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1. Executive Summary

1.1 Need for the Proposal

Drinking water contamination is one of the most important environmenta risks, and disease-causing
microbia contaminants (i.e., bacteria, protozoa, and viruses) are probably the greatest remaining heglth
risk management challenge for drinking water suppliers according to EPA’s Science Advisory Board
(SAB), an independent pand of experts established by Congress (U.S. EPA/SAB, 1990). The
proposed Long Term 1 Enhanced Surface Water Treatment and Filter Backwash Rule (LT1FBR)
undertakes the challenge to improve the control of microbia pathogens such as Cryptosporidium in
public drinking water systems.

Cryptosporidium, which is common in the environment, is trangported in watersheds from sources of
oocysts (eg., agricultura runoff and untrested wastewater) to water bodies that serve as drinking water
sources. If system treatment operates inefficiently, oocysts may enter finished water at levels that pose
hedth risks. Cryptosporidiumisof particular concern to EPA asit developsthe LT1IFBR
because—unlike pathogens such as viruses and bacteria—it is difficult to inactivate Cryptosporidium
oocysts using standard disinfection practices. Therefore, the control of Cryptosporidium is dependent
on physicad remova processes. Other emerging disinfection-resstant pathogens such as
Microsporidia, Cyclospora, and Toxoplasma are also a concern for smilar reasons.

Cryptosporidiosisis the disease caused by ingesting Cryptosporidium oocysts. Dupont, et al. (1995)
found that a dose of even afew C. parvum oocydsis sufficient to cause infection in hedthy adults.
Cryptosporidioss is acommon protozod infection that usualy causes 7 to 14 days of diarrheawith
possibly alow-grade fever, nausea, and abdomina crampsin individuas with healthy immune systems
(Juranek, 1998). Thereis currently no therapeutic cure for cryptosporidioss, but the disease is
sf-limiting in hedthy individuas. 1t does, however, pose serious hedth and mortdity risks for sengtive
subpopulations including children, the ederly, pregnant women, and the immunocompromised* (Gerba
et a., 1996; Fayer and Ungar, 1986; U.S. EPA 1998a), which represents amost 20 percent of the
population in the United States (Gerba et d., 1996).

Cryptosporidium oocysts in drinking water treated by small systems pose both an endemic and an
epidemic hedthrisk. The nature of endemic risks prevents the resulting illnesses from gopearing in
databases that track waterborne diseases. Consequently, there are no data to determine the extent of
the endemic hedth impact in the United States. Evidence on epidemic risk, however, suggests that
improving small system performance will generate hedlth benefits. Between 1984 and 1994, six of the
ten documented epidemics associated with drinking water systems occurred in systems serving fewer

Yror instance, afollow-up study of the 1993 Milwaukee waterborne disease outbreak reported that at least
50 Cryptosporidium-associated deaths occurred among the severely immunocompromised (Hoxie et a., 1997).
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than 10,000 people (Moore et a., 1993; Kramer et al., 1996; Levy et d., 1998; Craun et ., 1996;
Craun, 1998).2

The two primary methods for treating drinking weter for microbia contaminants are chemicdl
disnfection (inactivation) and physicd removd. The main god of LT1FBR, which isdiscussed in
greater detail in Chapter 2, isto improve the physica remova of microbid contaminants through the
enhancement of turbidity treatment processes and management of recycle practices. Chemicad
disnfection is dso addressed through a disinfection benchmark provison that maintains microbid
protection levels while systems dter disinfection practices to reduce hedth risks associated with
disinfection byproducts.

The dtrategy of the proposed rule is to enhance turbidity treatment practices at smal systems that use
filtration and to address risks posed by recycle practices. EPA believes that improved finished water
turbidity levels are indicative of improved physica remova and, therefore, reduced risk of
Cryptosporidium-related illnesses. Recycle practices are of concern because recycle of flows such as
filter backwash and thickener supernatant within the treatment process can potentialy return a
ggnificant number of oocydts to the trestment plant in a short amount of time, particularly if the recycle
is returned to the treatment process without prior treatment, equaization, or some other type of
hydraulic detention. Should recycle disrupt normal trestment operations or should treatment not
function efficiently due to other deficiencies, high concentrations of oocysts may pass through the plant
into finished drinking weter.

As areault, the proposed rule addresses two requirements of the Safe Drinking Water Act (SDWA) as
amended in 1996. Those amendments established a number of regulatory deadlines, including
schedules for a Stage 1 and a Stage 2 Disinfection Byproduct Rule, two stages of the Enhanced
Surface Water Treatment Rule 1412(b)(2)(C), and arequirement that EPA promulgate regulations to
“govern” filter backwash recycling within the trestment process of public utilities (Section 1412(b)(14)).
The proposed LT1FBR is the second part of the first stage of the Enhanced Surface Water Trestment
Rule. The other part, the Interim Enhanced Surface Water Treatment Rule (IESWTR) promulgated in
December 1998, established requirements to improve control of microbiad pathogensin public water
systems serving 10,000 or more people that use surface water or GWUDI. The LT1FBR extends
those requirements to smal systems and also addresses the filter backwash recycling requirement.

The proposed LT1FBR gppliesto public drinking water systems using surface water or ground water
under the direct influence of surface water (GWUDI) as a source and serving fewer than 10,000
people, with the exception of arecycle control provison that aso appliesto large systems (i.e., systems
serving 10,000 or more people). LT1FBR builds on the 1989 Surface Water Treatment Rule (SWTR)
(54 FR 27486, June 19, 1989). It will also protect the public againgt increasesin microbid risk as
sysems dter their disinfection practices to meet new disinfection byproduct (DBP) standards

2The documented outbresks do not account for all of the epidemic illnesses. The number of identified and
reported outbreaks in the Centers for Disease Control database represents a small percentage of actual waterborne
disease outbreaks because there are numerous opportunities for the reporting framework to fail to register an
outbreak (National Research Council, 1997; Bennett et al., 1987).
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promulgated under the Stage 1 Dignfectants/Disinfection Byproducts Rule (Stage 1 DBPR) (63 FR
69477, December 16, 1998). Chapters 2 and 3 describe the provisions of the proposed rule in detail;
briefly, they are:

. 2-log Cryptosporidium remova requirements for systems that are required to filter under the
SWTR

. Strengthened combined filter effluent (CFE) turbidity performance sandards of 1.0 NTU asa
maximum and 0.3 NTU as the 95th percentile monthly, based on continuous monitoring for
systems using conventiond or direct filtration, and related requirements for systems using other
filtration technologies

. Requirements for individud filter turbidity monitoring for plants usng conventiona or direct
filtration

. A dignfection benchmark provision with applicability monitoring, profiling, and benchmarking
components to insure that microbid protection is not undercut as facilities take the necessary
steps to comply with new disinfection byproduct standards

. Incluson of Cryptosporidium in the definition of GWUDI systems and in the watershed control
requirements for unfiltered public water systems

. A requirement that new finished water storage facilities are covered.
. Reporting requirements and recycle practice modifications for systems that practice recycle
1.2 Consideration of Regulatory Alternatives

The public hedlth decison-making process is particularly demanding for this rule because it primarily
affects samdl drinking water systems, which have limited capabilities for investing in new trestment
technol ogies or maintaining complex monitoring regimes compared to large systems. Nevertheless,
their customers are entitled to hedlth protection comparable to the protection afforded to large system
customers by the [IESWTR (63 FR 69389, December 16, 1998). Thus, EPA has carefully weighed
the feashility of smal system implementation againgt the public hedth risks posed by microbid
contaminants to customers of smal systems throughout the rule development process. EPA
incorporated stakeholder inputs from small systems operators, consumers, and States with the
Substantive elements of the IESWTR to design a proposed rule that provides small system customers
with acomparable level of protection while minimizing the coststo amd| systems.

To reduce the potentia burden of the proposed LT1FBR on small systems, EPA developed and
evauated the cogt implications of severd regulatory dternatives for the following provisons: individud
filter monitoring, disinfection benchmark gpplicability monitoring, disnfection benchmark profiling, and
recycle practice. EPA garted with the regulatory framework for the IESWTR and worked with
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stakeholder groups to determine how to make the requirements less burdensome for smal systems
without compromising the hedlth benefits of the proposed rule.

Chapter 3 discusses the dternatives in detail and describeswhy EPA sdected the preferred aternatives
for the proposed rule. Exhibit 1-1 compares the preferred LT1FBR dternatives with their IESWTR
counterparts. With the exception of the recycle provison, which is new under the proposed rule, the
comparison shows that the preferred LT1FBR dternatives will place less data collection and data
andysis burden on smdl systems.

Exhibit 1-1. Key Differences Between the Preferred Alternativesfor the Proposed
LT1FBR and the IESWTR Requirements

Provision

Preferred LT1FBR Alternative

IESWTR Requirements

Individual filter monitoringC
events requiring an exceptions
report!

Individua filter turbidity exceeds
1 NTU in two consecutive
measurements

Individual filter turbidity exceeds
1 NTU in two consecutive
measurements

Individual filter turbidity exceeds
0.5NTU in two consecutive
measurements after first 4 hours
of filter operation

TTHM and HAAS samples at four
locationsin each of 4 quarters

Disinfection benchmarkC
applicability monitoring

Optional TTHM and HAAS sample at
maximum residence point during the
month of warmest water temperature
Totd samples: 16
Total samples: 1 (optional)
Collect dataweekly for 1 year

Disinfection benchmarkC
profile development

Collect datadaily for 1 year

Total profile data points: 52 Tota profile data points: 365

1. The proposed LT1FBR and the IESWTR have comparable filter self assessment and comprehensive performance evaluation
requirements.

1.3 Baseline Analysis

Each provision of the proposed LT1FBR affects adifferent subset of surface water or GWUDI
systems, and Chapter 4 discusses how EPA estimated the number of affected systems by
provision. For example, the proposed L T1FBR establishes new combined filter effluent
requirements for surface water and GWUDI systems that serve fewer than 10,000 people and filter
drinking water, and an individual filter monitoring requirement that applies to the subset of systems
using conventional and direct filtration. The LT1FBR aso establishes management of recycle
flow requirements, which apply to all surface water and GWUDI systems using rapid granular
filtration regardless of size.

The methods and sources used to identify the number of systemsthat are included under each
provision are detailed in Chapter 4. Exhibit 1-2 provides the system size categories and the
number of systems that may be affected by the provisions of the LT1FBR. The number of systems
using filtration that may be affected by one or more of the turbidity provisions was devel oped from
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an analysis of current finished water turbidity, and an analysis of the types of filtration employed
(e.g., conventional, direct, low sand, and membranes). The number of systems that will have to
perform applicability monitoring and/or develop disinfection profiles and establish abenchmark is
based on the type of drinking water system (i.e., community, nontransient noncommunity) and
chronic exposure. Estimates of systems that may be regulated under the recycle provision were
developed from an analysis of primary water treatment and recycling practices.

Exhibit 1-2. Number of SystemsUnder L T1FBR Provisions

Applicability Monitoring
System Turbidity and Disinfection Recycle

Size Provisions Benchmarking Provisions
#100 2,201 1,404 502
101B500 2,031 2,333 670
501B1,000 1,109 1,301 4386
1,001B3,300 2,150 2,553 993
3,301B9,999 1,643 1,859 887
10,000B50,000 N/A N/A 830
50,001B100,000 N/A N/A 141
100,00181,000,000" N/A N/A 127
Total 9,133 9,450 4,636

1. This system estimate does not include seven individual plants that belong to systems serving more than one million people,
which were included in the cost analysis because they may be affected by the recycle provisions.

1.4 Benefitsof the LT1FBR

Chapter 5 provides EPA’ s analysis of potentia benefits of the proposed rule. According to the
risk assessment performed for this RIA, the turbidity provisionsin the proposed LT1FBR are
estimated to reduce the mean annual number of Cryptosporidium illnesses by improving filtration
in drinking water treatment plants serving fewer than 10,000 people. The risk assessment predicts
that improved filtration will result in mean reductions of 22,800 to 83,600 annual illnesses
depending on which of the scenarios describing baseline removal (2.0 or 2.5 log) and improved
Cryptosporidium removal (low-, mid-, or high-removal) is assumed. Based on these
cryptosporidiosis reductions, the mean annua estimated benefits from reducing illnesses are
between $53.9 million and $199.5 million per year. This calculation assumes a mean cost of
illness of approximately $2,400 per illness.
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The LT1FBR risk assessment also predicts a mean annual reduction of 3 to 10 mortalities by
improving filtration practices, depending on the baseline removal and improved removal
assumptions. These annual mortality reductions produce benefits in the range of $16.2 millionto
$59.8 million, based on amean vaue of $5.7 million per statistical life saved. Exhibit 1-3
summarizes annua benefits accruing from the LT1FBR turbidity provisions.

Exhibit 1-3. Summary of Annual Benefits Associated with Avoided IlInesses and
Mortalitiesfor the Turbidity Provisions (January 1999 dollars)

Daily Drinking Water Ingestion and
Baseline Cryptosporidium L og-Removal Assumptions
($ millions)
Mean = 1.2 Liters per person
Improved L og-Removal Assumption 2.0log 25109
L ow Removal
Avoided IlInesses $150.3 $53.9
Mortalities $45.0 $16.2
Total $195.3 $70.1
Mid Removal
Avoided IlInesses $185.3 $66.2
Mortalities $55.5 $19.9
Total $240.8 $86.1
High Removal
Avoided Illnesses $199.5 $71.1
Mortalities $59.8 $21.3
Totd $259.4 $92.4

Totals may not equal detail due to rounding.

The calculated turbidity benefits are the lower bound of total benefits accruing from the proposed
LT1FBR. Additional nonquantified benefits come from the recycle provisions for small and large
drinking water systems, the disinfection benchmark provision, the requirement that all new finished
water reservoirs be covered, and the inclusion of Cryptosporidiumin the definition of GWUDI
and the watershed control requirements for small unfiltered systems. These components combine
to reduce health effects to sensitive subpopulations, reduce the risk of outbreaks, enhance aesthetic
water quality, and minimize expenditures associated with averting behavior, as well as reduce risk
from other pathogens (e.g., Giardia lamblia). Datawere not available to quantify benefits for
these categories and provisions, however, qualitative analysis suggests that these benefits will be
positive and significant. In particular, the recycle provisions will prevent the accumulation of
Cryptosporidium within the treatment plant and minimize the risk of oocysts entering finished
water by improving filter performance and reducing hydraulic disruptions.

1.5 Costsof theLT1FBR

Chapter 6 summarizes the methods EPA used to analyze costs for the proposed rule. EPA
estimates that the annualized cost of the preferred aternatives for the proposed rule will be $87.6
or $97.5 million depending on the discount rate. These estimates include capita costs for turbidity
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treatment and recycle practice changes and start-up labor costs for monitoring and reporting
activities that have been annualized assuming either a 3 percent or a 7 percent discount rate over a
20-year period. They aso include annual operating and maintenance costs for turbidity treatment
and recycle practice changes and annual 1abor for turbidity monitoring activities. The labor costs
incorporate both system and State burden estimates.

Exhibit 1-4 summarizes costs by provision for the set of preferred alternatives. Costs for the
turbidity provisions, which include treatment changes to meet the revised CFE requirements and
individual filter monitoring activities, account for 70 or 72 percent of total costs depending on the
discount rate assumption. The recycle provisions, which include costs for some systems moving
their recycle return location, direct recycle systems conducting a self assessment, and direct
filtration reporting their recycle practices account for 23 to 25 percent of total costs.®> System
expenditures for all provisions are approximately 93 percent of total costs; State expenditures make
up the remainder.

Exhibit 1-4. Total Annual Costsfor Two Combinations of Alter natives
(January 1999 dollars)

Preferred Alternatives IESWTR Alternatives
Compliance ($ millions) ($ millions)
Activity 3% % 3% %
Turbidity Provisions $63.4 $68.6 $116.7 $121.9
Disinfection Benchmarking $1.3 $1.8 $5.9 $8.3
Covered Finished Storage $2.5 $2.6 $2.5 $2.6
Recycle Provisions $20.4 $24.5 $20.4 $24.5
Total Costs $87.6 $97.5 $145.5 $157.3

Detail may not add to total due to independent rounding.

To reduce the potential cost to small systems, EPA devel oped and evaluated the cost implications
of severa regulatory aternatives for the following provisions: turbidity monitoring, disnfection
benchmark applicability monitoring, disinfection benchmark profiling, and recycle practice. Many
of the aternatives reduce the labor burden on small systems relative to what it would be if the
proposed rule incorporated the same requirements as the IESWTR. Exhibit 1-4 a so reports what
the costs would be under aternatives smilar to IESWTR requirements. Comparing these costs
with the costs of the preferred aternatives shows that the preferred alternatives reduce total costs
by approximately 38 to 40 percent, primarily by reducing the labor burdens associated with
individua filter monitoring activities.

3The recycle cost estimate includes indirect capital and operating and maintenance costs based on EPA’s
estimates of how many direct recycle and direct filtration systems may be required to alter their recycle practices.
This represents the high range of EPA cost estimate for the preferred recycle aternative.
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Increased drinking water production costs may be passed on to consumers, including households,
in the form of higher fees. EPA estimated the potentia impact on households by developing a
distribution of costs across all affected systems and converting that distribution to a per-household
basis. Approximately 6.6 million households could be affected by the turbidity, disinfection
benchmarking, and covered finished water storage provisions. EPA estimates that the mean
annual incremental cost per household would be $8.66, and the incremental annual cost would be
less than $10 for approximately 86 percent of households and less than $120 (i.e., $10 per month)
for 99 percent of households. The recycling provisions could affect approximately 12.9 million
households based on EPA’ s assumptions, and the mean cost per household is $1.79. Annual
incremental cost would be less than $10 for about 99 percent of households and less than $120 for
99.9 percent of households.

1.6 Economic Impact Analysis

As part of the rule promulgation process, EPA isrequired to perform a series of distributional
analyses that address the potential regulatory burden placed on entities that are directly or indirectly
effected by therule. The distributional impacts considered were the cost of compliance for State,
local, and Tribal governments, and small businesses; the effect of rule implementation on sensitive
subpopulations; and the potential for disproportionate impacts on low-income and minority
populations. Chapter 7 discusses EPA’ s economic impact analyses and findings.

A distributional impact analysis was performed as part of the requirements under the Unfunded
Mandate Reform Act. The analysislooked at budgetary impacts across system sizes aswell as
geographically over the United States. Across system sizes, the greatest impact in terms of
cost-to-revenue ratios would be on those systems serving 500 or fewer people, although over 70
percent of system costs will accrue to systems serving more than 1,000 people.

For States, budgetary impacts were considered using three different perspectives. annual
compliance costs per State; the percentage increase in drinking water program costs per State; and
State per capita drinking water program expenditures. The evidence from the three perspectives of
budgetary impacts does not suggest that there would be a disproportionate budgetary effect
resulting from therule. Thereis no evidence of a geographic concentration of higher impact. Nor
does any one State consistently show relatively high impacts across al three analyses.

The Regulatory Flexibility Act, as amended by the Small Business Regulatory Enforcement
Fairness Act (SBREFA), requires the EPA to consider the financial impact of LT1FBR on small
business entities. EPA conducted an analysis of the budgetary impact of the rule on three different
categories of small system ownership: public, private, and non-profit. Using assumptions
regarding the costs that systems of various sizes will incur to comply with the LT1FBR rule, EPA
was able to generate a hypothetical distribution of per-system costs. EPA compared this cost
distribution to financia data to determine how many systems might incur costsin excess of 3
percent or 1 percent of revenue. The results of the analysis suggest that a significant number of
small systems will be substantially impacted by the rule. Consequently, EPA prepared an Initial
Regulatory Flexibility Analysis, which isincluded in Chapter 7.
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A primary purpose of the proposed LT1FBR isto improve control of microbial pathogens,
specificaly the protozoan Cryptosporidium. Under Executive Order 13045, EPA must evaluate
the environmental health or safety effects of the planned rule on children, and explain why the
planned regulation is preferable to other potentially effective and reasonably feasible aternatives
considered by EPA. Because of the severity of illness and high costs for treatment experienced by
sensitive subpopul ations—including young children—as a result of Cryptosporidium infection,
LT1FBR is expected to have a disproportionately positive impact on children.

