
d. 4.0 mg/1

9. Turbidity is of concern in water quality because

a: it is a suspected carcinogen;
b. it interferes with disinfection.
c. it interferes with coagulation.

. it causes corrosion.

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

a. withdraw the maximum amount of water.
b. withdraw the best quality water.
c. provide a backup in case of clogging of an intake.

11. The purpose of jar testing is

a: to determine the minimum turbidity.
b. to determine the optimum chemical dosage for coagulation.
c; to determine corrosivity of raw water.
d. to determine alkalinity of finished water.

12. The accepted method for determination of turbidity is

a. Nephe1ometric method.
b. Jackson Unit.
c. Amperometric method.



13. The dppllcation of granular activated carbon and chlorination at the
same point 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

a. disinfection.
b. removal of color.
C. removal of taste and odors.
d. removal of turbidity.

15. An increase 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/1 chlorine dosage with a 10 mg/1 residual after a 3-hour
contact time.

b. 10 mg/I chlorine dosage with a 25 mg/1 residual after a 1 -hour

contact time.
c. 2.0 mg /i chlorine dosage with a 2 mg/1 residual after a 30-minute

contact time._
d. 50 Mg/1 chlorine dOsage with a 10 mg/1 residual after a 24-hour

contact time.

17. cOmmon problems observed in gravity storage tanks are

a: nonlocking manhole covers;
b: corrosion of metal tanks.
c: improper or lack of screens on vents.
d. sludge buildup in the tank bottom.
e. lack of disinfection after making repairs.

18. Samples for free chlorine residual

a. can be stored up to 6 hours_before analysis.
b. can be stored up to 1 hour before analysis
t. can be stored up to 24 hours before analysis:
d. must be analyzed immediately after sampling;



Pre-test Key

1. a 10. b
2. c 11. b
3. a, b, c 12. a
4. h 13. c
5. a ana c 14. d
6. a
7. 16: a
8: C 17: a, C;
9: h 1.8: d

1-7
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EKplain objective cf unit.

Use questions to elicit
responses prior to pre-
senting material on
speciFir areas;

Use Transparency 1-1.

Use Transparency 1-2.

Use Transparency 1-3.

Use Transparency 1-4;

Emphasize that the
period of the survey
is very short when
compared with total
time system must
function.

The-Sanitary Survey (20 minutes)

1. What is a sanitary survey?

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

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

Why should sanitary surveys be conducted?

o Required by law (NIPDWR 40 CFR).

o Determine adequacy of both
and quality of the water
for public consumption.

quantity
provided

o Identify problem areas and provide
possible remedies.

3. Who conducts sanitary surveys?

o Competent personnel who are
experienced in the identification
of problems within a water system.

4; What are activities and their rationale
of a sanitary survey?

1-8

o Inspect and Evaluate
a. Water source
b. Intake structure and wells
c. Treatment/conditioning

facilitiet
d. Distribution system

o Review

a; Operations and maintenance
practices

b. Records; files; maps
correspondence

C. Managementpractices and
personnel needs_

d. Competency of technical and
ancillary personnel

e. Laboratory certification (if
other than State lab)



o Sample

Sample source and distribution
for bacteriological, physicali
chemical, and radiologiCal__
properties_and (as required)
perform and evaluate field
analyses.

Emphasize that this is o Recommend
the heart of the survey.

Emphasize that remainder
of presentations will be
spent_ answering theSe
questions.

Use Transparency 1 --5.

Use Transparency 1-6.

Briefly highlight com-
ponents that will be
discussed during course.

Use Transparencies 1-7
and 1-8.

a. Complete survey report 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 remedies.

o Notify

a. The owner/operatori public,
State regulatory agency.
and EPA of deficiencies
(as requited).

Sanitary-RISkt

1. What conditions cause sanitary risks?

Now can they be recognized?

Water System Components (5 minutes)

o Source
o Intake Structure/Wells
o Treatment
o Storage
o DiStribUtiOn

Instructor's Narrative

Introduction

During this training program we will be covering the basic "need to know"
of sanitary surveys. This will neither prepare you for every situation.

1-9
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nor will it make design engineers of you. You will merely be
provided a starting point from which to develop competency in the
field of water supply. Although this information is applicable to
all systems, we will be addressing smaller systems serving less
than 10,000 in population. But before we go further. we must ask
ourselVes some basic questions:

1. What is -a-sani-t-ar-yStir-VeY? The classic "sanitary survey" was an
inspection of a watershed to identify potential sources of
contamination such as manure piles, septic tanks, pig farms. and a

variety of other activities that could contaminate the source of
water supply; This is not the type of survey we will_be
discussing; The basis for the survey we are considering is found
in the National Interim Primary Drinking Water Regulations. ThiS
regulation defines sanitary surveys as "anonsitereview of th,_
water source; facilities; equipment, operation and maintenance (:):
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 is 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_th13 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 assumption; One of these reports was the Sun/elf Of
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 million people; 41% were delivering water of inferior
quality based on the U;S; Public Health Service Drinking Water
standards, essentially the same standards utilized today;

The Community Water Supply Study also showed that; apart from
quality, many other problems were apparent; About 56% of the
water systems evidenced physical deficiencies including poorly
protected sources, inadequate treatment, and inadequate system
pressure. Operators_were inadequately trained. with 77% lacking
sufficient training in fundamental_ water_microbiology and 46%
deficient in chemistry. Other problems included inadequate
inspection frequency of_systems by State authorities and
insufficient sampling of water supplies to measure bacteriological
or chemical quality of the water. In many ways this was shocking
to a public that rarely questioned the quality of a_water supply
system; Another factor that enters the picture is the development
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 epidemiological studies
indicated that some of these organic compounds were potential
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cancer-causing agents. Has the_quality of water improved since
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 500 or less but only 2.4% of the population.
Furthermorei 88% of the community water systems are defined by EPA
as small water systems (serving 3,300 or less), yet they serve
only 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 MCL and/or
monitoring/reporting_standards are in the small and very small
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
mentioned earlier: At that time more than 12% of the 969 systems
surveyed failed 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 81, 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 NewEngland. This
particular small water system was consistently in violation of the
MCL for turbidity. surprisingly; there were no violations of the
MCL for conform in over 3 years

The water system itself has both reservotrs and wells as sources
of supply. The watersheds on the reserv6ir 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. by

the hiStorit definition Ofthe sanitary survey, the watershed was
very clean and would ba 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 only simple chlorination with
chlorine gas. Among the deficiencies noted during our survey at
the chlorination facility were:

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

2



o The building in which the chlorinator was housed was a
wooden structure in which hay was also stored for use by the
operator for feeding animals, an obviously serious fire
hazard.

Chlorine feed was interrupted when chang'ing cylinders,
allowing untreated raw water to enter the distribution
systems.

Only one C12 cy1inder was connected to the chlorinator and
was not being weighed.

o There_was no standby chlorinator in case of equipment
breakdown.

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

o The existing gas chlorinator had inadequate capacity to
chlorinate the water during conditions of high flow and high
chlorine demand;

o There was no forced ventilation in case of chlorine leak and
no chlorine alarm system;

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

o 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 briefly;

Water mains were not disinfected according to the AWWA
standards.

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

Lead goosenecks were used in service lines from the early
1900's to around World War II and many are still present. A
corrosion study needs to be done to evaluate water quality
at the consumer's tap to determine if lead is being imparted
to water.

o There was no continuing program for cross-connection control:



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

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

TWo other concrete distribution storage reservoirs had improper
hatches and vents that could permit birds and animals to enter
the reservoir and also leave them subject to vandalism and
sabotage.

o 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 conform
violations in 3-1/2 years; but considering the magnitude of the
noted problems; this would_seem highly unlikely. Various check _

samples_ by_the_State have found_coliforms where_ theutility_found
none, which adds further suspicion to these highly improbable
results. Inorganic and organicchemical samples taken by the
State revealed no other MCL violations.

This example points 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."

3. who condUcts-sanitary surveys? Obviously, the answer in the near
future will be "you do sanitary surveys." The people conducting
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 economical
recommendations; These individuals have to realize the limits of
their knowledge and be cautious about giving advice beyond this
limit; The final question is; then:

4. What are the activities of a sanitary survey? The activities_of a
sanitary survey provide_a comprehensive, accurate record of -the
component parts of small water systems; assess their operating
conditions and adequacy as a water system; and determine the
effectiveness of the implementation 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

o Water source
o Intake structure and wells
o Treatment/conditioning facilities
o Distribution system
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Essentially this activity is an in-depth re ew of the facilities
and processes involved with delivering pota_le water to the
consumer.

Review

o Operation and maintenance practices
o Records, files, maps, correspondence
o Management practices and personnel needs
o Competency of technical and ancillary personnal
o Laboratory certification (if other than State

laboratory)

This activity allows the inspector to have a long-term look at the
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/day; 365 days/year; This
review will help identify problem areas;

Sample

o Sample source and distribution for bacteriological, physica
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

o Complete the survey report and present data (both negative
and positive comments) to operating personnel.

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, if 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 damage.

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.
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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"
details of how to conduct sanitary survelS. The questions that we
will attempt to answer are:

1. What conditions might cause sanitary risks in each of the
components of a water system?

2. How might these condition8 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 below 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 not create further
problems;

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.

DistrIbut-ion: 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 possibility of quality degradation.



THE SANITARY SURVEY

What Is a Sanitary Survey?

A sanitary survey is an onsite inspection of a public water system by
competent personnel who use a standard form, procedure, and method to
survey the effectiveness and maintenance of the System and to determine
its ability to provide continuously safe water tc the consuming public.

Why Conduct a Sanitary Survey?

Competent personnel must conduct sanitary surveys periodically to
determine whether the construction, equipment; facilities; operation; and
.maintenance Of_the parts of a water supply system are adequate; effective;
and efficient in producing_ adequate quantities of safe water for the
consuming public; and whether the water quality meets acceptable standards.

Who Conducts a unitary Survey?

Sanitary surveys are conducted by sanitary engineers; sanitarians; and
technicians who have experience; knowledge; and competence in the design;
Operation, and_ maintenance of water supply systems; These personnel must
also be qualified to assess pcoblems using hydrological; hydraulic;
mechanital; and Other basic engineering knowledge and be able to make
sound; adequate, and economical recommendations.

What OCCUt8 Duting a Sanitary Survey?

The activitieSOfa sanitary survey provide 6 comprehensive accurate
record of the component parts of water systems, assess their operating
conditions and adequacy as a water system, and detetMine_if past
recommendations regarding the system have been effedtiVely imPlemented.

This program of instruction presents the information needed by the
inspector to effectively carry out the following activities±

o Itiloct and evaluate the water source.

o Inspect and evaluate the intake structure.

o Inspect and evaluate the treatment/conditioning facilitieS.

Inspect and evaluate the distribution syrfteM.



o Sample source and distribution water for bacteriological, physical,
chemical, and radiological properties, and (as required) perform
and evaluate field analyses;

o Review operation and maintenance practices.

o Review records; files, maps, correspondence.

o Determine qualifications of engineering, sanitation, and_ancillary
personnel; review management practices and personnel needs.

o Complete the survey report.

o Present sanitary survey data to operating personnel and (as
required) discuss onsite problems and provide recommendations;

o 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:

o Source
o Intake Structure
o Treatment
o Storage
o Distribution

We will be answering two questions about these components:

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

2. How might these conditions be recognized?
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A Sanitary urvey is:

A Review of:
Source
Facilities
Equipment
Operations & Maintenance
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A Review of:
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Who Does Sanitary Surveys?

Personnel experienced in evaluatiq

sanitary risk8 of water systems,
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Personnel e0eileilOOd in evaluating

sanitary risks of water systems.
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Examples of

Typical Water System

Surface Source Intake

Source

Ground-Water

Pump

Distribution

Intake u

Source

Treatment
Storage

Distribution
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Examples of

Typical Water System

Surface Source Intake

Source

Ground Weer

Pump

Treatment
Pumps

-----

Intake

--------

Source

Storage

Distribution

Distribution
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UNIT 2: WATER REGULATIONS - "THE NEED TO KNOW"

Unit Summary

Safe Drinking Water Act
National Interim Primary Drinking Water

Regulations
Implementation of NIPDWR
Applicability
Requirements
Responsibilities

National Secondary Drinking Water Regulations
Appropriate State Regulations 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_must be familiar with these regulations,
their standards, and their implementation.
This_unit provides a brief overview of Federal
reoulations.

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

Student Materials

o Student's Text, Unit 2

Student Preparation

o Unit 2 should be read prior to the
session.
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-Wilt References

o National Interim Primary Drinking Water
Regulations (40 CFR 141)

o NationalInterim Primary Drinking Water
Regulations Implementation (40 CFR 142)

o National Secondary Drinking Water
Regulations (40 CFR 143)

o Water Treatment Plant Operation (Volume
Chapter 22)
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Use Transparency 2-1.

Briefly explain the
development of the
Act and its purpose.

Use Transparency 2-2.

Use Transparency 2-3.

e Transparency 2-4.

ai_i_ofIy_explain a

public water system.

U-S--c Transparency 2-5.

Use Transparency 2-6.

Ask students why there
would be a need for
distinction between
community and noncom-
munity systems.

Briefly describe
requirements.

Use Transparency 2-7.

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

Safe Drinking Water Act (5 minutes

o Resulted from concern over deteriorating
public_water.

o Increased public awareness
o Congress intended that the ACt be a

partnership:
- EPA providing overall national guidance

States (by accepting "primary" enforce-
ment responsibility) implementing the
law within their borders

Water utilities complying with the
regulations

o Mandated:
- Primary Drinking Water Regulations
- Secondary Drinking Water Regulations

Natio-na l Inter

Regulations- (5 minutes)

o Purpose - to protect human health
o Enforceability - federally enforceable
o Applicability - all public water systems

A public water system is a system that pro-
vides to the public piped water for human
consumption; The system has at least 15 service
connections or regularly serves an average of at
least 25 individuals daily at least 60 days out
of the year. This includes (1) any collectiono
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
facilities not under such control that are used
primarily in connection with such a system.

Community Water System - a public water system
that serves at least 25 service connections used
ty year-iound residents or regularly serves at
least 25 year-round residents. Perminent resi-
dents exposed to potential contaminants for
extended periods.

Noncommunity_Watex Systems- - a public water
system that is not a community water system.

Requi-remehtS-11hder NIPDWR (5 minutes)

o Siting - avoid areas of earthquakes,
floods, fires, or other disasters

2=3
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Use Transparency

Tell students that
specific contaminants
are provided in Tables
2-1 through 2-3.

Use Transparency 2-9.

Ask students to identity
public health implica-
tions of each.

!.-Aplain to -s-t-U-de-n-ts

that records_of these
analyses could provide
valbable information
for surveying the
system's water
quality;

e pa.fencv -10.

Em-pi-lasize that

have authority
implement: more

gent standards
NIPDWR.

States
to

S_trL'_ that inspectors
must be familiar with
local (county, township,
water district) and
State :-equlations.

o Maximum Contaminant Levels
Established for:

o Inorganic- chemicals
o Organic cheMical8
o Turbidity
o Microbiological contaminants
o Radioactive contaminants

Monitoring and Analytical
o Frequency of sampling and water

analysis
o Analytical requirements
o Record maintenance required

Reporting
o Outlines when water supplier must make

reports to State agency

o Public Notification
o Outlines when supplier for community

water system must notify public and
hOW

Record Maintenance
o Outlines what records must be kept and

for how long

Responsibilities for Implementing NIPDWR
(10 minutes)

Federal

o Annual evaluation of State program
o Funding of State program elements
o Federal enforcement ofstandards if

States have not instituted own program

State

o Adopt Federal, or equally stringent,
standards

o Maintain progiam that meets conditions
for "primacy." The most important for
this course is_a systematic program for
conducting sanitary surveys.

Water U- tility

- Monitor for contaminants.
o Keep records and report results.
o Public notification as required.
o Obtain prior approval of plans and

specifications.
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Use Transparency 2-11.

Explain purpose of
NSDWR.

Use Transparency 2-12;

Ask students why
standards are import-
ant from a health
standpoint.

Drmking Water Regulations
(5 minutes)

o Purposes

- Provide esthetically appealing water
- Discourage consumers from using an

unsafe source
o Enforceability

Guidelines only
- Not federally enforceable
- 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" information; This discussion covers information
pertinent to sanitary surveys; If the particular State presenting
this training program has standards different from the Federal
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 tho general public concerning drinking water supplies;
Reports were identifying problem areas; technologies were measuring
contaminants in the parts per billion range. Some of tliese contaminants
were sus7ected or known carcinogens. The problems with water systems were
being dealt with in an uneven manner across the Nation. Drinking water
regulations and the appropriations necessary to implement them were an
area that many State and local governments felt they could skimp upon,
thus avoiding the political hazards_of water rate increases. As public
concern and anger grew, amovement for a Federal policy to_provide a
comprehensive means of addressirg water supply problems gained impetus.
This movement resulted in the pa3s4,ng of the Safe Drinking Water Act
(PL 93-523) in December 1974.

Congress intended that the SHWA would be a partnership between the States,
EPA, and local water utilities. EPA would provide the overall national
guidance by determining health effects and establishing standards 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. The water utilities would have to
meet the requirements of the law, thereby providing the day-to-day
compliance.

The SHWA; among other ti..,ngs, mandated two further regulations: the
Primary Drinking Water Regulations and the Secondary Drinking Water
Regulations;

2-5
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The National Interim Primary Drinking Water Regulations were an immediate
attempt to meet the need for control of public water supplies. They
established the basis for the overall program and outlined the
responsibilities in implementing it.

Let's briefly discuss this regulation:

Pu - The purpose was to protect human health by minimizing
ingestion of specific contaminants.

Applicability - This regulation applies to all public water systems
Public water system means a system providing to the public piped water
for human consumptions The system has at least 15 service connections
or regularly serves an average of at least 25 individuals daily 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 a system; and
2) any_collection or pretreatment storage facilities not under such
control which are used primarily in connection with such a system.

Public water systems were further divided into community and noncommunity
systems.

-m A public water system that serves at least 25
service connections used by year-round residents or regularly serves
at least 25 year-round residents.

Noncommunity Water System - A public water system that is not a
community water system.

There is a difference in the standards applied to the two systems. This
based on the fact that permanent residents are exposed to potential

contaminants for extended periods.

The regulations outline requirements that must be met for cor7rliance.
There is a siting requirement that restricts the areas in which a water
system may be placed unless there is no alternative. Maximum contaminant
levels were established for inorganic and organic chemicals; turbidity;
microbiological contaminants; and radioactive contaminants; Turbidity and
microbiological contaminants are of articular interest to the sanitary
surveyor; The surveyor will most frequently be involved in evaluating the
water supplier's methods for turbidity and free chlorine residual;
Monitoring requirements were also established with respect to frequency of
sampling; analytical procedures; and record maintenance of test results.
A review of these records could provide the inspector with valuable
information for surveying the system's water quality. They can point out
problem areas and identify trends in water quality. Reporting
requirements told water suppliers when they must routinely notify State
agencies of analytica results. How soon a failure to comply with any
primary water regulation had to be reported is delineated in the
regulation.

2-6
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There was a requirement for public notification in specific instances
The public would be told firsthand of the shortcomings of its water
supply. How the general public and the everyday customer would be
notified is outlined. This requirement assured that the public would not
only be aware of the hazards of the particular shortcoming but also

vide 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, responsibilities 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 elements, and Federal enforcement
of standards if the States did not have primacy. The State requirements
were to adopt standards that were equal or more stringent than Federal
standards; The State was to maintain a program that met the conditions
for receiving primacy; The most important condition with respect to this
course was that the State must have a systematic program for conducting
sanitary surveys; that is the reason for this course--to assist in
providing personnel 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 5.

Before going into the core of this course, let's take a quick look at the
Secondary Drinking Water Regulations; The purpose of this regulation was
to provide an esthetically appealing water, thereby discouraging consumers
from using a potentially unsafe source; The averac'e consumerbasesthe__
evaluation of the quality of water on their senses; A water that is free
of pathogens and contains no harmful chemicals yet has color; taste; and
odor and stains clothes could very well be rejected by a consumer; These
contaminant levels were guidelines and are not federally enforceable;
however; the states can adopt thew as enforceable standards



Basic Material

In recognition of a decline in the quality of drinking water around the
Nation, Congress passed the Safe Drinking Water Act designed to ensure the
delivery of safe drinking water by public water systems and to protect
underground water sources from contamination;

The Act required the Environmental protection Agency to establish primary
and secondary regulations liT.iting contaminants to a levelwhere:Ino known
or anticipated adverse effects on the health of persons occur and which
allows an adequate margin of safety."

The National Interim Primary Drinkin9, Water ,:gulations specify
requirements and procedures for controllinA contaminants in public water
supplies.

Applicability

Although the Primary Regulations apply to all public water supply systems,
the regulations make a distinction between community and noncommunity
systems. Community systems generally supply drinking water to_residential
and institutional users who might be exposed to dangerous levels of
contaminants for extended periods of time; Consequently, a wider range of
contaminants is controlled by the regulations; The regulations define a
"public water system" as a system for providing piped water to the public
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
term includes -any collection, treatment, storage, and distribution
facilities under control of the system operator and used primarily in
connection with such a system, and any collection or pretreatment storage
facilities not under such control that are used primarily in connection
with such a system.

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

Community WaterSys_tems

Municipal systems and public water utilitieS
Motile home parks
Condominiums
Residential institutions and schools, including hospitals, nursing

homes, homes for the aged, colleges
housing developments, public and private
Multifamily housing complexes (all varieties)

Non -community Water Systems (with separate water systems)

Motels-Lotels-resort areas Campgrounds
Schools (nonresident) Highway rest areas
Restaurant and other food Marinas

service places Airports
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Parks
Recreation areas
Migrant labor and construction

camps
Children's and adult camps
Gasoline service stations
Industries
Churches

Siting Requirements

Medical care facilities
ShOpping centers
Office and commercial buildings
PUblio bUildings_and public
assembly fadilitiet

Social and recreation clubs
Swimming pools and beaches

The siting of a water system is of primary_ importance in- ensuring safe
water; The National Interim Primary Drinking Water_ Regulations encourage
the avoidance of hazardous locations when_constructing new or expanding
public water systems. Sites to be avoided are areas sulmect to
significant risks of:

o Earthcluakes*
o Floods (100-year floodplain)
o Fire or other disasters that could cause a breakdown in the water

III

systems
In many areas; California for example; it is impossible to
construct plants which are not subject to these hazards; In those
dasest_good designing is even more critically important to
providing a continuous supply of water.

Levels

The regulations include maximum contaminant levels for fiVe properties of
drinking water;

o Inorganic chemicals
o Organic chemicals
o Turbidity
o Microbiological contaminants
o Radiological contaminants

The tPedific maximum contaminant levels are provided in Tables 2-1 through
2 -3. tach category has specific sampling and analytical requirements;

Water Purveyor Requirements

The water purveyor must report to the State agency:

Retultt of all tests_ and_ analyses within the first 10 days
following the month in which the result is received; or within the
fittt 10 days_following the end of the required monitoring period -
whichever is the shortest.

o Notice of failure to comply with any primary water t6gulatiohg;
including monitoring; within 48 hours;
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Notify public when a community water system fails to comply with:

o An applicable maximum :ontaminant level
o An applicable testing procedure
O Scheduled corrections
o Required monitoring

Maintain the following records:

Bacteriological analyses - for at least 5 years

Chemical analyses - for at least 10 years. Actual laboratory
reports may be kept, or data may be transferred to tabular
summaries, provided that the following information is included:

Date, place, time of sampling; name of person collecting
Identification 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
Analytical method_used
Results of analysis

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

_

CoEies of written reports, summaries or communications relating
co sanitary surveys conducted by itself, private consultant, or
local, State or Federal agency - for at least 10 years after
completion of sanitary survey involved.

o Records conce-rning sched-uling- of improvements not less than 5
years following expiration of scheduling time.

Responsibilities for Implementing NIPDWRis

Federal

As already noted, e-le 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
enforcement authority (primacy), EPA will certify the program if the State
meet-srequirements. Annual evaluations will be performed to ensure the
quality of the State program.

Research, technical 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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St States and territories have assumed primary enforcement responsi-
bility for_enforcement of the regulations. EPA would retain program
responsibility only if a State is unable or unwilling to meet the minimum
requirements for primacy. To attain primacy under the Acto a State must
adopt standards at least as stringent as the Federal primacy standards.
States are free to adopt and enforce more stringent standards appropriate
to that State.

Addition3lly the States must:

Maintain an inventor; of pull : water systems.

Have a systematic program for conducting sanitary surveys.

EstabliSh a program for certification of water testing laboratories
(unless testing is done by approved State laboratories).

Assure that new or modified public water systems are capable of
compliance with State drinking water regulatiobs.

Establish procedures for enforcement.

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

appropriate reports to the State

o Establish and maint,ain recordkeeping and reporting of its
activities.

if variances or exemptions are permitted, they must be under the
same conditions as granted under the Federal regulations.

Adopt and implement an adequate plan for providing safe drinking
water under emergency conditions.

`e4ater Utility Responsibilities

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

These responsibilities include the treatment and monitoring of
bacteriological, chemical, and radiciloyical contaminants; recordkeeping
and reporting of results to State ,2gencies; and notificatic of any
r,7)ncompliance to consumers and the public.

The National Secondary_Djrihking_WatA.--r Regulation= are designed to control
contaminants that affect the esthetic quality of drinking water. High
concentrations of these contaminants may have health as well as esthetic
implications. The federally set contaminant levels were set as guidelines
for State regulations provided in Table 2-4.
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Table 2-1. Interim Primary Drinking Water Regulations (40 CFR 141)

Type of
c,:,ntaminant Name

Type of
Water System

Maximum Contaminant
Level. mg/1

(except as noted)

Inorganic Arsenic Community 0.05 mg/I
chemicals Barium 1.

Cadmium 0.010
Chromium 0.05
Lead 0.05
Mercury 0.002
Selenium 0.01
S11Ver 0.05

Fluoride
53;7° F & below 2;4

53.8 to 58;3 2;2

58.4 to 63.8 2;0

63.9 to 70.6
70;7 to 75.2 1;6

79;3 to 00.5 1;4

organic
chemical

Turbidity

Chlororganics

Nitrate (as N)

Endrin
Lindane
Methoxychlor
Toxaphene
2,4-D
2,4,5-TP Silvex

Turbidity at
representative
entry point to
distribution
system

Trihalomethanes

Community &
Noncommunity

(lommunity

Comnunity &
Noncommunity

Greater than
10000 population
(if it chlorinates
water)

10.

