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1. JNTRODUCTION

This Guidance Manual complements the filtration and disinfection
treatment requirements for public water systems using surface water
sources or ground water under the direct influence of surface water

promulgated in 40 CFR Part 141, Subpart H. In this manual, these

requirements are referred to as in the Surface Water Treatment Rule
(SWTR). -

The purpose of this manual is to provide guidance to United States
Environmental Protection Agency (USEPA) Regional Offices, Primacy Agencies
and affected utilities in the implementation of the SWTR, and to help
assure that implementation is consistent. For example, the SWTR sets
treatment requirements which apply to a large range of source water
- conditions. The guidance manual suggests design, operating and perform-
ance criteria for specific surface water quality conditions to providé the

optimum protection from microbiological contaminants. These recommenda-

tions are presented as advisory guidelines only; unlike the provisions of
the SWTR, these recommendations are not mandatory requirements. In many
cases, it will be appropriate to tailor requirements to specific
circumstances; the guidance manual is designed to give the Primacy Agency
flexibility in establishing the most appropriate treatment requirements
for the systems within their jurisdiction. :

Throughout this document, the term "Primacy Agency" refers to a '

State with primary enforcement responsibility for public water systems or
“primacy," or to mean EPA in the case of a State that has not obtained
primacy.'

In order to facilitate the use of this manual, it has been
structured to follow the framework of the SWTR as closely as possible.
Brief descriptions of the contents of each section of this manual are
presented in the following paragraphs.

Section 2 ,

This section provides guidance for determining whether a water
supply source is subject to the requirements of the SWTR including the
determination of whether a ground water source is under the direct
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influence of surface water,i.e. at risk for the presence of Giardia cysts
-or other large microorganisms. The overall treatment requirements of the
SWTR are also presented, along with recommendations for the qualifications
of operator personnel, .

Section 3 _
For systems which are subject to the requirements of the SWTR and
which do not currently provide filtration, this section provides guidance

to the Primacy Agency for determining if a given system:
- Meets the source water quality criteria

- Meets the disinfection requirements including:

- 99.9 and 99.99 percent inactivation of Giardia cysts and
viruses and application of the CT (disinfectant residua]
concentration x contact time) concept

- Point of entry to distribution system requirements

- Distribution system requirements

- Provision for disinfection system redundancy

- Maintains an adequate watershed congrol program
- Meets the on-site inspection requirements
- Has not had an identified waterborne disease outbreak

- go?plies with the requirements of the revised Total Coliform
ule

- Complies with Total Trihalomethane (TTHM) Rule

Section 4

This section pertains to systems which do not meet the requirements
to avoid filtration outlined in Section 3 and therefore are required to
install filtration. Guidance is given for the selection of an appropriate
filtration technology based on the source water quality and the capabili-
ties of various technologies to achieve the required performance criteria.
In addition, recommended design and operating criteria are provided for
different filtration technologies. |
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Section $

Section 5 presents guidance to the Primacy Agency for determining
compliance with the turbidity and disinfection performance requirements,
and in turn, whether filtration and disinfection are satisfactorily
practiced. Recommendations are made for the level of disinfection to be
- provided in order to meet the overall treatment requirements of the SWTR.
This section describes how to evaluate the adequacy of disinfection using
CT or other methods.

Section §
Section 6 provides guidelines to the Primacy Agency for establishing
the reporting requirements associated with the SWTR. The requirements

include report content and frequency, and are applicable to both filtering
and nonfiltering systems.

Section 7

This section provides an overview of the schedule for Primacy
Agencies and utilities to meet the requirements of the SWTR. Examples are

presented to provide guidance for corrective measures which can be taken
by systems which are not in compliance with the treatment requirements.

This section presents guidance on public notification. Included are
examples of events which would require notification, language for the
notices and the methods of notification.

Section 9

Section 9 provides guidance to the Primacy Agency for determining
whether a system is eligible for an exemption. The criteria for
eligibility for an exemption include:

- Compelling factors (economic or resource limitations)
- No availagIe alternate source .
Protection of public health

This section also provides guidance for evaluating the financial
capabilities of a water system, reviewing the availability of alternate
sources and suggests interim measures for protecting public health.
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Appendices
The manual also contains appendices which provide more detailed
guidance in specific areas. These include:

Appendix A - EPA Consensus

Several procedures are available for Giardia cyst analysis in water.
In 1983 the USEPA held a conference to establish a consensus on the
procedure to be used in the future. This consensus method would promote
uniformity in testing and provide a basis for future conparisons. The
consensus method and the background data used to develop it are presented
in this appendix.

Appendix B - Institutional
Control of Legionella

Filtration and/or disinfection provides protection from Legionella.
However, it does not assure that recontamination or regrowth will not
occur in the hot water or cooling systems of buildings within the
distribution system. This appendix provides guidance for ﬁonitoring_and
treatment which can be used by institutional systems for the control of

Legionella. .

Appendix C - Determination of Disinfectant
Contact Time . '

In many cases, the determination of disinfectant contact times
needed to evaluate the CT of a water system will necessitate the use of
tracer studies. This appendix provides guidance for conducting these
studies. In some cases it may not be practical to conduct a tracer study.
For such cases guidance is given for estimating the detention time based
on the physici] configuration of the system.
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Appendix D - Analytical Requirements
of the SWTR and A Survey of the Current
. Status of Residual Disinfectant
Measurement Methods for all Chlorine

This'appendix includes a 1isting of the analytical methods required |

under the SWTR. An executive summary of a report on the analytical
methods used to measure the residual concentrations of the various
disinfectants is included. The reliability and limitations of each of the
methods are presented. .

Appendix E - Inactivations Achieved

This appendix presents the log inactivations of Giardia cysts and
viruses which are achieved at various CT levels by chIofine, chlorine
dioxide, chloramines and ozone. Inactivations of viruses achieved by UV
absorbance are also included.

Appendix F - Basis for CT Values

This appendix provides the background and rationale utilized in

developing the CT values for the various disinfectants. Included is a
paper by Clark and Regli, 1990, in which a mathematical model was used in.

the determination of CT values for free chlorine.

Appendix G - Protocol for Demonstrating
v n

This appendix provides the recommended protocols for demonstrating
the effectiveness of chloramines, chlorine dioxide and ozone as primary
disinfectants.

Appendix H - Sampling Frequency for

The sampling frequency required by the revised Total Coliform Rule
54 FR 27544 (June 29, 1989) is presented in this appendix.
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Appendix I - Maintafning

This appendix details the conditions and equipment which Qhould be
maintained by a system using chlorine, chlorine dioxide, ozone or
‘chloramines to assure that compliance with the SWTR requirement for
redundant disinfection is met.

Agpendix J - Watershed Control Program -
This appendix provides a detailed outline of a watershed program.
This program may be adjusted by the Primacy Agency to serve the specific

needs of a particular water system.

This appendix provides guidance for conducting a comprehensive
sanitary survey of a supply source and its treatment and delivery to the
consumer. Suggested elements of an annual on-site inspection are included
in Section 3.

- 1 i i
This appendix describes difficulties which may be faced by small
systems in complying with the SWTR along with guidelines for overcoming
these difficulties.

Appendix M - Pratocol for the

This appendix presents pilot study protocols to evaluate the
effectiveness of an alternate filtration technology in meeting the
performance requirements of the SWTR. It presents the use of particle
size analysis for demonstrating the actual removal of Giardia cyst
achieved by a treatment train. Guidance for conventional and dirett
filtration plants to demonstrate that adequate filtration is being
maintained at effluent turbidities between 0.5 and 1 Nephelometric
Turbidity Unit (NTU) is also included.
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Appendix N - Protocol for

In some limited cases, it may be apprépriate tosiﬁétali ﬁﬁiﬁf;of;use

(POU) or point-of-entry (POE) treatment devices as an interim measure to

provide protection to the public health. This appendix provides a
protocol for evaluating and determining the efficacy of POU/POE treatment
devices.

Appendix 0 - Guidelines to -
Evalyate Ozone Disinfection |

The CT evaluation used for other disinfectants is inappropriate for
ozone. This appendix presents alternative methods for evaluating the
disinfection effectiveness of ozone systems.

1-7
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2. GENERAL REQUIREMENTS

2.1 Application

The SWTR pertains to all public water systems which utilize a surface
water source or ground water source under the direct influence of surface
water. The SWTR defines a surface water as all waters which are open to
the atmosphere and subject to surface runoff. Ground water under the
direct influence of surface water is defined as: any water beneath the’
surface of the ground with (i) significant occurrence of insects or other
macroorganisms, algae, organic debris, or large-diameter pathogens such as
Giardia lamblia, or (ii) significant and relatively rapid shifts in water
characteristics such as turbidity, temperature, conductivity, or pH which
closely correlate to climatological or surface water conditions. Direct
" influence must be determined for each individual source in accordance with
_ criteria established by the Primacy Agency. The Primacy Agency criteria
may provide for documentation of well construction and geology, with field
evaluation, or site-specific measurements of water quality as explained in
Section 2.1.2. '

Saline water sources such as the ocean are not generally considered
to be subject to the requirements of the SWTR because of the low survival
time of pathogens in a saline environment (Geldreich, 1989). Pathogens
generally can only survive a few hours in saline water and any remaining
pathogens should be removed or inactivated during desalination. However,
it is up to the Primacy Agency's discretion to determine which systems
must meet the SWTR requirements. In cases where there is a sewage
discharge located near the water intake, it may be appropriate for the
Primacy Agency to require the system to comply with the SWTR.

The traditional concept that all water in subsurface aquifers is free
from pathogenic organisms is based upon soil being an effective filter
that removes microorganisms and other relatively large particles by
straining and antagonistic effects (Bouwer, 1978). In most cases
pathogenic bacteria retained in the soil find themselves in a hostile
environment, are not able to multiply and eventually die. However, some
underground sources of drinking water may be subject to contamination by
pathogenic organisms from the direct influence of nearby surface waters.

Only those subsurface sources which are at risk to contamination from
Giardia cysts will be subject to the requirements of the SWTR. Giardia
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cysts generally ringe in size from 7 to 12 um. Subsurface sources which
may be at risk to contamination from bacteria and enteric viruses, but
which are not at risk from Giardiad cysts will be regulated either under
the Total Coliform Rule or forthcoming disinfection treatment requirements
for ground waters. EPA intends to promulgate disinfection requirements
for ground water systems in conjunction with regulations for disinfection
by-products by 1992. . '

2.1.1 Iypes of Water Supplies

Surface Waters .

Surface water supplies that are often used as sources'of'drinking
water include two major classifications, running and quiescent waters.
Streams, rivers and brooks are examples of running water, while lakes,
reservoirs, impoundments and ponds are examples of qbiescent waters. The
exposure of surface waters to the atmosphere results in exposure to

precipitation events, surface water runoff and contamination with micro

and macroorganisms resulting from activities in their surrounding areas.
These sources are subject to the requirements of the SWIR,

Systems with rain water catchments not subject to surface runoff
(e.g. roof catchment areas) are not considered vulnerable to contamination
from animal populations which carry protozoan cysts pathogehic to humans
and are thus not subject to the SWTR requirements. However, such systems
should at least provide disinfection to treat for potential bacterial and
viral contamination coming from bird populations.’

W r Dir - Water

Ground water sources which may be subject to contamination with
pathogenic organisms from surface waters include, springs, infiltration
galleries, wells or other collectors in subsurface aquifers. - The
following section presents a recommended procedure for détermining whether
a source will be subject to the requirements of the SWTR. These
determinations are to be made for each individual source. If the
determination will involve an evaluation of water quality, eg. particulate
analysis, it is important that these analyses be made on water taken

! One study (Markwell and Shortridge, 198l1) indicates that a
cycle of waterborne transmission and maintenance of influenza
virus may exist within duck communities, and that it is
conceivable for virus transmission to occur in this manner to
other susceptible an1mals,‘1nclud1ng humans.

2-2
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directly from the source and not on blended water or water from the
distribution system.

2.1.2 Qetermination of Applicable Soyrces
The Primacy Agency has the responsibility for determining which water

supplies must meet the requirements of the SWTR. However, it is the
responsibility of the water purveyors to provide the Primacy Agency with
the information needed to make this determination. This section provides
guidance to the Primacy Agency for determining which water supplies are
surface waters or ground waters directly influenced by a surface water and
are thereby subject to the requirements of the SWTR. Following the
determination that the source is subject to the SWTR, the requirements
enumerated in Sections 2.2 and 2.3 must be met. '

The Primacy Agency must develop a program for evaluating ground water
sources for direct influence by December 30, 1990. All community ground
water systems'must be evaluated by June 29, 1994, while all non-community
systems must be evaluated by June 29, 1999. Primacy Agencies with an
approved Wellhead Protection (WHP) Program, may be able to use the WHP
program's requirements which include delineation of wellhead protection
areas, assessment of sources of contamination and implementation of
management control measures. These same requirements can be used for
meeting the requirements of the watershed control program for ground water
under the direct influence of a surface water.

A multiple step approach has been developed as the recommended method
of determining whether a ground water source is under direct influence of.
a surface water. This -approach includes the review of information
gathered during sanitary surveys. As defined by the USEPA,-a sanitary
survey is an on-site review of the water source, facilities, equipment
operation and maintenance of a public water system for the purpose of
evaluating the adequacy of such source, facilities, equipment, operation
and maintenance for producing and distributing safe drinking water.
Sanitary surveys are required under the Total Coliform Rule and may be
required under the forthcoming disinfection requirements for ground water
systems as a condition for obtaining a variance or for determining the
level of disinfection required. Therefore, it is recommended that the
determination of direct influence be correlated with the sanitary surveys
conducted under these other requirements. '
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A. Source Evalyation Protocol ‘

As illustrated on Figure 2-1, the determination of whether a source
is subject to the requirements of the SWTR may involve one or more of the
following steps:

1. A review of the records of the system's source(s) to determine
whether the source is obviously a surface water, i.é. pond,
lake, streams, etc.

2. If the source is a well, determination of whether it js clearly
a ground water source, or whether further analysis is needed’
to determine possible direct surface water influence.

3. A complete review of the system's files followed by a field
sanitary surve{. Pertinent information to gather in the file
review and field survey includes: source design and .construc-
tion; evidence of direct surface water contamination; water
quality analysis; indications of waterborne disease outbreaks;
operational procedures (i.e. pumping rates, etc.); and customer
g??p1aints regarding water quality or water related infectious

ness.

4. Conducting particulate analyses and other water quality
sampling and analyses. . .

Step 1. Records Review

A review of information pertaining to each source should be carried
out to identify those sources which are obvious surface waters. These
would include ponds, lakes, streams, rivers, reservoirs, etc. If the
source is a surface water, then the SWTR would apply, and criteria in the
rule would heed to be applied to determine if filtration.is necessary. If
the source is not an obvious surface water, then further analyses, as
presented in Steps 2, 3, or 4, are needed to determine if the SWTR will
apply. If the source is a well (vertical or horizontal), go to Step 2. .
If the source is a spring, infiltration gallery, or any other subsurface
source, proceed to Step 3 for a more detailed analysis. '

Step 2, Review of Well Sources

While most well sources have historically been considered to be
ground water, recent evidence éuggests that some wells, especially shallow
wells constructed near surféce waters, may be directly influenced by
surface water. One approach in determining whether a well is subject to
contamination by surface water would be to evaluate the water quality of
the well by the criteria in Step 4. However, this process is rather time
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consuming and labor intensive. In an attempt to reduce the effort needed
to evaluate well sources, a set of criteria has been developed to identify
wells in deep, well protected aquifers which are not subject to contamina-
" tion from surface water. While these criteria are not as definitive as
water quality analysis, it is believed that they provide a reasonable
degree of accuracy, and allow for a relatively rapid determination for a
large number of well sources in the U.S.
wells with perforations or a well screen less than or equal to 50
feet in depth are considered to be shallow wells, and should be evaluated
for direct surface influence according to steps 3. and/or 4. For wells
greater than 50 feet in depth, State or system files should be revieﬁed.
for the criteria listed below: :

S The well construction should include:

- A surface sanitary seal using bentonite tlay, concrete
or other acceptable material,

- A well casing that penetrates a confining bed.

- A well casing or collector laterals that are only
perforated or screened below a confining bed.

The importance of evaluating the hydrogeology of wells or
collectors, even those more than 200 feet from a surface water,
cannot be overstated. The porosity and transmissivity of
aquifer materials, hydrologic gradients, and continuity of
confining layers above screens or perforations may need to be
considered in detail for some sources. Porous aquifer material
is more likely to allow surface water to directly influence
ground water than finer grained materials. In addition, high
well pumping rates may alter the existing hydrologic gradient.
Ground water flow direction may change such that surface water
is drawn into a collector, whereas under low pumping rates it
may not. Evaluating pumping rate effects and other hydrogeolo-
gic information must be done on a site specific basis. :

If information on well construction or hydrogeology are
incomplete or raise questions regarding potential surface water
influence, a more detailed analysis in steps 3 and 4 should be
considered. '

2. The casing or nearest collector lateral should be located at
least 200 feet from any surface water. '

3. The water quality records should indicate:
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-~ No record of total coliform or fecal coliform contamina-
tion in untreated samples collected over the past three
years,

- No history of turbidity problems associated with the
source. .

= No history of known or suspected outbreak of ﬁig;nig or
other pathogenic organism associated with surface water
(e.g. Cryptosporidium), which has been attributed to that
source,

4. If data is available for particulate matter in the.well there
should be:

~ No evidence of particulate matter associated with
surface water.

If data is available for turbidity or temperature from the well
and a nearby surface water there should be:

- No turbidity or temperature data which'correlates
to that of a nearby surface water.

- Wells that meet all of the criteria listed above are not subject to

the requirements of the SWTR, and no additional evaluation is needed.
Wells that do not meet all the requirements listed require further
evaluation in accordance with Steps 3 and/or 4 to determine whether or not
they are directly influenced by surface water.

S 3, On-site | .

For sources other than a well source, the State or system files
should be reviewed for the source construction and water quality
conditions as listed in Step 2. Reviewing historical records in State or
system files is a valuable information gathering tool for any source.
However, the results may be inconclusive. A sanitary survey in the field
may be helpful in establishing a more definite determination of whether
the water source is at risk to pathogens from direct surface water
influence. '

Information to obtain during an on-site inspection include:

- Evidence that surface water enters the source through defects
in the source such as lack of a surface seal on wells, infil-
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tration gallery laterals exposed to surface water, springs open
to the atmosphere, surface runoff entering a spring or other
collector, etc.

- Distances to obvious surface water sources.

1f the survey indicates that the well is subject to direct surface
water influence, the source must either be reconstructed as explained
later in this section or it must be treated in accordance with the
requirements for the SWTR. If the survey does not show conclusive
evidence of direct surface water influence, the analysis outlined in Step
4 should be conducted. |

The Washington State Department of Social and Health Services has
" developed a form to guide them and provide cohs1stency in their evaluation
of sources for surface water influence (Notestine & Hudson, 1988). Table
2-1 provides a copy of this form as a guide for evaluating sources.

S 4. Particulate Analysi | Other Indi

a. Water i r

Particulate analysis is intended to identify organ{sms which only
occur in surface waters as opposed to ground waters, and whose presence in
a ground water would clearly indicate that at least some surface water has
been mixed-with it. The EPA Consensus Method in Appendix A can be used
for Giardia cyst analysis. ' .

In 1986 Hoffbuhr et. al. listed six parameters identifiable in a
particulate analysis which were believed tq be valid indicators of surface
contamination of ground water. These were: diatoms, rotifers, coccidia,
plant debris, insect parts, and Giardia cysts. Later work by Notestine
and Hudson (1988) found that microbiologists did not all define plant
debris 1in the same way, and that deep wells known to be free of direct
surface water influence were shown by particulate analysis to contain
“plant debris" but none of the other five indicators. Their work suggests
that “plant debris" may not currently be a useful tool in detefmining
‘direct surface water influence, but may be in the future when a standard
definition of “plant debris" is developed. Therefore, it is recommended
that only the presence of the other five parameters; diatoms and certain:
other algae, rotifers, coccidia, insect parts, and Giardia, be used es
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TABLE 2-1
SURVEY FORM FOR THE CLASSIFICATION OF DRINKING WATER SQURCES

General
1. Utility Name (1D#)
2. Utility Person(s) Contacted
3. Source Type (As shown on state inventory) N
Spring Horizontal Well . Vertical
‘ Infiltration System Shallow Well . Well
4., Source Name Year constructed
5. Is this source used seasonally or intermittently? No Yes
If yes, are water quality problems the reason? No Yes
6. Has there ever been a waterborne disease outbreak associated with
this source? Yes No If yes, explain
7. Have there been turbidity or bacteriological MCL violations within
the last five years associated with this source? No Yes
If yes, describe frequency, cause, remedial action (s) taken
8. Have there been consumer complaints within the past five years
associated with this source? No Yes If yes, discuss
nature, frequency, remedial action taken
9. Is there any evidence of surface water intrusion -(pH, temperature,
conductivity, etc. changes) during the year? Yes No
Ifyes, describe
If not, submit supporting data.
10.  Sketch of source in plan view (on an additional sheet)



Shallow Wells

‘Elevation of land surface

Does the well meet good sanitary practices regarding location, con-
struction, seal etc. to prevent the entrance of surface water?
Yes No If no, describe the deficiencies

What is the depth of the well? ft)

Elevation of top of casing? ft msl

ft ms)

Hydrogeology (Attach copy of well log or summarize it on reverse)

a. Depth to static water level? (Feet)

b. Drawdown? (Feet) -

c. ?hat )is the depth to the highest screen or perforation?
Feet

d. ‘'Are there impervious layers above the highest screen of
perforation?
Yes No Unknown

If yes, please describe

Is there a permanent or intermittent surface water within 200 feet
of the well? Yes No If yes, describe (type, distance
etc.) and submit location map 4 '

What is the elvation of normal pool? __ (ft msl)
Elevation of 100 year flood level? . (ft ms1)
Elevation of bottom of lake or river? (ft msl)

Additional comments:




Springs

2.

a. What is the size of the catchment area (acres)?
b. Gi:$ a ge;eral description of the area (terrain; vegetation;
soil etc. T

What is the vertical distance between the ground surface and the
nearest point of entry to the spring collector(s) (feet)?

How rapidly does rainfall percolate into the ground around the
spring?

Percolates readily; seldom if ever any runoff. '

Percolates readily but there is some runoff in heavy rain.

Percolates slowly. Most local rainfall ponds or runs off.
Other

Does an impervious layer prevent direct percolation of surface water
to the collector(s)? Yes No _ Unknown

Is the spring properly constructed to prevent entry of surface
water? Yes No

Sediment ' ‘

a. Is the spring box free of debris and sediment? Yes ___ No __

b. When was it last cleaned (Date% '

c. . How often does it need to be cleaned? (month)

d. How much sediment accumulates between cleaning? (estimate in
inches) '

Additionalcomments:




Infiltration Systems
1. What are the shortest distances (vertical and horizontal separating
the collector from the nearest surface water? (Feet)

2. Does turbidity of the source vary 0.2 NTU or more throughout the
year? Yes No Not measured
If yes, describe how often and how much (pH, temperature,
conductivity, etc.)

3. AdditionalComments

. Survey Conducted By: Date:

Decision? Surface Impacted Source Yes No If no,
further evaluation needed (particulate analysis, etc.)

.4.



indicators of direct surface contamination. In addition, if other large
diameter (> 7 um) organisms which are clearly of surface water origin such
as Diphilobothrium are present, these should also be considered as
" indicators of direct surface water influence.

b." Interpretation .

Since standard methods have not been developed specifically for
- particulate analysis, there has not been consistency in the way samples
have been collected and analyzed. Differences in the degree of training
and experience of the microbiologists has added further to the difficulty
in comparing results from sample to sample, and system to system. The
current limitations in sample collection and analytical procedures must be
considered when interpreting the results. Until standardized methods are
developed, the EPA Consensus Method included in Appendix A is recommended
as the analytical method for particulate analysis. The following is a
discussion of the significance of finding the six indicators identified
above.

Identification of a Giardia cyst in any source water should be
considered conclusive evidence of direct surface water influence. The
repeated presence of diatoms in source water should be considered as
conclusive evidence of direct surface water influence. However, it is
important that this determination be based on live diatoms, and not empty
silica skeletons which may only indicate the historical presence of
surface water. :

Bluegreen, green, or other chloroplast containing algae require
sunlight for their metabolism as do diatoms. For that reason their
repeated presence in source water should also be considered as conclusive
evidence of direct surface water influence.

Hoffbuhr (1986) indicates that rotifers and insect parts are
indicators of surface water. Others have pointed out though that rotifers
do not require sunlight, and not all rotifers require a food source such
as algae which originates in surface water. Their nutritional require-
ments may be satisfied by organic matter such as bacteria, or decomposing
soil organic material, not necessarily associated with surface water.
More precise identification of rotifers, i.e. to the species level, is
necessary to determine the specific nutritional requirements of the
rotifer(s) present. Further information on identifying rotifer species
and on which species require food sources originating in surface_wéter,
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would be valuable, but is not readily available at this time. Without
knowledge of which species is present, the finding of rotifers indicates
that the source is either a) directly influenced by surface water, or b)
it contains organic matter sufficient to support the growth of rotifers.
It could be conservatively assumed based on this evidence alone that such
a source is directly influenced by surface water. However, it is
_recommended that this determination be supported by other evidence, eg.
the source is near a surface water, turbidity fluctuations are signifi-
cant, etc. ' .

Insects or insect parts likewise may originate in surface water, from
the soil, or they may be airborne in uncovered sources. If insects are
observed in a particulate analysis sample, it should be confirmed if
possible that there is no other route by which insects could contaminate
the source other than surface water. For example, if a spring is sampled,
and the cover is not well constructed, it is possible that insects found
in a sample were airborne rather than waterborne. Insects which spend a
portion of their lifecycle in water are the best indicators of direct

surface water influence, for examp1e, larvae of mayflies, stoneflies,

damselflies, and dragonflies. Terrestrial insects should not be ruled out
as surface water indicators though, since their accidental presence in
surface water is common. -

Howell, (1989) has indicated that some insects may burrow and the
finding of .eggs or burrowing larvae (eg. chironomids) may not be good
indicators of direct surface water influence. For some insects this may
be true, but the distance which insects burrow in subsurface sediments is
expected to be small, and insect larvae are generally large in comparison
to Giardia cysts. Until further research suggests othehnise, it is
recommended that insects or insect parts be considered strong evidence of
surface water influence if not direct evidence in and of themselves. The
strength of this evidence would be increased if the source in question is
near a surface water, and particulate analysis of the surface water found
similar insects. ' " '

Coccidia are intracellular parasites which occur primarily in verte-
brates, eg. animals and fish, and live in various tissues and organs
1nc1uding' the intestinal tract (eg. Cryptosporidium). Though not
frequently identified by normal particulate analysis techniques, coccidia
are good indicators of direct surface water contamination since they
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require a vertebrate host or hosts and are generally large in size (10 -
20 um or greater). Cryptosporidium is commonly found in surface water,
but due to its small size (4 - 6 um) it is not normally identified without
specific antibody staining techniques.

Other macroorganisms (>7 um) which are parasitic to animals and fish
may be found and are good indicators of surface water influence, Examples
include, but are not limited to, helminths (e.g., tape worm cysts),
ascaris, and Diphyllobothrium.

c. Sampling Method

A suggested protocol for collecting samples is listed below.
- Sampling Procedure

Samples should be collected using the equipment outlined in the
EPA Consensus Method included in Appendix A.

Location

Samples should always be collected as close to the source as
possible, and prior to any treatment. If samples must be taken
after disinfection, samples should be noted and analyzed as
soon as possible. .

A minimum of two samples should be collected during the period
the source is most susceptible to surface water influence.
Such critical periods will vary from system to system and will
need to be determined case by case. For some systems, it may
be one or more days following a significant rainfall (eg. 2*
.in 24 hours). For other systems it may be a period of maximum
flows and stream turbidities following spring snowmelt, or
during the summer months when water tables are elevated as a
result of irrigation. In each case, particulate samples should
be collected when the source in question is most effected. A
surrogate measure such as source turbidity or depth to water
table may be useful in making the decision to monitor. If
there is any ambiguity in the particulate analysis results,
additional samples should be collected when there is the
greatest likelihood that the source will be contaminated by
surface water. .

Yolyme :
Sample volume should be between 500 and 1000 gallons, and
should be collected over a 4 to 8 hour time period. It is
preferable to analyze a similar (+/- 10%) volume of water for
all sources, preferably a large volume, although this may not
always be possible due to elevated turbidity or samplin?
logi?tics. The volume filtered should be recorded for al
samples.
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d. Other Indicators :

A number of other indicators could be used to provide supportive
evidence of surface influence. While particulate analysis probably
" provides the most direct evidence that pathogens from surface water could
be migrating into a ground water source, other parameters such as
turbidity, temperature, pH and conductivity could provide supportive, but
less direct, evidence. _

Turbidity fluctuations of greater than 0.5 - 1 NTU over the course
of a year may be indicative of surface water influence. Considerable
caution should be used when evaluating turbidity changes thougﬁ. since the
turbidity could be caused by very small particles (< lum) not originating
in a surface water or it could be that larger particles are being filtered
out and only the very smallest particles migrate into the water source.
Only ground water sources at risk to contamination from Giardia or other
large pathogens (> 7 um) are subject to the SWTR requifeménts.

Temperature fluctuations may also indicate surface water influence.
Fortunately these are easy to obtain and if there is a surface water
within 500 feet of the water source, measurements of both should be
recorded for comparison. Large changes in surface water temperature
closely followed by similar changes in source temperature would be
indicative of surface water influence. Also, temperature changes (in
degrees F) of greater than 15 to 20% over the course of a year appear to
be a characteristic of some sources influenced by surface water (Randall,
1970). Changes in other chemical parameters such as pH, conductivity,
hardness,etc. could also be monitored. Again, these would not give a
direct indication of whether pathogens originating in surface water were
present, but could indicate whether the water chemistry was or was not
similar to a nearby surface water and/or whether source water chemistry
changed in a similar pattern to surface water chemistry. At this time no
numerical guidelines are available to differentiate what is or is not
similar, so these comparisons are more qualitative than quantitative.

B. Seasonal Sources

Some sources may only be used for part of the year, for exampie
during the summer months when water usage is high. These sources should
not be excluded from evaluation and, like other sources, should be
evaluated during their period(s) of highest susceptibility. Particular
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attention should be given to those sources which appear to be directly
influenced by surface water during part of the year. There may be times
during which these subsurface water sources are not influenced by surface
water and other times when they are part or all surface water. If that is
the case, then it is critical that careful testing be done prior to,
during and at the end of the use of the source. This should be done over
several seasons to account for seasonal variation. In practice, it is
preferable to use sources which are less vulnerable to contamination since
susceptible sources will necessitate ongoing monitoring and close
attention to operation. o

C. Modification of Sources :

. Sources directly influenced by surface water may be altered in some
cases to eliminate the surface water contamination. Primacy Agencies may
elect to allow systems with such sources to modify the construction of the
source and/or the area surrounding the source in an effort to eliminate
surface water contamination. Since this could be expensive and take
considerable time to evaluate for effectiveness, careful consideration
should be given to the decision to modify a source. In deciding whether
source modification is appropriate, systems and Primacy Agencies should
consider the following points:

- Is the cause of the surface water contamination known? If the
specific cause or point of surface water contamination is not
known, it will not be possible to determine an effective
control strategy. Further, there may be several reasons why
the source is susceptible to direct surface water influence.
For example, an infiltration gallery may receive surface water
because some of its laterals are exposed in the bed of a nearby
stream, and also because laterals distant from the stream are
shallow and are affected by surface runoff., Simply modifying
or eliminating one or the other set of laterals in this case
would not entirely eliminate surface water influence. ‘

- What is the likelihood that modification of the source will be
effective? Assuming that the source of contamination has been
{dentified, the expected effectiveness of control measures
should be evaluated. If the cause is relatively evident, a
crack in a well casing or an uncovered spring box for example,
then there is a high degree of confidence that an effective
solution could be developed. Should the nature of the contami-
nation be more diffuse, or widespread, then the merits of
spending time and money to modify the source should be careful-
ly considered. In the case of the example above, eliminating
the use of the laterals under the stream will solve part of the
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problem. However, without considerablf more hydrogéologic
information about the aquifer and the placement of the other
laterals, it is not clear what, if any, control measures would

effectively eliminate direct surface water influence in those

laterals distant from the stream.

If a source is identified as being directly influenced by'surface
water, and it is decided to attempt to modify it, interim disinfection
practices which will ensure at least 99.9% inactivation of Giardia should
be considered. Methods and levels of disinfection which can.be used to
achieve such removals can be found in S141.72 (a) of the SWTR and in
Section 3.2 of this manual. '

A partial listing of types of modifications which could be undertaken
includes:

- Diverting surface runoff from springs by trenching, etc.

- Redeveldping springs to capture them below a confining layer.
- Covering open spring collectors.

- Reconstructing wells to install sanitary seals, and/or to
screen them in a confined (protected) aquifer.

- Repairing cracks or breaks in any type of source collector that
allows the entry of surface contaminants.

- Discontinue the use of infiltration léteraIS which intercept
surface water.

An extended period of monitoring should follow reconstruction (eg.

through at least two years or critical periods) to evaluate whether the

source is still directly influenced by surface water. Preferably
particulate analysis would be used to make such evaluations, but it may be
helpful’ to use simpler measures, such as temperature and turbidity, as
screening tools. Longer term monitoring at critical times may also be an
appropriate igreement between the system and the Primacy Agency if there
is sti11 doubt about the long term effectiveness of the solution.