As required under Executive Order 12898, EPA must identify and address disproportionately high
and adverse human health or environmental effects the adoption of LT1IFBR may have on
minority and low-income populations. The Agency has considered environmental justice-related
issues concerning the potential impacts of this action and has consulted with minority and
low-income stakeholders. Furthermore, the proposed L T1IFBR extends the types of health risk
reductions achieved by the 1998 IESWTR to consumers served by small public water systems.
Therefore, the minority and impoverished populations served by small systems will redlize the
health protection benefits currently provided to populations served by larger systems.

1.7 Weighing of Benefits and Costs

For the comparison of benefits and costsin Chapter 8, EPA subtracted the incremental costs of the
proposed rule from the incremental benefits to obtain net benefits. Assuming incremental
annualized costs can be represented by the costs for the preferred alternatives shown in Exhibit
1-4 ($87.6 million to $97.5 million across discount rates) and incremental benefits can be
represented by the range in Exhibit 1-3 (mean values of $70.1 million to $259.4 million across the
removal assumptions), net benefits potentially range from a negative vaue of $27.4 million to
positive value of $171.8 million. The low net benefit estimate equals the low benefit minus the
high cost estimate. Conversaly, the high net benefit estimate is the difference between the high
benefit estimate and the low cost estimate. The chart in Exhibit 1-5 compares these ranges, and
shows that the range of potential net benefits lies primarily in the positive quadrant. Thus, benefits
will most likely exceed costs.
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Exhibit 1-5. Comparison of Annual Benefit, Cost, and Net Benefit Ranges
(January 1999 dollars, millions)

Net Benefits '
1 1 LA
Costs
Benefits I

-$50 $0  $50 $100 $150 $200 $250 $300

Although this andys's suggests that monetized net benefits may be as low as negative $27.4 million for
the preferred dternatives, total socid net benefits are likdly to be postive taking the quditative benefits
into congderation. Costs were estimated for most of the provisions of the proposed LT1FBR, but
benefits were only estimated for the turbidity provisons, EPA did not quantify benefits associated with
three provisons that accounted for gpproximately one third of total costs: recycle practices, disnfection
benchmarking, and covered finished storage. Furthermore, the quantified benefits for the turbidity
provisons do not include categories of benefits such as reducing exposure to other pathogens (e.g.,
Giardia lamblia) and avoiding the cost of averting behavior. The nonquantified benefits could
represent substantial additional economic vaue. Overdl, EPA expects the rule to provide benefits for
more than 18 million households. If the aggregate benefit per household for these nonquantified benefits
isat least $1.52 per year, then even the low range of net benefits will be positive.

ThisRIA provides background on the proposed rule, summarizes the key components, discusses
dternatives to the proposed rule, and estimates costs and benefits to the public and State governments.
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2. Need for the Proposal

This document analyzes the impact of the proposed Long Term 1 Enhanced Surface Water
Treatment and Filter Backwash Rule (LT1FBR). Executive Order 12866, Regulatory Planning
and Review, requires EPA to estimate the costs and benefits of regulations in a regulatory impact
analysis (RIA) and to submit the analysis in conjunction with publishing the proposed rule.

The proposed Long Term 1 Enhanced Surface Water Treatment and Filter Backwash Rule applies
to public drinking water systems using surface water or ground water under the direct influence of
surface water (GWUDI) as a source and serving fewer than 10,000 people, with the exception of
the recycle provisions, which also apply to large systems (systems serving 10,000 or more people).
LT1FBR builds on the 1989 Surface Water Treatment Rule (SWTR) (54 FR 27486, June 29,
1989). LT1FBR will improve control of microbia pathogens such as Cryptosporidium as well as
assure there will be no significant increase in microbial risk for those systems that may need to
change their disinfection practicesin order to meet new disinfection byproduct (DBP) standards
under Stage 1 Disinfectants/Disinfection Byproducts Rule (Stage 1 DBPR) (63 FR 69389,
December 16, 1998).

This RIA provides background on the proposed rule, summarizes the key components, discusses
alternatives to the proposed rule, and estimates costs and benefits to the public and private sectors.
This chapter summarizes the technical and regulatory issues associated with the need for the
proposed rule. It explains the nature of surface water treatment for microbial pathogens, identifies
the public health concerns addressed by the proposed rule, and summarizes the key components of
the proposed rule.

Chapters 3 through 8 are intended to meet the requirements of Executive Order 12866 by
responding to specific analytical questions. Chapter 3 reviews alternative approaches considered
as the proposed rule was being developed. Chapter 4 presents public water system (PWS) datato
establish a baseline of information for use in the following four chapters. Chapter 5 examines the
proposed rule's potential benefits, reviewing occurrence data, treatment efficiencies and dose
response relationships. Chapter 6 presents an estimate of the costs to implement the proposed rule.
Chapter 7 reviews the distribution of the costs and benefits of the proposed rule on various entities
and subpopulations. Chapter 8 weighs the overall benefits and costs of the various aternatives
considered for the proposed rule.

2.1 Description of the lssue

The primary issue of concern being addressed by LT1FBR isimproved public health protection
through the treatment of drinking water for microbial contaminants. The two primary methods for
treating drinking water for microbial contaminants are chemical disinfection (inactivation) and
physical removal. Chemical disinfection has been addressed by several other regulationsand is
not the primary issue being addressed by LT1FBR. The main goa of LT1FBR isto improve the
physical removal of microbial contaminants by enhancing filtration and other physical removal

February 15, 2000 2-1 RIA for the Proposed LT1FBR



processes and management of recycle practices to protect these physical treatment processes.

The types of water treatment plants or unit operations that may be used to physically remove
particlesinclude: conventional treatment, direct filtration, package plants, softening, solids contact
clarification, slow sand filtration, and diatomaceous earth filtration. LT1FBR does not apply to the
latter two types of treatment.

Conventional treatment, the most widely used plant type, consists of chemical coagulation, rapid
mix, flocculation, and sedimentation followed by filtration. A genera flow schematic for a
conventional water treatment plant is presented in Exhibit 2—1. Source water istreated with
chemical coagulant(s), such as aluminum sulfate (alum), ferric or ferrous sulfate, ferric chloride,
and/or a coagulant aid to destabilize suspended particles and improve sedimentation as the water
enters the treatment system. Coagulant aids promote the attachment of suspended particlesto the
polymers, and coagulate to form a heavy floc that is easily removed in the settling process. The
flow is then subjected to rapid mixing that blends the coagulant into the raw water. In the
flocculation step, coagulated water is gently stirred to alow particles to collide and combine to
form larger particles. This produces a dense and readily settleable floc. The floccul ated water
flows into a sedimentation basin where the dense floc settles over time leaving clarified water
above it. Sedimentation should provide ahigh level of particulate remova and significantly reduce
the turbidity level. Thisclarified water isfiltered to remove particles or turbidity that remains after
sedimentation.

Exhibit 2-1. Flow Schematicsfor Conventional Water Treatment Systems

Coagulants

\ 4

Raw Water Rapid Mix »  Flocculation Sedimentation > Filtration EEE—

In the direct filtration process, suspended solids are removed solely through filtration process
(AWWA/ASCE, 1998). Asdepicted in Exhibit 2-2, direct filtration consists of coagulation
followed by rapid mixing, flocculation, and filtration. Unlike conventional treatment, the
chemically conditioned and flocculated water is applied directly to thefilters. No separate
sedimentation processisused in direct filtration. A variation of direct filtration, in-line filtration,
excludes the flocculation process and instead relies on flocculation to occur in the piping between
the rapid mix and the filters. In both direct filtration and in-linefiltration, the filters are the only
means of suspended solid, particle, and pathogen removal.
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Exhibit 2-2. Flow Schematicsfor Direct Filtration Systems

Coagulants

A 4

Raw Water Rapid Mix Flocculation > Filtration EE—

(a) Direct Filtration

Coagulants

Raw Water Rapid Mix Filtration EE—

(b) In-Line Filtration

Small surface water systems may use severa other technologies. Some small surface water
systems are package plants. Package plants can be defined as a complete modular treatment plant,
designed as afactory assembled, skid mounted unit. A complete modular treatment plant typically
consists of chemical coagulation, flocculation, settling and filtration. Most modular systems utilize
high rate treatment processes, with shorter detention time than that of custom-engineered
conventiona treatment plants. Another type treatment used by some systemsis the softening plant.
Softening plants utilize the same basic treatment process as conventional treatment plants, except
that they also remove hardness (cal cium and magnesium ions) through precipitation, followed by
solidsremoval. In the contact clarification treatment process, the flocculation and sedimentation
(and often the rapid mix) processes are combined in one unit, that being an upflow solids contactor
or contact clarifier. In addition, small systems may also utilize microfiltration and bag and
cartridge filters to remove turbidity.

In the treatment processes just discussed, pathogenic microorganisms are removed during the
sedimentation and/or filtration processesin awater treatment plant. As Exhibit 2—3 shows, recycle
streams generated during treatment, such as spent filter backwash water, liquids from dewatering,
or thickener supernatant are often concentrated and returned to the treatment train. Theserecycle
streams, therefore, may contain high concentrations of pathogens, including disinfection-resistant
Cryptosporidium oocysts, in addition to chemicals added during the stages of the treatment process
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(e.g., oxidants, softeners, coagulants, polymers). If the recycle enters the treatment train after the
point of primary coagulation, the recycle can degrade the treatment process, by causing an
inappropriate chemical dose, hydraulic surge and potentially overwhelming the plant’s multi-
barriers with alarge concentration of pathogens.

Exhibit 2-3. Flow Schematicsfor Systemsthat Recycle
4 )

Direct Recycle

Coagulants

A 4

Raw Water Rapid Mix

Flocculation P Sedimentation > Filtration

Treated Recycle

Coagulants

Raw Water Rapid Mix P Flocculation P Sedimentation » Filtration

<«4—— Recycle Flows
|_ Equalization

or

\ Sedimentation /
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2.2 Public Health Concerns

In 1990, EPA’s Science Advisory Board (SAB), an independent panel of experts established by
Congress, cited drinking water contamination as one of the most important environmental risks and
indicated that disease-causing microbia contaminants (i.e., bacteria, protozoa and viruses) are
probably the greatest remaining health risk management challenge for drinking water suppliers
(U.S. EPA/SAB, 1990). Information on the number of waterborne disease outbreaks from the
U.S. Centersfor Disease Control and Prevention (CDC) underscores this concern. CDC indicates
that 401 waterborne disease outbreaks were reported between 1980 and 1996, with over 750,000
associated cases of disease (CDC, 1996).

2.2.1 Contaminantsand Their Associated Health Effects

Waterborne disease caused by Cryptosporidiumisof particular concern to the LT1FBR, as
Cryptosporidium oocysts are not inactivated with standard disinfection practices (unlike pathogens
such as viruses and bacteria), and thereis currently no therapeutic cure for cryptosporidiosis
(unlike giardiasis). Cryptosporidiumis not generally inactivated in systems using standard
disinfection practices, therefore, the control of Cryptosporidiumis entirely dependent on physical
removal processes. Other emerging disinfection resistant pathogens, such as microsporidia,
Cyclospora, and Toxoplasma are also a concern of LT1FBR for similar reasons.

Waterborne disease is usually acute (i.e., sudden onset and typically lasting a short time in healthy
people). Some pathogens (e.g., Giardia and Cryptosporidium) may cause extended illness, lasting
weeks or longer in otherwise healthy individuas, and the infection can prove fatal for sengitive
populations such as the immunocompromised. Most waterborne pathogens cause gastrointestinal
illness, with diarrhea, abdominal discomfort, nausea, vomiting, and/or other symptoms. Other
waterborne pathogens cause, or at least are associated with, more serious disorders such as
hepatitis, gastric cancer, peptic ulcers, myocarditis, swollen lymph glands, meningitis, encephalitis,
and many other diseases.

Cryptosporidiosis is caused by ingestion of Cryptosporidium oocysts, which are readily carried by
the waterborne route. The most common source of oocysts in water is the feces of infected hosts
(Walker et al., 1998). Dupont, et al. (1995) found through a human feeding study that alow dose
of C. parvum s sufficient to cause infection in healthy adults. Infected humans and other animals
may excrete Cryptosporidium oocysts, which can then be transmitted to others. Transmission of
cryptosporidiosis often occurs through ingestion of the infective oocysts from contaminated food or
water, but may also result from direct or indirect contact with infected persons or animals
(Casemore, 1990; Cordell and Addiss, 1994).

Cryptosporidiosis is acommon protozoal infection that usually causes 7-14 days of diarrheawith
possibly alow-grade fever, nausea, and abdomina crampsin individuals with healthy immune
systems (Juranek, 1998). There appears to be an immune response to Cryptosporidium, but it is
not known if this results in compl ete protection (Fayer and Ungar, 1986). When prior exposure or
chronic contamination of the water by low levels of oocysts confers short-term immunity to
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immunocompetent residents in acommunity (Okhuysen et al., 1998), most cases of symptomatic
illnessin that community will then occur in newly exposed individuals, such as young children,
visitors, and new residents (Frost et al., 1997).

2.2.2 Sensitive Subpopulations

There are anumber of sensitive populations that are at greater risk of seriousillness (morbidity) or
mortality from either epidemic or endemic infection by Cryptosporidium pathogens than isthe
general population (Frost et al., 1997). In sengitive populations, gastrointestinal illness caused by
cryptosporidiosis may be chronic. These sensitive populations include children, especially the very
young; the elderly; pregnant women; and the immunocompromised. This sensitive segment
represents amost 20 percent of the population in the United States (Gerbaet d., 1996; Fayer and
Ungar, 1986; U.S. EPA 1998b).

EPA has a particular concern regarding drinking water exposure to Cryptosporidium, especialy in
severely immunocompromised persons, because there is no effective therapeutic drug to cure the
disease (Framm and Soave, 1997). Therefore, prevention of infection is critical (Petersen, 1992).
The severity and duration of illnessis often greater in immunocompromised persons than in
healthy individuals and may be fatal among this population. For instance, a follow-up study of the
1993 Milwaukee waterborne disease outbreak reported that at |east 50 Cryptosporidium-
associated deaths occurred among the severely immunocompromised (Hoxie et a., 1997).

2.2.3 Sourcesof Contaminants

Cryptosporidiumis common in the environment (Rose, 1997, Soave, 1995, LeChevallier et a.,
1991a). Runoff from unprotected watersheds allows the transport of these microorganisms from
sources of oocysts (e.g., feces of wildlife, untreated wastewater, and agricultural runoff) to water
bodies used as intake sites for drinking water treatment plants. If treatment operates inefficiently,
oocysts may enter the finished water at levels of public health concern. Increasing disinfection
dosages (i.e., chlorine or chloramines) is not an effective strategy for controlling Cryptosporidium,
because the Cryptosporidium oocyst is especially resistant to disinfection practices.

Cryptosporidium oocysts have been detected in wastewater, pristine surface water, surface water
receiving agricultural runoff or contaminated by sewage, ground water under the direct influence
of surface water (GWUDI), water for recreationa use, and drinking water (Rose, 1997; Soave,
1995). Over thirty environmental surveys have reported Cryptosporidium source water
occurrence data from surface water and GWUDI (presented in Exhibits 2—4 and 2-5), which
typically involved the collection of afew water samples from anumber of sampling locations
having different characteristics (e.g., polluted vs. pristine; lakes or reservoirs vs. rivers).

Each of the studies cited in Exhibits 2—4 and 2-5 presents Cryptosporidium source water
occurrence information, including: 1) the number of samples collected, 2) the number of samples
positive, and 3) both the means and ranges for the concentrations of Cryptosporidium detected
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(where available). However, the recovery and detection for Cryptosporidiumin water samples
using the immunoflourescence assay method islimited. Additionally, the method does not indicate
with certainty whether the oocysts detected are viable or infective to humans (Frey et al., 1997).
Despite these limitations, the occurrence information generated from these studiesisvaluable as a
measure of the incidence of Cryptosporidium in source waters. EPA compiled information on the
following source waters. rivers, reservoirs, lakes, streams, raw water intakes, springs, wells under
the influence of surface water, and infiltration galleries.

Finally, sedimentation and filtration processes in drinking water treatment plants remove
pathogenic microorganisms from the source water. Recycle streams generated during water
treatment (e.g., spent filter backwash water, sedimentation basin sudge, or thickener supernatant)
are often concentrated and returned to the plant and combined with raw source water entering the
plant. Recycle combined with raw water can elevate the influent pathogen concentrations because
recycle streams may contain high concentrations of pathogens, including disinfection-resistant
Cryptosporidium oocysts. High oocyst concentrations challenge the treatment process and
increase the risk of pathogen breakthrough to the finished water.

Exhibit 2—4. Surface Water Survey and Monitoring Data for Cryptosporidium Oocysts

Samples
Number of Positive for Range of Oocyst
Sample Samples Cryptosporidiu conc. Mean
Sour ce (n) m (per cent)? (oocysts/L) (oocysts/L) Reference
Rivers 25 100 2-112 251 Ongerth and Stibbs 1987
River 6 100 2-5,800 1,920(a) [Madore et a. 1987
Reservoirg/Rivers 6 100 0.19-3.0 0.99(8) Rose 1988
(polluted)
Reservoir (pristine) 6 83 0.01-0.13 0.02(a) Rose 1988
Impacted river 11 100 2-112° 25(g) Rose et al. 1988
Lake 20 71 0-22 0.58(g) Rose et al. 1988k
Stream 19 74 0-240 1.09(g) Rose et al. 1988k
Filtered water 82 27 0.001-0.48 0.015 LeChevallier et a. 1991b
Raw water 85 87 0.07-484 2.7(9) LeChevallier et a. 1991c
detectable
River (pristine) 59 32 NR 0.29(g) Roseet al. 1991
River (polluted) 38 74 <0.001-44 0.66(g) Roseet al. 1991
L ake/reservoir 34 53 NR 0.093(9g) Rose et al. 1991
(pristine)
L ake/reservoir 24 58 <0.001-3.8 1.03(g) Roseet al. 1991
(polluted)
River 36 97 0.15-0.45 (pristine) 0.2 (pristine) Hansen and Ongerth 1991
(al samples) 10-63.5 (agricultural) | 18.3 (agricultural)
Protected drinking 6 81 0.15-0.42 0.24(g) Hansen and Ongerth 1991
\water supply
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Exhibit 2-4. Surface Water Survey and Monitoring Data for Cryptosporidium Oocysts

Samples
Number of Positive for Range of Oocyst
Sample Samples | cryptosporidiu conc. Mean
Source (n) m (per cent)* (oocysts/L) (oocysts/L) Reference
Pristine river, forestry 6 100 0.46-6.97 1.62(g) Hansen and Ongerth 1991
area
River below rura 6 100 0.54-3.6 1.07(g) Hansen and Ongerth 1991
community in forested
area
River below dairy 6 100 3.3-635 10.72(g) Hansen and Ongerth 1991
farming agricultural
activities
Reservoirs 56 45 NR NR Consonery et a. 1992
Streams 33 48 NR NR Consonery et a. 1992
Rivers 37 51 NR NR Consonery et a. 1992
Finished water 14 14 NR NR Consonery et a. 1992
(clearwell)
Finished water (filter 118 26 NR NR Consonery et al. 1992
effluents)
Site 1—River source 10 100 0.82-71.9 4.8 LeChevallier and Norton
(high turbidity) 1992
Site 1— Filter effluent 10 70 0.01-0.04 NR LeChevallier and Norton
1992
Site 2 — River source 10 70 0.42-5.1 25 LeChevallier and Norton
(moderate turbidity) 1992
Site 2 — Filter 10 10 0.005 NA LeChevallier and Norton
effluent 1992
Site 3 — Reservoir 10 70 0.77-8.7 25 LeChevallier and Norton
source(low turbidity) 1992
Site 3 — Filter 10 10 0.02 NA LeChevallier and Norton
effluent 1992
L akes 179 6 0224 0.033 (median)  JArcher et a. 1995
Streams 210 6 0-20.0 0.07 (median)  JArcher et al. 1995
Finished water 262 13 0.0029-0.57 0.33 (detectable) |LeChevallier and Norton
1995
River/lake 262 52 0.065-65.1 2.4 (detectable)  |LeChevallier and Norton
1995
River/lake 147 20 0.3-9.8 2.0 LeChevallier et al. 1995
River 1 15 73 0-22.3 1.88 (@) al samples |States et al. 1995
0.43 (g) detected
River 2 15 80 0-14.7 1.47 (a) dl samples |States et al. 1995
0.61 (g) detected
Dairy farm stream 13 77 0-11.1 1.26 (a) dl samples |States et al. 1995
0.55 (g) detected
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Exhibit 2-4. Surface Water Survey and Monitoring Data for Cryptosporidium Oocysts

