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PREFACE —————— - -

this Sanitary Survey Training Student's Text has becn developed as an aid
to providing instruction on how to conduct a Sahitary survey. It is based
on what the inspector “"needs to know" to successfully assess a publlc

water syctem. Consequently, this text will cover the basic questions; and

their rationale and importance, that an inspector must ask to determine

the adequacy of a water supply systea. It does not provide the in- -depth

techntcal background of each component of a water system. A Iisttng of

suggesred references 1is provided. These references should be consulted
for such detailed knowledge.

11
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UNI1T 1: ORIENTATION

Unit Summary

Registraticn and Introduction

Schedule and Format

tnit References

None

1-1



O

ERIC

Aruitoxt provided by Eic:

THE SANITARY SURVEY

Wwhat Is a Sanitary Survey?

A sanitary Survey is an onsite inspection of a public water sSystem by

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

survey the effectiveness and maintenance of the system ahd to determine
its ability to provide continuously safe water co the consuming public.

Why Conduct a Sanitary Survey?

Competent personnei must conduct sanitary surveys periodically to.

determine whether the constructlon, equipment, facilities, operatlon, and

malntenance of the parts of a water supply system are adequate, effective,

and eff1c1ent in producxng adequate quantltles of safe water for the

Fonsuming pubiIc, and whether the water quality meets acceptable standards.

who Conducts a Sanitary Survey?

Sanitary surveys are conducted by sanitary engineers, sanitarians, and
technicians who have experience;, knowledge, and competence in the de51gn,
operation; and maintenance of water supply systems. These personnel must
also be qualified to asséss problems using hydrological, hydraulic,
mechanical, and other basic engineering knowladge and be able to mak e
sound, adequate, and economical recommendations.

what Occurs During a San1tary Survey?

Tne act1v1t1es of a sanItary survey provxde a comprehen51ve, accurate

condltlons and adequacy as a water system, and determine i1f past

recommendations regarding the system have been effectively 1mplemented

This program of instruction presents the intormation needed by the

inspector to effectively carry out the following activities:

o Inspect and evaluate the water source.
o 1inspect and evaluate the intake structure.
o Inspect anc¢ evaluate the treatment/ccnditioning facilities.

o Inspect and evaluate the distribution system.



Sample source and distribution water for bacteriological. physical,

chemical, and radiological properties; and (as required) perform

and evaluate field analyses.

Review records; fites, maps,; correspondence.

Determine qualifications of engineering, sanitation, and ancillary
personnel; review management practices and personnel needs.
Complete the survey report.

Present sanitary survey data to operating personnel and (as

required) discuss onsite problems and provide recommendations:

of deficiencies (as required)

(specific inspectlon 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 ccverihg the

conpornerits of a typical water system:

00 000

Source

Intake Structure
Treatment
Storage
Distribution

We will be answering two questions about these components :

t:

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

How might these conditions be recognized?

o1

n
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UNIT 2: WATER KEGULATIONS

Unit Sumindary
Safe Drinking Water Act
National Interim Primary Drinking Water
_ Regulations
Implementation of NIPDWR
Applicability
ﬁequirementé
~ Responsibilities
National Secondary Drinking water Regulations
Appropriate State Regulations and Standards

Unit Reterences

National Interim Primary Drinking Water
Regulations (46 CFR 141)

National Interim Primary Drinking Water
Requlations Implementation (406 CFR 142}
National Secondary Drinking Water Regulations
(40 CFR 143) : . L
Water Treatment Plant Operation {Chapter 22)
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Basic Material

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

The Act reguired the Environmental Protection Agéncy to establish primary
dhﬁ Qeédhdaky feQUlatibhs limitihg thtémihahts tb 5 léyel Qheté “nb khd@h

allows an adequate margin of safety.

”tethegulat4ons speclfy
rquLrem :nits and procedures for controlling contaminants in publlc water

The National Interim Drimary Drinking

Applicabitity

Although the FPrimary Regulations apply to all public water supply systems,

the reqgulations make a distinction between community and noncommunity
systems. Communlty systems generally supply drinking water to r051dent1al
and institutional users who might be exposed to dangerous levels of
contamirants for extended periods of time. Consequently; a wider range of

contaminants is controlled by the requlations. The regulations define a

“publlc water syStem as a system for prov1d1ng plped water to the publlc

or reqularly serves at least 25 people at least 60 days per year. The
term includes any collection; treatment; storcge, ~1d distr.bution

fac111t1es UWder contro1 of the system operator and used pr1mar11y ih

facilities not under such control that are used primarily in connectlon
with such a system.

Some classes and types of regilated water systems are listed below:

Community Water Systems

Municipal systems and public water utilities

Mobile home parks

Condominiams

Residertial institutions and schools; including hospitals; nursing

homes, homes for the aged; colleges

Housing deveiopments, public and private
Multifamily housing complexes (all varieties)

Noncommunity Water Systems (with separate water systems)

llotels-hotels-resort areas Campgrounds
Schools (nonresident) Highway rest areas
Restaurant and other food Mar inas
service places ) Airports
: 222

11
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STUDENT'S SUPPLEMENTARY MATBRIALS

Sid e Dudnking Water Act

Netional Interim Primary Drinking Water Regulations (NIPDWR)

National Secondary Drinking Water Regulations

Impiementat:on of NIPDWR

DI

o Purpos

o Enforceability

o Applicability
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Parks Medical care facilities

Recreatlon areas Shopp1ng centers

Migrant labor and construction Office and commercial buiidings
camps Pablic buildings and public

Children's and adult camps assembly facilities

Gasoline service stations Social and recreation clubs

Industries Swimming pools and beaches

Charches

Siting Requirements

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 subject to
significant risks of:

o Earthquakes*
o Floods (100-year floodplaln) S
o Fire or other disasters that could cause a breakdown in therwater

systems S ”'i
o In many areas, california for exampie, it is impossible to |

construct plahts which are not subject to these hazards: fﬁ those

cases, gocd deSIgnIng is even more crltxcaliy important to?

i
'

)

Maximum Contaminant Levels

The regulatxons inclode maximom contaminant levels for five properties of
drlnk1ng water.

Inorganic chemxcals

Turbldlty

Microbiological contaminants

Radiological contaminants

0101010 O

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

Water Purveyor Requirements

The water purveyor must report to the State agency:

o Results of all tests and analyses within the first 10 days

following the month in thch the resolt is received, or within the

first 10 days following the end of the requaired monitoring period -

whichever is the shortest:

O Notice of failare to comply with any primary water regulations;

Includxng monitoring; within 48 hours.

o 13
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Siting Requirements

Maximum Contaminant Levels

Water Purveyor Requirements

o Monitoring and Analytical

o Reporting

) . . 1’7
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o thify public when a community water system fails to comply with:

An appllcable testrng procedure

scheduled corrections

Requrred monitoring

00 Q

¢ Maintain the fcllowing records:

o Bacteriological analyses - for at least 5 years.

o Chemxcal analyses - for at least 10 years. Actual laboratory

reports may be kept; or data may be transferred to tabular
summaries, provided that the followlng information is included:

- Date, place, Llne of sampllng, name of person colIectIng

|
—
Cu
('D
3.
T
o
n
-
0
]
o+
-
(e}
3.
(e}
o
lal
e
[=8
rT
-
3
(1)
Cu
-
n,
pop
[al
o
o
c
e
o
[¢]
=)
0
‘<
0
po
[
B
U!
-
'3
o
H
m
0
o
("]
0
xi

samples;, raw or process water samples, speciaI purpose
samples; date of analysis
Lab and person respons1ble for performing analysis
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years after tast action was taken with respect to a part1cular

violation:

o Copxes of written reports, summar1es, or com”””"”

to sanitary surveys conducted by 1tself, pri
local, State or Federal agency - for at least 10 years after

completion of sanitary survey involved.

years following expiration of scheduling time.

Responsibilities For Implementing NIPDWRS

Federal

AS already noted the Federal Government through the Envxronmental

ensure that no adverse health effects occur. - If a State desires primary
enforcement authot imacy), EPA wxll cert1fy the program if the State
meets reqguirements. Annual evaluations will be performed to ensure the
quality of the State program:

Research technicatl a551stance, training programs,,and fundlng are

prov1ded States. EPA may take action if States fail to adopt or properly
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public Notification

Reccrd Maintenance

o Federal

o , ¢ 16
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State

Most States and territories have assumed primary enforcement responsi-
bilxty for enforcement of the regulat:ons. EPA would retain program

resp0n51b111ty only if a State is unable or unwilling to meet the minimum

requirements for prlmacy. To attain primacy under the Act, a ¢ te must
adopt standards at least as strlngent as the Federal prlmacy standards.r

to that State.
Additionally the States must:
6 Maintain an inventory of public water Systems.:

o Have a systematic program for conductlng san1tary surveys.

o Establ1sh a program _ for cert1f1cat10n of water testlng laboratories

{unless testing is done by approved State laboratories):

o Assure that new or mod1f1ed pub11c water systems are capable of

compliance with State dr1nk1ng water regulations.
o Establish procedures for enforcement.

nght to entry

kuthorlty to require suppliers to keep accurate records and make

appropriate reports to the State

0 00!

o Establish and maintain recordkeeping and reporting of its
activities.

o 1If variances or exempt1ons are permltred, they must be under the

same conditions as granted under the Federal regulations:

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

Water Utility ﬁéépbhéibiiitiéé

set by EPA, or the more strlngent State standards:

bacterlologlcal, chem1ca1, and radloiogxcai contaminants; recordkeeplng

and reporting of results to State agencies; and notification of any

noncompliance to consumers and the pubtic.

The National Secondary Drinking Water Regulat1ons are. de51gned 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 contamlnant léﬁgls were set as guidelines
for State regulations provided in Table 2-4:

2-8
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Responsibilities (Continued)

o Witer Utility

National Secondary Drinking Water Regulation

o
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State Regulations

2-10
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State Regqulations
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Table 2-1.

Type of
Contaminant

Name

Maximum Contaminant
Level mg/l

Type of -
{except as noted)

Water Si::tem

Inorganic
chemicals

organic
chemicals

Turbidity

Chlororganics

Arsenic
Barium
Cadmium
Chromium
Lead
Mercury
Selenium
Silver

Fluoride
53.7° F
53.8 to
58.4 to
3.9 to
70:7
79:.3

& below
58.3
63.8
70.6
79:2
80:5

Endrin

Lindane
Methoxychlozt
Toxaphene

2,4-D
2,4,5-TP Silvex

Turbidity at
representative
entry point to
distribution
system

Trihéidmeﬁhanes

0.05 mg/1
1.
0.010
0.05
0.05
0.002

Comiunity

.
OO N S

—

Community &
Noncommuni ty

0.0002 mg/1
0.004

0.1

0.005

0.1

0.0t

Community

Commanity & 1 TU monthly avg
Noncommunity

Greater than 0:1 mg/1
10,000 population
(if it chlorinates
water)

ERIC
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Table 2-2.

Maximui Derfissible Microbiological Contaminants (NIPDWR)

Less than 20

r Month éamples per Month

jgo]
el

Coliform Method

20 or More
Samples per Month

Number of coliform bacteria

t exceed:

47100 mi in one

sample

l/lOO ml o
average densxty

Membrane filter
(100—ml pdttiOhS)

47100 ml in 5%
of samples

teria shall not be present in more than:

3 portions in 5%

Multiple tube 10% of 3 portions in one

fermentation portions sample of samples

(l0-ml portIons)

S Less than 5 5 or More
Cotiform Method Per Month samples per Month  Samples per Month

coliform bacteria shall not

Multiple tube 60% df 5 portlons in more §799rt10ns in more
fermentation portions than one sample than 20% of
{100-ml portions) samples
Table 2-3. Maximum Permissible Radioactivity (NIPDWR)*
: ) Maximum Contaminant LeVel
Contaminant Picocurie per liter (pCl/l)
Nataral

Combined Radlumi?267agd Radium-228
Gross alpha particle activity, including
Radium-226 but excluding Radon and

Uranium
Man-Made

Tr1t1um (total body)

Strontium-90 {(bone marrow)

Gross beta particle activity (applicable to
surface water sources)

&

15

20,000
8
50

*For fulil epranatxon refer to Part 141, Nat1onal Inter1m Primary Brinking

Water Reguiatlons.



Tabite 2-4: Special Monitoring Requirements Under National
Interim Primary Drinking Water Regulations.