If modification is not feasible, another alternative to avoid having
‘to comply with the SWTR may be to develop a new well either deeper or at

a different location.
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2.2 JIreatment Requirements

According to the SWTR, all community and noncommunity public water
systems which use a surface water source or a ground water under the
direct influence of a surface water must achieve a minimum of 99.9 percent
(3-1og) removal and/or inactivation of Giardia cysts, and a ﬁiqimum of
99.99 percent (4-log) removal and/or inactivation of viruses. In the SWTR
and this manual, “viruses* means viruses of fecal origin which are
infectious to humans by waterborne transmission.  Filtration plus
disinfection or disinfection alone may be utilized to achieve these
performance levels, depending on the source water quality and site
specific conditions. The SWTR establishes these removal and/or inactiva-
tion requirements based on Giardia and viruses because this level of
treatment will also provide protection from heterotrophic plate count
(HPC) bacteria and Legionella’ as required in the SOWA amendments.

Guidelines for meeting the requirements of the SWTR are provided in
the remainder of this manual as outlined in Section 1. All systems must
meet the operator qualifications presented in Section 2.3.

2.3 Qperator Personnel Qualifications

The SWTR requires that all systems must be operated by qualified
personnel. It is recommended that the Primacy Agency set standards for
operator qualifications, in accordance with the system type and size. In
order to accomplish this, the Primacy Agency should develop a method of
evaluating an operator's competence in operating a water treatment system.
Primacy Agencies which do not currently have a certification program are
thereby encouraged to implement such a program. An operator certification
program provides a uniform base for operator qualifications and an
organized system for evaluating these qualifications.

It is recommended that plant operators have a basic knowledge of
science, mathematics and chemistry involved with water treatment and
supply. The minimum requirements for at least one key staff member should
include an understanding of: '

2 In the SWTR and this manual “Legionella" means a genus of
bacteria, some species of which have caused a type of pneumonia
called Legionnaires Disease; the etiologic dgent of most cases
of Legionnaires Disease examined has been L, pneumophila.
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The principles of water treatment and distribution and their
characteristics

The uses of pdtable water and variations in its demand

The importance of water quality to public health

The equipment, operation and maintenance of the distribution
system

The treatment process equipment utilized, its operational
parameters and maintenance

The principles of each process unit (including the scientific
basis and purpose of the operation and the mechanical compo-
nents of the unit)
Performance criteria such as turbidity, total coliform, fecal
coliform, disinfectant residual, pH, etc. to determine opera-
tional adjustments

Common operating problems encountered in the system and actions
to correct them :

The current National Primary Drinking Hﬁter Regulations, the
Secondary Drinking Water Regulations and monitoring and
reporting requirements ' '

Methods of sample collection and sample preservation

Laboratory equipment and tests used to analyze samples (where
appropriate) . .

The use of laboratory results to analyze plant efficiency
Record keeping o
Customer relations

Budgeting and supervision (where appropriate)

Training in the areas listed above and others is available through
the American Water Works Association (AWWA) training course series for
water supply operations. The course series includes a set of four
training manuals and one reference book as follows: '

Introduction to Water Sources and Transmission (Volume 1)
Introduction to Water Treatment (Volume 2) |
Introduction to Water Distribution (Volume 3)
Introduction to Water Quality Analyses (Volume 4)
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- Reference Handbook: Basic Science éoncepts and Applications

- znstructor Guide and Solutions Manual for Volumes 1, 2, 3 and

These manuals are available through the American Water Works Associa-
tion, 6666 West Quincy Avenue, Denver, Colorado 80235 USA, (303) 794-7711,
The State of California also offers a series of training manuals for
water treatment plant operators prepared by the California State
University School of Engineering in Sacramento. The manuals include:
" 1. Water Supply System Operation. (1 Volume) N

2. Water Treatment Plant Operation. (2 Volumes)

These operator training manuals are available from California State
University, Sacramento, 6000 J Street, Sacramento, California 95819, phone
(916) 454-6142. '
' Completion of an established training and certification program will

provide the means of assuring that the operators have received'training in
their respective area, and are qualified for their position. The
education and experience requirements for certification should be
commensurate with the size and the complexity of the treatment system. At
the present time, some states have instituted a certification program
while others have not. Following is a summary of the basic contents of a
certification program, which can serve as a guide to the Primacy Agency in

developing .a complete program.
- Board of examiners for the development and implementation of

the program.

- Classification of treatment facilities by grade aécording to
the size and technology of the facilities.

- Educational and experiénce requirements for operators of the
various treatment facilities according to grade.

= A written/oral examination to determine the knowledge, ability
and judgement of the applicants with certification obtained
upon receiving a passing grade.

- Renewal program for the license of certification, including the

requirement of additional coursework or participation in
workshops ., -

The .certification program should provide technically qualified
personnel for the operation of the plant.
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The extensive responsibility which is placed on the operating
personnel warrants the development of an outline of the responsibilities
and authority of the personnel members to aid them in the efficient
operation of the plant. The major responsibilities which should be
delegated in the outline of responsibilities include: t'he, normal
day-to-day operations, preventive maintenance, field engineering, water
quality monitoring, troubleshooting, emergency response, cross-connection
control, implementation of improvements, budget formulation, response to
complaints and public/press contact. A reference which the Primacy Agency
may utilize in developing the outline is "Water Utility Management
Practices” published by AWWA. . .
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3. CRITERIA FOR SYSTEMS NOT FILTERING

The provisions of the Surface Water Treatment Rule (SHTB)'Féquire
that filtration must be included in the treatment train unless certain
criteria are met. These criteria are described in this chapter. They

include:
Source Water Quality Conditions
1. Coliform concentrations (total or fecal).
2. Turbidity levels. B
Disinfection Criteria
1. Level of disinfection.
2. Point of entry disinfection.
3. Distribution system disinfection.
4. Disinfection redundancy or automatic shutoff.
Site-Specific Criteria
1.  Watershed control program.
2. On-site inspections.
3. No waterborne disease outbreaks.
4. Complies with the total coliform MCL. ‘
5. Complies with the Total Trihalomethane (TTHM) regulation.

Currently this only applies to systems serving more than
10,000 people.

The purpose of this section is to provide guidance to the Primacy
Agency for determining compliance with these provisions. ' :

3.1 Source Water Quality Criteria

The first step in determining if filtration is required for a given
surface water supply is to determine whether the supply meets the source’
water quality criteria as specified in the SWTR. If the supply does not
meet the source water quality criteria, changes in operation to meet the
site-specific criteria may improve the water quality so that the source
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criteria will be met. However, if the Primacy Agency believes that the
source water quality criteria and/or the site-specific criteria cannot be
met, or that filtration is appropriate regardless, the Primacy Agency may
require the installation of filtration without a complete evaluation to
determine whether the system meets all the criteria required to avoid
filtration. .

Sampling Location

The SWTR requires that source water samples be collected at a loca-
tion just prior to the “point of disinfectant application,* i.e., where
the water is disinfected and no longer subject to surface runoff. For
example, a system which has multiple reservoirs in series, where each of
the reservoirs has previously been disinfected and receives surface
runoff, must take the raw water sample(s) just.prior to the point of
disinfection or disinfection sequences used for calculating the CT
[disinfectant residual (mg/L) x contact time (min.)]. Disinfected water
in reservoirs receiving surface runoff cannot be counted toward CT credit.

It is also not appropriate for systems to monitor the source water after

the "point of disinfeqtant application* even if disinfection from this
point is not used for calculating CT credit. .

3.1.1 Coliform Concentrations: The SWTR states that, to avoid

' filtration, a syétem must demonstrate that either the fecal coliform

concentration is less than 20/100 ml1 or the total coliform concentration
is less than 100/100 m} in the water prior to the point of disinfectant

application in 90 percent‘of the samples taken during the six previous

months. Where monitoring for both parameters has been or is conducted,
the rule requires that only the fecal coliform limit be met. However, EPA
recommends that the analytical results for both total coliforms and fecal

coliforms be reported. In addition, if the turbidity of a surface water

source is greater than 5 NTU and the surface source is blended with a
ground water source to reduce the turbidity, EPA recommends that the high
turbidity water prior to biending meet the fecal coliform source water
quality criteria.

Elevated coliform levels in surface water indicate higher probabili-
ties of fecal contamination, some of which could be protected from
exposure to disinfection by embodiment in particulate matter. Blending of
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the surface water with ground water to reduce coliform levels may obscure
the indication of such possible effects. Thus, EPA does not recommend
blending to reduce coliform levels in the source water. Furthermore, EPA
does not recommend blending to reduce turbidity levels in cases where
elevated fecal contamination may be masked. ‘
Ongoing monitoring is required to ensure that these requirements are
continually met. The samples may be analyzed using either the multiple
tube fermentation method or the membrane filter test (MF) as described in

the 16th Edition of Standard Methods.

Sampling Frequency :
Minimum sampling frequencies are as follows: .
Popylation Served Coliform Samples/Week
<500
501-3,300

3,301-10,000
10,001-25,000
>25,000

D& LWN -

Grab samples must be taken on different days. In aﬂdition, one
sample must be taken every day during which the turbidity exceeds 1 NTU,
unless the Primacy Agency determines that the system, for logistical
reasons outside the system's control, cannot have the sample anglyzed'
within 30 hours of collection. If taken, these samples count towards the
weekly sampling requirement. Also, under the Total Coliform Rule, systems
must take one coliform sample in the distribution system near the first
service connection within 24 hours after a source water turbidity
measurement exceeds 1 NTU. This measurement must be included in the total
coliform compliance determination. The purpose of these requirements is '
to ensure that the monitoring occurs during worst case conditions. -

The initial evaluation of the source water quality is based on the
data from the previous 6 months. After the initial evaluation, systems
must continue to conduct sampling each month to demonstrate compliance
with the source water quality criteria on an'ongoing basis. If the
criterion has not been met, the system must filter. )

Use of Historical Data Base
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Some systems may already monitor their source water for total and/or
fecal coliform concentration. The resulting historical data base may be
sufficient for the Primacy Agency to make the initial determination of
whether the system meets the source water quality criteria.. The
historical data base is considered sufficient for making this determina-

~tion {f: '

- The raw water sampling location is upstream of the point of

disinfectant application as previously defined.

- The monthly samples represent at least the minimum sampling
frequency previously mentioned. :

- The sampling period covers at least the previous six months.

3.1.2 Jurbidity Levels: To avoid fi}tration, the turbidity of the
water prior to disinfection cannot exceed 5 NTU, on an ongoing basis,

- based on grab samples collected every four hours (or more frequently) that
the system is in operation. A system may substitute continuous turbidity
monitoring for grab sample monitoring if it validates such measurements
for accuracy with grab sample measurements on a regular basis, as
specified by the Primacy Agency.! If a public water system uses continu-

‘ous monitoring, it must use turbidity values recorded every four hours (or

some shorter regular time interval) to determine whether it meets the
turbidity 1imit for raw water. A system occasionally may exceed the 5 NTU
limit and still avoid filtration as long as (a) the Primacy Agency
determines that each event occurred because of unusual or unpredictable
circumstances and (b) as a result of this event, there have not been more
than two such events in the past twelve months the system served water to
the public or more than five such events in the past 120 months the system

! validation should be performed at least twice a week based on the
procedure outlined in Part 214A in the 16th Edition of Standard
Methods. Although the 17th Edition is available, the 16th Edition is
that which is referred to in the rule. Improper installation of
continuous monitors may allow for air bubbles to enter the monitor
resulting in false turbidity spikes. To avoid air bubbles reaching the
turbidimeter, the sample tap should be installed below the center line
of the pipe and an air release valve may be included on the sample

line,
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served water to the public. An “event" is defined as a series of
consecutive days in which at least one turbidity measurement each day
exceeds 5 NTU. '

It is important to note that every event, i.e., exceedance of the §
NTU limit, regardless of whether the system must filter as a consequence,
constitutes a violation of & treatment technique requirement. For
example, if the turbidity exceeded 5 NTU in at least one measurement each
day for three consecutive days, this would constitute one event and one
treatment technique violation.. If this was the third event in the past 12
months the system served water to the public, or the sixth event in the
past 120 months the system had served water to the public, the system

would also be required to install filtration. In all cases, the syétem
must inform the Primacy Agency when the turbidity exceeds 5 NTU as soon as
possible, but no later than the end of the next business day.

The Primacy Agency should eva]uate additional data from the utility
to determine the significance of the event with respect to the potential
health risk to the community and determine whether a boil water notice is
necessary. The additional data may include raw water fecal coliform
levels, duration and mégnitude of the turbidity excursion, nature of the
turbidity (organic or inorganic), disinfectant residual entering the
system during thé excursion and/or coliform levels in the distribution
system following the excursion. Boil water notices are not required under
the SWTR, they may be issued at the discretion of the Primacy Agency.

In order to determine if the periods with turbidity greater than -
5 NTU are unusual or unpredictable, it is recommended that in addition to
the historical turbidity data, the water purveyor should collect and
provide to the Primacy Agency current and historical information on flows,
reservoir water levels, climatological conditions, and any other informa-
tion that the Primacy Agency deems relevant. The Primacy Agency will then
evaluate this information to determine if the event was unusual or
unpredictable. Examples of unusual or unpredictable events include
hurricanes, floods and earthquakes. High turbidity events may be avoided
by: ’

- Use of an alternate source which is not a surface water and
does not have to meet the requirements of the SWTR.
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- Use of an alternate source which is not a surface water and
does not have to meet the requirements of the SWTR.

= Use of an alternate source which {s a surface water and which
does meet the requirements of the SWIR.

= Utilization of stored water to supply the community until the
source water quality meets the criteria.

3.2 Disinfection Criteria

3.2.1 ]nactivation Requirements -

To avoid filtration, a system must demonstrate that it maintains
disinfection conditions which inactivate 99.9 percent of Giardia cysts and
99.99 percent of viruses every day of operation except any one day each
month. If the disinfection conditions provide less than these inactiva-
tions during more than one day of the month, the system is in violation of
a treatment technique requirement. If the system incurs such a violation
during any two months in the previous 12 months, the system must install
fi]tration. unless one of the violations was caused by unusual and

unpredictable circumstances as determined by the Primacy Agency. Systems .

with three or more violations in the previous 12 months must install
filtration regardless of the cause of the violation. To demonstrate

adequate inactivations, the system must monitor and record the disinfec- -
tant(s) used, disinfectant residual(s), disinfectant contact time(s), pH.

(for chlorine), and water temperature, and use these data to determine if
it is meeting the minimum total inactivation requirements in the rule.
A number of disinfectants are available, including ozone, chlorine,
chlorine dioxide and chloramines. The SWTR prescribes CT {C, residual
disinfectant concentration (mg/L) x T, contact time (min)] levels for

these disinfectants which will achieve different levels of inactivation

under various conditions. The disinfectant(s) used to meet the inactiva-
tion requirements is identified as the primary disinfectant throughout the
remainder of this document. '
To determine compliance with the inactijatibn requirements, a system
must calculate the CT value(s) for its disinfection conditions during peak
hourly flow once each day that it is delivering water to its customers.
For the purpose of calculating CT value, T is the time (in minutes) it
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takes the water, during peak hourly flow, to move between the point of
disinfectant - application and a point where, C, residual disinfectant
concentration 1is measured prior to the first customer. Residual
disinfectant concéntratioq is the concentration of the disinfectant (in
mg/L) at a point before or at the first customer. Contact time in
pipelines must be calculated based on plug flow (i.e., where all water
moves homogeneously in time between two points) by dividing the internal
volume of the pipeline by the peak hourly flow rate through that pipeline.
Contact time within mixing basins, settling basins storage reservoirs, and
any other tankage must be determined by tracer studies or an equivalent
method as determined by the Primacy Agency. The contact time determined
from tracer studies to be used for calculating CT.is T,,. T,, is the
detention time corresponding to the time for which 90 percent of the water
has been in contact with at least the residual concentration, C. Guidance
for determining contact times for basins is provided in Appendix C.

The first customer is the point at which finished water is first
consumed. In many cases this will include the treatment plant itself.
This definition of first customer pertaining to the point of first
consumption assures that the water has received the required disinfection
to provide protection from microorganisms for all consumers. Peak hourly
flow should be considered as the greatest volume of water passing through
the system during any one hour in a consecutive 24 hour period. Thus, it
is not meant to be the absolute peak flow occurring at any instant during
the day. : '

Systems with only one point of disinfectant application may
determine the total inactivation based on one point of residual measure-
ment prior to the first customer, or on a profile of the residual
concentration after the point of disinfectant application. Methods of.
disinfection measurement are presented in Appendix D. The residual
profile and the total inactivation is calculated as follows:

- Measure the disinfectant residual, C, at any number of points

within the treatment train. ' :

- Determine the travel time, T, between the point of disinfec-
tant application and the point where C is measured for the
first section. For subsequent measurements of “C," T is the
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time it takes for water to move from the previous “C* measure-
ment point to this point of neasurement? asure

-  Calculate CT for each point of residual measurement (CT

tion.

- Sum the inactivation ratios for each section, i.e. C,T,/CT,,,
+ GT/CTyy s + CT,/CTy, y to determine the total inactfvation
ratio. .

-

If the total inactivation ratio (sum (CT,, ./CT,,,)) iS equal to or greater
than 1.0, the system provides greater than 99.9 percent inactivation of
Giardia cysts), and the system meets the disinfection performance re-
quirement. Further explanation of CT calculations is presented in Section
3.2.2. ' :
Systems need only calculate one CT (CT,,, ) each day, for a point at
or prior to the first customer; alternatively they have the option of cal-
culating numerous CTs after the point of disinfectant application but
prior to the first customer to determine the inactivation ratio. Profil-
* ing the residual gives credit for the higher residuals which exist after

the disinfectant is applied but before the first customer. Profiling the

residual may not be necessary if one CT is cajculated (CT,,, ). and this
exceeds the applicable CT, .. In this case, the system is meeting the
disinfection performance requirement. Ffor systems with a very low oxidant
demand in the water and Jong contact times, this approach may be the most
practical to use.

For systems with multiple points of disinfectant application, such
as ozone followed by chlorine, or chlorine applied at two different points
in the treatment train, the inactivation ratio of each disinfectant
section prior to the first customer is used to determine the total
inactivation ratio. The disinfectant residual of each disinfection

2 CT,,,'is the CT value required to achieve 99.9 percent or 3-169 Giardia

cyst inactivation for the conditions of pH, temperature and residual
concentration for each section. A section is the portion of the system
with a measurable contact time between two points of disinfection

application or residual monitoring.
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section. and the corresponding contact time must be measured at some point
prior to the subsequent disinfection application point(s) to determine the
- inactivation ratio for each section, and whether the total inactivation
ratio is 1.0 or more. For example, if the first disinfection section
provided an inactivation ratio of 2/3 (or 99 percent inactivation) and the
second disinfection section provided an inactivation ratio of 1/3 (or 90
percent inactivation), the total inactivation ratio would equal 1.0 (2/3
+ 1/3 = 1) indicating that 99.9% inactivation was provided and the
disinfection requirements are met. Further explanation of the determina-
‘tion of total inactivation provided is contained in Section 3.2.2.

The SWTR establishes CTs for chlorine, chlorine dioxide, ozone and
chloramines which will achieve 3-1og inactivations of Giardia cysts and at
least 4-log inactivation of viruses. Appendix E presents CTs for these
and other log inactivations. A system must demonstrate compliance with
the inactivation requirements based on conditions occurring'during peak
hourly flow. Since a system generally can only identify peak hourly flow
after it has occurred, hourly residual measurements during the day are
suggested. If the sampling points are remote, or manpower is limited and
collection of hourly grab samples is impractical, continuous monitors may.
be installed. In cases where continuous monitors are impractical, the
Primacy Agency may establish an acceptable monitoring program on a
case-by-case basis; where possible this should be based on historical flow
patterns. Measurements for the hour of peak flow can then be used in
calculating CT. The pH (for systems using chlorine) and temperature must
be determined daily for each disinfection sequence prior to the first
customer,

Since the system's inactivation is determined during peak hourly
flow, the disinfectant dosage applied to meet CT requirements may not be
necessary during lower flow conditions. Continuing to apply a disinfec-
tant dosage based on the peak hourly flow could possibly result in
increased levels of disinfectant by-products, including TTHMs and
increased costs. Under lower flow conditions, a higher contact time is
available and a lower residual may provide the CT needed to meet the
inactivation requirements. The system may therefore choose to adjust the
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disinfectant dose with changes in flow. The system should, however,
maintain 2 disinfectant residual which will still provide a 3-log
inactivation of Giardia cysts and a 4-log inactivation of viruses at
non-peak hourly fiows. The system should therefore evaluate the residual
needed to provide the required inactivation under different flow
_ conditions and set the dosage accordingly. The following provides an
example of maintaining the required inactivation.

Example

A 5 mgd non-filtering system disinfecting with free chlorine at one
point of application, has a contact time of 165 minutes during a peak flow
of 5 MGD. The flow varies from 1 to 5 MGD. The pH and temperatures of
the water are 7 and 5 C, respectively. At a residual of 0.9 mg/L, a CT of
148 mg/L-min is required to meet the disinfection requirements. The CT
for 0.9 mg/L residuva) is determined by straight line interpolation between
. 0.8 mg/L and 1.0 mg/L residuals. Under lower flow conditions, the
available contact time is longer and a lower residual would provide‘the
required disinfection. Based on existing contact time and using the
aﬁpropriate CT tables (in this case, Table E-2) in Appendix E for a 3-log
Giardia cyst inactivation, the required disinfection would be provided by
maintaining the following chlorine residuals for the indicated flow:

Contact CT (mg/L-min) Free Chlorine
Elow (MGD) —Required
5 165 148 0.9
4 206 ‘ 145 - 0.7
3 275 : 143 0.6
2 412 139 0.4
1 825 139 0.2

~ This table indicates the variation of residuals needed for the
system to provide the required {nactivation. For chlorine, the disinfec-
tant residual cannot be adjusted in direct proportion to the flow because
the CT needed for disinfection is dependent upon the residual. Since it
is not practical to continuously adjust the residual and, since a
disinfection level for a 3-log Giardia cyst inactivation must be
maintained under all flow- conditions, it is suggested that the flow
variation at the utility be divided into ranges and the residual needed at
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the higher flow rate of each range be maintained for all flows within the
range to ensure the required disinfection. The following flow ranges and
residuals are suggested for the system:

Free Chlorine

Elow Range (MGD)
1 - 1-9 004
2 - 3-9 006
‘ - 5 009

By maintaining these residuals, the utility is ensuring the provision of
the required disinfection while minimizing the disinfectant application,
which should result in lower disinfection by-products and costs.

Although these residuals will meet the inactivation requirements,
maintaining a residual in the distribution system must also be considered.
If no other point of disinfection exists prior to the distribution system,
the residual for disinfection must be maintained at a level which will
also provide a residual throughout the distribution system. The complete
range of flows occurring at the plant should be evaluated for determining-
the required residual. A utility may establish the residual requirements
for as many flow ranges as is practical. :

The CTs determined from the daily system data should be compared to
the values in the table for the pH and temperature of the water, to
determine if the required CT has been achieved. Only the analytical
methods prescribed in the SWTR, or otherwise approved by EPA, may be used
for measuring disinfectant residuals. Methods prescribed in the SWTR are
listed in Appendix D. The Appendix also contains a paper which describes
monitoring methods for various disinfectants and conditions.

The Primacy Agency should make periodic checks on its utilities to
assure that they are maintaining adequate disinfection at non-peak flow-
conditions.

When free chlorine is used as a disinfectant, the efficiency of
inactivation is influenced by.the temperature and pH of the water. -Thus,
the measurement of the temperature and pH for the determination of tpe cT
is required. The SWTR provides the CT requirements for free chlorine at

3-11



various temperatures and pHs which may occur in a source water, These
values are presented in Table E-1 through Table E-7 in Appendix E. The
basis for these {alues is discussed in Appendix F. For free chlorine, a
3-log inactivation of Giardia cysts will provide greater than a 4-log
inactivation of viruses, thus meeting the SWTR inactivation requirements,

As indicated in Table E-2, a raw water temperature of 5 C, a pH of

7.0, and a residual chlorine concentration of 1.4 mg/L require a CT of 155

mg/L-min to provide a 3-log inactivation of Giardia cysts. Therefore, to
meet the inactivation requirement under these conditions with one point of
residual measurement, a contact time of 111 minutes [(155 nq/i-min)/ (1.4
mg/L)] prior to the first customer would be required.
Meeting the Inactivation Requirement Using Chloramine

~ Chloramines are a much weaker oxidant than free chiorine, chlorine
dioxide and ozone. The CT values for chloramines presented in Table E-12
- are based on disinfection studies using preformed chloramines and ip yitro
excystation of Giardia muris cysts (Rubin, 1988). No safety factor was
applied to the laboratory data on which the CT values were based since EPA

believes that chloramination, conducted in the field, is more effective

than using preformed chloramines.
In the laboratory testing using preformed chloramines, ammonia and

chlorine were reacted to form chloramines before the addition of the

microorganisms. Under field conditions, chlorine is usually added first
followed by ammonia addition further downstream. Also, even after the
addition of ammonia, some free chlorine residual may persist for a period
of time. Therefore, free chlorine is present for a period of time prior

to the formation of chloramines. Since this free chlorine contact time is 4

not duplicated in the laboratory when testing with preformed chloramines,
the CT values obtained by such tests may provide conservative values when
compared to those CTs actually obtained in the field with chlorine applied
before ammonia. Also, other factors such as nixing'in the field (versus
no mixing in the laboratory) may contribute to disinfection effectiveness.
For these reasons, systems ‘using chloramineé for disinfection may

demonstrate effective disinfection in accordance with the procedure in

Appendix G in lieu of meeting the CT values in Appendix E.
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If a system uses chloramines and is able to achieve the CT values
for 99.9 percent {nactivation of Giardia cysts, it is not always
appropriate to assume that 99.99 percent or greater inactivation of
viruses was also achieved, New data indicate that Hepatitis A virus is
more sensitive than Giardia cysts to inactivation by preformed chloramines
' (Sobsey, 1988). The CT values required to achieve 99.99 percent
inactivation of Hepatitis A with preformed chloramines are lower than
those needed to achieve 99.9 percent inactivation of Giardia cysts. These
data contrast with other data which indicate that rotavirus is more
resistant than Giardia cysts to preformed chloramines (Hoff, 1986).°
However, rotavirus is very sensitive to inactivation by free chlorine,
much more so than Hepatitis A (Hoff, 1986;' Sobsey,-1988). If chlorine
is applied prior to ammonia, the short term presence of free chlorine
would be expected to provide at least 99.99 percent inactivation of
rotavirus prior to the addition of ammonia and subsequent formation of
chloramines. Thus, EPA believes it is appropriate to use Hepatitis A
data, in lieu of rotavirus data, as a surrogate for defining minimum CT
values for inactivation of viruses by chloramines, under the condition
that chlorine is added to the water prior to the addition of ammonia.

A system which achieves a 99.9 percent or greater inactivation of
. Giardia cysts with chloramines can be considered to achieve at least 99.99
percent inactivation of viruses, provided that chlorine is added to the
water prior to the addition of ammonia, Table E-~13 provides CT values for
achieving different levels of virus inactivation. However, if ammonia is
added first, the CT values in the SWTR for achieving 99.9 percent
fnactivation of Giardia cysts cannot be considered adequate for achieving
99.99 percent inactivation of viruses.

Under such cases of chloramine production, the SWTR requires systems’
to demonstrate through on-site challenge studies, that the system is

CT values in excess of 5,000 are required for a 4-log inactivation.of
rotavirus by preformed chloramines but no minimum CT values have been
determined. ‘ . =

CT values ranging from 0.025 to 2.2 achieve 99 percent inactivation of
rotavirus by free chlorine at pH = 6 -10 and 4 - 5°C (Hoff, 1986).
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achieving at least a 4-log inactivation of viruses. Guidance for
conducging such studies is given in Appendix G. Once conditions for
achieving a 4-log inactivation of viruses has been established, the
Primacy Agency should require systems to report their disinfection
~ operating conditions on an ongoing basis. These conditions should verify
- that the system is operating at CT values in excess of that needed to
achieve a 4-log virus inactivation or 3-log Giardia cyst inactivation,
whichever is higher, T

Meeting the Inactivation Requirement Using Chlorine Dioxide

Under the SWTR, the CT values for the inactivation of Giardia cysts
using chlorine dioxide are independent of pH. Under the SWTR the only
parameter affecting the CT requirements associated with the use of
chlorine dioxide is temperature. Table E-8 in Appendix E presents the
chlorine dioxide CT values required for the inactivation of Giardia cysts
at different temperatures. The basis for these CT values is discussed in
Appendix F. Systems which use chlorine dioxide are not required to
measure the pH of the disinfected water for the calculation of CT. For
chlorine dioxide, a 3-log inactivation of Giardia cysts'will generally
result in greater than a 4-log virus inactivation, and assure meeting the
SWTR inactivation requirements. However, for chlorine dioxide, unlike .
chlorine where this relationship always holds true, at certain tempera-
tures, the 4-log virus CTs may be higher than the 3-1og Giardia cyst CTs.

The Primacy Agency may allow lower CT values than those specified in
the SWTR for individual systems based on information provided by the
system. Protocols for demonstrating effective disinfection at lower CT
values is provided in Appendix G. '

As indicated in Tables E-8 and E-9, the CT requirements for chlorine
dioxide are substantially lower than those required for free chlorine.’
However, chlorine dioxide is not as stable as free chlorine or chloramines
in a water system and may not be capable of providing the required
disinfectant residual throughout the distribution system. In addition,
out of concern for toxicological effects, EPA's current guideline is that
the sum of the chlorine dioxide, chlorate and chlorite residuals, be less
than 1.0 mg/L at all consumer taps. This guideline may be lowered as more
health effects data become available. These concerns further reduce the
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feasibility of using chlorine dioxide as a secondary disinfectant for

" distribution systems. Thersfore, the use of chlorine dioxide as a primary
disinfectant may result in the need for the application of a secondary
disinfectant, such as chlorine or chloramines, that will persist in the
distribution system and provide the required residual protection.

Meeting the Inactivation Requirement Using Ozone

Another disinfectant to inactivate Giardia cysts and viruses is
ozone. As with chlorine dioxide, under the SWTR, the CT values for ozone °
are independent of pH. Tables E-10 and E-11 present the CT requirements
for ozone at different source water temperatures. The basis for the CT
values for ozone is given in Appendix F. As for free chlorine, a 3-log
Giardia cyst inactivation with ozone will result in greater than a 4-109'
virus inactivation. Unlike chlorine, for cases where only a l-log or
lower Giardia inactivation is needed with ozone, the CT values for virus'
_ inactivation may be higher than the CT for Giardia. The Primacy Agency
may allow lower CT values for individual systems based on information
- provided by the system that demonstrates that CT values lower than those
specified in the rule achieve the same inactivation efficiencies (see
Appendix G).

Ozone is extremely reactive and dissipates quickly after applica-
tion. Therefore, a residual® can only be expected to persist a short time

The residual must be measured using the Indigo .Trisulfonate Method

(Bader & Hoigne, 1981) or automated methods which are calibrated in
reference to the results obtained by the Indigo Trisulfonate method, on
a regular basis as determined by the Primacy Agency. The Indigo

Trisulfonate method 1is included in the 17th Edition of

. This method is preferable to current standard methods because
of the selectivity of the Indigo Trisulfonate indicaor in the presence
- of most interferences found in ozonated waters. The ozone degrades an

acidic solution of indigo trisulfonate in a 1:1 proportion. -

decrease in absorbance is linear with increasing ozone concentrations
over -a wide range. Malonic acid can be added to block interference

. from chlorine. Interference from pennan?anate. produced by the
ozonatfon of manganese, is corrected by rupn

ng a blank in which ozone

is destroyed prior to addition of the indigo reagent. The samples can
be analyzed using a spectrophotometer at a 600 nm wavelength which can
detect residuals as low as 2 ug/L or a visual color comparison method
which can measure down to 10 ug/L ozone. Although currently available
monitoring probes do not use the Indigo Trisulfonate Method, they can
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after application. In addition, the application of ozone to water is
dependent on mass transfer. For these reasons, the method of CT
determination used for the other disinfectants is impractical for ozone,
The CT,, Bust be determined for the ozone contactor alone. The contactor
will have some portions where the ozone is applied and other pbrtions of
the contactor where ozone is no longer applied, which are referred to as
the reactive flow chambers.

For many ozone contactors, the residual in the contactor will vary
in accordance with the method and rate of application, the residual will
be nonuniform and is likely to be zero in a portion of the contactor. As .
previously indicated, the CT value is based on the presence of a known
residual during a specific contact time. Thus disinfection credit is only
provided for the time when a residual is present. Besides the nonuniform-
ity of the residual, monitoring the residual will be difficult because of
. the ozone's high reactivity and the closed design of the contactors.

In addition to the difficulty in determining the ozone rcsidual_for
- the CT calculation, the contact time will vary between basins dependin§
on their flow configuration. Several types of devices are available for
adding ozone to water including porous diffusers, submerged turbines,
injector, packed towers and static mixers. Each type of device can be

‘used in either single or multiple chamber contactors. The flow through a

single chamber turbine contactor will approximate a completely mixed unit,

while flow through a single chamber diffused contactor, or a multiple

chamber diffused contactor, will more closely represent plug flow. This

variation in flow in different contactors makes the use of T,, inappropri-

ate for some contactors.