Samples
Number of Positive for Range of Oocyst

Sample Samples | cryptosporidiu conc. Mean

Source (n) m (per cent)* (oocysts/L) (oocysts/L) Reference
Finished water 1,237 7 NR NR Rosen et al. 1996°
Reservair inlets 60 5 0.007-0.24 0.019 (g) LeChevallier et a. 1997b

0.016 (median)
Reservoir outlets 60 12 0.012-1.07 0.061 (g) LeChevallier et a. 1997b
0.6 (median)
River (polluted) 72 40 0.2-2.8 0.24 (9) LeChevallier et al. 1997a
Source water NR 24 0.01-53.9° 7.4 (a)® Swertfeger et al. 1997
0.71(gy’
First flush (storm 20 35 0417 NR Stewart et al. 1997
event)
Filtered (non 87 10 0-4.2 NR Stewart et a. 1997
-storm event)
Grab (non 21 19 0-6.5 NR Stewart et a. 1997
-storm event)
River 1 24 63 0-14.7 0.58(g) States et al. 1997
Stream by 22 82 0-23 0.42 (9) States et al. 1997
dairy farm
River 2 (at 24 63 0-22 0.31(9) States et al. 1997
plant intake)
Settled water 24 29 0-0.35 0.12 (g) States et al. 1997
(prefiltration)
Finished 24 8 (confirmed) 0-0.006 0.005 (g) States et al. 1997
13 (presumed)

Reservoirs (unfiltered NR 37-52 0.15-0.43 (maxima)* 0.008-0.014"  |Okun et al. 1997
system)
Raw water intakes 148 25 0.0004-0.18 0.003 Consonery et a. 1997
Finished water 155 25 0.0002-0.008 0.002 Consonery et al. 1997
Raw water intakes NR NR 0.4-4 NR Swiger et al. 1998
(rural)
1. Rounded to nearest percent.
2. Ascited in Lide and Rose (1995).
3. Based on presumptive oocyst count
4. Combined monitoring results for multiple sitesin large urban water supply.
5. Ascited in States et a. 1997
(8) = arithmetic average
(9) = geometric average
NR = not reported, NA = not applicable
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Exhibit 2-5. U.S. GWUDI Monitoring Data for Cryptosporidium Oocysts

May 1995)

Range of
Number Samples Positive Positive
of Samples | for Cryptosporidium Values M ean
Sample Source (n) Oocysts (per cent) (oocysts/L) (oocysts/L)* Reference
Ground water well 17 (1 sample) 1/1,175L NA Archer et . 1995
Ground water sources )
) 199 sites? 117 0.002-0.45d NR Hancock et al. 1998
(al categories)
\Vertical wells 149 sites? 5 NR NR Hancock et al. 1998
ISprings 35 sites? 20 NR NR Hancock et a. 1998
| nfiltration galleries 4 sites? 50 NR NR Hancock et al. 1998
Horizontal wells 11 sites? 45 NR NR Hancock et al. 1998
Ground water sources 18 5.61 0.3 NR Rose et a. 1991
ISpring-fed cistern (Potter Conrad 1997; PADEP
Co., PA, Nov. 1991) 1 100 Unknown NR hoor
Spring (Spring Twp., Center Conrad 1997; PADEP
1 1 . NR

Co., PA, May 1995) 0 03 1997
\Vertica well Lemont Well #4 Conrad 1997; PADEP
Center Co., PA, Aug. 1992) 6 66.7 NR NR 1997
\Vertical well (Boggs Twp. )
Well #1, Center Co., PA, 1 100 0.52 NR fggr';ad 1997, PADEP
Apr. 1997)
\Vertica well (Boggs Twp. )
Well #1, Center Co., PA, 2 50 0.79 NR fgg;ad 1997; PADEP
Apr. 1997)
\Vertical well (Douglas Co., Sehal
OR, Feb. 1996, Feb. 1997) 3 333 NR 12 d 1997

| nfiltration gallery (Salem,
OR, Jan. 1994 through 31 355 0.3-12.7 NR Salis 1997
Sept. 1996)
Ranney collector (St.
Helens, OR, May 1993 31 32 NR 45 Salis 1997
through Mar. 1997)
Well (Marsnfield, MA, June 1 (one sample) NR NA Smith 1997
1997)
Shallow, vertica well

Braymer Well #4, MO, 3 333 NR 0.3 |_edbetter (undated)

1. Geometric mean reported unless otherwise indicated
2. Dataare presented as the percentage of positive sites

NA = not applicable
NR = not reported

The LeChevallier and Norton (1995) study collected the most samples and repeat samples from the
largest number of surface water plants nationally. LeChevallier and Norton conducted the study to
determine the level of Cryptosporidium in surface water supplies and plant effluent water. In total,
surface water sources for 72 treatment plants in 15 States and two Canadian provinces were
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sampled. The generated data set covered atwo-year monitoring period (March, 1991 to January,
1993) that was combined with a previous set of data (October, 1988 to June, 1990) collected from
most of the same set of systems to create a database containing at least five immunofluorescence
assay analyses for 94 percent of the 67 systems sampled. Cryptosporidium oocysts were detected
in 135 (51.5 percent) of the 262 raw water samples collected between March 1991 and January
1993, while 87 percent of samples were positive during the survey period from October, 1988 to
June, 1990. The geometric mean of detectable Cryptosporidium was 240 oocysts per 100 liters
(L), with arange from 6.5-6510 oocysts/100L..

LeChevallier and Norton (1995) also detected Cryptosporidium oocysts in 35 of 262 plant effluent
samples (13.4 percent) analyzed between 1991 and 1993. When detected, the oocyst levels
averaged 3.3 oocysts/100L (ranging from 0.29 to 57 oocysts100L). A summary of occurrence
datafor al samplesin filtered effluents for the years 1988 to 1993 showed that 32 of the water
treatment plants (45 percent) were consistently negative for Cryptosporidium. Forty-four of the
plants (62 percent) were positive for Giardia, Cryptosporidium, or both at one time or another
(LeChevallier and Norton, 1995).

The oocyst recoveries and densities reported by LeChevallier and Norton (1995) are comparable
to the results of another survey of treated, untreated, protected (pristine) and feces-contaminated
(polluted) water supplies (Rose et d., 1991). Six of thirty six samples (17 percent) taken from
potable drinking water were positive for Cryptosporidium, and concentrations in these waters
ranged from .5-1.7 oocysts100L. In addition, atotal of 188 surface water samples were analyzed
fromrivers, lakes, or springsin 17 States. The average oocyst concentrations ranged from less
than 1 to 4,400 oocysts/100L, depending on the type of water analyzed. Cryptosporidium oocysts
were found in 55 percent of the surface water samples at an average concentration of 43
oocysts/100L .

It should be noted that the Information Collection Rule (ICR) will provide 18 months of
Cryptosporidium monitoring data for the development of a nationa source water Cryptosporidium
occurrence digtribution.  Although the data collection efforts have been completed (January 2000), the
last 6 months of data are till undergoing quality assurance review. EPA’s supplementary survey isaso
providing Cryptosporidium and other microbia source water occurrence data; the full set of
supplementary survey data will not be available for andysis until July 2000. The Technica Working
Group supporting the Federd Advisory Committee involved with LT2ESWTR negotiation has been
deliberating over the gppropriate data andysis methods to create the national source water distribution
for Cryptosporidium occurrence. Thisissue will continue to be discussed during the remainder of the
LT2ESWTR Regulatory Negotiation process, scheduled to end in July 2000. It islikely that the data
will undergo peer review only after the closure of the Regulatory Negotiation process. Dueto the ICR
data evaluation and peer review time frame, EPA does not envision being able to utilize these datain
the LT1FBR regulatory impact analyses and instead intends to incorporate the data into the impact
andyssfor the LT2ESWTR.

Despite analytical method limitations, Cryptosporidium has been detected in source waters. In
general, oocysts are detected more frequently and in higher concentrationsin rivers and streams
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than in lakes and reservoirs (LeChevallier et a., 1991a; Rose et ., 1988a,b). Madore et a. (1987)
found high concentrations of oocystsin ariver affected by agricultural runoff (5,800 oocysts/L).
Such concentrations are especialy significant if the contaminant removal process (sedimentation,
filtration) of the treatment plant is not operating effectively. Oocysts may pass through to the
finished water, as LeChevallier and Norton (1995) also found, and infect drinking water
consumers, evident through waterborne disease outbreaks.

2.24 Waterborne Disease Outbreaks

The CDC, EPA, and the Council of State and Territorial Epidemiologists have maintained a
collaborative surveillance program for collection and periodic reporting of data on waterborne
disease outbreaks since 1971. The CDC database and biennial CDC—EPA surveillance
summaries include data reported voluntarily by the States on the incidence and prevalence of
waterborneillnesses. According to the CDC—EPA database, between 1971 and 1996 atotal of
652 outbreaks and 572,829 cases of illnesses were reported (see Exhibit 2—6). The total number of
outbreaks reported includes outbreaks resulting from protozoan contamination, virus
contamination, bacterial contamination, chemical contamination, and unknown factors.

Exhibit 2-6. Comparison of Outbreaks and Outbreak-related IlInesses from Ground
Water and Surface Water for the Period 1971-1996"

Water Total Cases of Outbreaks Outbreaks

Source Outbreaks? I1Inesses? in CWSs in NCWSs
Ground 371 (57%) 90,815 (16%) 113 258
Surface 223 (34%) 471,375 (82%) 148 43
Other 58 (9%) 10,639 (2%) 30 19
All Systems® 652 (100%) 572,829 (100%) 291 320

1. Modified from Craun and Calderon (1994) and additional 1995-1996 data.

2. Includes outbreaks in CWSs + NCWSs + Private wells.

From 1984 to 1994, there were 19 reported outbreaks of cryptosporidiosisin the United States
(Craun, 1998). Asmentioned previoudly, C. parvum was not identified as a human pathogen until
1976. Furthermore, Cryptosporidiosis outbreaks were not reported in the United States prior to
1984. Ten of these cryptosporidiosis outbreaks were documented in CWSs, NCWSs, and a
private water system (Moore et al., 1993; Kramer et a., 1996; Levy et a., 1998; Craun, 1996;
Craun et al., 1998). The remaining nine outbreaks were associated with water-based recreational
activities (Craun et a., 1998). The ten cryptosporidiosis outbreaks in drinking water systems are
summarized in Exhibit 2—7.
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Exhibit 2—7. Cryptosporidiosis Outbreaksin U.S. Drinking Water Systems

L ocation
CWS,NCWS, | Casesof Iliness Source Suspected
Y ear Private (Estimated) Water Treatment Cause
Braun Station, N~ Sewage-contaminated
1984 T, CWS 117 (2,000) Well Chlorination vl
Conventional filtration/
Carrollton, GA, . chlorination; inadequate Treatment
1987 1 Ri .
% CWS (13,000) ver phackwashing of some deficiencies
Filters
b erks Count Ground water
erks County, N
1991 PA. NCWS y (551) Wl Chlorination under the influence of
surface water.
Medford (Jack (3,000; combined
or son
total inati
1992 [County), OR, Spring/River C.:hl or!natl on/package Source not identified
cws for Jackson County iltration plant
and Talent, below)
Talent, OR, inati
1992 see Medford, OR Spring/River [cTiOrination/package Treatment
CWS Filtration plant deficiencies
Milwaukee, WI, ) L High so_urcg weter
1993 WS (403,000) Lake Conventiona filtration contamination and
treatment deficiencies
v akima, WA, Grqund water under
1993 . 7 Well the influence of
private
surface water
Cook County, i i Possible sewage
1993 27 Lake Filtered, chlorinated backflow from
MN, NCWS . .
toilet/septic tank
103;_many Prechlorination,
1994 Clark County, NV, - jconfirmed f.or. ) River/Lake Filtration and post- Source not identified
CWS cryptosporidiosis o .
were HIV positve filtration chlorination
WallaWalla, WA, Sewage
1994 ows 134 Well [None reported ontamination

Adapted from Craun, et a. (1998)

Six of the ten cryptosporidiosis outbreaks reported in Exhibit 2—7 originated from surface water or

possibly GWUDI water supplied by public drinking water systems serving fewer than 10,000
persons. Thefirst outbreak involved 117 known cases and 2,000 estimated cases of illnessin
Braun Station, Texasin 1984. It was caused by sewage leakage into a ground water well

suspected to be under the influence of surface water. A second outbreak in Pennsylvaniain 1991
(551 cases of illness) occurred at awell also under the influence of surface water. The third and
fourth (multi-episodic) outbreaks took place in Jackson County, Oregon in 1992 (3,000 cases of
illness) and were linked to treatment deficienciesin the Talent surface water system. A fifth
outbreak (27 cases of ilIness) in Minnesota, in 1993, occurred at aresort supplied by lake water.
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Finally, a sixth outbreak (134 cases of illness) in Washington in 1994, occurred due to sewage-
contaminated wellsat a CWS.

Three of the ten outbreaks (Carollton, Georgia (1987); Taent, OR (1992); Milwaukee, WI (1993)
were caused by water supplied by water treatment plants where process stream recycle was
implicated as a possible cause of the outbreak. In total, the nine outbreaks occurring in PWSs
caused approximately 419,939 cases of illness. These outbreaksillustrate that when treatment is
not operating optimally or when source water is highly contaminated, Cryptosporidium may enter
the finished drinking water and infect drinking water consumers, ultimately resulting in waterborne
disease outbreaks.

The occurrence of outbreaks of waterborne gastrointestinal infections including cryptosporidiosis
may be much greater than suggested by reported surveillance data (Craun and Calderon 1996).
The CDC database is based on responses to a voluntary and confidential survey that is completed
by State and local public hedlth officias.

The U.S. National Research Council strongly suggests that the number of identified and reported
outbreaks in the CDC database (both for surface and ground waters) represents a small percentage
of actual waterborne disease outbreaks (National Research Council, 1997; Bennett et al., 1987).

In practice, most waterborne outbreaks in community water systems are not recognized until a
sizable proportion of the population isill (Perz et al., 1998; Craun, 1996), perhaps one to two
percent of the population (Craun, 1996).

In addition, healthy adults with cryptosporidiosis may not suffer severe symptoms from the disease;
therefore, infected individuals may not seek medical assistance, and their cases go unreported.
Even if infected individuals consult a physician, Cryptosporidium is not analyzed by routine
diagnostic tests for gastroenteritis and, therefore, tends to be under-reported in the genera
population (Juranek, 1995; Craun, 1996). Such obstacles to outbreak reporting indicate that the
incidence of disease and outbreaks of cryptosporidiosis may be much higher than officialy
reported by the CDC.

Endemic waterborne disease is afactor that should also be considered. Endemic waterborne
disease is defined as any waterborne disease not associated with an outbreak. EPA, however, is
not aware of any currently available data for the United States that documents the incidence of
waterborne endemic cryptosporidiosis. For example, 14-40 percent of the normal gastrointestinal
illness in a community in Quebec was associated with treated drinking water from a surface water
source (Payment et al., 1997). Given the lack of endemic waterborne disease occurrence data,
combined with the strong possibility that outbreaks are under-reported, it islikely that there are
greater instances of cryptosporidiosis and other waterborne diseases than are currently recorded.
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2.25 Filter Backwash and Other Process Streams. Occurrence and Impact Studies

EPA, in conjunction with the American Water Works Association (AWWA), the American Water
Works Service Company (AWWSCo), and Cincinnati Water Works, compiled issue papers on
each of the following recycle streams. spent filter backwash water, sedimentation basin solids,
combined thickener supernatant, ion-exchange regenerate, membrane concentrate, lagoon decant,
mechanical dewatering device concentrate, monofill leachate, sludge drying bed leachate, and
small-volume streams (e.g., floor, roof, lab drains) (EE& T, 1999). In addition, EPA compiled the
existing Cryptosporidium occurrence data and occurrence data on other constituents of the recycle
streams with the data presented in AWWA'’ s white papers. Through these efforts,
Cryptosporidium occurrence data have been found for five types of recycle streams. untreated
spent filter backwash water, gravity settled spent filter backwash water, combined gravity
thickener supernatant (a combination of spent filter backwash and clarification process solids),
gravity thickener supernatant from clarification process solids, and mechanical dewatering device
liquids. Nine studies have reported the occurrence of Cryptosporidium for these process streams.
Each study’ s scope and results are presented in Exhibit 2-8, and brief narratives on each major
study follow thetable. Note that the results of the studies, if not presented in the published report
as oocysts/100L, have been converted into oocysts/100L .

Exhibit 2-8. Cryptosporidium Occurrencein Filter Backwash and Other Recycle Streams

Number of
Name/ Number
treatment
L ocation of Type Cyst/oocyst plants
of study samples of sample concentration sampled Reference
Drinking water 2 backflush sample 1: 26,000 oocysts/gal 2 Rose et . 1986
treatment waters from (calc. as 686,900 oocysts/100L);
facilities rapid sand
filters sample 2: 92,000 oocysts/gal (calc
as 2,430,600 oocysts/100L )
Farmoor water not reported |backwash Over 1,000,000 oocysts/100L in 1 Colbourne 1989
treatment plant, \water from backwash water on 2/19/89
England rapid sand filter
100,000 oocysts/100L in
supernatant from settlement
tanks during the next few days
Potable water not reported [filter backwash 217 oocysts/100L not Roseet a. 1991
suppliesin from rapid sand (geometric mean) reported
17 States filters (10 to 40-
L samplevol.)
Name/Location not reported |raw water 7 to 108 oocysts/100L not reported LeChevallier
not reported et al. 1991a
initial detected at levels 57 to 61 times
backwash higher than in the raw water
\water
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Exhibit 2-8.