) - Frequency
Contaminant Siur face Ground

sodiam 1 sampite annually 1 sample at least
every 3 years
Corrosivity 2 samples annually 1 sample annually
(1 mid summer)
( mid winter)

Table 2-5; National Secondary Drinking Water Regulations
Maximum Contaminant Levels

contaminants Level

Chloride 250 mg/1

color 15 Color Units
Copper , i mg/i

Foaning Agents 0.5 mg/1

Hydrogen Sulfide 0.05 mg/1

Iron 0.30 mgy/l

Manganese 0.05 mgy71_ .
odor 3 Threshold Odor Number
pH 6.5-8.5_

Suifate 250 Mg/l

TDS (Total Dissolved Solids) 500 mg/1

zine 5 mg/l

2-14 S
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UNIT 3: WATER SOURCES

Unit Summary

General

Wells

Springs

Surface Sources

Unit Contents

3a: General
o Hydrologic Cicle
&) 5dequa;e Quali;y
[e} AGEQUEtE Quantity
3b: Wells -

o Sanltary Risks
< Surveylng Wells

3c: sSprings

o Sanlitary Risks
o Surveying Springs

3d: Surface Sources

o Sanitary Risks
o Surveyling Surface Sources

&
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UNIT 2a: General

Unit Summary

Hydrologic Cycle
Adequate Quality
Adequate Quantity

Unit References

Manual of Individual Water Supply System
(Part 1) )
Watét Systems Handbook

Chap;er 6)

Water Treatment Plant Operation (Volume 1,

Chapter 2)
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Basic Material

The two pr1nc1pa1 soarces of water supplies are surface waters and ground

waters. Both orlg1nate from prec1p1tatxon. Some of the prec1p1tat10n

surface waters. Scme seeps downward through the earth where it accumu-

lates in the pore spaces in the soils that overiay rock formations. The

sSeepage continues downward and laterally to £ill the 1nterconnect1ng

joints, cracks, solution chahnels, pore spaces, and other openxngs in

these rock formations belcw the soils: Grouand water is not static and

tends to move slowly through the substrata,; some of it reappearing at the

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

the sun evaporates water from the earth, streams, Iakes, and seas and

promotes transplratlon of moisture fromrgrowlng 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

contlnuous process IS cailed the hxdrologlc or water ;ycle, and by 1ts

tlon.

Ground Water

Ground water is the pr1nc1pal source of water for small water suppIy sys—i
tems. Ground water denerally has a more consistent good bacterial quaiity

than surface water, having undergone con51derab1e naturai purIfrcatxon

through stra1n1ng and prolonged storage. However, a number of areas have

their wastes. GeneraIly 1t requrres tittle (if any) treatment prior to

use, whereas surface waters invariably require rather sophisticated treat-

ment. urthermore, ground waters are readlly available in most areas of

the country in sufficient guantities to meet the needs of smali water
systems.

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 art1f1c1al 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 gIOUnd

werer table from the pond. Transplratlon from vegetatxon in and adjacent

1y

-3

("]
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STUDENT 'S SUPPLEMENTARY MATERIALS

Hydrologic Cycle

Groundwater

surface water
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constant éafety. The treatﬁeht is geherally hbre %6phiétiﬁatéa than with

more costs.

However, there are occasions when surface water is a source for a small

water. Other factors belng equal 1mpoundments such as natural lakes or
ponds, or reservoirs, are preferred over streams 51ncerthe guality of the
water is usually less variable, reducing the extremes in guality.

Quality of Water

Precipitation in the form of rain, snow, hail; or sSleet contains very few
impurities. Trace amounts of mineral matter, dases, and other substances
may be entrained as the precipitation forms and falls through the earth's

atmosphere; h'owever; the precipitation has virtually no bacterial content.

once precrpltatxon reaches the earth's surface, many opportunitles are
presented for the Introductron of foreign substances into the water, WhICh
may lower its quaiity to the point that it constitutes a health hazard or

impairs its usefulness.

Proximity of the water source to nearby sewers; waste disposal; construc-
tion projects; animal pasturing; chem1ca11y treated agr1cu1tura1 land; and
chemical storage areas (such as salt 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
édil abdve thé rock (e.g., the presa2nce of iron), or decomposition of or-

O Organic

0 Inorganic

o Brologlcal

o Radlologlcal

source and 1ts hlstory.r Water destlned for an aqu,fer plcks up 1mpur1t1es
as it seeps through soil and rock, including possible pollutlon., Pollution
sources may include leaklng sanitary sewers, septic systems, waste disposal

sites, and accxdental discharges. Uptake of m1nerals is common. The
natural straInIng action does remove some of the partlculate matter and

combIned with a relatively long retention perIOd in the ground, will often

aid in remov:ng micro—organlsms. This Iong retention time can, however,

create problems in that ground water once contaminated can be costly to

purge in terms of both time and money. Ground waters have a fairly stable

guality usually not highly affected by seasonal changes: Wells affected

by seasonal changes tend to be very shallow and subject to easy
contamination.

3-5 zgég
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The progected average daIIy demand is the quantity of water projected to

be used by a speCIfIc system or part of a system in an average day. This

Is based upon experIence from water meter readings in similar water

systems over an extended period of txme and refiects the normal seasonal

and da11y variations: For desxgn purposes; it is usually determined by

estimating the popuiatlon or units of housing or other units and

muliplying by an average person or per unit water consumption derived from

past experience. Other water demand 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 for the average. For this reason other terms
are used to express the probable greatest amount of water that may be used
in one day, or other period of time.

Table 3-1 provides a guide for estimating the average daily demand for
various types of establishments; in gallons per day per unit. The unit is
perscns per day unless otherwise indicated. The values shown may vary

throughout the Nation; and the 1nspector is advised to review local
information on water systems serving similar size establishments.

w111 use in one day. ,Expe;1ence wlth small,re51dent1al wate; systems
suggests that the maximum day is 1.5 to 2 timés the average day. However,
this ratio may not apply to other types of water systems. In general, the
smaller the water system, the dgreater the variation between the average
and the maximum day.

The maximum houriy demand is the greatest amount of water that will be

used in anly hour during a day. Maximum hourly demand is sometimes

referred to as the peak hodriy demand,ralthough there will be short-term

peak demand rates 1ast1ng foz several m1nutes that w1ll exceed the max1mum

and short-term peak demands and the hours of peak occurrence will vary.
As an example; shopping centers usually experience hourly peaks in the
early afternoon while residential communities may experience two peak

hours; about 8:00 a.m. and 6:00 p.m. The maximum hourly demand is often
expressed as a ratio of the average daily demand, in gallons per minute._
Génetally spéakihg, the smallet the syétém, the greater the maximum hourly

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 mindtes. The rate 1s partlcularly 1mportant 1n con51der1ng the

the wells. and pumps must be capable of meetlng the peak demands.r The
smaller the system, the greater the ratlo of the peak demand to the
average demand Experlence with small re51dent1al communlties suggests

that the may range from about 6 to 10 times the average
daIIy demand.
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water,systemffor f1ref;ght1ng purposes. F1re flow 1s not 1ncluded 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 @ certain duration. Iocal fire underwriters
will provide specific requirements on request.

Sanitary Risks

1.

What type of source (surface, ground or combination)?

There are specific risks for each type of source; which will be

covered in later sections of Unit 3.
What is the total design production capacity?

inspector to determine if there is adequate treatment capacity.
What is the present average daily production?

Compar1son of this fiqure with values for other 51m1lar systems on a
per capita basis may point out problems within the system. An
evaluation of average daily production trends may indicate problems as
well. For example, if consumption is excessive or production trends

are increasing without an accompanying population or use inhcicase,
leakage within the distribution system may be indicated.

What is the maximum daily production?

Comparlson of this fxgure with design capacity allows determination of
adequacy of treatment capacxty.

Does system have an "operational®™ master meter?

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

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 for vacant lots.

Are service connections metered?

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

A reviaw bf thé éyétém’§ récarés and operator responses should provide
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Table 3-1. Guide for Estlmatlng Average Dally Water Reguirements*

{Adapted from various sources for small water systems)

- unless otherwise stated)

Average Daily Use (gpd)

1rport (per passenger)
Assembly Halls (per seat)

camps - Chxid, overniEe, central facilities

- ngrant labor

- Day type, no meals served

Churches (per member)

Cottages, season occupancy

Ctubs - Residential

- Nonres1dent1al
Food Service - Restaurants
With bars
Fast food
Highway Rest Areas
Hotels (2 persons per room)
institutions -~ Hospitals (per bed)

— Nursing Homes (per bed)
- Others
Offlce Bulldlngs
paundries, self service (per customer)
Motels (per bed)
parks - pay use (with flush toilets)
- Mobile homes (per unit}
B - Travel trailers (per unit)
Picnic Areas (with flush toilets)
Residential communities
— Multi-family ({(per beoroom)
- Rooming house and tourist
homes type (per bedroom)
- 8ingle family type (per house)

Resort Motels ar.d Hotels
Retail Stores (per toilet room)
Schools - Day, no showers or cafeteria
- Day, with cafeteria B
- bay; with showers and cafeteria
- Residential types B
Shopplng Fenters, per sq. ft. sales area
Theaters - Drive-in (per car)
— Others (per seat)

3-5

2 )
40-50
50
35-50
15

1

50
100

25
15-35
7-10
9-12

2

5

60
250-400
150-200
75-125
15-30
50

60

5

200
90-100
5-10

not include spec1al needs or unusual conditions.

ments may vary from those provxded in this table.
should be made for frequent lawn watering, swimming pool maintenance,
ter, firefighting, and

1ndustr1al or commercial process water; cooling wa

other spec1ai uses.

*The values llsted in Table 3-1 are for normal water requlrements and ab
State and local redquire-—
Additional allowance
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UNIT 3b: wWells

Unit Summary

Types and Character1st1CS

SanItary Risk Factors
Surveying Welils

unit References

Small Water Systems._ Serv1ng the Publlc (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 rea"h the ground waters underlylng the earth's surface; a well must be

constructed to penetrate the desired water-bearlng strata: These
structures may be dug, driven, bored, Jjetted, or drilled depend1ng on the

geological formations through which they must pass and the depth to which

they must reach. Dudg, driven, bored and Jetted wells are usually

confined to relatlvely soft soils overlayrng rock and to shallow depths _
normally less than 50 feet (15 meters). Wells us1ng these sinking methods

should not be constructed for use as public water sources unless

spec1f1cally approved by the State regulatory agency. Drllled wells may

of several hundred feet.

Drilled wells can be constructed in all instances where driven and jetted

wells 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, permitsS use of larger pumping eguipment that can
develop the full capacity of the aguifer.

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 Qééiﬂ& 1s 1nstalled in wells to prevent the collapse of the walls

of the bore hole, to exclude pollutants (eIther surface or subsurface}
from entering the water source, and to provrde a column of stored

water and a housing for the pump mechanIsms and pipes.

3-13 36
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Types of Wells

Components

o Well casing
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outside of the well cas1ng dur1ng construction to prevent undesirable
water and contamination from entering the well.

Screens are installed at the intake point of the well to hoid back
unstable agquifer material and permit free flow of water iatc the
wéll. The Qell _screen. Shbuld be 6f gdba quality {Cbtt6§i6n2t6§i§tant,

> are used at the top of the cas1n§ or pipe
Sleeve connectlons to prevent contaminated water or other mater ial
from entering the well. & variety of covers and seals are available
to meet the var1ety of cond1t10ns enc0untered but the principles and

“he objective of excluding contamination are the same.

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

Because of the flooding and pollut1on hazards involved; a well pit to
house the pumping eguipment or to permit accessibility to the top of
the well is not recommended. Some States prohibit its use. These
units vary in des1gn but generally include a spec1al fitting designed

for mount1ng on the s1de of the well cas1ng. he well discharge and

seal. The pitless system permits the connecL1on of the well plp1ng 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.

Is the aquiéét recharge area protected? What is the nature of the

are controlled can influence the qual1ty 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 tangxng

from ownership of the area by the ucxlxty with restricted access to

zonirig laws p:thbltIng the use of subsurface waste dIsposai (septic

tanks). The owner/operator should know this informations
Is the site subject to flooding?

The introduction of surface waters into the well should be avoided.
Runoff 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 from the owner/operator, visual 1nspect1on, and flood stage
records. The exposed casing should term1nate 18 inches above known

flood level.

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

Wl
1

s

Ui

38



STUDENT 'S SUPPLEMENTARY MATERIALS

Components (Continued)

o Cement Grout

O Screens

o Well Seals

o Pitless Adapters

Sanitary Risks
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Your State regulatory agency should be consolted for its policy con-

cerning well location, particularty the minimum protective distances

betweenh the well and sources of exxotlng or potential pollution.
Table 3-2 is an example of typxcal minimum distances. These distances
are based on general experlence and are riot guarantees of freedom from

eontamlnatlon. The water purveyor should provide even greater protec-

tion where poss1ble. The table appIIes to properly constructed wells

with protective casing set to a depth of at least 20 feet below ground

surface. Other types of wells will reqguire special considerations.