The differences between ozone contactors and other disinfection
systeas resulted in the development of several approaches for determining
the inactivation provided by ozone, including:

Evaluation of C and T

Segregated Flow Analysis (SFA)
Continuously Stirred Tank Reactor (CSTR)
Site Specific Evaluation

be calibrated via this method.
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The method which is appropriate for a paricular system will depend on
system configuration and the required level of inactivation. Another
significant difference is that ozone may be applied to provide only a
portion of the overall 3-log Giardia cyst and 4-log virus inactivation
with the remainder of the inactivation provided by another disinfectant.
Appendix O provides details for selecting the appropriate method of
evaluation for specific conditions.

The evaluation of C and T involves separate determination of the
ozone residual concentration, C, and the contact time, T, {n the
contactor. C can be determined for individual chambers of a contactor
based on the residual measured at several points throughout the chamber,
or at the exit of the chamber. The T value can be determined through a
tracer study or an equivalent method as approved by the Primacy Agency
with air or oxygen applied during testing, using the same feed gas rate as
used during operation. Appendix O provides details for the CT approach.

SFA is based on the results of a tracer study used in conjunction
with the measured ozone residual to determine the survival of microorgan-
isms exiting the contactor. The survival corresponds to a certain
inactivation. Guidelines for this approach are included in Appendix 0.

The CSTR approach is applicable for contactors which have a high
degree of mixing. Experience has shown that for contactors such as
turbine units, the ozone residual is generally uniform throughout the
contactor. The ozone residual measured at the exit if the contactor is
~ used in an equation for CSTRs to determine the inactivation provided. .

Appendix O provides details for conducting CSTR analysis.
Site specific evaluations may include:

= Measurement of an observable parameter to correlate with C
- Mathematical model for disinfection efficiency
- Microbial indicator studies for disinfection efficiency

to more closely determine the inactivation provided in a particular

system. Appendix O provides details for applying site specific evalua-
tions. '
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Summary

Many systems which do not provide filtration will have difficulty in
. providing the contact time necessary to satisfy the inactivatior
requirements prior to the first customer. For example, a system using
free chiorine at a water temperature of 5 C, a pH of 7.0 and a chlorine
residual of 1.4 mg/L would require 111 minutes of contact time to meet the
inactivation requirement. Potential options for these systems include:

- Installation of storage facilities to provide the required
contact time under maximum flow conditions.

- Use of an alternate primary disinfectant such as ozone or
chlorine dioxide which has CT values lower than those required
for free chlorine for the required {nactivation.

. For some systems, the difficulty in obtaining the required
inactivation may only be a seasonal problem. A system that has raw water
temperatures which reach 20 C during the summer months at a pH of 7.0, may
have sufficient contact time to meet the CT of 56 mg/L-min (Table E-5) at
a chlorine concentration of 1 mg/L. However, assuming the same pH and

chlorine concentration, it may not have sufficient contact time to meet '

the CT requirement at 5 C, 149 mg/L-min (Table E-2), or at 0.5 C,

210 mg/L-min (Table E-1). Under those conditions, a system could choose.

to use ozone or chlorine dioxide on a seasonal basis, since they are
stronger disinfectants requiring a shorter contact time. '
. As indicated in Table £-12, the CT values for chloramines may be
impractical to attain for most systems. Systems which currently utilize
chloramines as a primary disinfectant may need to use either free chlor-
ine, chlorine dioxide or ozone in order to provide the required disin-
fection. However, systems using chloramines as a primary disinfectant may
chose to demonstrate the adequacy of the disinfection. Appendix. G
presents a method for making this demonstration.
Meeting the Inactivation Requirement Using Alterpate Disinfectants
For systems using disinfectants other than chlorine, chloramines,
chlorine dioxide, or ozone, the effectiveness of the disinfectant can be
demonstrated using the pfotocol contained in Appendix G. The protocol in
Appendix G.3 for batch testing should be followed for any disinfectant
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which can be prepared in an aqueous solution and will be stable throughout
the testing.” For disinfectants which are not stable, the pilot study
protocol outlined in. Appendix G.4 should be followed. '

3.2.2 Determination of Overall Inactivation for Residual Profile,

For systems which apply disinfectant(s) at more than one point, or
choose to profile the residual from one point of application, the total
inactivation is the sum of the inactivation ratios between each of the
points of disinfection or between each of the residual nonitor%ng points,
respectively. The portion of the system with a measurable contact time
between two points of disinfection application or residual monitoring will
be referred to as a section. The calculated CT (CT . .) for sach section
is determined daily.

. The CT needed to fulfill the disinfection requirements is CT,,,,
corresponding to a 3-log inactivation of Giardia cysts and greater than or
equal to a 4-log inactivation of viruses (except for chloramines and
sometimes chlorine dioxide as explained in Section 3.2.1). The inactiva-
tion ratio for each section is represented by CT7,,, /CT,, ,, a5 explained in
Section 3.2.1, and indicates the portion of the required inactivation
provided by the section. The sum of the inactivation ratios from each
section can be used to determine the overall level of disinfection
provided. Assuming inactivation is a first order reaction, the inac-
tivation ratio corresponds to log and percent {nactivations as follows:

(58 P o PO Log Inactivation Percent Inactivation
0.17 . 0.5l = 68 %
0.33 . 1 log = 90%
0.50 . 1.5%g = 96.8%
0.67 . 2 log = 99%
0.83 . 2.5%g = - 99.7%
1.00 © a 3 log = . 99.9%
1.33 S T4 log . 99.99%
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CTyy.¢ €an be determined for each section by referring to Tables E-1
through E-13 in Appendix E, using the pH (when chlorine is the disinfec-
tant) and temperatures of the water for the respective sections. These

tables present the log inactivation of Giardia cysts and viruses achieved

by CTs at various water temperatures and pis.
Log inactivations are additive, so:

0.17€T,, , + 0.33CT,, , » 0.5CT,, ,

If the sum of the inactivation ratios is greater than or equal to
one, the required 3-log inactivation of Giardia cysts has been achieved.
An inactivation ratio of at least 1.0 is needed to demonstrate compliance
with the Giardia cyst inactivation requirements for unfiltered sysfens.

The total log inactivation can be determined by multiplying the sum
of the inactivation ratios (sum (CT,,,./CT,, ,)), by three. The total log
inactivation can be determined in this way because CT,, , is equivalent to
'a 3-1og inactivation. The total percent inactivation can be determined as

“follows: |
‘ y = 100 - 100 Equation ~ (1)
10° ‘

where: y » &% inactivation
x = log inactivation
For example:
x = 3.0 log inactivation
y = 100 - 199 e 99.9 & inactivation
10*

As explained in Section 3.2.1, the CT,,,, determined for each disin-
fection section is the product of the disinfectant residual in mg/L and
the detention time in minutes through the section at peak hourly flow.
However, for many water systems, peak hourly flow will not necessarily
occur simultaneously in all sections. The extent to which the occurrence

of peak hourly flow will vary between sections of the system depends on
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the characteristics of an individual system including its size, storage
capacity within the distribution system, the number of sources, and
. hydraulic capacities between different sections. In order to simplify the
determination of peak hourly flow for the system, it should be taken as
peak hourly flow in the last section of the system prior to the first
customer. . .

* The CT values for all the sections should be calculated for the flow
and the residuals occurring during the hour of peak flow in the last
section. The most accurate way to determine the flow in a particular
section is through the use of a flow meter. However, some sections of the
system may not have a flow meter. The following guidelines can be used to
determine the flow to be used in calculating CT:

- For sections which do not have meters, the flow should be
assumed to be the higher of the two flows occurring in the
closest upstream and downstream sections with meters.

~ In cases where a section contains a pipeline and a basin with
the flow meter located prior to the basin, the metered flow
does not represent the discharge rate of the basin. The
difference in inlet and discharge rates from a. basin will
impact the water level in the basin. As explained in Appendix
C, falling water levels will result in lower T,, values.

- To assure that the detention time of a basin is not
overestimated, the discharge fiow from a basin should be
used in 1ieu of the influent flow, unless the influent
flow is higher.

- To estimate the discharge flow from a basin the closest
flow meter downstream of the basin should be used.

| The following example presents the determination of the total
percent inactivation for sultiple points of disinfection, with variation
in flow between sections. ’ '

Example :

A community of 6,000 people obtains its water supply from a lake
which is 10 miles from the city limits. Two 0.2 MG storage tanks are
located along the 12-inch transmission line to the city. The water is
disinfected with chlorine dioxide at the exit from the lake and with
chlorine at the discharge from the first and second storage tanks. The
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average water demand of the community is 1 MGD with a peak hourly demand
of approximately 2 MD. For the calculations of the overall percent
inactivation, the supply system is divided into three sections as shown on
Figure 3-1. |

fectiou 1 - from the lake to the dfscharge from the first storage
an

Section 2 - from the discharge from the first storage tank to the.

discharge from the second tank

+~ Section 3 - from the discharge of the second storage tank to the
first customer

The overall inactivation is computed daily for the peak hourly flow condi-
tions. Sections 1 and 3 contain flow meters to monitor the water being
withdrawn from the lake and the water being delivered to the distribution
. system as shown on Figure 3-1. On the day of this example calculation,
the peak hourly flow in section 3 was 2 MGD. DOuring this hour, waier_was
being withdrawn from the lake at a rate of 1.5 mgd. Considering the
placement of flow meters, the flow of 2 mgd measured in section 3 should
be used for calculating CT for that section. Since section 2 does not
have a flow meter, the meter in section 3 serves as a measure of the
discharge from storage tank 2 and should be the flow used in the
calculation of CT for section 2. The flow meter in section 1 records the
flow through the transmission main which should be used in the calculation
~of CT for the pipeline. However, this meter does not represent the
discharge from storage tank 1. Since the water is being pumped to the
distribution system at a higher rate than the flow entering storage tank
1, the flow of 2 mgd measured in section 3 should be used for calculating
the CT for storage tank 1.

The pH, temperature and disinfectant residual of the uater were
measured at the end of each section just prior to the next point of
disinfection and the first customer during the hour of peak flow. The
. water travels through the 12-inch transmission main at 177 ft/min at
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‘1.5 MGD.* The detention times of the storage tanks were read off the T,
vs. Q plots generated from tracer studies conducted on the storage tanks
(see Appendix C). The data for the inactivation calculation are as

follows:
Section 1 Section 2 Section 3
length of pipe (ft) 15,840 26,400 10,560
flow (mgd) .
pipe 1.5 2.0 2.0
tank 2.0 2.0
contact time (min) Ce
pipe 89 111 © - 45
tank 116 114 0
total . - 205 225 . 45
disinfectant chlorine chlorine chlorine
dioxide .
residual (mg/L 0.1 0.2 - 0.4
temperature (C 5 5 5
pH 8 8 8

This information is then used in conjunction with the CT,, , values in
Appendix E to determine the (CT,,, /CT,,,) in each section as follows:

Section 1 « Chlorine dioxide
CT.,,. - 0.1 mg/L x 105 minutes = 20.5 mg/L-min

~ From Table E-8 at a temperature of 5 C and pH ='8,
CTgy. 4 is 26 mg/L-min ' ‘

CTg'|‘lCT”,’ s mun = 0079
26 mg/L-min

Section 2 - Chlorine
CT..ic ® 0.2 mg/L x 225 minutes = 45 mg/L-min

From Table E-2 at & temperature of 5 C and pH = 8,
CTyyy 18 198 mg/L-min

€T, /CTyy o = 45 mO/L-min = 0.23
R T 7 ag/L-ain

$ Q0. § X _1 €t X __day = 177 ft/min
A (1 ft¢ /4) 7.48 gal 1440 min

3-23



- Section 3 - Chlorine
CTeyie © 0.4 mg/Lomin x 45 min « 18 mg/L-nin

From Table E-2 at a temperature of 5 C and pH = a;
CTy 4 is 198 ng/L-nie:p f

CT,,,./CTy s = 18 mg/L-min = 0.09
cate/¥'99 9 198 mg/L-min

The sum of CT,,,./CTy, , is equal to 1.11, which is greater than 1,
therefore, the system meets the requirements of providing a 3-log
inactivation of Giardia cysts. The log inactivation provided {s:
xe3x LI,.= 3Ix1.11=3.33 ’
- CTas.s

The percent inactivation can be determined using equation 1.

y = 100 - }8_?3; 100 E.%g% = 100 - 0.05 = 99.95% inactivation

The system meets the requirement of providing a 99.9 percent inactivation

of Giardia cysts. .
The SWTR also requires that the public be provided with protection

from Legionella as well as Giardia cysts and viruses. Inactivation levels
have not been set for Legionella because the required inactivation of

Giardia cysts will provide protection from Legionella.’ However, this '

level of disinfection cannot assure that all Legionalla will be inactAi-
vated and that no recontamination or regrowth in recirculating hot water
systems of buildings or cooling systems will occur. Appendix B provides

7 Kuchta et al. (1983) -reported a maximum CT requirement of 22.5 for a
99 percent inactivation of u‘u_gn_g_]_l.g in a 21 C tap water at a pH of
7.6-8.0 when usin? free chlorine. Using first order kinetics, a 99.9

on requires a CT of 33.8. Table A-5 presents the CTs
needed for free chlorine to. achieve a 99.9 percent {nactivation of

Giardia cysts at 20 C. This table indicates that the CT required for

a 3-log inactivation of Giardia at the temperature and pH of the

Legionella test ranges from 67 to 108 depending on chlorine residual.
These CT's are two go three times higher than that which is needed to

percent inactivat

. achieve a 3 log inactivation of L:gi_qngl_h
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guidance for monitoring and treatment to control Legionella in {institu-
tional systems.

- The above discussion pertains to a system with one source with
sequential disinfection. Another system may blend more than one source,
and disinfect one or more of the sources independently prior to blending.
System conditions which may exist include:

= Al the sources are combined at one point prior to supplying
the community but one or more of the sources are disinfected -
prior to being combined, as shown on Figure 3-2.

- Each source is disinfected individually and "enters the
dist;igution system at a different point, as shown on Fig-
UTQ Je .

For all systems combining sources, the first step in determining the
CT should be to determine the CT . . provided from the point of blending
. closest to the first customer using the contact time and residual at peak
hourly flow for that portion of the distribution system. This corrésponds
to section D on Figure 3-2 and section E on Figure 3-3. If the CT,, for
section D or E provides the required inactivation, no additiona) CT credit
is needed and no further evaluation is required. However, if the CT for
section D or E is not sufficient to achieve the required inactivation,
then the inactivation ratio (CT,,,.)/(CT,, ,) Should be determined for each
section to determine the overall {nactivation provided for each source.
The total inactivation must be greater than or equal to one for all
" ‘sources in order to comply with the requirements for 3-log fnactivation of

Glardia cysts. ' _

On Figure 3-2, sections A, B, C and D contain sampling points a, b,
¢ and d, respectively. The sum of the inactivation ratios for sections
A+D, B+D and C+D must each be greater than or equal to one for the
disinfection requirements to be met. '

The total inactivation for each source on Figure 3-2 should be
determined as follows: | |

Soyrce 1

- Determine CT.,, for sections A and D based on ‘the residual
measurements at sample points a and d, and the travel time
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through each section under peak hourly flow conditions for the
respective section.

Determine CT,, , for the pH and temperature conditions in each
section usin’g"{he tables in Appengix 3

251::13te the inactivation ratios (CT , ./CT, ,) for sections
and D. '

Calculate the sum of the inactivation ratios for sections A

and D to determine the total inactivation for source 1.

If the sum of the inactivation ratios is greater than or equal

to 1.0, the system has provided the required 3-log Giardia
cyst inactivation.

Determine CT for section B based on the residual measured

at sample polnt b and the travel time through the section
under peak hourly flow conditions.

Determine CT,,, for section B for the pH and temperature
conditions in the section using the appropriate tables in
Appendix E. .

Calculate the inactivation ratio (CT,,, /CT,, ,). for section B.

Add the inactivation ratios for sections B and D to determine
the total inactivation for source II.

If the sum of the inactivation ratios is greater than or equal
“to 1.0, the system has provided the required 3-log Giardia
cyst inactivation for the source. '

Determine CT . for section C based on the residual measured
at sample point c and the travel time through the section
under peak hourly flow conditions. :

Determine CT,,, for section C for the pH and temperature
conditions 1n'%ho section using the appropriate tables in
Appendix E. ‘

Calculate the inactivation ratio (CT,,, /CT,, ,) for section C.

Add the inactivation ratios for sections C and q to determine
the total 1nactjvation for Source 111. .
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- If the sum of the inactivation ratios is greater than or equal
to 1.0, the system has provided the required 3-log Giardia
cyst inactivation for the source.

The determination of the total inactivation for each source may
require more calculations for systems such as that on Figure 3-3 than on
Figure 3-2. On Figure 3-3 sections A, B, C, D, and £ contain sampling
points a, b, c, d, and e respectively. In order to minimize the
calculations needed, the determination of the total inactivation should
begin with the source closest to the first customer. -

The total inactivation for each source on Figure 3-3 -should be
determined as follows:

Soyrce III
| - Determine CT, . for sections C and E based on the residual
measurement at sample points ¢ and e and the detention time in

each section under peak hourly flow conditions for the
respective section.

~ = Determine CT,, , for the pH and temperature conditions in each
section using the tables in Appendix E.

- Calculate the inactivation ratios (CT

/CT., o) for sections ‘
¢ and E. ns)

« Calculate the sum of the inactivation ratios for sections C
and E to determine the total inactivation for source III.

= If the sum of the inactivation ratios is greater than or equal
to 1.0, the system has provided the required 3-log Giardia
cyst inactivation for source III.

- Determine CT,, for section D based on the residual measured
at sample point d and the detention time through the section
under peak hourly flow conditions.

- Determine CT,, , for section D for the pH and temperature
conditions in %he section using the appropriate tables in
.Appendix E. . ’

- Calculate the inactivation ratio (CT,,./CT, ,) for section D.

- Add the inactivation ratios for sections D and E to determine
the overall inactivation.
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Source 1

" Determine CT,,

‘I the sum of the inactivation ratios is greater than or-equal
to 1.0, the system has provided the required 3-log
cyst inactivation for source 11, as well as source I since the

water from each of these sources
sections O and E. ‘ are combined prior to

If the total {nactivation ratio for sections D and E is less
than 1.0, additional calculations are needed. Proceed as
follows for source I1I. '

Determine CT ., for section B based on the residual measured
at sample point b and the detention time through the section
under peak hourly flow conditions. -

for section B for the pH and temperature
conditions in the section using the appropriate tables in
Appendix E. :

Calculate the inactivation ratio (CT,,, /CT,, ,) for section B.

Add the inactivation ratios for sections B, D and E to
determine the total {nactivation for source II.

If the sum of the inactivation ratios is gréater than or equal

to 1.0, the system has provided the required 3-log Giardia
cyst inactivation for the source. _

-~

As noted in the determination of the inactivation provided for
source II, if the sum of the inactivation ratios for sections D and E is
greater than or equal to 1.0, the system has provided the required 3-log
Giardia cyst inactivation. However, if this sum is less than 1.0
additional calculations will be needed to determine the overall inactiva-
tion provided for source I. The calculations are as follows: '

Source [ -

. .Determine CT,,
- conditions in the section using the appropriate tables in

Determine CT ,, for section A based on the residual measured
at sample poihf a and the detention time in the section under
peak hourly flow conditions. .

for section A for the pH and temperature

Appendix E.

" Calculate the inactivation ratio (CT,,, /CT,, ,) for section A.

Add the inactivation ratios for sections A, D, and E to
determine the total inactivation for source I.
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= If the sum of the inactivation ratios is greater than or equa)

to 1.0, the system has provided the required 3-log Giardia
. cyst inactivaé‘on for the source. ] ‘g .

3.2.3 Demonstration of Maintaining a Residyal
The SWTR establishes two requirements concerning the maintenance of
a residual. The first requirement is to maintain a minimum residual of
0.2 mg/L entering the distribution system. The second is to maintain a
detectable residual throughout the distribution system. The disinfectant
used to meet these requirements is identified as the secondary disinfec-
tant throughout the remainder of this document. These requirements are
further explained in the following sections. ' ,
Maintaining a Residual Entering the Distribution System

. To avoid filtration, the disinfectant residual in water entering the
distribution system cannot be less than 0.2 mg/1 for more than four hours,
with one exception noted below. Systems serving more than 3,300 persons
must monitor continuously. If there is a failure in the continuous
monitoring equipment, the system may substitute grab sampling every four
hours for up to five working days following the failure of the equipment.
Systems serving 3,300 or fewer people may monitor continuously or take
grab samples at the frequencies prescribed below:

System Size by Popylation Samples/day*
<500 1
501-1,000 2
1,001-2,500 3
2,501-3,300 4

*Samples cannot be taken at the same time. .
The sampling intervals are subject to Primacy Agency review and
approval.

If at any time the residual disinfectant concentration falls below 0.2
mg/] in a system using grab sample monitoring, the system must continue to
take a grab sample every four hours until the residual disinfectant
concentration is equal to or greater than 0.2 mg/1. For all systems, if
the residual concentration is not restored to at least 0.2 mg/1 within
four hours after a value of less than 0.2 mg/1 is observed, the system is
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in violation of -a treatment technique nquirmn't. and must install
filtration. However, if the Primacy Agency finds that the exceedance was
caused by an unusual and unpredictable circumstance, the Primacy Agency.
may choose not to require filtration. EPA expects Primacy Agencies to use
this provision sparingly; it is intended to encompass catastrophic events,
not infrequent large storm events. In addition, any time the residual
concentration falls below 0.2 mg/1, the system must notify the Primacy

Agency. Notification must occur as soon as possible, but no later than’

the end of the next business day. The system also must notify the Primacy
Agency by the end of the next business day whether or not the residual was
restored within four hours. |
Failure of a monitoring or reporting requirement does not frigggr a
requirement to filter although they are violations.
Maintaining a Residual Within the System
To avoid filtration, the disinfectant residual in the distribution
system cannot be undetectable in more than five percent of the samples in
a month, for any two consecutive months that the system serves water to
the public. Systems may measure HPC instead of disinfectant residual.
Sites with HPC concentrations of less than or equal to 500/ml are
considered equivalent to sites with detectable residuals for the purpose
of determining compliance. Public water systems must monitor for the
presence of a disinfectant residual (or HPC levels) at the same frequency
and locations as total coliform measurements taken pursuant to the Total
. Coliform Rule. However, if the Primacy Agency determines, based on site-
specific considerations, that a system has no means for having a sample
transported and analyzed for HPC by a certified laboratory within the
requisite time and temperature conditions (Method 907, APHA, 1985), but
that the system is providing adequate disinfection in.the distribution
‘system, this requirements does not apply to that systea. .
For systems which use both surface and ground water sources, the
Primacy Agency may allow the system to take disinfectant residual or HPC
samples at points other than the total coliform sampling locations if it
determines that such points are more representative of treated (dxsin-
fected) water quality within the distribution system.
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Disinfectant residual can be measured as total chlorine,. free
chlorine, combined chlorine or chlorine dioxide (or HPC level). The SWIR
Tists the approved analytical methods for these analyses. For example,’
several test methods can be used to test for chlorine residual in the
water, including amperometric titration, OPD colorimetric, DPD ferrbus
titrimetric method and iodometric method, as described in the 16th Edition
of Standard Methods.® Appendix D provides a review and summary of
available techniques to measure disinfectant residuals.

If a system fails to maintain a detectable disinfectant residual or
an HPC level of less than or equal to 500/ml1 in more than 5 peécent of the
~ samples dufing‘a sonth, for any two consecutive months the systen serves
water to the public, the system is in violation of a treatment technique
requirement. In addition, this system must install filtration unless the
Primacy Agency determines that the violation was not due to a deficiency
in treatment of the source water (e.g., the violation was due to a
deficiency in the distribution system, such as cross-connection contamina-
tion or failure in the pipeline). ,

The absence of a detectable disinfectant residual in the distribu-
tion system may be due to a number of factors, including:

- Insufficient chlorine applied at the treatment plant

- Interruption of chlorination

- A change in chlorine demand in either the source water or the
distribution system

- Long standing times and/or, long tranéaission distances

Available options to correct the -problea of low disinfectant
residuals in distribution systems include: :
= Routine flushing

! Also, portable test kits are available which can be used in the field
to detect residual upon-the approval of the Primacy Agency. These kits
may employ titration or colorimetric test methods. The colorimetric
kits employ either a visual detection of a residual through the use of

. a color wheel, or the detection of the residual through the use of a

hand held spectrophotometer. -
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- -Increasing disinfectant doses at the plant

- Cleaning of the pipes (either mechanically by pigging or
: the addition of chemicals to dissolve thz dngs gs)gin tg{
distribution system to remove accumulated debris which may be
exerting a disinfectant demand; .

- F1ush1n? and disinfection of the portions of the distribution
system in which a residual is not maintained; or

- Installatioﬁ of satellite disinfection feed facilities within

the distribution system. -

‘-

For systems .unable to maintain a residuil. the Primacy 'Agency nay-‘
determine that it is not feasible for the system to monitor HPC and judge

that disinfection is adequate based on site-specific conditions. _
Additional information on maintaining a residual in the system is:

available in the AWWA Manual of Water Supply Practices and Water

" ‘Chlorination Principles and Practices.

3.2.4 Disinfection System Redundancy :

Another requirement for unfiltered water supply . systems is

disinfection facility redundancy. A system providing disinfection as the .

only treatment is required to assure that the water delivered to the
-distribution system is continuously disinfected. The SWTR requires either
redundant disinfection equipment with auxiliary power and automatic
start-up and alarm; or an automatic shutoff of delivcry.of'nater to the
distribution system when the disinfectant residual level drops below 0.2
mg/L. In order to fulfill the requirement of providing redundant
disinfection facilities, the following system is recommended:

- A1l components have backup units with capacities equal to or

- greater than the largest unit on-line.

" e - A minimum of two storage units of disinfectant which can be

" used a1tcrnatel{ - e.g., two cylinders of chlorine gas, two
tanks of hypochlorite solution

- Where the disinfectant is géherated on-site, such as ozone,
backup units with a capacity equal to or greater than that of
the largest unit on-line. .

- Automatic switchover equipment to change the feed from one.

storage unit to the other before the first empties or becomes
_ inoperable :
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- Feed systems with backup units with capacities equal to or
greater than the largest unit on-line.

= An alternate power supply such as a standby generator with the
capability of running all the electrical equipment at the
disinfection station. The generator should be on-site and
;u??tional with the capability of automatic start-up on power
ailure

Systems providing disinfection may have several different configura-
tions for type and location of disinfectant application. The following
guidelines are provided to assist Primacy Agencies and- ut?]ities in
hetermining the need for redundancy. Possible disinfection configurations
include: . '

- one disinfectant used for primary and Sécondary disinfection

- one point of application
- multiple points of application

- two different disinfectahts used for primary and secondary
disinfection

In- many cases one disinfectant will be used to fulfill both the
total inactivation and residual requirements. One or more application
points may be used to accomplish this. When one application point is used
to meet both the primary and secondary disinfection requirements, the
systea is required to include redundant disinfection facilities.

' When multiple points of application are used, redundancy is
recommended for the disinfection facilities at each point of application
which is essential to meet the total inactivation requirements. In
addition, to assure the maintenance of a residual entering and throughout
the distribution system, either: ‘
- the last point of application prior to the distribution system
should have redundancy, or

- the point of application immediately prior to this point
should have redundancy and sufficient capacity to assure a
residual entering the distribution systea.

| Systems may also use two different disinfectants, one to fulfill the
inactivation requirements and the second to maintain a residual. An
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example of this would include a system using ozone as a primary disinfec-
tant and chloramines as a secondary disinfectant. EPA recommends that:

- the disinfection facilities at each point of disinfectant
application in the primary system essential in providing the
overall inactivation requirements include redundancy, and

- the secondary disinfection facilities include redundancy,
unless the disinfectant used for primary disinfection can
provide a residual for the distribution system as well., 1If
the primary disinfectant can be used for residual maintenance,
the last point of primary disinfectant application should
include redundancy and sufficient capacity to- assure a
residual entering the distribution system. )

Appendix I contains more specific information to assist the Priiacy
Agency in establishing requirements for providing redundant disinfection
facilities. '

Providing automatic shutoff of water delivery requires approval by

the Primacy Agency. The Primacy Agency must determine that this action
will not result in an unreasonable risk to health or interfere with fire

protection. This determination should include the evaluation of the
system configuration to protect against negative pressures in the system,
and providing for high demand periods including fire flow requirements.
Automatic shutoff should be allowed only if systems have adequate
distribution system storage to maintain positive pressure for continued
water use.
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3.3 SITE-SPECIFIC CONDITIONS
In addition to meeting source water quality criteria and disinfec-

tion criteria, nonfiltering systems using surface water supplies must meet .
the following criteria:

Maintain a watershed control program

Conduct a yearly on-site inspection

Determine that no waterborne disease outbreaks have occurred
Comply with the revised annual total coliform MCL

Comply with TTHM requlations (currently applies to systems
serving >10,000 people)

Guidelines for meeting these other criteria are presented in the following
sections. :
3.3.1 Hatershed Control Program

A watershed control program is a surveillance and monitoring program
which is conducted to protect the quality of a surface water source. An
- aggressive and detailed watershed control program is desirable to
effectively limit or eliminate potential contamination by human viruses.
A watershed program may impact parameters such as turbidity, certain
organic compounds, viruses, total and fecal coliforms, and areas of wild-
1ife habitation. However, the program is expected to have little or no
impact on parameters such as naturally occurring inorganic chemicals.
Limiting human activity in the watershed may reduce the likelihood of
animals becoming infected with pathogens and thereby reduce the transmis-
sion of pathbgehs by wildlife. Preventing animal activity near the source
water intake prior to disinfection may also reduce the likelihood of
pathogen occurrence at the intake.

The effect of a watershed program is difficult to quantify since
many variables that influence water quality are beyond the control or
_knowledge of the water supplier. As a result, the benefit of a watershed
control program or specific control measures must in many cases be based
on accumulated cause and effect data and on the general knowledge of the
impact of control measures rather than on actual quantification. The
effectiveness of a program to limit or eliminate potential contamination
by human viruses will be determined based on: the comprehensiveness of
the watershed review; the ability of the water system to effectively carry
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out and monitor the management decisions regarding control of detrimental
activities dccurring in the watershed; and the potential for the water
system to maximize land ownership and/or control of land use within the
watershed. According to the SWTR, a watershed control program should
include as a minimum: ' :

- A description of the watershed including its h
land ownership 9 ydrology and

- ldentification, monitoring and control of watershed character- |

istics and activities in the watershed which may have an
adverse effect on the source water quality -

- A program to gain ownership or control of the land within the
- watershed through written agreements with land owners, for the
purpose of controlling activities which will adversely affect
the microbiological quality of the water ‘

-« An annual report which identifies special concerns in the
watershed and how they are being handled, identifies activi-
ties in the watershed, projects adverse activities expected to
:ﬁcur in the future and how the utility expects to address

em.

Appendix J contains a more detailed guidé to a comprehensive .

watershed program. .

In preparing a watershed control program, surface water systems
should draw upon the State watershed assessments and nonpoint source (NPS)
pollution management programs required by S319 of the Clean Water Act.
-~ Information on these programs is available from State water quality
agencies or EPA's regional offices. Assessments identify NPS pollutants
in water and assess the water quality. Utilities should use the
assessments when evaluating pollutants in their watershed. Surface water
quality assessments can also be obtained from the 1ists of waters prepared
under S304(1) of the Clean Water Act, and State biennially prepared
$305(b) reports.

. State NPS management programs identify best management practices
(BMPs) to be employed in reducing NPS pollution. . These management
programs can be incorporated in the watershed program to protect against
degradation of the source water quality.
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For systems using ground water sources under the influence of
surface water, the control measures delineated in the Wellhead Protection
(WHP) program encompass the requirements of the watershed control program,
and can be used to fulfill the requirements of the watershed control
program. Guidance on the content of State Wellhead Protection Programs
and the delineation of wellhead protection areas is given in: “Guidance
for Applicants for State Wellhead Protection Program Assistance Funds
Under the Safe Drinking Water Act,” June, 1987, and "Guidelines for
Delineation of Wellhead Protection Areas,” June, 1987, available from the
EPA office of Ground-Water Protection (WH-550G). )

" As a minimum, the WHP program must:

- Specify the duties of State agencies, local go#ernnenta\
entities and public water supply systems with respect to the
development and implementation of Programs; :

- Determine the wellhead protection area (WHPA) for each
wellhead as defined in subsection 1428(:8 based on all
reasonabl{ available hydrogeologic information, ground-water
flow, recharge and discharge and other information the State
deems necessary to adequately determine the WHPA;

- Identify within each WHPA all potential anthropogenic sources
of contaminants which may have any adverse effect on the
health of persons;

- Describe a program that contains, as appropriate, technical
assistance, financial assistance, implementation of control
measures, education, training and demonstration projects to
protect the water supply within WHPAs jron such contaminants; .

-  Present contingency flans for locating'ind providing alternate
drinking water supplies for each public water system in the
event of well or wellfield contamination by such contaminants;

-« Consider all potential sources of such contaminants within the
expected wellhead area of a new water well which serves a
public water supply system; and

- Pravide for public participation.

3.3.2 (Qn-site Inspection

The watershed control program and on-site inspection are inter-
related preventive strategies. On-site inspection is actually a program
which includes and surpasses the requirements of a watershed program.
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While the watershed program is mainly concerned with the water source,
on-site inspection includes some additional requirements for source water
- quality control and is also concerned with the disinfection facilities.
As defined by the EPA, an.on+site inspection includes review of the water
source, disinfection facilities and operation and maintenance of a public
water system for the purpose of evaluating the adequacy of such systems
for producing safe drinking water.