Cryptosporidium Occurrence in Filter Backwash and Other Recycle Streams

Name/ NOmD Number of
am umber treatment
L ocation of Type Cyst/oocyst plants
of study samples of sample concentration sampled Reference
Bangor Water Round 1: raw water 6 oocysts/100L 1 Cornwell and Lee
Treatment Plant |1 (8-hour  [filter backwash 902 oocysts/100L 1993ab
(PA) composite)  supernatant 141 oocysts/100L
recycle
Round 2: raw water 140 oocysts/100L
1 (8-hour filter backwash 850 oocysts/100L
composite)  |supernatant 750 oocysts/100L
recycle
M oshannon Round 1: spent 16,613 oocysts/100L 1 Cornwell and Lee
Valley Water 1 (8-hour backwash 82 oocysts/100L 1993a,b
Treatment Plant  |composite)  fsupernatant 13 oocysts/' 1001
recycle raw
Water dudge 2,642 oocysts/100L
Round 2: raw water 20 oocysts/100L
1 (8-hour supernatant 420 oocysts/100L
composite)  [recycle
Plant “ C” 11 samples  |backwash continuous flow: range 1 to 69 1 Karanis et a. 1996
using water from oocysts/100L ; 8 of 11 samples
continuous  |rapid sand positive
flow filters; samples
C;?m f.u- ;g(ljllecteci;r.om cartridge filters: ranges 0.8
gation; imentation t0252/100L ; 33 of 39 samples
basins during -
) . positive
sedimentation
39 samples
usin phase of
9 backwash
cartridge
Lilters water at depths
of 1, 2, 3, and
3.3m.
Pittsburgh 24 (two filter backwash 328 oocysts/100L (mean); 1 States et al. 1997
Drinking Water  years of (38 percent occurrence rate)
Treatment Plant  |monthly
sampl es)
non-detect-13,158 oocysts/100L
" Plant not reported |raw water 140 oocysts/100L not reported JCornwell 1997
Number 3"
spent 850 oocysts/100L
backwash
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Exhibit 2-8. Cryptosporidium Occurrencein Filter Backwash and Other Recycle Streams

Name/ NOmD Number of
am umber treatment
L ocation of Type Cyst/oocyst plants
of study samples of sample concentration sampled Reference
“Plant C" 12 raw water avg. 23.2 oocysts/100L (max. 109 1 Karaniset a. 1998
(see Karanis, et oocysts/100L) in 8 of 12 samples (Table 8, p.14)
al., 1996)
50 backwash avg. 22.1 oocysts/100L (max. 257
“Plant A” \Wwater from oocysts/100L) in 41 of 50 samples
rapid sand
filters
rapid sand filter 150 oocysts/100L
1 (sample taken
10 min. after
start of
backwashing)

The occurrence data available and reported are primarily for raw and recycle stream water. Filtered
effluent water was not sampled in most cases, and effluent occurrence would not provide a good proxy
for theimplications of process stream recycle on the efficacy of the treetment process. Thereis
generdly a plant-specific latency period for filter backwash to re-enter the trestment train. If filter
backwash does enter the treatment train as adug load and disrupts the trestment process, its effects
would possibly not register in the finished water until severa hours after the start of backwashing. In
addition, the recovery efficiencies of the IFA detection method complicate measurementsin dilute
effluent waters. However, the generdly large concentrations of oocysts flushed from the filters,
sedimentation basins, and other areas of the plant and present in recycle streams can potentialy enter
the finished water and cause cryptosporidiosis outbresks, should the treatment plant not operate
efficiently or become disrupted due to recycle practice.

As shown in Exhibit 2-8, the concentrations of oocysts in backwash water and other recycle streams
are greater than the concentrations generally found in raw water. For example, four studies (Cornwell
and Lee, 1993b; States et ., 1997; Rose et a., 1986; and Colbourne, 1989) have reported
Cryptosporidium oocyst concentrations in filter backwash water exceeding 10,000 oocysts/100L, in
some ingtances by severd orders of magnitude. Such concentrations illustrate that the trestment plant
has been removing oocysts from the influent water during the sedimentation and/or filtration processes.
As expected, the oocysts have concentrated on the filters and/or in the sedimentation basin dudge.
Therefore, the recycling of such process streams (e.g., filter backwash, thickener supernatant,
sedimentation basin dudge) re-introduces high concentrations of oocysts to the drinking water trestment
train. Recycle can potentidly return a sgnificant number of oocysts to the trestment plant in ashort
amount of time, particularly if the recycle is returned to the treatment process without prior treatment,
equdization, or some other type of hydraulic detention. Should recycle disrupt normal treatment
operations or should treatment not function efficiently due to other deficiencies, high
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concentrations of oocysts may pass through the plant into finished drinking water. The maor
recycle stream studies presented in Exhibit 2—8 will be described in further detail below.

Rose, et al.

Rose, et a. (1991) reported the geometric mean of the backwash samples at 217 Cryptosporidium
oocysts/100L. Thiswas the highest reported average Cryptosporidium concentration of any of the
water types tested, which included polluted and pristine surface and ground water sources,
drinking water sources in addition to backwash water.

LeChevallier, et al.

In the analysis of pathogen concentrationsin the raw water and filter backwash water of the water
treatment process, LeChevadlier et d. (1991c) found very high oocyst levelsin backwash water of
systems that had low raw water parasite concentrations. Cryptosporidium levesin the initid
backwash water were 57 to 61 times higher than in the raw water supplies. Raw water samples were
found to contain from 7 to 108 oocysts/100L. LeChevallier et al. (1991c) also noted that when
Cryptosporidium (12 of 13 times) were detected in plant effluent samples, the organisms were also
observed in the backwash samples. They conclude that the consistency of these results shows that
accumulation of parasitesin the treatment filters (and subsequent release in the backwash water)
could be related to subsequent penetration of the treatment barriers.

Cornwell and Lee

Cornwell and Lee (1993b) detected Cryptosporidium concentrations of over 15,000
Cryptosporidium oocysts/100L in the spent filter backwash at an adsorption clarifier plant
(Moshannon Valley) and over 800 Cryptosporidium oocysts/100L in backwash water from a
direct filtration plant (Bangor). The parasite levelsin the backwash samples were significantly
higher than concentrations found in raw source water, which contained Cryptosporidium oocyst
concentrations of 6-140 oocysts/100L at the Bangor plant and 13—20 oocysts/100L at Moshannon
Valley.

In addition, Cornwell and L ee determined oocyst concentrations for two other recycle streams,
combined thickener supernatant and sedimentation basin solids. The supernatant pathogen
concentrations was reported at 141 Cryptosporidium oocysts/100L at the Bangor plant, and levels
were reported at 82 to 420 cysts/100L for the Moshannon plant in Rounds 1 and 2 of sampling,
respectively. The sedimentation basin Sludge was reported at 2,642 Cryptosporidium
oocysts/100L in the clarifier dudge from the Moshannon Valley plant.
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Sates, et al.

Cryptosporidium occurred in the raw Allegheny river water supplying the plant with a geometric
mean of 31 oocysts/100L in 63 percent of samples collected, and ranged from non-detect to 2,333
oocysty/100L (Stateset al., 1997). Of the filter backwash samples, a geometric mean of 328
oocysts/100L was found at an occurrence rate of 38 percent of samples, with arange from non-
detect to 13,158 oocysts/100L The fact that the mean concentration of Cryptosporidium oocystsin
backwash water can be substantially higher than the oocyst concentration in untreated river water
suggests that recycling untreated filter backwash water can be a significant source of this parasite
within the treatment process.

2.2.6 Current Control and Potential for | mprovement

Exigting turbidity limits were created to remove large parasite cysts such as Giardia, and,

therefore, must be strengthened to control for the smaller Cryptosporidium oocysts passing through
the treatment plant removal processes. In addition, degradation in treatment performance caused
by improper plant process stream recycle or other treatment deficiencies may harm efforts to
control Giardia lamblia and emerging pathogens, in addition to Cryptosporidium, particularly
during periods of heavy precipitation or high runoff.

In spite of filtration and disinfection, Cryptosporidium oocysts have been found in filtered
drinking water (LeChevallier, et a., 1991a; U.S. EPA, 1993), and many of the individuals affected
by waterborne disease outbreaks caused by Cryptosporidium were served by filtered surface water
supplies (Solo-Gabriele and Neumeister, 1996). It appears that surface water systems that filter
and disinfect may still be vulnerable to Cryptosporidium, depending on the source water quality
and treatment effectiveness. However, today’ s proposal will ensure that treatment is operating
efficiently to control Cryptosporidium (see Section IV.A and 1V.D). Treatment practices that
control Cryptosporidiumwill control other microbiological contaminants of concern (e.g.,
Giardia).

One of the key regulations EPA has developed and implemented to counter pathogensin drinking
water is the Surface Water Treatment Rule (SWTR) (54 FR 27486, June 29, 1989). Among the
provisions of the rule, the SWTR requires that a surface water system have sufficient treatment to
reduce the source water concentration of Giardia and viruses by at least 99.9 percent (3 logs) and
99.99 percent (4 logs), respectively. A shortcoming of the SWTR is that the rule does not
specifically control for the protozoan Cryptosporidium. The first report of arecognized outbreak
caused by Cryptosporidium was published during the development of the SWTR (D’ Antonio et
al., 1985).

In 1998, the Agency finalized the IESWTR, designed to enhance the SWTR protections from
microbia pathogens, specificaly Cryptosporidium, for systems serving 10,000 or more persons.
The IESWTR provisions included a Maximum Contaminant Level Goal (MCLG) of zero for
Cryptosporidium. In addition, the IESWTR requires aminimum 2 log (99 percent) removal of
Cryptosporidium, linked to enhanced combined filter effluent and individua filter turbidity
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monitoring provisions, athough this requirement currently applies only to surface and GWUDI
systems serving 10,000 people or more that must filter under the SWTR.

Several provisions of today’ s proposed rule, the LT1FBR, are designed to address the concerns
covered by the IESWTR, improving control of Cryptosporidium and other microbial
contaminants, for the portion of the public served by smaller PWSs (i.e., serving fewer than 10,000
persons). The LT1FBR also addresses the concern that for all PWSs that practice process stream
recycling, Cryptosporidium (and other emerging pathogens resistant to standard disinfection
practice) are reintroduced to the treatment process of PWSs by the recycle of spent filter backwash
water, solids treatment residual's, and other process streams.

Insufficient treatment practices have been cited as the cause of several reported waterborne disease
outbreaks (Rose, 1997). Rose (1997) also found that reducing turbidity isindicative of amore
efficient filtration process. Therefore, the turbidity and filter monitoring requirements of today’s
proposed L T1FBR would ensure that the removal process necessary to protect the public from
cryptosporidiosisis operating properly, and the recycle stream provisions would ensure that the
treatment process is not disrupted or operating inefficiently. The regulatory history that led up to
development of the LT1FBR is summarized in the following section.

2.3 Regulatory History and Current Controls
23.1 1979 Total Trihalomethane Rule

In November 1979 (44 FR 68624), EPA set an interim MCL for total trihalomethanes (TTHM -
the sum of chloroform, bromoform, bromodichloromethane, chlorodibromomethane) of 0.10 mg/l
as an annual average.

Theinterim TTHM standard applies to community water systems using surface water and/or
ground water serving at least 10,000 people that add a disinfectant to the drinking water during any
part of the trestment process. At their discretion, States may extend coverage to smaller water
systems; however, most States have not exercised this option.

2.3.2 Total Coliform Rule

The Total Coliform Rule (TCR) (54 FR 27544, June 19, 1989) appliesto al public water systems.
The TCR sets compliance with the Maximum Contaminant Level (MCL) for total coliforms (TC)
asfollows. If asystem exceedsthe MCL, it must notify the public using mandatory language
developed by the EPA. All systems must have awritten plan identifying where samples are to be
collected.
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If asystem has a TC-positive sample, it must test that sample for the presence of fecal coliforms or
E. cali. The system must aso collect a set of repeat samples, and analyze for TC (and fecal
coliform or E. coli within 24 hours of the first TC-positive sample).

The TCR aso requires an on-site inspection (referred to as a sanitary survey) every 5 yearsfor
each system that collects fewer than five samples per month. This requirement is extended to
every 10 years for noncommunity systems using only protected and disinfected ground water.

2.3.3 Surface Water Treatment Rule

Under the Surface Water Treatment Rule (SWTR) (54 FR 27486, June 29, 1989), EPA set
maximum contaminant level goals of zero for Giardia lamblia, viruses, and Legionella; and
promulgated regulatory requirements for all PWSs using surface water sources or ground water
sources under the direct influence of surface water. The SWTR includes treatment technique
requirements for filtered and unfiltered systems that are intended to protect against the adverse
health effects of exposure to Giardia lamblia, viruses, and Legionella, aswell as many other
pathogenic organisms. Briefly, those requirementsinclude 1) requirements for maintenance of a
disinfectant residual in the distribution system; 2) removal and/or inactivation of 3 log (99.9
percent) for Giardia and 4 log (99.99 percent) for viruses;, 3) combined filter effluent turbidity
performance standard of 5 nephelometric turbidity units (NTU) asamaximum and 0.5 NTU at the
95th percentile monthly, based on four-hour monitoring for treatment plants using conventional
treatment or direct filtration (with separate standards for other filtration technologies); and 4)
watershed protection and other requirements for unfiltered systems.

2.3.4 Information Collection Rule

The Information Collection Rule (ICR), which was promulgated on May 14, 1996 (61 FR 24354)
applied to large public water systems serving populations over 100,000; amore limited set of ICR
requirements pertain to ground water systems serving between 50,000 and 100,000 people.

The purpose of the ICR was to collect occurrence and treatment information to help evaluate the
need for possible changes to the current microbial requirements and existing microbia treatment
practices, and to help evaluate the need for future regulation for disinfectants and disinfection
byproducts (DBPs). The ICR will provide EPA with additional information on the national
occurrence in drinking water of (1) chemical byproducts that form when disinfectants used for
microbia control react with naturally occurring compounds already present in source water; and
(2) disease-causing microorganisms, including Cryptosporidium, Giardia, and viruses. The ICR
also provided engineering data on how PWSs currently control for such contaminants. The ICR
monthly sampling data will also provide information on the quality of the recycle waters via
monthly monitoring (for 18 months) of pH, alkalinity, turbidity, temperature, calcium and total
hardness, TOC, UV ,,, bromide, ammonia, and disinfectant residua (if disinfectant is used). This
datawill provide some indication of the treatability of the water, the extent to which contaminant
concentration effects may occur, and the potential for contribution to DBP formation.
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2.3.5 Interim Enhanced Surface Water Treatment Rule

Public water systems serving 10,000 or more people that use surface water or ground water under
the direct influence of surface water are required to comply with the [IESWTR (63 FR 69477,
December 16, 1998) by December 2001. The purposes of the IESWTR are to improve control of
microbial pathogens, specifically the protozoan Cryptosporidium, and address risk trade-offs
between pathogens and disinfection byproducts. Key provisions established by the rule include: a
MCLG of zero for Cryptosporidium; 2 log Cryptosporidium removal requirements for systems that
filter; strengthened combined filter effluent turbidity performance standardsof 1.0 NTU asa
maximum and 0.3 NTU at the 95th percentile monthly, based on four-hour monitoring for
treatment plants using conventional treatment or direct filtration; requirements for individual filter
turbidity monitoring; disinfection benchmark provisions to assess the level of microbia protection
provided as facilities take the necessary steps to comply with new disinfection byproduct
standards; inclusion of Cryptosporidiumin the definition of ground water under the direct
influence of surface water and in the watershed control requirements for unfiltered public water
systems, requirements for covers on new finished water reservoirs; and sanitary surveysfor al
surface water systems regardless of size.

2.3.6 Stage 1 Disinfection Byproduct Rule

The Stage 1 DBPR (63 FR 69389, December 16, 1998) appliesto all PWSsthat are either a
community water system (CWS) and nontransient noncommunity water system that treat their
water with achemical disinfectant for either primary or residual treatment. In addition, certain
requirements for chlorine dioxide apply to transient noncommunity water systems. The Stage 1
DBPR was published at the same time asthe IESWTR (63 FR 69477, December 16, 1998).

The Stage 1 DBPR finalizes maximum residual disinfectant level goals (MRDL Gs) for chlorine,
chloramines, and chlorine dioxide; MCLGs for four trihalomethanes (chloroform,
bromodichloromethane, dibromochloromethane, and bromoform), two haloacetic acids
(dichloroacetic acid and trichloroacetic acid), bromate, and chlorite; and NPDWRs for three
disinfectants (chlorine, chloramines, and chlorine dioxide), two groups of organic disinfection
byproducts TTHMs and HAAS and two inorganic disinfection byproducts, chlorite and bromate.
The NPDWRs consist of maximum residual disinfectant levels (MRDLS) or maximum
contaminant levels (MCLSs) or treatment techniques for these disinfectants and their byproducts.
The NPDWRs a so include monitoring, reporting, and public notification requirements for these
compounds. The Stage 1 DBPR rule includes the best available technologies (BATs) upon which
the MRDLs and MCLs are based. EPA believes the implementation of the Stage 1 DBPR will
reduce the levels of disinfectants and disinfection byproducts in drinking water supplies. The
Agency believes the rule will provide public health protection for an additiona 20 million
househol ds that were not previously covered by drinking water rules for disinfection byproducts.

2.3.7 Stakeholder Involvement

RIA for the Proposed LT1FBR 2-22 February 15, 2000



EPA has conducted two stakeholder meetings to solicit feedback and information from the
regulated community and other concerned stakehol ders on issues relating to today’ s proposed rule.
The first meeting was held July 22 and 23, 1998 in Lakewood, Colorado. EPA presented
potential regulatory components for the LT1IFBR. Breakout sessions with stakeholders were held
to generate feedback on the regulatory provisions being considered and to solicit feedback on next
steps for rule development and stakeholder involvement. Additionally, information was presented
summarizing ongoing research and data gathering activities regrding the recycle of filter backwash.
The presentations generated useful discussion and provided substantial feedback to EPA regarding
technical issues, stakeholder concerns, and possible regulatory options.

The second stakeholder meeting was held in Dallas, Texas on March 3 and 4, 1999. EPA
presented new analysis, summaries of current research, and revised regulatory options and data
collected since the July stakeholder meeting. Regional perspectives on turbidity and disinfection
benchmarking components were also discussed with presentations from EPA Region VI and the
Texas Natural Resources Conservation Commission. Four break-out sessions were extremely
useful and generated a wide range of information, issues, and technical input from a diverse group
of stakeholders.

2.4 Economic Rationale

2.4.1 Introduction

This section of the RIA discusses the statutory authority and the economic rationale for choosing a
regulatory approach to protect public health from drinking water contamination. The economic
rationale is provided in response to Executive Order 12866, Regulatory Planning and Review,
which states,

[E]ach agency shall identify the problem that it intends to address (including, where
applicable, the failures of the private market or public ingtitutions that warrant new
agency action) as well as assess the significance of that problem (Sect. 1b(1)).

In addition, OMB guidance dated January 11, 1996, states that “in order to establish the need for
the proposed action, the analysis should discuss whether the problem constitutes a significant
market failure (p. 3).” Therefore, the economic rationale laid out in this section should not be
interpreted as the Agency’ s approach to implementing the Safe Drinking Water Act (SDWA).
Rather, it isthe Agency’s economic analysis, as required by the Executive Order, to support a
regulatory approach to the public health issue at hand.

24.2 Statutory Authority for Promulgating the Rule

Section 1412(b)(1)(A) of SDWA requires EPA to establish National Primary Drinking Water
Regulations for contaminants that may have an adverse public health effect, that are known to
occur, or present asubstantial likelihood of occurrence in public water systems at a frequency and
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level of public health concern and that present a meaningful opportunity for health risk reduction
for persons served by PWSs.

Section 1412(b)(2)(C) of SDWA dtates that, “ The Administrator shall promulgate an Interim
Enhanced Surface Water Treatment Rule, a Final Enhanced Surface Water Treatment Rule, a
Stage | Disinfection Byproducts Rule, and a Stage |1 Disinfection Byproducts Rule...” The above
section of the statute gives specific authority to promulgate the LTIFBR. Section 1412(b)(2)(c) is
supplemented with an additional provision regarding the recycle of process streams, which states,
“The Administrator shall promulgate a regulation to govern the recycling of filter backwash water
within the treatment process of a public water system.” (1412(b)(14))

EPA is authorized to promulgate a National Primary Drinking Water Regulation “that requires the
use of atreatment techniquein lieu of establishingaMCL,” if the Agency findsthat “it is not
economically or technologically feasible to ascertain the level of the contaminant.” A treatment
technique has been selected to control Cryptosporidium becauseit is currently not feasible to
measure the concentration of Cryptosporidium for regulatory purposes.

2.4.3 TheEconomic Rationale for Regulation

In addition to the statutory directive to regulate surface water treatment and recycling thereisaso a
strong economic rationale for government regulation. The need for regulation is a direct result of
the structure of the market for publically provided drinking water. Economic theory suggests that
society’ swell being is maximized when goods are produced and sold in well functioning
competitive markets. A perfectly competitive market is said to exist when there are many
producers of aproduct selling to many buyers, and both producers and consumers have complete
knowledge regarding the products of each firm. There must also be no barriersto entry in the
industry, and firmsin the industry must not have any advantage over potential new producers.
Two major factorsin the public water supply industry do not satisfy the requirements for a
competitive market and lead to market failures that require regulation.