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

Soarce Feet from Well Remarks
Watertight Sewers 50

Other Sewers 100 Consult the State
Septic Tanks ) - 100 regulatory agency
Sewage Field, Bed or Pit 200 for special local
Animal Pens and Yards 200 requirements.

Source: Siiall Water Systems Serving the Public, Chapter 5.

What is the depth of the weli?

The greater the depti of the aquifer utilized, the less cnahcé,qr

surface contamlnatlon degrad:ng the water gquality. Deeper aguifers

generally have a more consistent guality of water.
What is the well drawdown?

brawdown is the difference between static water levels and pumping

water levels. Measuring drawdown is important Since g¢hanges in draw-
down can indicate problems in the aguifer ({declining water levels) or

well (incrustation; sand). The operator should be able to provide this

information. 1f the cperator is not measuring drawdown, he/she should
be encouraged to do so.

6. What is the depth of the casing?

The ca51ng must be strong enOugh to rESISt the pressures exerted by

the surrounding mater1als and corrosion by soil and water environments.

The casing must be of the proper length to provide a channel from the

quifer to the surface through unstable formations and through zones

of actual or potential contamination: The ca51ng should extend above

potent1a1 levels of flooding and should be protected from flood water

contamination and damage. In unconsolidated soils; the casing should

ewtend at least 5 feet (1.5 meters) below the estimated maximum

3-17 40
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10.

11.

expected drawdown level. In consolidated rock formacions; the casing

should extend 5 feet (l 5 meters) into firm bed rock and sealed into
place. The operator should be able to prov1de this information:

What is the depth of grouting?

Specific groutxng reqUIrements of a well depend on the existing

sur face COndItIOhS, especially the location of sources of poillution;

and the subsurface geologic and hydrologIc conditions: To achieve

the de51red protectlon against contam1natlon, the annular space must

be sealed to whatever depth is necessary: but in no case less than 20
feet:

problems. The 12 inches 1s recommended when there is no potentlal
for flooding.

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. A variety of covers and seals are available

to meet the Varlety of conditions encountered but the pr1nc1ples and

the objective of excludlng cornitamination are the same: Well covers

aid pump platforms should be eievated 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

c0ntam1natlon. 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 weli is not recommended: Some States prohibit its

use: A coricrete slab around the well casing is not a completely

relIabie seal; since burrow1ng animals and insects can undermine it

or it can be broken or cracked from frost heave or vehicles.

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.

Does the well have a suitable sampling cock?

This 1s 1mportant when try1ng to isolate sources of contamination in

a well f1eld. If there is a well fIEld and individual sample cocks

are not provided, it is difficult to determine if one or aill welis
are the problem.

W
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Sanitary Risks (Continued)
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12.

t4:

15.

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 the well protected?

The upper termination of the weli should be either housed or fenced

to protect it from vandalism and vehicle damage.
Is lightning protection provided?

Lightning surges can develop in powerilnes during thunderstorms.”

Such surges can damage pump motors, creatlng loss of water supply as-:

well as costly repairs: To protect against this; llghtnlng arrestors

can be prov1ded where service lines are connected to service entrance

cables or at the motor control box: A muitxground arrangement cahn be

provided that grounds the entire pump and weil against damage:

Is pump intake located below maximum drawdown?

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

As with above—ground valves,rthese valves must be malntalned in an
operating manner to prevent flow of undesirable water into the well.
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UNIT 3c: Springs

Unit Summary

Spring Source Collection System Components
Sanitary Risks

Unit References
Small Water Systems Serving the Public '
{Chapter 7)
Manual of Individual Water Supply Systems
{Part II)

Basic Material

To proporly develop a sprlng supply, the natural flow of ground water must
be captured below the ground sutface, and the method used must not

contaminate the water. SprIngs are subject to contamination by wastewater

dlsposal systems, animal wastes, and surface drainage- SprIngs are also

susceptxbie to seasonal flow variations; and the yield may be reduced by

the pumping of nearby wells:

Springs may be gravity or artesian. Gravity springs 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 storage, and frequently dwindles or
disappears during dry periods. Gravity springs are characterlstlcally

low—yleldlng sources, but when properly developed they may be ¢- “isfactory

Arte51an sprlngs dlscharge from arte51an aqu1fers., Théyrmayfbccur @Hége
the confining formation over the artesian agquifer is ruptured by a fault
or whété thé équifét 6Utct6p§ ét é ldiét élé?étibﬁ. ﬂrtééiéﬁ ép?ihgs are

sensitive to the pumplng Qf wells devgloped 1n,the Same aqu;fer., As a
consegiuence, artesian springs may be dried up by nearby well pumping:

ERIC
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Important criteria for spring sources include selection of a spring with
acceptable water quality, development to the requ1red quantIty of water,

and sanxtary protectxbn of the spring collection system. The measures

taken to develop a spring must be tailored to the preva111ng geologicatl

conditions:

Spring Source Collection System

Spring flow is 1ntercepted by a system of perforated pipes driven into the

water~bearing stratum or laid in gravel-packed trenches. The flow is
directed into a storage tank. As an alternative; a watertight concrete
collection chamber is constructed with openings in the bottom and/or a
side wall 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 »r the impervious stratum. The watertight walls should
extend 8 or more inches above ground to prevent entrance of surface
water. An cverlapping {(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 bedrcck
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 1mpermeable clay may be used to assist in controlling the
water table in the vicinity of the tank. The lower portion of the uphlll
wall of the tank must have an open construction to allow water to move in

freely while the aguifer material is held back. Backfilling with graded
gravel will aid in restricting movement of aguifer material.

The tank cover should be cast in place to ernisure 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 disltodging by children; and should be lockable.

A drain pipe with an. exterior valve should be placed close to a ﬁéli of
the tank at the flbbr level to permlt dra1n1ng. The ehd 6f the piéé

away from the tank. The discharge end of the p1pe should be screened to
prevent nesting by animals and insects.

screened

The supply intake should be located about 6 inches above the floor and

Shdﬁld be éctééhéa. caré éhbﬁld be taken to énsure good bond between

Recreat1ona1 or other deveiopments located in the mountains may have

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

heavily foreste@iqng uninhabited by man. However, after periods of heavy

rainfall or spring thaws; debr1s and turbidity may cause problems at the
3-25
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Spring Source Collection System

o Interceptor

o Tank Cover

o Overflow

o 1Intake
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treatment. If the conditions are suitable; this problem can be avoided by

constructing the intake in an underground chamber (infiltration gallery)
along the shore of the stream or lake.

Gallaries may be considered where porous soil formations adjoin a stream
or lake so that the water can be intercepted undergound to_take advantage
of natural filtration. Any gallery access structures should be located
above the level of severe flooding.

A typlcal 1nstallat1on generally 1nvolves the construct1on of an
underdrained, sand fllter trench located Qarallel to the stream bed and
about 10 feet from the high water mark. The sand f1lter is usually

located in a trench w1th a minimum w1dth of 30 inches and a depth of about
10 feet, suff1c1ent to intercept the watet table. At the bottom of the
trench perforated or open Jo1nt t1le is la1d in a bed of gravel about l2

tile to Support the sand. The embedded t1le is then covered with clean,
coarse sand to a minimum depth of 24 inches, and the remainder of the

ttench backfxtted with fairly impervious material. The collection tIle
dra1ns to a watert1ght, concrete chamber from wh1ch water may flow to the

another place; but prior to any use:

Where soil formations adjoining a stream are unfavorable for the location

of an Infxitratlon gallery; the debris and turbidity that are occa51onally

encountered in a mountain stream may be controlled by constructing a
modified infiltration gallery in the stream bed.

then covered by at least 21 1nches of clean, coarse sand. About 24 1nches
of freeboard should be allowed between the surface of the sand and the
surface water level The collection l1nes may terminate in a watertxght,

conicrete basin located adJacent to the upstream face of the dam from where

the water is diverted to chlorination facilities:

Sanitary Risks

1. 1s 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. 1Is the collection chamber properly constructed?

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 informaticn may be obtained by
1nspect1on of the collectioi cnamber.

: 3-27
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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.

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 zarry it away frcm the source. Springs
in close proximity to agriculturally developed land treated by
pesticides and herbicides may be particularly susceptible to
contamination.

o Protection from stray livestock and from tampering by means of
site fencing, locked covers, and warning signs.

What conditions cause changes to guality of the water?

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



STUDENT'S SUPPLEMENTARY MATERIALS _

Sanitary Risks (Continued)

W

w

53



UNIT 3d: Surface Sources

Unit Summary

Types and Characteristics
Sanltary Risks

Unit References

Small Water Systems Serving the Public
(Chapter 8)
(Part III)

Water Treatment Plant Operatlon
{Volume 1, Chapters 2 and 3) _

Water Supply System Operation (Chapter 2)

Basic Material

Surface watar sources used for smaii water suppiy systems reguire cénsid—

sources. When small streams, open ponds, lakes, or open reserVOIrs must
be used as sources of water supply, the danger of contamination and of the

consequent spread of 1ntest1nal diseases suchfas typhoxd fever and dysen-

tery is generally increased. Clear water 15 not always safe, and the old

saying that running water "purifies itself" to drinking water gquality
within a stated distance is false.

The physjcal, chemlcal, and bacterxoioglcal contamination of surface water
makes it necessary to regard such sources of supply as unsafe for domestic

ise unless reliable treatment, 1nc1ud1ng filtration and disinfection, is

prov1ded’ The treatment of surface water to ensure a constant, safe

supply regquires 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 or lakes, surface Streams, and
irrigation canals. Except for irrigation canals, where dlscharges are

dependent on irrigation activity, thése soirces der1ve water from direct
precipitation over the drainage area.
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Aruitoxt provided by Eic:



o

ERIC

Aruitex: provided by Eric

STUDENT'S SUPPLEMENTARY MATERIALS

-

le\




O

ERIC

Aruitoxt provided by Eic:

Controlled Catchments

that it is not satisfactory for domest1c use. In these cases,; the use of

oontrolled catchments and cisterns may be necessary. A properly located
and constructed controlled catchment and cistern, augmented with a
sat1sfactory filtration unit and adequate disinfection facilities, will

prov1de a safe water. However,; cisterns should be utilized only when no

other source is available.

?bhas/nakéé/nésétvoirg

The oevelopment of a pond as a supply source Involves' (l) selectlng a

watershed that permlts only water of the hlghest quallty to enter the

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

water toO remove turbidlty and redaoce bactek1a, (4) disinfecting filtered

water, (5) properly storxng the treated wate:; and (6) properly

ifdin+*aining the entire water system.

The valtue of a pond or lake as a source is its ability to store water

during wet perxods for use durxng perlods of little or no rainfall. A

pond should be capable of storlng a minimum of one year's supply of

water. It mast be of sufficient capac1ty to meet water supply demands

durlng perlods of tow ra1nfall wlrh an addltlonal allowance for seepage

enough to catch sufficient water to fill the pond or lake during wet
seasons of the year.

To minimize tne possibility of chance contamlnatlon, the watershed should
be:

0 Clean, preferably grassed ) S
¢ Free from barns, septic tanks, pr1v1es,rand 501l-absorptlon 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

¢ Designed to have the max1mum possible water

storage area over 3 feet in depth

o Fenced

embankment with an overflow or splllway.

Streams and Rivers

Streams rece1v1ng FUncEE from large uncontrolled watersheds may be the
only source of water supply. The physical, chemical, and bacteriological

3-33
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storm drains; or other sources of contamination. The water should be

pumped when the silt load is low. A low-water stage usually means that

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

poor chemical gquality. Maximum silt loads, however, occur during maximum
runoff. High-water stages shortly after storms are usually the most
favorable for diverting or pumping water to storage. These conditions

vary and should be determined for the particular stream.

Irrigation Canals

1f properly treated 1rrlgat10n water may be used as a source of domestic

water supply. Water obtained from Irrlgatlon canals should be treated the

Safie 4S water frofi other surface water sources:

Water from IrrIgatIon canals may contain large concentrations of

undesirable chemicats, including pesticides,; herbicides; and fertlllzer.
Periodic chemical anatysis should be made.

Sanitary Risks

1. wWhat is the nature of the watershed?
fndustrial Agricultural Forest . reésidential -

As previously noted; the éctiVitifé on tﬁé wétéréﬁéé Wiii impact on
the water qual1ty of thr runoff. The potentlal for sp1lls from

few problems that may be indicated by land use on the watershed.

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

TO reauce the eiteht of contamlnatlon of the watershed, many gtitities
have chosen to purchase a portion. of it: Another method is to

restrict activities through zonIng restrictions and ordinances.

3. How is the watershed controiled?

watershed controi mﬂashres. Ownershlp with restricted access is the

most gtrlﬁééﬁt measure but Jt is also the most costly. If ordlnanCeS

3=35
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10.

Has management had a watershed survey performed?