The SWTR requires an annual on-site inspection to evaluate the
watershed control program and disinfection facilities. The - inspection
must be performed by a party approved by the Primacy Agency. The inspec-
tion should be conducted by competent individuals such as sanitary and
civil engineers, sanitarians, and technicians who.have experience and
knowledge in the operation, maintenance, and design of water systems, and
who have a sound understanding.of public health principles and waterborne
diseases. Guidance for the contents of an inspection are included in the
following'paragraphs. Appendix K presents guidelines for a sanitary
:survey which includes and surpasses the requirtaents of an on-site
inspection.

As the first step in determining which SWTR rcquirenents, if any, a
source is subject to, EPA recommends that utilities conduct a detailed,.
comprehensive sanitary survey. Appendix K presents a comprehensive list
of water system features that the person conduéting the survey should be
aware of and review as appropriate. This initial investigation estab-
lishes the quality of the water source, its treatment and dilivery'to the
consumer. EPA recommends that this comprehensive evaluation be repeated
every three years for systeas serving 4,100 people or less and every five
years for systems serving more than 4,100 people. Also, under the Total
Coliforw Rule, ground water systems which take leéss than 5 coliform
salples'pjr msonth must conduct such sanitary surveys within every S or 10
years depending upon. whether the source is protected and disinfected.

‘The annual on-site inspection to fulfill the SWTR requirements
* should include as a minimum:
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1.

Source Evaluation

4.

Review the effectiveness of the watershed control

- program (Appendix J).

Review .the physical condition and protectién'of the
source intake. :

Review the maintenance program to insure that all
disinfection equipment is appropriate and has received
regular maintenance and repair to assure a high operat-
ing reliability.

Treatment Evaluation

Review improvements and/or additions made to disinfec-
tion processes during the rrevious year to correct
deficiencies detected in earlier surveys.

Review the condition of disinfection equipment.

Review operating procedures.

Review data records to assure that all required tests
are being conducted and recorded and disinfection is
effectively practiced (CT calculations should be spot .
checked to ensure that they were done correctly).,

Identify any needed improvements in the equipment,
system maintenance and operation, or data collection.

In addition to these requirements, a periodic. sanitary survey is
recommended for all systems, including those with filtered and unfiltered
"supplies. The sanitary survey should include the items listed in 1 and 2

above as well as:

3.

Distribution System Evaluation

a.
b'

c.

d.

Review the condition of storage facilities.

Determine that the system has sufficient pressure
throughout the year.

Verify that system equipment has received regular
maintenance.

Review additions/inprdvenents incorporated during the

year to correct deficiencies detected in the initial
inspection.
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e.  Review cross connection prevention program, includi
annual testing of backflow preventio; d%vices,nc uding

f. Review routine flushing program for effecti&eness.

g. Evaluate the corrosion éontrol program and its impact on -

distribution water quality.

h. Review the adequacy of the program for periodic storage
reservoir flushing.

1. Review practices in repairing water main breaks to
assure they include disinfection.

4.  Management/Operation Evaluation
a. Review the operations to assure that any difficulties
e:gerienged during the year have been adequately
addressed. _ .

b. Review staffing to assure adequate numbers of properly
trained and/or certified personnel are availabge.

c. Verify that a regular maintenance schedule is followed.

d. Audit systems records to verify that they are adequately:

maintained.

e.  Reviewbacteriological data from the distribution system
for coliform occurrence, repeat samples and action
. response,

3.3.3 No Disease Qutbreaks

. Under the provisions of the SWTR, a surface water system which. does
not filter must not have been {dentified as a source of waterborne
disease, or if it has been so identified, the system must have been
modified sufficiently to prevent another such occurrence, as determined by
the Primacy Agency. If a waterborne disease outbreak has occurred and the
‘outbreak was or is attributed to a treatment deficiency, then the system
sust install filtration unless the system has upgraded its treatment
system to reﬁedy the deficiency which led to the outbreak and the Primacy
Agency has determined that the system is satisfying this requirement. If
the Primacy Agency has determined the disease outbreak was the result of
a distribution system problem rather than a source water treatment
deficiency, the system is not required to install filtration.
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In order to determine whether the above requirement is being met,
the responsible federal, state and local health agencies should be
surveyed to obtain the current and historical information on waterborne.
" disease outbreaks which may have occurred within a given system. Whether
conducted by the Primacy Agency or submitted by the water purveyor, this
information should include:

1.

3.

Source of the Information:

a. Name of agency
b. Name and phone number of person contacted
C. Date of inquiry

Outbreak Data

a. Known or suspected incidents of waterborne disease
outbreaks

b. Date(s) of occurrencess)

c. Type or identity of illness

d. Number of cases

Status of Disease Reporting:

a. Changes in regulations; e.g., giardiasis was not a
reportable disease until lQ&%

If a Disease Outbreak has Occurred:

a. Was the reason for the outbreak identified; e.g.,
inadequate disinfection? ' -

b. Did the outbreak occur while the system was in its
current configuratian?

c.  Was remedial action taken?

d. Have there been any furthér outbreaks since the remedial
action was taken? 4

If a review of the available information indicates that the system
- or network for disease reporting is inadequate within the Primacy Agency's
area of responsibility, efforts should be made to encourage the appropri-
ate agencies to upgrade the disease reporting capabilities within the

area.
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3.3.4 Monthly Coliform MCL

To avoid filtration, a system must comply with the MCL for total
coliforms, established in the Total Coliform Rule, for at least 11 out of
the previous 12 months the system served water to the public on an ongoing
basis, unless the Primacy Agency determines that failure to meet this
requirement was not caused by a deficiency in treatment of the source

water. 1f the Primacy Agency makes such a determination, the system is .

not required to install filtration. The Total Coliform Rule requires

systems using surface water or ground water under the influence of surface
. water which Qo not filter to collect a sample at or near the first
customer- each day that the turbidity level exceeds 1 NTU within 24 hours

of learning of the result and to analyze the sample for the presence of

total coliforms. (If the Primacy Agency determines that it is not:

possible for the system to have such a sample analyzed within 24 hours,

" this time 1imit may be extended on a case-by-case basis.) This sample may
- be used to fulfill the routine compliance monitoring requirements of -the

Total Coliform Rule. The results of the additional sample must be
included in determining whether the systea is in compliance with the
monthly MCL for total coliforms.

3.3.5 mmmmm:mmmemﬁ

For the system to continue .to use disinfection as the only
treatment, it must comply with the total trihalomethane (TTHM) MCL
regulation. The current regulation established an MCL for total TTHM of
0.10 mg/L for systems serving a population greater than 10,000. Both the
MCL and the system population covered may be reduced in the future, and
this should be considered when planning disinfectant application.

One alternative to meet the CT requirements of the SWTR is to

increase the disinfectant dose. For many systeas, a hiéher chlorine dose

will rékiTt in increased formation of TTHMs. Changes in disinfection

practice should saintain TTHM Tevels of less than 0.10 mg/L. In lieu of

{ncreasing chlorine dose, use of an alternate disinfectant which produces
fewer TTHMs could be considered. Alternate disinfectants include the usé

‘of ozone or chlorine dioxide as primary disinfectants with chlorine or

chloramines as secondary (residual) disinfectants. It is important to
note that EPA also will promulgate regulations for disinfectants and
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disinfection by-products which may limit application of some of these
disinfectants. EPA recommends that Primacy Agencies keep informed through
communication with EPA on interim guidance on how to avoid conflict for-
systems to comply with both the SWTR and the forthcoming regulations on
disinfectants and disinfection by-products. Any changes which appear to
not meet the by-product regulations should not be implemented.
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4. DESIGN AND OPERATING CRITERIA FOR

4.1 Introduction

To comply with the SWTR, public water systems must include filtra-
tion, or some other approved particulate removal technology, in their
treatment process unless they are able to satisfy certain conditions.
Those conditions include compliance with source water quality criteria and
site-specific criteria. Guidance for determining whether these conditions
are met is provided in Section 3 of this manual. Systehs‘unible to
satisfy these conditions must provide particulate removal and meet
criteria pertaining to operation, design and performance. These criteria
are specified in part in the definitions of technologies in the SWTR and
more specifically as determined by the Primacy Agency.

This section provides guidance both for those water systems which
currently do not have filtration equipment and must add it, and for
systems which have existing filtration processes. Guidance on additional
alternatives for small systems is presented in Appendix L.

This section includes guidance on the following topics:

‘a. Filtration Technology: Descriptions, capabilities, design
criteria and operating requirements for each technology, and
a listing of major factors to be considered in their
selection, including raw water quality considerations.

b. Disinfection: - Descriptions of the most .applicable disin-
fection technologies used with filtration systems, and a
presentation of the relative effectiveness of these disinfec-
‘tion technologies with respect to inactivation of bacteria,
cysts and viruses. :

c. Alternate Technologies: Descriptions of some currently
available alternate filtration technologies. :

d. Other Alternatives: Includes a description of some nontreat-
ment alternatives including regionalization and use of an
alternate source.

4.2 Selection of Appropriate Filtration Technology .
~ Filtration is generally provided by passing water through a bed of
sand, a layer of diatomaceous earth or a combination bed of coarse anthra-
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cite coal overlaying finer sand. Filters are classified and named in a
number of ways. For example, based on application rate, sand filters can
be classified as either slow or rapid; yet these two types of filters
differ in many more characteristics than just application rate. They
differ in their removal process, bed material, method of c1eaning, and
operation. Based on the type of bed material, filters can be classified
as sand, diatomaceous earth, dual-media (coal-sand) or even multi-media
in which a third layer of high density sand is used.

-

4.2.1 General Descriptions
Current technologies specified by the SWTR are:

a. Conventional Treatment: A series of processes including
coagulation, flocculation, sedimentation and filtration.

b. Direct Filtration: A series of processes including coagula-
: tion (and perhaps flocculation) and filtration, but excluding
sedimentation. ‘

c. Slow Sand Filtration: A process which involves passage of raw
water through a bed of sand at low velocity, generally less
than 0.4 meters/hour (1.2 ft/hr), resulting in substantial
particulate removal by physical and biological mechanisms.

d. Diatomaceous Earth Filtration: A process that meets the
following conditions: .

= A precoat cake of diatomaceous earth filter media is

deposited on a support membrane (septum)

- The water is filtered by passing it through the cake on
the septum; additional fiiter media, known as body feed,
is continuously added to the feed water in order to
saintain the permeability of the filter cake.
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e. Alternate Technologies: Any filtration process other than
. those listed above. Available alternate filtration technolo-
gies include, but are not limited to:

- * Package Plants'

- Cartridge Filters

4.2.2 Capabilities .

Filtration processes provide various levels of turbidity and
microbial contaminant removal. When properly designed and operated and
when treating source waters of suitable quality, the above filtration
processes are capable of achieving at 1sast a 2-Tog (99 percent) removal
of Giardia cysts and at least a 1-log (90 percent) removal of viruses
without disinfection (Logsdon, 1987b; USEPA, 1988b; Roebeck, 1962). The
exception is cartridge filters which may not provide effective virus
removal. A summary of the removal capabilities of the various filtration
processes is presented in Table 4-1. .

As indicated in Table 4-1, conventional treatment without disinfec-
tion is capable of achieving up to a 3-log removal of Giardia cysts and
up to a 3-log removal of viruses. Direct filtration can achieve up to a
3-log removal of Giardia cysts and up to a 2-log removal of viruses.
Achieving the maximum removal efficiencies with these treatment processes
requires the raw water to be properly coagulated and filtered. Factors
which can adversely affecy removal efficiencies include:

« Raw water turbidities less than 1 NTU
- Cold water conditions

- Non-optimal or no coagulation

- Improper filter operation including:

! Depending upon the type of treatment units in place, historical

_performance and/or pilot plant work, these plants could be categorized
as one of the technologies in a-d above at the discretion of the State.
Several studies have already indicated that some package plants
effectively remove Giardia cysts. If such plants provided adequate
disinfection so that the complete treatment train achieves at least a
3-log removal/inactivation of Giardia cysts and a 4-log removal/inacti-
vation of viruses, use of this technology would satisfy the minimum

treatment requirements.
4-3



= No filter to waste
= Intermittent operation
= . Sudden rate changes
= Poor housekeeping
= Operating the filters after turbidity brukthrough
Studies of slow sand filtration have shown that this technology
(without disinfection) is capable of providing greater than a 3-l0g
removal of Giardia cysts and greater than a 3-log removal of viruses.
Factors which can adversely affect removal efficiencies include:
- Poor source water quality
« Cold water conditions
« Increases in filtration rates
-« Decreases in bed depth
« Improper sand size
« Inadequate ripening ' ' ..o
Diatomaceous earth (DE) filtration can achieve greater than a 3 -log
removal of Giardia cysts when sufficient precoat and body feed are used.
However, turbidity and total coliform removals are strongly influenced by
the grade of DE employed. Conversely, DE filtration is not very effective
for removing viruses unless the surface properties of the diatomaceous
earth have been altered by pretreatment of the body feed with alum or a
suitable polymer. In general, DE filtration is assumed to achieve only
a 1-1og removal of viruses unless demonstrated otherwise. Factors which
can affect the removal of Giardia cysts and viruses include:
e Precoat thickness
= Amount of body feed
- Grade of DE
-« " Improper conditioning of septus
-=. improper pretreatment of the body feed
"Package plants can be used to treat water supplies for communities
as well as for recreational areas, parks, construction camps, ski resorts,
military installations and other facilities where potable water is not
available from a municipal supply. Operator requirements vary signifi-
cantly with specific situations. Under unfavorable raw water conditions,
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TABLE 4-1
REMOVAL CAPABILITIES OF FILTRATION PROCESSES'"

_Log Removals

| Giardia® Total®
Process ~Lysts Yiruses Coliform
Conventional Treatment 2 -3 1 « 30 >4
Direct Filtration 2.3 1 -2 . 1 -3
Slow Sand Filtration 2 - 3 130 1-2
Diatomaceous Earth '

Filtration 2 . 39 1 -2 . 1-3

Note:

1. Without disinfection.

2. Logsdon, 1987b.

3. Roebeck et al 1962.

4. Poynter and Slade, 1977.

5.  These technologies generally achieve greater than a 3-log removal.



package plants could demand full-time attention. Package plants are most
_widely used to treat surface supplies for removal of turbidity, color and
coliform organisms prior to disinfection. They are currently available
in capacities up to 6 mgd. _
Colorado State University conducted a series of tests on one package
plant over a 5-month period during the winter of 1985-86 (Horn and
Hendricks, 1986). Existing installations in Colorade had proven effective
for turbidity removal, and the tests at the university were designed to
evaluate the system's effectiveness in removing coliform bacteria and

Giardia cysts from low turbidity, low temperature source uatérs. The test

results showed that the filtration system could remove greater than
99 percent of Giardia cysts for waters which had less than 1 NTU turbidity
and less than 5 C temperatures, as long as proper chemical treatment was
applied, and the filter rate was 10 gpm/ft? or less. In addition, an
alternate water source having a turbidity ranging from 3.9 to 4.5 NTU was
“used in 12 test runs with coagulant doses ranging from 15 to 45 mg/L.. The
effluent turbidities from these runs were consistently less than 0.5 NTU.
Surveys of existing facilities indicate that while package plants
may be capable of achieving effective treatment, many have not consistent-
ly met the interim MCL for turbidity, and in some cases, coliforms were
detected in the filtered water (Morand et al., 1980; Morand and Young,
1983). The performance difficulties were primarily the result of the
short detention time inherent in the design of the treatment units, the
lack of skilled operators with sufficient time to devote to operating the
treatment facilities, and the wide-ranging variability in quality of the
raw water source. For instance, raw water turbidity was repofted to often
exceed 100 NTU at one site. Improvements in operational techniques and

methods at this site resulted in a substantial improvement in effluent

quality. After adjustments were made, the plant was capable of producing
a filtered water with turbidities less than 1 NTU, even when influent
turbidities increased from 17 to 100 NTU within a 2-hour period, as long
as proper coagulation was provided.

One of.tho major conclusions of these surveys was that package water
treataent plants manned by competent operators can consistently remove
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turbidity and bacteria from surface waters of a fairly uniform quality.
Package plants applied where raw water turbidities are variable require
a high degree of operational skill and nearly constant attention by the
operator. Regardless of the quality of the raw water source, all package
plants require at least a minimum level of maintenance and opérational
skill and proper chemical treatment if they are to produce satisfactory
water quality. _

Cartridge filters using microporous filter elements (ceramic, paper
or fiber) with pore sizes as small as 0.2 um may be suitable for producing
potable water from raw water supplies containing moderate levels of
turbidity, algae and microbiological contaminants. The advantage to small
systems of these cartridge filters is that, with the exception of
disinfectant, no other chemicals are required. The process is one of
strictly physical removal of small particles by straining as the water
passes through a porous cartridge. Other than occasional cleaning or
~ cartridge replacement, operational requirements are not complex and do not
" require skilled personnel. However, the SWTR does require each surface
water system to be operated by a qualified operator, as determined by the
Primacy Agency. Such a system may be suitable for some small systems
where, generally, only maintenance personnel are available for operating
water supply facilities. However, the use of cartridge filters should be
limited to low turbidity source waters because of their susceptibility to
rapid headloss buildup. For example, manufacturer's guidelines for
achieving reasonable filter run lengths with certain polypropylene filter
elements are that the raw water turbidity be 2 NTU or less (USEPA, 1988b).

Long (1983) analyzed the efficacy of a variety of cartridge filters
.using turbidity measuresents, particle size analysis, and scanning
electron -microscope analysis. . The filters were challenged with a
suspmlon of microspheres averaging 5.7 um in diameter which is smaller
 than a Giardia cyst. The microspheres were applied at a concentration of
40,000 to 65,000 spheres per ml. Ten of 17 cartridge filters removed over
99.9 percent of the microspheres.

In tests using 1ive infectious cysts from a human source, cartridge
filters were found to be highly efficient in removing Giardia cysts
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(Hibler, 1986). Each test involved challenging a filter with 300,000

cysts at a concentration of 10,000 cysts/ml. The average removal for five

' tests was 99.85 percent, with removal officiencies ranging from 99.5 pere
cent to 99.99 percent.

The application of cartridge filters to small water systems using
either cleanable ceramic or disposable polypropylene cartridges appears
to be a feasible method for removing turbidity and most microbiological
contaminants. However, data regarding the ability of cartridge filters
to remsove viruses are not available. Since disinfection by ttself could

“achieve a 4-log inactivation of viruses, if the cartridge filter remaves
greater than or equal to 3 logs of Giardia, then the filter plus
disinfection would achieve the overall minimus requirements, regardless
of whether only negligible Giardia inactivation is achieved (e.g., less
than 0.5 log). However, consideration should be given to the feasibility
of providing multiple barriers of treatment for each target organism,
{.e., some Giardia and virus removal by each barrier (i.e., some removal
by filtration and some inactivation by disinfection) as protection in case
one of the barriers fails. The efficiency and economics of the process.
must be closely evaluated for each situation. Pretreatment in the form
of roughing filters (rapid sand or multi-media) or fine mesh screens may
be needed to remove larger suspended solids which, if not removed, could
cause the rapid buildup of headloss across the cartridges (USEPA, 1988a).

In general, conventional treatment, direct fi1tration. slow sand

filtration and diatomaceous earth filtration can be designed and operated
to achieve the maximum removal of the water quality parameters indicated
~ in Table 4-1. However, for the purpose of selscting the appropriate
filtration and disinfection technologies and for determining design
criteria, these filtration processes should be assumed to achieve a 2-log
removal of-Giardia cysts and a 1-log removal of viruses. This conserva-
tive approach will assure that the treatment facility has adequate
capability to respond to non-optimum performance due to changes in raw
water quality, plant upsets, etc. The balance of the required removals
and/or inactivation of Giardia cysts and viruses would be achieved through
the application of appropriate disinfection.
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The performance of alternate technologies such as cartridge filters,
and possibly package plants, depending upon the unit under consideration
camot be stated with certainty at this time. Because of these perform-
ance uncertainties, pilot studies should be used to deuonstrate their
efficacy for a given water supply.

4.2.3 Selection

For any specific site and situation, a number of factors will
determine which filtration technology is most appropriate. ~Among these
- are: raw water quality conditions, space and personnel availability, and
economic constraints. A discussion of the impact of raw water quality on
the technology selection is presented here. The impact of site-specific
factors and economic constraints s presented in the USEPA document
“Technologies and Costs for the Removal of Microbial Contaminants from
Potable Water Supplies” (USEPA, 1988b).

Raw Water Quality Conditions .

The number of treatment barriers provided should be commensurate
with the degree of contamination in the source water. The four technolo-
gies specified in the SWTR vary in their ability to meet the performance
criteria when a wide range of raw water quality is considered. While the
numerical values of raw water quality that can be accommodated by each of
the four technologies will vary from site to site, general guidance can

" be provided. General guidelines for selecting filtration processes, based

on total coliform count, turbidity, and color are presented in Table 4-2.
It is not recommended that filtration systems other than those listed in
Table 4-2 be used when the general raw water quality conditions exceed
the values listed, unless it has been demonstrated through pilot testing
that the technology can meet the performance criteria under the raw water
quality conditions expected to occur at the site.

The filtration processes listed in Table 4-1 are capable of
achieving the required performance criteria when properly designed and
operated if they are treating a source water of suitable quality (i.e.,
generally within the ranges indicated in Table 4-2). One of the causes
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TABLE 4-2
GENERALIZED CAPABILITY OF FILTRATION SYSTEMS
10 ACCOMMOOATE RAW WATER OUALITY CONDITIONS

Total ‘
Coliforms Turbidity . Color
Ireatment (8100 mly  __(NTU) ~LCu)
Conventional with
predisinfection  <20,000'® No restrictions!¥ - <750
Conventional without .
predisinfection  <5,000Y No restrictions® <75
Direct filtration )
with flocculation  <500¢¥ <7-14V <40®
In-line filtration  <500'" <7-14M | <10
Slow sand filtration <800 <10¥ <5
Diatomaceous earth
filtration <50(% <5 <5

Notes:

1. Depends on algae population, alum or cationic polymer
coagulation -- (Cleasby et al., 1984.)

2.  USEPA, 1971.

3., Letterman, 1986.

4. Bishop et al., 1980.
5. Slezak and Sims, 1984.




of filtration failures is the use of inappropriate technology for a given
raw water quality (Logsdon, 1987b). These criteria are general guide-
lines. Periodic occurrences of raw water coliform, turbidity or coler
levels in excess of the values presented in Table 4-2 should not preclude
the selection or use of a particular filtration technology. For'&xaane,
the following alternatives are available for responding to occasional raw
water turbidity spikes: -

a. Direct Filtration

= Continuous monitoring and coagulant dose adjustnent
- More frequent backwash of filters
- Use of presedimentation
b. Slow Sand Filtration
- Use of a roughing filter
‘e Use of an infiltration gallery
c.  Diatomaceous Earth Filtration
-« Use of a roughing filter
= Use of excess body feed

For the above alternatives, EPA recommends that pilot testing be
conducted to demonstrate the efficacy of the treatment alternative.

The characteristics of each filtration technology are @ major factor
in the selection process. Significant characteristics include performance
capabilities (contaminant removal efficiencies), design and construction
requirements, and operation and maintenance requirements.  Details
regarding each of the four fﬂtrdtion technologies are presented in the
following section.

4.3 Available Filtration Technologies
4.3.1 Introducticn ' :

As indicated in the preamble to the SWIR, the historical responsi-
bility of the States to establish design and operating criteria for public
drinking water plants will continue. The purpose of the following
- sections is to provide §uidance on how the design and operating criteria
may need to be changed in order to assure that the performance criteria
in the SWTR are met.
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The design criteria for the various filtration tochnolo«jios found
in the 1987 edition of Recommended Standards for Water Works (Great Lakes,
1987) are the minimum design criteria that a majority of states a;-e
currently following.? These standards are referred to as Ten States
Standards in the remainder of this manual. The design criteria contained
in the Ten States Standards have not been duplicated here. Rather, the
reader is referred to the Ten States Standards directly. EPA recommends
the following additions and/or changes to the Ten State Standards in order
to assure compliance with the performance criteria of the SWIR.

4.3.2 Geperal

The following .recommendations apply to all filtration plants:

a.  All filtration plants should provide continuous turbidit
uonitor;n‘g of the effluent turbidity from each individua
filter.™" 1If continuous monitoring is impractical, routine
monitoring of individual filters is recommended as a minimum.

b. A1l filtration systems should be concerned with the peak
turbidity levels in the filtered water after backwashing and

2 Based upon the results of a survey conducted for the American Water
Works Association Research Foundation (AWWARF), some 38 states use the
Ten States Standards entirely or in modified form (AWWARF, 1986).

' Although this is not a requirement of the SWTR, it is recommended
because of the possibility that not all filters in a treatment plant
will produce the same effluent turbidity. This may be due to a variety
of conditions that include bed upsets, failure of media support or
underdrain systems, etc. Although the combined effluent from all the
filters say meet the turbidity requirements of the SWTR, the turbidity
level from an individual filter may substantially exceed the limits.
‘This may result in the passage of Giardia cysts or other pathogens.

¢ validation should be performed at least twice a week based on the
- procedure outlined in Part 214A in the 16th Edition of Standard Methods.
It should be noted that improper installation of continuous monitors
may allow for air bubbles to enter the monitor resulting in false -
turbidity spikes. To avoid air bubbles reaching the turbidimeter the

. sample tap should be installed below the center line aof the pipe and
an air.regease valve may be included on the sample line. :
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make every attempt to operate the filters to minimize the
.magnitude and duration of these turbidity spikes.}

Indjvidua1'f11ters should be monitored as discussed in Section
4.3.2.a and when excessive turbidity spikes are found, corrective actions

taken. During these turbidity peaks, Giardia cysts and other pathogens
may be passed into the finished water. There is evidence that a 0.2 to
0.3 NTU increase in the turbidity during the first period of the filter
run can be associated with rises in Giardia cyst concentrations by factors
of twenty to forty (Logsdon, 1985). Special studies should be conducted
to determine the extent of the turbidity spike problems.

There are basically four approaches available for correcting
problems with turbidity spikes after backwashing. These are as follows
(Bucklin, et al 1988):

- Proper chemical conditioning of the influent water to the
filter can minimize the magnitude and duration of these
turbidity spikes. This could include proper control of. the
primary coagulant chemicals such as alum or iron compounds.
In some cases filter aids using polymers may be needed to
control the turbidity spikes. : , '

- Gradually increasing the filtration rate in increments when
placing the filter in operation. Starting the filter at a low
flow rate and then increasing the flow in small increments
over 10 to 15 minutes has been shown to reduce the turbidity
spikes in some cases (Logsdon, 1987). :

- Addition of coagulants to the backwash water has also been
shown to reduce the extent of turbidity spikes after backwash.
Typically the same primary coagulant used in the plant is
added to the backwash water. Polymers alone or in combination
with the primary coagulant may also be used.

« Filter-to-waste may be practiced where a portion of the
filtered water immediately after starting the filter -is
. wasted. This {is only possible where the. ilter system has

' For most high rate granular bed filters, there is a period of

conditioning, or break-in immediately following backwashing, during

which turbidity and particle removal is at a minimum, referred to as
. the break-in period. The turbidity peaks are thought to be caused by

" remnants of backwash water within the pores of and above the media

passing through the filter, and/or floc breakup during the filter
ripening period before it can adequately remove influent turbidity.
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. provided the necessary valves and piping to allow this
procedure. There is some concern whether or not this practice

. 1s beneficial. The extra valve operations needed for filter-
to-waste can disrupt the filter flow rate to the extent that
they create their own turbidity spikes. Some knowledge of the
time actually needed for filter-to-waste is also needed before
it can be determined that this is an effective procedure for
controlling turbidity spikes. If the length of time the
filter-to-waste is practiced is less than that before the
turbidity spike passes, the disruption caused by the valve
operation may actually increase the turbidity spike.

Different plants and the individual filters within - the plant may
have different turbidity spike characteristics. The four approaches
presented above, therefore, must be evaluated on a case-by-case basis.
Special studies will be required to identify those filters with the
turbidity spike problems and assist in selecting which of the four
approaches is best for correcting the problem. It has been generally
found that turbidity spikes can be ainimized through one or a combination
of the first three approaches.

In order to establish filter-to-waste operating guidelines, the

following procedure is suggested: :

- Review the effluent turbidity data for each filter and deter-
:12$ which filter historically has the highest effluent tur-
ty.

- Following backwashing of the filter with the poorest perfor-
mance, place that filter into service and col]ecﬁmgrab samples
every 5 to 10 minutes for a period of at least 60 minutes.®

"« Analyze the grab samples for turbidity and determine how long
the filter must be in operation before the effluent turbidity
drops .

- to less than or equal to 0.5 NTU

" o oF 1 NTU in cases where a filtered water turbidity of
less than or equal to 1 NTU is allowed.

¢ : Continuous turbidity monitoring can be used in place of grab sampling.
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Limited information exists on the typical magnitude and duration of
peak turbidity levels after backwashing and what levels are considered
. acceptable to assure that these turbidity spikes: are not associated with
passage of Giardia cysts. Information from plant scale tests, showing
the typical magnitude and duration of these turbidity spikes is available
from two plants (Bucklin gt al., 1988). Studies conducted at these plants
over a year showed that these peaks occurred within the first few minutes
after the filter was placed back in operation, their effects lasted for
several hours, and varied in magnitude from 0.08 to 0.35 NTU on average.
For existing plants without provisions for filter-to-waste, the
decision to add the necessary piping to provide this capability should be
made only after carefully evaluating the other three approaches. If the
results of special studies show that the other three options are not
effective in minimizing the turbidity spikes then the expense of addihg
the filter-to-waste capabilities may be justified.

_ For new plants the capability of filter-to-waste may be requifed by
the Primacy Agency or should be considered. By having this capability,
additional flexibility will be available for turbidity spike control.
This flexibility may also be useful for other filter maintenance functions
such as after media replacement or when heavy chlorination of the filter
is needed after saintenance.

4.3.3 Conventional Treatment

Conventional treatment is the most widely used technology for
removing turbidity and microbial contasinants from surface water supplies.
Conventional treatment includes the pretreatment steps of chemical
coagulation, rapid mixing, flocculation and sedimentation followed by
filtration.. These conventional treatment plants typically use aluminum
and {ron compounds in the coagulation processes. Polymers may also be
used to enhance the coagulation and filtration processes. A flow sheet
for a conventional treatment plant is presented on Figure 4-1,

Lime softening is a treatment process used to remove hardness and
turbidity from surface waters. Treatment is typically accomplished with
conventional 'process units. The Time softening process removes the
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calcium and magnesium from the water by precipitating them as calcium
carbonate and magnesium hydroxide. Turbidity levels in the water are also
reduced by this process. Lime and possibly soda ash is added to the raw
" water to raise its pH to a point at which these precipitates are formed
and then removed from the water during sedimentation and filtratfﬁn. ‘Lime
softening may be used for the removal of carbonate hardness in the pH
range of 9 to 10 through a single stage process. Two-stage 1ime/soda ash
softening at a pH of 10 to 12 can be used for the removal of non-carbonate
hardness and magnesium. Two-stage softening includes recarbonation to

neutralize the caustic alkalinity, reducing the pH. to the range of 8.5 to

9.5. A flow sheet for typical one- and two-stage softening plants is
presented on Figure 4-2. .

Each of these three conventional treatment proéesses uses filtration
following sedimentation. Three different types of filters are used. Sand
filters, normally found in older plants, use a single media of sand to
form a filter bed, and are generally designed with a filtration rate of
'2 gpo/ft?. Newer plants normally use dual-medfa or mixed media filters.
Dual media filters use a combination of anthracite coal alonh with a sand
to form the filter bed. Mixed media filters use coal, sand, and a third
saterial to form the filter bed. Dual and mixed media filters can be
designed to operate at higher filtration rates- than sand filters, 1.e.;
4 to 6 gpm/ftl. '

Design Criteria
The sinimum design criteria in the Ten State Standards for

conventional treatment are considered sufficient for the purposes of
complying with the SWTR with the following addition:

'« The criteria for sedimentation should be expanded to include

other methods of solids removal including dissolved air
flotation. Plate separation and upflow-solids contact
clarifiers included in the 1987 Ten State Standards should

also be considered. .

Qperating Requirements
In addition to the operating requirements in the Ten State
Standards, a coagulant should be used at all times the treatment plant is
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in operation.’ Conventional and direct filtration plants must be monitored
carefully because failure to maintain optimum coagulation can result in
poor filter performance and breakthrough of cysts and viruses.! Although
the detention time provided by the settling basins results in some margin
of safety, the loss of coagulation control at the chemical feed or rapid
mix points may not be noticed until the poorly coagulated water reaches
the filters, after the process has failed. Failure to effectively monitor
and control filter operation can result in undetected poor filter
performance (Logsdon, 1987a; Logsdon, 1987b). .o
| Effective operation of a conventional treatment plint requires
careful monitoring and control of: :
- Chemical Feed .
« Rapid Mix
« Flocculation
- Sedimentation
= Filtration
For the purposes of the SWIR, the requirements for effective
operation of a conventional water treatment plant can be susmarized as
follows: i
a. The application of a coagulant and .the maintenance of
effective coagulation and flocculation at all times when a
treatment plant is in operation.’ Proper process control

7 Dependable removal of Giardia cysts can not be guaranteed if a water
is filtered without being properly coagulated (Logsdon, 1987b; Al-Ani

et al., 1985). This is true even if the raw water turbidity is less
than 1 NTU. -

® As indicated in the preamble to the proposed SWTR, 33 percent of the

reported cases of giardiasis in waterborne disease outbreaks were

attributed to improperly operated filtration plants.