First, the public water market has monopolistic tendencies. These monopoliestend to exist
because it is not economically efficient to have multiple suppliers competing to build multiple
systems of pipelines, reservoirs, wells, and other facilitiesin the same locality. Instead, asingle
firm or government entity performs these functions under public control. Under monopolistic
conditions, consumers are provided only one level of service with respect to the quality attribute of
the product, in this case drinking water quality. Since water purveyors often operate in such a
monopolistic environment they may not respond to the usual market incentive to satisfy their
consumers desire for safety and high drinking water quality.

Second, there are high information and transaction costs that impede public understanding of the
health and safety issues concerning drinking water quality. The type of health risk potentially
posed by trace quantities of drinking water contaminants involve analysis and distillation of
complex toxicological data and health sciences. EPA has finalized the development of the
Consumer Confidence Report Rule that makes water quality information more easily available to
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consumers. This Rule requires community water systemsto post or mail their customers an annua
report on local drinking water quality. However, consumers would still have to analyze this
information for its heath risk implications. Even if informed consumers are able to engage
systems regarding these health issues, the costs of such engagement-transaction costs (measured in
personal time and commitment) present significant impediment to consumer expression of risk
preference.

SDWA regulations are intended to provide alevel of protection from exposure to drinking water
contaminants that would not otherwise occur in the existing market environment for public water
supply. The regulations set minimum performance requirements for all public water suppliesin
order to protect all consumers from exposures to contaminants. SDWA regulations are not
intended to restructure flawed market mechanisms or to establish competition in supply, but rather,
to regulate the “product” produced within these markets. In other words, SDWA standards
establish the level of service to be provided in order to better reflect public preferences for safety.
Also, the Federa regulations remove the high information and transaction costs that would be
required for consumers to make informed purchasing decisions by acting on behalf of all
consumers in balancing the risk reduction and the social costs of achieving this reduction.

2.5 Summary of the Proposed Rule

EPA is proposing the following requirements to meet the public hedlth protection goas of the LT1FBR,
which will provide aleve of protection for small sysemsthat is comparable to the IESWTR, and to
fulfill the statutory requirements of the SDWA. Exhibit 2-9 shows that the proposed rule includes two
sets of provisons—the set of small system provisonsthat are pardld to the IESWTR requirements
(enhanced filtration requirements, disinfection benchmark requirements, and additiona requirements),
and the set of provisonsthat address recycle practices. The flow chart in Exhibit 2-10 illustrates how
a system using surface water or GWUDI as a source determines which provisions apply toit.

25.1 Enhanced Filtration Provisions

The proposed rule established arequirement for 2 log (i.e., 99 percent) removal of
Cryptosporidium oocysts for surface water and GWUDI systems serving fewer than 10,000
people and filtering their water under the SWTR. This requirement applies between a point where
the raw water is not subject to recontamination by surface water runoff and a point downstream
either before or at the first customer. Compliance with the combined filter effluent turbidity
requirements, described below, insures compliance with the 2 log removal requirement.

There are two turbidity provisonsin the proposed LT1FRB. One provision establishes revised
combined filter effluent requirements for smal sysems that usefiltration. These requirements differ
across filtration technologies. A second provison establishes individud filter monitoring requirements
for the subset of systems that use conventiona or direct filtration.
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For conventional and direct filtration systems, the proposed rule revises the existing combined filter
effluent requirement such that the turbidity level of representative samples of a system’s combined filter
effluent water must be less than or equa to 0.3 nephdometric turbidity units (NTU) in at least 95
percent of the measurements taken each month. The turbidity level of representative samples of a
system’ sfiltered water must not exceed 1 NTU at any time.

For systems using membranefiltration (i.e., microfiltration, ultrefiltration, nancfiltration, and reverse
o0smosis) the proposed rule requires that the turbidity level of representative samples of asystem’'s
combined filter effluent water must be lessthan or equd t0 0.3 NTU in at least 95 percent of the
measurements taken each month. The turbidity level of representative samples of a system’ sfiltered
water must not exceed 1 NTU a any time. EPA included turbidity limits for membrane sysemsto
dlow such sysems the ability to opt out of ademondtration of their ability to remove Cryptosporidium.
In lieu of these turbidity limits, a public water system that utilizes membrane filtration may demondrate
(using pilot plant studies or other means) to the State that membrane filtration—in combination with
disnfection trestment—cong stently achieves 3 log remova and/or inactivation of Giardia lamblia
cyds, 4 log remova and/or inactivation of viruses, and 2 log remova of Cryptosporidium oocysts.
For each approvd, the State will set turbidity performance requirements that the system must meet at
least 95 percent of the time and that the system may not exceed at any time that are consistent with
these remova and/or inactivation requirements.

Systems utilizing dow sand or diatomaceous earth filtration must continue to meet the combined filter
effluent limits established for these technologies under the SWTR. Namdly, the turbidity leve of
representative samples of a system’ sfiltered water must be lessthan or equa to 1 NTU in at least 95
percent of the measurements taken each month and the turbidity level of representative samples of a
system’ s filtered water must a no time exceed 5 NTU.

For dl dternative filtration technologies (i.e., other than conventiond, direct, dow sand, diatomaceous
earth, or membrane), public water syslems must demondirate to the State for purposes of approval
(using pilot plant studies or other means) that the aternative filtration technology—in combination with
disnfection treetment—congstently achieves 3 log remova and/or inactivation of Giardia lamblia
cysts, 4 log remova and/or inactivation of viruses, and 2 log remova of Cryptosporidium oocysts.
For each approval, the State will set turbidity performance requirements that the system must meet at
least 95 percent of the time and that the system may not exceed a any time a aleve that consstently
achieves these remova and/or inactivation requirements.

The proposed individud filter monitoring requirement gpplies to dl surface water and GWUDI systems
that serve populations fewer than 10,000 and utilize direct or conventiond filtration. These sysems are
required to conduct continuous monitoring (i.e., one turbidity measurement recorded every 15 minutes)
for each individud filter. A system must provide an exceptions report to the State as part of the existing
combined effluent reporting processif any individud filter turbidity measurement exceeds 1 NTU,
unless the system can show that the next reading islessthan 1 NTU. Furthermore, if asystemis
required to submit an exceptions report for the same filter in three consecutive months, the syslem must
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conduct a self-assessment of thefilter. Findly, if asystem isrequired to submit an exceptions report
that contains an accedence of 2 NTU for the same filter in two consecutive months, the system must
arrange for a comprehens ve performance evaluation to be conducted by the State or athird party
approved by the State.

25.2 Disinfection Benchmarking Provision

Small systems are dready required to comply with the Stage 1 DBPR. The proposed LT1FBR follows
the principles set forth in earlier negotiations, i.e, if systems consder making changesto their
disnfection practices to comply with Stage 1 DBPR, they cannot undercut their current level of
microbia protection. The disinfection benchmarking requirements are designed to ensure that risk from
one contaminant is not increased while risk from another contaminant is decreased. The requirements,
which gpply to al smal systems (i.e., serving fewer than 10,000 people) that use surface water or
GWUDI as asource and are not a trandent noncommunity system, have three components:

*  Applicability monitoring to determine which sysems have annua average TTHM and
HAADS levels close enough to their respective MCL (i.e., equal to or greater than 80
percent of the MCL) such that they may need to consider dtering their disinfection
practices to comply with Stage 1 DBPR

» Dignfection profiling to develop a basdine of current microbid inactivation over one year

» Dignfection benchmarking to determine the month with the lowest average levd of
microbid inactivation from the profile.

All systems subject to the rule must develop a disinfection profile unless they choose to monitor
TTHM values and can demonstrate levels less than 80 percent of their respective MCLs. The
disinfection profile is devel oped by measuring four parameters. disinfectant residual, contact time,
water temperature, and pH. These values are used to derive the level of microbia inactivation and
must be measured on aweekly basis for one year starting in the first week of January 2003.

If asystem that is required to develop a disinfection profile decides to make a significant change in
disinfection practices it must calculate its disinfection benchmark, which is the lowest level of
inactivation achieved over the course of the year, and consult with the State before implementing
such achange. Significant changesin disinfection practice are defined as: moving the point of
disinfection (other than routine seasona changes already approved by the State); changing the type
of disinfectant; changing the disinfection process; or making other modifications designated as
significant by the State. Supporting materials for the consultation with the State must include a
description of the proposed change, the disinfection profile and benchmark for Giardia lamblia
(and, if necessary, viruses for systems using ozone or chloramines), and an analysis of how the
proposed change might affect the current level of Giardia lamblia inactivation.
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Systems serving fewer than 500 persons have the option to request assistance from the State in
calculating disinfection benchmark. This option is contingent on the system providing the State
with the necessary operational data, and State agreement to perform the profile and benchmark
calculations.

In the proposed rule, the applicability monitoring component is optional, which differs from the
IESWTR requirements. If asystem has TTHM and HAAS data taken during the month of
warmest water temperature (one sample for each to be taken anytime from 1998-2002) and taken
at the point of maximum residence time in the distribution system, they may submit this data to the
State beginning two years after the publication date. If the data shows that TTHM and HAAS
levels are less than 80 percent of their respective MCLs, the system does not have to develop a
disinfection profile. If the data shows that either TTHM or HAAS levels or both are equal to or
greater than 80 percent of the MCLSs, the system would be required to develop adisinfection
profilein 2003. If asystem does not have, or does not gather such TTHM and HAAS data during
the month of warmest water temperature and at the point of maximum residence timein the
distribution system as described, then the system would automatically be required to develop a
disinfection profile starting the first week of January 2003.

253 Other LT1Provisions

The proposed rule also modifies the definition of GWUDI to include Cryptosporidium for systems
serving fewer than 10,000 persons. Under the SWTR, States were required to determine whether
systems using ground water were using ground water under the direct influence of surface water.
State determinations were required to be completed by June 29, 1994, for community water
systems and by June 29, 1999, for noncommunity water systems. EPA does not believe that itis
necessary to make a new determination of GWUDI for this rule based on the addition of
Cryptosporidium to the definition of GWUDI because the current screening methods appear to
adequately address the possibility of Cryptosporidium in the ground water.

The proposed rule extends the existing watershed control regulatory requirements for unfiltered
systems serving fewer than 10,000 people to include the control of Cryptosporidium, which will
be included in the watershed control provisions for these systems wherever Giardia lambliais
mentioned. Affected public water systems must maintain their watershed control programsto
minimize the potential for contamination by Cryptosporidium oocysts as well as Giardia lamblia
and viruses in the water. The State must determine whether the watershed control programis
adequate to meet thisgoa. The adequacy of a program to limit potential contamination by Giardia
lamblia cysts, Cryptosporidium oocysts, and viruses must be based on the comprehensiveness of
the watershed review, the effectiveness of the system’s program to monitor and control detrimental
activities occurring in the watershed, and the extent to which the water system has maximized land
ownership and/or controlled land use within the watershed.

The proposed rule a'so requires surface water and GWUDI systems that serve fewer than 10,000
people to cover al new reservoirs, holding tanks, or other storage facilities for finished water for
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which construction begins after 60 days after publication of the final rule. This requirement does
not apply to existing uncovered finished water reservoirs.

254 RecycleProvisions

As Exhibit 2-9 shows, there are three recycle provisions in the proposed rule. These provisions
apply to large and small systems. Thefirst provision requires all surface water and GWUDI
systems that employ rapid granular filtration to return spent filter backwash, thickener supernatant,
or liquids from solid/liquid separation processes prior to the point of primary coagulant addition;
systems that must move their recycle are required to submit a schematic diagram of proposed
changes in the location of returned recycled water to the State. Plants that require an aternative
recycle location to maintain optimal finished water quality, plants that are designed to employ
recycle flow as an intrinsic component of the treatment process, or plants with unique treatment
reguirements or processes may apply to the State for awaiver to return recycle flowsto an
aternative location.

The second provision requires al surface water and GWUDI systems employing rapid granular
filtration that practice direct recycle, typicaly employ 20 or fewer filters to meet production
reguirements during the highest production month in the 12-month period prior to the LT1FBR
compliance date and recycle spent filter backwash or thickener supernatant to the primary
treatment process to conduct a self assessment and report the results to the State. The State will
determine whether recycle practices need to be changed. Prior to conducting the self assessment, a
system must submit a monitoring plan to the State describing how it will monitor recycle flows and
source water influent during the month of highest production and determine whether and how
frequently it exceeds State-approved capacity. States are required to review the self assessments
and report to EPA their determinations regarding whether modifications to recycle practices are
necessary and provide a brief summary of the reasons for making those determinations.

The third provision requires that surface water and GWUDI systems with direct filtration and
recycling to the main treatment process report their recycling practices to the State. The State is
required to determine whether recycle practices must be changed. States are aso required to report
these determinations to EPA along with brief explanations.
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Exhibit 2-9. Summary of How the Proposed L T1FBR is Organized
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Exhibit 2-10. [llustration of How the Provisions Apply to Different Types of Surface Water

or GWUDI Systems
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3. Consideration of Regulatory Alter natives

In addition to the proposed rule described in the previous section, EPA considered several
alternative regulatory options. EPA started with the regulatory framework for the IESWTR,
which applies to systems serving 10,000 or more people, in developing this proposed rule. Then
several less burdensome alternatives tailored to small water systems were considered. For the
purposes of developing the RIA, EPA considered three different individual filter turbidity
alternatives, four applicability monitoring alternatives, and three disinfection profiling aternatives.
In addition, four aternatives for the recycle provisions were considered. The remainder of the
chapter provides a detailed description of these regulatory alternatives and EPA’ s rationale for
considering them.

3.1 Individual Filter Turbidity Monitoring

The proposed L T1FBR establishes an individual filter turbidity monitoring requirement which
appliesto all surface water and GWUDI systems using conventional and direct filtration and
serving fewer than 10,000 people. In developing this requirement, the Agency evaluated several
alternatives in an attempt to reduce the burden faced by small systems while still providing alevel
of public health protection comparable to the IESWTR. In addition, the Agency wanted the
individual filter turbidity monitoring requirement to serve as an early warning tool systems can use
to detect and correct problems with filters.

Alternative T1

The first alternative considered by the Agency would require direct and conventional filtration
systems serving populations fewer than 10,000 to meet the same requirements as established for
systems serving 10,000 or more peoplein the IESWTR. This alternative would require that
systems conduct continuous monitoring of turbidity (one turbidity measurement every 15 minutes)
for each individual filter. Based on this monitoring, systems would need to provide an exceptions
report to the State as part of the existing combined filter effluent reporting process for any of the
following circumstances:

. Any individual filter has aturbidity level greater than 1.0 NTU based on two consecutive
measurements taken 15 minutes apart

. Any individual filter has aturbidity level greater than 0.5 NTU at the end of thefirst 4
hours of filter operation based on two consecutive measurements taken 15 minutes
apart

. Any individud filter has turbidity levels greater than 1.0 NTU based on two

consecutive measurements taken 15 minutes gpart at any time in each of 3 consecutive
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months (the system must, in addition to filing an exceptions report, conduct a self
assessment of thefilter)

. Any individua filter has turbidity levels greater than 2.0 NTU based on two consecutive
measurements taken 15 minutes apart at any time in each of 2 consecutive months (the
system must file an exceptions report and must arrange for the conduct of a comprehensive
performance evaluation (CPE) by the State or athird party approved by the State).

Under the first two circumstances identified above, a system must produce afilter profile if no
obvious reason for the abnormal filter performance can be identified.

Alternative T2

The second alternative considered by the Agency represents a dight modification from the
individual filter monitoring requirements for large systems. The 0.5 NTU exceptions report trigger
was omitted in an effort to reduce the burden associated with daily data evaluation. Additionaly,
the filter profile requirement was removed. This dternative still requiresthat al conventiona and
direct filtration systems conduct continuous monitoring (one turbidity measurement every 15
minutes) for each individual filter, and the additional requirements are stated as follows.

. A system must provide an exceptions report to the State as part of the existing combined
effluent reporting process if any individual filter turbidity measurement exceeds 1.0 NTU,
unless the system can show that the next reading islessthan 1.0 NTU.

. If asystem isrequired to submit an exceptions report for the same filter in 3 consecutive
months, the system must conduct a self assessment of the filter

. If asystemisrequired to submit an exceptions report for the same filter in 2 consecutive
months that contains an exceedance of 2.0 NTU by the same filter, the system must arrange
for the conduct of a CPE by the State or athird party approved by the State.

Alternative T3

The third aternative considered by the Agency would include new triggers for reporting and
follow-up action in an effort to reduce the daily burden associated with datareview. This
aternative still requires that all conventiona and direct filtration systems conduct continuous
monitoring (one turbidity measurement every 15 minutes) for each individual filter, and it has three
other requirements.

. A system must provide an exceptions report to the State as part of the existing combined
effluent reporting processiif filter samples exceed 0.5 NTU in at least 5 percent of the
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measurements taken each month and/or any individua filter measurement exceeded 2.0
NTU (unless the system can show that the following reading was less than 2.0 NTU).

. If asystem isrequired to submit an exceptions report for the same filter in 3 consecutive
months the system must conduct a self assessment of thefilter.

. If asystem isrequired to submit an exceptions report for the same filter in 2 consecutive
months that contains an exceedance of 2.0 NTU by the same filter, the system must arrange
for the conduct of a CPE by the State or athird party approved by the State.

For all three aternatives, the requirements for conducting filter self assessments and CPEs are the
same. If aCPE isrequired, the system must arrange for the State or a third party approved by the
State to conduct the CPE no later than 30 days following the exceedance. The CPE must be
completed and submitted to the State no later than 90 days following the exceedance. If a self
assessment isrequired, it must take place within 14 days of the exceedance and the system must
report to the State that the self assessment was conducted. The self assessment must consist of at
least the following components:

e Assessment of filter performance

»  Development of afilter profile

* ldentification and prioritization of factors limiting filter performance
*  Assessment of the applicability of corrections

*  Preparation of afilter self assessment report.

Exhibit 3-1 summarizes the key differences between the aternatives. It includes EPA’s estimate
of how frequently a system would need to review turbidity datato comply with the reporting
requirements.
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Exhibit 3-1. Filter Turbidity Monitoring Alter natives

Key Differences Alternative T1 Alternative T2 Alternative T3
Minimum frequency Daily Weekly Monthly
with which turbidity data
are andyzed
Exceptions report trigger >1NTUin >1NTUin >0.5NTU in
based on two consecutive two consecutive a least 5%
measurements measurements of measurements
or in amonth
>05NTU in or
two consecutive >2NTUin
measurements ]
, two consecutive
after first 4 hours
measurements
of filter operation

In considering the above alternatives, the Agency attempted to reduce the burden faced by small
systems. Each of the three alternatives was judged to provide comparable levels of public health
protection. All three were also considered useful diagnostic tools for small systems to evauate the
performance of filters and correct problems before follow-up action was necessary. Thefirst
alternative was viewed as significantly more challenging to implement and burdensome for smaller
systems because of the amount of datareview. This evaluation was also expressed by small entity
representatives during the Agency’s SBREFA process as well as stakeholders at each of the public
meetings held to discussissues related to the proposed rule. Although Alternative T3 reduced the
system burden associated with datareview, it would ingtitute a very different trigger for small
systems than that established for large systems by the IESWTR. Thiswas viewed as problematic
by several stakeholders who stressed the importance of maintaining smilar requirements in order
to limit transactional costs and additional State burden. Therefore, the Agency is proposing
Alternative T2 as described above, which alows operators to expend less time evauating turbidity
data. Alternative T2 maintains a comparable level of public health protection as those afforded
large systems, reduces much of the burden associated with daily data collection and review, yet
still serves as a self-diagnostic tool for operators and provides the mechanism for State follow-up
when significant performance problems exist.