If the utility has had a watershed survey conducted, many of the
above guestions 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.

IS there an emergency spill response plan?

Some industries {e.g.; petroleum) are. regulred to have emergency
spill plans. Potential spill sites should be identified by the

uti’ y and cbhtingency plans developed in the case of a splll.

agenc1es (flre, police, water utlllty) worked out prlor to any
emergency.

Is the source adeguate in Quantity?

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

be able to gontInuously meet the demands of the water system.
Decreasxng trends in quantity are also important to note. Operation
records should provide this information.

Is the source adequate in guality?

A review of monitoring records should reveal thls answer. AS with
guantity, any trends of decreasing guality should be noted.

Is there any treatment provided in the reservoir?

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

Restriction of contact sports (e.g., swimming and water skiing) and
u%é bf pbﬁétbbété ih thé ViCihity bf the ihtake is impartaht; This

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

Sources of po*lutlon 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 possxbie by keeping them away from the

intakes.
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1t: Are moltiple intakes located at different levels utilized?
Because of fluctuations of th~ water surface elevation and the
variability of water gquality with depth; it is necessary that intakes
be provided ét different aépths. SééSbhai ‘turnover of the téSé%Vdit,
problems. This applles to deep reservoirs, streams; and shallow -
reservoirs nct subject to stratification commonly utilized at
¢ ingle-level intakes.

. Is the highest guality water being drawn?

i
£

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

13. How often are intakes inspected?

AS w1th all components, malntenance must be perlodlcaiiy performed on
the intake structure. Removal of debris and inspection of intake

screen integrity will prevent damage to p395n97Y§;ves and pumps:

This is particularly Importantrdurxrg winter months due to tne danger
of sheect and frazzle ice buildup:

14: what conditions cause fluctuations in water gquality?

Conditions such as stratification, algal blooms, ice Formation,
on-shore winds; and changing currents may create adverse changes to
water quaiity. Conditions étéétihé _such ptbblémé shHould te noted as

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

Dams should be routlnely 1nspected to avoid condltlons that may
endanger their integrity. Many States require that such 1nspect10ns
be per formed. However, if not required, operators should be
encouraged to look for such things as erosion, sinkholes, burrowlng
animals, and trees growing in the dam face.
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4: PUMPS

unit

Sommary

Types of Pumps

Sanitary Risks

References

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

Environmental Sanitation (Chapter 3)

wWwater Supply Engineering (Chapter 15)

Recommended Standards for Water Works

Water Supply System Operation {Chapters 3
and 5)



Types of P ps

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.

Cent{' Centr1fugal pumps contaxn a rotatlng 1mpeller mounted

the veloc1ty 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 pressure.

Jet (Ejector) Pumps. Jet pumps are actually combined centrifugal and

eJector pumps. A portion of the discharged water from the centrlfugal

pump 1is diverted thrcocugh a nozzle and venturi tube. A pressure zone lower
than that of the surrounding area exists in the venturi tube; thérefore,

water from the source (well) flows into this area of reducedigge rcure.
The velocity of the water from the nozzle pushes it through the pipe
toward the surface where the centrifugal pump can 11ft it by suction. The

centrlfugal pump then forces it into the distribution system.

Rotary Pumps. 1IN the rotary pumps there are two cams or gears that mesh
together and rotate in opposite dlrectxons. The gear teeth or cams fit

closely to the casing so that the water wxii 5& drawn up the suction pipe
and forced into the dlscharge pipe- S?E@,?PTPS requwre no valves and are

self-priming. They are positive displacement. They can be operated at
high speeds and so obtain large capacxty with sirall 31ze. They have .the
disadvantage of showing considerable stip. Water containing grit is

especially injurious to them.

Sanitary Risks

1: What is the number (inciuding reserves) and location of pumps?

At least two pumping units should be prov1ded (for both chemical feed

and water applications of pumpsj. PimpsS may be used for a varlety of
reasons within the system: raw water, chemical feed, firished water,

and solids movement. The type of pump is 1nportant to assure proper

application: For examplz, positive displacement-type solotion pumps

should be used to feed liquid chemicals but not to feed chemical

slurries. The operator and a review of the plant schematic can
provide this informatijon.

3. What is “he rated capacity of the pumps?

pPumps should haVe ample capacxty to supply the peak demands with

dangerous overload. The 1nspector should also ask when the pump was

last rated. This is particulariy 1mportant when the pumping time is

used to estimate water producticn. The pump may have been rated 10

years ago for 200 gpm, but due to changes in the pump and system is

o 65
ERIC

Aruitoxt provided by Eic:



STUDENT 'S SUPPLEMENTARY MATERIALS

Types of Pumps

sanitary Risks

o Number; Location, Type

o Capacity

66



O

ERIC

Aruitoxt provided by Eic:

presentiy only pumping 125 gpm. The inspector should also note if the

pump is metered. This can help the operator detect changes in the
system and take corrective action before a serious problem develops.

What 1is the condition of the equipment?

The pumps 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 gland seals require
a constant drip of water, it should not be an ’eft'c'es's'i(l'e _spray. The
pu..p8 should not be overdreased or overociled. Excessive noise and

vibration, particularly of hentrlfugal pumps, would indicate

problems. Note the condxtlon of the room; if it! S,Q?EFXL operation

cannot ke sa;;sfacuoryir Dirt will get into the lubricants and shorten
the life of the bearings.

What type of lubricant is used?

In the case of well pumps; this is particularly important since oil
contamination of the aquifer is possible from improperly malntalned
submersible pumps. In the case of water-lubricated pumps, the

possibility of cross-connection exists.
Is the emergency pbWér/backup system provided?

Emergency power is necessary _ for contlnuous operatlon of the water
system. This may be prov1ded by an auxiliary generator or by dIrectiy
connected engines. The inspector Should note how emergency power is

prov1ded how freguently it jS tested, and whether there is automatic

or manual switchover. This inspector should also be conce;pe@iy}gh

the number of primary power failures. Avallablllty of replacement
pumps, motors;,; and critical parts should also be evaluated:

Are all electro/mechanical rotating equipment provided with protective
guacds?

The 1nspeutor should not onlj be concerned wirh the sanitary aspects

of the equipment but safety as well. The 1nspectog7§houygigbeegito

see that belts, gears, rotating shafts, and electricai wiring are
properly shielded to prevent injury.

Are controls functioning properly and adequately protected?
All controls should be functional. Jerry-rigging of controls presents

soth an electrical hazard and risk of failure of the pump.

Are underground coimpartments and Suction well§ WAterproof?

pump stations should be waterproofed to present flooding of the pump
room: The suction wells should be protected to prevent entrarnce of
undesirable water into the compartment either through the walls or
sur face water.
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J. Are perm: sently mouiited ladders sound and firmly anchored?

As pr°v1ously s* ated, the 1nspectcr shcuid be coricerned with safety:

This concern is not only for the operator's sake but for the

inspector's owrn presetrvation. The 1nspect0r should foiiow §éfé£y
procedures and 1nform the operator of unsafe conditions or acts (e: g
entering a confined space that is not prcperiy ventitated).

16. IS the facility properly protected?

The site shocld be properiy protected agalnst flre, flood; vandalism,;

and other hazards. The loca* on should be a minimum of one foot above
the hlghosc flood eigggg;on. Runoff should drain away from the

pumping statioq. Pumping facilities should be protected against
vandalism and unaothorized entry by animals or people.
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UNIT S: WATER TREATMENT

Unit Summary

Treatmerit Processes

Inik
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Small Jater Suppilies Serving the Public

~ (Cha ters 9; 10)

Manual of Instruction for Water Treatment
Plant Operators {(Chapters 5-15)

Manual of Water Utility Operations
{Chapters 7-11) )

Water Treatment Plant Operations.
{Volume 1, Chapters 4-9 and 11l) B

Water Supply System Operation (Chapter 4)

Basic Material

The purpose of water treatment is to condition; modify or remove )
undesirable impurities to provide a water that is safe; nalatable, and

acceptable to consumers. National standards (specified in the NIPDWR with

maximum contaminant levels) for some of the impurities that are considered
important to the health of consumers are set under the Federal Safe

impurities that affect the esthetic qualities of the water are listed in

SDWR a5 gu ielines. Treatment or modification of the water to achieve
these desirable levels is highly recommended.

Soiie Gf the conifion treatment processes and their purposes are:

Pretreatment - gene a:.ly for removal of taste and odors.

"""" ation/Flocculation - treatment with certain chemicals for 7
ccllecting nonsettleable particles into larger or other fine—grained
meterials to remove particulate matter too light or too finely
d. ided for remcval by sedimentation.

sedimentatio:n - re+oval of suspended matter-

i

I
=
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F11trat1on - f1Jter1ng through sand, anthrac1te, or other firne-

grained mater1als to remove partlcuiate matter too light or too

finely divided for removal by sedimentation;

Disinfection - destroying pathogenic organisms with chlorine; certain

chlorine compounds, or other means:

For sp€c1f1c information on the treatment process, the suggestsd

references shoald be consulted: It is suggested that the inspector be
familiar with:

Coagulation: Atuminum Sulfate and Iron Salts
Chlorination: Gas and Hypochlorite
Filtratior: Rapid Sand

Pressure

Diatomaceocus Earth
Ion Exchange

Lime Softening

sedimentation
Taste and Odor Control

Corrosion Control

Sanitary Risks

Although treatment for taste and odors can be performed at several

locations in the treatment proceSS, frequently it is conducted as a

pretreatment. This allows the time in the pipe from the intake to the

plar.t to be used as contact time: Chemicals commonly used are chlorine,

act1vated carbon, potass1um permanganate, o - e; and chlor1ne dioxide.

There are other pretreatment processes such as aeration, presedimentation,

arnd screening that may be encountered; but the following duestions deal

with processes utilizing chemical addition.

1. what chemical is used?

The inspector should determine what cheémicals are utilized, if they

are approved, and if they are being properly appl1ed

2. What is the amount used?

tests conducted in the dlstant past and has remained the same even
though conditions have ~hanged.

3. For prechlorination, has total trihalomethanes (TTHM) been evaluated?

Although TTHM control is not requ1red for systems serving a
population of less than 10;000; the 1nspector should determ1ne if the

operator is aware of their impact and causes. The dosage and/or

appllcatlon point may be changed to reduce their levels.
5-3
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The inspector should deterwirie that chemicals ar seing added at the

best point to achieve tne desired results: The inspector should

alert the operator to improper appiication such as addition of

””Wdered activated carbon and chiorine at the same point.

Is proper mixing achieved based on visual observation?

(o)

The inspector shculd be looking for evidence of short circuiting.
6. What other pretreatment is provided?

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

Chemical Feed

This section deals with chemiCal addition for such processes as coagd-
lation, lime softening, dctivated carbon addition, and corrosion controt:

A good policy is for the inspector to draw a simple schematic of the plant

systems and where chemicals are added. The foliowing questions appiy to
chemical feed.

1. what chemical is used?

The inspector should determine what chemicals are utilized; and if

they are approved. The question should be asked as to how the dosage

is determined and frequency of this determination:
2. where is it applied?

The inspector should note the application point and evaluate it in

light of thke purpose of the chemtcal addition.
3. what is the condition of the feed equipment?

The equipment shouid be functional and properly maintained __For

example, with dry chemical feeders watch for problems with "bridging"
of the chemical in the hopper. Liguid Solitlon feeder lines should
be observed to see that they are not clogged. The operator should be
asked if a preventive malntenance program exists and 1is utilized.

The care taken for the equipment of the facility could reflect the

operator's attitude towards the syctem as a whole. Cross connecttons

and the possibility of bacterial contamiration of stock soluttons
should be noted.

4. Are instrumentation and colittols for the process adequate;, opera-—
tional, and being utilized?

fontroliin; processes is difficult when instrumentation is not

functional and/or properly calibrated The instrumentation is

useless 1f the operator does not know the significance of the

measurement The inspector should observe the controls and question

the operator about calibration checks and what s done based on the

5-5 -
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1.

Is chemical storage adequate and safe?

At least a 30~day supply of chemicals on hand is recommended: Level
indicators and over flow protection should be provided for ii&ﬁi&

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 chlorxtes. Chemicals shéuld be stored in a manner
that would pteclude a splll from entering the water being treated or
the source.

Are adequate safety devices available and precautions observed?

Safety goygles; gloves; hearing protectlon, and respxrators should be

provided for protection agalnst injury by the partlcular chemicals.

The inspector should observe safety procedures durlng the

inspection. As stated previousiy; the inspector should be concerned

with safety; the operator's and his own:

Mixing

Is mixing azdeguate based on visual observation?

Problems with short circuiting should be noted. Adeguate solution
water and agitation should be provided in the case of dry chemical
additioti.

Is cquipment operated properly and in good repair?