0.0002 mg/1
0.004
0.1

0.005
0.1
0.01

1 TU monthly avg.
and 5 TU avg. of
2 consecutive
days

0.1 mg/1
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Table 22. Maximum Permissible Microbiological (7ontaminants (NIPDWR)

Method Per Month
Less than 20 20 or More

Samples per Month Samples per Month

Number of coliform bacteria shall not exceed:

MembranL filter 1/100 ml 4/100 ml in one 4/100 ml in 5%
!I00-ml portions) average density sample of samples

Coliform bacteria shall not be present in more than:

Multiple ':_z7:,e 10% of 3 portions in one 3 portions in 5%

fermentation portions sample of samples
(10 ml por 'ons)

Coliform Meth, Per Month
Less than 5 5 or More

Samples per Month Samples per Month

COliform bacteria shall not be 1.-.Iesent_in_more than

Multiple tube
fermentation
(100-m1 portions)

60% of
portions

5 portions in more 5 portions in more
than one sample than 20% of

samples

Tal-)le 2-3. Maximum Permissible Radioactivity (NIPDWR)*

Maximum Contaminant Level

COntaMinant Picocurie per liter (pCi/l)

at-Liral

Combined Radium -225 and Radium-228
Gross aloha particle activity; including

Radium-226 but excluding Radon and
Uranium

Man-Made

Tritium (total body)
Strontium-90 (bone marrow)
Gross beta particle activity (applicable to

surface water sources)

5

15

20,000
8

50

*FOE- full explanation refer to part 141; National Interim Primary Drinking
Water Regulations.
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2-4; Special Monitoring Requirements Under National
Interim Primary Drinking Water Regulations.

Frequency
Contaminant Surface Ground

1 sample annually 1 sample
every 3

at least
years

2 samples annually 1 sample annually
(1 mid summer)
(1 mid winter)

n1 National Secondary Drinking Water Regulations
Maximum Contaminant Levels

Contamina:(cs Level

Chloride
Color
Copper
Foaming Agents
Hydrogen Sulfide
Iron
Manganese
()dor

PH
SUlfate
TDS (Total
Zinc

250 mg/1
15 Color Units
1 mg/1

1 .5 mg/l_
0.05 mg/1_

0.30 mg/1
0.05 mg/1
3 Threshold Odor Numer
6.5-8.5
250 mg/1
500 mg/1
5 mg/1



Safe Drinking Water Act

Public Law 93-523

as amended by Public Law 95-100



Safe Drinking Water Act
Public Lew 93-523

as amended by Public Law 95-100



EPA: Provide Guidance

State: Implement the Law
Suppliers: Comply With the Law



SDWA

EPA: Provide Guidance

State: Implement the Law

Suppliers: Comply With the Law



National interim Primary
DINO Water R' irulatiOrit

40 CFR Parts 141 & 142



National Interim Primary
Drinking Water Regulations

40 CFR Pads 141 & 142



NIPDWR

PurposeProtect Human Health

EnforceabilityFederally Enforce le

Applicability -4I1 Public Water Systems



NIPDWR

PurposeProtect Human Health
EnfOrOeabilityFederally Enforce le

Public Water Systems



Public Water System
15 or more service connections

Hki or

25 people at least 60 daysiyear



Public Water System
15 or more 80M00 connections

or
25 00001-6 at least 60 daysiyear



Community Water System
public system

a 25 dear-round resideht8 be 15 80-evid

connections



Community Water System

public system
25 year round residents or 15 service

connections



Siting

Avoid areas of:

Earthquakes

Floods

Fires
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biting

Avoid areas of:

Eattquakes
FlO0d8

Firo8



Maximum Contaminant Levels

inorganic Chemicals

Organic Chemicals

Turbidity

a Microbiological Contaminants

Radioactive Contaminants



Maximum Contaminant Levels

Inorganic Chemicals
Organic Chemi0818

Turbidity
Microbiologia Contaminants
Radioactive Contaminants



Monitoring

Frequency
Analytical Requirements
Records



onitoring

Frequency
Analytical Requirements
Records



deporting

NIbtification
Record Maintenance



Reporting

POI* Notification
Record Maintenance



National Secondary Drinking

Water Regulations

PurposesProvide Esthetically

Appealing !Nater



National S 4 Mary Drinking
Water Regulatbis

PurposesProvide Esthetically

Aprfleaiing Water



NSDWR
nrY11Ini arOVINSIGNII ..0A

Enforceabili Not Federally Enforce

aximum Contaminant Levels



NSDWR

Enforceability No i Federally EnfOrrAable

Maximum C iminant Leveb



WATER (1-)URCE',3 THE HEEL- TO KNOW"

Inuil a r y

flit rtent

General
Wells
Springs
Surface Sources

3a: General
O Hydrologic Cycle
o Adequate Quallty
o Adequate Quar*t

3b: Wells
Sanitary Risks

o Surveying Wells

3C: Springs
o Sanitary Ris'
o Surveying rpring3

3d: Surface Sourc
b Sanitary RiSkS
o SUrveying Surface S_)urcez



UNIT 3a: General The Need To Know"

Unit Semmaty
Hydrologic Cycle
AdequaLe Quality
Adequate Qu:.ntity

Uni Ohjective7,

An inspector should be familiar with the
hydrologic cycle and how it affects the
quality of water. Additionally, to adequately
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
affecting raw water quality, and the
importance of various water demands.

Logisti.cs

n

ApproxiMate- Presantation :2-ime: 30 minutes

Instructor Material

o Bacic Material
o Transparencies 3-i through 3-4
o Overhead projector and screens
o Chalkboard

Student Materials

o Text, Unit 3a

Stude-n-t Preparati0r

o Unit 3a should be sad pr7_r
session:

Manuai of Indiviaual tutor Supply System
(Parc

ST-Aems Handbook
Water any' Wastewater Engxnering (volum I;

Chapter 6)
Tr-fment Plant Cleratlion (4olume I.

Chapt,!r:: 2 3!

!Chatter z)



Use Tranr;parenc 3-1.
Introduce a discussion
of the hydrologic cycle
by explaining how nut,
contamination acct

in water it
fl -through the part.

ot the cycle. Define
,ach component and
,dicate flow direction.

Tr.nsparency 3-2.

Desorib both
and unconfined

:tined
yuifc

Transparency 3-=

Ask students to ntify
some major sources of
pollution.

Li-s-t sources on chalkboard
as they are suggested
by stbdentS.

Explain to students
th,:'.t these soui-ces

present hazirds to
drinking wateri and;
where possible should
se noted during a
sanitary survey.

Use questions to
promote discussion of
water and how it might
become contaminated.

Use Transparency 3 -I.

4xplain the various
water demands.

Hyd -rologic -utes)

o Surface, .,ester

o Ground water
o Aquifers (cont
o Sinkhc' -8
o Zone satin, ion

o Flow direction of.
evaporation
transpiration
runoff
percolation
infiltration

ed and uncnnf

Sources of Water Contamin (5 minutes)

Proximity to:
nearby sewers
waste disposal
animal pasuring

- chemically treated c. ricultural 1, nd

chemical storage
subsurface liqui' waste

systems

o Impact of high-flood ruof-
o Che,mical constitution -f soil

above rock
Decomposit-on of organic matter

I. T'l_at are potential sources of contaminat)
2; Which of the sources are reliwant cni' to

grol,, water, to surface water, to both?

Water Demand (IC minutes)

o Averaa.? Uaily deman
o r:he-:is average demand?
o How is it -alculated?
o Importan to smal7), watir

syste-s=

0 Impact of :naccounted-for water and
and unrealistic water rates



Refer 12 in
StUdeC. .ext for ,
for esima-lng average
daily require
ments.

-ximum demand
o tlhat is raximum daily 6rmiand?
o How it is figured?
o Importance to small water systems?

o Peak demand
o What is peak demand?
o How it is estimated?
o Importance to small water systems?

o Fire demand
o Whatisfire demand?
o How it is estimated?
o Importance to small water sys-.e-is .

once- ring Sanitary Risks (10 minutes)
-initAry

1. What type of source (surface; grolnti
c( Anation)?

2. What is the total desigr production
capacity?

3. What is the ores nt average daily
production?

1. What is tt:e maximum daily production?
5. Does system have an "operational" maste-

meter?
6. How many service connection_ are there
7. Are service connections metered?

tor s iiarrcit lye

this uni_ be discussing so,rces of water; and it-,-. adequacy both
in terms Of- quality and quantity. E`_: a tyJginning we should discuss the
hydiologic cycle. As the n=ame implies !1-,ece is a contiiious circulation
of m ,i.ture and wa:.er. As start lnd he,:ause of its size with
resp ct to the totc.11 voliime of wat?r piLf, up ,he cycle at the

Padl.itim From the sun evap,.:.itc water from th,' ocean iAto the
rtlosphere. AF vapor rises. it cools, cr-.-atlhu clouds Fr mil

-lauds r me moisttE, condcos-es and bock th earth 5
in t!"; form of precipitation. Precipitation is ?ss2nrialiy the sou::ce

r Ersh v:iter: Part of tnis preCpitation, saturating
oft to 5tteams: v;ater that th v: soil initially

r plant root zone -r :one of aation: ,:ot utilized
by the p,Its continues on thr( tore sub,..Arface torm.itions under th'
influence -jravity. Zventual,i water re hes a zone where all rile

f ,rmation ;:res are filled with water; the of sa;.uratAon. the upper
:,le of 'his zone is what is referre,-: to as :1 water table. Dz-penciihq on
,r)ograpny. 9eology, and he hydrosrati. pressure, th,: w6Ler moves thr,.--)uqh
le Anratec t:,Tmation and n rear pear where the .1.!r face intersec,:- the

table. The formations of that are saturated with water
non which ground wat.E. dity (--:-'ined ate called aquifers. T' quaiitj,
aquifer, a geologic formation m: st contain oores or OF rhao
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0:-e filled with water and large enough to permit the water to move at a
prceptible 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 is such that when the upper -onfining layer is
broken; either by a well or faultline; the water v;_11 rise above the top
of the aquifer. In some cases; the water rises above the land surface and
an artesian spring or well is created:

What impact does the hydrologic cycle have on a sanitary survey? The
inspector must realize -that from the moment of inception. water is being
contaminated by natural and manmade sources. The raindrops are formed
around (II: particles. Falling through the air; the water picks up
additions pollutants such as- gases, plant seeds, and chemicals such as
sulfur, 'trogen, and carbon dioxide._ Upon reaching the surface, water
becomes lrther contaminated by, for instance,_domestic_and industrial
waste. it passes through subsurface formations it dissolves materials
the* -. t '7t on the quality of the water. What are some potential sources
of .tinaticn?

7,(.7 es of Water Contamination
Proximity to:

0

0
0

nearby_sewers
w-Iste_disposal
animal asturing
c:lemically,reated agricultural lai-A
7hemical shrugs areas
subsurface liquid waste disposal systems
h'fllways

Impact of high-flood runoff
Chemical and physical characteristics of soil above rDck
Decompositicn of organic matter

As stated earlier. a survey for potential sources of contamination within
watersv,ed or recharge zone is no longe- a "sanitary survey." in fact,

lue to limited resources; time and perFonnel, a detailed evaluation ot
these areas will be beyond the scope of survey; The inspector will be
concerned with pollution in closz proximity of the ater supply source:
The system oirr.!,r should be questioned as to what provisions are made by
the water system to limit contamination of the source (e.g., zoning
restrictions, cortrol of watershed, restricted use of 1,-.1poundment; and
periodic ii_pec ions).

oin discussicn has thus Ear dealt with the "quality" aspects of sources.
There is anotner equally as importaut factor of adequacy: quantity. In
providing sufficient quantity of water to meet a system's requirements, we
must evaluate not only the adequacy of the source, but such things as
storage capanity; treatment unit capacities; pump capacities, and
distributiori systems. In speaktrg of adequate quantity we refer to
various types of water demands. water demand is the total water used by a
systnr. specified period of time. The components of demand are

sides i indL,trial, commercial, public, fire, other water



utiiLcioh, mhIn linkage, unaccounted-for water, and water used in
treatment; We will briefly be discussing four types of demand: average
daily demand, maximum demand; peak demand, and fire demand;

Average daily demand is the quantity of water utilized on i,e; average day;
Average daily demand is utilized in determining treatment ,.nit capacities
and raw water pump capacities; Average demand can be estimated by a
combination of projected population figures and normal water usage
requirements. Generally, a standard planning guide, such as Table 3-1 on
page ST 3-12i is utilized in making the estimate. The fact cannot be
mverst -msed that tables such as this give "estimates." This figure must

,ed :ith regional and demographic considerations. As an example,
tlee :- capita consumption can be influenced by lawn irrigation and
;W_E ing pael usage, which -would be a greater factor in the Southwest than
:n northeastern sections_of the United States. The surveyor is well
1(ivied to review local information on water systems of comparable nature
when evaluating water usage.

in speaking of maximum demand we evaluate two types. Thy maximum daily
de-m Ind is the greatest amount flf water thy: ._ a system will use in one day.
Experience wt_n small reidentlal water systems suggests that the msxlmum
day is 1.5 to it timeE the average day. However, this ratio may not apply

other t-,-pes of water systems. In generali the sm.lIer the water
mystem L. greater the variM on between the average and 'tit maximum
May. The other type is maxmum hourly demand. The maximum hourly demand
is the greatest amount of water that will he used in any her during a
day. Maximum hourly demand is sometimes referred )_as the peak hourly
:remand, althoudh there will be short-term peak demand rates lasting tor
meveral minutes that will exceed tht ximum hourly demand rate. Each
type of system exhibits its own maximum hourly and short-term peak demands

he hours of peak occurrence wil' vary. As an example, shopping
d:s usually experience hourly peaks in the early afternoon while

idential communities may experience two peak hours,about 8:00 a.m. and
6:00 p.m. The maximumhourly demand is oft..1 expressed as a ratio of the
:iverage d,ly demand in gallbns per minute. Generally speaking, the

ter the system, t e greate the m_,ximum hourly rate in respect to tn-
tar.le daily rate.

d, a -rands occur for those specified per hods of
time, Sh, r- are referred to as peak demands. This is the
may: I 11, IP., t rssary to meet Lhe peak shout-term demand rate
thot may occLr . during e day but usually during the peak
H_e, period. he i.estantue-ws peak may last for several minutes, The
rate is particularly important in consiiering the sizing of the storage
tank in a hydropneumatic cy:7tem. ":he eff. 'give storage capacity is
usually designed to meet these short-term oaks. In the absence of
-ctficient effective storage to meet exterZed p?ak demands the wells and

. must be capable of meeting the peak dlands_ The smaller the
.,::item, the creaser the ratio of the peak e.emanJ to the average demand.
xperience with small residential comm.initios suggests that the peak
(,cly demand m.,,y range frcm bout 6 tc 0 times the hverage daily demand.



final type of demand is f ir. d Jan::: An adequdte system provides
sufficient water to meet peak demands for domestic,_commercial, and
industrial purposes as well as for firefighting. Fire demand is the
amount of water capacity that must be designel into a water system for
firefighting purposes: Fire flow is not included in the definition of
average daily and maKlmgm daily demands and must be added if fire
protection is desired: Fire flows are usually expressed as :allons per
minute to fight a fire of certain duration Local fire underwriters
will p-o'i' 'e specitic requirmeni.: on request:

logical q_astion ai this 1 nt stunt be: 'What does this discussion on
jemand havf to do wit.1 a sanitary survey?" There are several sanitary or
health-related imv,acts that these demands can have Does the system or
r)rtions of it e n'n out of wate. ? This is one of the first questions
tat should be asK, n determining adequacy of a system, If the answer
is yes, then a defin '!ealth problem exists. How much water is betnq
b:-acrd -oed and for what: its may be a question that s difficult to
answer. particularly for smaler systems. Many of these systems not only
lack service meters but:lack mastermetersas well. In these cases; the
amount of water produced maybe estimated from pump rating curves and
either pump hour meters or electric meters. The impact of unaccounted for
water and leak- can 'hcredse the per capita oemand_to as much as 600 gpd.
This 1-,Jts a :,train on the source and the mechanical units of the system.
'friaounted-for water can have sanitary significance in terms of service
utdoes; lo') pressures; and contamination pro: ems from cross connectiorn..

The -,;ses are also nonrevenue producing and therefore place a financial
burden on th ?. system. Coupled w, 'h unrealistic water rate structures;

can create real problems as : :aired maintenance and replacements
Mns delayed because of lack of funds.



The two principal sources of wAter supplieS are 1-littaCe-Wa-t-e-t-s- and ground
Wate-rs- Both originate from precipitation. Some of the precipitation
collects on the surface of the earth to form streams, lakes, and other
surface waters. Som, seeps downward through the earth where it accumu-
lates in the pore spaces in the soils that overlay rock formations; The
seepage continues downward and laterally to fill the interconnecting
joints; cracks; solution channels; pore spaces, and other openings in
these rock formations below the soils; Ground water is not static and
tends to move slowly through the substrata, some of it reappearing 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
in the atmosphere. The water vapor forms into clouds, which in turn
produce rain and snow to replenish the surface and ground waters. This
continuous process is called the hydrologic or water cycle; and by its
very nature, water is exposed to both natural and man-induced contamina-
tIon.

around Water

Ground water is the principal source of water for small water supply sys-
tems: Ground water generally has a more consistent good bacterial quality
than surface water; having undergone considerable natural purification
through straining and prolonged storage. However, a number of areas have
suffered contamination of their ground water due to improper disposal of
their wastes. Generally it requires little if any) treatment prior to
use, whereas surface waters invariably require rather sophisticated treat-
ment. Furthermore, gron.:d waters are readily available in most areas of
the country in sufficient quantities to meet the needs of small water

<7' M S .

Precipitation that does not enter the ground through infiltration or is
not returned to the atmosphere by evaporation flows over the ground
surface and is classified as direct runoff; Direct runoff is water that
moves over saturated or impermeable surfaces, and in stream channels or
other natural or artificial storage sites; The dry weather (base) flow of
streams is derived from ground water or snowmelt.

Runoff from ground surfaces may be collected in either natural or
artificial reservoirs. A portion of_the water stored in surface
reservoirs is lost by evaporation and from infiltration to the ground
water table from the pond. Transpiration from vegetation in and ad-i,acent
to ponds constitutes another means of water loss.

FiePaUe surface waters are exposed to potentially severe contamination by
both man and nature and because the quality of the water varies consider-
ably, a relatively high degree of treatment is required to ensure lis
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tty._ The treatment is generally more sophisticated than with
di-O6Pd wa ,,rs and requires more diligent operation and maintenance and
nisi (

-er, there are occasions when surface water is a sourcetOra small
water snipiy system because of the poor quality or lack of local ground
water; fators being equal; impoundments such J..s natural lakes or
ponds; .etvoirs; are preferred over streams since the quality of the
water att l?5,5 variable; reducing the extremes in quality;

Precipitatic- in the fozio of rain, snow, hail, or sleet contains very few
Impurities. -:ace amouet.: of mineral matter, gases, and other substances
may be entrained as the precipitiation forms and falls through the earth's
Atmosphere; however, the precipitation has virtually ro bacterial content.

once precipitation reaches the earth's surface, many o-portunities are
presented for theintronuction of foreign substances in o the water, which
may lOW-ez its tp the point that it constitutes a health hazard or
impairs its usefUltiesS.

Pt-OXIMIty of the water source co nearby sewers; waste disposal; construc-
tion projects; animal .sturing; chemically treated agricultural land; and
chemical storage areas (such as sait or petroleum) increases the likeli-
hood of contamination; Other sources of contamination are completely
natural; such as the impact of high flood runoff; chemical composition of
soil above th rock (e.g.i the presence of iron); or decomposition of or-
ganic matter.

Substances that alter the quality of water as it moves over or below the
surtace of the eattl may be classified as follows:

Ot-qatiit

0 Inorganic
Biological

o Radiological

Impurities in natural waters depend largely on the circumstances of the
source and its history; Water destined for an aquifer picks up impurities
as it seeps through soil and rock; including possible pollution; Pollution
sources may include leaking sanitary sewers; septic systems; waste disposal
sites; and accidental discharges. Uptake of minerals is common. The
natural straining action does remove some of the particulate matter and;
combined with a relatively long retk:ntion period in the ground; will often
aid in removing micro-organisms. This long retention -time can, however,
createproblems in that groundwater once contaminated can be _costly to
purge in terms of both time and money. Groundwaters haveafairly stable
quality usually not highly affected by seasonal changes. Wells affected
by seasonal changes tend to be very shallow and subject to easy
contamination.



Wat4i=r-Dema:Hs

Th,? projece: average daily demand is the quantity Or water projected to
used by a ::-ecific system or part of a system in an average day. This

1:3 based ii,6h from water meter readings in similar water
systems over a:: period of time and reflects the normal seasonaland dailyvarif.. For design purposes; it is usually determined byestimating the lation or units of housing or other units and
muliplying by an pe:a'.7e person or per unit water consumption derived from
past experience; Ot':,er 1,:tter deffiand terms frequently relate to this basic
term. The average daily demand will be exceeded on many days so it is not
appropriate to design merely coy the average. rbr_this reason other terms
are used to express the probablc. gi .1tost amount of water that may be used
in one day, or other period of time:

Table 3-1 provides a guide for estimating tie average daily demand for
various types of establishments. in gallons per day per unit. The unit is
persons per day unless otherwise indicates:), The values Sh0Wh may vary
throughout the Nation, and the inspector is advised to review local
information on water systems serving similar size establishment5.

The maximum_da4lydeMand is the greatest amount of water that a system
will use in one day. Experience with small residential water systems
suggests that the maximum day is 1.5 to 2 times the average day: HOWOVer,
this ratio may not apply to other types of water systems; In general; the
smaller the water system, the greater the variation between the average
and the maximum day.

The maximum_houzly_dotand is the greatest amount of water that will be
used in any hour during a day. _Makimum hourly demand is sometimes
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 rice. Each type of system eichibitS it own maximum hourly
and short-term peak demands and the hours of peak occurrence will vary.
As an example, shopping centers usually experience hbUtly peaks in the
early afternoon while residential communities may experience two_peak
nours, about 8:00 a.m. and 6:00 p;m; The maximum hourly detand is often
expressed as a ratio of the average daily demand; in gallons per minute.-
Generally speaking, the smaller the system; the greater the maximum hourly
rate in respect to the average daily rate.

Peak-demand is the maximum amount of water necessary to meet the peak
short-term demand rate that may occur several times during a day, but
usually during the peak-hour period. The instantaneous peak may last for
several minutes. The rate is particUlarly important in considering the
sizi-- of the storage tank in a hydrOpheliMatic_system. The effective
stor ! capacity is usually designed to meet these short-term peaks. In
the ai,sence of sufficient effective storage to meet extended peak demands,
the wells and pumps must be capable of meeting_ the peak demands. The
smaller the systemithe greater the ratio of the peak deMand to the
average demand; Experience with small residential communities suggests
that the peak hourly demand may range from about 6 to 10 times the average
daily demand.
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Fire flow is the amount or water capacity that must he designed into a
water system for firefighting purposes. Fire flow is not included in the
definition of average daily and maximum daily demandS and must be added if
fire protection is desired. Fire flows are usually expressed as gallons
per minute to fight a fire of a certa uration fite underwriters
will provide specific requirements on :_.quest;

Sanitary Risks

1. What type of source (surface ground or combination)?

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

2. What is the total design production capacity?

Comparison of this figure with present demand figures allows the
inspector to determine if there is adequate treatment capacity;

3. What is the present average daily production?

Comparison of this figure with values for bthet similar systems on a
per capita basisay point out problems within the system. An
evaluation of average daily production trendS may indicate_ problems as
well. For examplei if consumption is excessive or prOdUCtiOn trends
are increasing without an accompanying population or use increasei
leakage within the distribution system may be indiCated.

4. What is the maximum daily production?

COMparison_of this figure with design capacity allows detetthination of
adequacy of treatment capacity.

5. Does syst. m have an "operational" master meter?

Without an operational and calibrated master meter it is difficult
for the utility to accurately monitor production.

6. How many service connections are there?

This figure provides the inspector with an idea_of the size of the
system; this means the total number of homes and businesses served by
the system. It should not include connections fbt vacant lots.

7. Ate service connections metered?

This allows a water balance to be made. There is also a correlation
between metered service and water conservation; If the system is
metered, the per capita consumption is reduced.

A review of the system's records and operator responses should provide
answers to these questions.
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Table 3-1 Guide for Estimating Average Daily Water Requirements*
(Adapted from various sources for small water systems)

Type of Establishment (The Ludt per person Average Daily Us,i. ;gpd)
unless otherwise stated)

Airport (per passenger) 3-5
Assembly Halls (per seat) 2

Camps Child, overnite, central facilities 40-50
Construction 50
Migrant labor 35-50

- Day type, no meals served 15
Churches (per member) I

Cottages, season occupancy 50
Clubs - Residential 100

Nonresidential 25
Factories, sanitary uses, per shift 15 -35
cd 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 75-125

Office Buildings 15-30
Laundries, self service (per customer) 50
Motels (per bed) 60
Parks Day use (with flush toilets) 5

Mobile homes (per unit) 200
- Travel trailers (per unit) 90-100

Picnic Areas (with flush toilets) 5-10
Residential Communities

Multi-family (per bedroom) 120
Rooming house and tourist
homes type (per bedroom) 120

- Single family type (per hcuse) 400_
Resort Motels and Hotels 75-100
Retail Stores (per toilet room) 400
Schools - Dayi 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 values listed_in Table 3-1 are for normal water requirements and do
riot include special needs or unusual conditions. State and local require-
ments may vary from those provided in this table. Additional allowance
should he made for frequent lawn watering, swimming pool maintenance,
industrial or commercial process water, cooling water, firefighting, and
other special uses.
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UNIT 3b: Wells -the Need To khOW-

Unit Summary

Unit Objectives

Types and Characteristics
Sanitary Risk Factors
Exrcise I: Identifying Sanitary Risk
Surveying Wells
Exercise II: Surveying Wells

A major function of the sanitary survey is to
determine the degree of protection afforded
the source. At the end of this unit the
student should know:

1. Characteristics and components of
wells

Sanitary_risks to wells and how to
identify them

Logistics

Approximate Presentation Time: 60 minutes

Instructor Materials

o Basic material
o Transparencies 3-5 through 3-11
o Overhead projector and screen
o Chalkboard

Student Materials

o Student's Text; Unit 3b

Student Preparation

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

Unit References

o Small Water Systems Serving
the Public (Chapter 5)

o Manual of Individual Water
Supply Systems (Part II)

o Groundwater and We118
o Well Drilling Operations
o Water Supply System Operation (Chapter 3)
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Briefly describe
differences between
each type of well.

Use Transparency 3-5.

use Transparency 3-6 to
discuss components;

Briefly describe
importance of each
question on checklist.

Provide personal
experiences or
anecdotes to relate
course material to
actual situations an
inspector may
encounter.

Explain to students
that activities of a
water utility immed-
iately adjacent to a
well can have adverse
impact;

A. Types of Wells (5 minutes)
o Drilled
o Driven /Jetted
o Bored
o Dug

components (10 minutes)

o Casing
o Sanitary seal
o Grout
o Pitless adapter
o Screen
o Pump
o Vent

C. Sanitary Risks (30 minutes)

1. Recharge Area/S,drface Area

a. Is recharge area protected?
o Ownership
o Fencing
o Ordinances

b; What
0
0
0
0

is nature of recharge zone?
Agricultural
Industcial
Residential
Other

EMphasize 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.
o Problems of well field in

floodplain of less than
100-year flood.

d. Is well located in proximity of a
potential source of pollution?