3.2 Applicability Monitoring

EPA considered four alternatives for disinfection byproduct (DBP) applicability monitoring

and, thereby, which systems would be required to develop a disinfection profile. Although the
applicability monitoring alternatives and the profile alternatives (see Section 3.3) are discussed and
analyzed separately, EPA considered them in conjunction with one another to select the preferred
alternatives because they work together to protect public health. In exploring aternatives for both
activities, the Agency focused on reducing the burden on small systems while providing alevel of
health protection with respect to the risk-risk tradeoff between microbial and DBP contaminants
that is comparable to IESWTR.
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Alternative A1

The IESWTR required that large systems monitor each quarter for total trihalomethanes (TTHMS)
and five haloacetic acids (HAABG)* at four points in the distribution system. At least one of those
samples must be taken at a point that represents the maximum residence time of the water in the
system. The remaining three must be taken at representative locations in the distribution system,
taking into account the number of persons served, the different sources of water, and the different
treatment methods employed. The results of all analyses per quarter are averaged and reported to
the State.

EPA considered applying this alternative to systems serving fewer than 10,000 people and
requested input from small system operators and other interested parties, including the public.
Based on the feedback EPA received, two other aternatives were devel oped for consideration.

Alternative A2

EPA considered requiring systems serving fewer than 10,000 people to monitor for TTHM and
HAADS according to the following schedule, which has requirements that differ by system size.
Systems serving between 500 and 10,000 would need to collect a sample for TTHM and HAAS
analyses no less than once per quarter per treatment plant operated. Systems serving 500 and
fewer would need to collect asample for TTHM and HAAS analyses no less than once per year
per treatment plant during the month of warmest water temperature. 1f systems wish to take
additional samples, however, they would be permitted to do so. This alternative provides an
applicability monitoring frequency that isidentical to the DBP monitoring frequency under the
Stage 1 DBPR that systems will have to comply with in 2004.

Alternative A3

EPA considered requiring all systems serving fewer than 10,000 people to monitor once per year
per system during the month of warmest water temperature.

Under Alternatives A1, A2, and A3, systems may consult with States and elect not to perform
TTHM and HAAS monitoring and proceed directly with the development of a disinfection profile.

During the SBREFA process and during stakeholder meetings, EPA received some positive
comments regarding Alternative A3 as the least burdensome approach. Other stakeholders,
however, pointed out that Alternative A3 does not alow systems to measure seasona variation as
in Alternative A2 for systems serving popul ations between 500 and 10,000. Severa stakeholders
agreed that despite the costs, the information obtained from applicability monitoring would be

4Thisisthe sum of the concentrations of mono-, di-, and trichloroacetic acids and mono- and
dibromoacetic acids.
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useful. EPA agreesthat it isvaluable to systems to monitor and understand the seasona variation
in TTHM and HAAS values. Alternative A2 is most consistent with EPA’s goal of reducing the
burden on small systems, while maintaining comparable levels of public health protection.

Consequently, the Agency considered proposing Alternative A2 as part of today’ s proposed rule.

During subsequent discussions, which included feedback from States, the Agency reconsidered
Alternative A2. Due to the statutory provisionsin SDWA that require States have 2 years

to develop their own regulations as part of their primacy requirements, EPA recognized

that requiring applicability monitoring prior to the completion of the 2-year period after
promulgation could pose a significant burden on States. In response to these concerns, the Agency
developed anew preferred aternative, Alternative A4.

Alternative A4

Applicability monitoring is optional and not a requirement under this alternative; systems do not
need to obtain State approval to forego monitoring. If asystem has TTHM and HAAS data taken
during the month of warmest water temperature (from 1998-2002) and taken at the point of
maximum residence time, it may submit these data to the State 2 years after the rule is published
and prior to January 1, 2003. If the datashow TTHM and HAADS levels less than 80 percent of
their respective MCLSs, the system does not have to develop a disinfection profile. If the data show
TTHM or HAAGS levels or both at or greater than 80 percent of their respective MCLs, the system
would be required to develop adisinfection profile in 2003. If a system does not have or does not
gather TTHM and HAAS data during the month of warmest water temperature, and at the point of
maximum residence time in the distribution system as described above, then the system would
automatically be required to develop adisinfection profile starting the first week of January 2003.

Exhibit 3-2 summarizes the sampling requirements across the four aternatives. The combination
of fewer sampling periods and fewer samples per period imply alower system burden for A4
compared to the other aternatives. Furthermore, systems can opt to forego monitoring, which
further reduces the potential burden of the proposed rule.
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Exhibit 3-2. Applicability Monitoring Alternatives

Key Alternative Alternative Alternative Alternative
Differences Al A2 A3 A4
501-9,999: no less than once . .
’ Once durin Optional: one sample
Sample Once per per quarter for 1 year; # 500: 9 dzrin the month gf
collection quarter for no less than once during the the morth of warmest?/vater temperaiure
frequency 1year month of warmest water warmest water rior to Januar 1p 2003
temperature temperature p! y 1,
At four locations
Sampl includi a . . At the point of . .
p. © ncil !ng one At the point of maximum e.pom © At the point of maximum
collection  |the point of . ) maximum . .
. . residencetime . . resdencetime
location maximum residencetime
residencetime
Total 501-9,999: 4*
° 16! . 1 12
samples #500: 1

1. Systems may obtain State approval to forego applicability monitoring and begin profiling.
2. Applicability monitoring is optional for Alternative A4; State approval is not required.

3.3 Disnfection Profiling and Benchmarking

EPA considered three alternatives for requiring systems to devel op the disinfection profile. These
aternatives consider arange of sampling requirements that EPA developed to evaluate the trade-
off between less frequent sampling and the robustness of the resulting disinfection profile and
benchmark.

Alternative B1

The IESWTR requires systems serving 10,000 or more persons to measure four parameters
(disinfectant residual, contact time, water temperature, and pH) and develop a profile of microbial
inactivation on adaily basisif they have TTHM or HAAS levels that equal or exceed 80 percent
of their respective MCLs. EPA considered extending this requirement to systems serving fewer
than 10,000 persons, and requested input from small system operators and other interested
stakeholders. EPA received feedback that this requirement would place a significant burden on
the small system operator for at least two reasons:

*  Small system operators are not present at the plant every day

»  Small systems often have only one operator at a plant who is responsible for al aspects
of maintenance, monitoring, and operation.

Recognizing the potentia burdens that the profiling procedures placed on small systems, EPA
considered two additional alternatives that are evaluated in the RIA.
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Alternative B2

EPA considered requiring all systems serving fewer than 10,000 persons to devel op a disinfection
profile based on weekly parameter measurements for oneyear. A system with TTHM and HAAS
levels less than 80 percent of their respective MCL s (based on either required or optional
monitoring as described above) would not be required to conduct disinfection profiling. This
alternative would save the operator time and still provide information on seasonal variation over
the period of 1 year.

Alternative B3

EPA considered a daily monitoring requirement only during a 1-month critical monitoring period
to be determined by the State. 1n general, colder temperatures reduce disinfection efficiency. For
systemsin warmer climates, or climates that do not change very much during the course of the
year, the State would identify other critical periods or conditions. This aternative reduces the
number of times the operator has to calculate the microbial inactivation.

Initially, EPA considered afourth aternative of not requiring the disinfection profile at all. After
consideration of the feedback of small system operators and other interested stakeholders, EPA
believes that there is a strong benefit in the plant operator knowing the level of microbial
inactivation, and that thisinformation is essential to ensuring that systems continue to provide
adequate microbial protection while they comply with the requirements of the Stage 1 DBPR.
Consequently, this aternative was excluded from further analysis. Exhibit 3-3 summarizesthe
three aternatives that are evaluated in the RIA.

Exhibit 3-3. Disinfection Profiling and Benchmarking Alter natives

Key Differences Alternative B1 Alternative B2 Alternative B3
Profiling data s collected Once/day for ayear Once/week for ayear Once/day for amonth
I nactivation observations 365 52 30

EPA considered all of the above alternatives and EPA selected Alternative B2 as the preferred
aternative for the proposed rule for the following reasons. First, given early implementation
concerns, the timing of this aternative appears to be the most appropriate in balancing early
implementation issues with the need for systems to prepare for implementation of the Stage 1
DBPR and ensuring adequate and effective microbial protection. Second, it allows systems and
States that have been proactive in conducting applicability monitoring to reduce costs for those
systems that can demonstrate low TTHM and HAAS levels. Third, this aternative allows systems
and States the opportunity to understand seasonal variability in microbial disinfection. Finaly, this
alternative takes into account the flexibility needed by the smallest systems while maintaining
comparable levels of public health protection with the larger systems.
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3.4 Recycle Provisions

EPA considered four aternatives for the recycle provisions. All of the alternatives require select
recycle flowsto be returned prior to the point of primary coagulant addition. Alternatives R2, R3,
and R4 place additional requirements on systems that practice direct recycle or direct filtration, as
well as other conventional systems that recycle. Each of these alternatives are discussed in detail
in the paragraphs that follow.

Alternative R1

Thefirst dternative considered by the Agency requires that rapid granular filtration plants using
surface water or GWUDI as a source return filter backwash, thickener supernatent, and liquids
from dewatering processes prior to the point of primary coagulant addition.® Plants that require an
alternative recycle return location to maintain optimal finished water quality (as indicated by
finished water or intra-plant turbidity levels), plants that are designed to employ recycle flow as an
intrinsic component of the treatment process, or plants with unique treatment requirements or
processes may apply to the State for awaiver to return recycle flows to an alternative location.
Softening systems may recycle process solids, but not spent filter backwash, thickener supernatant,
or liquids from dewatering processes, at the point of lime addition immediately preceding the
softening process to improve treatment efficiency. Contact clarification systems may recycle
process solids, but not spent filter backwash, thickener supernatant, or liquids from dewatering
processes, directly into the contactor to improve treatment efficiency.

Alternative R2

In addition to requiring plants to return select recycle flows prior to the point of primary coagulant
addition, this alternative also requires some direct recycle systems to perform a self assessment of
their recycle practice and report the results to the State. The public water systems that would be
required to conduct a self assessment are those that meet al of the following criteria:

. Use surface water or GWUDI as a source and employ conventional rapid granular
filtration treatment

. Employ 20 or fewer filters to meet production requirements during the highest production
month in the 12-month period prior to LT1FBR’s compliance date

. Recycle spent filter backwash or thickener supernatant directly to the treatment process
(i.e., recycle flow isreturned within the treatment process of a PWS without first passing

>The recycle provisions apply to individua plants because some large systems have two or
more plants treating water, some of which may not recycle flow to the treatment process and, therefore,
are not subject to the recycle provisions.
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the recycle flow through a treatment process designed to remove solids, a raw water
storage reservoir, or some other structure with avolume equal to or greater than the volume
of spent filter backwash water produced by one filter backwash event).

The systems that meet all the above criteria are required to develop and submit arecycle self
assessment monitoring plan to the State no later than 3 months after the rule’ s effective date. At a
minimum, the monitoring plan must identify the month during which monitoring will be
conducted, contain a schematic identifying the location of raw and recycle flow monitoring
devices, describe the type of flow monitoring devices to be used, and describe how data from the
raw and recycle flow monitoring devices will be simultaneously retrieved and recorded.

Systems are required to submit a self assessment report to the State within 1 month of completing
the salf assessment monitoring. At a minimum, the report must provide the following information:

. All source and recycle flow measurements taken and the dates they were taken. For dl events
monitored, report the times the filter backwash recycle event was initiated, the flow
measurements taken at three minute intervals, and the time the filter backwash recycle event
ended. Report the number of filtersin use when the backwash recycle event is monitored.

. All data used and calculations performed to determine whether the system exceeded operating
capacity during monitored recycle events and the number of event flow vaues that exceeded

State approved operating capacity.

. A plant schematic showing the origin of all recycle flows, the hydraulic conveyance used
to transport them, and their final destination in the plant

. A list of al the recycle flows and the frequency at which they are returned to the plant

. Average and maximum backwash flow through the filters and the average and maximum
duration of backwash eventsin minutes, for each monitoring event

. Typical filter run length, number of filter typically employed, and awritten summary of
how filter run length is determined (e.g., preset run time, headloss, or turbidity level).

Systems are required to submit the self assessment to the State within 3 months of completing the
last day of source and recycle flow monitoring.

EPA is proposing that the State review all self assessments submitted by PWSs and report to the
Agency the one of the following for each individual plant:
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. A finding that modifications to recycle practice are necessary, followed by a brief
description of the required change and a summary of the reason(s) the changeis required

. A finding that changes to recycle practice are not necessary and a brief description of the
reason(s) this determination was made.

Alternative R2 also requires direct filtration plants using surface water and GWUDI that recycle to
the treatment process to report certain data that characterize their recycle practice to the State:

Whether recycle flow treatment or equalization isin place
. The type of treatment provided for the recycle flow

. If equalization, sedimentation, or some type of clarification processis used, the following
information should be provided: the physical dimensions of the unit sufficient to allow
calculation of its volume, and the type, typical dose, and frequency at which treatment
chemicals are used

. The minimum and maximum hydraulic |oading the treatment unit experiences
. The maximum backwash rate, duration, typical filter run length, and the number of filters at
the plant.

The purpose of this requirement isto allow States to assess whether the existing recycle practice of
direct filtration plants addresses the potentia risks posed by recycle. The Agency believes that
direct filtration plants need to remove oocysts from recycle flow prior to reintroducing it to the
treatment process. States are required to report their determination for each system to EPA and
provide a brief explanation of the reason(s) for the decision.

Alternative R3

The Agency aso considered requiring al recycle plants without existing recycle flow equalization
or treatment to install recycle flow equalization. This option would not require a self assessment.
Under Alternative R3, systems would also still be required to return select recycle flows prior to
the point of primary coagulant addition. Direct filtration plants would have to report data on
recycle treatment to the State.

Alternative R4

Finally, the Agency considered requiring conventional filtration plants that recycle within the
treatment process to provide sedimentation or more advanced recycle treatment. This option
would not require direct recycle systems to perform a self assessment, nor would it require direct
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filtration plants to report on their recycle practices. Similarly, direct filtration plants would also
need to provide sedimentation or more advanced recycle treatment. Under Alternative R4,
systems would also till be required to return select recycle flows prior to the point of primary

coagulant addition.
Exhibit 3-4. Filter Backwash Alternatives
Alternative R1 Alternative R2 Alternative R3 Alternative R4

Recycle return Prior to primary Prior to primary Prior to primary Prior to primary

location coagulant addition coagulant addition coagulant addition coagulant addition
Direct recycle No Provision Report salf Equalization for Sedimentation or better

systems assessment to State recycle flows for recycle flows*
Direct filtration No Provision Report recycle Report recycle Sedimentation or better

systems practicesto State practicesto State for recycle flows

* Note:  Thisrequirement would apply to al conventional filtration systems that do not provide sedimentation or
more advanced treatment for their recycle flows.

EPA considered all of the above alternatives and is proposing Alternative R2. EPA concluded
that a national treatment requirement is inappropriate at this time due data deficiencies. However,
the Agency believes that the available information supports requiring recycle to be returned prior
to the point of primary coagulant. In addition, providing the States with information from the
direct recycle salf assessments and the direct filtration recycle practices will aid them in targeting
recycle treatment in higher risk recycle practices.
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4. Baseline Analysis

This chapter discusses the methods used to identify the number of systems and populations
affected by each of therule provisions. Additionaly, the sources, the resulting statistics, and any
assumptions developed for the analysis are identified. Much of the data used to develop the RIA
are provided in the Occurrence Assessment for the Long Term 1 Enhanced Surface Water
Treatment and Filter Backwash Recycle Rule (U.S. EPA 1999a) and the Cost and Technology
Document for the Long Term 1 Enhanced Surface Water Treatment and Filter Backwash Recycle
Rule (U.S. EPA 1999b). However, additional data and assumptions were needed to complete the
economic analysisfor this document and are discussed in this chapter.

4.1 Basdine Assumptions

The Agency developed estimates of the number of systems that would be affected by components
of the proposed rule by utilizing three primary sources. Safe Drinking Water Information System
(SDWIS), Community Water Supply Survey, and Water:\Stats. A brief overview of each of the
data sources is provided in the following paragraphs.

Safe Drinking Water Information System (SDWIS)

SDWIS contains information about public water systems including violations of EPA’s
regulations for safe drinking water. Pertinent information in this database includes system
name and identification number, population served, geographic location, type of source
water, and type of treatment (if provided). EPA utilized the 1997 State-verified version of
SDWIS to develop the total universe of systemsthat utilize surface water or ground water
under direct influence (GWUDI) as sources.

Community Water System Survey (CWSS)

EPA conducted the 1995 Community Water System Survey to obtain data to support its
development and evaluation of drinking water regulations. The survey consisted of a
stratified random sample of 3,700 water systems nationwide (surface water and ground
water). The survey asked 24 operational and 13 financial questions.

Water:\ Stats (WaterStats)

WaterStats is an in-depth database of water system information compiled by the American
Water Works Association. The database consists of 898 systems and provides a variety of
data including treatment information.

System population characteristics are important to this analysisin several ways. First, adl systems
are categorized by the size of the population served. For thisRIA, only small systems (i.e., serving
fewer than 10,000 people) wereincluded for LT1 provisions. Both small and large systems are
analyzed for the recycle provisions along with individually analyzing these provisions for systems
serving over 1,000,000. Systems are divided into the seven size categories used throughout the
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analysis; these categories are consistent with industry definitions of system size categories. The
Size categories are shown in Exhibit 4-1.

Exhibit 4-1. System Population Size Categoriesand Total Population

Recycle Control
Provisons

System Size Turbidity Provisons

25-100 T
101-500
501-1,000
1,001-3,300
3,301-9,999
10,000-50,000
50,001-100,000
100,001-1,000,000
over 1,000,000

_|

H[=4]4]-

IR

Average and system design flow rates are integrated into the national compliance cost model in
estimating unit costs, determining treatment devel oped for compliance forecast or decision trees,
and sizing equipment. Average and system design flows, expressed in millions of gallons per day
(mgd), were developed separately from the cost model but are key components in generating unit
costs (U.S. EPA, 1999b). Flows are used to estimate equipment size, basin dimensions, filter bed
and media requirements, and energy costs.

Purchased water systems are included in this analysis even though many of the provisions of the
LT1FBR apply only to systems that treat their water. The Agency chose to include these
purchased water systems to estimate the total population affected by LT1FBR. Purchased water
systems must be included because population served information in SDWIS represents only the
direct retail population served by each system. It does not include the total number of people using
water treated by a system if the system sells water to other systems. Furthermore, the Agency
chose to include purchased water systems in the analysis as a proxy to determine the amount of
treatment costs systems selling water to purchased water systemswill face. Costs are estimated
from water production flow equations based on population served information. Systems that only
sell water to other systems may have little or no population served in SDWIS, therefore including
the purchased water systems accounted for the production of water sold to other systems.

Noncommunity water systems were assumed to have similar treatment characteristics to
community water systemsin a given size category. This assumption was made because specific
information on treatment technologies utilized by nontransient noncommunity (NTNC) and
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transient noncommunity (TNC) water systems were not available. In some instances,
noncommunity water systems may in fact have less treatment in place than community water
systems.

4.2 Industry Profile

Data on systems and their capacity to achieve treatment levels were analyzed to develop the
national compliance cost estimate. The scope of thisrule is confined to water systems that utilize
surface water or GWUDI as sources. This universe consists of 11,593 systems serving fewer than
10,000 persons, and 2,096 systems serving 10,000 or more persons. Exhibit 4-2 providesthe
number of systems using surface water or GWUDI in each size category for systems serving fewer
than 10,000 people. Exhibit 4-3 provides the same information for systems serving more than
10,000 people.