M1x1ng can be accompllshed by several means (mechan1ca1 mixers,

diffusers, pump blenders, and baffles) The inspector should
determine that the particular means utilized is functioning properly.

Flocculation/Sedimentation

1.

The inspector should observe i¥ therp is good floc formation prlor to

sedimentation. The best floc si?2e ranges from 0.1 mm to about 3 mm.

There should be little carryover bf the floc from the sedimentation

basin. .
[N

Is equipment operated properly and in good repair?

In the case of mechanical flocculators; the paddles should all be

present and turning. The flocculators should not break up the floc.
Are Jjar_tests being performed to determine optimum dosage of
chemicals?

Proper coagulation and flocculation cannot be routinely achieved
without jér testing. -

B
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Several types of fllters are avallable for use in water systems such as

diatomaceous earth pressure sand filters, and rapid sand filters. As._

stated previously, this manual provides only the "need to know" of sani-
tary risks involved w1th the components. The inspector should consult the

suggested references for specific operational considerations.
1. 1Is process adequate based on observation?

The primary purpose of filtration is to remove tutbidity. The
inspector should bhe concerned that the filtration process actually

reduces the turbidity. If there are multiple filters, the effluent
from each filter should be observed.

. Are instruilentation and controls for the process adequaté, opeia-
tional, and being utilized?

[ SN

Turbidity should be measured in the influent and effluent from the
filters. Head loss through the filter is also important to filter
Operation, a# is the use of flow rate controllers. The instruments
for these measurements and controls should be present and
furictional. The operator should know tlie importance of the
readings. The answers provided should indicate the operator' 's
competence to the inspector.

. Is equipment operated properly and in gocd repair?

(]

For rapld cand fIlters,rthe ins pecror should ook for prohiems sach
ari mudballs, cragks in the medxa, backwashxng difficulties

resuitzng in short fxitet tuns and/or failure to clean media, and

lcss of media: If a ptobiem is indicated; the inspector may wish *o

have the operator backwash the filter:

post-Chlorination

The primary purpose of post-chlorination is disinfection. Disinfection is
the process of destvoying a large portion of the microorganisms in water
with the probability that all pathodenic bacteria are killed in the
process. In water treatment, disinfection is almost always accomplished
by adding chlorine or chlorine compoinds. Other processes thdat may be
encountered are: ultraviolet disinfection and the use of iodine or
ozone. The measure used to determine effectiveness of d1s1nfecti6h is the
coliform group. The standard test for the coliform group is either the
multiple~-tube fermentation technique or the menbrarie filter techn1que. An
in-depth discussion of these techniguées may be found in “Standard Methods
for the Examination of Water and WasStewater." The coliform group is used
4§ an indicator of pather,enic organisms. The use of this indicator group
tas several advantages over testing for spec1f1c pathogenic organisms.
Principally these advantages are:

1. Ease of isolation: Using relatively unsophisticated analytical
procediires and eguipment, the presence of coliforms can be

latected: The procedures can give results in 24 hours, making it

a comparatively rapid bacte Ioiogxcai tgzsf
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2. Coliforis are present in laige numbers in feces of all animals:
Ahy fecal pollution resuits in the presence of coliform organisims

a greater degree than commonly encounter ed pathogens. Conse-

quentiy, the coliforms will normaliy still be present after the

dIsease—pxoducxng pathogens may have dIed of f and will continue

to indicate the possible danger to the water.

Chlorination Terminology

Regardless of the form of chlorination,; chlorine gas, or chlorine com-
pounds, the reaction in water is basically the same. The standard term
for the chlorine concentration is either milligrams ger liter (mg/l) or
parts per million (ppm).

o éhjorinef§OSe The total amount of ch10r1ne fed 1nto a volume of
water by the chlorinator.

nd: Chlorlne is a very actlve chem1ca1 cx1d121ng
ageht. Wheni injected into water, it combines read11y with
certain inorganic substances that are oxldlzable (hydrogen

sulfide, nitrite, ferrous iron, etc } and w1th organic impuri-
t1es 1nc1ud1ng mlcro-organlsms and decay products. These

fully d__troy mlcro—organlsms. This amoun* used up is the
chlorine demand.

Chlorine Demand = Chlorine Doze - Chlorine Residuoal

o Chlorine :sidual: The amount of chlorine (by test) present in

the water after the chiorine demand is satisfied and after a

spec1f1ed time period. The presence of a "free™ residual,; in
oontrast to a "combined” fesiaﬁéi of at least 9.2-0.4 ppm (ih

However, 1t is also advzsable to also test at the farthest pOInt
in the system to ensure that a reSIduaI exists throughout the

whole system. The residual test is the basis for increasing or

decrea51ng the chlorinator feed rate to achieve the desired

value. Too much chlorine residual will be oifensive to some
consumers.

Chlorine Residual = Chiorine Dose - Chlorine Demand

. 5-11 81
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o Chlor:né Contact Time: The contact time is the time interval
(usually m1nutes) that elapses between the t ime when chiorlnc is

is rtqulred for the d1°1nfec*1ng action to become COmpIeted. 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

*hrough the7p£p1n9 and storage facilities. Generally speaking,
it is preferabie nat the contact period be nie' 1--°s than 30
2 inutes under the peak demand flow conditions. ever, ‘en

more time may be necessary under unfavorable cc .ticns.

sas Chlorination

Chlorlne gas 1is avallable in compressed gas form stored in steel
pressurized cyllnders. A gas chlorinitor meters the gas flow and mixes
klth water wh1ch is tnen 1n3ected as a water SOIUtIOn of pure chlorlne.

requlred for *orlng and hou51ng gas chlorinators: The advantage of this

mathod 1S the convenience afforded by a relatively large quantity of

~hlorine avaliable for continuous operatlon for several days or weeks

without the need for mixing chemlcats. Gas chlorinatcrs have an advantage

wilere variable water flow rates are encountered as they may be syncronized
ts feed chlorine at a variable rate.

dypochicr ination

Most small system operators will find the use of liquid or dry chlorlne
compoiinds mixed with water and fed into the system with inexpensive

hypochlorlnators a sattsfactory chlorlnatlon method. These smgll chemlcal

tion of chlorire xnto the water system. They are deslgned tn operate
against pressures as hIgh as 100 ps1 but may alsoc be vsed to inject

chlorine soiutxons at atmospheric or negative head {(suction side of water
pump) condit ions

ne oump1ng rate is usually manually adjusted by varying the stroke of the

npiston cr diaphragm. Once the stroke is set, the hypochlorinator feeds

accurately at that rate. However, Cth[lne measurements should be made
nccasionally at the kheginning and end of the well pump_ cyclP becaase if

the Jirawdown 1is high, the pumping rate varies consxderabty and the

~oncentration will vary since thie applled dose is constant. & metaring

device may be used to vary the hypochlorinator feed rate syncronlzed with

the water rate. Where a well pump is used, the hypochlorlnator 1s

~onnected electrically with the on-off controls of the pump.

COllfOEm counts. The next step in determlnatlon of adequacy wouid be

-5 enisure that a detectabie residual is present 2t the remotes:

5-13 53
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connection in the system. Trhe inspector should review where the
Utility's sample points within the distribution system are located

and/oi how they were sele”ted If the 1nspector Is to sample, a
deac=nd portion of the system that is remote from the plant may be
selected. A free LQSLdual oif 0.2- 0.5 mg/l or a combined residual of

1.0-2.0 mg/1 should be ma1nta1ned at the most distant points in the

system and at *lie ends of deadend sections. The chlorinator should

have sufficieiit capacity to provide adequate treatment under peak
flow conditions.

the first point of use?

2 hoars for a combined residual. Thls may be. determlned by flgurlng
Qetentlon time in the clear well, storage tank, and/or plpellnt
between point of chlorinatior and use.

is the eduipment properly cuerated and main: :ired?

The inspector chould determ-ne that ail equtpment ic operational and

preven.ive maintenance is routi ne]" perf med: Some indicators of
problems for gaseours chlorinaticn would be valves, piping and
fittings tnat are dt.dged badlv corrodnd or loose; no gas flow to

the chlorinator, or frost on valve- and piping. For powdered

disinfectants, some irdicators are clogged feed lines ana valves. A

mcre : -tailed dl°CU551Ln of these problems and their solutions is

prov’ ied in "Water Treatment Plant Op<r.tion,;" Chapter 7.

Is operat10na1 standb" squipment provided? If not, are cr: ical
spare parts on hand’

Cisinfection mus® be -cntinaoos? Stand;y erquipment of %uff1c1ent

c-pacity to replzce -ihe largest unit is recommended. Where it is
rot, flow to the wate* =vstem should be halted and critical spare
parts ~iiou'd pe on hand for immedi: "2 replacement

Is a manifold provided to allow feeding ea= from msre than one
cyllnder°

As stated above; chlorination must be continuous. A manifola =hculd
be ptovxded to allcw empty cylinders to be changed wlthout b_opplng
chlcrlnatlon. If nnlv one cyllnder can be ut1l1zed the Inspector

operator could be alLowlng water to contlnue +o flow into the system
while he changes the cylinder, a puccess that could take 30 minutec.

Such a situation could tesiult in coiicamination of the entire system.

Are scales provided for we:qhxhg cy*ir ler-?

Scales shoul! be provided and uci’ ~o measure the &no -t of
chicrine used <ach day and to determii. when they ¢re near empty so
they o be changed. These scales should be locat- Ll the
cyl #i1l1 be corier thai the chlorinatc:s to ; .out condens!
of t ;0. i1e in the lines: O -
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"5 tie chlorirne storage and vse area isolated from other work areas?

””6“dt0[ shoild be well ve;sec on the hazards of chlorire gas,

proper handlxng of the gar ard protpctxve eobxpmpnt, and the

limitations of he protec Ive equanent The inspector should be

knowtedgeahle in £ I3 &s wm?I’ X brief overview of chlorine

is that 1: is a nea i , na_, which is corrosive in moist

atmospheres and Is e its t6x1c1ty ranges from throat

irritation at 15 ppom to rapId doath at 1:000 ppm. Consequently, the

storage and i:c areas for ~ orine should be above ground;, well
ventitated,; and separated by a gas-tight oartition from other work
areas. Both chlorire gas and particulerly sodium chlceite should not
be stored with organic compounds.

s room vented to thi outdoors by eéxhaust grilles located not more
than 6 inches above the floor level?

The room Shoiild be verited at a rate of orie air change per minut~ with
exh.ust grillés not highei than & inches above the fioor: ap i-let

grille for the room should be loc;ted near the ceiling: The vapor-

tight fan switch should be loc:.ted outside the room and equipped with

an indicator 11ght. rro L.gﬁFCtOf should ensure that the exhaust

from _4e chlorine room ~itl no' enter into c¢iner interior ar--'s.

ﬁrghlems have 1esulted frcir tccating the exhaust g:illes to the
cHlor ine room In the vicinrcty of the makeup air in.et for wtrher rooms.

&re att doors hlnF“d ou rd, equipi.ed with panic bars, and at least
nre pro-rided withi o v.owporc?

.d for docrs to be hing:d siuiward i based or. the fact that

Tre n

somenne in the room could be ovei.ome and passad out against the
ioor, ma<ing rescur 1.7 i-:lt if the loor has to swing into the
coom: The door si . have warniag signs zffixed, alerting

porconnel to the

f-contair ning apparatu-. avaiiable f{or use duri.g

Tsoa

rep: of leaks?

The 1+ o~f chlc ine requires OrotPCc1ve clothihg. Chemical joggles
Sheao. P wihrn  y personnel ernti-:.,J the drea for routine inspec-
fion ~ nylinders are chanded .r &djistments made to the system;

Cery I -, cher. -4l goyglies, and a iull face shj-1d should be
worn .. on5 a  all f- ‘ece respirator or hood iz used): <chiorine
caniater=t pe - % om 4v- only acceptable if the known chlerine
vapor . mgentcal: oo is Lrss tidn 1¥ and oxygen levzlt greater th.

4. Additionally, iister-type gas masks murt be checked routinelv
ind th€ canistar changed when it has fééé%éa it exp.ration Jdate o~
45 be:n darige ', vWhen a worker enters a heavily onramin.

. -epa.r, . self-contained :reathing zppara. : is reguire.. ..¢
protoctive cguiprent and emergenc, drills s"ouia br practiced.
Lmergency proceddres atd be goordlnated Q‘ik fire and police
rersornel The inspec r should ask if thc nility Sas an emerge cy

“17 and i ‘t has ever besn practiced.
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Are there means of leak dektecrion?