Y Some conventional water treatment plants which treat low turbidity

source waters (<1 NTU) reportedly discontinue the application of

coagulant(s) during periods of low turbidity since the raw water alread
meets the turbidity MCL. However, studies have shown that cyst remova

for low turbidity waters is the most difficult to achieve and requires

optimum pretreatment including coagulation to achieve effective remov_a!s
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procedures should be used at the plant to assure that chemical
feeds are adjusted and maintained in response to variations
in raw water temperature and turbidity.

b. Maintenance of effective filtration will require proper
operation prbcedurns to meet the turbidity requirements of the
SWTR. Proper operation should include:

- Proper chemical conditioning of the water ahead of the

;:}:er to assure adequate turbidity removal through the
.r.

-

- Control of the flow rates and elimination of rapid
changes in flow rate applied to the filter.

- Backwashing of filters before the filtered water quality
is degraded to the point that the plant fails to meet
the turbidity requirements of the SWTR. The criteria
on which to base initiation of backwash will have to be
determined for each plant. Experience with operation
cycles including run times and headloss data may serve

-as the basis for this site specific criteria. '

e After backwash bringing the clean filters. back on line
so that excessive turbidity spikes in the filtered water
are not created. Section 4.3.2.8 of this manual
discusses these turbidity spikes and approaches
available to minimize theam. _

c. Filters removed from service generally should be backwashed
. upon start-up. However, in some cases, it may be impractical
to backwash filters each time they are removed from service.
Accordingly, the Primacy Agency may choose to allow start-up
without backwashing under certain conditions on a site-by-site
basis. In making this decision, the following should be
_ considered:
.. _ = the length of time the filter was off-line
- performance of the filter while being put on-line

The filter should be brought'back on-1ine in such a way that
no turbidity spikes that could be associated with passage of

(Al-Ani et al., 1985).
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Glardia cysts and other pathogens occur. 1f problems with
turbidity spikes are found when starting up dirty filters,
special studies should be used to evaluate if any of the
approaches discussed in Section 4.3.2.8 of this nnua) are
effective in minimizing the turbidity spikes.

4.3.4 Direct Filtration :

A direct filtration plant can include several different pretreatment
unit processes depending upon the application. In its simplest form, the
process includes only in-line filters preceded by chemical- coagulant
application and mixing. The mixing step, particularly in pressure
filters, can be satisfied by influent pipeline turbulence. In larger
plants with gravity filters, an open rapid-mix basin with mechanical
mixers typically is used. Figure 4-3 {llustrates the unit processes of
" a typical direct filtration plant. :

Another variation of the direct filtration procsss consists of ths
addition of a coagulant to the raw water followed by rapid mixing and
flocculation, as illustrated on Figure 4-4, The chemically conditioned
and flocculated water is then applied directly to a dual- or multi-media
filter (USEPA, 1988b).

Design Criteria .

The 1987 edition of the Ten State Standards recommends pilot studies
to determine most design criteria. For the purposes of implementation of
the SWTR this requiresent {s considered sufficieat with the following
exception: |

4. A coagulant must be used at all times when the treatment plant
is in operation.'? .

19 Optimum coagulation is critical for effective surbidity and microdiolog-

. {cal removals with direct filtration (Al-Ani et al., 1985).
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Qoerating Requirements

Operating considerations for direct filtration plants are essential-
ly identical to those for conventional treatment plants. The major
difference is that a direct filtration plant will not have a clarifier}
and may or may not have a flocculation or contact basin. In addition, EPA
recommends that all direct filtration plants, both new and existing, be
required to make provisions to minimize the break-in time of a filter
being put on-line.!!

As with conventional treatment, the initiation of backwashing a
filter should first be based on filter effluent turbidity values, then by
headloss and run time. Effluent turbidity monitoring equipment should be
set to initiate filter backwash at an effluent value of 0.5 NTU or iess.
in order to meet filtered water quality requirements. Also, any filters
removed from service should be backwashed upon start-up. In some cases,
it may not be practical to backwash filters every time they are removed
from service. This decision should be made by the Primacy Agency on a
case-by-case basis, based on the same considerations as for conventional
systeas. '

4.3.5 Slow Sand Filtration

Slow sand filters differ from single-media rapid-rate filters in a
number of important characteristics. In addition to the difference of
flow rate, slow sand filters:

a. Function using biological mechanisms as well as physical-che-

mical mechanisms
b. Use smaller sand particles

c. Are not backwashed, but rather are cleaned by removing the
surface media C .

d. iivo such longer run times between cleaning

11 as with conventional treatment, direct filtration produces a relatively
poor quality filtered water at the beginning of filter runs’ and

e

therefore a filter-to-waste period is recommended. In some cases, the

addition. of a filter aid or bringing filters on-line slowly will be

. appropriate (Cleasby et al., 1984
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e, Require a ripening period at the beginning of each run

Although rapid rate filtration is the water treatment technology
used most c'xtensivﬂy in the United States, its use has often proved
inappropriate for small communities since rapid-rate filtration is a
technology that requires skilled operation by trained operators. Slow
sand filtration requires very 1ittle control by an operator. Consequent-
ly, use of this technology may be more appropriate for small systems where
source water quality is within the guidelines recommended in Section
4.2.3, : '
As indicated in this section, slow sand filtration also may be
applicable to other source water quality conditions with the addition o
pretreatment such as a roughing filter or presedimentation. : '

Design Criteria
The minimum design criteria presented in the Ten State Standards for
slow sand filters are considered sufficient for the purposes of implemen-
tation of the SWTR with the following exceptions:
a. Raw water quality limitations should be changed to reflect the
values given in Table 4.2.% :

b. The effective sand size should be between 0.15mm and 0.35mm
rather than the current 0.30 mm to 0.45 am.'?

Additional guidance  on the design of sl(m sand filtration is

available in the design manual entitled Slow Sand Filtration for Community
Water Supplies Technical Paper 24, 1987 published by the International

12 yithout pretreatment, limitations exist in the quality of water that
is suitable for slow sand filtration (Lo¥sdon, 1987b; Cleasby et al.,
1984; Bellamy et al., 1985; Fox et al., 1983).

13 significant decreases in total coliform removals were shown at effective

sand sizes less than 0.35 mm (Bellamy et al., 1985). As defined in the
. AWWA Standard for Filtering Material, effective size is the size opening
that will pass 10 percent by weight of a sample of filter materiai.
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Reference Centre for Community Water Supply and Sanitation (IRC),
P.0. Box 5500, 2280 HM Rijswijk, the Netherlands.

Qperating Requirements =

Maintenance of a siow sand filter involves two periodic tasks:

a. Removal of the top 2 to 3 cm (0.8 to 1.2 inches) of the
surface of the sand bed when the headloss exceeds ! to 1.5 m. !

b. Replacement of the sand when repeated scrapings have reduced
the depth of the sand to approximately one-half of its design
depth (Bellamy et al., 1985). T

Following scraping, slow sand filters produce poorer quality
filtrate at the beginning of a run, and a filter-to-waste or ripening
period of one to two days is recommended before use to supply the system.
The ripening period is an interval of time immediately after a scraped
filter is put back on-line, when the turbidity or particle count results
are significantly higher than the corresponding values for the operating
filter. During this time, the microorganisms multiply and attain
equilibrium in the “schmutzdecke.* Filter effluent monitoring results
should be used to determine the end of the ripening period. For example,
a turbidimeter could be set at 1.0 NTU or less to initiate start of the
filter run. f

When repeated scrapings of the sand have reduced the depth of the
sand bed to approximately one-half of. its design depth, the sand should
be replaced. Filter bed depths of less than 0.3 to 0.5m (12 to 20
inches) have been shown to result in poor filter performance (Bellamy et
al., 1985). The replacement procedure should include removal of the
remaining sand down to the gravel support, the addition of new sand to one

half of the design depth and placement of the sand previously removed on

top of the new sand.'’

14 Removal of this top layer of the 'Séhnutzdecke' should restore the
filter to its operational capacity and initial headloss.

5 This procedure results in clean sand being placed in the bottom half
of the filter bed and biologically active sand in the top half reducing
the amount of time required for the curing period. It also prov:des
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The amount of time for the biological population to mature in a new
sand filter (also called curing) and to provide stable and full treatment
varies. ~ The World Health Organization (1980) reported that curing
requires a few weeks to a few months. Fox et al., (1983) found that
vabout 30 days" were required to bring particle and bacterial &ffluents
down to a stable level. All researchers agree that a curing time for a
. new filter is required before the filter operates at its fullest potential
(Bellamy et al., 1985). '

4.3.6 Diatomaceoys Earth Filtration

Diatomaceous earth (DE) filtration, also known as precoat or
diatomite filtration, is appropriate for direct treatment of surface
waters for removal of relatively low levels of turbidity and microorgan-
isms. . '

Diatomite filters consist of a layer of DE about 3 sm (1/8 inch)
thick supported on a septum or filter element. The thin precoat iayqr of
DE must be supplemented by a continuous body feed of diatomite, which is
used to maintain the porosity of the filter cake. If no'body feed is
added, the particles filtered out will build up on the surface of the
filter cake and cause rapid increases in headloss. The problems inherent
in maintaining the proper film of DE on the septum have restricted the use
of diatomite filters for municipal purposes, except under certain
favorable raw water quality conditions, i.e., low turbidity and good
bacteriological quality. Specific upper limits of raw water quality
parameters are not well-defined because diatomaceous earth filtration
performance depends on the nature, as well as the concentration, of the
raw water particles and the grades of diatomite employed. Logsdon (1987b)
reported that filtered water turbidities above 1 NTU and short filter runs
were observed for several diatomaceous earth plants having maximum raw
water turbidities above 20 NTU.

for a complete exchange of sand over time, alleviating potential
problems of excessive silt accumulation and clogging of the filter bed
(Bellamy et al., 1985).
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Design Criteria

The mininum design criteria presented in the Ten State Standards for
diatomaceous earth filtration are considered sufficient for the purposes
of compliance with the SWTR with the following exceptions: '

a. The recommended quantity of precoat is 1 kg/m* (0.2 pounds per
square foot) of filter area, and the minimum thickness of the
precoat filter cake is 3mm to Sam (1/8 to 1/5-inch).'

b. Treatment plants should be encouraged to provide a coagulant
coating (alum or suitable polymer) of the body feed.'’

Operating Requirements :
Operating requirements specific to DE filters include:
-« Preparation of body feed and precoat

- Verification that dosages are proper
- Periodic backwashing and disposal of spent filter cake
- Periodic inspection of the septum(s) for cleanliness or damage

- Verification that the filter is producing a filtered water
that meets the performance criteria ' )

4.3.7 Alternate Technologies o :
The SWTR allows the use of filtration technologies other than those
specified above provided that the system demonstrates to the Primacy
Agency using pilot studies or other means that the filtration techhology
when combined with disinfection achieves at least 3-log Giardia cyst and
4-log virus removal/inactivation. Such technologies must also meet the
turbidity performance criteria for slow sand filtration. Guidance for

16 Studies have shown that a precoat thickness of 1 kg/m® (0.2 1bs/ft?) was
most effective in Giardia cyst removal and that the precoat thickness
was more important than the grade size in cyst removal (DeWalle et al.,

1984; Logsdon et al., 1981; Bellamy et al., 1984).

u Although enhancement of the DE is not required for Giardia cyst removal, .
coagulant coating of the body feed has been found to significantly
imgrove removals of viruses, bacteria and turbidity. .(Brown et al.,
19

4; Bellamy et al., 1984).
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conducting pilot studies to denonstrate this effectiveness is provided in
Appendix M of this manual,

Reverse osmosis {s a membrane filtration method which is used for
" desalination and/or the removal of organic contaminants. The treatment
process' is effective for the removal of Giardia cysts and viruses and no
demonstration is necessary, _

Alternate filtration technologies which are currently available
include, but are not limited to:

- Package Plants
- Cartridge Filters

Package plants in principle are not a separate technology from the
preceding technologies. However, in many cases they are different enough
in design criteria, and operation and maintenance réquirenents that they
should be considered as an alternate technology. The package plant is
designed as a factory-assembled, skid-mounted unit generally incorporating
a single, or at most, a few process units. A complete treatment process
typically consists of chemical coagulation, flocculation, settling and
filtration. Package plants generally can be applied to flows ranging from-
about 25,000 gpd to approximately 6 mgd (USEPA, 1988b). In cases where
the Primacy Agency believes that the design criteria of the package plant
corresponds to the design criteria of the processes established earlier
in this section (i.e., that the package plant qualifies. as conventional
or direct filtration), the requirement of pilot testing may be waived.

The application of cartridge filters using either cleanable ceramic
or disposable polypropylene cartridges to small water systems may be a
feasible method for removing turbidity and some microbiological contami-
nants, such as Giardia cysts although no data are available regarding
their ability to remove viruses. Pilot studies are required to demon-
strate the efficacy of this technology for a given supply. However, if
the technology was demonstrated to be effective through pilot plant
studies at one site, then the technology could be considered to be
effective at another site which had similar source water quality
conditions. Therefore, pilot piant testing at the new site might not be
necessary.
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It is important to note that the demonstration of achieving the 3-
log Glardia cyst and 4-log virus removal/inactivation requirements
includes disinfection. Thus, if a cartridge filter is demonstrated to
achieve a 3-log removal of Giardia cysts and it is determined by CTs that
the disinfection achieves at least a 4-log virus inactivation, the
effectiveness of the technology would be demonstrated. The technology
must also maintain turbidities less than 1 NTU in 95 percent of the
monthly samples. Meeting this turbidity requirement assures a high

probability that turbidity will not interfere with disinfection and that

the inactivation efficiencies predicted by the CTs are reliable.

Design Criteria

After any necessary pilot studies are conducted and a successful
demonstration of performance has been made, design criteria should be
established and approved by the Primacy Agency. Eventually, a sufficient-
ly large data base will become available, making it easier to apply the
alternate technologies to other water supplies of similar quality.

Qperating Requirements
After any necessary pilot studies are conducted and a successful
demonstration of performance has been made, operating requirements should

be established and approved by the Primacy Agency.

4.3.8 unnszsntmgnx_Altznnnxix:;

Under certain circumstances, some systems may have other alterna-
tives available. These alternatives include regionalization and the use
of alternate sources.

For small water systems which must provide filtration, a feasible
option may be to join with other small or large systems to form a region-
al water supply system. In addition, alternative water sources located
within a reasonable distance of a community which would allow the system
to meet the requirements of the SWTR and other applicable drinking water
regulations, may be developéd to provide a satisfactory solution to a
community water quality problem. The availability of alternative ground
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water sources will depend upon the size and location of the system and
the costs involved.

4.4 Disinfection -
" 4.4.1 General - .

The SWTR requires that disinfection be included as part of th
treatment of surface water for potable use. As noted earlier, EPA
‘recommends that the number of treatment barriers be commensurate with the
degree of contamination in the source water in accordance with Table 4.2,
For example, as indicated in Table 4.2, when the total coliforms in the
source water are greater than 5,000/100 m1, conventional treatment with
predisinfection is recommended. However, the selection of appropriate
disinfection requires consideration of other factors in addition to than
those included in Table 4-2. These considerations include:

a. Source water quality and the overall removal/inactivation of

Giardia cysts and viruses desired.
b. Likelihood of TTHM formation.

c. Potential need for an oxidant for purposes other than
disinfection including control of taste; odor, iron,
manganese, color, etc. .

4.4.2 Recommended Removal/Inactivation
The SWTR requires a minimum 3-log removal/inactivation of Giardia
cysts and a minisum 4-1og removal/inactivation of viruses: '

a. Well-operated conventional treatment plants which have been
optimized for turbidity removal can be expected to achieve at
least a 2.5-log removal of Giardia cysts.

b. Well-operated diatomaceous earth, slow sand filtration and
direct filtration plants can be expected to achieve at least

. 2=log removal of Giardia cysts.

EPA recommends that:

a. Conventional filtration systems provide sufficient disinfec-
tion to achieve a minimum of 0.5-log Giardia cyst and 2-log
virus inactivation. )
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b.

C.

Further guidance on the disinfection level to be provided is’

Slow sand filtration systems provide sufficient disinfection

to achieve a minfmum of 2-log Giardia cyst and 2-log virus
inactivation.

Systems using diatomaceous earth and direct filtration, or
other filtration methods, should provide sufficient disinfec-
tion to achieve a minimum of l-log Giardia cyst and 3-log
virus {nactivation.

contained in Section 5. CT values for achieving these inactivations are
presented in Appendix E. As indicated in this Appendix:

b.

c.

A comparison of Tables E-1 through E-6 with Table E-7
indicates that systems which achieve a 0.5-log inactivation
of Giardia cysts, using free chlorine, will achieve greater
than a 4-log inactivation of viruses.

Ozone and chlorine dioxide are generally more effective at
inactivating viruses than Giardia cysts.  However, as
indicated in Tables E-8 through E-11, there are some
conditions under which the disinfection needed to provide the
recommended virus inactivation is higher than that needed for
the recommended Giardia cyst inactivation. Therefore, a
system using ozone or chlorine dioxjde for disinfection must
check the CT values needed to provide the recommended

-inactivation of both Giardia cysts and viruses and provide the

higher of the two disinfection levels. Systems may demon-
strate their efficiency for overall removal/inactivation using
the protocol in Appendices G and M.

As indicated in Tables E-12 and E-13, chloramines are much

less effective for inactivating Giardia cysts and viruses than

_ the other disinfectants. Also, chloramines may be applied to

the system in several ways, either with chlorine added prior
to ammonia, ammonia added prior to chlorine or preformed. For
systems applying chlorine ahead of ammonia, the required level
of disinfection may be determined as follows:

- determine the CT needed to provide the required

fnactivation of Giardia and viruses and provide the
higher of the two levels or

-8-26



- follow the protocol 1in Appendix & to demonstrate
effective i{nactivation to allow lower levels of
disinfection. - A '

' For systems applying ammonia ahead of chlorine or preformed
chloramines, the EPA recosmends that the system demonstrate
effective virus inactivation according to the protocol in
Appendix G, since the CT values for virus inactivation in
Table E-13 only apply to the addition of chlorine prior to
ammonia. | n

Although the SWTR requires a minimum of a 3-1og removal/inactivation
of Giardia cysts and a minimum of a 4-1og removal/inactivation of viruses,
it may be appropriate for the Primacy Agency to require greater removals/-
inactivations depending upon the degree of contamination within the source
. water, '

Rose (1988) conducted a survey of water sources to character'-izq the
Tevel of Giardia cyst occurrence for 'pollutéd' and "pristine” waters,
Polluted waters are defined as waters in the vicinity of sewage and
agricultural wastes, while pristine waters are those originating from
protected watersheds with no significant sources of microbiological
contamination from human activities. EPA believes that treatment should
be provided to assure less than one case of microbiologically-caused
i1lness per year per 10,000 people. In order to provide this level of
protection, 3, 4 or 5-log Giardia cyst reaova]/inact'ivation should be
provided for the following source water qualities:

Giardia Cyst Removal/Inactivation Required Based'"'?
———on Source Water Cyst Concentration

Giardia Inactivation 3-log 4-19g S-1og
Allowable &ai-ly avg
cyst concentration/100 L <1 - >1-10 >10-100

(geometric mean)

¥ Rose, 1988.

1910 annual risk per ﬁerson based on consumption of 2 liters of water
daily. .
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According to these guidelines, systems with sewage and agricultural
discharges to the source water should provide treatment to achieve an
overall S5-log removal/inactivation of Giardia cysts, while the minimum
required 3-log removal/inactivation is sufficient for sources with no
significant microbiological contamination from human activities. A 4-log
removal/inactivation of cysts should be provided for source waters whose
level of microbiological contamination is between these two extremes. The
location of discharges or other activities polluting the water-supply with
respect to the location of the intake should also be considered in
determining the level of removal/inactivation needed. For instance, long
travel times and substantial dilution of a discharge will lessen the
impact of the discharge on the intake water quality, in which case less
of an increase in the overall treatment recommended above, would Be
warranted. It is important to note that these levels of treatment for
different generalized source water characterizations are presented only
as guidelines. The Primacy Agency could develop disinfection requirements
based on these or other guidelines. It could also require systems with
available resources to conduct raw water monitoring for Giardia cyst
concentrations to establish the appropriate level of overall treatment and
disinfection needed. . .

The Primacy Agency may also review the nature of occurrence of
Giardia-sized particles in the raw water supply and the association with

turbidity occurrence, If it can be demonstrated that a higher degree of

removal of particles in the size range of Giardia is accomplished when
turbidity levels and associated Giardia levels are elevated, then a log
removal credit higher than 3 could be allowed for that particular
treatment plant, during such occurrences. This credit should correspond
to the log pirtic]e removal efficiencies accomplished, as determined by
particle counting data, or turbidity data if properly qualified. In all
. cases, a minimum of 0.5 log reduction of Giardia should be achieved by
disinfection in addition to the removal credit allowed for by other
treatment.
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Until a risk analysis for exposure to viruses is developed, a rough
guideline for virus removal/inactivation, can be considered as follows:

a. . For a 4-log Giardia cyst removal/inactivation, a 5-log virus
removal/inactivation is recommended.

b. For S5-log Giardia removal/inactivation, a 6-log virus
removal/inactivation is recommended.

These guidelines assume that virus occurrence in the source water’
is roughly proportional to Giardia cyst occurrence, and that
- viruses occur at higher concentrations in source waters, or

- are more infectious than Giardia cysts and

- infections from viruses may have more health risk significance

than Giardia cysts.

- Based on these assumptions, higher levels of protection are warranted.

To meet the levels of inactivation recommended here, significant
changes in the system may be required. To avoid changes in the system
which may result in conflicts with future regulations, the Primacy Agency -
may wish to establish interim disinfection levels to prdvide protection
of the public health prior to the promulgation of the disinfection
by-product regulations and then reconsider whether these levels are still
appropriate after the disinfection by-product regulations are promulgated.
Guidance for establishing interim disinfection requirements is provided
in Section 5.5.

4.4.3 TIotal Trihalomethane (TTHM) Regulations )
In addition to complying with disinfection requirements, systems

must meet the requirements of the TTHM regulations. Currently, this
regulation. includes an MCL for TTHMs of 0.10 mg/L for systems which serve
greater than 10,000 people. EPA expects to issue new regulations with a
lower MCL in the near future. These regulations may also pertain to
systems serving less than 10,000 people. Therefore, the selection of an
appropriate disinfectant or disinfection strategy must include consid-
eration of current and future regulations.
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5. CRITERIA FOR DETERMINING IF FILTRATION

5.1 Introduction
Under the SWTR, new and existing filtration plants must meet
specified monitoring and performance criteria in order to assure that
filtration and disinfection are satisfactorily practiced. These criteria
include:
- Turbidity monitoring requirements

- Turbidity performance criteria
- Disinfection monitoring requiremehts

- Disinfection performance criteria

The overall objective of these criteria is to provide control of:
Giardia cysts; viruses; turbidity; HPC; and Legionella by assuring a high
probability that: '

a. Filtration plants are well-operated -and achieve maximum

removal efficiencies of the above parameters.

b. Disinfection will provide adequate inactivation of Giardia
cysts, viruses, HPC and Legionella. .

5.2 Juyrbidity Monitoring Requirements
5.2.1 Sampling Location

The purpose of the turbidity requirements. for systems which use
filtration is to indicate:

a. giardia cyst and general particulate removal for conventiona]
treatment and direct filtration

b. - General particulate removal for diatomaceous earth fi1tration
and slow sand filtration

c. Possible {interference with disinfection for all filtration
processes

To accomplish the purposes of the turbidity requirements, the SWTR
requires that the turbidity samples be representative of the system’s
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filtered water.  The sampling locations which would satisfy this
requirement include:
a.- Combined filter effluent prior to entry into a clearwell,

b. Clearwell effluent;

Ce Plant effluent or immediately prior to entry into thé distri.
bution system; or

d. Average of measurements from each filter effluent.

The selection of sampling locations for demonstrating‘compliance
with the turbidity performance criteria is left to the system or the
preference of the Primacy Agency.

5.2.2 Jampling Freguency
The turbidity of the filtered water must be determined:

a. At least once every four hours that the system is in opera-
tion, or : '

b..  The Primacy Agency may reduce the sampling frequency to once
per day for systems using slow sand filtration or filtration
treatment gther than conventional treatment, direct filtration
or diatomaceous earth filtration, if it determines that less
frequent monitoring is sufficient to indicate effective
filtration performance. For systems serving 500 or fewer
people, the Primacy Agency may reduce the sampling frequency

_to once per day regardless of the type of filtration used if
it determines that less frequent monitoring is sufficient to .
indicate effective filtration performance. '

A system may substitute continuous turbidity nonitorin§ for grab
éamp]é monitoring if it validates the continuous measurement for accuracy
on a regular basis using a protocol approved by the Primacy Agency. EPA
recommends that the calibration of continuous turbidity monitors be
verified at féast twice per week according to the procedures established
in Method 214A of the 16th Edition of Standard Methods.'

! Although the 17th Edition of Standard Methods is available, the 16th
_ Edition is referred to in the SWTR. Continuous turbidity monitors must
be installed properly to prevent air bubbles from reaching the monitor.
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5.2.3 Additional Monitoring

As indicated in Section 4.3.2, EPA recommends that systems equip
each filter with a continuous turbidity monitor. This recommendation is
not part of the requirements of the SWTR and s not required for
establishing compliance. Rather, it is recommended as a too! fof'systems
to use to better monitor their treatment efficiency and to provide a
method for detecting a deterioration in filter performance.

If continuous wonitoring of each filter effluent cannot be
implemented, then EPA recommends that at least the following be conducted
on a quarterly basis:

a. Monitor each filter; either by grab samples or continuous
monitors, through the course of a routine cycle of operation,
i.e.: from restart to backwash

b. Visually inspect each filter where appropriate for indications
of physical deterioration of the filter

These are general suggestions. The Primacy Agencies are encouraged
to work with the systems to determine the best overall monitoring
program(s) for their particular filtration plants in order to assess the
status of the filter units. Each filter within a system should be
maintained so that each filter effluent meets the turbidity performance
criteria for the combined filter effluent (i.e., the turbidity limits
specified in the SWTR). g

5.3 Iurbidity Performance Criteria

The SWTR establishes turbidity performance criteria for each of the
filtration technologies. As previously indicated, these criteria provide
an indication of: .

a. Effective particle and microbial removal

b. ﬁbtential for interference with disinfection

In filtration, effective particle removal depends on both physical
and chemical factors. The pérticles to be removed must be transported to
the surface of the media and they must attach to the media. When
efficient particle removal does not occur, the deterioration of filter
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performance .can be due to either physical problems with the filters or
~problems with the treatment chemistry. :

Physical problems which can result in a deterioration of filter
performance include:

a.
b.
c.
d.
e.
f.

Media loss

Media deterioration

Mud ball formation

Channeling or surface cracking
Underdrain failure

Cross-connections

In addition, the treatment chemistry has a significant impact on

filtration.

the:
a.

Specifically, effective particle removal is a function of

Raw water chemistry and the changes induced by the chemica]s

added
Surface chemistry of the particles to be removed

Surface chemistry of the media

Consequently, when a filter experiences particle or turbidity breakthrough
prior to the development of terminal headloss, the search for alternatives
to correct the problem must include not only an evaluation of the
potential physical causes but the treatment chemistry as well. Generally
this involves an evaluation of one or more of the following:

a.
b.
c.

.d.

Alternate coagulant type and/or dose
Alternate coagulant aid or flocculant aid type and/or dose
Need for an alternate oxidant type and/or dose

Need for a filter aid or alternate dose
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5.3.1 Conventional Treatment or Direct Filtration

~ The minimum turbidity performance criteria for systems using
conventional treatment or direct filtration are:

a. Filtered water turbidity must be less than or equal to 0.5 NTU
in 95 percent of the measurements taken every month.

b. Filtered water turbidity levels of less than or equal to 1 NTU
in 95 percent of the measurements taken every month may be
permitted on a case-by-case basis if the Primacy Agency
determines that the system (filtration with disinfection) is
capable of achieving the minimum overall performance require-
ments of 99.9 percent removal/inactivation of Giardia cysts at
the higher turbidity level. Such a determination could be
based upon an analysis of existing design and operating
conditions and/or performance relative to certain water quali-
ty characteristics. The design and operating conditions to be
reviewed include: . '

- the adequacy of treatment prior to filtration,
= the percent turbidity removal across the treatment
train, and
- level of disinfection.

Water quality analysis which may also be used to evaluate the
treatment effectiveness include particle size counting before
and after the filter. Pilot plant challenge studies simulat-
ing full scale operation may also be used to demonstrate
effective treatment. Depending on the source water quality
and system size, the Primacy Agency will determine the extent.
of the analysis and whether a pilot plant demonstration is
needed. For this demonstration, systems are allowed to
include disinfection in She determinatijon of the overall
performance by the system. '

c. - Filtered water turbidity mﬁy not exceed 5 NTU at any time.

The Primacy Agency can assume that conventional treatment plants

that are meeting the minimum performance criteria are achieving at least

a 2.5-log removal of Giardia cysts and at least a 2-log removal of viruses
- prior to disinfection.’ '

2

3

Recommended protocol for this demonstration is presented in Appendix M.

- The literature indicates that well oberated conventional treatment

plants can achieve up to 3-log reduction of Giardia cysts and viruses

Logsdson, 1987b and Roebeck et al., 1962). Lim1t1n? the credit to
5.5-1095 for Giardia cysts and 2-logs for viruses provides a margin of
safety by requiring more disinfection. This is consistent with the
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The Primacy Agency can assume that direct filtration plants that are
meeting the minimum performance criteria are achieving at least a 2-1og
removal of Giardia cysts and a 1-log removal of viruses.!

Although the minimum turbidity performance criterion alliows for a
maximum filtered water turbidity of 0.5 NTU, treatment facilities using
conventional treatment or direct filtration, whose raw water supplies have
turbidity levels of 1 NTU or less, should be encouraged to achieve
filtered water turbidity levels of less than 0.2 NTU.}

Primacy Agencies may allow systems which believe that they are
actually achieving greater than a 2- or 2.5-log Giardia cyst'removal to
demonstrate the actual removal achieved using the protocol outlined ‘in
Appendix M." It is reasonable to expect that systems using conventional
treatment for high turbidity source water (e.g., turbidities in excess of
100 NTU), and which optimize chemical treatment prior to filtration, may
be achieving a 3-log or greater Giardia cyst removal if their filter
effluent is substantially below the 0.5 NTU turbidity limit. Softening
plants using conventional processes and 2-stage treatment processes may
also achieve a 3-log Giardia cyst removal/inactivation. The high pH of
softening may result in inactivation of Giardia cysts and viruses which
can be demonstrated according to the protocol outlined in Appendix G.
Appendix M can be used to demonstrate the Giardia cyét removal achieved.

multiple barrier concept.

with the multiple barrier concept.

% Research has demonstrated that filter effluent turbidities substantial-
ly ‘lower than 0.5 NTU are needed to obtain effective removals of
ia cysts and viruses with low turbidity source waters (Logsdon,

1987b; Al-Ani et al., 1985).
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5.3.2 Slow Sand Filtration
For systems using slow sand filtration, the turbidity performance
requirements are:
a. The filtered water turbidity must be less than or equal to
1 NTU in 95 percent of the measurements for each month.

b. At the discretion of the Primacy Agency, a higher filter
effluent turbidity may be allowed for well q?erated plants
$Sect1on 4.3.5) on a case-by-case basis, there is no

nterference with disinfection and the turbidity level never
exceeds 5 NTU. Noninterference with disinfection could be
assumed if the finished water entering the distribution system
is meeting the coliform MCL and HPC levels are less than lO/ml
during times of highest turbidity

c. Filtered water turbidity may not exceed 5 NTU at any time.

Slow sand filtration plants, with appropriate design and operating
conditions and which meet the minimum turbidity performance criteria can
be considered to be well operated and achieving at least a 2-log removal
of Giardia cysts and 2-log removal of viruses without disinfection.®
Primacy Agencies may allow systems which believe that they are actually
achieving greater than a 2-log Giardia cyst removal to demonstrate the
actual removal achieved using the protocol outlined in Apbendix M.

5.3.3 Diatomaceoys Earth Filtration

For systems using diatomaceous earth filtration, the turbidity
performance criteria are:
a. The filtered water turbidity must be less than or equal ‘to
1 NTU in 95 percent of the neasurements for each month.

b. The turbidity level of representative samples of filtered
water must at no time exceed 5 NTU. .

Diatomaceous earth systems, with appropriate design and operating
conditions and which meet the minimum turbidity performance criterion can

As indicated in Section 4, pilot studies have shown that with proper .
nurturing of the schmutsdecke, operation at a maximum loading rate of
0.2 m/hr will provide optimum removal of Giardia cysts and viruses
(Logsdon, 1987b; Bellamy et al., 1985).
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be considered to be well operated and achieving at least 2-log removal of
Giardia cysts and at least 1-log removal of viruses without disinfection.
Systems which believe that they are actually achieving greater than a 2-

log Giardia cyst removal may demonstrate the actual removal achieved using
the protocol outlined in Appendix M.