Table 3-2. Sample Minimum Diotancea Between Wells and Pollution Sources

Soar Ce Feet from Well Remarks

Watertirpt Sewers
Other Sewers
Septic Tanks
Sewaqu Field, Bed or Pit
Animal Pens and Yards

50

100

100
06

20J

Consult the State
regulatory- agency
fur upcial local
rtqu l r umen t s.

Source: Small Water Systems 1;erving the Public, Chapter 5.

3-9



Use Transparency

Emphasize import-
ance of measuring
dtawdown.

Use Transparency 3 -8:

Explain importance of
information requested
by each question.

Explain_that concrete
pad by itself is not
sufficient because of
burrowing animals and
erosion:

RISIesEVALUAT1014

Points of Risk on Transparency:
1: Flooding from stream
2: Septic tanks
3: Filling station tanks
4: Sewers
5. Fuel storage on site
6. Proximity of highways

(salt and spills)

2. Well Data

a. Depth of well
b. DraWdoWn

o What is the well's drawdown?
o How is it measured?

3. Construction

a: Depth of casing
o Protection against surface waters

and undesirable aquifers

b. Depth of grout
o Protection against sutfate Water

contamination
o MiniMUM of 20 feet recommended

c. Does casing extend at least 12 inches
abbVe the floor or ground?

O Protection against flooding

. Is well properly sealed?
o Concretepadin good condition
o Well head seal

e; Does well vent terminate 18 inches
above ground/floor level or above
maximum flood level with return bend
facing downward and screened?

o Keeps contaminated water and
animals ftOM entering Well.

f. DbeS well have suitable sampling cock?
o Sampling cock at well point is

helpful in identifying location
of problems.

O. Are check valves, blowoff valves; and
Ovate: meters maintained and operating
properly?
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h Is upper termination of well protected
(housed, fenced, harrier)?

1. Is lightintl protection provided?

Well Pumps

a. Is intake located below the maximum
drawdown?

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

Transparencies 3 10 D. Evaluation of Risks (15 minutes)
and 3 -11 to discuss
deficiencies: DeFiciencies

1. Proximity of septic tank
2. Proximity of underground fuel tank

andlines
3. Use of pit

4. Improper well vent
5. Lack of lighting protection
6. Lack of drain in well pit



-11; u,1L;

Types and Characteristics
Sanitary Risk Factors
Surveying Wells

Stall Water Systems Serving the Public (Chapter 5)
Manual of Individual Water Supply Systems (Part II)
Ground Water and Wells
Well Drilling Operations
Water Supply System Operation (Chapter 3)

Basic Material

To reach the ground waters underlying the earth's surface, a well must he
constructed to penetrate the desired water-bearing strati; These

structures may be dug, driven, bored, jetted, or drilled; depending on the
geological fbrmations through which they must pass and the depth to which
they must reach. Dug, driven, bored; and jetted wells are usually
confined to relatively soft soils overlaying rock and to shallow depths
normally less than 50 feet (15 meters); Wells using these sinking methods
should not be constructed for use as public water sources unless
specifically approved by the State regulatory agency. Drilled wells may
he used in 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 instances where driven and jetted
w-lls might otherwise be used and in many areas where dug and bored wells
are constructed. The larger diameter of a drilled well, compared with a
driven or jetted well, permits use of_larger pumping equipment that can
develop the full capacity of the aquifer.

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

Well casing is instilled in wells to prevent the collapse of the walls
of the bore hole, to exclude pollutants (eit'et surface or subsurface)
from entering the water source and to provide a column of stored
water and a housing for the pump mechanisms and pipes.



-gtont is used o til1 the annular open !gitcr lett ,round tle
outside of the well casing during construction to pi event Linde:

water and contamination from entering the well.

Screens are installed at the intake point ot the well to hold hack
unstahle aquifer material and permit free tlow of water into tlie
welt. The well screen should be of good quality (COrrOiiiiirirei:' _t,
hydraulically efficient, and with good structural proper-Lief:).

well head covers or seals are used at the top of the casing or pipe
sJeove connections to prevent contaminated water or other material
rom entering the well; A variety of covers and sealS are available

to meet the variety of conditions encountered, but the principles and
the objective of excluding contamination are the same.

nit less 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 permit accessibility 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 designed
for mounting on the side of the well casing. The well discharge and
Other piping are screw- threaded into the fitting, providing a tight
seal; The pitless system permits the connection of the well piping to
the casing underground below frost depth and, at the same time,
provides for good accessibility to the well casing for repairs without
excavation.

Sanitary Risks

1. -s 1.,,e aquifer recharge area protected? What is the nature of the
recharge area?

The nature of activities on the recharge zone and whether or not they
,2ontrolled can influence the quality 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 ranging
frOM ownership of the area by the utility with restricted access to
'Lb;--4ng laws prohibiting the use of subsurface waste disposal (septic
tankS). The owner/operator should know this information;

2 Is the site subject to flooding?

The introduction of surface waters into the well should be avoided;
ROndff in the immediate area should be drained away from the well
site; The well field should not be placed in a floodplain (100-year
flOod). To protect a well_is easier than to clean an aquifer once it
is contaminated. Information on flooding and site drainage may be
obtained ftom the owner/operator, visual inspection, and flood stage
records; The exposed casing should terminate 18 inches above known
flood level;

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



1,,,p1,1toty aqelicy he consulted for its policy con-
cern.iy well location, particularly the minimum protective distances
hetwe.: the well and sources of existing or_potential pollution.
:Able is an example of typical minimum diStanCes. These distances

ba!-:ed on general experience and are not guarantees of freedom from
c.ntaminatIon. The water purveyor should provide even greater protec-
tl,,n where possible; The table applies to properly constructed wells
wLt.h protective casing set to a depth of at least 20 feet below ground
artae. Other t:oes of wells will require special considerations.

.i;;1. Sample Mintl:m DIstances Between Wells and Pollution Sources

Feet from Well Remarks

watertight Sewers 50
Other Sewers 100 Consult the State
;optic Tanks 100 regulatory agency
sewage Field, Bed or Pit 200 for special local
Tclimal Pens and Tatd 200 requirements.

;mail Water Systems Servin the PuhliC; Chapter 5.

What is the depth of the well?

The greater the depth of the aquifer utilized, the less chance of
surface contamination degrading the water quality. 0,. .per aquifers
icnerally have a more consistent quality of water.

What is the well dtawdown:

Drawdown is the difference between static water leVelS and pumping
water levels. Measuring drawdown is important_ since changes in draw-
down can indicate problems in the aquifer (deClihing water levels) or
well (incrustation, sand). The operator should be able to provide this
information. If the operator is not measuring drawdOWn, he/she should
he encouraged to do so.

What is the depth of the casing?

casir-1 mu-;t be strong enough to resist the pressures exerted by
the surrounding materials and corrosion by soil and water environments.
The casing must be of the proper length to provide a channel from the
aquifer to the surface through unstable formations and through zones
of actual or potential contamination; The casing should extend above
potential levels of flooding and should be protected from flood water
contamination and damage. In unconsolidated soils, the casing should
extend at least 5 feet (1.5 meters) below the estimated maximum
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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; What is the depth of grouting?

Specific grouting requirements of a_well depend on the existing
surface conditions, especially the location of sources of pollution,
and the subsurface geologic and hydrologic conditions. To achieve
the desired protection against contamination, the annular_space_must
be sealed to whatever depth is necessary, but in no case less than 20
feet.

8. Does the casing extend at least 12 inches above the floor or ground?

This provides protection against surface runoff or drainage
problems. The 12 inches is recommended when there is no potential
for flooding.

9. Is 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 entering the well. Avariety of covers and seals are available
to meet the variety of conditions encountered, but the principles and
the objective of excluding contamination are the same. Well covers
and pump platforms should be elevated above the adjacent finiShed
ground level and should be sloped to drain 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
reliable seal, since burrowing animals and insects can undermine it
or it can be broken or cracked from frost heave or vehicles.

10. Does the well vent terminate 18 inches above ground/floor level or
above maximum flood level with return bend facing downward and
screened?

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

11. Do88 the Well have a suitable sampling cock?

This is_important when trying to isolate sources of contamination in
a well field. If 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;



12. 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 upper termination of th well protected?

The upper termination of the well should be either housed or fenced
to protect it from vandalism and vehicle damage.

. Is lightning protection provided?

?is:

Lightning surges can develop in powerlines during thunderstorms:
Bich surges can damage pump motors; creating loss of water supply as
well as costly repairs. To protect against this; lightning arrestors
-Albe provided where service lines are connected to service entrance
Ibles or at the motor control box. A multiground arrangement can be

provided that grounds the entire pump and well against damage;

T pump intake located below maximum drawdown?

This prevents the pump from r:inning dry as well as protects against
contamination in upper portico of water table from being pumped.

Are foot valves and/Or check valves accessible for cleaning?

As with above-ground valves, these valves must be maintained in an
operating manner to prevent flow of undesirable water into the well.
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UNIT 3c: Springs - "The Need To Know"

1,nit

Spring Source Collection System Components
Sanitary Risk Factors

1fh Lt OhjeCtiVeS
A major function of the sanitary survey is to
determine the decree 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

14)(41-.7,ticE-1

Approximate Presentation Time: 45 minutes

Instructor Materials

o Basic material
o Transparencies 3-12 through 3-16
o Overhead projector and screen
o Chalkboard

Student Materials

o Student's Text; Unit 3c

Student Preparation

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

Unit References

o Small Water Systems Serving the Public
(Chapter 7)

o Manual of Individual Water Supply Systems
(Part II)



Use Transparency 3-12;

Use Transparency 3-13.
Point out major components
of each type. Ask students
to describe the function of
each component. Explain as
necessary.

Use Transparencies 3-14
and 3 -15

P0tri_t_atlt major comp. nent.

Use personal experiences
and anecdotes to relate the
course material to actual
situations an inspector
may encounter during a
sanitary survey.

Tipbani7e that activities
on recharge area have greater
impact on water quality
of springs than of wells.

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

Spring Collection System Components
(10 minutes)

0

0
0
0
0
0
0

Spring flow interception
Storage tank/collection chamb
Screened overflow
Valved supply intake
Drain
Tank/chamber cover
Screened supply intake

B; Tnfiltv-ation Galleries (5 minutes)
Components

o Screen
o Collector pipes
o Gravel and sand bed
o Backfill
o Sump
o Drainage

C. Sanitary Risks (30 minutes)

1 Retharge Area/Strface-Araa
a. Is recharge area protected?

o Ownership
O Fencing
o Ordinances

b. What is nature of recharge area?
o Agricultural
o Industrial
o Residential
o Other

c. Is site subject to flooding?

2. Construction
a. Collection chamber
o Watertight
o Adequatelycovered and locked
o Drain provided for cleanout
o Proper overflow provided

b. SUpplyintake
O Screened
o Properly located

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

4. Water Quality
What conditions cause changes
quality of the water?

3-13
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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)
No surface drainage division_
Improper intake (located on bottom, no
screen)



UNIT 3c: Springs

Unit Summary

Spring Source Collection Svstem Components
Sanitary Risks

ni:t References

Small Water Systems Serving the PUbl:c
(Chapter 7)

Manual of Individual Water Supply Systems
(Part IT)

P-Inic Material

'1 properly develop a spring supplyi the natural flow of ground cater must
he captured below the ground surfacei and the method used must not
(iont-aMinate the water. Springs are subject to contamination by wastewater
diSpd:tal systems, animal wastesk and surface drainage. Springs are also
susceptible to seasonal flow variations, and the yield may be reduced by
the pumping of nearby wells.

:Springs may be gravity or artesian Gravi_sty_sErirtgs occur where the
water-bearing stratum overlays an impermeable stratum and outcrops to the
surface. They also occur where the land surface intersects the water
table. This type of spring is particularly sensitive to seasonal
fluctuations in ground water storagei and frequently dwindles or
disappears during dry periods. Gravity springs are characteristically
low-yielding sources, but when properly developed th'y may be satisfactory
for small water supply systems.

Artesian springs discharge from artesian aquifers. They may occur where
the confining formation over the artesian aquifer is ruptured by a fault
or where the aquifer outcrops at a lower elevation. Artesian springs are
usually more dependable than gravity springs; but they are particularly
sensitive to the pumping of wells developed in the same aquifer. As a
conseguencek artesian springs may be dried up by nearby well pumping;



Important criteria for spring sources include selection of a spring with
acceptable water quality* development to the required quantity of water*
and sa- protection of the spring collection system. The measures
taken to develop a spring must be tailored to the prevailing geological
conditions.

_r -ing Source Collection System

Spring_flowis_int=ercepted by a system of perforated pipes driven into the
wafer- bearing stratum or laid in gravel-packed trenches. The flow is
directed into a storage tank. As ar alternative* a watertight concrete
collection chamber is constructed w_th openings in the bottom and/or a
side wail to intercept the flow. This chaMber may_also_serve as the
storage tank; Where possible, the walls of the collection 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 debris.

The tank is usually constructed in place with reinforced concrete to
intercept as much of the spring as possible. When a spring is located on
a hillside, the downhill wall and sides are extended downward to bedrock
or impervious soil to- ensure that the structure will hold back water to
maintain the desired_level in the chamber. Supplementary cutoff walls of
concrete or impermeable clay may be used to assist in controlling the
water table in the vicinity of the tank. The lower portion of the uphill
wail of the tank must have an open_ construction to allow water to move in
freely while the aquifer material is held back. Backfilling with graded
gravel will aid in restricting movement of aquifer material.

The tank >e should be cast in place_to ensure a good fit. The cover
should extend down over the top edge of the tank at least 2_inches* should
be heavy enough to prevent dislodging by children, and should be lockable.

A drain pipe with an exterior valve should be placed close to a wall of
the tank at the floor level to permit draining; The end of the pipe
should extend far enough to allow free discharge to the ground surfaco;
away from the tank. The discharge end of the pipe should be screened 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 to prevent soil erosion at the point of overflow and should be
screened;

The supply 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

Recreational or other developments located in the mountains may have
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
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water intakeand will materially Increase the required degree of
tzeatment. If the conditions are suitable; this prOblem can_be avoided byconstructing the intake in an underground chamber (infiltration gallery)
along the shore of the stream or lake;

Galleries_maybe considered where porous soil formations adjoin a stream
or lake so that the water can be intercepted undergound to take advantageof natural filtration; Ahygallery access structu should be 16cated
above the level of severe flOOding.

A 7Vpical installation generally itiV-01V-e the_construction of an
ouderdrained, sand filter trench located parallel to the stream bed and
aboUt 10_feet from the high watet_Matk. The sand filter is usually
located in a trench with a minimum width of 30 inches and a depth of about
10 foot; sufficient to intercept the water table. At_the bottom of the
trench; perforated or open joint tile is laid in a bed of gravel about 12
inches in thickness, with about 4 inches of graded gravel located over thetile to support the sand._ The embedded tile is then covered with clean;
coarse sand to a minimum depth:of 24_inches; and the remainder of the
trench backfilled with fairly impervious material. The collection tile_
drains to a watertight, concrete Chamber from which water may flow to the
diStribution system by gravity or pump, whichever is appropriate.
Chlorination is generally and may be done in the chamber or at
another place; but prior to any use.

where soil formations adjoining a stream are Unfavorable for the location
of an infiltration gallery; the debris and turbidity that are occasionally
encountered in a mountain stream may be controlled by constructing a
modified infiltration gallery in the stream 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 podl by laying perforated pipe in abed of graded gravel; which is
then covered by at_least 24 inches of clean; coarse sand. About 24 inchesof freeboard should be allowed between the surface of the sand and the /surface water level. The collection lines may terminate in a watertight,
concrete basin located adjacent to_the upstream face of the dam from wherethe water is diverted to chlorination facilities.

Sanitary Risks

1. IS the recharge area protected?
2. What is the nature of the recharge area?
3; Is the site subject to flooding?

The rationale for the above questions is the same as that for wells.

4. Is the colleCtion chamber properly constructed?

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 soil erosion; This information may be obtained by
inspection of the collection chamber.

ST 3-27
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Is the supply intake adequate?

The supply intake should be located 6 inches above the chamber floor
and screened._ This location reduces the withdrawal of the sludge that
may build up in the chamber.

Is the site adequately protected?

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

o Diversion of surface drainage from the site. A surface drainage
ditch should be located uphill from the source to intercept
surface water runoff and carry it away from the source. Springs
in close proximity to agriculturally develpped 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.

What conditions cause changes to quality of the water?

A marked increase in turbidity or flow after a rainstorm is a good
indication that surface runoff is reaching the spring;



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

Unit Summary

Types and Characteristics
Sanitary Risks

Unit Objectives
A major function of the sanitary survey is
determine the_ degree of_ protection afforded the_
source. In this unit the sanitary risks of surface
sources will be highlighted andthe methods of
evaluating these risks discussed.

Logistics

Approwtmate Prontati-on TtrIP' 45 minutes

Iiistriirtor Materials

o Basic Material
o Transparencies 3-17 through 3-19
o Overhead projector and screen
o Chalkboard

Student Material

o Student's Text; Unit 3d

SI-udPnt Preparation

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

Unit References
o :mall Water_Systems Serving the Public

(Chapter B)
o Manual of Individual Water Supply Systems

(Part III)
o Water Treatment Plant Operation (Volume

1; Chapters 2 and 3)
o Water Supply System Operation (Chapter 2)



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
cisteras should be
discouraged if other
adequate sources are
available.

Use questions to guide
class discussion.

Use Transparency 3-19.

Discuss potential
problems involved
in watershed use
for small systems.

Use questions to guide
class discussion.

Explain use of streams
as source.

riqt pros and cons of
system on chalkboard.

Draw rough sketch of
a typical intake system
on chalkboard.

A. Types and Characteristics (15 minutes)

Con'-rolled Catchments (5 minutes)

o Collects rainfall runoff from defined area
o Water stored in cistern or reservoir
o Predictable yield (historical data;
o Pollutant exposure controilable
o System components__

- Watertight collectionchamber
- Initial runoff diversion
- Screened intake, overflow, drain lines

o Larger systems involve paved ground area
for collection

1. What is the purpose of a roof washer?
2. What potential pollution sources miaht

contaminate this system?

Por Is/Lakes (5 minutes)

o Collect runoff from watershed
o Predictable yield
o Large storage capacity
o Watershed control essential

- ProteCtior from pollution sources
Protection against erosion, drainage

from animal areas,etc.
o System components (ponds)

- Area; minimum 1-year storage
- Fenced
- Minimum depth: 8 feet
- Screened inlet

I. What factors should be considered when
describing a pond or lake?

2. Is control of activity or watershed
necessary? If so, to what degree?

3. How might watershed control be accomplished?

Streams and Rivers (5 minutes)

o Less desirable source

o High
to

Large watershed
May require very high treatment levels
Sensitive to adverse temperature Iel'els
typical during low -water stages

water stage best for diverting water
storage

System components
- Screened tntakes located upstream from

pollutant sources
- Storage reservoir

3-16



Use question to guide
rlass discussion.

Pxplawl imixIct of
watershed activities
cn water croality; Note
hazards of types of
land use.

Give an example of e
wat,arshrd control
program (sec chantet 3,
Water Treatment -Plant
09e.ltion).

DeSribe OfZettiY;-SS
of rviDs of cortro..

Mnphasize importance of
contingency planning to
students.

EE2=Eonal experiences
and anecdotes to relate
course material to actual
situations an inspector
may encounter.

Describe necessity to
control area immediately
around intake.

1. That factors are of particular importance in
evaluating the use of streams as sources?

Sartit_azy a:vey urface- Waters- ( 30 minutes)

I; What
0

0

0

is the nature of the watershed?
Industrial
Agricultural
Forest
Residential

2. What is the size of the owned/protected area
of the watershed?

n Importance of protecting watershed

3. How is the watershed controlled?
o OT;tership
o Ordinances
o Zoning restrictions

4. Has management had a watershed survey
performed?

o Importance of utility to be concerned
with land use of watershed

5. Is there an emergIncy spill response plan?
o Identificatior of potential spill sites

and types of contaminants
Need for spill plan__
Need for prior coordination

6. Is the source adequate in quantity?
o Present demands
o Future demands
o Trends

7. Is the source adequate in quality?
o Present quality
o Trends

8. Is there any treatment provided in the
reservoir (algae control, insect control,
chemical addition)?

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

o Reduce bacterial and organic
contamination



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

o Boat launching ramps
o Marinas
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
impoundment intakes. o Ability to draw best quality water

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

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

_Haire_ students suggest 14. What conditions cause fluctuations in
conditions that might quality?
influence water quality; o Rain

o Wind
o curnts

15. Review of dam inspection (if applicable jn
State)
o Burrowing animals
o Trees
o Sinkholes



l!N:T 3(1! Surface Sources

Unit Summary

Types and Characteristics
Sanitary Risks

Unit Reterenc.

Small Water Systems Serving the Public
(Chapter 8)

Manual of Individual Water Supply Systems
(Part III)

Water Treatment Plant Operation
(Volume 1, Chapters 2 and 3)

Water Supply System Operation (Chapter 2)

Basic Material

Surface water sources used for small water supply systems require consid-
eration of additional factors not usually associated with ground water
sources. When small streams, open ponds, lakes, or open reservoirs must
lie used as sources of water supply, the danger of contamination and of the
consequent spread of intestinal diseases such as typhoid fever and dysen-
tery is generally increased. Clear water is riot always safe; and the old
saying that running water "purifies itself" to drinking water quality
within a stated distance is false;

The physical, chemical, and bacteriological contamination of surface water
makes it necessary to regard such sources of supply as unsafe for domestic
use unless reliable treatment, including filtration and disinfection, is
provided. The treatment of surface water to ensure a constant, safe
supply requires diligent attention to operation and maintenance by the
owner of the system; Principal sources of surface water that may be
developed are controlled catchments, ponds r lakes, surface streamsi and
irrigation canals. Except for irrigation canals, where discharges are
dependent on irriqation_activity, these sources derive water from direct
precipitation over the drainage area



Controlled Catchments

In some areas, ground water is so inaccessible or so highly mineralized
that it is not satisfactory for domestic use. In these cases; the use of
controlled catchments and cisterns may be necessary; A properly located
and constructed controlled catchment and cistern; augmented with a
satisfactory filtration 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 quality to enter the
pond; (2) using 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
maintaining 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 during peridds of little or no rainfall. A
pond should be capable of storing a minimum of one year's supply of
water. It must be of sufficient capacity to meet water supply demands
during periods of low rainfall with an additional allowance for seepage
and evaporation losses. The drainage area (watershed) should be large
enough to catch sufficient water to fill the pond or lake during wet
seasons of the year;

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

o Cleani preferably grassed
o Free from barns, septic tanks, privies, and soil-absorption fields
o Protected against erosion and drainage from livestock areas
o Fenced

The pond should be:

o Not less than 8 feet deep_at the deepest point_
o Large enough to store at_least one_year's supply
o Designed to have the maximum possible water

storage area over 3 feet in depth
o Fenced
o Free of weeds, algae, and floating debris

In many instances; pond development 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 phys)cal, chemical, and bacteriological

ST



quality of surface water varies and may impose unusually or abnormally
high loads on the treatment facilities.

Stream intakes should be located upstream ft-OM wastewater dischargesi
storm drains, or other sources of contamination. The water Should be
pumped when the silt load is low; A low-watet stage usually means that
the temperature of the water is higher than normal and the water is of
poor_chemical quality. Maximum silt loads, however, occur dutihg maximum
runoff._ High-water stages shortly after storms are usually the most
favorable for_diverting or pumping water to storage; These conditions
vary and sho'ild be determined for the particular stream;

Irrigation Canals

If properly treated, irrigation water may be used as a source of domestic
water supply. _Water obtained from irrigation canals should be treated the
same as water from other surface water sources.

water from irrigation canals may contain_large concentrations of
undesirable chemicals, including pe8tididet, herbidides, and fertilizer.
Periodic chemical analysis should be made.

Sanitary Risks

1. What is the nature of the watershed?

indOttrial Agricultural k"orest Residential

As previously noted, the activities_on the watershed will impact on
the water quality of the runoff. The potential for spills from
industrial activities, herbicide8 and pesticides from agricultural
land uses, organics from plant deday, 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 contamination of the watershed, many Utilitiet
have chosen to purchase a portion of it. Another method is to
restrict activities through zoning restrictions and ordinances.

3. How is the watershed controlled?

This question allows the inspector to evaluate the effectiveness of
watershed control measures; Ownership with restricted access is the
most stringent measure but it is also the most costly; If ordinanCeS
are used, the inspector may wish to know how they are enforced;
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4. Has management had a watershed survey performed?

If the Utility has had a watershed survey conducted, many of the
above questions may be answered by referring to it. The fact that a
utility 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 required to have emergency
spill plans. Potential spill sites should be identified by the
utility and contingency plans developed in the case of a spill;
However,_because a plan is only paper, the necessary equipment and
personnel must be identified and coordination between respective
agencies (fire, police, water utility) worked out prior to any
emergency.

6; Is the source adequate in quantity?

To answer this question, the inspector should determine if the source
is adequate for present as well as future demands. The source should
be able to continuously meet the demands of the water system.
Decreasing trends in quantity are also important to note. Operation
records should provide this information.

7. Is the source adequate in quality?

A review of monitoring records should reveal this answer; As with
quantity, any trends of decreasing quality should be noted.

Is there any treatment provided in the reservoir?

The addition of any chemicals to the reservoir should be rioted.
Particular concern is assuring that only approved chemicals .be
utilized and that they be properly applied;

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

Restriction of contact sport7 (e.g., swimming and water skiiig) 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?

Sources of pollution such as wastewater discharges, feedlots,
marinas, and boat launching ramps should be identified; If the use
of the reservoir is not restricted, the impact of activities should
be minimized as much as possible by keeping them away from the
intakes;



11. Are multiple intakes located at different levels utilized?

Because of fluctuations of the water surface elevation and the
variability of water quality with depth, it is necessary that intakes
be provided at different depths. Seasonal turnover of the reservoir,
algal bloomsi and thermal stratification can cause water quality
problems. This applies to deep reservoirsi streams, and shallow
reservoirs not subject to stratification commonly utilized at
single-level intakes.

12. Is the highest quality water being drawn?

The operator should be performing monitoring tests to determine the
water quality at the various depths in order to draw the_best quality
water; The operator should be questioned as to how the intake level
is selected, what tests are accomplished, and at what frequency.
Suggested tests are dissolved oxygen, metals, and nitrogen values.

13; How often are intakes inspected?