The inspector should never enter a room containing chlorine gas

wlthout first openinq the door sixghtly to check for the smell of

chlorine. A squeeze tiottle of dilute ammonium hydroxide carn be used

for leak detection by squxrtxng a small amount into the room prior to

entry. If a leak is present a "snow"” will form. There are also

continooas - id portable chlorine detection devices that may ke used .
Are a*t gas cylinders restrained by chaining to the .11 or otl er
means?

cviinders siuou’d be restrained to an iﬁm?'*b’é object. ThHey shou.u

be transported and stored in an upright f'>.°‘tion and kept away from
rect heat and direct -an. Empty cont a'ne'i should be segregated

.rom full containers.

year due to chlorlnat r falluro or feed pump faliure°

Any nterrupclﬂns i cnlor1nat1on and their cause should be

identified. he operatcr should be queotxoned as to what measures

have bea2n taken to preclude recurrence of the interruption.
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Table 5-1. Water Quality Problems and Treatmrat

Problef Firameter Standard Typical Treatment

1. Bacteria See page st 2=7 1. Dlslnfectlon
filtration, disinfection
sectling, filtration,;
disirfection

2. Turbidity 1 T.0: 2a: Fittration

sand, diatomaceous earth

Compilete treatment
chemicat addition,
coagulation
settling, filtration

le gl

As*S -
Alum or Iron coagulation
Lime Softening

b. as?3 _
oxidizing to Ast®
treating as above

3; Arsenic 0.05 mg/1 3a.

4. Barium 1.0 mg/1 2. Lime soft ning
5. Cadmiufm 0.010 mg/1 S. Lime softening

6. Chroniium 9.05 mg/1 6. ce*3
a. Akum coagulation
b: Iron coagulation
c: Lime softening
ort6
4. Ferrous sulfate
coagulation
7. Fluoride 1:4-7:4 mg/1 7. Ton exchange using

bone ~har

5. Lead 0.05 mg/1 8a

9. Mercury 0:002 mg/i Inorganic
9a. Perric
b. *ium co

L aiTenLy
u.t=te cragulation
1lation
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Table 5-1 (Continued)

Problem Parameter Standard Typi-al Treatment

10: Nitrate 10 mg/l (N) 10. 1Ion Exchange
11. Selenium 0:01 mgyi 11. _Sé+4
a.'Ferric sulfate
- coagulation
b. Reverse OSmosis
c. Ion axchande
Setb
d. Reverse osmosis
e. Toli éxchangs

12: 8ile - 0.05 mgy1 12a. Alum coagilition )
b. Ferric sulfate coagulation
c. Lime Softening

13. Organic See specific 13a. Activated carbon
Chemicals chemical
14. odors : - 14: Salfide
a. Aeration
b: Oxidation
c. Desulfuration

Organics

d. clarification

e. Oxidation

f. Adsocrption
Hardness - 15a. Ion exchaige

b. Lime softening
15: Iron/Manganese - 16a. Polyphosphat es

b. Ion exchange o
c. ¢ ‘Aation/precipitation

€&
OO
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Unit Soomary
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. ic Storage

Unit Contents

a: Gravity Storage
o Characteristics
o Saritary Risks
6b: Hydropneumatic Sterage
 ~ © Characteristics
" o Sanitary Risks
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LNIT 6Ga:  Gravity Storage

Unit Summary
Characteristics of a Gravity Storage System
Sanitary; Risks

Unit References

Small Water Cystems Serving the Public
(Chapter 6)

Manuai of Individual Water Supply Systems
(Part V)

Water 3upply System Operztion
{Chuprer 8)

Basic Material

Well supplies are often pumped direct. . a gravity distribution reser-
voir f(tank) from which water flows o:f desund to the points of use. The
wells may 1lso be pumped directly ints cba distribution system with the

tank floating (riding) or the system. .. ..r arrange %L is dcceptable.
The pumps may bs coiitrallad by water levi-. ¢ it coniviis Or pressare
switches. The storage tank is sufficieni’ i.¢ .tc 4 . ensure adequate

operating pressures,

A drévitj *Forag: systeim offers several advantages over 9?@&5,!9 g.,
hydropneumatic) systems ind should be considered where ropographlc
co ditions are favorable. The larger the watel sys“em, *he greater the

«fvantuges., However, even smaller Systeiis Wwill h:- » these advantages

. Less variation ii’ pressure
S Storuge fr. firefighting ure
3 One to two davg® steoraje to meet water requirements

3 Greater f‘ﬂklbilluy tc neet pnak demand%

o Usz 07 v ~r c ﬁacxty wolls (paping not necessary
to meer £33k system demand)

SIZIHG of pamps to take bLetter advantage of electric

icad Lac.ers
o Reduced on wnd off cycling of pumps ) , 7 ]
O Tie-in of several wells, =acr pumping at its optimal riite

Since the gr~V1ty reserv” 7;zﬁ"1Ues thnrstorage necessary to meet the
pﬁék oystam denanus, the wells need not b° de °10peq to meet tn )eak
ro eta
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perlod of tlme when water use is 51gn1f1cant. For example, day schools
Usually exert a signiTicant water demand onity over a 1l0- to i2-hour day.
The wells§ must, thercfrre, be pumped at a rate sufficient to meet the
maximum day demand ii. a lO— to 12-hour pérlod Under these conditions,
the reservoir {tank) should have an effective capacity eguivalent to the
average daily deinand.

structural supports above ground may be located partiy 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 tark should be sufficiently above

the dlstrloution system to produce minimum operating pressures of 35 psi
{about 8l feeat of head; but prﬁferabiy 50-75 psi (116 to 173 feet).
Pressures should not ¢ eed 100 psi (231 feet).

Shal’ ~w reservoirs with arge diameters are preferred over deep ones w1th

Jmarler diameters, other things being equal. Tanks with larger dlameters

have more water per foot of drowéown and are thus iess prone to pressure

fluctnations: Thev are also less costly to build.

w1re range of oapac1fles. Preutressed conc,retr taliks are guxte popular;

:anitary R.5ks

1. Does surface runoff and underground drainac drain awav from the
storage structure?

2. 1z site protected against floodirg?

Storage rese.vVoirs should be located above probable grourd water
levels: Surface runcff and Underground drainage should be away from
the structure. Prov151ons should be included to guard against the

sanitary hazards related to 1ocatIon- groundwater levels, movements,

and guality; craracter of soil: p0551b111_y of wastewater pollution;
and over topping by fioods: Slf“S in ravines or low ar2as subject to

periodrc fiovdrng should be &+ oided. Any sew.:r located within 50

feet of a storage reservoir with a floor below ground level should t:z

constructed of extra-heavy or serv1ce~we1ght cast iron pipe with

asted; watertight mechanical joints. NoO sewer should be located

‘ess than 10 feet from the reservoir.

%1l storage réénrxolrs should be protected against flood waters or
high water levels in any stream, lake, or other body of water. These
reservoirs zhould bL _placed above the high water level, and the
structure and its rilated parts should be Qatertlght. The ground
surf.uce above the reservoir should be graded to drain surface water
away from the reservoir and to prevent pooling of surface watcr
within the vicinity. Waiie or fencing should surround open

reservoir s, and puhllc access should be proh1b1ted.
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Is storage t:nk Structirally sound?

The inspector st =1 rase the answer to thxs guestion on visual
observation. I.-v. . wa-houts and signs of foundation failure.
Are overflow lireuv, a.r vents, draxnage lines, or cleanout pipés

turned downward or covered, screened; and terminated a minimum of

3 diamete!s above thr 7. -ound oi storage tank surface?

Any overflow, blOWJf or cleanOLt pipe from a storage reservoir

should discharge Lreel\r into an or-:n basin from a point not less than

three diameters of the dlscharge pipe above the top or spill line of
the open basin. All overflow, blowoff,; or cleanout pipes should be.
turned downward to prevant entrance of rain and should have rtmovable

#24-mesh screens to prevent the entrance of birds; insects, rodents,
ind contaminating materiais: if the d\scharge pipes are likel; to be

submerged by surface or fiood w. ter, a watertight blind flange bhOUld
be provided to attach to the HIpﬂ opening to prevent contamlnated
water backflow into the reservoir. 1If the reservoir must be emptIed

when the normal outlet is submerged by surtaceé or flood waters, pumps
with outlets above the flcod +.ter shuuld bé used for emptying.

Is site adequately protected égainst vandalism?

elevated tanks should be f1tted w1th ralsed, watertight walls. Each
manhole frame should be closed witn a solid watertight cover and a

sturdy locking device. The frame shoold be locked when not in use.

The storage site should be fenced to prevent unauthorized entry.
Ladders to tops of storage tanxs shouid terminate 10 feet above the

Are surface coatings in contact with water approved?

Coatlngs that are in contact with water should be approved
Unauthorlzed coatlngs can create problems due to organic and
inorganic contamination of the stored waters.

Is tank protected against icing and corrosion?

cathodic protectlon may beiPEQV]ded for metal storage tahks.i iCihq

can be a partlcularly traumatic problem in northern areas. Tarnks

have "blown their tops" due to the pressures that can result; in less

severe cases, the cathodic protection and tank 1nter10rs may be

damaged: Tanks should not be allowed to remain idle if freezxng is a

probiem: Heaters may need to be used in tanks reserved for emergency

purposes:
Can tank be isolated from the system?

fanks should be §blé to be taken out of the system for repair without
shutting down éntire system.
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10.

11.

Is all treated water Storage covered?

Reservoirs shoold be covered to prevent airborne contamlnatron {birds

and alqgae grOwths that impart tastes and odors). Covers should be

watertrght, made of permanent material, and constructed to drain

freer and to prevent COntam1nat10n from enterlng the stored water.

purpose that may result in contamlnat1on of the stored water.
what is cleaning freguency for tanks?

Over a period of time, reservoirs may accumulate organic and inor-
ganic debris, which settles to the bottom as arsludge, This sludge
can contribute taste, odors, and turbidity to the systems when it
accumulates 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.
Are storage tanks disinfected after repairs?

dls1nfected before belng put 1nto service or after extensive repairs
or cleaning have been completed.

100
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UNIT 65: Hyd.opneumatic Tanks

Urnit Summary

Types and Characterlst1cs

Sanitary Risks

unit References

Small Water Systems Serving the Public
(Chapter 6) -

Manual of Ind1v1dua1 Water Supply Systems
{(Part V)

planning for an Ind1v1dua1 Water System
{Chapter V)

Water Supply System Operatlon
{Chapter 3 and 5)

Basic Material

small water supplles. They comblne the energy from a pdmp with the

principle of air pressure to force water Into the distrlbutlon system.

components .
The system operates in the following manner:
o ?Qeigump starts up at a certain pressure (CUt:ingpressurej;Vahditﬁe
energy from the pump moves through water to the pocket of air, air
volume; at the top of the pressuce—tank.

0 When the pressure bu11ds to a certa1n p01nt (cut—out pressure), the

pump stops and the air forces the water into the distribuotion

system.

o When the pressure becomes too 10w, the pump starts up agaxn,rand
the Cycle is repeated ~ The cycle rate is the riumber of times the
pump starts and stops in 1 hour.

A typical hydropneumatic system is made up of the following parts:
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0.0 0.0:0:0:0:Q"

0.

Item
Steel tank
AIr volume ‘control
Relref vaive

Pressure Jauges
Motor con rols

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 901nts
Regulate water level

Maintain balance between water and
air pressure

Discharge water from tank; force
additional air in to increase
pressure (E§EPEESSUriZiﬂQ)

Most systems differ only in the kind of pressure storage tank used. The
oressure tank 1S a 51gn151cant part of the system in that the methods of

All these

factors may . contrlbute to the degree of vulnerabillty to sanrtéry risks:
The thrée kinds of tanks are:

air volume controls

Conventional

o Air cushion in direct contact with water;
necessary

o Capacity ranges from a few to several thousand gallons

o Vertical or horizontal placement

o Outlet 10cated near bottom of tank; combined inlet-outlet or
separated on opposite sides of tank

© RAir volume control located in upper portion of tank;

available for prepressurizing

Floating Wafer

provisions

o Floatlng wafer (r1q1d floats or flexible rubber or piastIc)
separates water and air, butrseparatlon not complete- some icss of
air expected, reguiring occasional rechargrng

O Vertical placeient limits tank capacity

o 1Inlet 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 toO pressures just below pump starting

pressure
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Sanitary Risks

1: Does low pressure level prov1de adequate pressure9

Maintenance of ddeguate pressure is especIaIIy Important. Too little

prnssure can cause a reversal in the flow of the water; allowlng water

from a polluted source to enter a potable, stored water source. ToOO
high pressure can stra1n systefi components, cause high leakage rates,

and can force air out w1th water. Low pressure can indicate improper
connections, or cros sns; made from storage to serviced
facilities. BAdequate pressure is needed to keep the water flowing from
storage to serviced areas. Backpressure backflow occurs when potable
water pressure 1is less than nonpotable pressure; backsiphonage -backflow
is a reversal stemming from a vacuum at the potable sSupply. Backflow

and backs1phonage are especraiiy hazardous sanitary risks when they

involve poisonous or harmfux chemicals. Inspectors must be aware of

proxlmlty of polluted sources and must protect stored water against
cross connectlons.