5.3.4 Qther Filtration Technologies

The turbidity performance criteria for filtration technologies other
than those presented above, are the same as for slow sand filtration. The
Giardia cyst removal achieved by these systems must be demonstrated to the
Primacy Agency. The protocol outlined in Abpendix M may be used as a
basis for this demonstration.

Reverse osmosis is a membrane filtration method used to remove
dissolved solids from water supplies. Desalination is a typical use of
the process. Application to potable water treatment is limited to
extremely high quality raw water supplies of low turbidity (1 NTU or
less), or following pretreatment to produce a supply of low. turbidity.

'The membrane excludes particles larger than 0.001 to 0.0001 um
range, thereby effectively removing bacteria, Giardia cysts and viruses.
Credit can be given for at least a 3-log Giardia cyst and 4-log virus
removal, with no demonstration. It should be noted that this removal
credit assumes the membranes are in tact with no holes in the membranes
_allowing the passage of organisms.

5.4 Disinfection Monitoring Requirements

Each system must continuously monitor the disinfectant residual of
the water as it enters the distribution system and record the lowest
disinfectant residual each day. If there is a failure in the continuous
monitoring equipment, the system may substitute grab sample monitoring
every 4 hours for up to 5 working days following the equipment failure.
Systems serving 3300 people or fewer may take.grab samples in lieu of
continuous monitoring at frequencies as follows:
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System Popylation Samples/Day
<500
501-1,000
1,001 - 2,500
2,501 - 3,300

S W N -

The grab samples must be taken at different times during the day,
with the sampling intervals subject to Primacy Agency review and approval.
If the residual concentration falls below 0.2 mg/L, the system must take -
another sample within 4-hours and notify the Primacy Agency as soon as
possible, but no later than the end of the next business day, even if the
residual is restored to 0.2 mg/L or greater within 4 hours. If the
residual is not restored to 0.2 mg/L or greater within 4 hours, the system
{s in violation of a treatment technique requirement. Each system must
also measure the disinfectant residual in the distribution system at the
same frequency and locations at which total coliform measurements are made
pursuant to the requirements in the revised Total Coliform Rule (54 FR
27544; June 29, 1989)., For systems which use both surface and ground
water sources, the Primacy Agency may allow substitute sampling sites
. which are more representative of the treated surface water supply. -

5.5 Disinfection Performance Criteria

5.5.1 Minimum Performance Criteria Required by the SWIR

For systems which provide filtration, the disinfection requirements
of the SWTR are: '

a. Disinfection must be provided to ensure that the total
treatment processes of the system (including filtration)-
achieves at least a 3-log removal/inactivation of Giardia cyst
and a 4-log removal/inactivation of viruses., The Primacy
Agency must determine what level of disinfection is required
for each system to meet this criterion.

b. The system must demonstrate by continuous monitoring and:
recording that a disinfectant residual in the water entering
the distribution system is never less than 0.2 mg/L for more
than 4 hours. If at any time the residual falls below 0.2
mg/L for more than 4 hours the system is in violation. The
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system must notify the Primacy Agency whenever the residual
.falls below 0.2 mg/L before the end of the next business day.

c. . The system must demonstrate detectable disinfectant residuals
or HPC levels of 500 or fewer colonies/ml in at least 95
_percent of the samples from the distribution system each month
for any two consecutive months. N

5.5.2 Recommended Performance Criteria

- Disinfection must be applied to assure that the overall treatment
provided achieves at least a 3-log removal/inactivation of Giardia cyst
and a 4-log removal/inactivation of viruses. As outlined in $Section 5.3,
well operated filter plants achieve at least a 2 to 2.5-l1og removal of
Giardia cysts and between a 1 to 2-log removal of viruses.. EPA therefore
recommends that the Primacy Agencies adopt additional disinfection perfor-
mance criteria that include:

a. As a minimum, primary disinfection requirements that are

consistent with the overall treatment requirements of the

SWTR, or preferably;

b. Primary disinfection requirements as a.function of raw water

quality as outlined in Section 4.4,

Recommended Minimum Disinfection .

The required minimum primary disinfection is the disinfection
needed for the entire treatment process to meet the overall treatment
requirement of 3-log Giardia and 4-log virus removal/inactivation. The
following table provides a summary of the expected minimum level of
treatment performance in well operated filter systems and the recommended
level of disinfection. -
Expected Recommended Disinfection

Conventional 2.5 2.0 0.5 2.0
Direct 2.0 . 1.0 - 1.0 3.0
Slow Sand ' 2.0 2.0 ' 1.0 2:0
Diatomaceous

Earth 2.0 1.0 1.0 3.0
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In cases where the system believes that the treatment processes are
achieving greater removals than those listed above, the actual removal
provided by the processes can be demonstrated through the procedures
outlined in Appendix M. However, EPA recommends that, despite the
removals demonstrated, systems should provide a minimum of 0.5 log Giardia
cyst inactivation to supplement filtration and maintain a second treatment.
barrier for microorganisms, '

Recommended Disinfection as a Function of Raw Water Quality

Although the SWTR requires the overall treatment to provide a
minimum of a 3-1og Giardia cyst and a 4-log virus removal/inactivation, it
may be appropriate for the Primacy Agency to require greater removals/-
inactivations depending on the degree of contamination in the source water
as presented in Section 4.4. Following is a summary of the recommended
- overall treatment which should be provided based on an estimate. of the

Giardia cyst concentration in the source water:

Allowable daily avg
cyst concentration/100 L

<l 21-10  210-100

Giardia cyst Removal/Inactivation 3-log 4-log 5-log
Virus Removal/Inactivation 4-log - 5-1og 6-1og

If a slow sand filtration plant must achieve a 4-log removal/inacti-
vation of Giardia cysts and a 5-log rémoval/inactivation of viruses, and
credit for 2-log Giardia cyst and 2-log virus removal by filtration is
granted, disinfection for a 2-log Giardia cyst inactivation and 3-log .
virus inactivation would be needed to meet the overall removal/inacti-
vation. However, Primacy Agencies may allow systems which use particle
size analysis outlined in Appendix M to demonstrate greater than a 2-log
Giardia cyst removal to provide less than 2-1og Giardia cyst inactivation
through disinfection. . '
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5.5.3 Disinfection By-Prodyct Considerations :

Although the EPA suggests increased levels of disinfection for
various source water conditions, a utility should not implement such a
change without considering the potential conflict with the requirements of
existing or future disinfection by-product regulations. EPA intends to
promulgate National Primary Drinking Water Regulations to regulate levels
of disinfectants and disinfection by-products when it promulgates
disinfection requirements for ground water systems (anticipated in 1992).
EPA is concerned that changes required in utilities' disinfection
 practices to meet the recommended inactivations for the SWTR might be
inconsistent with treatment changes needed to comply with the forthcom%ng
regulations for disinfectants and disinfection by-products. For this
reason, EPA recommends that Primacy Agencies exercise discretion,
sensitive to potential disinfection by-product concerns, in determining
the level of disinfection needed for filtered systems to meet the overall
treatment requirements specified in the rule or recommended based on
source water quality. ' .

Until the promulgation of the disinfection by-product regulation,
EPA recommends that the Primacy Agency allow more credit for Giardia cyst
and virus removal by filtration than otherwise recommended if a) the
Primacy Agency determines that a system is not currently at a significant
risk from microbiological contamination at the existing level of
disinfection and b) less stringent interim disinfection conditions are
necessary for the system to modify its disinfection process to optimally
achieve compliance with the SWTR as well as the forthcoming disinfection

by-product regulations. The following paragraphs outline the recommended

disinfection levels for systems meeting the above conditions.

. For well-operated conventional filtration plants that meet the
minimum turbidity requirements at all times, the Primacy Agency may
consider giving the system credit for 3-log Giardia cyst removal (in lieu
of the generally recommended 2.5-log crédit). Also, for well-operated
direct filtration plants, the Primacy Agency'uay consider giving the
system credit for 2.5-log Giardia cyst removal in lieu of the generally _
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recommended 2.6-109 credit. EPA recommends that these additional credits
be given for conventional or direct filtration only if:

a. The total treatment train achieves 1) at least 99 percent
turbidity removal, or filtered water turbiditifs are consis-
tently less than 0.5 NTU, whichever is lower,” or 2) a 99.9
percent removal of particles in the size range of 5to 15 um
is demonstrated as outlined in Appendix M;" and

b. The level of heterotrophic plate count (HPC) bacteria in the
finished (disinfected) water entering the distribution system
is consistently less than 10/ml.

Systems using slow sand filtration or diatomaceous earth filtration
ﬁay be given interim credit for up to 3-log Giardia cyst removal {f the
system meets the recommended conditions listed above for conventional
systems. Pilot plant studies have demonstrated that these technologies,
when well operated, generally achieve at least 3.0-log removals (USEPA,
1988a). ' :

The EPA believes that interim level of disinfection requirements may
be appropriate in some cases depending upon source water quality,
reliability of system operation and potential increased health risks from
disinfection by-products. EPA intends to regulate disinfectants and
disinfection by-products in 1992. At this time it will become apparent
how systems with disinfection by-product problems can optimally meet the
disinfection requirements of the SWTR and the disinfection by-products
regulations, concurrently,

For exaque. a system with a raw water turbidity averaging 20 NTU
maintain
3-log Giardia cyst removal credit with no further demonstration.

In cases where the Primacy Agency has a data base which shows a

ng a filtered water turbidity less than 0.2 NTU can be granted

correlation between turbidity and Giardia cysts removal, turbidity may
be used in lieu of particle size analysis. Turbidity removal require- .

ments should be set to assure 99.9 percent Giardia cyst removal.
~ correlation between turbidity and Giardia cyst removal was shown in a
study reported by Hendricks et al (1984).
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5.5.4 Recommended Disinfection System Redundancy

The SWTR does not require a redundant disinfection system for
filtered suppiies. However, in order to assure the continuous provision
of disinfection to meet the overall removal/inactivation requirements and
to maintain a residual entering the distribution system, EPA recommends
that redundant disinfection equipment be provided. As contained in the

1987 edition of Ien State Standards, where disinfection is required for

protection of the supply, standby equipment is required. Automatic
switchover should be provided as needed, to assure continuous disinfectant
application. '

Recommendations for providing redundant disinfection are outlined in
Section 3.2.4 and detailed in Appendix I.

5.5.5 Determination of Inactivation by Disinfection

The desired level of inactivation can be achieved by disinfection at
any point in the treatment or distribution system prior to the first
customer. Disinfection provided prior to filtration is referred to as
pre-disinfection while disinfection after filtration is referred to as
post-disinfection. As presented in Section 3.2, the inactivation of
Giardia cysts and viruses provided by disinfection are indicated by CT
values, '

The SWTR defines CT as the residual disinfectant concentration(s) in

mg/L multiplied by the contact time(s) in minutes. The contact time is

measured from the point of disinfectant application to the point of
residual measurement or between points of residual measurement. The
inactivation efficiency can be determined by calculating CT at any point
along the process after disinfectant application prior to the first

customer. .
A system may determine the inactivation efficiency based on one

point of residual measurement prior to the first customer, or on a profile
of the residual concentration after the point of qisinfectant application.
The residual profile is generated by monitoring the residual at several
points between the point(s) of disinfectant application and the first
customer. The system can then use the method described in Section 3.2 for
determining the total inactivation credit. Profiling the residual allows
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for credit of significantly higher residuals which may exist before the
water reaches the first customer. Methods for determining various
disinfectant residuals are described in Appendix D.

In pipelines, the contact time can be assumed equivalent to the
hydraulic detention time and is calculated by dividing the internal volume
of the pipeline by the peak hourly flow rate through the pipeline. In
mixing basins and storage reservoirs, the hydraulic detention time
generally does not represent the actual disinfectant contact time because
of short circuiting. The contact time in such chambers should be
determined bj tracer studies or an equivalent demonstration. The time
determined frgm the tracer study to be used for calculating CT is T,,. T,
represents the time that 90 percent of the water (and microorganisms
within the water) will be exposed to disinfection within the disinfectant
contact chamber. Guidance for determining detention time in contact
chambers is provided in Appendix C.

The residual disinfectant concentration should be measured daily,
during peak hourly flow, for each disinfectant section prior to the first
customer 1in the distribution system. Unless a system knows from
experience when peak flow will occur, a system can only identify peak
hourly flow after it has occurred. Therefore, EPA suggests that residual
measurements be taken every hour. If it {is not practical to take grab
samples each hour, the system may take grab samples during the period peak
flow is expected to occur, or continuous monitors may bhe used. The
measurements taken during the hour of peak flow can then be used to
determine the CT for each section (CT,,.). The determination of CTs is
explained in Section 3.2.1.

- Although the inactivation maintained in the system is determined
during peak hourly flow, the disinfectant dosage applied to maintain this.
inactivation may not be necessary under lower flow conditions. Under
~ lower flow conditions, a higher contact time is generally available and
.the CT needed to meet the required inactivation may be met with a lower
residual concentration. Continuing to apply a disinfectant dosage based
on the peak hourly flow may provide more disinfection than is needed,
increasing costs and possibly resulting in increased levels of disinfec-
tant-by-producfs. However, the system should also maintain the required
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inactivation levels at non-peak hourly flows. The system should therefore
evaluate the dose needed to provide the CT necessary for maintaining the
required inactivation under different flow conditions and set the dosage
accordingly. The following example provides guidelines for determining
flow ranges and disinfection levels to maintain the required disinfection.

Example

A 20-mgd direct filtration plant applying free chlorine as a
disinfectant has a contact time of 27.5 minutes under peak flow condi-
tions. As noted in Section 5.3, well-operated direct f{ltration plants
achieve 2-log Giardia cyst removal and l-log virus removal. Therefore,
disinfection for 1-log Giardia cyst i{nactivation and 3-log virus
inactivation is recommended. The pH and temperature of the water are 7
and 5 C, respectively. Using Table E-2, a CT of 55 is required to achieve
1-log Giardja cyst inactivation at a residual of 2 mg/L. This level of
treatment is more than adequate for 3-log inactivation of viruses
requiring a CT of 6, as indicated in Table E-7. However, under low flow
conditions the available contact time is longer, and lower residuals are
needed to provide the same level of inactivation. Based on the calculated .
contact time under various flow rates and the CT values in Table E-2,
adequate disinfection would be provided by'uwintaining the following
chlorine residuals for the indicated flows:

CT90 ' .
Contact (mg/L-min) Free Chlorine
Elow (MGD) i
20 27.5 55 2.0
15 36 52.5 1.5
10 54 50 1.0
5 108 47 0.5

CT,, corresponds to a l-log inactivation. If a different level of
inactivation were needed, CT values for that inactivation would be read

from the tables corresponding to the pH and temperature of the water.

- Section 3.2.2 lists the percent inactivations corresponding to
log inactivations, i.e., 0.5-log equals 68 percent requiring

CT“ o
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- . In cases where the residual, pH or temperature of the water is
an intermediate value not reported in the tables, linear
(straight-1ine) interpolation may be used.

- For example, in the above listing, 0.5 mg/L residuals are not
included 1in- the Appendix E tables. The CT,, value was
determined by interpolating between the <0.4 mg/l,value of 46
mg/L-min and the 0.6 mg/L value of 48 mg/L-min.

- CT values for intermediate pH and temperature values may also
be interpolated; or

= The CT values for the higher pH or lower temperature listed in
the table may be used instead of interpolation.

- Ty, tables in the SWTR can be used to calculate the CT
requ?red to achieve any log inactivation by:

log inactivation
CTrequired = _required _ x CT,, o
3.0 log '

The variation in CT required with respect to the residual for
chlorine makes it impractical for the utility to continually change the
disinfectant dose as the flow changes. Therefore, EPA suggests that the
flow variation at the utility be divided into ranges and the residual
needed at the higher flow of the range be maintained for all flows within
the range to assure adequate disinfection. The following flow ranges and
residuals at the given pH and temperature are suggested for this plant:

Free Chlorine

Elow Range (MGD)
5'10 1.0
10-15 105
15'20 200

In this way, the utility is assuriﬁg the provision of the required
disinfection while minimizing the disinfectant costs and possibly lowering
disinfection by-products. - : : :

Although these residuals will meet the required CT, maintaining a
residual in the distribution system must also be considered. If there is
no other point of disinfection prior to the distribution system, the
residual for disinfection must be maintained at a level which will also
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provide a residual throughout the distribution system. The complete range
of ‘flows occurring at the plant should be evaluated for determining the
required residual. The utilities may establish the residual needs for as
" many flow ranges as is practical.

The Primacy Agency should make periodic checks to assure that the
utility is maintaining adequate disinfection at both peak and non-peak
flow conditions.

In contrast to this close control of disinfectant addition and CT
monitoring, for filtered systems which have long detention. times and
regularly exceed the CT requirements for the {nactivation needed, it may
be unnecessary for.the system to calculate CTs each day of operation.
Unlike unfiltered systems where CTs must be calculated each day, for
filtered systems, monitoring the residual at the end of the contact time
may be sufficient to indicate that the required disinfection is provided.
However, this results in much higher CTs in the summer than is needed,
which adds to costs and possibly unnecessary increased production of
disinfection by-products. The following example outlines one scenario for
which this would apply. '

Example :

A utility disinfects with chlorine ahead of a reservoir prior to
direct filtration. The Primacy Agency may give a well-operated direct
filtration plant credit for 2-log Giardia cyst removal and 1-log virus
removal. Therefore, 1-log Giardia cyst and 3-log virus inactivation
through disinfection is needed. For free chlorine, the CTs for l-log
Giardia cyst inactivation exceed the CTs for 3-log virus inactivation.
Therefore, CTs for Giardia cyst inactivation are the controlling CTs. The
following water quality conditions occur in the reservoir during the year:

pH 7175
Temperature (° C) 5-20
Chlorine residual (mg/L) ' 0.2 - 0.8

The required CT for chlorine increases with:
- increasing residual,

- increasing pH, and

- decreasing temperature
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Thus, for a residual of 0.8 mg/L the CT needed for a 1-log Giardia
cyst inactivation is as follows:

. CT"
pH Temperatyre (C) mg/L-min .
7.5 5 ' 58 (Table E-2)
7 o 20 18 (Table E-5)

Tracer studies conducted on the reservoir indicated a°T,, of 150 |
minutes at the system's maximum flow. For the maximum CT of 58 mg/L-min
required, the minimum residual needed to meet this requirement is 0.4

mg/L, calculated as:
28 m%LL-_mjn = 0.4 mg/L
150 min "

At a residual of 0.4 mg/L, CT,, is 55 mg/L-min. Thus, any residual 0.4
mg/L will provide the needed disinfection throughout the year and the
Primacy Agency may require the system to report only the residual
maintained, reducing the effort needed to determine effective disinfec-
tion. Maintaining this residual in the summer, however, provides much
higher CTs than needed, possibly resulting in unnecessary costs and
increased disinfection by-products.

Meeting the Recommended Inactivation Using Free Chlorine

As previously indicated in Section 3.2.1, the effectiveness of free
chlorine as a disinfectant is infiuenced by both the temperature and pH of
the water and by the concentration of chlorine. The jinactivation of
Giardia cysts by free chlorine at various temperatures and pHs. are
presented in Appendix E (Table E-1 through Table E-6). "The CT values for
the inactivation of viruses by free chlorine are presented in Table E-7.

-To determine whether a system is meeting these inactivations, the
free chlorine residual, pH and temperature must be measured, at one point
or several points prior to the first customer, where contact time(s) is
measured. The contact time should be determined from the point of
application of the disinfectant to the point(s) where the residual is
measured for determining CTs prior to the first customer. The CTs
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actually achieved in the system should then be compared to the values in
the table for the pH and temperature of the water at the point(s) of
residual measurement. Guidance on calculating the CT for chlorine is
presented in Section 3.2.1. :
Meeting the Recommended Inactivation Using Chlorine Dioxide
CT values for the inactivation of Giardia cysts by chlorine dioxide
are presented in Table E-8 and the CT values for the inactivation of

viruses are presented in Table E-9. As shown in Tables E-8 and E-9, the

only parameter affecting the CT requirements for chlorine dioxide is

‘temperature. However, the disinfection efficiency of chlorine dioxide may

be significantly increased at higher pHs. Since the CT values in Tables
E-8 and E-9 were based on data at pH 7 and 6, respectively, and chlorine
dioxide appears to be more effective at higher pHs, systems with high pHs
may wish to demonstrate that CT values lower than those presented in

_Tables E-8 and E-9 may achieve the desired level of inactivation.

Chlorine dioxide residuals are short-lived. Therefore, sampling and

residual analysis at various points in the treatment process downstream of.

the point of application may be necessary to establish the last point at
which a residual is present. Subsequent sampling and residual analyses
conducted upstream of this point can be used to determine the CT credit by
using the demonstrated detention time between the point of application and
the sampling location. Methods for calculating CT values are presented in
Section 3.2. Systems using chlorine dioxide may conduct pilot studies to
demonstrate effective disinfection in lieu of calculéting €T, or for
determining that lower CT values than those in Appendix E are appropriate.
Guidelines for conducting these studies are presented in Appendix G.

Meeting the Recommended Inactivation using Qzone

CT values for the inactivation of Gjardia cysts by ozone'are.

presented in Table E-10 for various temperatures and inactivation rates.
As indicated in this table, the CTs required for inactivation with ozone
are substantially lower than those required for free chlorine. This
reflects the fact that ozone is a more powerfd] disinfectant. The CT
requirements for inactivation of viruses using ozone are presented in
Table E-11. In cases where only a 1-log or lower Giardja cyst inactiva-

tion is needed, the CT values for virus inactivation may be higher than
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the CTs for Giardia cysts. Because of the reactivity of ozoﬁe. it is
unlikely that a residual will exist for more than a few minutes. As a
result, the application of a persistent disinfectant such as chlorine or
chloramines is needed to maintain the required disinfectant residual in
the distribution system. Guidance for calculating CT values for 6zone are
presented in Section 3.2.1 and Appendix 0. In lieu of calculating the CT
for an ozone contactor or demonstrating that lower CTs are effective, the
disinfection efficiency can be demonstrated through pilot studies as
presented in Appendix G. -
~ Meeting the Recommended [nactivation Requirements using Chloramines

CT values for the inactivation of Giardia cysts by chloramines are
presented in Table E-12. The high CT values associated with the use of
chloramines may be unachievable for some systems. In these cases,
chlorine, ozone, or chlorine dioxide should be used for primary disinfec-
tion, and chloramines for residual disinfection, as necessary. Table E-13
presents CT values for the inactivation of viruses with chloramines. This
table is only applicable for indicating virus inactivation efficiencies if
chlorine is added prior to ammonia. Systems which add ammonia prior to
chlorine or ammonia and chlorine . concurrently, can determine viral
inactivation efficiencies using the protocol given in Appendix G. For’
systems applying chloramines to meet the virus inactivation requirements,
EPA recommends that they also monitor for HPC in the finished water, as
presented in Section 5.6.  Systems also may demonstrate effective
disinfection with chloramines in lieu of calculating CT, or to determine
that lower CT values than those indicated in Appendix E are appropriate.
The protocols outlined in Appendix G can be used for this demonstration.
Further guidance on chloramines is given in Section 3.2.1.

Meeting the Inactivation Requirement '

Using Ultraviolet (UV) Radjatjon

Ultraviolet radiation is a method of disinfection which can be
applied to meet the virus inactivation requirements of the SWTR.

UV disinfectant dose, expressed in terms of UV intensity and
exposure time/unit area (mw-gec/cmz) incorporates the elements of the CT
concept and therefore can be considered as analogous or equivalent to acT
value. UV disinfection usually employs commercially available units
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designed to deliver doses of 25 to 35 mW-sec/cm’. The dose can be
increased by reducing water flow rate and/or by adding additional units in
series. ~ UV disinfection efficiency differs from that of chemical
disinfectants in that it {s not affected by water temperature. UV
radiation does not effectively penetrate solids and is absorbed by certain
dissolved substances. Therefore, turbidity and other water quality
factors are important determinants of UV disinfection efficiency, and UV
should be applied after turbidity removal.

CT values for the inactivation of Giardia cysts by UV are not
included in Appendix E. The results of two studies (Rice and Hoff, 1981;

- Carlson ef al, 1985) indicate that Giardia cysts are extremely resistant

to inactivation by UV with doses greater than 60 mW-sec/cm’ causing less
than 80% inactivation. Because UV appears to be very ineffective for
Giardia cyst inactivation and in the absence of sufficient data showing
the doses needed to inactivate 0.5 to 3.0 logs of cysts, UV must be used
in combination with other disinfectants to provide evidence of effective
cyst inactivation.

CT values for the inactivation of viruses by UV are presented in

Table E-14. Units used for UV disinfection should be equipped with fail-
safe devices that will provide automatic shutdown of water flow if UV dose
decreases to levels lower than those specified in Table E-14.

Meeting the Inactivation Requirement Using Alternate Disinfectants

For system using disinfectants other than chlorine, chloramines,
chlorine dioxide, or ozone, the effectiveness of the disinfectant can be
demonstrated using the protocol contained in Appendix G. The protocol in
Appendix G.3 for batch testing should be followed for any disinfectant
which can be prepared in an aqueous solution and will be stable throughout
the testing. For disinfectants which are not stable, the pilot study
protocol outlined in Appendix G.4 should be followed.

1) ' n - jardia, 2-1 i iv

A community of 70,000 uses a river as its drinking water source.
Ozonation prior to a conventional treatment plant is used to treat the
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water. The source has a protected watershed with limited human activity
and no sewage discharge. -The river water has the following water quality
characteristics:

Turbidity 10 - 200 NTU
Total estimated Giardia cyst level <1/100 /L
pH 7.0 - 7.5
Temperature §-15

The treatment plant has a design capacity of 15 mgd and treats an
average flow of 10 mgd. A three chamber ozone contactor precedes the
rapid mix. Alum and polymer are added as a coagulant and coagulant aid,
respectively. The ‘finished water turbidity at .the plant is maintained
within the range of 0.1 to 0.2 NTU. Chloramines are applied after the
filters, but prior to the clearwells, to maintain 2 residual entering and
throughout the distribution system.

Based on the raw water quality and source water protection, an
overall 3-log Giardia cyst and 4-log virus removal/inactivation is
appropriate for this water source. However, as noted in Section 5.3,
Primacy Agencies may credit well operated conventional filtration plants
with 2.5-1og Giardia cyst removal and 2-log virus removal. Therefore,
disinfection for 0.5-1og Giardia cysts and 2-1og viruses is recommended to
meet the overall treatment requirements of the SWIR.

On the day of this example calculation, the peak hourly flow rate of
the plant was 13 mgd. The contact time of the ozone basin, T,, determined
from tracer study data is 6 minutes for this flow. The water had a pH of
7 and a temperature of 5 C on the day of the calculation. For ozone under
these conditions of pH and temperature, the following CTs are needed for .
the reqdired inactivation (Tables E-10, E-11):

| 0.5-1cg Giardja 2-log virus
cT 0.3 0.6

The CT values indicate that viruses are the controlling parameter for

disinfection and the overall inactivation provided will be calculated

based on viruses. The over;Il virus inactivation provided by the ozone

contactor {s determined as follows:
- Average ‘
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Residual Tio CT“'E CTy, ' CTg”g/CT” s

1 : 001 2 002 009 0022
2 0.2 2 0.4 0.9 0.44
3 0.2 2 0.4 0.9 '

The sum of CT,,./CTy ¢ 1s 1.1. This corresponds to more than a 3-log virus
inactivation determined as 3 X CT,, . /CTy o = 3 X 1.1 = 3.3-10g. Therefore, -
the system exceeds the recommended inactivation. :

2)  Recommended 1-log Gjardfa Cyst, 2-log Virys Inactivation

A 2 MGD slow sand filtration plant treating reservoir water, fed by
mountain streams with no nearby wastewater diicharges. provides drinking
water for a community of 8,000 people. The water quality at the intake

has the folloqing water quality characteristics:

Turbidity 5 - 10 NTU
Total coliforms Not measured
Total estimated Giardia cyst level " <1/100 L

pH | 6.5-7.5

Temperature 5-15C

The filtered water turbidity ranges from 0.6 - 0.8 NTU. Considering
the source water quality and plant performance, an overall 3-log Giardia
cyst and 4-log virus removal/inactivation is considered sufficient for
this system. As noted in Section 5.3, the Primacy Agency may credit slow
sand plants with 2-log Giardia cyst and 2-log virus removal. Therefore
disinfection for 1l-log Giardia cyst and 2-log virus inactivation is
recommended for the system to meet the overall treatment requirements.

_Chlorine is added prior to the clearwells to provide disinfection.
The clearwells have a capacity of 80,000 gallons. A one mile, 16-inch
transmission main transports the water from the treatment plant to the
first customer. The inactivation provided is determined daily for the
peak hourly flow conditions¢ Tracer studies have been conducted to
determine the T,, for the clearwells for different flow rates. For the
purposes of calculating the inactivation the system is divided into two sections.

Section 1 - clearwell
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Section 2 - transmission main

Tho flowrate at peak hourly flow from the clnarwell was 1.5 mgd on
the day of this example. At this flowrate, the T,, of the clearwell is 67
minutes, as determined from the results of the tracer studies. At this
flowrate, water travels through the transmission main at 99 ft/min. The
. data for the calculation of the inactivation is as follows:

, section 1 Section 2
length of pipe fft) 0 5280
contact time (min) -
pipe _ 0 83 -
basin 67 0
total 67 53
disinfectant chlorine chlorine
residual (mg/L) 1.0 0.6
temperature C 5 5
pH 7.5 7.5

For free chlorine, a 1-log Giardia cyst inactivation provides greater than
a 4-log virus inactivation; therefore, Giardia cyst inactivation is the
controlling parameter, and the inactivation provided is determined based
on Giardia cysts. The calculation is as follows:

Section 1 - Chiorine
CT,.,.. = 1.0 mg/L x 67 minutes = 67 mg/L-min

From Table E-2, at a temperature of 5 C and a pH of 7.5, CT,, is
179 mg/L-min '

CTt‘|QICT’9’ - Mﬂm _- 0'37
179 mg/L-min
Section 2 - Chlorine

CT,,..= 0.6 mg/L x 53 minutes = 32 mg/L-min

From Table E-2, at a temperature of 5 C and a pH of 7.5, CTy , is
171 mg/L-min

CTe1c/CTgg s = 32.mg/L-min = 0.19
cale 99.% 171 mg/L-min

The sum of CT,,,./CT,, , is equal to 0.56. This is equivalent to a 1.7-log
Giardia cyst inactivation determined as 3-log x CT,,, /CTgg ¢ » 3 X 0.56 =
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1.7-1ogs. Therefore, the system exceeds the disinfection recommended to
meet the overall treatment requirements.
- 3) - Recommended 2-1og Giardia Cyst, 4-log Virus Inactivation
A community of 30,000 people uses a reservoir treated by direct
filtration for its water supply. The reservoir is fed by a river which
receives the discharge from a wastewater treatment plant 10 miles upstream
of the reservoir. The reservoir water quality is as follows:

Turbidity 5 - 15NTU

Total coliforms 100 ~ 1000/100 m) -
Total estimated Giardia cyst level 57100 L '
pH 6 -7

Temperature 5§-15¢C

Based on the source water quality, an overall removal/inactivation
of 4-log Giardia cyst and 5-log virus is recommended as outlined in
- Section 4.4. _ ,

The source water flows by gravity to a 3 MG storage reservoir prior
to pumping to the water treatment plant. Chloramines are produced by
first adding chlorine then ammonia to the water within the inlet of the
storage reservoir, Chlorine dioxide is added to the filtered water prior
to the clearwells. Chloramines are applied after the clearwells to
maintain a residual in the distribution system. The system design flowvis
8 mgd with an average flow of 5 mgd. For the calculation of the overall
inactivation, the system is divided into 2 sections.

Section 1 - the storage reservoir and the transmission to the

treatment plant

Section 2 - the clearwells

The overall {inactivation for the system is computed daily at the
peak hourly flow conditions. The pH, temperature, and disinfectant
residual {s measured at the end of each section prior to the next point of
disinfectant application and the first customer. The flow is measured in
the transmission main entering the plant and exiting the clearwells. On
the day of this example calculation, the peak hourly flow was 6 mgd in the
transmission mains entering and leaving the plant. If the flowrates were
different, the T,, corresponding to the respective flowrate would be used
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in the calculation. Guidance for determining CTs when flowrates vary
within a system is given in Section 3.2. The water velocity through the
20-inch transmission main is 256 ft/min at a flow of 6 mgd. Tracer
studies were conducted on the storage reservoir and clearwells. As
determined from the testing the detention times, T,,, of the basins at a
flow of 6 mgd are 380 and 130 minutes for the storage reservoir and
clearwells, respectively. The data for the calculation of inactivation is
as follows:

Section 1 Section 2

length of pipe fft) 4500 0
contact time (min ,

pipe 18 -0

basin 380 130

total ' 398 130
disinfectant chloramines chlorine dioxide
residual (mg/L) 1.5 0.2
temperature C 5 A
pH 7 7

For each of the disinfectants used, the foIlowing CTs are needed for -
2-log Giardia and 4- log virus inactivation for the pH and temperature
conditions of the system.