As with all componentsimaintenance must be periodically performed on
the intake structure; Removal of debris and inspection of intake
screen integrity will prevent damage to piping valves and pumps.
This is particularly important during winter months due to the danger
of sheet and frazzle ice buildup;

14. What conditions cause fluctuations in water quality?

Conditions such as stratification, algal blooms, ice formation,
on -shore winds, and changing currents may create adverse changesto
water quality; Conditions creating such problems should be noted as
well as what measures are being taken to mitigate then:

15. Has the dam been inspected for safety (if applicable)?

Dams should be routinely inspected to avoid conditions that may
endanger their integrity._ Many States require that such inspections
be performed. _However, if not_required, operators should be
encouraged to look for suchthings_as erosion, sinkholes, burrowing
animals, and trees growing in the dam face.
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Maximum Daily
Peak
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UNIT 4: PUMP FACILITIES - "THE NEED TO KNOW"

Unit Summary

Types of 'sumps

Sanitary Risks

Unit Objectives
The adequacy of pumps and pump operation is an
important factor in maintain the sanitary
integrity of a water system;

By the end of the unit the student should know:

1. Where pumps are commonly found in
water systems

2. What sanitary risks are involved with
pumps and how to identify them

Logistics
Approximate Presentation Time: 45 minutes

Instructor Materials

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 prior to the
session.

_Unt-References

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)
o Water Supply System Operation (Chapters

3 and 5)
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Use Transparency 4-

Expl-ain pumps:

Types
Construction

features
Operation

Make rough s,-es on
chalkboard tot -:,lana-
tion when appropriate;

Use questions to encourage
discussion and present
additional information.

Ask students_to suggPF:t
a sanitary risk in -each
of the factors, and a
means of ensuring
against the risk.

Make rough sketiws on
chalkboard for explain-
tion when appropriate:

Use -,arsonal experiences
and anecodotes to relate
the course material to
actual situations an
inspector may encounter
during a survey.

Poiptou what pro-
1:?mscan occur from
lubricants. Oil
contamination, non-
potable water as
lubricant.

Major Types and Characteristics (10 minutes)

A.

o Positive Displacement
o Centrifugal
o Jet
o Rotary

B.

o Shallow Well
o Deep Well

see Table 4-1 for instructor review information.

1. What are the advantages and disadvantages of
each type?

For what situation is each type best suited?

'eultar'i Risks (10 minutes)

A. General

1. Number (include reserve', location, and
type

2. Rated Capacity
o When was pump last rated?
o Is pump metered?

Condition of equipment
o Are pumps operable?
o What is state of repair of pumps?

4. What type of lubricant is used?

5. El, rjency power system

Wnat type?
. Pcquency of_function testing?

o Record of primary power failures?
o Automatic or manual switchover?
o Are backup pumps/motors provided?

B; Pumping Stations

l; Is all electro/mechanical rotating
equipment provided with protective
guards?



2. Are controls functioning properly and
adequately protected?

Point oat the importance 3. Are underground compartments and
of each of these items. suction wells waterproof?

4. Are permanently mounted ladders sound
and firmly anchored?

5. Is facility properly protected against
trespassing and vandalism?
o Vandalism
o Animals
o Flooding
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Table 4-1. Ty es and Characteristics of Pumps

iti 0
Wel 1 AhrTing

DrPth

Ilp fi, Win ft

1()-20 ft.

Int.1.1

PI

100-200 ft
tip to WI) ft.

ylirder.

100-150 ft.

100-200 ft.

100-8t)0 tt

Att-Jmitag,51

Posit ive act ion.
litscharg, against vartabie
heads.
Purps Lcurr tontaining
said and silt.
Especially adapted to low
capacity and high I ifta.

Srront r, even flow.
[Alma water containing
sand aid silt.
Pressure al syatern is ,ven
and free from ((hock.
lov-s tart ing torqte .
IrMiaIly t l irble aril Fpol
service life.

**MA+

&WV Mg straight oentri7
fugal except act
for prtping water cogain-
ing gaol or silt.
They are self priming.

ilrint*k

Sarre ice slial Cow ixI I

turbine.
All electrical components
are accessible, ibme
groirxl.

Disativartages

Pulsating discharge.
Stihject to vibrat ion aril
noise.
Flaititenance coat msy be
high.
Hay cause rtsU-trf i..-E-
prtisaure if operated
against closed valve.

Remarks

INNr suited for capaci-
ties or gpm against
taxierate to high heals.
Adaptable to hand
operetton.

C.W1 be instal red in very
argil diameter wel Le (2"
cas irg) .
Pump must be set directly
over well (t*ep wells).

Loses prime easily.
Efficiercy depends on
Operating ixkier design
heada and speed.

Same_ns straight centri-
ftigal except maintains
priming easily.

Efficiercy deperds iii
operating trader design
bead aril speed.
FUerptires straight i.,11
large enough for turbine
bowls aril housing.
Labricat ion aril al igranent
of shaf! err t acal

Very efficient pulp for
capacities above 60 on
and heads up to about
150 ft.

Roluct ion in preasure
with increased capacity
not as severe as straight
certrifugal.
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Type of Pimp Piact scan

Suct ion
Lift

Centrifugal (cora .)
b) Sulax,rsible

fin-bine
(iiiilt Ltt age)

Ptrap ail
motor
RI AIM' Med ,

Jet:
1 Shallow wel

2 Peep i,11

Rotary;
1 Shallow v11

(gear type)

2 fe,..p well
(helical rot /try
type)

15:20 ft.
below

it..

15-20 ft.
below
elector.tor.

72 IL

ly
slnierged.

Osual
Wel I rip ng

nept!i

51, 01) It

Ostia(
Pressure

50-410 ft.

lip to 15-20 80-150 ft.
ft . below
t ject or

75-170 ft
200 ft. am.

22 ft.

SO-150 ft.

Tabl 1-1 K.:ontinued)

Nivarx

:lane steal low i.,11
turbine.
Easy to frost-proof.
Short pump shaft to rotor.
Quiet operation.
Well Era ightne9 rX
critical.

nigh capacity at low
he VIA.
Simple in operation.
Coes not have to to
installed over the well.
No moving parts in this
well.

;Same a9 shallow well jet.
a Well straleirneS het

critical.

ltmarka

Abrasion from sant.
Repair to motor or pump
requires pulling frail
well.
Sealing of electrical
equipment Fran water

Cri t R I .

Abrasion from sand.

3500 RPM nixie!
popular because of
smaller dieneters or
greater capacities, are
mr.me vulnerable to wear
aril failure frcm woad and
other causes.

Capacity nshres as lift
increases.
Air in suction or return
line will stop pimping.

S a m , as evil low wel I let:
;rower efficiency,
esp-cially at greater
1:ita.

The annuist of water
' ',mei to ejector with

increased lift 5at_of
total water piraired at
5Q-ft. lift and 1".: at
100-ft. lift.

50-250 ft.

50-500 ft . 100-500 ft.

Pcmi t ice act ion.
Discharge a-natant inder
variable heads.
Efficient operation.

Same as shallow well
rot nry.
Only are moving cArty
device in well.

Subject to rapid water if
water contains sarri or

Wear of gears mduces

ef ficiency.
Sarre a9 shallow well
rotary except no gear
wear.

A cut less ruble r stator
increases life of pimp.
Flexible drive coupling
has been we poirt in
pump. Brat adapted for
low capacity are high
heads.

171 BEST CCM' At itABLE



Types of _Pumps_

Positive Displacement Pumps. The positive displacement pump forces or
displaces the water through a pumping mechanism. There are several
types: reciprocating pumps, helical or spiral rotor, regenerative turbine
pumps, and diaphragm pumps.

Centrifugal Pumps. Centrifugal pumps contain a rotating impeller mounted
on a shaft turned by the power source. The rotating impeller increases
the velocity of the water and discharges it into a surrounding casing
shaped to slow down the flow of the water and convert the velocity to
pressure. This decrease of the flow further increases the prssure.

Jet (E3ector) Pumps. Jet pumps are actually combined 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 lower
than that of the surrcunding area exists in the venturitube; :_!%erefore,
water from the source (well) flows into this area of reduced pressure.
The velocity of th,_ water. from the nozzle pushes it through the pipe
towarjthesurface where the centrifugal Pump can lift it by suction; The
centrifugal pump 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
:losely 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 slip. Water containing grit is
especially injurious to them.

Sanitary Risks.

1. What is the number (including reserves) and location of pumps?

At least two pumping units should be provided (for both chemical feed
and water applications of pumps); Pumps may be used for a variety of
reasons within the system: raw water, chemical feed, finished water,
and solids movement; The type of pump is important to assure proper
application; For example, positive displacement-type solution pumps
should be used to feed liquid chemicals but not to feed chemical
slurries; The operator a review of the plant schematic can
provide this information.

What_ is the rated capacity of the pumps?

Pumps should have ample capacity to supply the peak demands with
dangerous _overload. The inspector shot,ld also ask when the pump was
last rated. This is particularly important when the pumping time is
used to estimate water production. The pump may have been rated 10
years ago for 200 gpm, but due to changes in the pump and system is

1 r-,--
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presently only pumping 125 gpm; The inspector ShbUldalso note if the
pump is metered. This can help the operator detedt Chafiges_in the
system and take corrective action before a serious PrOblet deVelOOS.

3. What is the condition of th equipment?

The pump3 ShOUld be Operable! No benefit is provided the system when
only one of its three raw water pumps is functional._ The inspector
should note the state of repair. Although packing "lanu seals require
a constant drip of watet; it should not be an excessive spray. The
pumps should not be overgreased or overoiled. Excessive noise and
vibration; particularly of centrifugal pumps; world indicate
problems. Note the condition of the room if it's ditty; operation
cannot be satisfactory; Dirt will get into the lubricants and shorten
the life of the bearings.

4. what type of lubricant is used?

In the case of well pmps; this is particularly important since oil
contamination cf the awaifer is possible from improperly maintained
stibmersible pumps. In the case of water - lubricated pumps; the
possibility of cross - connection exists.

5. Is the emergency power/backup system provided?

Emergency power is necessary for continuous operation of the water
system. This may be provided by an auxiliary generator or by directly
connected engines; The inspector should note how emergency power is
provided* how frequently 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.

6. Ate all electrO/Medhanital rotating equipment provided with protective
gu-p,:f8?

The inspecor should not only be concerned with the sanitary aspects
of the equipment but safety as well; The inspector should_CheCk to
see that belts; gears; rotating shafts; and electrical wiring are
properly shielded to prevent injury;

7. Are controls functioning properly and a(...utely protected?

All controls should be functional. Jerry-rigging of controls presents
both an electrical hazard and risk of failure of the pump;

8. re underground compartments and suction wells waterproof?

Pump stations shbUld be waterproofed to present flooding of the pump
room. The suction wells shoUld be protected to prevent_entrance of
undesirable water into the compartment either through the walls or
surface water;



Ate permanently mounted ladders sound and firmly anchored?

As previously ttated; 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 (e.g.;
entering a confined space that is not properly ventilated).

10. IS the facility properly protected?

The site should be properly protected against fire; flood; vandalism;
and other hatatdt. The location should be a minimum of one foot above
the highest flood elevation. Runoff should drain away from the
pumping station PuMping_fadilities should be protected against
vandalism and unauthorited entry by animals or people.

ST 4-6
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UNIT 5: WATER TREATMENT - "THE NEED TO KNOW"

Uhit Summary

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 Transparencies 5-1 to 5 -8
o Chalkboard

Student Materials

o Student's Text, Unit 5

Student 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 Watr T-,,ltment Plant Operations
(Vb 'Thapters 4-9 and 11)

o MT itment Techniques for
Mi terim Primary Drinking

o Wat System nperation (Chapter
4)

5TH
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U-s-e Transparency 5-1.

Draw a typical trec.ment
process schematic on the
chalkboard (see example).

Define each of the
activities involved in
water treatment.

Indicate on the diagram
the activity point and
the treatment process(es)
involved.

Use questions to promote
discussion and present
additional information.

State that this section
is only to, assist the
student in identification
of sanitary risks. Fora
detailed discussion of a
particular 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 inspecting.

Briefly point out that
application point and
amount of chlorine
addition can impact
On TTHM generated.

TreatMent Processes (10 Minutes)

l_retreatment - generally for removal of
taste and oilers.

Coagulation/Flocculation - treatment with
certain chemicals for collecting nonsettle-
able particles into larger or other fine-
grained materials to remove particulate
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 conn t be removed by
sedimentation.

DIsinfectiam - destroying pathogenic
organisms with chlorine, certain chlorine
compounds; or other means;

1. How can effectiveness of
treatment process(s) be
determinecl?

2. What records would be help-
ful in making this determina-

SanitAry RZ.sles_ (65 minutes)

A. Prechlorination/Pretreatment
(IC minutes)

1; What chemical is used?

2. Whit amount is used?
o Discuss commonly used chemicals/
processes for pretreatment.
- Chlorine, chlorine dioxide; ozone,
potas-ium permanganate activated
carbOn

3. For prechlorination, has TTHM been
evaluated?

4. What is point of application?
o Improper application

5. Is proper mixing achieved?
o Short circuiting

6. What other pretreatment is provided?
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exile, ,etvies

Hri anecdotes to relate
course material to
actual situations ftli
inspector may en(n
dnrinP a

Ti
-!,,s will .issist snr
make a schematic diagram

-un-; a:iditimn points.

Are rumentati ;-eid control:::

tHe pr -ess adequate, operational,
and beMIC util zed?
, The operator's answers tc ques. ns

ahout l_ocess controls curd equip
merit ciinoinspector insight
into ie opeiator's pompetency,

s chemical storiiiii adequate and

Are adequate si.fety devjce avail-
able and precautions observed (dust
mask; safety goggles; gloves pro-
tective clothing)?
n Flri:::,asize the importance of the

surveyor observing correct safety
procedures while inspecting.

r.n(In teni)

s mixi .j adequate hased
:bsprvation?
Problems with short

rn ipment cerated proper an,l in

,d repair?

-culation/Sed:mentatior (5 m.nhtes

Ts process adequate based or. visual
observation?
o floc formation
o No floc carryover from sedimentation

is e-OUlpMeht Operated properly and
good repair?
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i krut

i at h a era t,

r .

s1..ions may

-rd ty otter ,

ern

tHt inspector
:oUld not only be
oncernedwith sanitary
peots of chlorination

as well.

-parency 5-0.

Iss use , col._orm
Leria as indicatcr
sampli Discuss

ortance 6f:confluent
yrowth and olonies too
-,Ilerous to count.

Tse personal experience
o_r_anetdb_t48_ to relate
-71-aterial to actual

ittlations an irspector
ma enCOn: during a

Hiscuss ,:ed to stop
low of water when

Thanging cylinders
one-cylinder system.

(5 Minti-er-,.

Is procens adorn on observa-
ti(rr?

:-e instrumentation and controls for
the process adequate; operational
being utilized?

Rate of flow control2ors
o Head loss indicators

3. Is equipment operated properly
good repair?
o Presence of mudballsi
o Backwash
n Possibility of cros -connections

-

arc:

PbSt-Chlorination (20 es)

T8 adequate chlorine reside,,)
being maintained?
o Describe types y re:7:

their importance.
Combined - slower ac
disinfectar17:.

Free - fas- r acting
- Breakpoint Jorinat,_

s there suffi cient col aat 3b

_inut,-s minimum) betwe,n the ch:_ori-
hati-c bir4 and the "t point of 'iSO?

3, Is the clifection equipment being
operated and maintained properly?
o Describe importance of contact time.
o Problems with a ort circuiting

ope,ational stF.ndby ecuipment
pi.JvidalT If not are critical spare
oarts on hand?
9 Empl-a6ize importance of continunin

chlorination.

Is a manifold provided to allow Feedi-
from more than one cylinder?
o Allows continuous chlorinat_on

6. Are scales provided for weighng of
containers?

-
,. Are chlorine storage c_d use areas iso-

lated From other work areas?
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: 1 overview of
:e,itmehc techniques to
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R. Ts room -Jented to the OUtdoOrs
(grilles lolted not more

6 inches above floor level?
n One complete air change per min

reeOMMended

TrTY doors hinge,.. outwar,li

with panic bars; and at least one
pI-ovided with a viewport?

Is self-,:ontain,_:A Prea:'ing apparatus
for use repai of

leaks?

1,s a means of leak detection provided?
o of ammonium hydro;.iue or

hlec,_nt, detection devices

Are all gas cyliners restraind
Chain ::,a11 or tip. other

Other Treatment (5 minutes or
depending on instructor's cis-retion)

The instruhter ShOPld dis other
treatment process-` press'_' in the a-

SuCh as:

Othe DiSinfeOtinh
mtraViblet Ligi- Di s_1

Exchan,4

hlot-amine Disinfecti-,n
chlorine Dioxide Disinfection
Carbon Absorption
iodine Pisinfectien
Fevers Osmos L
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Table -1 °ontinued)

Standal TypAcal Tr,abment

L,. 10 (N) 10. Ion Exchange

5;,-, 0.01 mg/1 II.

a.

b.

c.

d.

e.

Se±4
Ferric sulfate
coagulation
Reverse osmosis
Ion exchange

Reverse osmosis
Ion exchan:Tc.

0.05 mg/1 12a.

b.

c.

Alum coagulation
Ferric ,,'1Ifate coagulation
Lime sc. .ening

Organic See r ific 13a. Activated carbon
Cht,micals

odor 14.

a.

b.

c.

d:

e.

f.

Sulfid,
Aeration
Oxidation
Desulfuration

nrganics
ClarifiCatib
Oxidation
AdsorpLion

15a.

h.

Ion exchange
Lime softenin

I-6a.

b.

Polyphosphate
Ton exchange

C. Oxidation/prec±:,itation
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WATT'R TREATMENT

Simmary

Unit References

Treatment ProceS.leS
::;anitary Risks

small Water Supplies Serving the Pub1C
(Chap:i_r 9; 10)

ManUal -f Instructin for Water Treatment.
Plant Operators .::11.apters 5-15)

Manual or Water Utility Operations
(Chapters 711)_

Water Treatment Plant Oration
(Volume 1; Chapters 4-9 and 11)

Water Supply System uz...7ration ,flhapter 4)

Material

e purpose of Water treatment is to condition; modify or remove
undesirable impurities to provide a water that is safe; palatable, and
L-ceptable to consumers. Na' it standards (specified in the NTPDWR A.th
maximum contaminan' some of the impurities that are COnsidered
important to the 11 -fi:iimers_are set under tie Federal Safe
Drinking tiatr Act COntatih,,-'s are present in excess of the
:Stablisned limits; tha water must he created to reduce the levels; Some
impurities that affect the esthetic qualities of_the water arE 3isf.ed in
SDWR as midelines, Treatrqt or raidification of the water to achieve
there do :rable le7els, is highly recommended.

m(mc, Of the COmilion treatment processes am their purposes are:

- generally for removal of and 000t8;

'(-2±9ulat101 -/-?1G,;eq2lation - treattr._ with ce-tain cletiCalS fOr
ncnscttleatyle_pa.:ticle. into la-geror fineEgrained

tcrials to remove particui.att mattc-_ too light or too finely
xvided for removal by sedi; tation.

Secl - removal of 1uspended
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Filtration - filtering through sand; anthtatite; btbthei fine-
grained materials to remove particulate matter too light or too
finely divided for removal by sedimentation;

Disinfection - destroying pathOgenic organisms with chlorine, certain
chlorine componndF;; or Other means.

For specific information on the rr..itment ptc-e8s; th,2 suggested
references should be consulted. It is suggested that th? inspect b'
familiar with:

Cbagulati
Chlorination:
FiltratiOn:

Alumnum f-ulfate and Iro-- Salts
Gas and Hypochlorite
Rapid Sind
Pressure
Diatomacou:: Earth

Exchange
Lime Softening
Sedimentation
Taste and Odor 1_7ontroI
Corrosion Control

Sanitary Risks

Prechlorination/ChemicaI Pretreatment

Although treatment tor to and odors can be pertormed several
locations in the treatment process, frequently it is conducted as a
pretreatment. This alloWs the time in the pipe from th :,eke to thr
plant to be us.:J as contact time. Chemicals commonly .:1-e

activated crOCri, po,aSSium permanganate, ozone, and chlorine di-,xidc,
Th-ete are ,,_ther i'r?treatiltent processes such as aeration, presediment.ltion,
and scrr; ing that May be encountered, but the following questions deal
,!ith processes utiiizing chemical additibh.

1. =hemical is used?

The inspector -hould determine what chemicals are otilizec if they
are approved, and if they a..e being properly appli -d.

4hat is the amount used?

amount utilizedshoula be bas'd on testing. Thr insr-2ctor should
nquire as to how the dosage is det. r mined and how frer:Jently. In
;ome cases irispct nOr will find that the dosage has_ bee t.ased on
tests conducted in the distant past and has remained the same even
though conditions have changed.

:or prechlorination, has total trihalomethines :PTHM) -ated?

Althouh TTHM control is not require-3 for sysce7ls ser;iing a
lion , less than 10,000, the inspector stoul-6 (71:.termine if

cor is a',,ar -if their impact and causes; the dosage and/or
,dication p , be changed to reduce their lovelf;;



4 ',ghat is 'le point of aoplicat

The inspector should determine elicals are being added at the
be point to achieve the desired :esults. The inspector should
alert the operator to imptope ap2Jication such as addition of
powdered activated carbcn and chlcine at the same poitit

5: Is proper mixing achieved based on 'usual observation?

The inspector should be looking for evidence of short circuiting.

6. What other pretreatment is provided?

Other processes should be noted and evaluated as to their sanitary
risks.

Chemical Feed

This eection deals with chemical addition for such processes as coagu-
lation, lime softening, e.ctivated carbon addition, and corrosion control;
A good policy is .,.or the inspector to draw a simple schematic of the plant
systems_and where che' aLs are added. The following questions apply to
chemical feed;

What chemical is used?

The inspector shoe,d determine what chemicals are utilized, and if
they are approved. The question should be asked ae to how the dosage
is determined and frequency of this determination.

Where is it applied?

ene inspector should note the application point and evaluate it in
liyht of the purpose of the cnemical addition;

What is :_ne condition of the feed equipment?

The eq, 1;.,ment should be functional aL.1 properly maintained. For
-_,amp2e, with dry chemical feeders watch for_problems with "bridging"
of the ehemical in the hopper. Liquid_ solution feeder lines should
h- 0-served to see that they are not clogged. The operator shoula be
i-!-keci if a preventive maintenance program exists and is
The case taken for the equipment of the facility could reflect the
operators attitude towards the system as a whole. Cross connection:-
and the possibility of bacterial contamination of stock solutions
sould be noted.

4. }'.re instrumentation and controls for tne process adequate, ope,:a-
t!ehal, and being utilized?

(,:ontLolling processes is difficult when instrumentation is not
fOnctional ana/or properly calibrated. The instrumentation 7S
useless if the uperatc.r does not know the signiticar.ce of the
measurement. The inspector should observe the controls and quetion
the operator a:oft calibration cher'ks and what is done based on the
measurement.
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Is chemical storage adequate and safe?

At lea-St 30-day supply of chemicals on hand is recommended; Level
indicators 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 together should be compatible. For example, hypochlorite and
activated carbon should not be stored near each other. Strong acids
should not contact chlorites; Chemicals should be stored in a manner
that would preclude a spill from entering the water being treated or
the sou7ce.

Are adequate safety de-:ices available and precautions observed?

Safety goggles, gloves, hearing protection, and respirators should be
provided for protection against injury by the particuLar 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. Is mixing adequate based on visual observation?

Problems with short circuiting should be noted; Adequate solution
water and zljition should be orovided in the ase of dry chemica:1
addition.

2. Is equipment operated propel:1y and in 'cod repair?

Mixing c,.n be accomplished ny several means (mecha,:ical mixers,
diffusers, pump blenders, an.: ir's'eecLor should

determine that the pLtic,:lar means CleiiiZt:t'e is functioning properly.

Flocculation/Sedimentation

Is the process auequate based on visual obsrvatLion?

the inspectcr should observe if there is good formation prior to
sedimen',ation. The best floc size ranoes from 0 1 mm to about .3 mm.
There should b2 little carryover of the floc fr the sedimentation
ba in

Is e7uipment operated oropeziy and in good repair?

In th, .-cze of mechanic .;1 fIoc:Allate:rs, t ;ie paddles should all be
present a;:"! turning. The flocculator'i should D!: brea- up the floc.

.'.re jar t2sts p,9-:ormed to deturm5ne optimum T)f

rope :iulation and locc,17 Icn clnnot be r-Juti...,217

testinc4.
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Filtrat4on

Several ty1=5,, of filters are available for use in water system- -.!Ch as
diatomaceous -,arth, pressure sand filters, and rapid sand fil'
stated previously, this manual provides only the "need to 1:r...2o
tary risks involved with the components. The insir, for s!. tit the
suggested references for specific operat ai cons':ieratir.

1. Is process adequa e based on observation?

The primary purpos! of filt is to remove turbidity The
inspector should be concerr the filtration process actually
reduces the turbidity. If are multiple filters, the effluent
trom each filter should be c. ed.

Are instrumentation and controls for the proc ade:Htate, opera-
tional; and bei.:g utilized?

Turbidity should he measured 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 contr011ers. The instruments
For these measurements and controls should be present and
functional. The operator should know the importance of the
readings; The answers provided should indicate the operator's
competence to the inspector;

Is 6:;uipment operate'; nrcperly anc in good repair?

Pbt rapid sand filters, the inspector should lock for pioblems such
as: Mudballs, cracks in the media, backwashing difficulties
resulting in short filter runs and r failure to clean media; and
lbS of media. if a problem is indicated, the inspector may wisp- to
nave the cperator backwash the filter.

Post-k2hlorination

The primary purpose of,post-chlorim...tion is disinfection. Disinfection is
the process of destrying a_large portion of the microorganisms in watr

h the probaoility that all pathogenic bacteria are killed in the
Tirocess. water treatment, disinfectin is almost always accomplished
by adding - -ine or chlorine compounds. Other_ processes that may be
encountercd ultraviolet disinf?ction and the use of iodineor
ozone; The measure used to determine effectieneSS of diSinfeCtion is the
coliform group; The standard test for the coliform group is either the
multiple-tube fe!:mentation technive or the m9Mbrane filter technique, An
in-depth discussion of these techniques may he found :n "standard MethOdS
for the Examination of. Water an/. Wastewater." The coliform group is used
as ar "Idicator of pachogenic orgar_isms. The us,- of this indicator group
has ,evral advantaces over testing for, specifiz: idlocienic organi8m8
Pt these advantages are:

1. Ease or isolation: Usine reltively .sophibticated
1:n7ou.ires and equipment, the presence of coliforms can be
detected; The procedures can give results in 24 hours, making
a comparatively rapid bactei.iologi.-2a1 test.
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Conforms are present in large numb,-rs _n feces of
Any fecal pollution results in the presence of co±.3.fc:'
in :fficient quantities to determine the degree of poiLucio_
With fair accuracy.

Conforms are resir,--nt to the forces purification to
a greater degree than commonly encount pathogens. Conse-
quently, the coliforms will normally be present after the
disease-producing pathogens may have di= off and will continue
to indicate the possib1,2 danger to the w,_-Ler.

lor inati_on

Rerdiess of the form of chlorination, chlorine ga:,; or chlorin,. com-
pounds, the reacti it water is basically the same. The standard term
or the chlorine collcen'-iThn is either milligrams 1:er liter 'mg/1) or

peL million (ppm) .

0 Dose: The total cur '.._ of cLi.orine fed into a volume of
Water by the chlorinator.

.