Exhibit 4-2. Systems Utilizing Surface Water or GWUDI Serving Fewer Than
10,000 People

Population Served
Total
1,001-3,30 | 3,301-9,99 | Number of
System Type | <100 | 101-500 | 501-1,000 0 9 Systems
Community 1,131 2,046 1,198 2,475 1,839 8,689
Noncommunity | 1,400 527 98 78 40 2,143
NTNC 273 287 103 78 20 761
Tota 2,804 2,860 1,399 2,631 1,899 11,593
Exhibit 4-3. Systems Utilizing Surface Water or GWUDI Serving
10,000 or More People
Population Served
Total
10,000- 50,001 100,001— Number of
System Type 50,000 100,000 1,000,000 > 1,000,000 Systems
Community 1,539 269 245 16 2,069
Noncommunity 18 3 0 0 21
NTNC 4 1 1 0 6
Tota 1,561 273 246 16 2,096
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The rule has three main components—turbidity provisions, disinfection benchmarking provisions,
and recycle provisions. The LT1 provisions pertain to surface water and GWUDI systems serving
populations fewer than 10,000 that use filtration. The recycle provisions of the rule include all
surface water and GWUDI systems that practice rapid granular filtration and recycle filtered water.

Primarily, the number of systemsis derived from data collected from SDWIS, the CWSS (U.S.
EPA, 19974), and WaterStats. These primary sources were supplemented with data from the 1996
Information Collection Rule (ICR) and the Water Industry Baseline Handbook (U.S. EPA
1999c¢).°

The 1996 I CR data provided information on the number of systems recycling water and the
locations of recycle return. In addition, WaterStats data was augmented by data from a survey
performed by the American Water Works Association (AWWA, 1998) and was used to
characterize the specific treatment processes used by systems that recycle.

Steps taken to identify the number of systems included for each rule provision are discussed below
along with the data used to develop that universe. These data were used to quantify benefits and
develop national costs of therule.

4.3 Number of Systems Under the Turbidity Provisions

To determine the number of systems affected by the turbidity provision, the total number of
systems serving less than 10,000 people utilizing surface water and GWUDI was tabulated from
SDWIS and reported in the WIBH (U.S. EPA, 1999c). These systems were aggregated by system
size and by system type. The WIBH does not provide detailed treatment information for systems.
To develop the number of systems that filter and those that use rapid granular filtration
(conventional or direct filtration) the WIBH values were multiplied by the percent of systems
practicing those filtration techniques as reported in CWSS (U.S. EPA, 1997a).

4.3.1 Estimate of the Number of Systems Subject to 2 log
Cryptosporidium Removal Requirement

Using the baseline described in Exhibits 4-2 and 4-3, the Agency applied the percentages of
surface water and GWUDI systems that filter (as noted in the CWSS) to develop an estimate of the
number of systems that filter and serve fewer than 10,000 persons. These percentages range from
78.5 percent for the smallest systemsto 86.5 percent and are shown in Appendix |. This resulted
in an estimated 9,133 surface water and GWUDI systems that filter and would be subject to the

The Water Industry Baseline Handbook (WIBH) was developed by EPA to support the analyses
required under the 1996 SDWA amendments. To complete the analyses required under SDWA, EPA
developed the WIBH to serve as a single integrated set of data that defines baseline characteristics or
conditions of the regulated community, the customers, and governmental entities.
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proposed removal requirement. Exhibit 4—4 provides this estimate broken down by system size

and type.

Exhibit 4-4. Estimate of Systems Subject to 2 log Cryptosporidium Removal

Requirement
Population Served
Total
101-50 | 501-1,00 | 1,001-3,30 | 3,301-9,99 | Number of
System Type <100 0 0 0 9 Systems

;Z‘;‘g;?; o | 785% | 710% | 79.3% 81.7% 86.5%
Community 888 1,453 950 2,022 1,591 6,903
Noncommunity 1,099 374 78 64 35 1,649
NTNC 214 204 82 64 17 581
Tota 2,201 | 2,031 1,109 2,150 1,643 9,133

Note: Columns and row might not add to total due to rounding

1. Sourcee CWSS

4.3.2 Systems Subject to Strengthened CFE Turbidity Standards

Using the estimate of 9,133 systems that filter and serve fewer than 10,000 persons, the Agency
used information in the CWSS database to estimate the number of systems that utilized specific
types of filtration. The data were segregated based on the type of filtration and the population size

of the system. Percentages were derived for each of the following types of filtration:

e Conventiona and direct filtration
 Slow sand filtration

* Diatomaceous earth filtration

* Alternativefiltration technologies.

The percentages were applied to the estimate of the number of systems that filter for each of the
respective system size categories. The percent of filtered systems that are conventional or direct
filtration range from 38 percent for the smallest size category to 90 percent for the largest size
category. Based on thisanalysis, the Agency estimates 5,897 conventional and direct filtration
systems will be subject to the strengthened combined filter effluent turbidity standards. Exhibit
4-5 provides the number of conventional and direct filtration systems by system size category.

February 15, 2000

4-5

RIA for the Proposed LT1FBR




Exhibit 4-5. Estimate of Systems Subject to Strengthened CFE Turbidity Standards
for Conventional and Direct Filtration Systems

Population Served
Total
Number
101-50 501- 1,001- | 3,301- | of System
System Type <100 0 1,000 3,300 9,999 S

Percent of filtration systems
that are Conventiond or 38.0% | 55.0% 73.0% 77.0% 90.0%
Direct!
Community 337 799 694 1,557 1,432 4,819
Noncommunity 418 206 57 49 31 760
NTNC 81 112 60 49 16 318
Tota 836 1,117 810 1,655 1,478 5,897

Note: Columns and rows might not add to total due to rounding.
1. Source: CWSS.

EPA estimates 1,756 systems utilize Slow sand or diatomaceous earth filtration, and must continue
to meet turbidity standards set forth in the SWTR. The remaining 1,482 systems are estimated to
use alternative filtration technologies and will be required to meet turbidity standards as set forth by
the State upon anaysis of a 2 log Cryptosporidium demonstration conducted by the system.

4.3.3 Estimate of the Number of Systems Subject to
Individual Filter Monitoring Requirements

EPA believes that the support and underlying principles regarding the IESWTR individual filter
monitoring requirements are also applicable for the LT1IFBR. The Agency has estimated that
5,897 conventional and direct filtration systemswill be subject to the proposed individual filter
turbidity requirements. The Agency has analyzed information regarding turbidity spikes and filter
masking and concluded potential improvements in finished water quality justify individua filter
monitoring in addition to CFE monitoring.

Monitoring the performance of individual filters within a trestment plant is important to ensuring
low turbidity in finished water. Poor performance of one filter—accompanied by potential
pathogen breakthrough—can be masked by optimal performance in other filters, such that thereis
no discernable increase in combined filter effluent turbidity. Individua filters are aso susceptible
to short turbidity spikes that are be captured by existing four-hour combined filter effluent
measurements. To address these shortcomingsin large systems, EPA established individua filter
monitoring requirementsin the IESWTR. The Agency believesit’s appropriate and necessary to
extend individua filter monitoring requirements to systems serving populations fewer than 10,000.
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This provision applies to small surface water and GWUDI systems that use conventiona or direct
filtration, which are reported above in Exhibit 4-5.

4.4  Systems Affected by Disinfection Benchmarking Provision

The disinfection benchmarking requirement appliesto all small water systems utilizing surface
water or GWUDI that are community water systems or hontransient noncommunity water systems.
Exhibit 4-6 provides the number of systemsin each system size category that will be required to
comply with the disinfection benchmarking requirement.

Exhibit 4-6. Estimate of Systems Subject to Disinfection Benchmarking Provision

Population Served
Total
101-50 | 501-1,00 | 1,001-3,30 | 3,301-9,99 | Number of

System Type <100 0 0 0 9 Systems
Community 1,131 | 2,046 1,198 2,475 1,839 8,689
Noncommunity 0 0 0 0 0 0
NTNC 273 287 103 78 20 761
Tota 1,404 | 2,333 1,301 2,553 1,859 9,450

Columns and rows may not add to totals due to rounding

45 Systems Affected by the Recycle Provisions

To determine the systems affected by the recycle provisions, data from the Information Collection
Rule and the AWWA Survey (1998) were analyzed. The following section describes those data
sources and summarizes their results. Using the results from the analysis of the two data sources,
the baseline number of systems that will be affected by the provisions are estimated and presented
at the end of this section.

Information Collection Rule

Public water systems subject to the ICR were required to report whether recycle is practiced for
sample washwater (i.e., recycle flow) between the washwater treatment plant (if one existed) and
the point at which recycle is added to the processtrain. Sampling of plant recycle flow was
required prior to blending with the processtrain. Systems were aso required to measure recycle
flow at the time of sampling, the twenty four hour average flow prior to sampling, and report
whether treatment of the recycle was provided and, if so, the type of treatment. Reportable
treatment types were plain sedimentation, coagulation and sedimentation, filtration, disinfection, or
adescription of an alternative treatment type. Plants were aso required to submit a plant schematic

February 15, 2000 4-7 RIA for the Proposed LT1FBR



to identify sampling locations. EPA used the sampling schematics and other reported information
to compile a database of national recycle practices. The results are summarized below.

45.1 RecyclePractice

The Agency devel oped a database from the ICR sampling schematics and other reported
information. Exhibit 4-7 summarizes the plantsin the database. Of the 502 plants in the database
at the time the analysis was performed, 362 used rapid granular filtration.

Exhibit 4-7. Recycle Practiceat ICR Plants

Plant Classification Number
All ICR Pants 502
Filtration Plants' 362
Filtration Plants Recyding? 226
Recycdle Plants Sarving $ 100,000 168
Recycle Plants Serving < 100,000 58
Filtration Plants Treating Recycle 148

These plants are classified as conventional, lime softening, other softening, and direct filtration.
The remaining 140 plants in the database do not employ rapid granular filtration capability and
generaly provide disinfection for ground water. Of the 362 filtration plants in the database, 226
(62.4 percent) reported recycling to the trestment process. Seventy-four percent of the plants that
recycle serve populations greater than 100,000 and 26 percent serve populations below 100,000.
Exhibit 4-8 shows the distribution of plants by treatment type and Exhibit 4-9 shows the
distribution of plants by population served. Exhibit 4-10 shows that 88 percent of ICR recycle
plants use surface water. An additional 1 percent use GWUDI and another 1 percent use a
combination of ground water and surface water. Therefore, 90 percent of ICR recycle plants use a
source water that could contain Cryptosporidium.
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Exhibit 4-8. ICR Recycle Plantsby Treatment Train Type
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Exhibit 4-10. Source Water Use by ICR Recycle Plants

Source Water Type Number of Per cent of Recycle Plants
Plants

Tota Number of Recycle Plants 226 100%
Surface Water 199 88%
Ground Water Under the Direct 3 1%

Influence

Ground Water and Surface Water 2 1%
Ground Water Only 22 10%

Exhibit 4-11 shows that 65 percent of ICR recycle plants report providing treatment for the
recycle flow. The percentage of plants providing treatment is the same for the subsets of plants
serving greater than and less than 100,000 people. Sedimentation is the most widely reported
treatment method, as 77 percent of plants providing treatment employ it. The database does not
provide information on the solids removal efficiency of the sedimentation units. All direct filtration
plants practicing recycle reported providing treatment for the recycle flow.

Exhibit 4-11. Treatment of Recycle at ICR Plants*

ICR Recycling Plants Number of Plants Per centage of Recycle

Plants

Number of Recycle Plants 226 100%
Practice Recycle Treatment 147 65%
Use Sedimentation 114 77%
Use Sedimentation/Coagulation 14 10%
Use Two or More Treatments 14 10%
Other Trestment 5 3%

* Disinfection not counted as treatment because it does not inactivate Cryptosporidium..

Exhibit 4-12 indicates that 75 percent of ICR recycle plants return recycle prior to the point of
primary coagulant addition. Fifteen percent return it prior to sedimentation, and ten percent of
plants return it prior to filtration. These percentages hold for the subsets of plants serving greater
than and less than 100,000 people. The data indicate that introducing recycle prior to rapid mix
may be acommon practice. EPA believes that introducing recycle flow prior to the point of
primary coagulant addition is the best recycle return location because it limits the possibility that
residua treatment chemicalsin the recycle flow will disrupt trestment chemistry.
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Exhibit 4-12. Recycle Return Point

Point of Recycle Return Number of Plants Per cent of Plants
Number of Recycle Plants 224* 100%
ACIT(rjiict)ii) tno Point of Primary Coagulant 169 750

Prior to Sedimentation 34 15%
Prior to Filtration 21 10%

*Recycle return point could not be determined for two plants.

The data provide the following conclusions regarding the recycle practice of ICR plants.

The recycle of spent filter backwash and other process streams is a common practice
. The great maority of recycle plants in the database use filtration and surface water sources
. A magority of plants in the database that recycle provide treatment for recycle flow

. A large mgjority of plantsin the database that recycle (approximately three out of four)
return recycle flows prior to the point of primary coagulant addition.

Recycle FAX Survey

The AWWA sent aFAX survey (AWWA, 1998) to its membership in June 1998 to gather
information on recycle practices. Plants were not selected based on source water type, the type of
trestment process employed, or any other factor. The survey was sent to the broad membership to
increase the number of responses. Responses indicating a plant recycled spent filter backwash or
other flows were compiled to create a database. The resulting database included 335 plants. The
database does not contain information from respondents who reported recycle was not practiced.
Data from some of the FAX survey respondents is also included in the ICR database. Plantsin the
database are well distributed geographically and represent a broad range of plant sizes as measured
by capacity. Exhibit 4-13 shows plant distribution by capacity and Exhibit 4-14 by geographic
location. The following discussion of FAX survey datais divided into two sections. The first
discusses national recycle practice and the second discusses options for recycle disposal in lieu of
returning recycle to the treatment process.
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Exhibit 4-13. Didtribution of FAX Survey Plants by Plant Capacity
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Recycle Practices of FAX Survey Plants

Data summarized in Exhibit 4-15 show that 78 percent of plantsin the database rely on a surface
water astheir source. The percentage of plants using source water influenced by a surface water
(which may contain Cryptosporidium) could be higher because the data do not report whether
wells were pure ground water or GWUDI.

Exhibit 4-15. Source Water Used by FAX Survey Plants

Source Water Type Per cent of Plants
Surface Water 78%
River 27%
Reservoir 28%
Lake 16%
Other 7%
wdl* 22%

* Wells sources can be either ground water or ground water under the direct influence of surface water.

Exhibit 4-16 shows that awide variety of treatment process types are included in the data, with
conventional filtration (rapid mix, coagulation, sedimentation, filtration) representing over half of
the plants submitting data. Upflow clarification is the second most common treatment process
reported. Ten percent of plantsin the database use direct filtration. Only 4 percent of plants do
not use rapid granular filtration.

Exhibit 4-16. Treatment Trainsof FAX Survey Plants

Treatment Process Type Per cent of Plants*
Conventiond filtration 51%
Upflow Clarifier 21%
Softening 14%
Direct Filtration 10%
Other 4%

* 96 percent of plant in the database provide filtration.

Exhibit 4-17 indicates that a vast majority of plants recycle prior to the point of primary coagulant
addition. Only 6 percent of plants returned recycle in the sedimentation basin or just prior to
filtration.

RIA for the Proposed LT1FBR 4-14 February 15, 2000



Exhibit 4-17. Recycle Return Point of FAX Survey Plants

Return Point Per cent of Plants
Prior to Point of Primary Coagulant Addition 83%
Pre-sedimentation 11%
Sedimentation basin 4%
Beforefiltration 2%

Exhibit 4-18 shows that the mgjority of plantsin the database provide some type of treatment for
the recycle flow prior to its reintroduction to the treatment process. Approximately 70 percent of
plants reported providing treatment, with sedimentation being employed by over half of these
plants. Equalization, defined as a treatment technology by the survey, is practiced by 20 percent of
plants in the database. Fourteen percent of plants reported using both sedimentation and
equalization.

Exhibit 4-18. Recycle Treatment at FAX Survey Plants

Treatment Type Per cent of Plants
No Treatment 30%
Treatment 70%
Sedimentation 54%
Equdization 20%
Sedimentation and Equalization 14%
Lagoon 5%
Others 7%

Exhibit 4-19 summarizes recycle treatment practice and frequency of direct recycle based on
population served. The table illustrates that, for plants supplying data, treatment of recycle with
sedimentation is provided more frequently as plant service population deceases. Plants serving
populations of less than 10,000 direct recycle (23 percent) less frequently than plants serving
populations greater than 100,000 (42 percent). The dataindicate that a mgjority of small plantsin
the database may have installed equalization or sedimentation treatment to protect treatment
process integrity from recycle induced hydraulic disruption. All direct filtration plantsin the FAX
survey provide recycle treatment or equalization.
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Exhibit 4-19. Recycle Practice Based on Population Served?

Recycle Practice
Number
Population Served Plz;ts Equalization? Sedimentation 2 Direct Recycle
< 10,000 43 4 (9%) 29 (67%) 10 (23%)
10,000-50,000 79 8 (10%) 45 (57%) 26 (33%)
50,001~100,000 35 6 (17%) 19 (54%) 10 (29%)
> 100,000 65 23 (35%) 15 (23%) 27 (42%)

1 Based on 222 surface water plants suppling all necessary data to make determination.
2 Number of plants (percent of plants) in category.

FAX survey data support the following conclusions regarding the recycle practice of plants
supplying data: 1) the recycle of spent filter backwash and other process streams is a common
practice, 2) the mgjority of recycle plants use surface water as their source and are thereby at risk
from Cryptosporidium, 3) alarge mgority of plants providing data recycle prior to the point of
primary coagulant addition, and 4) amgority of plants supplying data provide treatment for
recycle waters prior to reintroducing them to the treatment plant. The FAX survey providesan
informative snapshot of national recycle practices due to the number of recycle plantsit includes,
the geographic distribution of respondents, and the good representation of plants serving
populations of less than 10,000 people.

Optionsto Recycle

The FAX survey collected information about: 1) whether feasible alternativesto recycle are
available (i.e., National Pollutant Discharge Elimination System (NPDES) surface water discharge
permit or pretreatment permit for discharge to a Publicly Owned Treatment Work (POTW)), 2) the
importance of recycle to optimizing treatment performance and meeting production requirements,
and 3) whether recycle flow monitoring had been performed. The related responses are
summarized in Exhibit 4-20.

Exhibit 4-20 shows that approximately 20 percent of respondents could not obtain either an
NPDES surface water discharge permit or a pretreatment permit for discharge to aPOTW.
Approximately 85 percent of respondents stated that recycle flow is not important to meet typical
demand. Twenty-four percent of al respondents stated that returning recycle to the treatment
processisimportant for optimal operation. “Optimal operation” was not defined by the survey and
respondents may have considered not changing current plant operation (e.g., not changing current
recycle practice) an aspect of optimal treatment, rather than addressing whether recycle practiceis
important for the plant to produce the highest quality finished water.
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Exhibit 4-20. Optionsto Recycle as Reported by FAX Survey Plants*

Question Y es (Per cent) No (Percent) Unknown
(Per cent)
Sﬁé‘r’gzb;::‘n:\t'f[) ESsurface 131 (41%) 120 (37%) 70 (22%)
Able to obtain pretrestment
permit for POTF\)N discharge? 137 (43%) 136 (42%) 48 (15%)
g?o(mgg::g?pzﬁgs o 192 (60%) 63 (19.5%) 66 (20.5%)
mgiggf”a‘t fo medt a4 (14%) 257 (80%) 20 (6%)
Sgie;}’ %;”;pgga“ to meet 28 (9%) 272 (85%) 21 (6%)
Isrecycle important to optimal
operation? (All plantsin survey) 75 (24%) 225 (70%) 21 (6%)
Isrecycle important to optimal
operation?* (softening plants 0 0 0
ion?* (softening pl 3 (13%) 19 (83%) 1 (4%)

only)
* Number of plants varies from question to question due to different response rates.

**Optimal operation not defined by survey. May include overall plant operation rather than importance of recycleto
producing highest possible quality finished water.