To ensure aqalnst back flow and backsiphonage, minimum pressure must be

Maintained at all times:
System Pressures

(Pcunds Per Square Ihcﬁi

optimum Working Pressure = 40-60 psi
Minimum Working Pressure = 35 psi
Maximum Pressurs at Service Connections = 100 psi

20 psi

]

Minimum Pressur=z at Service Connections

Inspectors should check englneerlng 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.

5. Are instruments and controls adequate; operational, and béihg utilized?

Proper operatlon and ma]ntenance 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. Alqo, pollution

of the storagertank can occur from airborne or waterborne foreign
matter. Careful irstallation and maintenance of pollutlon preventxcn

devices can prevent their entrv into the hydropneumatz ic system:

Air volume control

o}

o Relief valve

© Motor contrcls

5> High/low water level controls

o Low pressure flow controls _—

o Air compressor and contrcls 1@6
6-13
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.

Frequently, controls are not adjusting. arter dellvery of the system

from the factory. Operating records will reveal originat calibration

and whether peax demand has changed.

Afe the interior and extericr siitfaces in good condition?

The 1nterlor and exterxor should be in good phy51cal condition. Tné
inspector may not be able to 1nspect the interior surfaces but should

emphasize the importance ot rejular Inspectlons. The inspector may
determine if they are be1ng porrormed by reviewing maintenance records.

Are tank supports structurally sound?
The tank should be properly supported.
Is storage capacity adeguate?

There are several formulas for determwnlng requlred storage capac*ty.

One method is presented.

In selecting and evaluating the tank, Storage capacity must be matched
to the peak demand (perxod of highest water use) of the system.
Otherwise, the tank will supply neither sufficient da11y water needs

nor em.-rgency needs,; such as fer firefighting.

To ensure agalnst inadequate storage capaC1ty (and stra1n1ng faciti-

ties at peak demand), purveyors must know bumping capacrty and peak

demand rates; which can be used in the formiula below to compute

approprlate tank size. Engineering records list pump capac1ty,_cut-
in; and cut- -out pressures. Operating records show current peak demand
and whether peak demand has changed since the tank was installed,
which could require a charnge in tank size,

Formula for Estxmatxng

Appropriate Tank Size

o= __@m
1-(P/P)

© = Tank volume in gallons

gm = peak demand rate, gpm X des1red minutes of storage
Pl = Cut-in pressure + atmosgnerrc pressure (14.7 psi) .
PZ = Cut- -out pressure + atmospheric pressure (14.7 psi)

What is the cycle rate?

acceptabile). Frequent or constant operatxon of the pressure pump

indicates a "waterlogged" tank or improper settings on the pressure
controls.

-1 108§
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UNIT 7: WATER DISTRIBUTION

Unit Sommary
romponents of a Distribution System
Sanitary Risks

Types of Cross-Conn-ctions

Unit Contents

7a: Distribation Systems
o Components
o Sanitary Risks
7b: Cross~Connections
o Typgs and Characteristics
o Sanitary Risks
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UNIT 7a: Distribution Systems

Uit summary

Components of a Distribution System
sanitary Risks

tnit Referenccs

Small Water Systems Serv1ng the Public
(Chapter 11)

Manual of Individual Water Supply Systems
(Part v)

Manual for Evaluating Public Drlnklng Water

i Supplles (Part III)

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

Basic Material

Many fallures to meet the requ1rements of the drlnklng water standards are

directly related to the use of poor operating and maintenance procedures

for d1str1but10n systems or to the presence of sanitary defects in the

system. Some causes that contribute to poor water guality are:

tnsufficient treatment at the point of production

Ccross-connections  _ S
Improperly protected d1str1but10n system storage

Unsatlsfactory main constructlon, 1nclud1ng improper 301nt packlng

Close proximity of sewer and water mains
Improperly constructed, miaintained, or located blowoff, vacuum, and
air relief valves

Negative pressures in the distribution system
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Components of the Distribution System

The following briefly describe some of the important components of a
distribution system.
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o Convey supply to p01nts 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 underground less sensitive to
corrosion
o Plastic; corrosion resistant; subject to puncture

o Cast Iron/Ductxle Iron. Corrosion resistant; good hydraullc

characteristics; unlined pipe can be subject to iron tubercles

6 Asbestos Cement:; Lightweight, corrosion resistant; easily cut
but easily broken

o Lead: Used in older systems, part1cularly as serv1ce lines. No

contaminating tapwater.
Valves

Control water flow

control backflow

Adjust water levels and pressures
Isolate sections of system for repair

0. 00010

o Shut—off valves stop flow of water. -
Check ValveS—perm1t water to flow in one direction only.

prov1de uniform flow at varying pressures.

es permzt water to escape from the system to relieve
€Xcess pressure.

6 Float valves respond to hIgh water levels to close an 1nlet pipe.

o Blowoff Valves provIde a means to flush sediment from low
poxnts/deadends in the distribution System. _

o ﬁitxtude Vaives are used to shut off flow of water into storage

o Air Relief Valves are used at hlgn p01nts to release entrapped
air. o ) _ . L
o Hydrants provide water for firefighting and are a means to flush

the system.

Meters

o Monitor flow through various sections to provide regulation,
reimbursement, and maintenance

Meter Vaults

G Protect meters and controls

e
7

nd Anchors

G Protect against pipe movement

_ 113
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Sanitary Risks

The questlons that a Surveyor shoutd be asking with regard to the

distribution system and their rationale follow.

Is proper pressure (40-70 psi) maintained throughout the System?

poss:bie, conditions leading to the occurrence of negat1ve pressure

Steps to prevent negative pressure should include mIr*mszng planned

shutdowns,; providing adegquate supply capacxty,icorrectxng urdersized

condltlons, and properly se1ect1ng and locatxng booster pumps to

suctlon. Cont1nu1ty of service and maintenance of adequate pressure

throughout a public water supply sysEem are essential to prevent

backsiphonage. The inspector should determine if complaints about

inadequate pressure have been registered. He or she should determ1ne

if there is a program to perIodIcaILy monitor pressures throughout the
system.

What types of construction materials are used?

The components of the distribution system should meet the current AWWA

standards. The corrosive effecﬁs of finished water on nonferrous

metal pipe used for water- -service 11nes should be considered, togeﬁher

with possible tox1cologlcai effects on consumers, resulting from

solution of the metals: only nontoxic plastic pipe should be used,r

when plastic pipe is acceptable. Materials used for cau1k1ng should

not be able to support pathogen:c bacteria and should be free of Oil

tar, or greasy Ssubstances. Joint packing materials should meet the

latest AWWA specifications.

are ptans of the water system available and current?

line valve. . The pipe layout should be designed for future addltlons

and connections to provide circulatlon where deadends are necessary in

the growth state of the pipe system. The system should be provided

with sufficient bypass and blowoff vaives to make necessary repairs

without undue interruption of Servxce over any appreciable area.

Blowoff connections to sewers or sSewer manholes should be prohlblted.

Does the system have an adequate maintenance program?

This 1s actually an overall evaluation of the answers to a series of
duestions, such as:

4. What is the frequency of main breaks?

The majorlty of breaks are not due to age but to leaks. The leaks

undermine the pipe; conseguently causing it to fail under the

we1ght of the overburden. To prevent main breaks, a routine

program for leak detection should be conducted.

7-6
115

T e



STUDENT'S SUPPLEMENTARY MATERIALS

~ |

116



O

ERIC

Aruitoxt provided by Eic:

v

Such a program may be conducted in con]unct10n with the fire

department to determine adequacy of fire flow. A record of

pres)ures throughout the system may help to 1dent;§¥7§r65iems.

segfméht deposition in the lines. The fliushing should be well

ptanned 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 1nspect10n is_ de51rab1e for aII vaIves. Th1s should

recloslng unt11 valve seats properiy. A record of valve

maintenance and operatlon should be kept:
6. Does the utility have a corrosion control program?

The utility should have a program to evaluate corrosion and the
effectiveness of corros10n control partxcuiarly to control
contaminants such as lead and cadmium.

£. Are proper disinfection procedures used after repairs?

The procedute outlined in the AWWA Standard for Dlslnfectlng
Water Mains shouid be followed. The inspector sShould guestion

the operator as to what procedures are used. The f1na1

sectrons should demonstrate negatlve bacterlologlcal results

This of of concern for two reasorns:

a. The water systems to which It is connected may be of a lower

guality and potentially pose a risk:

b. The other water System may provxde an a1ternate Source in the

prograrm.
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UNIT 7b: Cross-Connections

Unit Stmmary
Type and Characteristics of
Cross~Connections
Sanitary Risks

Unit Refeorences

Small Water Systems Serving the Public
_ [Chapter lS)
Cross- Connectlon Gontroliganual

Water Supply System Operation
{Chapters 6 and 3)

Basic Material

To prevent contam1nat1on of the communxtﬁ s water supply, the purveyor

must make sure that serv1ce connections are properly made and are

eontlnually monitored for cross- -connection hazards. A cross-connection is

a physical connection or arrangement between otherwise Separate piping

systems containing potabie and other water; whereby water may flow between

the two systems. Hazards occur when water flows toward the potable supply

instead of from it to the service outlets. Unless controlled, cross-

conneet101s can result in contaminated water replacing potable water at
various sites within a water system. If the contamlnated water 1is

unobstructed and its force is great enough, it can enter the potabte

supply at the water facility, endangering the health of the entire
community.

in which potable and contamlnated water pipes are linked without the

proper control valves, or as a pipe-to-water connectxon, in which the

outlet from a potable water supply is submerged in contaminated water.

Cross-connections are usually made unxntentlonally or are made because

their hazards are not recognlzed. 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 votable suppiy when the contaminated water's presshre is

greater thah the potable water 's pressure., Contamincted water pushes
toward tHe potable suppiy. (thhld flows from a place of high pressure to

one of lower pressure.) Backsxphonage backflow is a type of backilow
resulting from negat1ve pressure (a vacuum) in the dlstrlbutlng pipes of a

pctable water supply. Contaminated water is sucked up toward the potable
supply.

.r



o

ERIC

Aruitoxt provided by Eic:

STUCENT 'S SUPPLEMENTARY MATERIALS

Cross-Connections

Backpressure Backfiow

Backsiphonage Backflow




Q

ERIC

Aruitoxt provided by Eic:

Plumbing defects can occur within any part of a watlr system; and cross-

connection hazards can occur where outside water pressure can exceed

potable water pressure. Therefore, cross—connections must be prevented or
controiiled at all service sites as well as at the water facility.

Successful control of cross-connection hazards depends not only on

yoluntary monitoring of connections by the water purveyor and water users;
but also on an enforceable community control program. If a community
subscribes to a modern plummbing code, such as the National Plumbing Code,

its provisions will govern backflow and cross-connections. Still, the
water facility must obtain authority to conduct 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.
o The technical provisions relating to eliminating backflow and

cross-connections.,

o Penalty provisions for violations.

-

protection Against Sanitary Risks

At Service Sites: Cross-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 fixtiure in the building should have a vertical airgap between
its water outlet and its flow-level rim.: This will eliminate the physical
Gross—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, siuch as double-check, double-valve assemblies, can be installed

when an airgap cannot be made. They can also provide backup when airgaps

are made. Surge tanks, booster systems; and color-coding and labeling of

pipes in dual water systems also protect buildings against cross-connection

backflnw. Backsiphonage can be prevented by installation of vacaam=

breaking devices at water outlets where contaminated water is used and
where @ 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
to prevent contamination from entering the water supply. An airgap in

the service line to & premise at which extreme hazards exist may be .
warranted. Waterworks officials often prescribe the installation of a

backflow prevention device in the service line to a premise where

7-12
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with backflow prevent10n£dev1¢eg in other locations. Backflow prevention
devices are critical {us xclu51vely or as baCKup) in ail water
facilities because any water pressure greater than that of the fac111ty

could cause a flow reversal. Maintenance of Systemat1c water pressure

will prevent backsiphonage stemiing from the water facitity: The facility

must also install and maintain devices that block backsiphonage flow as a

backup in cases when pressure does drop. (Th1s can occur if a main break
or a fire overburdenS the pumping capacity.)

Types of Devicas:

Vacuiim Breaker: A device that is activated by atmospherlc pressure to
block the water supply line when negative pressure develops in the l1ne.
ThHis action sdmits air to the line and prevents backsiphonage. A vacuuam

breaker is nct desIgned to provide protection ~against backflow resuitlng

from backpressure, and should not be installed where backpressure may
occur .