0 Chlatlne_emand- Chlorine is a very active chemical oxidizing
agent. When injected into water; it combines readily with
certain inorganic substances that are oxidizable (hydrogen
alfide, nitrite, ferrous iron, etc.) and with organic impuri-
-ies including micro-_:ganisms and decay products. These
,actions consur- or us= up some of the chlorine before 't can

fully destroy micro-orc,arisms. This amount used up is the
chlorine demand.

0

Chlorine Demand = Chlorine Dose Chlorine Residual

The amount cf chlor (by test) present in
the water after the chlorine demand is satisfied and after a
specified time periOd. The presencaot a"free" residual, in
iontra:Itto a "comOined' residual of at least 0.2-0.4 ppm (In
relatively unpolluted, low turbid ty water), after the chlorine
_'errand is satisfies, uqually prov3.des a hign degree of ansuranc,!
that the disin:-ecticA of tt.. 4ater is comilete.

A residuol alEo Provides some protection againEt any chance
contamination that may inadvertcni-.1y ents-c the system. The
chlorine residual test sample usua'ly collected before the
first pct in the distribution wa:.r!: is cons,:med.

However, it also advisable to alsu al: the farthest p-
in the :Jytem to_ ensure_that a residua. exsts_thronghout J
whole :,ystem. he residual test is the ._,asis tor 'lcreasing
d,crocing the chlorinatr feed rate to thieve the desired
value. Too much chlorine re,-idual will be :._,LZensive some
consumers;

Chlorine- ResiduLl = :Thlorine Dose - Chlorine Demand



ChlOtl,ne Contact Time: The contact time is the time interval
(usually minutes) that elapses between the time when chlorine is
added to the %.).ter_and the time when that same slug of water
passes by the sampling point._ A certain minimum period of time
is required for the disinfecting action to_become completed. The
contact time is usually 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; Generally speaking;
it is preferable that the contact period be not less than 30
minutes under the peak demand flow conditions; However; even
More time may be necessary under unfavorable conditions.

Chlorination

Chlorine gac is available in compressed gas for.- stored in steel
oreSSUized A_gas chlorivator met c the gas flow and mixes it
ith water which is then injected as_a water ...iution of pure chlorine;

C)-11.5rine gas is a highly toxic lung irritan* .1 special facilities are
required for storing and housing ,as chlo:i: -,rs. _The advantage of this
method is the convenience afforded by a relaely latge_quantity of
(Thlorine available for continuous operation days or weeks
jthout the need for mixingchewicals. Gas 1-5tinatot8 have an adVantage
ere variable water flow rates are encouned as they may be syncronized

o feed chlorine at a variable rate.

-7oChlo.:1T1a-un

,zr.em operators will find the use of liquid or dry chlorine
with water end fed into the ::yS-i..cm_v:Lh_ inexpensive

7.iornatots 2 satisfaoory chlorination method. These small chemical
fe-ed pumps are des:.gned to pump (inject under pressure) an aqueous Solu-
tion of chiorfne into the water system; They are desigrie4 to operate
againllt pressures as high as 100 psi but may also be used inject
-2hlor,.ne solutions at atmospheric ,r- negative head (suctiOn side Of Water
pump) ions.

The pimping rate is usually manually adjusted by varying the stroke of the
piston or diaphragm. Once the stroke is set; the hypochlorinator feeds
accurately at that :ate. Howevez; chlorine measurnts should be made
-occasionally at the beginning and end of the well pump cycle because if
:he drawdown is nigh; the punping rate varies considerably and the
concentration will vary since the applied dose is con:3tant. A metering
de.:e may be used_ ;.o vary the hypochlorinator feted rate syncronized with
;_ike water ratE. Where a_well pump is ''secio the hvr'rzhlorinatr.Nr is.
corilected electrically wit', the on-off controls of the pump.

The following questions deal with the sanitary riSkS of ChlOtinatiOn.

1. adequate chlorr residual being maintathed?

The answer to this lies in whether thPre nave been any positive
crAiform counts. The next step in determf.naion c' adequacy would 5e
to ensure that a detectdi,le residual is prese.,L at the remotest
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connection in the system. The inspector should review where the
utility's sanm)le 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 /1 or d_combined residual of
1.0-2;0 mg/1 should be maintained at the most diStant points in the
system and at the ends of deadend sections: The Chlbrinattir should
have sufficient capacity to provide adequate treatment under peak
flow conditions.

2. Is there sufficient contact tine btrw
the first point of use?

;.!r) the chlorination point and

Contact time should be a ;,:inil.um of 30 minutes for free residual and
2 hours for a combined residual. This may be determined by figuring
detention time in the clear well, storage tank; and/or pipeline
between point of chlorination and use.

3; Is the equipment properly operated and maintained?

The inspector should deter-tine that all equipment is operational and
preventive maintenance is routi' -ely performed. Some indicat-bro of
problems for gaseous chlorination would be Valves, piping a.:1
fittings that arc. damaged; badly corroded or Loose; no g2. flow to
the chlorinatori or frost on valves aid piping. For powdered
disinfectanes, some indicators ere clogged feed lines and valves; A
--ore detailed discussion of these problems and their solutions is
provided in "Water Treatment Plant Operation;" Chapter 7;

4. Ts oper3tional standby equipmc piovided? I not, are critical
spare parts on hand?

Disinfection must be continuous! Standby equipment of sufficient
capacity * replace the largest_ unit is recommended. _Where is

not, flow to the water_system should be halted and critical spare
parts should be on hand fbt imMediate replacement.

Is a manifold provided to allow feeding f One
cylinder?

^,s stated above; cpioKination mus be continuous; 2 :-an...201d Should

be provided to allow empty cylindeis to be Chabged WithOUt
cnlorination. if only One cylinde-z can be Utilited, the inspector
should determine What procedure is followed when it Is changed. The
operator could be allowing water to continue to flow into the system
while he changes the cylinder, a process that could take 30 Mantes.
Such a situation could result in contamination of the entire system.

6. Are scales provided for weighing cylinders?

Scales should be provided and utilized to measure the amount of
chlorine used each day and to determine when they are near empty so
they can be changed. These scales should oe located so that the
cylinders -will be co'ller_than the chlorinators to prevent condensing
Of the chlorine in the lines.
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7. IS the chlorine storage and use area isolated ft-OM Other Work areas?

Operators should be well versed on the hazards of chlorine gas;
proper handlihg of the gas and protective equipment; and the
limitations of the prbtective equipment. The inspector should be
knowledgeable in these areas at Well. A_I-,cief overview of chlo).ihe

_is that it is a heavier-than-air gas, wtv. is corrosive in moist
atmospheres and is extremely toxic. Its c deity ranges fr,- _throat
irritation at 15 ppm to rapid death at 1;00 ppm; CenSegUehtly, the
storage and use areas for chlorine should be above groUhd; Well
ventilated, and separated by a gas-tight partitiol from other work
areas. Both chlorine gas and particularly sodium chlorite should not
be stored with organic compounds.

Is room vented to the outdoors by exhaust grilles located not more
than 6 inches above the floor level?

The room should be vented at a rate of one air change per minute with
exhaust_ grilles not higher than o inches above the floor; An inlet
grille for the room shbUld be located near the ceilLng; Thevapor-
tiOt fan switcn_should be located outside the room and equipped with

indicator light. The inspector should ensu.,:e that the exhaust
from the chlorine room will not enter into other interior are,..s.
problems have resulted ft-OM 14k.atihig the eithaustArilles to the
ch3orine room in the vicinity of the makeup air ihlet for other rooms.

Are all doors hinged outward, equipped with panic bats; and at least
one provided with a viewport?

need for ,.7 .)ors to be hinged outward is based on the fact that
._,-;leone in the r,:om co...ld be overcome and passed OQI": gainst the
door, making rescue difficult if the door has to swing into the
r,om. The door should also have warning signs affixed; alerting
personnel to the dangers.

10. Is a self-contained bteathihg apparatus available for use during
repair of leaks?

The use of chlorine requires protective clothing. CheMiCal goggles
should be wo,:n by personnel entering the area for routine inspec-
tiol.. When cyiinders are changed or adjustments made to the system,_

Impervious gloves; chemical goggles; and a full fate shield ahoUld be
worn (unless a full facepiece respirator or hood is USed).__Chlerine
canister-type gas masks are only acceptable if the known Chibrihe
Vapor concentration is less than 1% and oxygen level greater thah
16 %. ALditionally; canistec-type gas masksmust be chetked kthitinely
and the canister changed when it has reached its expiration date or
has been damaged; Chen a worker enters a heavily contaminated area
for repair; a self-c)htained breathing apparatus is reqUired. Use of
protective equipment and emergency drills should be practiced;
Emergency procedures should ba coordinated with fire and police
personnel. The inspector :should ask if the utility has an emergercy
plan and if it has ever been practiced.
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I. Are there means of leak detection?

The inspector should never enter a room containing chlorine gas
without first opening the door slightly to check for the smell of
chlorine. A squeeze bottle of dilute ammonium hydroxide can be used
for leak detection by squirting_a small amount into the room prior to
entry; If a leak is present a "snow" will form. There are also
continuous and portable chlorine detection devices that may be used.

12. Are all gas cylinders restrained by chaining to the wall or other
means?

Cylinders should be restrained to an immovable object; They should
be transported_ and stored in an upright position and kept away from
direct heat and direct sun. Empty containers should be segi.cgated
from full containers.

13. Have there been any interruptions in chlorination during the past
year due to chlorinator failure or feed pump failure?

Any interruptions in chlorination and their cause should be
identified. The operator should be questioned as to what measures
have been taken to preclude recurrence of the interruption.
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Common Pretreatment Chemicals
Chlorine
Chlorine Dioxide
Ozone
Potassium Permanganate
Activated Carbon



:ommon Pretreatment Chemicals
Chlorine
Chlorine Dioxide
Ozone
Potassium Permanganate
Activated Carbon
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Mixing



Flocculation/
Sedimentation



Flocculation/
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Filtration
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Post- Chlorination



Post-Chlorination



Why the Coliform Group?
1 . Ease of Isolation
2. Present in all Fecal Pollution
3. Greater resistance to Natural Purification

209



Why the Conform Group?
1: Ease of Isolation
2. Present in all Fecal Pollution
3. Greater resistance to Natural Purification



UNIT 6: STORAGE - "THE NEED TO KNOW"

Unit S-___mmary

Gravity Storage
Hydropneumatic Storage

Unit Contents

6a: Gravity Storage

o Characteristics
o Sanitary Risks

6b: Hydropneumatic Storage

14

o Characteristics
o Sanitary Risks
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UNIT 6a: Gravity Storage "The Need To Know"

Unit Summary

bnit Oi 2ctives

Characteristics of a Gravity Storage
System

Sanitary Risks

A major function of the sanitary survey is
to determine that a storage system is free
of and protected from contamination.
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

o Read Unit 6a prior to the session.

Unit -References

o Small Water System Serving the Publid
(Chapter 6)

o Manual of Individual Water SUpply
Systems (Part V)

o Water Supply System Operation
(Chapter 5)



lige Transparency 6-

Identify on chalkboard
diagram of the various
,-omponents. Explain

eir functions.

Transparency 6-

Use personal_experienca.s_
and anecdotes to relate
material to actual
situations an inspector
may encounter during
a sanitary survey.

Point out importance of
information requested by
each question.

Use Transparency 6-3.

General (10 minutes)

Componentq

o Supply (generally
o Inlet
o Reservoir
o Elevated
o Surface (on ground)
o In ground

o Outlet
o PuMps (if applicable)

a well)

Sanitary Risks (30 minutes)

1. DOes surface runoff and underground
drainage drain away from the storage
structure?

2. Is the site protected against
flooding?
o Provides protection against contami-

nation by nonpotable water

3. is storage tank structurally sound?

4. Are overflow lines, air vents, drainage
lines, or cleanout pipes turned down-
ward_or covered, screened and termi-
nated a minimum of 3 diameters above
the ground or storage tank surface?
a Protection against birds, dust, and

nonpotable runoff

5. Is site adequately protected against
vandalism?
o Fenced
o Hatches lockable
o Ladders cut off 10 feet above ground

6. Are surface coatings in contact with
water approved?
o Unauthorized surface coatings can

degrade water quality through organic
and inorganic contaminants



7. Is tank protected against icing and
corrosion?

Corrosion
o 02; water, in contact with steel
o Esthetic problems
o Heavy metal solubility
o Protection:

o RUst prevention barrier (paint,
cement, other coatings)

o Carbonate film coating
o Cathodic (sacrificial anode)

8; Can tank be isolated from system:
o Emphasize importance of being able to

take tank out of system without
shutting down entire system.

9. Is all treated water storage covered?

10; what is cleaning frequency for tanks?

gluAgp
o Buildup of organic; inorganic debris
o Contributes to turbidity, esthetic
problems

o Protection
o Periodic draining, cleaning

11. Are tanks disinfected after repairs are
made?

o Following entry for service; repair
o Protection

o Procedures to disinfect system
o Records of procedures, effectiveness



UNIT Gravity Storage

Uhit Summary

Characteristics of a Gravity Storage System
Sanitary Risks

Unit References

SMall Water Systems Serving the Public
(Chapter 6)

Manual of_Individual Water Supply System8
(Part V)

Water Supply System Operation
(Chapter 5)

Basic Material

Well supplies are often pumped directly to a gravity disttibUtiOn reser-
voir (tank) frOm which water flows on demand to the points of Use. The
wells may alsobe_pumped directly into the distribution system with the
tank floating (riditig) on the system. Either arrangement is acceptable.
Thy pumps may be controlled by water level float controls or pressure
switches; The storage tank is tUffibiently elevated to ensure adequat- e
operating pressures;

A gravity Storage system offers several advahtageSCVerOther
hydropneumatic) systems and should be considered where topographic
conditions are favorable. The larger the water system; the greater th- e
advantages. HoWever, even smaller systems will have these advantages:

o Less variation in pressure
o Storage flit firefighting use
o One to two days' storage to meet water requirements
o Greater flexibility to meet peak demands
o Use of lower capacity Wells (pumping not necessary

to meet peak system demand)
Sizing of pumps to take better advantage of electric
load factors
Reduced on and off cycling of pumps
Tie-in of several wells; each pumping at its optimal rate

Since the gravity reservoir provides the StOtage hetessary to meet the
peak system demands; the wells need not be developed to meet the peak
system capacities; as is generally necessary with pressure tank systems.



The wells should be capable of meeting the maximum day demand within the
period of time when aater use is significant. For example, day schools
usually exert a significant water demand manly over a 10-_to 12-hour_day.
The wells must, therefore, be pumped at a rate sufficient to meet the
maximum day demand in a 10- to 12-hour period; Under these conditions,
the reservoir (Lank) should have an effective capacity equivalent to the
a,erage daily demand.

Gravity distribution reservoirs may be elevated tanks mounted on
structural supports ahove_ground, may be located partly below ground, or
may be tanks placed on pads or cradles on the ground surface. Elevated
tanks are necessary when high ground is not available within the service
area; The operating water levels of the tank should be sufficiently above
the distribution system to produce minimum operating pressures of 35 psi
(about 81 feet of head) but preferably 50-75 psi (116 to 173 feet).
Presures should not exceed 100 psi (231 feet).

Shallow reservoirr with large diameters are preferred over deep ones with
smaller diameters, other things being equal. Tanks with larger diameters
have more water per foot of drawdown and are thus less prone to pressure
fluctuations. They are al-:o less costly to build.

Prefabricated standpipes and elevated tanks are readily available with a
wide range of capacities. Prestressed concrete tanks are quite popular,
since they require less maintenance.

Sanitary Risks

1. Does surface runoff and underground drainage drain away from the
storage structure?

2. Is site protected against hooding?

Storage reservoirs should be located above probable ground water
levels. Surface runoff and underground drainage should be away from
the_structure. Provisions should be included to guard against the
sanitary hazards related to location; groundwater levels, movements;
and quality; character of soil; possibility of wastewater pollution;
and_ overtopping by floods. Sites 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 level should be
constructed of extra-heavy or service-weight cast iron pipe with
tested, watertight mechanical joints. No sewer should be located
less than 10 feet from the reservoir.

All storage reservoirs should be protected against flood waters or
high water levels in any stream, lake, or other body of water; These
reservoirs should be placed above the high water level, and the
structure and its related parts should be- watertight. The ground
surface above the reservoir should be_graded to drain surface water
away from the reservoir and to prevent pooling of surface water
within the vicinity; Walls or fencing should surround open
reservoirs, and public access should be prohibited;
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3; Is storage tank structurally sound?

The inspector should base the answer to this question on visual
observation; Look for WaShbUts and signs of foundation failure.

4. 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 SUrfat6.?

Any overflow, blowoff, or cleanout pipe from a storage reservoir
shoulddischarge freely into an open basin from a point notless than
three diameters of the discharge pipe above 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 flobd water, a watertight blind flange should
be provided to attath_tb the pipe opening to prevent contaminated_
water backflow into the reservoir.- If the reservoir must be emptied
when the normal outlet is SUbMerged by surface or flood waters, pumps
with outlets above the flood Water should be used for emptying;

5. Is site adequately protected against vandalism?

Manholes and manhole frames used OhObVered storage_reaervoirs 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 belbtked_When 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;

6; Are surface coatings in contact with water approved?

Coati s that are in contact with water should be approved.
Unauth ized coatings can create prbbleMS di/6 to Organic and
inorgan c contamination of the stored waters.

7. Is tank tected against icing and corrosion?

Cathbdic pro
can be a par
have "blown t
severe cases, t
damaged. Tanks
problem. Heaters
purposes.

ection may be provided for metal storage tanks. Icing
cularly traumatic problem in northern areas.- Tanks_
xr tops" due to the pressures that can result;_ in less
e cathodic protection and tank interiors may be
ould not be allowed to remain idle if freezing is a

y need to be used in tanks reserved for emergency

8; Can tank be isolated ^ bm the system?

Tanks should be able to be taken out of the system for repair without
shutting down entire systeM.
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9. Is all treated water storage covered?

Reservoirs should be covered to prevent_ airborne contamination (birds
and algae growths that impart tastes and odors). Covers should be
watertight, made of permanent material, and constructed to drain
freely and to prevent contamination from entering the stored water.
The surface of a storage reservoir cover should not be used for any
purpose that may result in contamination of the stored water.

10. What is cleaning frequency for tanks?

Over a_period of time, reservoirs may accumulate organic and inor-
ganic debris, which settles to the bottom as a sludge. This sludge
can contribute tastev odors, and turbidity to the systems when it
accuntulates to a depth approaching the outlet pipe. Periodic drain-
ing of the tank and cleaning is necessary. The tank should then be
disinfected before reuse.

11. Are storage tanks disinfected after repairs?

Reservoirs and elevated tanks on the distribution system should be
disinfected before being put into service or after extensive repairs
or cleaning have been completed;



Unit Summary

Types and Characteristics
Sanitary RiSkS

Unit Objectives

A major function of the sanitary survey is
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 Time: 30 minutes

o Basic Material
o Transparencies 6-4 through 6-8
o Overhead projector and screen
o Chalkboard

Student Materials

o Student's Text, Unit 6b

Student Preparation

o Read Unit 6b prior to the session.

Unit References

o Small Water Systems Serving the Public
(Chapter 6)

o Manual of Individual Water Supply
Systems (Part V)

o Planning for an Individual Water System
(Part V)

o Water Supply System Operation (Chapters
3 and 5)
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Use Transport, ,ies

6-5 and 6-6.

Explain principle
system.

Locate nn the tt:onsparency
the various system
components. Ask students
to describe the functions.

Use Transparency 6-7 to
show various types of
system tanks.

List terms on chalkboard.
Ask students to define
them. Explain as
necessary.

Use questions to guide
class discussion.

Explain 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 energy dissipates

CoMPOrertS_
o Steel tank

o Conventional (air and
water in contact)

o Floating wafer (wafer
separates air and water)

o Flexible separator (diaphragm or
bag separates air and water)

o Air volume control
o Relief valve
o Inlet piping
o Pressure gauges
o Mbtor controls
o High-low water_level controls
o Low pressure/flow controls
o Discharge piping
o Air compressor and controls
o Pump

3. Terms
o Cycle rate - frequency of pump

start and stop per hour
o Cut-in Pressure - predetermined low

pressure level in system at which
pump is activated

o Cut-out Pressure - predetermined
pressure level in system at which
pump shuts off

1. What advantages /disadvantages -do
the various types of tanks offer?

2. Explain why hydropneumatic systems
have_less usable storage than
gravity systems.

3. What might this mean in terms
sanitary protection?

Sanitary and Other Risks (15 minutes)

1; Does low pressure level provide
adequate pressure?
o Backflow/backsiphonage potential

2. Are instruments and controls adequatei
operationali and being utilized?
o Water level sight glass
o Pressure gauges
o Water level controls

6-6
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Explain importance of
each question and its
rationale.

Use Transparency 6-8.

Explain how to estimate
if storage capacity is
adequate. Explain
formula.

Work problem on
chalkboard. Use other
examples. Ask one or
two students to work
problem on chalkboard
for class.

DeeCribe a waterlogged
tank;

3. Are the interior and
exterior, surfaces of the pressure tank
in good physical condition?
o Hazards of improperly 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.

4. Tank_supports should be structurally
sound.
o Structurally sound and properly
positioned

5. Is storage capacity adequate?

Storage Capacity _Assessment
o Formula for estimating appropriate
tank size

Qm
Q=

1-(Pl/P)

Q = Tank volume in gallons
Qm = Peak demand rate gpm x desired

minutes of storage
= Cut-in pressure + atmospheric
pressure (14.7 psi)

= Cut-out pressure + atmospheric
pressure (14.7 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 demand of
30 gpm for 5 minutes and ga-177e
pressures of 40-60 psi?

6. What is the cycle rate?
o Indicator of waterlogged tank



UNIT 6b: Hydropneumatic Tanks

Unit Summary

Types and Characteristics
Sanitary Risks

unit References

Small Water Systems Serving the Public
(Chapter 6)

Manual of Individual Water Supply Systems
(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 energy from a pump with the
principle of air pressure to force water into the distribution system.
Understanding how the hydropneumatic system is susceptible to sanitary
risks requires understanding basic system operation and the role of system
components;

The system operates in the following manner:

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
volume, at the top of the pressure tank.

o When the pressure 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 'oo low, the pump starts up again, and
the cycle 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:



Item

o Steel tank
o Airvolume control
o Relief valve
o Inlet piping
o Pressure gauges
o Motor controls
o High/low water level controls
o Low pressure or flow controls

Discharge piping/air
compressor

Purpose

Store water
Control air volume
Prevent excessively high pressure
Allow flow of water into system
Monitor pressure
Control cut-in and cut-out points
Regulate water level
Maintain balance between water and
air pressure
Discharge water from tank; forte
additional air in to increase
pressures (prepressurlz1419)

MOSt systems differ only in the kind of pressure storage tank used; The
pressure tank is a significant part of the system in that the methods of
separating water and air and the tank size and placement vary; All these
factors may contribute_to the degree of vulnerability to sanitary risks
The three kinds of tanks are:

Conventional

o Air cushion in direct contact with water; air volume controls
necessary

o Capacity ranges from a few to several thousand gallons
o Vertical or horizontal placement
o Outlet located near bottom of tank; combined inlet-outlet or

separated on opposite sides of tank
o Air volume control located in upper portion of tank; provisions

available for prepressurizing

Floating Wafer

o Floating wafer (rigid_floats or flexible rubber or plastic)
separateswater 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 placement limits tank capacity
o Supercharged at factory to pressures just below pump starting

pressure
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Sanitary Risk

1; Does low pressure level provide adequate pressure?

Maintenance of adequate pressure is especially important. 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. TG_
high pressure can strain system components, cause high leakage rates,
and can force air out with water. Dow pressure can indicate improper
connections, or cross-connections, made_from_storage to_serviced
facilities; Adequate pressure is needed to keep the water floWing from
storage to serviced areas; Backpressare-batk-floW occurs_ when potable
water pressure is less than nonpotable pressure; baCk-S-i-PhOtiatjth-hat-kflOW
is a reversal stemming from a vacuum at the potable supply; BaCkflOW
and backsiphonage are especially hazardous sanitary risks when they
involve poisonous or harmful chemicals; Inspectors must be aware of
proximity of polluted sources and must protect stored water against
cross-connections.

TO ensure against backflow and backsiphonage, minimum pressure must be
maintained at all times.

System Pressures
(Pounds Per Square Inch)

Optimum Working Pressure = 40-60 psi
Minimum Working Pressure = 35 psi

Maximum Pressure at Service Connections = 100 psi
Minimum Pressure at Service Connections = 20 psi

Inspectors shduld check engineering records to assess potential hazards
in the water of facilities served by the system and consult operating
records to see whether pressure is adequate at service connections;

2. Are instruments and controls adequate, operational* and being utilized?

Proper operation and maintenance of the storage system is also essen-
tial. Failure to adjust gauges and controls properly can -lead to in-
adequate pressure and/or inadequate supplies of water. Also, pollution
of the storage tank can occur from airborne or waterbOrne foreign
matter; Careful installation and maintenance of pollution prevention
devices can prevent their entry into the hydropneumatiC system.

To ensure proper operation and maintenance of the system, the
following components must be routinely checked and adjusted for
changes in the peak demand:

o Air volume control
o Relief valve
o Motor controls
o High/low water level controls
o Low pressure flow controls
o Air compressor and controls
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Frequently; c :ols are not adjusting after deliVery Of_the_system
from thefactory. Operating records will reveal original calibration
and whether peak demand has changed.

3. Are the interior and exterior surfaces in good condition?

The interior and exterior 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 inspector may
determine if they are being Performed by reviewing maintenance records.

4. Are tank supports structurally sound?

The tank should be properly supported.

5. Is storage capacity adequate?

There are Several formulas for determining required storage capacity.
One method is presented.

In selecting and evaluating the tank, storage capacity must 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 emerncv needs; such as for firefighting.

To ensure against inadequate storage capacity (and Straining 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-
ih; and cut-out pressures. Operating records show currentpeak_demand
and whether peak- demand has changed since the tank was installed;
which could require a change in tank size.

Formula for Estimating
Appropriate Tank Size

6 = Qm
1=(P-1 /P2)

Q = Tank volume in gallons
Qm = Peakdemand rate, gpm x desired minutes of storage
Pi = Cut-in pressure + atmospheric pressure (14.7psi)_
P2 = cut-oUt pressure + atmospheric pressure (14.7 psi)

6; What is the cycle tate?