CT for 2-log CT for ﬁ-log
~Siardia : Virys
chloramines 1430 _ © 1988

chlorine dioxide 17 ' 33.4

The CT required for the virus inactivation {s higher than that
“needed for Giardia inactivation for each of the disinfectants. Since the
viruses are the controlling parameter, the inactivation calculation will
be based on the viruses. The calculation is as follows:

Section 1 - Chloramines
CT.,c = 1.5 mg/L x 398 minutes = 597 mg/LJuin

From Table E-13, at a temperature of 5 C and a pH of 7, CT9999 is
1988 mg/L-min

CT““/CT”‘“ . .jﬂ_m:mln = 0.3
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1988 mg/L-min
Section 2 - Chlorine Dioxide
CTeuie = 0.2 mg/L x 130 minutes = 26 mg/L-min

From Table E-9, at a temperature of 5 C and a pH of
33.4 mg/L-min P f PH of 7. €1

CTe01c/CT59 95 = 26_mg/L-min = 0.78
33.4 mg/L-min

9.99 18

The sum of CT,, ./CT,, 5 15 equal to 1.08, which is equivalent to a 4.3-10g
inactivation of viruses, determined as follows:

x »4-log x ‘'calc = 4 x 1.08 « 4.3-10gs
Tos. 99 )

Therefore, the system provides sufficient disinfection to meet the overall
recommended treatment performance.

5.6 Other Considerations

Monitoring for heterotrophic plate count (HPC) bacteria is not .

required under the SWTR. However, such monitoring may provide a good
operational tool for:
- Measuring microbial breakthrough

- Evaluating process modifications
- Detecting loss of water main integrity

- Detecting bacterial regrowth conditions within the distribu-
tion system

- [l)sg;mining interference with the coliform measurements (AWWA,
) )

Therefore, EPA recommends routine monitoring for HPC in the plant
. effluent and within the distribution system whenever the analytical
capability is available in-house or nearby. Systems which do not have
this capability should consider using a semi-quantitative bacterial water
sampler kit, although this is not acceptable for compliance monitoring.
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As discussed in the preamdb.e to the SWTR, EPA believes that it is
inappropriate to include HPC as a treatment performance criterion in the
rule since small systems would not have in-house analytical capability to
" conduct the measurement, and they would need to send the samples to a
private laboratory. Unless the analysis is conducted rapidly, -HPC may
multiply and the results may not be representative.

EPA recommends an HPC level of less than 10/ml in the finished water
entering the distribution system and levels of less than 500/m! throughout
the distribution system. -

Legionella is another organism which is not included as a treatment
performance criterion. Inactivation information on Legionella is limited.
EPA believes that treatment which complies with the SWTR will remove
and/or inactivate substantial levels of Legionella which might occur in
source waters, thereby reducing chances that Legionella will be trans-
ported through the system and reducing the possibility that growth might
occur in the distribution system or hot water systems within homes and
institutions. Since Legionella are similar in size to coliform organisms,
removals by filtration should be similar to those reported for total
coliforms. In addition, the available disinfection information indicates
that the CT requirements for inactivation of Legionella are lower than
those required for the inactivation of Giardia cysts. EPA recognizes,
that regardless of the treatment provided, some Legionella may enter
plumbing and air conditioning systems and subsequentlj’multiply (Muraca et
al,, 1986). EPA believes that these concerns are best addressed through
guidance contained in Appendix B.
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6. REPORTING

6.1 Reporting Requirements for Public Water Systems

The SWTR requires unfiltered systems to prepare monthly reports for
the Primacy Agency to determine compliance with the requirements for:

source water fecal and/or total coliform levels

source water turbidity levels

disinfection level -
disinfectant residual entering the distribution system :
disinfectant residuals throughout the distribution system.

The monthly reports must be prepared and submitted to the Primacy
Agency within 10 days after the end of the month. The utility must
maintain a daily or monthly data log used to prepare the monthly reports.
Tables 6-1 through 6-5 are examples of daily data sheets which the
utilities may find useful for logging the data needed to prepare reports
for the Primacy Agency. . '

Table 6-6 presents a concise format which can be used by the system
for the monthly reports to the Primacy Agency. Tables 6-3 and 6-4 must
also be submitted with the monthly report. After the initial 12 months
of reporting, the Primacy Agency may remove the requirement for reporting
the information contained in Table 6-3 if it is satisfied that the system
"is computing compliance with the CT requirements correctly. - The
individua) sample results summarized in the monthly reports should be kept
on file at the utility for a minimum of § years. :

In addition to the monthly reporting requirements for source water
quality conditions and disinfection information, systems with unfiltered
supplies are also required to submit annual reports for the watershed
control program and the on-site inspection, within 10 days after the end
of the federal fiscal year.

The Primacy Agency will review the reports to determine whether the
system is in compliance. A possible report format for the watershed
control program is: '
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1. -vs:ggarize all activities in the watershed(s) for the previous
year. .

2. ldentify activities or situations of actual and potential
concern in the watershed(s). .

3. Describe how the utility is proceeding to address activities
creating potential health concerns.

EPA recommends that the Primacy Agency submits the annual watershed
reports to the State Water Quality Managers. The reports will be useful
in updating statewide assessments and management programs. i
, The SWTR requires each system to provide the Primacy Agency with a
report of the on-site inspection unless the inspection is conducted by the
Primacy Agency. EPA suggests that: '

1. A report of the inspection containing the findings, suggested
improvements and dates by which to complete improvements is
to be prepared following the initial system review. When and
how system has resolved problems identified in the previous
report should also be included.

2. To lessen the burden on utilities, a report containing resu1t§
of the general survey should be submitted in subsequent years.

In addition to these reporting requirements, the SWTR requires that
the reporting requirements of the Total Trihalomethane Regulation and the
Coliform Rule also be met.

Records of waterborne disease outbreaks also must be maintained.
In the event of a waterborne disease outbreak, as defined in part 141.2
of the SWTR, the Primacy Agency must be notified by the end of the next
business day. .

' The report of the outbreak should contain:

1. Date of occurrence

2. - Type of illness

3. Number of cases _ :

4. System conditions at the time of the outbreak, including
disinfectant residuals, pH, temperature, turbidity, and
bacteriological results. ' :

The records of an outbreak should be maintained permanently or until
filtration is installed.
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6.2 Reporting Requirements for Public Water Systems Using Filtration

The SWTR requires f{ltered water systems to submit monthly reports
to the Primacy Agency for determination of compliance with the .require-~
ments for:

- treated water turbidity
- disinfectant residual entering the distribution system
- disinfectant residuals throughout the distribution system

Tables 6-7 and 6-8 present a format which the utility can use as a daily
data log and to submit monthly reports to the Primacy Agency. '
Recommended Reporting Not Required by the SWIR
The Primacy Agency may also want filtered water systems to report
some information associated with recommendations made in this manual which
are not requirements of the SWTR. EPA recommends that filtered water
systems:

1. Report the log inactivation of Giardia cysts and viruses,
required by the Primacy Agency.

2. Report point of application for all disinfectants used.

3. Report the daily CT(s) used to calculate the log inactivation
of Giardia cysts and viruses.

4. If more than one disinfectant is used, report the CT(s) and
inactivation(s) achieved for each disinfectant and the total
percent inactivation achieved. '

5. Note any difference between the measured CT(s) and the CT
required to meet the overall minimum treatment performance
. requirement specified by the Primacy Agency.

Tables 6-3 and 6-4 can be used to maintain the records necessary for
numbers 2 through 5. '

This information can be used to determine the disinfection level
maintained by the system to assure that the overall removal/inactivation
required is maintained.
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The Primacy Agency may nake provisions to ninimize ‘the reporting
roquireaents for systems with reservoirs, large amounts of storage or long
transmission mains which provide a long disinfectant contact time. Since
these systems typically provide inactivation in excess of that needed, the
Prinacy Agency may require the system only to report the minimum daily
residual at the end of the disinfectant contact time. The CT maintained
can then be estimated based on this residual and the contact time under
the system design flow. This method of CT determination will eliminate
the need for the system to determine the contact time under maximum flow
conditions each day. -

- -
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TABLE 6-1

Year

Moath

1
SOURCE WATER QUALITY CONDITIONS FOR UNFILTERED SYSTEMS
(Fot system uss oaly)

Systern/Treatmect Plant
PWSID

Turbidity Measurements

Dats

2 3
Coliform Measurements Maximum
No. of Samples Ne. of Samples Mesting Specified Limits Turbidity
Fecal Total Fecal(<= 20/100 mL) Total (<= 100/100 mL) (NTU)
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Totals:

Maximum daily turbidity = ______
Total number of turb:due

NTU

awity =

1!0‘“3

2 As specified in 40 CFR 141.74(b)X1), a fecal or total coliform sample must be taken on each day dm the
system operates and & source water turbidity measurement exceeds | NTU.

. Samples are taken from the sourcs water immediately prior to the first disinfection point included in the CT determunar..

3. For each day that the maximum turbidity exceeds S NTU, the date should also be entered for the day that the State wus il

of this exceedance, ¢.g., °7.3-22 Apr”.

L 4. A “"yes” response is required esch day the maximum tuibidiry exceeds S NTU and the previous day did not. This i» .o

«~

of the beginning of a turbidity “event™. The total number of “yes™ responses equals the number of turbidity “events ... -~



TABLE 6-2

Year

LONG-TERM SOURCE WATER QUALITY CONDITIONS FOR
UNFILTERED SYSTEMS
(For systsm wss oaly)

Syster/Trestrment Plant

PWSID

ﬁrbidily Measurements

Month

Coliform Measurements -

No. of Samples No. of Samples Meoeting Specified Limits

Focal Total Fecal(< = 20/100 mL) | Total (<= 100/100 mL)

Days with
Turbidity
>5 NTU

l

Nunaber of
Turbidity
Events

January

February

March

Apri

May

June

July

- am - =

August

September

November

December

Total:




TABLE 6-3

Month
Year

Disinfectact/Sequence of Application

CT DETERMINATION FOR UNFILTERED SYSTEMS — MONTHLY REPORT TO PRIMACY AGENCY
Systsrn/Treatment Plant

Date

k]
Disinfectant
Concsatration,
C (mg/L)

Disinfectant
Contact Time,
T (min.)

PWISID

CTeale
{=CxT)

1,2

3,5
pH

Watsr
Temp.
(dsg. C)

.

(CTeale/CTH 9|

l

Olwivionjw]|alwin]—

owmbhuwn

may no longer require this form.
Use » separate form for sach disinfectant/sampling site. Enter disinfectant and sequence position, ¢.g.. “ozone/1st” or “C102/3rd".
Messurement taken at peak hourly flow.
CTeale = C (mg/L) x.T (min.).

Only required if the disinfectant is froe chlorine.

From Tables 1.1 - 1.6, 2.1, and 3.1, 40 CFR 141.74(b)(3).

Propared by
Dute

. Tobginduddinthemonthlyreponforulm 12 months after the initiation of reporting. Afer that time, the Primacy Agency




TABLE 64

Date

DISINFECTION INFORMATION
FOR UNFILTERED SYSTEMS — MONTHLY REPORT TO PRIMACY AGENCY

System/T restrosnt Plant
pPWSID '

. l
Minimum Disinfectant Residual
o Point-of-Entry to
Distribution System (mg/L)

(CTcalc/CT99.9) (from Table 6-3)

Disinfectant Sequencs

It | 2nd | 3¢ed | &b | Sth

6th

2

SUM (CTeale/CT99.9)

3

SUM (CTeale/CTH.9) <!l .

(Yes or No)

IS JUERY TR DIV QUV R

ol 2O Wnislwlte

RS N .

=
1 -4}~

. AL

[P )
o
e faea

Notes:

Prepared by
Deto

. If leas than 0.2 mg/L., the lowest level and durstion of the period must be reported, ¢.g.. “0.1.3 hra.”.
2. To determine SUM (CTcalc/CT99.9). sdd (CTcalc/CT9.9) values from the first disinfectant sequence to the last.
3. If SUM (CTcalc/CT99.9) <1, a treatroent technique violation has occurred, and a "yes” response must be entered.




TABLE 65

DISTRIBUTION SYSTEM DISINFECTANT RESIDUAL DATA FOR UNFILTERED AND FILTERED SYSTEMS
' MONTHLY REPORT TO PRDMACY AGENCY
[Moat Sysem/Treatrasot Plast
{Year PWSID
Date | No. of Sites Where No. of Sites Where no | No. of Sites Where No. of Sites Where No. of Sites Where
Disinfectant Residual | Disinfectant Residual Disinfectant Residual Disinfectant Residual | Disinfectant Residual
was Measured (=a) Measured, but HPC Not Detected, no HPC | Not Detected, Not Measured,
Measured (=b) Measured (=¢) HPC > 500/ml (=d) | HPC > 500 ml (me)
1
2]
3!
4
5
6!
71!
LB
9|
10 |
TH
123
131 |
14 ! i
18
{16
LA
18 |
19
20
21
n
¥ ]
pX}
28
26
27
28
29
30
3t
Total ja= bm cm= d= em
V = (c+d+e)/(a=mb)x]00 = ( + + W( + )x100= ___ %




TABLE 6-6
MONTHLY REPORT TO PRIMACY AGENCY FOR
COMPLIANCE DETERMINATION -~ UNFILTERED SYSTEMS
Month - Sysem/Trestment Plant _
Yoar PWSID

Wat .

A. Cumulative number of months for which results ars reported

For source water coliform monitoring ... (No. of months)

For turbidity monitoring {No. of moaths) . 1
1

B. Coliform Criteria

No. of Samples No. of Samples Mesting Specified Limits
. Fecal Tocal Fecal (<= 20/100 mL) Total (<= 100/100mL)
Previous 6 moaths’: : w= = y= 1=
Percentage of samples < = 20/100 mL fecal coliforms, F m y/wx 100 = __ % —

Percentage of samples <= 100/100 mL total coliforms, T = 2/2x100= ___ %
IBF<90%? Yeu: __No: _NA__;sT<WR? Yes: ___No: __NA: __

C. Turbidity Criteris
Maximum turbidity lsvsl for reporting {current) month = NTU
Eater the moath 120 months prior to the reporting month or January 1991 (whichever is later)

Dates of $ NTU Exceedances Since Latet Month Recorded Above
Beginning Date Duration (days) Dats Reported

Pisinfection Criteris
A. Point-of-Entry Minimum Disinfectant Residual Criteria
Days the Residual was <0.2 mg/L
Day Duration of Low Level (hrs.) Dats Reported

to Primacy Agency

B. Distribution System Disinfectant Residual Criteria
The value of 8. b, ¢, d, and ¢ from Table 6-5, as specified in 40 CFR 141,75 ON2XiiiXA)<E):

s = b= JC ™ ,d= o=
. Vs c+d+eo x100= %
a+bd

For previous mooth, V =

C. Disinfection Requirement Criteria
Record the dats and value of SUM (CTcalc/CT99.9) for any SUM (CTcale/CTH9.9) <1 (from Table 6-4):
If none, enter “none".

Date SUM (CTealc/CT59.9)

Prepared by

Date

Notes: " 1. The current 6-month cumulatives are required to determine whether compliance with the coliform criter:s.
has been achieved. Thess totals are calculated from: the previous 6-month cumulatives, the current
moath’s, and totals from the earliest of 6 previous months. ' L B




TABLE 6-7

| DAILY DATA SHEET FOR FILTERED SYSTEMS

(For systeen use caly)

Systern/Treatment Plant
Filtratios Techaology
PWSID o’

Month
Yoar

1 2 I 4 s,

Minimum Disinfectant Residual Mazimum Filterad Water Turbidity No. of Turbidity | No. of Turbidiry '
st Point-of-Entry to Filter | Combined Filter | Clearwell | Plant | No. of Turbidity [Measurements < =] Measurements !

Dste!  Distribution System (mg/L) ’ Effluent Effluent | EfMluent | Measurements | Specified Limit > SNTU |

-

[
pd
J§ SR DR W,

"
W

Totals:

1. For multiple disinfectants, this column must oaly be completed for the last disinfectant added prior to entering the distribution

system. If less than 0.2 mg/L, the durstion of the period must be reported, e.g., “0.1-3 hrs™.

2. For systems using conventional trestment, direct filtration, or technologies other than slow sand or distomaceous earht filtration,
turbidity measurements may be taken st the combined filter efflueat, clearwell effluent, or plant effluent prior to entry into the
distribution system. The turbidity may also be messured for sach individual filter with a separate shoet maintained for each

3. For continuous monitors count each 4-hour period as | sample.

4. Depending on the filtration technology employed. the number of turbidity samples meeting the following levels must be recorded:
conventional treatment or direct filtration-0.8 NTU, slow sand filtration-| NTU, distomaceous earth filtration-1 NTU  The Srate may
specify alternate performance levels for conventional trestment or direct filtration, not exceeding ! NTU. and slow send ©rration,
not exceeding § NTU, in which cess the number of turbidiry measurements meeting these levels must be recorded i

5. In recording the aumber of turbidity measurements exceeding S NTU, the turbidity values should also be recorded. ¢ . * <= 6.2. 80" i




TABLE 6-3

. MONTHLY REPORT TO PRIMACY AGENCY FOR
COMPLIANCE DETERMINATION - FILTERED SYSTEMS
Systara/Trestment Plant
Typs of Filtration
Turbidity Limit
PWSID

Month
Year

idity e
A. Total number of filtered water turbidity measurements =

B. Total aumber of filtered water turbidity measursments that are less than or equal to the specified limits
for the {itration technology smployed =

C. The percentage of turbidity messurements meeting the specified limits = B/AX 100 = __/__ __ x IOOV‘- —_t

D. Record the dats and turbidity valus for any measurements exceeding S NTU: If none, enter “none”.
Dats Turbidity. NTU

iginfecti erformance Criteris
A. Point-of-Entry Minimum Disinfectant Residual Criteria

Minimum Disinfectant Residual Minimum Disinfectant Residual Minimum Disinfectant Residual
. at Point-of-Eatry . st Point-of-Entry : at Point-of-Entry
Date [to Distribution System (mg/L) Date |[to Distribution System (mg/L) Dats |to Distribution System (mg'L)
1 11 2!
2 12 n )
3 13 px)
4 14 U
] 15 25
6 16 26
7 17 vy
8 18
9 19 29
10 20 30
31
Days the Residual was <0.2 mg/L ,
Day | Duration of Low Level (hrs.) Date Reported to Primacy Agency,

B. Distribution System Disinlectant Residual Criteria
The valus of &, b, ¢. d, and ¢ from Table 6-5, as specifiod in 40 CFR 141.75 (d)2Xiii)(e)(e):

A= ,b= cw ds= e=
Ve c+d+ex100= %
a+b :

For previous month, V = _ L ]

Prepared by

Date




7. COMPLIANCE

7.1 Introduction

This section provides guidance on when and how the requirements of
the SWTR will go into effect, including determinations made by Primacy
Agencies.

7.2 SYSTEMS USING A SURFACE WATER SOURCE (NOT GROUND HATER
UNDER THE DIRECT INFLUENCE OF SURFACE WATER)

The SOWA requires, within 18 months following the promulgation of
a rule, that Primacy Agencies promulgate any regulations necessary to
implement that rule. Under S1413, these rules must be at least as
stringent as those required by EPA.  Thus, Pkimacy Agencies must
promulgate regulations which are at least as stringent as the SWTR by
December 30, 1990. By December 30, 1991, each Primacy Agency must
determine which systems will be required to filter. If filtration is
'required, it must be installed within 18 months following the determina-
tion or by June 29, 1993, whichever is later. In cases where it is not
feasible for a system to install filtration in this time period, the
Primacy Agency =ay allow an exemption to extend the time period (see
Section 9).

If a Primacy Agency fails to comply with this schedule for adopting
the criteria and applying them to determine who must filter, systems must
comply with the "objective” or self-implementing criteria (i.e., the
requirements that are clear on the face of the rule and do not require the
exercise of Primacy Agency discretion). Unfiltered supplies must comply
beginning December 30, 1991 and filtered supplies beginning June 29, 1993.

Monitaring requirements for unfiltered systems must be_net beginning
December 30, 1990 unless the Primacy Agency has already determined that
filtration is necessary. This coincides with the Agency's requirement to
- promulgate regulations for making filtration decisions by that date under
the SDWA. Primacy Agencies may specify which systems should conduct the
monitoring necessary to demonstrate compliance with the criteria for
avoiding filtration. For some systems where an historical data base
exists, and where it is apparent that the system would exceed the source
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water quality criteria (or that some other criteria would not be met, such
as an adequate watershed control program), no monitoring may be necessary
for the Primacy Agency to determine that filtration is required. 1If a
particular system (and/or the Primacy Agency) knows that it cannot meet
the criteria for avoiding filtration, there is no reason to require that
system to conduct the source water monitoring prior to the formal decision
by the Primacy Agency that filtration is required. This is true because
the only purpose of that monitoring would be to demonstrate whether or not
the criteria to avoid filtration are being met.
) In reviewing the data for determining which systems must filter, the
Primacy Agency will have to decide on a case-by-case basis the conditions
which will require filtration. For example, a system may not meet the
specified CT requirements for the first few months of monitoring and
upgrades its disinfection to meet the CT requirements in subsequent
months. In this case, the Primacy Agency could conclude that the system
will be able to meet this criterion for avoiding filtration. The time
periods specified for in the criteria to avoid filtration (e.g., six

months for total coliforms, one year and ten years for turbidity and one

year for CT requirements) do not begin until December 30, ;1991 unless the
Primacy Ags-cy specifies an earlier date.

Beginning December 30, 1991 the requirements for avoiding filtration
specified in S141.71(a) and (b) and the requirements of S141.71(c) and
$141.72(a) go into effect unless the Primacy Agency already has determined
that filtration is required. Beginning December 30, 1991, "if a system
fails to meet any one of the criteria for avoiding filtration, even if the
system were meeting all the criteria up to that point, it must instal)
filtration and comply with the requirements for filtered systems includ-

" ing the general requirements in S141.73 and the disinfection requirements

in S141.72(b), within 18 months of the failure. Whenever a Primacy Agency
determines that filtration is required, it may specify interim require-
. ments for the period prior to installation of filtration treatment.

Following the determination that filtration is required, the system
must develop a plan to implement its installation. The plan must include
consideration for the following:



- Providing uninterrupted water service throughout the
transition period

- - Siting for the future facility
- Financing options and oppértunities

.- Scheduling of design and construction

Systems which are unable to install filtration within the specified time
frame may apply for an exemption to extend the period for.installing
filtration. '

Table 7-1 summarizes the requirements for the SWTR. for unfiltered
systems noting conditions which require the installation of filtration.
It is important to note that only treatment technique violations trigger
the requirement to install filtration while violations of monitoring,
reporting or analytical requirements do not. The monitoring requirements
for unfiltered supplies are presented in Section 3 and the reporting
requirements are presented in Section 6.

A1l systems with filtration in place must meet the treatment
technique requirements specified in S141.73 (filtration criteria) and
$141.72(b) (disinfection criteria), and the monitoring and reporting
requirements specified in S5141.74(c) and S141.75(b), respectively,
beginning June 29, 1993. Table 7-2 summarizes the SWTR requirements for
filtered systems, including conditions needed for compliance with
treatment requirements. Monitoring reduirements for filtered supplies are
enumerated in Section 5 and reporting requirements are presented in
Section 6. ' '

7.3 Compliance Transition with Cyrrent NPDWR Tyrbidity Requirements

The current (interim) NPOWR for turbidity under S141.13 (MCL
requirements) and S141.22 (monitoring requirements) will apply for
unfiltered systems until December 30, 1991 unless the Primacy Agency
determines that filtration is required. In cases where filtration is re-
quired, the interim NPOWR applies until June 29, 1993 or until filtration
is installed, whichever is later. Unfiltered supplies will also be
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subject to the turbidity monitoring requirements of $141.74(b)(2)
beginning December 30, 1990 coincidently with the interim requirements.
_ Beginning June 29, 1993, the turbidity performance criteria for filtered
systems (S141.73), and the monitoring requirements under $141.74 will

apply.
7.4 Systems Using a Ground Water Source

Part of the Primacy Agency's program revisions to adopt the SWTR
must include procedures for determining, for each system in’ the Primacy
Agency served by a ground water source, whether that source is under the
direct influence of surface water. By June 29, 1994 and June 29, 1999,
each Primacy Agency must determine which community and non-community
public water supplies, respectively, use ground water which is under the
_ direct influence of surface water. EPA recommends that these determina-
tions be made in conjunction with related activities required by other
regulations (e.g., sanitary surveys pursuant to the final coliform rhle,
vulnerability assessments pursuant to the volatile organic chemicals rule,
the forthcoming disinfection requirements for ground water systems). In
addition, EPA-approved wellhead protection programs required under the
Safe Drinking Water Act Section 1428 may contain methods and criteria for
determing 2ones of contribution, assessments of potential contamination,.
and management of sources of contamination. These programs may be used
as a partial basis for the vulnerability assessment and for making the
determination of (a) whether a system is under the direct influence of
surface water and (b) if direct influence is determined, vhether there is
adequate watershed control to avoid filtration. Guidelines for developing
and implementing a wellhead protection program are found in “Guidelines
for Applicants for State Wellhead Protection Program Assistance Funds
under the Safe Drinking Water Act" (U.S. EPA, 1987a).

A system using a ground water source under the influence of surface
water that does not have filtration in place must begin monitoring and
reporting in accordance with S141.74(b) and S141.75(a), respectively, to
determine whether it meets the criteria for avoiding filtration beginning

December 30, 1990 or six months after the Primacy Agency determines that
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JABLE 2-)
REQUIREMENTS FOR UNFILTIRED SYSTEMS

: ' Required l'") A Triggers @ Metilicotion 3
Regsirement Ctiterjen Monjlering Comp|jsnce falteateon Ruimacy Agensy itV
Unfiltered Supplies
(s141.n)

s) Seutce Waler Quality
Conditions

1) Fecal Collifom - 20/100ml Froquency (30X of samples manlbly e
Tetal Coliloim 108/7100ml based on from pasl 6 mes teport
. population Ceriterion
2) Turbidity SHTN cont inusus ($1 1)) ISNTV wnless (111} Yes
or grab/4 M3 “eveal” business
day
b) Site-Specitic
. Conditions
1i) ODisistection for CI”', daily of deriterion vielation menibly Yes
3-teg Slaggdia - pestk llew dailly for 21 of 12 report
cyst & 4-log sacept censecutive
vires inactivation for ene menibs (4)
($141. 72(a)) day pos
' meald
Redundant
Disinfeclion - - compeaenls ansval reperl Yes
Componeats sel im place of on-site
(S141.22(a)(2)) inspeciion
Disinfeclont 0.2 ng/) conl invons; nel 0.2 my/l violation i1 0.2  ment business
Residual systems <3300 B T T | mg/) tar > 4 beurs .day i} <b. 2ag/) Yes (11 <0.2 mg/L
enlering the pepulatica- bours snless Primacy lor amy peried fer >4 bhouss)
system grab samples Agency delarmines of time .
(S141.22(3) (1)) : * savswal aad
waprediciable
(1)) Disinlectiont Residual deloctable (3),-." leca- delectable vielation menlbly . Yes
in the Distridutlion residual or tion g freg- in 2 9% ¢! onless fallure is repert
System (S141.22(a)(4)) HPC <500/mt uency based ea mentbly nel coesed by defic-
pepuiatice, op- samples log ienty la sewice water
proved by State amy iwe con- treaiment '
. secwlive



TABLE 7-)

REQUIREMENTS FOR UNFILTERED SYSTEMS (Continued)

Required l")

Reanisement Stiterien Meaitering Como) fance * Erimcy Arence Banic
*2) Waltesrshed Contrel in place sctivilies in tasuflicient anausl
Program waletshed pregiam as repost
determingd by
Primacy Agency
3) On-site Inspectlion annual walershed insufficiont annwsl
pregiam & pregtam as teporl
disinfection determined by
system Primacy Agency
4) Walerberne Dissase no ouibresks public hesltd Ne oulbhreosh osulbresh wild nexl business Yes
Ouibiesak recorded wilk cutront cuttent configue- [ ']
conliguration stion and sevrce
sad seuice
5) Tetal Celilorm Ruts L) positive for (lrequency meel criterion > ctiterion for X] ‘menibly
. sysiems foking Dased on coch month ol 12 conseculive repeti
40 sompies/ma, pepulation mealks waless
£5.0% pesitive foilure is mot
for systems coused by »
toking 240 sam- deficiency in
ples/me. sewrce waler
trcoiment
6) Total Tribalomethone 0.10 mg/1 questeriy > criterion based
Regulation for systems on anaus! sverege
serving
’10, 800
| 1 Nen-compilonce rosulls in o freatlmont lechnique vielotion.
2. follura to instalt fiftratios witlhin 18 menths after lailure to meat onfiltered supply criterio resulls ia o trcatment technique violation.
) in iocol aswspaper within 14 days of violation ond mail netice with Ditl or hy ltsef! within 45 doys of viofslinn.
'R Visiatien may be oliowsd lor 2 af 12 conseculive meaths i1 the Primacy Ageacy deteimines one violetion 18 be caused by wawswal ond waprediclodle

clircomsionces.
5. Primecy Agoncy may delarmine whatlher adequete disianlactiion is provided.



Reauirement
Filtores Suppiies (S141.73)

’)

»)

¢)

¢)

Conventiona! or Direct
fFiltration

Slow sand Filltration

" Distomecasus Farlh.
“Flltestion

Other Technalagies

Seilerion

0.5 NIV
(up ta 1 WI)(®)

1 mu
(up to 8 W)V

1 MY

1 A0 wp
(te s m)®)

TABLE 7-2

REQUIREMENTS FOR FILTERED SVYSTIM

Hepitering

conl inuouws or
greb/é brs

continvens er
greb/d Mt
(onnllcy)t‘)

conlinuses of
grab/d s

continvens or
grab/d Mt
(llllli,)t‘)

Comelianes!?

95% menihly
sampliss ¢ MCL
aehs > 5 WU

95% menthly
samples ¢ MCL
nems > S5 MY

95% menthly
samples ¢ ) NNV
asns > S AU

95% meatbiy
samples ¢ MCL
sens > S NIV

Primacy Agency [T

aenthily Ye3
repand
meathiy . Yes
repat
menlbly Yos
rsport
oenthiy Yes
report



Resnitement Solterien

Disiafeciion for Filtarad
Supplies (S141.72(d))

1) Suppliemant Fillration -
te meal Ovarail
Treaiment -

21) Disinfactent Residual 0.2 mg/l
[atering System

3i) Disinfeclonl Residual dolacioble semple
in Distridulion System residue ,’t wrc fecalion &
£500/ml treguency
based s
populstion
spproved by
Slele
m: ‘.
1 Non-compliance rosulis ln & treeiment fochalgue vianlation.
? In local newpaper wilhin 14 days of vieletion ond mail notice with bill or
3 Primacy Agency may deleimine whelher adaquate disioleclion i3 provided
] 1t Primacy Ageacy ezercises discretion.

TABLE 2-2

REQUIREMENTS FOR FILTERED SYSTEM (Continved)

Wanitering

cont innoys;
spstems ¢ 3308
popuiatise-grad
semplas

Compiiancy!")

et ¢ 0.2 mg/l
for > 4 brs

nel < BCL io
> 5% of menlbiy
samples fo1 2

a3 specilied Yes
aent Yeos
business

day

menlbly Yas
reperl .



the ground water source is under the influence of surface water, whichever
is later. Within 18 months following the determination that a system is
_under the influence of surface water, the Primacy Agency must determine,
using the same criteria that apply to systems using a surface water
source, whether the system must provide filtration treatment.:- As for
systems using a surface water source, the Primacy Agency must evaluate the
data on a case-by-case basis to determine conditions which will trigger
the need for filtration.

Beginning December 30,1991 or 18 months after the determination that
a system is under the direct influence of surface water,';hichever is
later, the criteria for avoiding filtration in S141.71(a) and (b) and the
requirements for unfiltered systems in S141.71(c) and S141.72(a) go into
effect, unless the Primacy Agency has determined that filtration is
required. As with systems using a surface water source, subsequent
failure to comply with any one of the criteria for avoiding filtration
requires the installation of filtration treatment. Thus, beginning
December 30, 1991 or 18 months after the Primacy Agency determines that
a system is using a ground water source under the direct influence of
surface water, whichever is later, a system which fails to meet any one
of the criteria to avoid filtration must install filtration and comply
with the requirements for filtered systems withip 18 months of the failure
or by June 29, 1993, whichever is later. As for unfiltered systems,
systems under the direct influence of surface water may apply for an
exemption to extend the time period for installing filtration,

Any system using a ground water source that the Primacy Agency
determines is under the direct influence of surface water and that already
has filtration in place at the time of the Primacy Agency determination
must meet the treatment technique, monitoring and reporting requirements
for filtered systems beginning June 29, 1993 or 18 months after the
Primacy Agency determination, whichever is later.



7.5 Responses for Systems not Meeting SWIR Criteria
7.5.1 Introdyction ' '
Systems which presently fail to meet the SWTR criteria may be able
to upgrade the system's design and/or operation and maintenance in order
to achieve compliance. The purpose of this section is to present options
which may be followed to achieve compliance.

7.5.2 Systems Not Filtering
Systems not filtering must meet the criteria to avoid filtration

beginning December 30, 1991 and on a continuing basis thereafter or
install filtration. Systems not filtering can be divided into two

categories:
A.

Those systems not currently meeting the SWTR cfiteria but with
the ability.to upgrade to meet them.

Those systems not able to meet the SWTR criteria by December
30, 1991. If the installation of filtration is not possible
by June 29, 1993 the system may request an exemption and take
interim measures to provide safe water to avoid violation of
a treatment technique requirement. '

Systems in Category A

Example A - Response Sityation

total

¢ System is not meeting the source water fecal and/or
coliform concentrations but has not received judgment on the

adequacy of its watershed control.

Response Options: : .