Pressure-T¥pe Vaeuum—B;eaker- This device is installed in pressurlzed
systems and will operate onty when a vacuum occurs. It is usually sprlnq

loaded, and ahould be specxally designed to operate afte? -extended perxods

under pressire because corrosion and deposition of materlal in the line
might render it inoperable:

7-—{;nl~. 1
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Reduced Pressure Zone Backflow Preventer {RPZ): This device consists of
two hydraulically or mechanically loaded pressure-reducing check valves;
with a pressure-regulated relief valve located 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 pressute is

reduced by a predetermined amount. The pressure in the central chamber 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 reguired to open the

relief valve. 1In the event that the pressure increases downstream from
the device, tending to reverse the direction of flow; check valve 2

closes, preventing backflow. Because all valves may leak as a result of
wear or obstriction, the protection provided by the check valves is not

considered siufficient. If some obstruction prevents check valve 2 from

closing tightly, the leakage back into the central chamber would increase
the pressure in this zone, the relief valve would open, and flow would be

discharged to the atmosphere.

when the supply pressure drops to the minimum differential required to
operate the relief valve; the pressure in the central chamber should be

atmospheric: If the inlet pressure should drop below atmospheric
pressure; relief valve 3 should remain fully open to the atmosphere to

discharge any water that may flow back as a result of backpressure and
teakage of check valve 2.

Malfunctioning of ofe or both of the check valves or relief valve should

always be indicated by a discharge of water from 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
through the device may be expected to average between 10 and 20 psi within

the normal range of operation, depending upon the size and flow rate of
the device.

> -

Normal Direction of Flow Reversed Direction of Fiow
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_Valve Assembly: fThe double-check, double-gate

valve assembly is a very useful and; when properly maintained, reliable

means of backflow protectxon for intermediate degrees of hazard. As in_

the case of other backflow preventers; the double-check,; double-gate valve

assembiy should be Inspected at regular intervals. Some health authori-

ties have estabixshed programs of annual inspection.

The double-check; double-gate system has the advantage of a low head
loss: With the gate valves wide open,_the two checks, when in open

positlon, offer little resistance to flow.

structed. The valves should be a11 bronze or, for larger sizes,

galvanIzed gray iron. The trim should be of bronze, or other corrosion-

resistant material. Springs should be bronze, stalnIESs 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.

Gate A L Gote G
Check Valves
Publ-c Privats
Supply p Supply
— [ —

Tast Cocks J [ o) F

Sanitary Risks

determine the answers to the follow1ng.

1. Does the utility have a cross—connectlon preventlon program?

The inspector should determine If the water facility has obtained

authority to conduct a communlty 1nspect10n program through an

ordlnance or other means. A& cross-connectlon control ordirance

hould have at least three basic parts:
o Authority for establishment of a program

o The technical provisions relating to eliminating backflow and

cross—-connections

o Penalty prov1s1ons for v1olat10ns
7-18
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Are backflow prevention devices installed at all appropriate.
locations (wastewater treatment plants, hospitals, industrial
locations) ?

The threat of cross-contamination hazards is especially great at

wastewater treatment plants; boiler plants, chemical manufacturing
piants, hospitals; and nuclear power plants. Thelr water may contain

inherently dangerous materials. These sites should be ensured
2gainst physical links and shoiuld be eguipped with devices to prevent
back flow and backsiphonage from contaiinating water on the premises.

Are crosS—connectiocns present at the treatment plant?

The inspector Should briefly discuss with the operator the importance

of ensiring that there are no cross-connections at the plant either
on a temporary or pérmanent 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 po-able water lines and process water lines; and at pumps.

Wher using phosphate solutions, tanks must be kept covered and ]
disinfected by =arrying a 10 mg/1 free chlorine residual to prevent
the growth of bacteria.

-4 29
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Protection Against Cross

oktuatigﬂ—l—— There is a submerged inlet in the second floor bathtub. An

automoblle breaks a nearby f1re hydrant causing a rush of

water and a negatlve pressure in the service line to the

house; sucking dirty water out of the bathtub.

Sitaation 2 - 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 chemically treated for scale prevention and
corr051on control. The b01ler water rec1rculat10n pump

the city water pressure and the chemlcally treated water is
pumped into the domestic system through an open or ledky
valve.

Situation 3 - Wastewater seeping from a residential cesspool pollutes a

private well which is used for lawn sprinkling. The
domestic water system, which is Served from a city main, is

connected to the well supply by means of a valve., The
purpose of the connection may be to prime the well suppIy
for emergency domestic use. Durlng perlods of low city

water pressure, possible when lawn sprinkling is at its

peak, the well piuip discharge pressure exceeds that of the

city main and well water is pumped into the city supply
through ar open or leaky valve:

Situation 4 - A chemIcal tank has a submerged inlet. The plant fire pump
draws Suct;on dlrectiy from the city water supply line, _

which is insufficient to serve normal plant requirements and

a major fire at the same time. During a fire emergency,

reversed flow may occur within the plant.

Situation 5 - 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. Apbciut the lake
are large numbers of overflowing septic tanks. When the
valve is left open, contaminated lake water can be punped to
the public supply.
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UNIT B: MONITORING/RECORDKEEPING

Unit Summary

Monitoring Responsibility
Monitor ing Requirefents
Recordkeeping.

In~-plant Monitoring

Unit References

National Interim Primary Drinking Water

B Regulations

Water Treatment Piant Operation (Volume I,
Chapter 10)

Basic Material

The Nat10na1 Prlmary Dr1nk1ng Waggg Regulatlons outline respon51b111t1es
and reguirements of the water purveyor with respect to monitoring. The
responsibilities for monitoring are:

1. Arrange for all applicable sampling required in the regulatioris.
2. Arrange for sample examirations at a State-approved laboratory.
The requ1rements for sampl:ng frequency are ptbviaéé if the tables

inctuded in this unit.
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Fregiency Reguirements for Sampling and Analysis

MICROBIOLOGICAL
Contaminant Sur face Source Ground Source
Coliform Bacteria Morithily, based on Same as for surface

population served

Commanity systems of
less than 1,000 people,

a minimum of orie per
mornth

Noncommunity systems;
a minimum of one per

catendar guarter

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)

Contdminant Sur face Source

Ground Source

Arsenic Analysis at I-year
Bariurm intervais

Ccadmium

chromium

Lead

Mercury

Selenium

Siiver

Fluor ide

Nitrate

Analysis at 3~
year intervals
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ANTOC CHEMICALS

Contaminant Sur facs: Source Ground Source

Endrin Analysis at 3-year Analysis only if
Lindarne intervals required@ by the
Methoxycehilor State

Toxaphene 2;4-D

2;4;5~TP Silvex

Total Trihalo- Sampling and analysis
methanes conducted quarterly

{Individual States may require greater frequency of sampling and analysis.)

RADIOACTIVITY (Applies only to community-type Systems)

- Contaminant Strface Source Grounid Source

Natural = Analysis completed Analysis completed

Radicdctivity At 4-year intervals within 3 yeats
after effective date:
thereafter at 4-

SOPIUM (Applies only Lo community-type systems)

Surface Source Ground Source

coi.ducted annually conducted evetry
3 years
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CORROSIVITY CHARACTERISTICS (Applies only to community=type sSysteis)

Surface Source Ground Source
(One round of ™o saiples to be taken: Only one sample and
sampling and one midwinter and one analysis reduired
analysis) midsummer

TURBIDITY

Siit face Source Ground Source

sampling of at least Not applicable
orice per day

The following records must be kept by the water supplier as outlined by
NIBDWR:

o - for at least 5 years:

o Chemical anaiyses - for at least 10 years. Actual laboratory

reports may be kept; or data may be transferred to tabular

summar ies, provxded that the following information is included:

Date, §1é6é, ‘time of sampling, name of person Cbiiéctihg

010!

years after last action was taken with respect to a particular
violation.
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to sanitary surveys conducted by itself; private consultant; or

1oca1, State or Federatl _agency - for at least 10 years after

compietlon of sanitary survey involved:
o Records concerning scheduling of improvements - not less than 5

years following expiration of scheduling time.

The inspector should ensure that the required monitoring is being

conducted and that analysis is performed by a certified laboratory.
Recordkeeping should also be evaluated to determine compliance with the
regulation.

The previously disciissed monitoring is requiréd to comply with the
regulations. The analysis for those samples, with the exception of

laboratory. The operator must establlsh an 1n-house monltoring pregram to

properly evaluate the operation of the treatment system. The number of

parameters and sample points is dependent on the type of treatment

reguired. The frequency of the sampling will depend on the type of

source, its variability of quatity; and the importance of the parameter

being evaluated: The chart below illustrates sampling points and

scggested monitored parameters.

Sampling Points

|- raw warer ———-—> rapid mix -~ > floccvlation _________ > settling __ __
sample sample sample
routine chemicals alkalinlty alkalinity
bacteria pH pH
jar test
Use <~ chlorination < _ filtration <
i .
 sa e _sample sample
rout ine chemicals turbidity turbidity
bactercia alkalinity alkalintity
pH pH
Routine Analysis: color iron alkalinity chloride
turbidity manganese pH fluoride
odor hardness nitrogen series
8-9
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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 péréorming the tests?

collecting samples and perform1ng analyses. The operator should
follow the correct procedures such as calibrating and zeroing spec1f1c
ion electrodes. The operator shoulé be aware of interferences that
may cause incorrect readings.

Are testing facilities and egquipment adeguate?

The water ut111ty should be encouraged to have equxpment to enabie
proper operatlonal monitoring. Thé equ1pment should be in working

order. The 1nspector may wish to look at the equxpment 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 adeqguate for the equipment utilized. Many of

the electronic instruments are influenced by temperature and.humidity.
Do rezgants used have an unexpired shelf life?

The operator should be encouraged to mark the date of preparatxon on
reagents and to discard when approprlate. The manufacturer—prepared

reagents should be discarded when the expiration date is reached.

Are records of test results being maintained?

The records of test resu*ts should be kept so that trends may be

observed, The inspector should determxne what action is taken based
on the test results. The Operators should know the importance of the

particular test and what the results mean:
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UNIT 9: MANAGEMENT/SAFETY

Unit Summary
Emergency Planning

Unit References

Manual of Water Utility Operation ,
Water Treatment Plant Operation (Volume I)
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The management of the water system does not of Itseif represent a sanitary

risk to the guality of the wuater. However, there are several aspects of

management that will affect the overall CaDabllltLeS of the system;

Personnel

l. Are personnel adequately trained and/or certified?

N In order to properly operate a system, personnel -must be adequately
trained. This can be provided by an in-hcuse tralnlng program

condiucted by more experienced personnel Correspondence courses such

as Water Treatment Plant Operatlon, Water Supply System Operation and

AWWA courses are a means for a smatl system operator to receive

training relatively inexpensively. Operators should also be certlfled

by the appropriate state regulatory agency. Proof of certification

should be prominently displayed or otherwise made available to the

Inspector.
5. Are there sufficient personnel?

There should be enough personnel to prov1de for operatxon durlng

vacations or sickness as a minimum. The number of opﬂrators is

dependent on the type and size of the treatment process.
Finance
3. Are the financing and budget satisfactory?

The system should be able to hHave sufficient funds for operation,
maintenance, and future replacements.

Emergency Planning

4. 1Is an emergency plan available and workable?

The ut111ty should have a contingency plan that OUtiihes What action

w1ll 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 shouid be considered.

Another aspect of management is safety.r ThlS is a concern if the system

has 1 operator or 50._ It has been p01nted oot prevxously that safety

should be a concern of the inspector, both his safety and that of the

operator. There are a number of safety hazards incituding:

1. Electrical shock

2. Exposure to chemicals

3. Drowning

4. wWorking in confined spaces

5. High-intensity noise

6. Sprains and strains duoe to lifting

7. Slips and falls

9-2
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The flrsy ch01ce in prevenrlng acc1dents is to qu;gggg out the exposure.
An exafmple of thig is providing quards for all rotatIng equ1pment and
belts., ThlS choice is not always pOSSIbIe. The second choice is the use

of protective equlpment, The most frequentiy gsed equipment and a
necessity of every plant are the follow1ng.

o Safety Helmets - provide protection from falling objects in
manholes and pipe galleries. Can be used as a means of
identification.

objecte. They may need to be suppiemented by full face shield when

working with some chemicals:

o6 Gloves - provide protection against injuries from chemicals and
egquipment.

o Shoes - steel-toed safety shoes prov:de protectlon from falllng
objects.

0 Respirators - protect the wearer from 1nhalat16n of dust, organic

vapors; and other chem1cals. Thls eduipment is only to be used

where the atmosphere is known not to be oxygen deficient.

o) Self-contalned Breathlng Apparatus - pr6v1des protectxon 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. 1S adequate safety and personal protective equipment provided?

2. Are the facilities free <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>