The pressure pump should not cycle frequently (10 -15 CyClet/hOur
acceptable); Frequent or constant operation of the pressure pump
indicates a "waterlogged" tank or improper settings on the pressure
controls.
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Gravity Storage
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Gravity Storage



rn

223

Gravity Storage Tank

229



Top
Manhdle

icier

vent

_la

r

Overflc

Splash Pad

Gravity Storage Tank

230



VANDALISM PROTECTION

231



I

VANDALISM PROTECTION

9



E1=
1

c17)

r:Q

C2

6-111
T

R
A

N
SPA

R
E

N
C

Y



Hydropneumatic Tanks



CUT-OUT PRESSURE

Maximum Pressure

100 psi



AIR

HIM
WATER

CUT-OUT PRESSURE

Maximum Pressure
100 psi
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HIM

Pump
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UNIT 7: WATER DISTRIBUTION - "THE NEED TO KNOW"

Unit Summary

Components of a Distribution sy8tm
Sanitary Risks

Types of Cross-Connections
Sanitary Risks

Unit Contents

7a: Distribution Systems

o Components
o Sanitary Risks

7b: Cross-Connections

o Types and Characteristics
o Sanitary Risks



UNIT 7a: Distribution Systems - "The Need To Know"

Unit Summary

CompOnentt_Of a Distribution System
Sahitaty RiSkS

Unit Objectives

A knowledge of diStribution system components
and their interaction is essential in assess-
ing the sanitary integrity of a system. This
unit should familiatike the Student with dis-
tribution system components and their risks.

Logistics

Approximate Presentation Time: 45 Minut88

-14Stttiotar- Materials

o Basic Material
o Transparenties 7-1 through 7-3
o Overhead projector and screen
o Chalkboard

Instructor Preparation

o During this presentation; the instructor
Will be asked to draw on the chalkboard
a simple diagram of a typical distribu-
tion system. A rough sketch of this
digt6M _§hould be prepared in advance;

S_t_L;Aent Materials

O Student's Text, Unit 7a

Studant Preparation

o Read hit 7a prior to the session.

Unit References

o Small Water Systems Serving the
Public (Chapter 11)

O Manual of Individual Water S ply
Systems (Part V)

o mahual for EValuating Public
Drinking Water SOpplies (Part III)

o W:ter Supply System Operation (Chapters
6 through 8)
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Use Transparency 7-1;

Explain types and
fUndtion_Of pipes.
stl=efly discuss_ concept
of pressure head loss
relative to pipe sizing.

Use Transparency 7-2;

Use Transparency 7-3.

Explain types, functions,
and purposes of valves.
Skete a simple diagram
of a distribution system
on the chalkboard;
Ask students to identify
locations where these
valves might be used.

Components of a Distribution System (15
minutes)

Ptper,

o Convey supply to points_of use
o Pipe size relative to flOW

gpm, distance
o Types:
o Galvanized. Not recommended for

underground use; subject to corrosion
from soil, acid water

o Copper. Heavy types used under-
ground; less sensitive to corrosion

o Plastic. Corrosion resistant;
subject to puncture

o cast Iron. _Corrosion resistant; good
hydraulic characterietics

o A/C. Lightweight; corrosion resistant
TPAa; Present in Older systems. Can
be a source of lead contamination in
tapwater

ValVes
o Control water flow
o Control backfloW
o Adjust water levels and

pressures
o Isolate sections of system

for repair
o Types:

o -S5411t-Cff Valves stop flow of water.
o Cheek Valves permit Water to flow in
one direction only:

o _Flow_ciantrol.-6 provide Uniform
flow at varying pressUreS;

o Relief_NaivesL permit water to escape
from the system to relieve 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 Blowolef Valves provide a means to
flushrsedimentation 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
reducing pressure between a high and
low pressure area.

o Hydrants provide water for
fighting as well as a means to flush
system;

7-3
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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 Plan.

Describe the importance
of each of these factors
on the sanitary risks of
the water system;

Briefly describe AWWA
disinfection procedures.

Meters
o Monitor flow through varuus sections
to provide regulation; reiMbtrteMent,
and maintenance;

Meter Vaults
o Protect meters and controls

Thrust Blocks and Anchors
o Protect against pipe movement

Sanitary Risks (30 minutes)

Is proper pressure maintained through-
out the system?
o Inadequate working pressure

- BacksiPhOnage/backflow potential
o Pressure maintenance during peak
demand

2. Explain how low pressure or
pressure fluctuation might con-
tribute to backsiphonage.

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?

2. What types of construction materials
are used?
o Pipes
o Caulking materials

3. Are plans of the water system available
and current?
o Minimumof Plan

- Locations
- Main size
- Valve location

o Ability to isolate sections without
loss of service to the system

o Deadends

Does the utility have an adequate
maintenance program?
o Frequency of main breaks
o Pressure testing
o Flushing program
o Valve maintenance program
o Corrosion control
o Disinfedtion procedures

5. 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

Uhit References

Small Water Systems Serving the Public
(Chapter 11)

Manual of Individual Water Supply Systems
(Part v)

Manual for Evaluating Public Drinking Water
Supplies (Part III)

Water Supply System Operation
Chapters 6, 7, and 8)

Basic Material

Many failures to meet the requirements of the drinking water standards are
directly related to the use 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:

o Insufficient treatment at the point of production
o Cross-connections
o Improperly protected distribution system storage
o Inadequate main disinfection
o Unsatisfactory main construction* including improper joint-packing
o Close proximity of sewer and water mains
o Improperly constructed* maintained* or located blowoff, vacuum* and

air relief valves
o Negative pressures in the distribution system

Components of the Distribution System

The following briefly describe some of the important components of a
distribution system.



Pipes

o Convey supply to points of use
o Pipe size relative to flow gpm, distance
o Types

o GalvanIzed; Not recommended for underground use; subject to
corrosionfrom soil, acid water
Copper; Heavy types used underground; letS sensitive to
corrosion
Plastic; Corrosion resistant; subject to puncture
Cast Iron/Ductile Iron. Corrosion resistant: good hydraulic
Characteristics: unlined pipe can be subject to iron tubercles
Asbestos_Cement. Lightweight, corrosion resistant; easily cut
buteasily_broken_

o Lead. Used in_older systems, particularly as service lines; No
longer approved under any circumstances due to possibility of
contaminating tapwater.

Valves

o Control water flow
o Control backflow
o Adjust water levels and pressures
o Isolate sections of system for repair
o TYPP

o Shut -- -Off Valves stop flow of water.
o Check Valves permit water to flow in one direction only
o Flow Control Valves provide uniform flow at varying pressures;
o Relief Valves permit water to escape from the system to relieve

excess pressure.
o FloatValves respond_to high water levels to close an inlet pipe;
o BloWoff Valves provide ameans to flush sediment from low

points /deadends in the distribution system.
o Altitude valves are used to shut off flow of water into storage

tank at a preset level to avoid overflow and all6WS water to
flow into tank after level drops._

o Air Relief Valves are used at high points to teleaSe entrapped
air.

o Hydrants provide water for firefighting and are a means to flush
the system.

Mete-ts

o monitor flow through various sections to provide regulation,
reimbursement, and maintenance

Meter Vaults

o Protect meters and controls

Thrust Blocks and Anchors

o Protect against pipe movement

ST 7 -4
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Sanitary Risks

The questions that a turVeyor shOUld asking with regard to the
distribution system and their rationale follow.

1. Is proper pressure (40-70 Pti) maintained throughout the system?

The system should be designed to supply Adequate quantities of water
under ample pressure and should be Opekated to prevent, as far as
possible, conditions leading to the occurrence of negative pressure;
Steps to prevent negative pressureShOUld ihtlUde minimizing planned
shutdowns, providing adequate supply capacity; correcting undersized
conditiont0 and properly selecting and locating bOOsterpumps to
prevent the occurrence of a negative head in piping subject to
suction. Continuity of service and maintenance of adequate pressure
throughout a public water supply system are essential to prevent
backsiphonage. The inspector should determine if complaints about_
inadequate pressure have been registered. Be or she should determine
if there is a program to periodically monitor pressures throughout the
system;

2. What types of construction v,-Aterials are used?

The components of the distribution system shbUld meet the current AWWA
standards. The corrosive effects of finished water on nonferrous
metal pipe used for water - service lines should be considered, together
With possible toxicologicaleffects on consumers, resulting from
solution of the metals. Only nontoxic plastic pipe thOUld_be used,
when plastic pipe is acceptable; Materials usedfOrCaUlking 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.

3. Are plans of the water system available and current?

The minimum record of a distribution system contains maps showing
locations of all mains; main size, and the location in detailOf every
line valve; The pipe layoUtshould be designed for future additions
and connections to provide tirdUlation where deadends are necessary in
the growth state of the pipe_system. The system should be provided
with sufficient bypass and blOW-Off_ValVet to make necessary repairs
without undue interruption of service over any appreciable area;
Blowoff connections to sewers or sewer mahholes should be prohibited;

4. Does the system have an adequate maintenance program?

This is actually an overall evaluation of the answers too a series of
questions, such as:

a; what is the frequency of main breaks?

The majority of breaks are notdue to age but to leaks; The leaks
undermine the pipe, consequently causing it to fail under the
weight of the overburden. TO prevent main breaks, a routine
program for leak 3etection thould be conducted.

ST 7-6



b. Does the utility have a pressure testing program?

Such a program may be condUcted in conjunction with the_fire
department to determine ade-ciUacy of fire flow; A record of
pressures throughout thesySteM may help to ide-tifv problems.___
If they are conducted both dukitig the day and at night, th y will
indicate the hydraulic efficiency under common requirements.

c. DoeS the utility have a flushing program?

Thewhole_system should be flushed once or twice a year due to
sediment deposition in thelines; The flushing should be well
planned_and carried out, beginning at points near the water
plant/storage and moving to the outer ends.

d. Does the utility have a valve maintenance program?

All valves in a system shOUld be inspected on a routine basis.
The frequency of inspection_ depends on type of valve, but an
annual inspection is desirable ftik_all valves This should
include completely closing; reopening to about one-quarter, and
reclosing until valve seats properly. A record of valve
Maintenance and operation should be kept.

e. Doe-8 the utility have a corrosion control program?

The utility should have_a program to evaluate corrosion and the
effectiveness of corrosion control particularly to control
contaminants such as lead and cadmium.

f. Are proper disinfection procedures used after repairs?

The procedure outlinedinthe_AWWA Standard for Disinfecting
Water Mains should be followed. The inspector should question
the operator as to what probedUket are used. The final
determining factor should be that_newmains and repaired main
sections shoulddemonstrate negative bacteriological results
prior to being placed in service.

5; 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 lbwer
luality 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 evaluatethe_anSWer6 to such questions and the
availability of records to determine the adequacy of the maintenaut
program.
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UNIT 7b: Cross-Connections - "The Need To Know"

Unit Summary

Types and Caracteristics
Sanitary Risq.s
Surveying for Cross-Connection Hazards
Exercise I: 7'rotection Against Cross-
Connections

Unit Objectives

Cross-convection:7, can be a major source of
contamination of a water system. To
determine the degree of protection afforded
a water system, an inspector must under-
tand cross-connection control. In this
unit we will briefly describe cross-
connections, their control and common
location within the treatment plant.

1,ogistics

Approximate Presentaticx, Time: 30 Minutes

Instructor MaterIals

o Basic Material
o Transparencies 7-4 through 7-9

Student Material

o Student's Text, Unit 7b

References

o Small Water Systems Serving the
Public (Chapter 15)

o Cross-Connection Control Manual
o Water Supply System Operation (CA-apters

6 and 8)



Use Transparency 7-4;

Define cross-connection.
Draw simple 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 identify
whether backflow or
backsiphonage and
recommend control.

Us_o Questions guidequestions
class discussion.

Use Transparencies 7-6;
7-7; and 7-8 to show
various types of
preventive devices= Ask
students to explain how
each would prevent
reverse flow.

ist underlined topics
on chalkboard; Ask
students to list
possible sanitary risks
to potable water supplies=

Explain how each factor is
a potential risk. Discuss
degree of risk.

Tvrlf,q An rInaraoi-g.rictirc (10 minutes)_A

Cross-connection: A connection between
a drinking (potable) water system and
an unapproved water supply

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
Inadequate.

o BarkRiphonage occurs when a negative
pressure or partial vacuum is created
in the potable system;

o Backflow occurs when the pollution
source pressure Treater than that
the potable system.

1. What is the major difference between
backflow and backsiphonage?
How can a building be_protected
against backsiphonage?

Contamination Provpmtion

o Removal of physical connection
o Air gap separators
o Surge tanks with air gaps

o Double check double gate valve
o Approved backflow prevention devices
o Vacuum breaker
o Reduced pressure zone
o Swing connection
o Barometric loop

Lbcatdons (5 minutes)

umutht,t_i_tetl_c_onn-e-c t-i_o r;_s -FA t

o To other systems, i.e., fire systems
o To unapproved wells
o Restricted uses

- Fixtares and equipment
regulated by ordinance

7-6
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Use personal experiences
and anecdotes to relate
the course material to
actual situations an
inspector may encounter
during a sanitary survey.

Ars_k students to explain
why pressure maintenance
is critical in preventing
contamination. Ask how an
inspector might determine
that a facility is having
pressure problems.

queStiOns that review
sanitary risk factors and
lead to detailed discussion
of how risks occur;

UncontrotTed/UnmonitorPd
Co "

o To hazardous water uses
- Wastewater treatment plants
- Boiler plants
- Chemical manufacturing plants
- Hospitals (health care facilities)
- Nuclear power plants

o To intermediate hazards
- Schools
- Homes
Other

o No airgap in service line

o No backflow/backsiphonage prevention
devices

o Insufficient maintenance of devices
- Inadequate for flow rate
- Wrongdevices
- Breakdown

Rressu-re Fluctuations

o Vacuum at facility
- Inadequate pumping
- Emergency-fire, drought,

etc.

Reduced pressure in se.cvi-.2
- Blockage in pipes
- Break in pipes
- Hydrant breaks

1. Why_must_cross-connection_ control
devices be carefully checked after
a large fire?

2. Does a link to a lesser hazard, such
as a school, present as great a
potential for a cross-connection
hazard as a chemical plant?

3. What should a plumber know about
cross-connections before working in a
community served by a water facility?

7-7



Use per
andanecAoteS to relate
the course material
to actual situations
an inspector may
encounter during a
survey.

Use Transparency 7-9.

II of
inspectors to point out
problems at plant since
cross-connections there
can affect whole system;

Sanitary Risks (15 minates)

1. Does the utility have a cross-connecti,g,
prevention program?

Requirements
o Authority to establish program
o Technical provisions relating to

eliminating backflow and
cross-connections

o penalty provisions for violations

Are backflow prevention devices
installed at all appropriate locations
and tested periodically?

o LOcations
o Wastewater treatment plants
o Boiler plants
o Ch(mical plants
o Hospitals
o Mortuaries, etc.

o Periodic testing necessary

Are cross-connections present at the
treatment plant?

o SUbffierged inlets to solution
tanks (hypochlorite, fluoride,
etc.) without backflow protection

o Connections between solution tanks
and sewers

o Split chemical feed going to raw and
finishes water injection

o Finished water and supply waterlines
connected

o Finished water used for priming raw
water pumps without backflow
prevention

o Garden hoses in buckets, meter
vaults, sinks filled with water



Protection Against Cross-Connections

There is a submerged inlet in the second floor bathtub: An
automobile breaks a nearby fire hydrant causing a rush of
water and a negative 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 measure and_for filling_the system. The boiler
Water system is :theMibally treated for scale prevention and
corrosion control. The boiler water recirculation pump
discharge pressure or backpressure from the boiler exceeds
the city water pressure and the chemically treated water is
pumped into the domestic system through an open or leaky
valve.

1 - Wastewater seeping from a residential cesspool pollutes a
private well that is used for lawn sprinkling. The domestic
water system, which is served from a city main, is connected
t-o the well supply by means of a valve. The purpose of the
,:onnection may be to prime the well supply for emergency
damestic use During periods Gf low city water pressure,
possibly when lawn sptinklit is at its peak; the Well pump
discharge pressure exce2ds,,at of_the_city_ main and well
water is pumped int tHe icy supply -,Lhrougn an open or
leaky val,,e;

A cheMiCal tankhaS a submerged inlet. The plant fire pump
draws suction directly from the citywater.supply line,
which is insufficient to Serve normal plant requirements and
a major fire at the same time During a fire eme..:_ncy,
reversed flow tray occur within the plant.

A single-valved connection exists between the public,
potable water supply and the fire-sprinkler system of a
mill. The sprinkler system is normally supplied from a
nearby lake through_a high - pressure pump. About the lake
are large riUMberS of OVerflowing septic tankS. When the
valve is left open, contaminated lake water can be pumped to
the public supply.

Read the objectives/directions to the students;
Allow 10 minutes.
Review and determine acceptability of student responses. Clarify
procedures/questions

7-9
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Suggested Key

The hot and cold water inlets to the bathtub should be above
the rim of the tub.

ituarinn AS minimum protection, two check valves in series should be
proVided in the makeup water line to the boiler system: Ah
airgap separation or reduced pressure principle baCkflOW
preventer is better.

:=ttr:Fltinn - :P connection between the well water and city water should
be broken;

iion 4 The water service to the chemical tank should be provided
*_trough an airgap.

t:atioh - The potable water supply to the fire system should be
through an airgap or a reduced pressure bar .-:flow preventer
should be used.



UNIT 7b! Cross-Connections

Unit Summary

Type and Characteristics of
Cross-Connections

Sanitary Risks

Unit References

Small Water Systemi-:. Servinc the Public
(Chapter 15)

Cross-Connectio Control ft_-nual
Water Supply_frytc OpeLzon

(Chapters 6 cinc

Basic Material

To prevent contamination of the community's water supply, the purveol
must make sure that service connections are properly made and are
continually monitored fc-, cross-connection hazards. A cross-connection
a physical connection or arrangement between otherwise separate piping
systems containing potable and other water, whereby water may flow between
the two systems. Hazards occur when water flows toward the potabl- - -)ply

instead_of from it to the service outlets. UnIass controlled, cro::,
connections can_result in contaminated water replacing potable water at
various sites within a water system. If the contaminated water is
unobstructed and its force is great enougho it can enter the potable
supply at the water facility, endangering the health of the entire
community.

A cross - connection link can be made either as a pipe-to-pipe co-nection,
in which potable and contaminated water pipes are linked WithOt:t the
proper control valvesi or as a pipe-to-water connection, in which the
outlet from a potable water supply is submerged in contaminated water.
Cross-connections are usually made unintentionally or are made because
their hazards are not recognized. The two major types of cross-connection
hazards--backpressure backflow and backsiphonage backflow--are
distinguished by their origins. Backpressure backflow refers to the flow
of water toward a potable supply when the contaminated water's pressure is
greater than the potable water's pressure. Contaminated water pushes
toward r_DE potable supply. (Liquid flows from a place of high pressure
one ot_lower pressure.) Backsiphonage backflow is a type of backflow
resulting from negative pressure (a vacuum) in the distributing pipes of a
'Dable water supply. Contaminated water is sucked up toward the potable

supply.



PlbMbing defects can occur within any part of a water system, and cross -
connection hazard:; can occur where outside water pressure can exceed
potable water pressure. Therefore, cross-connections must be prevented or
controlled at all service sites as well as at the water facility;

Successful control of Cr08 -cOnh-e-ctiiih hatards depends not only on
voluntary monitoring of Connebtig by the Water purveyor and water users*
but also on an enforceable community control ?rogt-am; If a community
subscribes to a modern plumbing code* such as the National PlUMbing Ctide,
its provisions will govern backflow and crossconnections. Still, the
water facility must obtain authority to conduct a community inspection
program through an ordinance or other means; A cross-connection control

'TIce should have at least three basic parts:

Abthority for establishment of a program;

The technical. provisions relating to eliminating backflow and
cross-connections.

Pehaity provisions fot violations.

_ _Protection Against Sanitary Risks

At Service Sites: Ctos8-connections that occur at sites serviced by the
water facility can usually be controlled at the sites themselves. FOr
example, a submerged water outlet in an apartment building could result in
contamination of the water for the entire building (as well as threatening
the water facility's supply) if the water pressure of the contaminated
water- exceeds that of the potable water; To prevent this cross-connection
hazard, each fi)C"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 municipal supply)
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, double-valve assemblies, can be installed
when an airgap cannot be made. They can also providebackup_when airgaps
are made. Surge tanks,booster systems, and color-cOding and labelIng of
pipes in dual water systems also protect_buildings_against cross-csJnnection
backflow. Backsiphonage canbe_prevented by installation of vacuum-
breaking devices at water outlets Where contaminated water is used and
whPre a vacuum could occur in the water supply pipe.

At the Water Facility: To lessen the chances of hazardous cross-
connections, water facilities should not be connected to unapproved
systems or to private wells; If connections must be made to wastewater
treatment plants, boiler plants, and other sites with inherently dangerous
contaminants* the_ connections Must be carefully monitored at the facility
,o prevent contamination from entering the water supply. An airgap in
the service line to a premise at which extreme hazards exist may be
warranted. Waterworks officials often_prescribe the installation of
baCkflOW prevention device in the service line to a premise where

ST 7-12
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hazardous use of water is_fOund. _Lesser hazards can often be prevented
with backflow prevention devices in other locations. Backflow prevention
devicesare critical (used exclusively or as backup) in all water
facilities because any water pressure greater than that of the facility
could cause a flow reversal; maintotiahte of systematic water pressure
will p: vent backsiphonage stemming from the water facility. Thefacility
must also install and maintain devices that block backsiphonage flow as a
batkop in cases when pressure does drop. This can occur if a main break
or a fite overburdens the pumping capacity.)

Types of Devices

vacuum Breaker: .2vice that is activated by atmospheric pressure to
block the water supply line when negatiVe pressure deVelops in the line.
This action admits air to the line and prevents backsiphonage. A vacuum
breaker is not designed to provide protection against backflow resulting
from backpressurei and should not be installed Where backpressure may
Occur.

2

,..-".

Pressurf.-11pe Vacuum Break-er-: Thit deite 11stalled in pressurized
;stems and will operate only when a vaCbli. ccu rs. It is usually spring
loaded; and should be specially designed to operate after extended periods
under pressure because corrosion and deposition of material in the line
might render it inoperable;



Reduced Pressure ZoneBac3a-leiWPteVenter (RPZ): This device consists of
tWOhydraulically_ormeehanically loaded pressure - reducing check valves;
With a pressure-regulated relief valve robated between the two check
valves. Flow from the left enters the central chamber against the
pressure exerted_by the loaded check valve 1. The supply pressure is
reduced by a predetermined amount. The pressure in the central thaMber is
kept lower than the incoming supply pressure through the operation of
relief valve 3; which discharges to the atmosphere whenever the central
chamber pressure is within a few pounds of the inlet pressure; Check
valve 2 is lightly loaded 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; In the event that the pressure increases downstream from
the device; tending to reverse the direttien_rif fleW,_check valve 2
closes; preventing backflow. Because allvalve8 may leak as_a result of
Wear_or obstruction; the protection provided by the check Valves is not
considered sufficient. If some obstruction prevents check valve 2 from
closing tightly, the leakage back into the eental chamber would increase
the pressure in -this zone* the relief valve would open; and flbw would b&
discnarged to the atmosphere.

When the suplyorc,-;sure drovz to the minimum differential required to
operate the !-J:1;ef_ calve, th,2, prEsure in the central chamber should be
atmospheric. _f the inie pressur2-, drop below atmospheric
pressure, re' .= val-:e 3 st ,id remain ly open to the atmosphere to
discharge any :,,'7,>rtnat may flow back result of backpressure and
leakage of check al; 2.

Malfunctioning of one ValVes or relief valve should
always be indicatedhy a discharge c mater ft-OM the relief port. Under
no circumstances should plugging of the relief port be permitted because
the device depends on an open port for safe operation. The_pressure loss
t-hrough the device may) be expected to average between 10 and_20 psi ..,;t:hin
the normal range of operation, depending upon the size and floi4 rate of
the -ievi-ce.

Normal Direction of Flow Ditictoon of Flow



Double-C I s ve-Assetbly: The doublecnecki_double-gate
valve assembly is a very useful and, when properly maintained, reliable
means of backflow protection for intermediate degrees of hazard. As in
the case of other backflow preventers, the double-check, double-gate valve
assetbl- should be inspected at regular intervals; Some health authori-
ties have established programs of annual inspection;

The double-check, double - gate system has the advantage of a low heat
loss. With the gate valves wide open, -the two checks, when in open
position, offer little resistance to flow.

Double-click, double-gate assembli-.s should be well designed and con-
structed. The valves should be all bronze or; for larger sizes,
galvanized gray iron; The trim should be of bronze, or other corrosion-
resistant material; Springs should be bronze, stainless steel, or spring
steel covered with a coat of vinyl plastic Valve discs should be of
composition material with low water absorption properties; Test cocks
should be provided.

Got. A
Chock Voly.1

Gdho

Public C E = Prevoi
Supply Supply

Test Cocks

Sanitary Risks

D

To evaluate the potential risks -of cross-connections0 the inspector should
determine the answers to the following:

1. Does the utility have a cross-connection prevention program?

The inspector should determine if the water facility has obtained
authority to c,,nduct a community inspection program through an
ordinance or other means; A cross-connection control ordinance
should have at least three basic parts:

o Authority for establishment of a program

The technical provisions relating to eliminating backflow and
cross-connections

o Penalty provisions for violations

ST 7-18



2. Ar backflow prevention devices installed at all appropriate
locatiLA1' (wastewater treatment plants; hb8pitals, industrial
locatio; )?

The threat Of cross-contamination hazards is especially great at
wastewater treatment plants, boiler plants; chemical manufacturing
plants; hospital-8; And hUclear power plants. Their water may contain
inherently danget0U8 Ma`erialt. Thete sites_should be ensured
against physical links acid should be equipped with devices to prevent
backflow and backsiphon ;ge ftbM contaminating water on the premises.

3. Are cross-connections present at the treatment plant?

The inspector should briefly discuss with the operator the importance
of ensuring that there are no cross-connections at the plant either
on a temporary or permanent basis. One way to help minimize the
potential of cross - connections is to have the piping in the plant
color coded. The primary sources of cross-connections in the
treatment plant are submerged inlets to solution tanks, connections
between potable water lines and process water lines, and at pumps;
When usingphotphate_solutions, tanks must be kept covered and
disinfected by carrying a 10 mg/1 free chlorine residua' to prevent
the growth of bacteria.
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Types of Pipe

Galvanized Cast Iron/Ductile Iron
Copper Abestos Cement
Plastic Lead
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Types of Pipe
Galvanized 6 Cast iron/DUbtile Iron
Copper a Abestos Cement
Plastic Lead
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A CrossCO inection Is?
aN! -ifarm

A Connection Between a Drinking wr;ate
System and Unapproved li ta



A CrossonnectiOri It?
A °brit ledtion Between a Drinking Water

Syr8tehl At IA Unapproved Water



Typet Of CrOtts-Corinedibrit
acksiphonage Backflow

o Rackm3a ure ckflow
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Types of Cross-Connections
Backsiphonage Backflow
Backpressure Backilow
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Flow Position
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Press re
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\Atmospnieric
Pressure
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Vacuum is AN) d

\AtmcaphIrir
Prssurte

Disc in Vacuum
Breaking Pasiqor:

0:Jere:ion of a vat eatrr breaker.
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Treatment Plant Situations:

Submer* Inlets Finished Raw

Solution Tank-Sewer Water Connections

Connections Classic "Garden

Split Chemical Feeds Hose" Situations
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Treatment Plant Situations:
Submerged Inlets
Solution Tank--Sewer
Connections
Split Chemical Feeds

Finished Raw
Water Connections
Classic "Garden
Hose" Situations



UNIT 8: MONI'^ORING/RECORDKEEPING "THE NEED TO KNOW"

Unit Summary

Monitoring Responsibility
Monitoring Requirements
Record keeping
In-plant Monitoring

Uhit Objectives

A function of a sanitary survey is to
determine facility compliance with the
monitoring requirements. In order to make
this_determination, an inspector must be
familiar with the regulations, sampling and
testing procedures, and laboratory report
evaluation.