Monitor for fecal coliforms rather than total coliforms ff
this is not already done. Fecal coliforms are a direct

{ndicator of fecal contamination where total coliforms are -

not. If total coliform levels are exceeded but fecal levels
are not, the system meets the criteria.

Take appropriate action in the watershed to assure fecal and
total coliform concentrations are below the criteria, such as
elimination of animal activity near the source water intake.




Example B - Response Situation

Condition: Sy stem meets the source water quality criteria,
watershed contr01 requirements, and is maintaining a disinfectant
residual within the distribution system, but is not able to meet the

CT requirements due to lack of contact time prior to the first
customer,

Response Options:

- Increase the application of disinfectant while monitoring THM
levels to ensure they remain below the MCL. -

- Add additional contact time through storage to obtain an
adequate CT.

- Apply a more effective disinfectant such as ozone.

Systems in Category B

Example A - Response Jituation

Condition: System meets the source water turbidity but not the
fecal coliform requirements. A sewage treatment plant discharges

into the source water. A determination has been made that the
system does not have adequate watershed control.,

Response Options:

- Purcliase water from a nearby surveyor or use an alternate
source such as ground water if available.

- Take steps to install filtration, applying for an exemption
(time delay) as presented in Section 9 where appropriate.

Example B .
: The source water exceeds a turbidity of 5 NTU for more

than two periods in a year under normal weather and operating
conditions.

-Response Qotions:

- Purchase water from a nearby purveyor or use an alternate
source such as ground water if available.

- Take steps to install filtration, applying for an exemption
(time delay) as presented in Section 9 where appropriate.
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In the interim prior to adoption of either of the above options,
certain protective measures may be appropriate. One protective
measure which can be used would be the issuance of a public notice
to boil all water for consumption during periods when the turbidity
exceeds 5 NTU. If such a notice is issued, the utility should
continue sampling the distribution system for chlorine residual and
total coliforms, and initiate measurement of HPCs in the distribu-
tion system. These data and the raw water turbidity should be used
to determine when to 1ift the boil water notice. -~

The notice could be 1ifted when: '

- The historical (prior to high turbidity) disinfectant residual
concentration is reestablished in the distribution system;

- The total coliform requirements are met;
- The HPC count is less than 500/ml; and
- The turbidity of the raw water is-less than 5 NTU.

7.4.3 Systems Currently Filtering

~ Systems which are currently filtering must meet the SWTR criteria
within 48 months of the SWTR to be in compliance, after which the criteria
must be continually met for the system to be in comp11§nce.

Example A - Response Sityation

: A direct filtration plant is treating a surface water
which is not compatible with this treatment process. The system is
not achieving its required turbidity performance or disinfection

criteria. )
Response Options:
~ = Optimize coagulant dose.

« Reduce filter loading rates.

- Evaluate the effect on performance of installing flocculation
and sedimentation ahead of the filters.

7 -8
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Example B - Response Sityation
: A filtration plant is using surface wath which is

compatible with its treatment system. The system is not achieving
disinfection performance criteria required by the Primacy Agency to

achieve a 1l-log inactivation of | cysts; however, it is
meeting the requirements of the Total Coliform Rule. .
Response Qptions:

- Increase disinfectant dosage(s).

- :?sta1l storage facilities to increase disinfectant contact
me. -

- Ensure optimum filtration efficiency by:
- Use of a filter aid.
= Reduction in filter loading rates.

- More frequent backwashing of filters.

The Primacy Agency may grant additional removal credit for optimum
filtration.

EPA intends to promulgate National Primary Orinking Water Regula-
tions to regulate levels of disinfectants and disinfectant by-product when
it promulgates disinfection requirements for ground water systems
(anticipated in 1992). EPA 1is concerned that changes required in
utilities' disinfection practices to meet the required inactivations for
the SWTR might be inconsistent with treatment changes needed to comply
with the forthcoming regulations for disinfectants and disinfection
by-products. For this reason, the EPA  is allowing Primacy Agencies

discretion in determining the level of disinfection required for filtered

systems to meet the overall treatment performance requirements specified
in the rule or recommended based on source water quality. _
During the interim period, prior to promulgation of the disinfection
by-product regulation, EPA recommends that the Primacy Agency allow more
credit for Gjardia cyst and virus removal than generally recommended.
This interim level is recommended in cases where the Primacy Agency
determines that a system is not -currently at a significant risk from
microbiological concerns at the existing level of disinfection and that
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a deferral is necessary for the system to uﬁgradevits disinfection process
to optimally achieve compliance with the SHTR as well as the forthcoming
‘disinfection by-product regulations. Section §.5.3 presents some
~guidelines for establishing interim disinfection requirements.
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8. BUBLIC NOTIFLCATION

The SWTR specifies that the public notification requirements of the
Safe Drinking Water Act (SOWA) and the implementing regulations of 40 CFR
Paragraph 141.32 must be followed. These regulations divide public
notification requirements into two tiers. These tiers are defined as
follows:

1. Tier 1:
a. Failure to comply with MCL _
b. Failure to comply with prescribed treatment technique
c. Failure to comply with a variance or exemption schedule

2. Tier 2: '
a. Failure to comply with monitoring requirements
b. Failure to comply with a testing procedure prescribed
' by a NPDWR
c. Operating under a variance/exemption. This is not
considered a violation but public .notification is
required. .

The SWTR classifies violations of Sections 141.70, 141.71(c),
141.72 and 141.73 (i.e., treatment technique requirements as specified in
Section 141.76) as Tier 1 violations and violations of Section 141.74 as
Tier 2 violations. Violations of 141.75 (reporting requirements) do not
require public notification. '

There are certain general requirements which all public notices must
meet. All notices must provide a clear and readily understandable
explanation of the violation, any potential adverse health effects, the
population at risk, the steps the system is taking to correct the
violation, the necessity of seeking alternate water supplies (if any) and
any preventative measures the consumer should take. The notice must be
conspicuous, not contain any unduly technical language, unduly small print
or similar problems. The notice must include the telephone number of the
owner or operator or designee of the public water systém_as a source of
additional information concerning the violation where appropriate. The
notice must be bi- or multilingual if appropriate. .

In addition, the public notification rule requires that when
providing information on potential adverse health effects in Tier 1 public
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notices and in notices on the granting and continued existence of a
variance or exemption, the owner or operator of & public water system must
{nclude certain mandatory health effects language. For violations of
treatment technique requirements for filtration and disinfection, the
mandatory health effects language is: -

Microbiological Contaminants

The United States Environmental Protection Agency (EPA) sets drinking
water standards and has determined that microbiological contaminants are
a health concern at certain levels of exposure. If water is inadequately
treated, microbiological contaminants in that water may cause disease.
Disease symptoms may include diarrhea, cramps, nausea, and possibly
Jjaundice and any associated headaches, and fatigue. These symptoms,
however, are not "just associated with disease-causing organisms in
drinking water, but also may be caused by a number of factors other than
your drinking water. EPA has set enforceable requirements for treating
drinking water to reduce the risk of these adverse health effects.
Treatment such as filtering and disinfecting the water removes or destroys
microbiological contaminants. Orinking water which is treated to meet EPA
requirements is associated with little to none of this risk and should be
considered safe.

Further, the owner or operator of a community water sysiem must give
a copy of the most recent notice for any Jier ] violations to all new
billing units or hookups prior to or at the time service begins.

The medium for performing public notification and the time period
in which notification must be sent varies with the type of violation and
is specified in Section 141.32. For Tier 1 violations (i.e., violations
of Sections 141.70, 141.71, .141.72 and 141.73), the owner or operator of
a public water system must give notice:

1. By publication in a local daily newspaper as soon as possible
but in no case later than 14 days after the violation or

failure. If the area does not have a daily newspaper, then

notice shall be given by publication in a weekly newspaper of
general circulation in the area, and

2. By either direct mail delivery or hand delivery of the notice,
either by itself or with the water bill not later than 45 days
after the violation or failure. The Primacy Agency may waive
this requirement if it determines that the owner or operator
has corrected the violation within the 45 days.



Although the SWTR does not specify any acute violations, the Primacy
Agency may specify some Tier 1 violations as posing an acute risk to human
health; for example these violations may include:

1. A waterborne disease outbreak in an unfiltered supply.

2.  Turbidity of the water prior to disinfection of an unfiltered

::pply or the turbidity of filtered water exceeds 5 NTU at any
me.

3. Failure to maintain a disinfectant residual of at least 0.é
mg/1 in the water being delivered to the distribu;ion system.

For these violations or any others defined by the Primacy Agency as
“acute" violations, the system must furnish a copy of the notice to the
radio and television stations serving the area as soon as possible but in
no case later than 72 hours after the violation. Depending upon circum-
stances particular to the system, as determined by the Primacy Agency, the
notice may instruct that all water should be boiled prior to consumption.

Following the initial notice, the owner or operator must give notice
at least once every three months by mail delivery (either by itself or.
with the water bill), or by hand delivery, for as long as the violation
or failure exists.

There are two variations on these requirements. First, the owner
or operator of a community water system in an area not served by a daily
or weekly newspaper must give notice within 14 days after the violation
by hand delivery or continuous posting of a notice of the violation. The
notice must be in a conspicuous place in the area served by the system and
must continue for as long as the violation exists. MNotice by hand
 delivery must be repeated at least every three months for the duration of

the violation. . : ’

Secondly, the owner or operator of a pnoncommunity water system
(i.e., one serving a transitory population) may give notice by hand
delivery or continuous posting of the notice in conspicuous places in the
area served by the system. Notice must be given within 14 days after the
violation. If notice is given by posting, then it must continue as long



as the violation exists. Notice given by hand delivery must be repeated
at least every three months for as long as the violation exists.

For Tier 2 violations (i.e., violations of 40 CFR 141.74, analytical
and monitoring requirements) notice must be given within three months
after the violation by publication in a daily newspaper of -general
circulation, or if there is no daily newspaper, then in a weekly
newspaper. In addition, the owner or operator shall give notice by mail

(either by itself or with the water bill) or by hand delivery at least

once every three months for as long as the violation exists. Notice of
a variance or exemption must be given every three months from the date 1t
is granted for as long as it remains in effect.

If the area is not served by a daily or weekly newspaper, the owner
or operator of a community water system must give notice by continuous
posting in conspicuous places in the area served by the system. This must
continue as long as the violation does or the variance or exemption
remains in effect. Notice by hand delivery must be repeated at least
every three months for the duration of the violation or the variance of
exemption, . :

For noncommunity water systems, the owner or operator may give
notice by hand delivery or continuous posting in conspicuous places;
beginning within 3 months of the violation or the variance or exemption.
Posting must continue for the duration of the violation or variance or
exemption and notice by hand delivery must be repeated at least every
3 months during this period.

The Primacy Agency may allow for owner or operator to provide less
frequent notice for minor monitoring violations (as defined, by the

Primacy Agency if EPA has approved the Primacy Agency's substitute

requirements contained in a program revision application). )

To provide further assistance in preparing public notices, several
examples have been provided. However, each situation is different and
may call for differences in the content and toné of the notice. All
notices must comply with the general requirements specified above.
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Example 1 - Tier 1 Violation-Unfiltered Supply

Following is an example of a Tier 1 violation which may be
considered by the Primacy Agency to pose an acute risk to human health.

A system which does not apply filtration experiences a breakdown in
the chlorine feed systems and the switchover system fails to activate the
backup systems. A number of hours pass before the operator discovers the
malfunction. The operator, upon discovery of the malfunction, contacts
the local television and radio stations and announces that the public is
receiving untreated water. The announcement may read as follows:

We have just received word from the Aswan Water Board that a
malfunction of the disinfection system has allowed untreated water .
to pass into the distribution system. Thus, this system providing
drinking water is in violation of a treatment technique requirement.
The United States Environmental Protection Agencf (EPA’ sets
drinking water standards and has determined that microbiological
contaminants are a health concern at certain levels of exposure.
If water is inadequately treated, microbiological contaminants in
that water may cause disease. Disease symptoms may include
diarrhea, cramps, nausea, and possibly jaundice and any associated
headaches, and fatigue. These symptoms, however, are not just
associated with disease-causing organisms in drinking water, but
also may be caused by a number of factors other than your drinking
water. EPA has set enforceable requirements for treating drinking
water to reduce the risk of these adverse health effects. Treatment
such as filtering and disinfecting the water removes or destroys
microbiological contaminants. Orinking water which is treated to
meet EPA requirements is associated with little to none of this risk
and should be considered safe.

The temporary breakdown in disinfection may have allowed micro-
organisms to pass into the distribution system. The operation of
the system has been restored so that no further contamination of
the distribution system will occur. Any further changes will be

announced, :

Additional information is available at the following number:
235-WATER. _
A direct mailing of the notice is provided within 45 days of the
occurrence.

Example 2 - Tier 1 Viglation-Unfiltered Supply -
Following is an example of a Tier 1 violation which may be
considered by the Primacy Agency to pose an acute risk to human health.
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A system supplies an unfiltered surface water to its customers. (,“E
During a period of unusually heavy rains caused by a hurricane in the .
area, the turbidity of the water exceeds 5 NTU. The turbidity data during
which the heavy rains occur is as follows:

Day 1 NTU  Day 2 NTU  Day 3 NTU  Day 4 NTU  Day 5 NTU

0.4 0.8 0.7 0.7 7.6
0.4 0.5 0.4 7.6 3.1
0.5 0.5 0.4 11.3 2.7
0.7 0.4 0.5 9.6 0.7
1.1 0.4 0.4 7.2 0.8
0.9 0.6 0.6 5.0 0.5

The following public notice was prepared and submitted to the local
newspaper, television and radio stations within 72 hours of the first
turbidity exceedence of 5 NTU. '

The occurrence of heavy rains in our watershed is causing a rise in
éhe turbidity of the drinking water supplied by Fairfax. Water
ompany.

Turbidity is a measurement of particulate matter in water. It is
of 511n1ficance in drinking water because irregularly shaped
particles can both harbor microorganisms and interfere directly with
disinfection which destroys microorganisms. While the particles
causing the turbidity may not be harmful or even visible at the
concentrations measured, the net effect of a turbid water is to
increase the survival rate of microorganisms contained in the water.
This is of concern because several diseases are associated with
waterborne microorganisms.

Because of the high turbidity levels, the Fairfax system is in
violation of a treatment requirement set by the Environmental
Protection Agency (EPA). :

The United States Environmental Protection Agenc¥ (EPA) sets
drinking water standards and has determined that microbiological
contaminants are a health concern at certain levels of exposure.
If water is inadequately treated, microbiological contaminants in
that water mdy cause disease. Disease symptoms may include
diarrhea, cramps, nausea, and possibly jaundice and any associated
headaches, and fatigue. These symptoms, however, are not just
associated with disease-causing organisms in drinking water, but
also may be caused by a number of factors other than your drinking
water. EPA has set enforceable requirements for treating drinking
water to reduce the risk of these adverse health effects. Treatment
such as filtering and disinfecting the water removes or destroys
microbiological contaminants. Orinking water which is treated to
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meet EPA requirements is associated with little to none of this risk
' and should be considered safe. :

‘In order to protect yourself from illness, all water from the
Fairfax system used for drinking, cooking and washing dishes should
be boiled at a rolling boil for one minute. -

The system is being closely monitored and a notice will Be issued
wheg tge;qager returns to an acceptable quality and no longer needs
to be boiled.

The utility continues sampling the distribution system for chlorine
residual and total coliforms, and initiates measurement of the HPCS in the
distribution system. The notice is 1ifted when all the following are met:
| - The historical (prior to high turbidity) disinfectant residual
concentration is reestablished in the distribution system.
- The total coliform requirements are met.
- The HPC count is <500/ml.,

- The turbidity of the raw water is less than 5 NTU.

The Primacy Agency most decide whether the turbidiiy event was unusual or
unpredictable and whether filtration should be installed.

- jolation = Fi
A conventional treatment plant is treating a surface water. A
malfunctioning alum feed system resulted in an increase -of the filter
effluent turbidities. The effluent turbidity was between 0.5 and 1.0 NTU
in 20 percent of the samples for the month. The utility.issued a notice
which was published in a local daily newspaper within 14 days after the
violation. The notice read as follows:

Ouring the previous month, the Baltic Water Treatment Plant
exger enced difficulties with the chemical feed system. The
malfunctions caused an effluent turbidity level above 0.5 NTU in 20
percent of the samples for the month. The current treatment
' standards require that the turbidity must be less than 0.5 NTU in
95 percent of the monthly samples. The Baltic drinking water system
has thus been in violation of a treatment technique requirement.

The United States Environmental Protection Agency (EPA% sets
drinking water standards and has determined that microbiological -
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contaminants are a health concern at certain levels of exposure.
If water is inadequately treated, microbiological contaminants in
that ‘water may cause disease. Disease sSymptoms may include
diarrhea, cramps, nausea, and possibly jaundice and any associated
headaches,. and fatigue. These symptoms, however, are not Jjust
associated with disease-causing organisms in drinking water, but
also may be caused by a number of factors other than your.drinking
water. EPA has set enforceable requirements for treating drinking
water to reduce the risk of these adverse health effects.: Treatment
such as filtering and disinfecting the water removes or destroys
microbiological contaminants. Drinking water which is treated to
meet EPA requirements is associated with 1ittle to none of this risk
and should be considered safe. , -

The chemical, feed and switchover components of the system have been
repaired and are in workini order and turbidity levels are meeting
the standard. It is unlikely that illness will result from the
turbidity exceedences previously mentioned because continuous
stringent disinfection conditions were in effect and the system was
in compliance with other microbiological drinking water standards
pertaining to microbiological contamination. However, a doctor
should be contacted in the event of illness. For additional
information call, 1-800-726-WATER.

O
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9. EXEMPTIONS

9.1 Qverview of Requirements :

Section 1416 of the Safe Drinking Water Act allows a Primacy Agency
to exempt any public water system within its jurisdiction from any
treatment technique requirement imposed by a national primary drinking
water regulation upon a finding that:

1. Due to compelling factors (which may include . economic
factors), the public water system is unable to comply with the
treatment technique requirement;

2. The public water system was in operation on the effective date
of the treatment technique requirement or, for a system that
was not in operation by that date, only if no reasonable
alternative source of drinking water is avajlable to the new
system; and

3. The granting of the exemption will not result in an unreason-
able risk to health.

1f a Primacy Agency grants a public water system an exemption, tﬁe
Agency must prescribe, at the time the exemption is granted, a schedule
for:

1. Compliance (including increments of progress) by the public
water system with each treatment technique requirement with
respect to which the exemption was granted; and

2. Implementation by the system of such control measures as the
:rim:gy Agency may require during the period the exemption is
n effect.

Before prescribing a schedule, the Primacy Agency must provide .
notice and opportunity for a public hearing on the schedule. The schedule
prescribed must require compliance by the public water system with the
treatment technique requirement as expeditiously as practicable, but in
no case later than one year after the exemption is issued (except that,
if the system meets certain requirements, the final date for compliance
may be extended for a period not to exceed three years from the date the
exemption is granted). For systems serving less than 500 service
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connections, and meeting certain ad¢itional requirements..the Primacy
Agency may renew the exemption for one or more additional two-year
periods.. '

Under the SWTR, no exemptions are allowed from the requirement to
provide disinfection for surface water systems, but exemptions are
available to reduce the degree of disinfection required. Exemptions from
the filtration requirements are available. The following sections present
guidelines for evaluating conditions under which exemptions are appropri-
ate,

-9.2  Recommended Criteria
In order to obtain an exemption from the SWTR, a system must meet
certain minimum criteria to assure no unreasonable risk to health. These
should be applied before looking at other factors such as economics..
Recommended minimum criteria for assuring no unreasonable risk to health
exists are listed below. ‘
Systems which do not provide filtration
- Practice disinfection to achieve at least a 2-log inactivation
of Giardia cysts; or comply with the disinfection requirements

for the distribution system as defined in Section 141.72(b)
of the SWTR.

- Comply with the monthly coliform MCL; or provide bottled water
Sor another alternate water source) or point of use treatment
evices for their customers in which representive samples
comply with all the MCL National Primary Drinking Water
Regulations. _ , :

EPA recommends that in order to obtain an extension to the initial
1 year exemption period in addition to the required elements in Section
1416, the system would need to be in compliance with the monthly coliform
MCL, satisfy the above disinfection criteria and not have any evidence of
waterborne disease outbreaks attributable to the system at the end of that
first exemption period. If at any point during the extended exemption
period the system did not meet these conditions, the exemption should be
withdrawn and the system should be subject to an enforcement action.
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, .
= Practice disinfection to achieve at least a 0.5 lo? fnactiva-
tion of Giardia cysts; or comply with the disinfection

requirements for " the distribution system as defined in
Section 141.72 of the rule.

- Comply with the monthly coliform MCL; or provide bottled water
sor another alternate water source) or point of use treatment
evices for their customers in which representive samples
comply with all the MCL National Primary Drinking Water
Regulations. :

- Take all practical steps to improve the performance of its
filtration system. .

In order to obtain an extension to the initial exemption period, in
addition to the required elements in Section 1416, the system should be
in compliance with the coliform MCL, satisfy the above disinfection
criteria and not have any evidence of waterborne disease outbreaks
attributable to the treatment system at the end of that first exemption
period. If at any point during the extended exemption beriod the system
did not meet these conditions, the exemption should be withdrawn and the
system should be subject to an enforcement action. In addition, the
system must continue to be taking steps to improve the performance of its
filtration system to achieve the criteria specified in the SWTR. .

Once these minimum requirements are abpliéd, the Primacy Agency
should look at the other factors as described in Sectfons 9.3, 9.4, and
9.5. '

9.3 Compelling Factors

Compelling factors are often associated with small systems. The
major compelling factor tends to be economic. In some cases the
compelling factor may not be solely economic, but rather the contractual
and physical infeasibility of having a required tregtment'installed within
the time period specified in the regulation. For example, it may not be
feasible for a very large system to install filtration by June 1993 if
required. In such cases exemptions are also appropriate. Additional
considerations for small systems are presented in Appendix L.
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If system improvements necessary to comply with the SWTR incur costs
which the Primacy Agency determines pose an economic barrier to acquisi-
tion of - necessary treatment, the system fulfills the criteria of
demonstrating a compelling hardship which makes it unable to meet the
treatment requirements. 1In such cases, the EPA believes it is reasonable
to grant an exemption if the system also meets the criteria in 9.4 and
9.5.

The USEPA document, "Technologies and Costs for the Removal of
Microbial Contaminants from Potable Water Supplies,* contains costs
associated with available treatment alternatives (USEPA, 19§8b). Costs
found in this document, or those generated from more site-specific
conditions, can be used as the basis for determinjng the ability of a
system to afford treatment. The total annual water production costs per
household for a system can be estimated based on the household water usage
and the production costs per thousand galions. As estimated in the above
cited USEPA document, each cent per thousand gallons of treated water is
approximately equivalent to $1 per year per household if a household water
usage of 100,000 gallons per year is assumed.! This estimate will need to
be adjusted according to water usage for cases where the household usage
differs from 100,000 gallons per year. . :

The following examples are presented ‘to provide guidance in
estimating costs for a system to upgrade its systeﬁ or install filtration.
This cost information could be used for determining whether a system might
be eligible for an exemption. -

Example 1 |

A water system which supplies an average daily flow of 0.05 mgd to
a small urban community receives its water supply from a lake. The system
currently provides disinfection with chlorine but does not provide
filtration. The system reviewed its source water quality and found the
characteristics to be as follows:

! This is the national average residential househqld consumption -reported
in: Final Descriptive Summary - 1986 Survez.of Community Water Systems.
i

October 23, 1987. USEPA: Office of Drinking Water.
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Total coliforms - 1,000/100 m)
Turbidity 10 - 13 NTU
.Color 6-9cu

Based upon the criteria in the SWTR, this source requires filtration
and a review of the water quality criteria presented in Table 4-2
indicates that the treatment technique best suited to these source
conditions is conventional treatment. A conventional package treatment
plant with a capacity of 0.068 MGD may be purchased and put on line at
a cost of $277/household-year not including real estate, piping or raw
water pumping costs which may be significant depending on .the plant
location.? EPA has estimated that, on average, these costs might add
another 50% depending on site specific factors (USEPA, 1989)

Thus the cost estimate for implementing filtration indicates that
the jpcrease in the average annual household water bill would be
approximately $277 plus the cost of real estate, piping, and raw water
pumping as needed. The incomes of people in the community and the current
water bills can be reviewed by the Primacy Agency along with these
estimated costs to determine if an undue economic hardship is incurred by
these treatment methods. Upon determination that an economic hardship is’
incurred, the Primacy Agency may grant an exemption from filtration,
provided that the system can assure the protection of the health of the
community. However, if the water suhply system for a nearby community
meets the drinking water standards and there is the ability to hook up to
that system, an exemption generally should not be granted unless such
costs also presented an economic hardship. '

Example 2 .

A large urban community, with a median annual income of $25,000 per
family, is supplied with water from lakes and reservoirs. The community
places an average daily demand of 3 mgd on the supply system.' The
watershed of the system is moderately populated and used for farming and

2 Table VI-3 ('Tecﬁnolo ies and Costs for the Removal of Microbial

Contaminants From Potable Water Supplies," USEPA, 1988b) 1ists the total
costs as 277.4 cents/1000 gal. Estimated costs for real estate, piping
and raw water pumping as a function of site specific conditions are

available in Table E-1, E-2, and E-3 of this same document.
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grazing. The system currently provides filtration using diatomaceous
earth filtration and disinfection with chloramines.

A review of the source and finished water quality was conducted to
evaluate the plant's performance. The source water quality was determined
to be: ‘

Total coliforms 30 - 40/100 m)
Turbidity 2 - 3NV
“Color | l1-2¢U

Diatomaceous earth is therefore an acceptable filtration method.®
However, review of the finished water showed that a residual in the
distribution system is only maintained 80 percent of the time. In

‘addition to this, coliforms were detected in 10 percent of the samples

taken over the twelve month period. Inspection of the chlorination
equipment showed the equipment is deteriorated. Review of the monthly
reports showed that the coliforms appeared in the distribution system
shortly after the chlorinators malfunctioned. This observation led to the
conclusion that new disinfection facilities were needed.

The source water quality and available contact time after disinfec-
tion were then used to determine the most appropriate disinfectant for the
system. As described in Section 5.5, ozone, chlorine or chlorine dioxide
can be used as primary disinfectants given these conditions. A prelimi-
nary review of costs for applying the various disinfectants .showed
chlorine to be the most economical at a cost of $2.8/household/year!
(USEPA, 1988b). This cost does not include backup equipment; however,
even with providing duplicate equipment doubling this cost to $5.6/house-
hold/ year, the improvement incurs minimal cost and the Primacy Agency
should not grant the system an exemption based on economic hardship.

-

3 As determined from Table 4-2 of Section 4.

‘  Table VI-12 (USEPA, 1988b) lists a total cost of 2.8 cents/1000 gal for

a plant capacity of 5.85 mgd.
- = $2.8/household-year

1,000 gal (cents/1000 gal)
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9.4 Evalyation of Alternate Water Supply Sources

Systems which would incur very high costs for installing a required
treatment to comply with the SWTR, should evaluate the possibility of
using an alternate source. These alternate sources include:

The use of ground water
- Connection to a nearby water purveyor
Use of an alternate surface water supply

When considering the use of ground water, the purveyor must
determine the capacity of the underlying aquifer for supplying the demand.
The water quality characteristics of the aquifer must be evaluated to
determine what treatment may be needed to meet existing standards. The
cost of the well construction and treatment facilities must then be
determined and converted into a yearly cost per household.

The connection to a nearby purveyor involves contacting the purveyor
to determine their capacity and willingness to supply the water. 'Oncg.it
has been determined that the alternate source meets all applicable
drinking water standards, the cost of the transmission lines,'distributioh
system, and other facilities (e.g. disinfection, repumping, etc.) must
‘then be determined and amortized into a yearly cost per household.

If the cost for using an alternate source is found by the Primacy
Agency to present an economic hardship, and the purveyor can demonstrate
that there will be no unreasonable risk to health, the Primacy Agency may
grant an exemption to the SWTR for the purveyor and devélop a schedule of
compliance. '

9.5 Protection of Publjc Health

. Systems which apply for an exemption from the SWTR must demonstrate
to the Primacy Agency that the health of the community will not be put at
risk by the granting of such an exemption. A system should be able to
provide adequate protection for the publfc health by meeting the minimum
suggested EPA requirements in Section 9.2. However, a Primacy Agency may
specify additional measures or criteria a system must meet to protect
public health, depending on the particular circumstances. Systems with
currently unfiltered surface water supplies which fail to meet the source
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water quality criteria will be required to install filtration as part of
their treatment process. However, it may take 3 to 5 years or more before

- the filtration system can be designed, constructed and begin operation,

thereby Jjustifying the granting of an exemption. Ouring this period,
possible interim measures which the system could take to further satisfy
the Primacy Agency's concern include one or more of the following:
a. Use of higher disinfectant dosages without exceeding the TTHM
MCL (even for systems not currently subject to this MCL)

b. Installation of a replacement or additional disinfection
system which provides greater disinfection efficiency and
which can be integrated into the new filtration plant

c. Increasing the monitoring and reporting to the Primacy Agency

d. Increasing protection of the watershed

e. Increasing the frequency of sanitary surveys

f. Temporarily purchasing water from a nearby water system

g. For small systems, temporary installation of a mdﬁile
filtration (package) plant ' :

h. Increasing contact time by rerouting water through réservoirs

In some cases systems may be able to increase their disinfection
dosages during the interim period to provide additional protection against
pathogenic: organisms.  This alternative should be coupled with a
requirement for increased monitoring for coliforms, HPC and disinfectant

residual within the distribution system. However, disinfectant dosage
should not be increased if this would result in a violation of the TTHM

MCL, even for systems not currently subject to this MCL.

. Systems which are planning to install filtration may be able to |

utilize a more efficient disinfectant that can later be integrated into
the filter plant. Currently ozone and chlorine dioxide are considered to
be the most efficient disinfectants. | : _
For all systems which do not meet the source water quality criteria
and must install filtration, EPA recommends that during the interim period
the Primacy Agency increase its surveillance of the system and require
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increased monitoring and reporting requirements to assure adequate
protection of the public health.

Any required increases in watershed control and/or on-site
inspections will not alleviate the need for more stringent disinfection
requirements and increased monitoring of the effectiveness of the system
employed. Their purpose would be to identify and control all sources of
contamination so that the existing system will provide water of the best
possible quality. '

For some systems, it may be possible to purchase water from a nearby
system on a temporary basis. This may involve no more than the use of
existing interconnections or it may require the installation of temporary
connections. .

Trafler mounted filtration units (package plants) are sometimes
available fram state agencies for emergencies or may be rented or leased
from equipment manufacturers.

Systems may also be required to supply bottled water or'ihsta1l
point-of-entry (POE) treatment devices. For the reasons listed below,
these alternatives should only be utilized if the previously mentioned
alternatives are not feasible:

- In many states bottled water is subject only to the water
quality requirements of the FDA as a beverage and not to the
requirements of the Safe Drinking Water Act.

- . Point-of-entry treatment devices are not currently covered by
performance or certification requirements which would assure
their effectiveness or performance.

1f the installation of POE devices is required, the selection of the
appropriate treatment device should be based upon a laboratory or field
scale evaluation of the devices. A guide for testing the effectiveness
of POE units in the microbiological purification of contaminated water is
provided in Appendix N. | .

Several issues arise with the use of POE devices. These include
establishing who or what agency (1) has the responsibility for ensuring
compliance with standards; (2) retains ownership of the treatment units;
(3) performs monitoring, analyses and maintenance; and (4) manages the
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treatment program and maintains insurance coverage for damagé and liabil-
fty. It should also be considered that there is no significant increase
in risk over centrally treated water.

These issues should be borne in mind when POE as a treatment
alternative is being considered.

Systems with currently unfiltered surface water supplies which meet
~ the source water quality criteria, but do not meet one or more of the
~ other requirements for watershed control, sanitary survey, compliance with
annual coliform MCL or disinfection by-product regulation(s), will be
required to install filtration unless the deficiencies can -be corrected
within 48 months of promulgation of the SWTR. Interim protection measures
include those previously listed. .

Systems with currently unfiltered surface water supplies which meet
the source water quality criteria and the site specific criteria but which
do not meet the disinfection requirements, will be required to install
filtration unless the disinfection requirements (adequate CT and/or
disinfection system redundancy) can be met. During the interim period,
available options include:

3. Temporary installation of a mobile treatment plant

b. Temporary purchase of water from a nearby purveyor .
c. Increased monitoring of the system | .

d. Installation of temporary storage facilities to increase the
disinfectant contact time

Currently filtered supplies which fail to meet the turbidity or
disinfection performance criteria presented in Section 5 will be required
to evaluate and‘upgrade their treatment facilities in order to attain
compliance. Ouring the interim period available options for improving the

finished water quality include:
a. Use of a filter aid to 1mprove filter effluent turbidities

b. Increased disinfectant dosages

c. The addition of an alternate disinfectant is an option after
' the disinfection by-products rule is promulgated .

9 - 10
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d.  Reduction in filter loading rates with subsequent reduction
in plant capacity ' ’

e. ' Installation of temporary storage facilities to increase
disinfectant contact time

9.6 Notification to EPA

The SOWA requires that each Primacy Agency which grants an exemption
notify EPA of the granting of this exemption. The notification must
contain the reasons for the exemption, including the basis for the finding
that the exemption will not result in an unreasonable risk to public
health and document the need for the exemption.
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