Logistics

Approximate- Presentation Time: 45 minutes

Instructor Materials

o Basic Material
o Transparencies 8-1 through 8-5
o NIPDWR

Student Materials

o Student's Text, Unit 8

Student Prcpara-t -ion

o Read Unit 8 prior to the session.

o National Interim Primary Drinking Water
Regulations

o Water Treatment Plant Operati6ii
(Volume I; Chapter 10?



'Hitie for moni_tr,rin,;

,et %:ith the

u q I '1") t

f:esponf=ibilities of Water Purveyor-:
Arrange for all applicable sampl.lh
required in the regulations;

e Arrange for sample examinations
S'it(-approved laboratory.

o _NOL42_: Some States may require th
iiipeCtOi' to take samples an:i SCihm.1
'0 an approd laboratory as a routir,o
irt of 1,4

Freoency Requirements for Sampling and Analysis

Surface Source c,rouno Source

C Hacteria Monthly, based on
population serve!

Community systems of
leSS than 1,000 people,
a .AiniMUM of one per
month

Noncommunity systems,
a minimum of one per
calendar quarter

Same as for surface
sources except that
State agency may
reduce to one sample
per calendar quarto



I(: (.AN!c !!.M1(-ALS (Appli only to ccmmunitv sy3t.ms e;:ce'ot for_
nitrate, whIc:L applies to borli ant

nor-,mmunity

YL

Surface Source Ground Sourci.,

at 1-veer Analysis an 3-year
intervals

Surface Source Ground Source

1.11ar:e

Nlf,thoxyclor
Thxaphene 2,4-1)

Silvex

Analysis at 3-year
int-rvals

Tri1:116- Sampling and analysis
:7othane. conducted quarterly

Analysis only if
required by the
State

-.-7.tat7.es may require greater frequency of sampling and analysis.)

(,ACTIV1TY (Applies only to community-type systems)

namLnant ,Ii-face Source Ground Source

Analysis completed
at 4-year intervals

Analysis completed
within 3 years
after effective date;
thereafter at 4-
year intervals

8-3



.A)P[T.M (Applle5; only to community-typt systems)

Surface Source Grounn Source

Sampling and analysis
conductea annually

Sampling and analysis
conducted every 3
years

'(-)p_PosIviTv CHARACTERISTICS (Applies only to community-t-ype systems?

Surface Source Ground Source

(ono round of
sampling and
analysis)

Two samples to be taken:
one midwinter and One
midsummer

Only one saMple and
analysis required

(NOTE: Individual States may require a greater frequency of Sampling and

analysi.)

TURBID-U:Y

Surface Source Ground SbUtt

Sampling of at least NOt applicable

once per day



11:-; tla Itlestion to

promote olwis discussion.

Alert students that there
are other contaminants
than those covered by the
r-egulations; and to he on
the lookout for unusual
conditions that might
pose of contami-
nation.

Ensure that studen
have a copy of the
National Interim
Primary Drinking Water
Regulations (EPA- 570/9-
76 -003) and have them
locatesection on filets
for future reference.

(7se the question to
promote class discussion.

Use Transparency 8-3.

Discuss requirements
of NIPDWR for record-
keeping.

1. How would an inspector determine that
a facility has met the frequency
requirements for sampling and analy,,as?

References (NIPDWR):
o Inorganic Chemicals

(141.11 and 141.23)

o Organic Chemicals
(141.13 and 141.:4)

o Coliform Bacteria
(141.14 and 141;22)

Radioactivity
(141.15, 141.14, and 141 76)

1. When would an inspector use MCI
information?

Recordkeeping (5 minutes)

o Bacteriologica-1,analyses - for at least
5_ years

o Chemical ana-lyses - for at least 10
years

Actual laboratory reports may he kept 0::
data may be transferred to tabular
summaries, provided that the following
information is included:
date, place, time of sampling; name
of person collecting

- identification of routine distribu-
tion system sample; check s'e::.ples,
raw or process water samples; special
purpose samples
date of analyses

- lab and person responsible fOr per-
forming analysis
analytical method used

- results of analysis

o Records of action -ta 34; to c ect

violations - for at least 3 years after
last action was taken with respect to a
particular violation

8 -5



Copies of written reportsi summariesi or
communications relating to sanitary
surveys conducted by the facility,
private consultant, or local, State or
Federal agency for at least 10 years
after completion Of the sanitary survey
involved

o Records concerning schedutinq of imprnve-
Ment8 not less than 5 years following
expiration o scheduling time

110 Tranparencl H-4 fin -house Monitoring (20 minutes)
.ind R-5.

scuss rt.isons for
in ()use monitoring-

Reasons for In-house Monitoring
o Important for proper operation of

treatment units
o Identifies trends in water quality
O Identifies problems in water treatment

before finished water quality is affected

Draw sample point Sample Points and Parameters
scheme on blackboard. o Dependent on type of treatment
Ask students for o Frequency dependent on type of source,
reasons for particular variability of source, importance of
analysis. See_ parameter
schematic provided.

Monitoring Program Evaluation

Is operator competent and certified to
perform the tests?

Are testing facilities and equipment
adequate?

3. Do reagents used have an unexpired shelf
life?

s

Are records J: the test results being
maintained?

Are tests and operational results being
supplied to the state regulatory agency
(as required)?
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UNIT 8: MONITORING/RECORDKEEPING

Unit Summary

Monitoring Responsibility
Monitoring Requirements
Recordkeepillg

In-plant Monitoring

Unit References

National Interim Primary Drinking Water
Regulations

dater Treatment Plant Operatin (Volume Ii
Chapter 10)

Basic Material

The National Primary Drinking Water Regulations outline responsibilities
and requirements of the water purveyor with respect to monitoring; The

responsibilities for monitoring are:

1. Arrange for all applicable sampling required in the regulations.

Arrange for sample examinations at a State-approved laboratory.

The requirements for sampling frequency are. provided in the tables
included in this unit;



Frequency Requirements for Sampling and Analysis

MICROB- IOLOGICAL

Contaminant Surface Source Ground Source

Coliform Bacteria Monthly, based on
population served

Community systems of
less than 1,000 people,
a minimum of one per
month

Noncommunity systems,
a minimum of one per
calendar quarter

Same as for surface
sources except that
State agency may
reduce to one sample
per calendar quarter

INORGANIC CHEMICALS (Applies only to community systems except for
Nitrate, which applies to both community and
noncommunity)

Contaminant Surface Source Ground Source

Arsenic
Barium
Cadmium
Chromium
Lead
Mercury
Selenium
Silver_
Fluoride
Nitrate

Analysis at 1-year
intervals

Analysis at 3-
year intervals



ORGANIC (F1EMICALS

Cohaminunt Surface Source Ground Source

Ehdrin
Eindane
Methoxychior
Toxaphene 24-D

4;5-TP Silvex

)tal Trihalo-
mothanes

Anaiysis at 3-year
intervals

Sampling and analysis
conducted quarterly

Analysis only if
required by the
State

(Individual States may require greater frequency of sampling and analysis.)

RAL:OACTIVITY (Applies only community-type systems)

Cohtaminant Surface Source Ground Source

Nutoral Analysis completed
Radioactivity at 4-year intervals

Analysis completed
within 3 years
after effective date;
thereafter at 4-
year intervals

SODIUM (Applies only to community-type systems)

Surface Source Ground Source

Sampling and analysis
conducted annually

Sampling and analysis
conducted every
3 years



CORROSIVITY CHARACTERISTICS (Applies only to community-type systems)

Surface Source Ground Source

(0::e round of
ampling and

malysif;)

Two samples to be taken:
one midwinter and one
midsummer

Only one sample and
analysis required

r

(NUTE: IndiViddal States may require a greater frequency of sampling and
flalysis.)

TURBIDITY

Surface Source Ground Source

Sampling of at least Not applicable
once per day

The following records must be kept by the water supplier as outlined by
NTPDWP:

o Bacteriological analyses - for at least 5 years.

Chendoal-analyses for at least 10 years. Actual laboratory
reports may be kept, or data may be transferred to tabular
summaries, provided that the following information is included:

0

( )

Date, place, time of sampling, name of person collecting
Identification of routine distribution system sample, check
samples; raw or process water samples, special pt\rpose
samples, date of analyses
Lab and person responsible for performing analysis
Analytical method used
Results of analysis

Records of action taken to correct viei-l-a-t-ions - for at least 3
years after last action was taken with respect to a particular
violation.

ST 8-7
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o Copies of written reports, summaries or communications relating
to sanitary surveys conducted by itself, privateoonsultant, or
local, State or Federal agency - for at least 10 years after
completion of sanitary survey involved.

uling of improvements - not less than 5
years following expiration of scheduling time.

o

The inspector should ensure that the required monitoring is being
conducted and that analysis is performed by a certified laboratory
Recordkeeping should also be eva/uated to determine compliance with the
regulation.

The previously discussed monitoring is required to comply with the
regulations._ The analysis_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
properly evaluate the operation of the treatment system. The number of
parameters and sample points is dependent on the type of treatment
required The frequency of the sampling will depend on the type of
source, its variability_ of_ quality,-and the importance of the parameter
being evaluated. The chart below illustrates sampling points and
suggested monitored parameters.

Sampling Points

_raw water rapid mix > flocculation settling

sample _sample sample
routine chemicals alkalinity alkalinity

hacteria pH pH
jar test

Us- " chlorination ( filtration !

samIple sample armpit
routine chemicals turbidity turbidity

bacteria alkalinity alkalinity

PH pH

Routine Analysis: color iron alkalinity chloride
turbidity manganese pH fluoride
odor hardness nitrogen series
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With respect to this in-house monitoring, the inspector should be
concerned with the following points:

1. Is the operator competent in performing the tests?

The inspector may wish to observe the operator's technique in
collecting samples and performing analyses. The operator should
follow the correct_ procedures such as calibrating_ and zeroing specific
ion electrodes. The operator should be aware of interferences that
may cause incorrect readings;

Are testing facilities and equipment adequate?

The water utility should be encouraged to have equipment to enable
proper operational monitoring; The equipment should be in working
order. The inspector may wish to look at the equipment. The
operation of the plant is not aided by a pH electrode that the
operator 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.

3. Do reagents used have an unexpired shelf life?

The operator should 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.

4. Are records of test results being maintained?

The records of test results should be kept so that trends may be
observed; The inspector should determine what action is taken based
on the test results; The operators should know the importance of the
particular test and what the results mean;

303
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as

N

Responsibilities:
Arrange for Required Sampling
Sample Examination at State-approved
Laboratory
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Responsibilities:
Arrange for Required Sampling
Sample Examination at State-approved
Laboratory.
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Responsibilities:
Arrange for Required Sampling
Sample Examination at State-approved
Laboratory
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Recordkeeping



Recordkeeping
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iii=House
Monitoring
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in-House
Monitoring



Why Monitor?
Proper Operation
Identify Water Quality Trends
Identify Water Treatment Problems
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Why Monitor?
Proper Operation
Identify Water Quality Trends
Identify Water Treatment Problems
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UNIT 9: MANAGEMENT/SAFETY - "THE NEED TO KNOW"

Unit Summary

Personnel
Finance
EMergency Planning
Safety

Unit Objectives

The inspector, 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.

LogiStics
Annrnytmate Presentation Time: 45 minutes

Instructor Materials

o Basic Material
o Transparencies 9-1 to 9-3
o Chalkboard

Student Material

o Student's Text, Unit 9

08

o Read Unit 9 prior to the session.

Unit References

o Manual of Water Utility Operation
o Water Treatment Plant Operation

(Volume Ij_
o Water Supply System Operation



Use Transparency 9-1.

USe Transparency 9-2.

Discuss aspects of
management that are
important to the
operation of the
system.

Ask students for
factors affecting
personnel requirements.

Use Transparency 9-3.

EMphasize the
importance of safety
for both the inspector
and the operator.

Briefly discuss hazards
and safety precautions.

Management (15 minutes)

o P8r8onni21

1; Are personnel adequately trained an
certified?
o In-house training programs
o Correspondence courses
o Short courses

2. Are there sufficient personnel?
o State requirements
o Sickness, vacations

3. Are the financing and budget
satisfactory?
o Present operation and maintenance
o Future replacements
o FUture expansion

4. Is an emergency plan available and
workable?

Safety (30 minutes)

o Source of Hazards
- Electrical shock

Exposure to chemicals
- Drowning

Working in confined spaces
High - intensity noise

- Sprains and strains due to lifting
Slips and falls

Safety Equipment
Helmets
Goggles

- Gloves
- Shoes

Respirators
- Self-contained breathing apparatlas

o Safety Concerns
Is adequate safety and personal
protective equipment provided?

- Are the facilities free of safety
hazards?



mAnagement of the water system does not of itself represent a sanitary
ris to the quality of the water. However, there are several aspects of
u:Iclement that will affect the overall capabilities of the system.

rsunnel

personnel adequately trained and/or certified?

In order to properly operate a system, personnel mast be adequately
trained. This can be provided by an in-house training program
conducted by more experienced personnel; Correspondence courses such
as Water Treatment Plant Operation, Water Supply System Operation and
AWWA courses are a means for a small system operator to receive
training relatively inexpensively. Operators should also be certified
by the appropriate state regulatory agency. Proof of certification
should be prominently displayed or otherwise made available to the
inrIpector;

Are there sufficient personnel?

There should be enough personnel to provide for operation during
vacations or sickness as a minimum. The number of operators is
depi,ndent on the type and size of the treatment process.

Firiance
. _

Are the financing and budget satisfactory?

The system should be able to have sufficient funds for operation,
maintenance, and future replacements.

Emergency Planning

1. Is an emergency plan available and workable?

The utility should have a contingency plan that outlines what action
will be taken and by whom. The emergency plan should meet the needs
of the faCility, the geographical area, and the nature of the
emergency likely to occur. Conditions such as storms, floods, and
civil strife should be considered.

Another aspect of management is safety. This is a concern if the system
nas 1 operator or 50; It has been pointed out previously that safety
should he a concern of the inspector; both his safety and that of the
operator. There are a number of safety hazards including:

1. Electrical shock
2; Exposure to chemicals
3. Drowning
4. Working in confined spaces
5. High7intensity noise_
6. Sprains and strains due to lifting
7. Slips and falls

319
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The first choice in preventing accidents is to engineer out the expos,ne.
An example of this is providing guards for all rotating equipment and
belts. This choice is riot always possible. The second choice is the nse
of protective equipment. The most frequently used equipment and d
necessity of every plant are the following:

o Safety Belmets- provide protection from falling objects in
manholes and pipe galleries. Can be used as a means of
identification.

o Goggles - provide eye protection from chemicals and flyihg
objects. They may need to be supplemented by fill face Shield 1;ihen
working with some chemicals.

o Glove:; provide protection against injuries from chemicals asd
equipment.

Shoes steel-toed safety shoes provide protection from falling
objects.

o Respirators - protect the wearer from inhalation of dusty organic
vapors; and other chemicals. This equipment is only to be used
where the :atmosphere is known not to be oxygen deficient.

Self-contained Breathing Apparatus provides protection in oxygen
deficient atmospheres where the operator must work, such as
repairing chlorine leaks.

With regard to safety the inspector should be concerned with

1. Is adequate safety and personal protective equipment providi

2. Are the facilities free of safety hazards?
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Management/
Safety
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Management
Personnel
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Management
Personnel
Finances
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Safety
Electrical Shock
Chemicals
Drowning
Confined Spaces
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Slips/Falls



Safety
Eledtri
Chemicals 6 LiftihQ
Drowning 6 Slip8/Fall8
Confined Spaces
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:;HPYEYS "THE NEE!) TO mm"

Survey Techniques
Sample Survey Forms

The inspector must know how to actually
conduct a sanitary survey. This unit out-
lines the three phases of a sanitary survey
and some activities that ShibUld occur in
those phases. A set of sample survey forms
is also presented.

Approximate Presentation Time: 60 minutes

d-nsttuctor Materials

o Basic Material
o Transparencies 10-1 to 1-5

::.!Aident Material

o Studeht's Text, Unit 10

Student PrPrAtatdcm

o Read Unit 10 prior to the session;

Unit References

None

10-1
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areIA 10-1 Schedule

Planning schedule
o Estimating time

purpose o Phases of survey

mportanc:e

Preparation Phase

o Review of available records
o Review of chemical and bacteriological

files
o Review of selfmonitoring reports
o Make contact withowner/operator and

establish survey date and time
o Notification of any schedule changes

.onpar-ncy 10-4. Onsite Phase

i,,,isonal experiences

i Anecdotes to relate
-A,Am material to

is that inspectors

o Review of syStem complaints
o Review of monthly operator reports and

in-hOUSe monitori ng
Complete investigation of the water
supply; treatment; and distribution
facilities

o Make general description of the system
and a flow diagram

o Exchange of information between operator
and inspector

o Completion of form

o Debriefing

p:Iren,J i0-5. F.eport_Writing Phase

tunot ; of a o .ponrtron
o Formal notification of deficiendieS
o Motivate corrective action
o Provide records of compliance, future

inspections

o Activities
o Complete forMal report
o Notification of appropriate

organizations
o Followup on technical assistance/

questions asked by owner
o NotificatiOn of variance of written

evaluation from oral debriefing

o campIP Forms
di5;cnSs; the o Sample form compiled from this text

ampl for o State of Alaska
o State of Maine
o State of Missouri
o State of South Carolina

Can be used to develop or compare forms.)

10-2



In the previous chapters; the concerns of a sanitary inspector have been
outlined. In this unit a plan for doing the survey will be developed. As
this plan is developed and the use of a standard form is discussed; it is
important for the inspector to remember what the purpose of the survey
is. The inspector is to perform an onsite review of the water source.
faCilities, equipment,_ operation, and maintenance of a public water system
for the purpose of evaluating the adequacy of such source, facilities;
equipment, operation, and maintenance for producing and_distributinq 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 need to concentrate on identifying potential or existing
problems and evaluating their risks.

In planning for a survey; an estimate of the time required will help in
managing your schedule; The estimate should include time prior to;
during; and after the survey. Although the time required will vary with
the complexity and the experience of the inspector; a good rule of thumb
would be 2 days in the office for every day in the field.

Prior to each survey the inspector should review all available file
information concerning the system being surveyed. This review will assist
you in being fully briefed on the system's past history and present
conditions. Many times, if you are familiar with the past system history;
past inspections, reports, memorandums, telephone communications; you can
dispel remarks made concerning previous letters; conversatiorr.; etc;; that
are taken out of context; altered; or just misunderstood. This knowledge
of the system's past conveys to the water system personnel a concern for
the system and professionalism 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. In 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 insti.uctions for
requesting changes to the schedule. This is also a good opportunity to
reiterate the reasons for performing the survey and to inform them of
specific information they will need to provide. This should be provided
in sufficient time for the water system personnel to respond to the
notice; If the inspector must change the schedule; it must be done at the
earliest possible time; The survey must never be postponed or cancelled
without prior notification.

A brief synopsis of activities during this period follows:

1. Detailed general file review.
2; Detailed review of chemical and bacteriological files.
3. Review self - monitoring reports.
4. Make contact with owner/operator to establish survey 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 brings up the necessity of the successful survey; Imperative to a
successful survey is having a representative of the water system,
preferably the operator, accompany the inspector during the onsite
survey; This will allow the inspector and operator to ask questions 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
operations and problems of the system. This is the_period of evaluating
the system. In most cases it is good to use a standard form to help the
inspector cover all the points of the system. Again_it is not the primary
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
know 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)
provide uniformity of inspections, (b) ensure completeness 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 examples of survey forms
provided at the end of this unit; The first is a compilation of the
questions 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.

Some of the activities that should be conducted at this point are:

1. Review of system complaints.
2. Review of monthly operator reports and in-house monitoring.
3. Complete investigation of the water supply, treatment; and

distribution facilitieS.
4. A general description of the system and a flow diagram;
5. EStablishment of an exchange of information between the operator and

inspector.
6. COmpletion of the form as reqL red.
7. Sampling as required.
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 operator at the end of the onsite visit. If the written_evaluation is
different from the oral debriefing, the operator should be advised
telephonically of such changes. There is little that is_moreexasperating
to the owner/ operator than to_receive a written report 6 months after the
onsite visit listing deficiencies that he knows nothing about. The

purpose of the report is (a) formal notification of deficiencies, (b)

motivate corrective action, (c) provide records of compliance and future

inspections. The report itself can be as brief as a letter or as detailed
as necessary to convey to owners and operators of the system what
deficiencies exist and what must be done to correct them.
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Briefly-, the activities during this period are:

I. Completion of formal report.
2. Notification of appropriate organizations of results
3. Followup on techni-2a1 assistance /questions asked by owner/operator.
4. Notification of variance of written evaluation from that provided in

the oral debriefing.
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SURVEY SAMPLE FORM

Date of Survey

Name of Facility System Identification

Owner Telephone

Address

County

Treatment Plant Telephone Number

Name of Operator

Water Purchased From

Certification

Water Sold To
(other than system)

SOURCE

1. What type of source?

2. What is the total design production capacity? MGD

3; What is the present average daily production? MGD

4. What is the maximum daily production? MGD

5. Does system have an operational master meter? YeS No

6. How many service connections are there?

7. Are service connections metered? Yes No

WELLS Yes

1. Is recharge area protected?
Ownership Fencing

2; What is nature of recharge zones?

Ordinances

Agr:cultural Industrial Residential Other

3. Is site subject to flooding?

4. IS_Well located in proximity of a potential source of
pollution?

5. Depth of well ft;

6; Drawdown ft.

7. Depth of casing ft.
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8. Depth of grout ft.

9. Does casing extend at least 12 inches above the
floor or ground?

10. Is well properly sealed?

11. DOeswell vent terminate 18 inches above ground/floor
level or above maximum flood level with return bend
facing downward and screened?

12; Does well have suitable sampling cock?

13. Are check valves; blowoff alvesi and water meters
maintained and operating properly?

14. Is upper termination of well protected?

15. 18 lightning protection provided?

16. Is intake located below the maximum drawdown?

17. Are foot valves and/or check valves accessible for
cleaning?

Yes No

SPRINGS AND INFILTRATION GALLERIES

1. Is the recharge area protected?
Ownership Fencing Ordinances

2. What is the nature_of the_recharge_area?_
Agricultural Industrial Residential Other

3. Is site subject to flooding?

4; Is collection chamber properly constructed?

5; Is supply intake adequate?

6. Is site properly protected?

7. What conditions cause changes to quality of the
water?

Yes No
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SURFACE SOURCES

1. what is nature of watershed?
Agricultural Industrial Forest Residential

2; What is size of the owned/protected area of the waters

3. How is watershed controlled?
Ownership Ordinances Zoning

4. Has management had a watershed survey performed?

5. Is there an emergency spill response plan?

6. Is the source adequate in quantity?

7. Is the source adequate in quality?

8. is there any treatment provided in the reservoir?

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

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

11. Are multiple intakes-, located at different level
utilized?

12. Is the highest quality water being drawn?

13. How often are intakes inspected?

14. What conditions cause fluctuations in quality?

Yes No

PUMPS

1; Number

Type

Location

2; Rated Capacity
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Are pumps operable?

What is State of repair of pumps?

Yes No

'3. What type of lubricant is used?

Fmergency power
o What type

Frequency of testing

Record of primary power failures:
last year

0 Automatic Manual SWitchover

Q Ate backup pumps/motors provided?

in

Is all electro- mechanical rotating equipment provided
with guards?

A. Are controls functioning properly and adequately
protected?

q. Are underground compartments and suction well waterproof?

10. Are permanently mounted ladders for pumping stations
sound and firmly anchored?

I,. Is facilizly properly protec,-.e
and vandalism?

against trespassing

Yes

TREATMENT-UNITS (Note: Multiple unit ld have a separate information
suction completed for unit;)

Prechlotina_t-ibn/Ptetreatment Units

I. What chemical is used?

What amount is used? lbs/day

-4. For prechlorinationi has TTHM been evaluated?

4. Where is point of application?

5; 18 cheMital storage adequate and safe?

6; Are adequate Safety devices available and precautions
observed?
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Mixing

1. Is mixing adequate based on visual observation?

2. Is equipment operated properly and in good repair?

Flocculation/Sedimentation

1. Is process adequate based on visual observation?

2; Is equipment operated properly and in good repair?

Filtration

1. Is process adequate 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. Is equipment operated properly and in good repair?

-PbStChlor-ination

1; Is adequate chlorine residual being monitored?

2; Is the disinfection equipment being operated and
maintained properly?

3. Is there sufficient contact time (30 minutes minimum)
between the chlorination point and the first point of
use?

4. Is operational standby equipment provided? If not,
are critical spare parts on hand?

5; Is a manifold provided to allow feeding gas from more
than one cylinder?

6. Are scales provided for weighing of containers?

7. Are chlorine storage and use areas isolated from
other work areas?

8. Is room vented to the outdoors by exhaust grilles
located not more than 6 inches above the floor level?

9. Is a means of leak detection provided?

ST 10-12
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10. Is selfcontained breathing apparatus available for
use during repair of leaks?

11. Ate all doors_hinged outward, equipped with panic
bars, and at least one provided with a viewport?

12. Are all gas cylinders restrained by chaining to
wall or by other means?

12. Have there been any interruptions in chlorination
during the past year due to chlorinator failure
or feed pump failure?

Yes No

STORAGE

1. What type of water is stored?
Raw Treated

What type of storage is provided?
Gravity gals. Hydropneumatic gals;

3. Total number of days of supply? days

Gravity Storage

1. Does surface runoff and underground drainage drain
away?

2. Is the site protected against nodding?

3. Is storage tank structurally sound?

4; Are overflow lines, air vents, drainage lines or
cleanout pipes turned downward or covered, screenedk and
terminated a minimum of 3 diameters above the ground or
storage tank surface?

5. Is site adequately protected against vandalism?

6. Are surface coatings in contact with water approved?

7. Is tank protected against icing and corrosion?

8. Can tank be isolated from system?

9. Is all treated water storage covered?

10. What is cleaning frequency for tanks?

11. Are tanks disinfected after repairs are made?
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#ydropneumatic

1; Does low pressure level provide adequate pressure?

2. Are instruments and controls adequate, operational,
and being utilized?

3. Are the interior and exterior surfaces of the pressure
tank in gOod physical conditiOn?

4. Are tank supports structurally sound?

5; Is storage capacity adequate?

6. What is cycle rate?

Yes No

DISTRIBUTION SYSTEM

1. Is 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. he system interconnected with any other system?

Yes

CROSS-CONNECTIONS

1. Does the utility have a cross-connection prevention
program?

2. Are backflow_prevention devices installed at all
appropriate locations?

3. Are crosS.7-t-onnectiOn8 present at the treatment plant?

Yes No

MONITORING

1. Is the operator competent in performing necessary tests?

2. Ate testing facilities and equipment adequate?
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3. Do reagents used have an unexpired shelf life?

4. Are records of test results being maintained?

Yes

MANAGEMENT

1. Are personnel adequately trained?

'2. Are operators properly certified?

Are there sufficient personnel?

4. Are financing and budget satisfactory?

Is an emergency plan available and workable?

6. Is adequate safety and personal protective equipment

provided?

7. Are the facilities free of safety hazards?

Yes No
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SITE PLAN

TREATMENT UNIT SCHEMATIC
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State of Missouri/Page 1

r NA
DIVISION OF ENV:RCNMENT
FUBLIC DRINKING WATER PROGRAM

RECORD OF PUBLIC WATER SUPPLY ROUTINE SURVEY

:nsOection initial 1 DATE.
Final 2
Annum 3
:ntecirn

2. PWS ID No (T) 3 L,ounty Name-

PVCS Namic_

Check person(s) wno should get analyses rePorts Check oerson(s) contacted during inspection I V

C Mityclir/Tibied Cri*rrnevii1Nrigiderit./Oernetr ( ) SuiSiOntendentilillaineger(

5. Namc 10. Name:

6. Address' 11 Address:

O,ty-State-Zip Code City-State-Lp Code:

3 Phone Number ( 13. Office Phone Number (

9 Home Phone Number 14 Home Phone Number (

Clerk/Seen/Vary ( ) Other (

'5 Name 20. Name:

'6 Address- 21 Address-

C.:.1.,-Stale.-ZiO COCO: ZZ City-Slate-Zip Code:

8. Office Phone Nomner 23. Office Phone Number

'9 Home Phone Numoer 2A Home Phone Number'

7 moo sample 9odlise to! ( Operators and Certification Level

Name

Z5 AC1Cre-s3

r.,8tale-Z,o Coca

:8 Phone Nurnoer

-9 -.Ome Pone Numoer

JC 3!.o010 Serve0 average Oally Consumption

3' Send,ce Cd,nactcns 7 37 own System 71

32 _aoAc.ry .MGD 38 Secondary Systems

13 74pac Secor,cdr... MGD 39 5rvem

:4 7,10.age

1- `Jar^e, S,S'er^5

.10 Maximum. 3any Consumption

S.7:em 7 MGC

MGC

B71"7 '0'41LABLEi.,



State of Missouri/Page 2

SYSTEM SURVEY
tM SATt_

FACTORY
UNSATI
rACTQPY RFFAAPICS

So. rce
Su,ace Source Condition
Ground Source Condition

46 ...3 Pumps
4' .z.,Iner Specit,,

Treatment
,..)ration
Chemical Application
tit ng

5' Settling
.dt-atIon
7.:OntrOi Equipment

7,4 _aboratory Equipment
55 'Omer Specify)

Distribution
se plant Storage

57 H S. %MOS
56 Distribution Storage
59 Booster Pumps
60 Cross Connection Control

Metering
62 Other (Specify)

Record Keeping
63 analyses Records
64 Violation Actions
55 Inspection Reports
56. Variance:Exemption Records
57 Operational Records
68. Systems Records

Sample Submission
64 Microbiological
-0 Chemical

Flouride
2 Pachological

Water Duality
-0 Microbiological
74 Chemical

Polvslcal

Padiologicai

'-a(1,0 Codes Satisfactory 0. Unsatisfactory (use one or morel Construction Deficiency - 1. Operation and/or Maintenance
Deficiency - 2; Capacity Deficiency - 3.

Effluent CI Free _ CI Total _off Alk. Hard F Fe Turb Stability

Oder __ Dolor Phospnate _ Other

maximum Rate of Operation- L.S. H S. Filters Other

P,t,cus Flecommendations Carried Out

New Ccnstruc!inn P-dppsed

cyements



State of South Carolina/Page 1

7 F 3C,127:1 CAROLINA

Station Coda:

Name of Facility:

)wner:

Address:

:;AIER SUPPLY D ./SION
SANITARY SURVEY REPORT

Dace:

Inspected Sy:

County:

(signature)

ToIephone:

Naas or operator: Cartification No. and Grade:

Fopula,ion Sarvad: No. of SarVices:

Number of unsatisfactory routine Bacteriological samples since last Sanitary Surva7
Report:

Number of routine Bacteriological samples mince list Sanitary Survey ?Wort:

Shemical: Health oriented parameters not meeting standards on last report:

XesthatiC oriented parameters not meeting standards on last report:

TREATMENT PLANT

Capacity: 0= Average usage: (MGD)

Emergency power Capadity under emergency power

TREAT.MaTT !sketch plant and locate injection points)

baffle mix sedimentation pH adjustment
mechanical miX aeration ion exchange
disinfection fiItratiOn sequeStation
flocculation lithe softening taste and odor control----

:REATMENT CHEMICALS:

chlorine line PhoaPhaca
alum potassium permanganate fluoride
caustic activated carbon ammonia

soda ash polyalactrolyte

C. operator conduct following tests (has knowledge and equipment)? Y es ____No

pH onlorine iron phosphate fluoride turbidi:y

toes operator keep records of rest result'? Yes NO

Serticied operator on duty at all times plant is operating?

Plant Locked when operator not on duty? ----Chemicals kept under lock?

---3ackop feeders available: Chlorination room for gas chlorination.

mask. gIo,es, aprons, etc. available. General condition of plant.
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1-() i L.71'zige 2

,;ATER SUP.71 :1:i

SNTTAR1 UEf REPORT

41 42 43

Date:

Inipectr? Sy:

Station Coos :

(initiaLs)

Comments

Tr :nit:ailed
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_
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r I ii ihi/P;ige 3

SANITY s7avr7 REP7R7

Fac2:1Jcies

?neumaciz Scots. e Lank

Dace:

Inspected By:

Station Code:

(Lnicial3)

1

7

[ -.''
1 ----

,

.1

I
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1. ^OMMUNICATIONS/PUBLIC RELATIONS "THE NEED TO KNOW"

5:11mmiTy

Communications
Public Relations of Survey

The inspector must know who to contact with
regard to the sanitary survey being per-
formed. The relationship of the inspector
and the operator is important to the
success of the airvey. This unit brief77
discusses the importance of these items,

Approximate Presentation Time: 30 minutes

Instructor Materials

o Basic Material
o Transparencies 11-1 to 11-3

Student Materials

o Stud. is Text, Chapter 11

Student Preparation

Read Chapter 11 prior the session.



Use Transparencies 111
11-2;

Ask for student
suggestions on what
should be accomplished
in each phase of
communication;

Briefly discuss
activities involved
with each item;

Use personal experiences
and-anecdOtes to illus-
trate situations students
may encounter during a
survey.

Communications

Prior to Onsite Visit
o Owner of Water System

o Obtain cooperation and established
survey dates

o Explain purposes of survey
o Regeest that necessary information t,e2

available

o Operator
o Coordinate gaining entry to site
o Ensure presence of operator during

survey

o Wcal Health Unit/Other Departments
o Ensure cooperation and coordination.
o Obtain information pertinent to system

During Onsite Visit
o Owner of Water System
o Obtain information pertinent to system
o Explain function_of survey results
o Explain recommended actions
o Explain what action will result from

survey

o Operator
o Obtain information pertinent to

system
o Exchange of technical information
o Explain survey results
o Explain recommended action

After Onsite Visit
o Owner of Water System

o Notification of deficiencies
o Instructions on corrections
o Compliance schedule for corrections

o State 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



Transparency 11-3.

o PUbliC
o If system is not in compliance with:

- applicable MCL
- applicable testing procedure
- required monitoring
- scheduled corrections
- an exemptin or variance

Public Relations

Use personal expertenres o Importance of establishing good
relationship with owner/operatorAnd an-es -dotes- to illus-

trate actual situations
students may encounter
duri: a survey.



An area that the inspector of a water system must deal with is who to
contact with regard tc the sanitary survey. This contact is necessary for
obtaining cooperation, gathering information, coordinating with othe
departments or agencies, and transmitting the results of the evaluation.
Briefly, the persons/agencies the inspector should contact, and the purpose
of the contact, are the following:

Pr i-o r 0

kill -I.'

o Owner of water system
o Obtain cooperation and established survey dates
o Explain purposes of sur:vey
o Request that necessary information be available

Operator
a Coordinate gaining entry to site
o Ensure presence of ope;:ltor during survey

Local. Health Unit/Other Departments
o Ensure cooperation and coordination

Obtain information pertinent to system

o Owner of water system
o Obtain information pertinent to system
o Explain function of survey results
o Explain recommended actions

Explain what action will result from survey

Operator
o Obtain information pertinent to system
c Exchange of technical information

Explain survey result
Explain recommended action

After the Onsite Visit (Survey Repo rt-Y

o 0Wner of water system
b Nbtification of deficiencies
o Instructions on corrections
o Compliance schedule for corrections

o State Regulatory Agency
o Case report where formal enforcement is indicated

o U.S. Environmental Protection Agency
o Case r-port when State does not have primacy under SDWA

ST 11-2 363



Public
o If system is not in compliance with:

applicable MCL
applicable testing procedure
required monitoring
scheduled corrections
an exemption or variance

Brief11:; We need to discuss , -Imunications with the owner/operator and

With the public: There is not sufficient time in this course -to fully
discuss interpersonal relationships and how to deal with people. however,

there are some points that inspectors should keep_in mind. TheeStabliSh-
ment of a good relationship with the operator is important to the success
of the survey; The operator of the small water system occupies a unique
position in the water supply industry. In most cases the operator is re-
sponsible for all aspects of the system from operation of the plant to

budgeting for equipment, and in small towns may also be responsible for
'he_other services (wastewater treatment, road repair, etc;) in the com-

munity. Consequently, the operator will frequently have only a basic
4-king knowledge of the 4-reatment processes of that particular system.
he fact thattheoperator may not be fully knowledgable about the
ter-hnical design criteria does not make the operator inOompetent;_

Communicate with the operator in terms that can be understOod; not by
yourself or by an engineer, but by the operator. ThiS is particularly

true when providing assistance. An indepth discuSSibh on the Brownian
movement of colloidal particles may dazZle the operator With your

brillance but do little to foster a good relationship.

Communicating at the level of your audience is particularly important in

dealing with the general public. A technical knowledge of water treatment
and water quality cannot be assumed with the general public. Conse-

quently, you must be careful to couch your communications in laymen's
terms, particularly when dealing with problems in the system. The public

ShOdld be made to realize the impact of the problem without having the
ditileth exggerated;
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Communications
Prior to Onsite Visit

a During Onsite Visit
Post Onsite Visit

367



COmmunidations
Prior to Onsite Visit
During Onsite Visit

40 Post Onsite Visit
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:AL AL', ' NEET TO KNOW"

1:ovi,xlino -.71-1 f:",r-i 1

1-1-01.11 Orr

.gnificant element of the ranitary

8urvey is the assistance that the inspector:
can re:iciel the operator in overcominy

operational :d procedural problems and in
improving the operaton of the system.

Approxih Presentation Time 3U TrinuteS

Instrct Materials

o Thasic ',1aterial
--,-::parencies 72-1 J-oi 12-2

. _

Studen-,: Material

o Scadent's T-ekt, unit 17

o Read Unit 12 tior tr tho

init References

Ncrc,
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!hc LJsic .F.,bctr mote
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cluiee the dis-cu: Defective p- sun= switch
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Improper sealing of pump t 1

o Improper pump drainage

:torage System
o Debris in storage tank

Interior of tank coated wth unal
coating
Entry of bird throtgh defective
or open manhole

Distribution S cm

o Cross-connetio- l with source
or toxic chemicals

Problem
minute:

d Taste: Color; OdOr.

H-eilth

rossible baCter or chemical
contamination
Use by consumer of a more pala Iflyt

less safe water supply

Cause!

er Source
o ContaminLion by forl.icin

Well or Intake Structure
Entry of bird or .n.imal

iefeCtiVe Ven' open
o inoper6.tive seal

Tt,ltmen_t_Yroces
Productin of chlorophenylL,
of chlorine on precuisor shs,_:r3rIccr-

Pr -ring System

o Repair or replaceme;:. of pump part
without a0equate disifection

o Use of L-mtaminated vat.
package

me ,er sealin-
drainar: of pump

Storage System
Debris in storage tank
Interior of tank coated wi,
coating
Entry of birds tttough
open manhole

o Ir, .n b- .zcterie growth in

-4
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TFCHNIOAL ASSISTANCE

Provicmig Technical Assistance
Con fl;1 Problems

Small Water Systems ',erying the tone
(Chapter 13)

Handbook Individul Water Systems
Water Systems Hanc
Watr. Treatment PL nt Opera':.ion (Volumes _

&

Water Supply Sy. cm Operation

..r

:iurvey is is part desiqned to assist the water Purveyor in
any ,leficiences ter quality or the riaer supply system;

Co to this assistance, the i-spector mlst be Able to commun-
- to water Sys.tem personnel the possi.:)te cau:'es ot problems. Problem

oii1r approached in a systemat,cmnn._:with a concept of the
!Icit, might contribute to water problems and with insights into

maini_enance and repajr scocdul:: is Of primary import,r),-,.
wat: supply system; Every opportunity should be tke

E 7uldance in the devetopTent of such sytem and to supi,li techn,-
.. '.i.7anc- with potent ±1 aad ec.ial water sys':em pr.Jtslems.

E.- techi:ical assistence is pre"rded is equally impoirtant as the in
.rmorion Unle-,s the solutv.n is obvious, teChNical ass-8tance
,OH1d cnly L,Ler the entire ,.ystem has beer surveyed. The-re are

fu ths procecrure. First, the objective. of your v.sit is to
-i Hat the etLe water: syitem. If you spenG time plying Sherlock

in to determine the cause of 7, -,roblem, you have chane;
or,...:rive and may very w11 overlook a serious sanitary risk. isola-

ius Of a water sy,-.cem problem is tirmi ;:onsuming and without
. :In(1analy'ical generally dificult. If the operato:7

+-he _ommcn ,c- five been evaluated and will
Th. .;ec!,c! 'urvevng H. 2ntire system is

'erven, 2m fIL L,:1-1 re

ST l 3 7 5



opid.oia ld he ask ec. what steps have been taken to evaluate and
ifig-4te the pro-:lem. The inspector should determine if the problem has

hof-clre and what action was taken. A review of operating recorcls
provide a rie to recent changes in thE system or chemicals utilized
i:iy ne the ;r?.

ie; eouor shou. ; temper any advice wIth.a realization of t
n*.a and kncA,edge o the problem. if erroneous informa-
:;viHed; a sot money and time can sult while hazard

ie c]as, !ic "I'm from the Government and I'm here to help'
followed as stance that intensifies th- pr(Ailemrather than

c he devastating. The irspectOr with limited
: 'en-- is wi refer the problem to more experienced peronhel.

have du!voloped a means by 4-i.oh assistance can be Drvided to
vstom either by its request a referral from a sanitary

Thif; i MO- to nl: that th ete should not he an exchange of
,nformation with th operator b' :1 inspector, The inspect( f

tar./ problems to _tle oper discur;s
realm of resoi,tion. pre fe

. 1 i,77. of he caeses Wherevur
0.O1r; theprexilem so a to

watc,r purvvo, te elements of the
IL y ;:e.

1%.; I i' ;;;ii-;

,=1:-1:
tThih1.2

10) ji I t

I !..1 7 i,.CM d in i ri

. !

PiE-'`--
1!!'- iv vaikre!, !;:!e

i. i straine:
w.,H of ' ion c'iamlt

,ter ollection char,h.r or pipo!-; ffeif.uu
p,ugged or broken

nnt u r it ,0`; 'hy,d th,

:(.7t-f ica Ifry c!unt r !I .:..C(.7".

f P;7111)
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o P_ 4r 4 :ire

O Lcm. -..01tage

o Blow,1

!=hori-out electric motor
o befective pressure switch
o Systqin valved off
o Air leck in suction lule

Leak on suction side ofsyStem
o plugged ejector or Impeller
o Worn or defective pump
o Discharge line check valve installed backf,rard
O LOss of prime in piston-type pump

irage System
Ruptured tank

o Drain valve open
Float switches on gravity ta7-:' defective
Pressure switch on hydropneturatic storage tank defecti-

DiLribution System
Break in water main

o Hydrants open
Excessive watr demand over prolonged period

rooLem-2: Water_a_Li_tyViolates_Standards

Health Risk
o Disease or chemical poisoning of consumers

Possible Causes:

Water Source
o Contamination of source by wastewater or to-Lc chemicals

Well or Intake Sit-bat-Ion
o Of:site :....tamination by wastewater or toxic chomicaIr.
o Inoperative well seal

qlr
o Contamination of treatment chemicals

Insufficient chlorine feed rate
o Chlorine solution exhausted
o Defective chemicals feed equipmer1L

Pump System
o Repair or replacement of pump pa-ts without adequate disif:
o Use of contaminated water to lubrcate package
o improper sealing of pump to Uase ,iuring repair
o Improper drainage of pump

ST 12-5 3 r'7



Storage System
o Debris in storage tanks
o Interior of tank coated with unapproved coatings
o Access of contaminants :hrough broken vent or open manhole

Cross-connection with source of sewage or toxic chemical

Problem 3: The Water Has Bad Taste, Odor, or Color

Health Risk
o Possible bacterial or chemical contamination
o Use by consumer of a more palatable but potentially less safe water

supply

-"-ussible Causes:

,rater Source
o Contamination of source by foreign substance

Well or Intake Structure
o Fntry of contaminant "rito structure through defective vent, open

manhole,or screen
o Inoperati:e weIl seal, aflowing entry of contaminant

Trea_tmen_t_rocess
o 1.-oduction of chlorop_en.11s by action of chlorine pn precursor

nstanc7-3

P.Amp System
o Roplir or !_-,,plicemer.t of p-ip parts without adequate disinfection

e o_t contaac:.lac.e,' water co lubricate package
1,71proper se&iin of pump to base, allowing entry of contaminants

o Inproper draage of pump

Stozage System.
Debris in store
Interior of tank coated with .Laapproved. coatings
P.ntry of contaminarr_s through broken vent or open manhole

Dist-ribution System
6 Iron bacteria groiln in pipes

c_T 1 2--7
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When to Provide?

After Survey is Complete
Objective is to Evaluate Entire System
Problem can be Caused Throughout
System

32
381.



When to Finvide?
After Survey is Complete

Objective is to Evaluate Entire System
Problem can be Caused Throuihout
Systen

383



v ,711et

rrif.n4

rihute ,,vdivatton
7, ..17,.1 students;

1 'tat The tsai nand

1 (.v 1,w

(yptiyriAl)

l'ro,7s,un (mpLional)

f-.0dehtS I I COMplete the post-test with
accurac.;-

Avproximate Presentation Time: 60 minutes

Instructor Materials

) Post-test (to be duplicated)
o Key to the post-test:

17,%.aluation form (to be duplicated)

unit References

Tinits 1 th .ough of tiS Mantial

Aseas of orri1J)arils will be determined by

instructor(q). (20 minutes)

13-1 3 8



!-11RVEYS OF WATER SYSTEMS POST-TEST

re may be more than one nor) some of the questions.

-try purpose of rapid sand fi'

disinfection.
removal of color.
removal of taste and odors
t-emoval of turbidity.

1-,rine contact time for a free ,Thirr_L resiau Jhoul,-1 he a

,:mum of

15 mlnUtes.
5 minutes,
3n minutes.
3 minutes:

-111orine dose of 1.0 mg/1 is desired a 2 hypochloritle

sc,lntion 1.5 million gallons of water are prc".ured per day. The
-stLmated number of gallons of sodium hypochlnrite solution ust_: per

inc,r.ase in turbidity in a well after a rain indicates

excef;.sive drawdown.
possibility of surface water contamination.
faulty pump.

hest means of preventing a cross-connection between finished
and a chemical solution tank in

i reduced pressure zone baCkflow preventer.
a (rheck valve.
a vacuum hteaker.
an air

two basic maintenance cheCk8 on the hydropneumatic storage sy.=tem

correct air volume.
correct air gap separation.
correct pressure range.
presence of a diaphragm.

13-2
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7. The National Interim Primary Drinking water Regulations provide

a. maximum contaminant levels for certain parameters.

b. requirements for monitoring frequency c,f pnalys.

co thatStates may not require more stringent ,-,kr(I:s than
outlined in the Regulations.

samples 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.
a. must be analysed immediately after sampling.

9. The membrane filter method for coliform analysis

a. is the quickest acceptable method (if the test is negative).

b. does not require a large amount of incubator space.
t. allows comparison of results to those of fermentation tube

technique.
d. does not require judgment on the part of the technician.

IO. 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 test results
c. Bacteriological test results
d. Alkalinity test results
e. pH test results

12. The purpose of grouting in a well is to

a. prevent the casing from corroding.
b. prevent settling of the pump shaft.
c. 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.
d: neutralization.

13-3
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Post -Test -1,2y

8.
a.2 C

10.
11.4. b
12.5 a
13.6. a, c

7. a, b

13-4

cf

a,
c
b,
d

387



Program Evaluation

Sanitary SurveyS of Water sys-k-ms_

please
10

A.

1;

2.

3.

4.

5.

6.

rate the follOWing by circling
= highest):

Ins -t--rUttlOn-al_Staff; (Consider:

the appropriate number (1 = lowesti

organization and clarity of
that learners assimilate materia

use and appropriateness of

1 2 3 4 5 6 -7- 8 9 10

preSebtati-Oh8; interest in assuring
preparation and knowledge of material,
visual aids, etc.)

Instructor (list name)

1 2 3- 4 5 b 7 8_ 9 10

1 2 3 4 5 6 7 -8-- 9 10

1 2 3 4 S 6 9 8 9 10

. 2 3 6 7 8 9 10

1 2 3 4 5 6 7 8 9 10

Comments:

B. Instructional Material: (COnSider: overall appropriateness of
i.e., provide training to enablematerial to basic program objectives,

completion of sanitary surveys of small water systems when complemented
by on7the-job training; completeness of subject matter within each
Unit.)

Unit No. Name Your stating

1 Orientation 1 2 3 4 5 6 7 8 9 10

2 Water Regulations 1 2 3 4 5 6 8 9 10

3 Water Sources 1 2 3 4 5 6 7 8 9 lr:

4 Pumps 1 2 3 4 5 6 7 8 9 10

5 Water Treatment 1 2 3 4 5 6 7 8 9 10

6 Storage 1 2 3 4 5 6 7 8 9 10

7 Water Distribution 1 2 3 4 5 6 7 8 9 10

8 Monitoring/Recozdkeeping 1 2 3 4 5 6 7 8 9 10

9 Management/Safety 1 2 3 4 5 b 7 8 9 10

10 Surveys I 2 3 4 5 6 7 8 9 10

II Communications/Public RelationS 1 2 3 4 5 6 7 8 9 10

12 Technical Assistance 1 2 3 4 5 6 7 8 9 10

13 Conclusion 1 2 3 4 5 6 7 8 9 10

13-5
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C. Overall PrOgraM_Organization: (Consider: relationellip of one unit to

another, reinforcement of material from one lesson to the next,

position of lessons within the program, length of presentation, etc.)

Comments:

1 5 6 7 8 9 10

D. Lesson support MatPri-aTs: (Consider: appropriateneSS of visual aids;

adequacy and appropriateness of materials received prior to the

program, etc.)

Comments:

6 7 8 9 10

F=acility: (Consider: a.vailabi1ity of media equipment, seating

arrangement and comforti lighting, temperature, etc ;)

Comments:

1 2 3 4 5 6 7 10

13-6
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F. Addltlo-nal-:

1. Was the course of benefit to you? Yes

Would you recommend the program to others who were entering careers
related to Sanitary Surveys of Water Systems?

Yes No

Comments:



PrOgraM EValtation

I nSt i-U-Oto-rFeedbackRepo
(10 minutes)

Nni-o to the instructor: These questions are presented only as a gujd,
assist you in organizing your impressions of the conduct and outccc' ,+

the program; Your report should include important subjective and
observational information for use in continually upgrading the traini,
program.

The Participants

1. Were they motivated?

Did the units meet their needs?

3. What was not covered that should have been?

4. That was their reaction to the Student's Text?

The Techniques

1. Were the techniques and methods appropriate for and helpful in
presenting the material? Please explain.

2; What techniques were most effective? Least?

3. What changes would you suggest to the designers of the program?



EP REFERENCES

w.lter Treatment Plant Operations, Volume I
w:tLer Treatment Plant Operations, Volume II

Supply System Operation
':7ailable from: Kenneth Ketti

Department of Civil Engineering
Calif. State University, Sacramento
6000 J Street
Sacramento CA 95810
(Phone: 91c,-454-6142)

0.00 per manual

1 of Water Utility .merations
IlahLe from: Texas Water Utilities Association

6521 Burnet Lane
Austin, TX 78757

$17.e0

, Of:r:struction for Water Treatment Plant Operators
Aailable from: Health Education Services,

P.O. Box 7126
Albans,; NY 12224

l'rice: 3. 3

P1;nning for an Individual Water System
Available from: American Association for Vocational

Instructional Materials
Engineering Center
Athens, GA 30602

Price: $7.65

Wa, er Systems Handbook
AVailable from: Water Systems Council

221 North LaSalle street
Chicaqo IL 60601

ice: $6.00

Enirormental Engineering and Sanit,Iticn
by Joseph A. Saivato
Available from: John Wiley & Sons; Inc.

Somerset; NJ 08873
Price: $55.00

National Interim Primary Drinking Water Recul,;tions
Available from: Superintendent of Documents

U.S_. Government Printing Office
Washington, DC 20402
Stock Nb; 055-000-00157-0

Prite: $5;50
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la:inal of Individual Water Supply Systems
Available from: Superintendent of Documents

U.S. Government Printing Office
Washington, DC 20402
Stock No. 055-000-00229-1

Prico: $0.00

"How to Conduct a Sanitary Survey" Procedures Manual
Available from: New Mexico Health and Environmental

Prcel $4.00

ADDITIONAL READINGS

Department
Environmental Improvement DiviSiOn
P.O. Box 968
Santa Fe, NM 87504-0968

1. Water t_gni prepared jointly by the American
Water Works ASSOCiation, Conference of State Sanitary Engineers,
and American Society of Civil Engineers

Available from: Data Processing Department, AWWA
6666 W. Quincy Avenue
Denver, CO 80235
Order NO. 10006

Price: To members - $14.40; nonmembers - *18.00

2. Water Quality and Treatment: A Handbook_of PUblit WAI-Pr

Supplies; American Water Works Association, Third Edition,
McGraw-Hill, 1971

Available from: Data Processing Department, AWWA
6666 W. Quincy Avenue
Denver, CO 80235

Order No. 10008
Pride: To members - $34.10; nonmembers - $42.60

3. MA-nuIAI-O-f-Tre:atment_T_e_c.hnues for Meeting the Interim Primary

Drinking Water Regulation; EPA 600/8-77-005
Available from: ORD PuLlications

USEPA-CERI
26 West St. Clair Street
Cincinnati, OH 45268

Price: Free