Summary of Analysis

The ICR and FAX survey data are complimentary, as the ICR data supplies a wealth of data
regarding recycle practices at large capacity plants, while the FAX survey provides data on recycle
practices over arange of plant capacities. Taken together, the two data sets provide a good picture
of current recycle practice. The dataindicate that recycle isa common practice for the plants
sampled. Approximately half of the respondents providing data return recycle flow to the
treatment process and 70 percent provide some type of recycle treatment. Sedimentation and
equalization are the two most commonly employed treatment technologies for plants supplying
data. Approximately 80 percent of plants sampled return recycle prior to the point of primary
coagulant addition. Examining the recycle practices of plantsin the ICR and FAX survey data
shows that small plants (i.e., fewer than 10,000 people served) are more than twice as likely as
large plants (i.e., greater than 10,000 people served) to provide sedimentation for recycle treatment
(58 versus 26 percent).

The FAX survey responses show that approximately half of plants providing data have an option
to recycle return, whether it be an NPDES surface water discharge permit or dischargeto a
POTW. Eighty percent of respondents stated that recycle flow is not important to meet peak
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demand. Lessthan aquarter of respondents have monitored pathogen concentrationsin recycle
return flows and fewer than half have any monitoring data to characterize the quality of the recycle
return flows.

The proposed filter backwash recycle provisions apply to both large and small surface water
systems. The number of systemsis a subset of the rapid granular filtration systems discussed under
the turbidity provisions of the LT1FBR and systems regulated under the IESWTR promulgated in
December 1998. The total number of conventional and direct filtration systems was multiplied by
the percent of systems practicing filtration techniques cited in the CWSS. EPA estimates that 60
percent of these systems recycle filter backwash (Cornwell and Lee, 1994). Exhibit 4-21 provides
the total number of systems, those practicing filtration and those recycling filter backwash water.

Data from the ICR and FAX survey indicate that 75 and 83 percent of plants, respectively, return
recycle prior to the point of primary coagulant addition. The “point of primary coagulant addition”
was defined in both analyses as the return of recycle prior to the rapid mix unit. The FAX survey
dataindicate that 77 percent of plants serving under 10,000 people recycle prior to the point of
primary coagulant addition. It also showed that 83 percent of all plantsin the database return
recycle there, which suggests that plants serving smaller populations may return recycle prior to the
point of primary coagulant addition as frequently as plants serving larger populations.

The number of systemstreating recycle flowsis derived from the percentages estimated in Exhibit
4-19. The percentages in the FAX survey were used to estimate the number of systems present in
Exhibit 4-21 that are direct recycle systems and the number of systems that treat recycle with
equalization or sedimentation/clarification.

Twenty-three direct filtration plants that used surface water responded to the FAX survey. Inthe
FAX survey, plants could report whether they provide recycle flow equalization, sedimentation, or
some other type of treatment. Of the respondents, 21 reported providing treatment for the recycle
flow and two plants reported providing only equalization. In the ICR database, there were 23
direct filtration plants and 14 of them recycled to the treatment process. All fourteen plants provide
recycle treatment. It isnot possible to determine the level of oocyst removal that FAX survey and
ICR plants achieve with available data.

Similar to the methodology used for the turbidity provision, the number of systemsidentified in the
WIBH were multiplied by the percent of systems practicing specific treatment and recycling
practice to provide a distribution of systems by size, type, and treatment practice.

Exhibit 4-21 provides the number of systems for each of the treatment and recycle practice and the
multiplier used to derive the value. It isimportant to note specific treatments are subsets

of previous developed subsets. For example, systems that practice direct recycle return,
equalization of recycle water, or sedimentation of recycled water are a subset of the conventiona
filtration systemsthat recycle.
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46 Contaminant Exposure

The proposed LT1FBR rule will increase the level of protection to public health through
reductions in turbidity and waterborne pathogens, particularly Cryptosporidium. The LT1FBR
turbidity provisions are the small drinking water system companion piece to IESWTR. The
proposed provisions are intended to reduce turbidity, which isindicative of a more efficient
filtration process (Rose, 1997). The LT1FBR recycling provisions apply to all drinking water
systems, large and small, that recycle flows including filter backwash as described in Chapter 3.
EPA’s dataindicates that current spent filter backwash and other recycle streams may introduce
Cryptosporidium oocysts, in excess of oocysts present in the source water, to the treatment process
(U.S. EPA, 1999a). Oocysts added to the treatment process through recycle water may increase
the risk of oocysts occurring in finished water supplies, and thereby threaten public health.

Several sources were used to assess the health effects and hazards posed by Cryptosporidiumin
drinking water. Data from the Centers for Disease Control and Prevention (CDC) provided the
number of reported outbreaks and resulting cases of cryptosporidiosis (Centers for Disease
Control, 1996). Other publications provided information on symptoms and the incidence of
hospitalization and fataities for the Milwaukee outbreak (Mackenzie, et a., 1994). Information on
the toxicity, dose-response relationship, and ingestion assumptions were derived from recent peer-
reviewed articles (see Chapter 5). These sources described recent studies on the infection and
illness in human volunteers subjected to controlled exposure to oocysts of Cryptosporidiumto
arrive at an estimate of the risk and toxicity of Cryptosporidium.

The analysis described in Chapter 6 of the Occurrence Assessment for the LT1FBR (U.S. EPA,
1999a), which includes a characterization of national finished water Cryptosporidium distribution,
was used to assess the population exposure to Cryptosporidiumin finished water supplies.

Estimating the benefits of reducing exposure to Cryptosporidium requires performing arisk
assessment to determine the number of illnesses reduced by the rule and then assigning a value to
those reductions. Risk assessments require information on health effects, toxicity, and exposure.
Benefits analysis requires information on the value of reducing health and other potential damages.
Data to estimate the benefits associated with reducing health damages (cost-of-illnesses avoided)
were derived from previous survey research on the costs for a giardiasis outbreak (Harrington, et
al., 1985 and 1989). The data and any assumptions used to compl ete the benefits analysis are
detailed in Chapter 5.

For each rule component the same methodol ogy used to develop the number of systems was
applied to population statistics. Appendix | provides the potential populations used in the risk
assessment and benefits analysisin Chapter 5. Each exhibit shows the progression used to develop
the exposed populations. Population data were taken from the WIBH (U.S. EPA, 1999d) and
further devel oped using percentages from CWSS (U.S. EPA, 1997a).
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5. Benefits Analysis
5.1 Introduction

The health benefits of a drinking water standard come from reducing the probability that
consumers will suffer health damages and other losses. The value of the benefitsis captured in the
consumer’ s willingness-to-pay (WTP) for the change in drinking water quality (Freeman, 1979).
Often, thisvalue is estimated to be the health damages (medical cost and lost productivity) that will
be avoided as aresult of enforcing the drinking water standard—referred to as ‘ cost-of-illness
(CQl). COI measures, however, are thought to understate total benefits because they do not
capture the full value that consumers place on reducing risk and avoiding illness. This chapter
describes how avoided health injuries are estimated using arisk assessment approach, and how
those injuries are valued using WTP or COI estimates from the economic valuation literature. The
proposed Long Term 1 Enhanced Surface Water Treatment and Filter Backwash Rule (LT1FBR)
contains turbidity, recycle, and other provisions intended to increase the level of protection to
public health through reductions in waterborne pathogens, particularly Cryptosporidium. This
section of the document discusses the proposed rul€e s turbidity and recycle provisions and the
benefit that may be realized from each provision. Section 5.2 discusses and monetizes the health
benefits associated with reducing human exposure to Cryptosporidium in regulated drinking water
systems through implementation of the proposed LT1FBR turbidity provisions. Sections 5.3 and
5.4 describe qualitative benefits associated with the proposed rule, including benefits from the
turbidity provisions, recycle provisions, disinfection benchmark provisions, requirements for
covers on new finished water reservoirs, and inclusion of Cryptosporidium in the definition of
ground water under the direct influence (GWUDI) and in the watershed control requirements for
unfiltered public water systems. Section 5.5 concludes the benefits chapter with a summary of
calculated annual benefits from the proposed rule and a discussion of how omissions, biases, and
uncertainties may affect the results of the benefits analysis.

5.1.1 Expected Benefitsfrom Turbidity Provisions

The proposed LT1FBR turbidity provisions are the small drinking water system companion pieces
to IESWTR. These provisionswill reduce finished water turbidity, which isindicative of a more
efficient filtration process (Rose, 1997). Improved removal of Cryptosporidium and other
waterborne pathogensis likely to occur as the filtration process improves (U.S. EPA, 1999a),
resulting in reduced endemic illnesses and associated health benefits, as well as other non-health
related benefits (Exhibit 5-1). The benefits of improved filtration that have been quantified and
monetized in this analysis are due to the decreased probability of cryptosporidioss, the infection
caused by Cryptosporidium. Reduced exposure to other pathogenic protozoa, such as Giardia, or
other waterborne bacterial or viral pathogens, are additional benefits of the proposed LT1FBR
turbidity provisions that have not been quantified. Furthermore, additional benefits of reduced
averting costs (e.g., purchasing bottled water or boiling tap water) associated with improvementsin
drinking water quality were not quantified because of the difficulties in making such assessments.
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Exhibit 5-1. Overview of LT1FBR Benefit Categories and Associated Components

Health Benefits
Reduced ilIness (morbidity and ¢ Reduced risk of Cryptosporidium and other disinfection resistant
mortality) pathogens occurring in finished water (endemic and outbreak-rel ated)

Non-Health Benefits

Avoided costs of averting behavior e Bottled water and point-of-use (POU) devices
Enhanced aesthetic water quality « Improved perception of drinking water quality
Avoided outbreak responses * Avoided costs to affected water systems and local governments

(provision of aternative water, issuing warnings and aerts, and costs
associated with negative publicity)

« Time spent on averting behavior during outbreaks, e.g.,
hauling/boiling water

5.1.2 Expected Benefitsfrom Recycle Provisions

The proposed LT1FBR recycle provisions apply to large and small surface water and GWUDI
drinking water systems that recycle treatment process flows within the primary treatment process.
Benefits associated with the recycle provisions are similar to the benefits outlined in Exhibit 5-1.
EPA’s research indicates that spent filter backwash and other recycle streams may introduce additiona
Cryptosporidium oocysts to the trestment process. Since Cryptosporidium is not inactivated by
standard disinfection practice, any oocysts returned to the trestment process in recycle flow are a threat
to enter the finished water and cause disease. Further, hydraulic and chemica trestment disruption
caused by recycle flow may lower log remova performance, increasing the public hedth risk from
oocysts in finished water supplies.

The proposed rule contains three recycle provisons. Fird, dl plants must return spent filter backwash,
thickener supernatant, and liquids from dewatering prior to the point of primary coagulation addition.
This ensures that recycle flows pass through as many physical remova processes as possible to provide
maximum opportunity for oocyst remova and maintain the integrity of chemical dosing. Second, plants
meseting specific criteria must perform a self assessment to determine the impact of recycle flows on
plant operations. Results from the salf assessment must be reported to the State. The self assessment
and reporting process will identify plants that may challenge oocyst removal performance by
exceeding design capacity during recycle events and allow States to require changesto recycle
practices to protect public health. Third, direct filtration plants must report their recycle practicesto
the State, including whether flow equalization or treatment is provided for recycle flow prior to its
return to the treatment process. The purpose of this requirement is to ensure that the recycle
practice of direct filtration plantsis assessed to determine whether existing plant practice addresses
the potential risk posed by recycle. The improved recycle practices under the LT1FBR will

reduce the public’ s exposure to Cryptosporidium and other waterborne pathogens in drinking
water, thus resulting in public health benefits.
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5.1.3 Expected Benefitsfrom Other Provisions

The proposed LT1FBR contains three additional provisions that provide positive health benefitsto
customers of small drinking water systems:

» Disginfection benchmark provisions
* Requirementsfor covers on new finished water reservoirs

* Inclusion of Cryptosporidiumin the definition of GWUDI and in the watershed
control requirements for unfiltered public water systems.

Disinfection benchmarking provisions ensure continued microbial protection of drinking water
while facilities take the necessary steps to comply with new disinfection byproduct standards. The
disinfection benchmarking requirements are designed to ensure that there will be no unintended
reduction in microbia protection as aresult of significant modifications to disinfection practices
that may be made to reduce DBPs. The proposed rule requires that all new potable finished water
reservoirs serving small drinking water systems be covered to prevent contamination from various
sources including: animals, microbes, algae, swimmers, and storm water run-off. The proposed
rule also includes Cryptosporidium in the definition of GWUDI and in watershed protection
regulatory requirements.

5.2 Health Benefits from Turbidity Provisions

Section 5.2 describes the risk assessment approach, the dose-response equation used for hazard
identification, and the exposure assumptions used to estimate Cryptosporidium risk to populations
served by regulated drinking water systems. This section also presents the health and economic
benefits that accrue from the proposed L T1FBR turbidity provisions. Benefits are estimated on an
annual basis because benefits and costs occur concurrently in the proposed rule (i.e., changing
treatment and monitoring practices immediately reduces health risks) and remain relatively constant
after the start up period. Thus, the annual approach generates a benefit/cost ratio that is
comparable to using the net present value (NPV) approach. Furthermore, annual net benefits can
be used to derive an estimate of NPV of net benefits over acomplete policy horizon.
Consequently, the use of annual benefits provides comparable results and streamlines the analysis.

5.2.1 Contaminantsand Their Health Effects

Drinking water supplies can be contaminated by a number of pathogens that have been identified
as the cause of waterborne disease outbreaks (Centers for Disease Control, 1996). In particular,
drinking water supplies contaminated with the parasite Cryptosporidium pose a health risk to the
public because the parasite is highly infectious, resistant to inactivation by chlorine, widespread
among many animal species, and small in size and consequently difficult to filter (Guerrant, 1997).
This benefits analysis of the proposed rule estimates the potential benefits of reducing human
exposure to Cryptosporidium in drinking water supplies through improved operation and
performance of the drinking water filtration process. In addition, nonquantified public health
benefits from the proposed rule include reduced exposure to Giardia lamblia and other emerging
pathogens in drinking water.
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The presence of Cryptosporidiumin surface water sources is relatively common. Exhibits 2—4 and
2-5 provide a summary of the current research and information available on the occurrence of
Cryptosporidium. The ranges of concentrations cited in the 45 studies in these exhibits describe
source and finished water. Cryptosporidium concentrations in rivers, creeks, and streams range
between 0 and 417 oocysts per liter. Results from lake and reservoir studies show
Cryptosporidium concentrations to range between 0 and 22 oocysts per liter. Researchers have
identified Cryptosporidium concentrations in finished water of up to 0.57 oocyst per liter.
Additional information on the level and occurrence of Cryptosporidium in surface and finished
water can be found in Chapter 2 and the Occurrence Document (U.S. EPA, 1999a).

Because Cryptosporidium is exceptionally resistant to inactivation by chlorine, physical removal
by clarification and filtration is extremely important to control this organism. Because of the
turbidity provisionsin the proposed rule, many water systems would be expected to place an
increased emphasis on improving overall filtration performance. The result of improving overall
and individual filter performance will be a reduction in the number of Cryptosporidium oocysts
that make it through the treatment process to finished water supplies with the ability to infect
humans and causeillness. In addition to improving overal filter performance, monitoring
requirements for individual filtersin the proposed rule will ensure that water treatment plant
operators can identify problems with the filters and subsequently improve the performance of
individual filters.

Ingesting Cryptosporidium oocysts can cause cryptosporidioss, which is an acute, self-limiting
illness lasting 7 to 14 days with symptoms that include diarrhea, abdominal cramping, nausea,
vomiting, and fever (Juranek, 1995). Thereis no effective treatment for cryptosporidiosis
(Guerrant, 1997).

Severa subpopulations are more sengitive to cryptosporidiosis, including the young, elderly,

mal nourished, disease impaired (especially those with diabetes), and a broad category of those
with compromised immune systems (Rose, 1997). Subpopulations with compromised immune
systemsinclude AIDS patients, those with Lupus or cystic fibrosis, transplant recipients, and those
on chemotherapy (Rose, 1997). Symptomsin the immunocompromised subpopulations are much
more severe, including debilitating voluminous diarrhea that may be accompanied by severe
abdominal cramps, weight loss, malaise, and low grade fever (Juranek, 1995). Mortality isa
substantial threat to the immunocompromised infected with Cryptosporidium:

“The duration and severity of the disease are significant: whereas 1 percent of
the immunocompetent population may be hospitalized with very little risk of
mortality (< 0.001), Cryptosporidium infections are associated with a high rate
of mortality in the immunocompromised (50 percent)” (Rose, 1997).

Waterborne disease outbreak data from the Centers for Disease Control (CDC) for the period
1993-1994 estimates that Cryptosporidium was responsible for over 400,000 cases of
gastrointestinal infection (Craun et a., 1998). The vast mgority of these cases occurred in one
outbreak in Milwaukee, Wisconsin, the largest recorded outbreak of waterborne disease in the
United States. Using standard epidemiological methods for estimating cases of illness, CDC
estimated that of the approximately 800,000 persons served by the water system, over 400,000 (50
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percent) becameill (Exhibit 5-2). Of those, 4,000 required hospitalization (approximately

1 percent of those becoming ill), and there were at |east 50 cryptosporidiosis-associated deaths
among immunocompromised individuals (as reported on death certificates) (Mackenzieet d.,
1994; Hoxie et a., 1997). Exhibit 5-2 contains detailed information on some of the symptoms of
patients with cryptosporidiosis observed during the Milwaukee outbreak.

Exhibit 5-2. Symptoms of 205 Patients with Confirmed Cases of Cryptosporidiosisduring
the Milwaukee Outbreak

Symptom Per cent of Patients Mean Range
Diarrhea 93 Duration: 12 days 1-55 days
Abdominal Cramps 84 N/A N/A
Weight Loss 75 10 pounds 1-40 pounds
Fever 57 100.9/F 99.0/-104.9/F
Vomiting 48 N/A N/A

Source: Mackenzieet d., 1994

Although the Milwaukee outbreak represents the largest number of casesin asingle
cryptosporidiosis outbreak in the United States, most cryptosporidiosis outbreaks have occurred in
small systems serving fewer than 10,000 persons (Exhibit 2—7). Between 1991 and 1996 there
were 16 small water system outbreaks caused by either Cryptosporidium or Giardia lamblia
resulting in 1,036 reported cases of cryptosporidiosis and 518 reported cases of giardiasis (U.S.
EPA 1999a). Two of the 16 outbreaks were associated with Cryptosporidiumin small surface-
water systems, and four Cryptosporidium outbreaks occurred in ground water assumed to be under
the direct influence of surface water (see Chapter 2) (U.S. EPA, 1999a). During small system
outbreaks, the rate of morbidity (i.e., the percent of the exposed population becoming ill) varies
from 8 to 80 percent of the exposed popul ation.

Outbreak data represent only a portion of the incidence of cryptosporidiosis. Only large outbreaks
of cryptosporidiosis cases concentrated in a specific location have a chance of being detected and
reported. Isolated cases (endemic) are much lesslikely to be reported. Many, perhaps mogt,
infected individuals may not seek medical treatment for their symptoms. If the infected individuals
do seek medical treatment, primary care physicians may not be able to isolate Cryptosporidium as
the cause of theillness. If diagnosed, physicians may not report the information to the CDC.
These compounded impacts could lead to gross under-reporting and under-estimating of
cryptosporidiosis cases (Okun et al., 1997).

5.2.2 Risk Assessment: Methods and Assumptions

Risk assessment is an analytical tool that can be used to characterize and estimate the potentially
adverse health effects associated with exposure to an environmental hazard, in this case
Cryptosporidium (Rose, 1997). The risk assessment devel oped by Rose was used to estimate
potential benefits and follows a standard methodol ogy employed by EPA and the Federal
government (National Research Council, 1983). The standard methodol ogy requires the use of
scientific data or, if data are not available, reasonable assumptions to produce estimates when there
is considerable uncertainty about the exact nature, extent, and degree of therisk. This particular
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health risk assessment makes use of ranges and probability distributions to take into account
scientific uncertainty.

Risk assessment generally involves three basic steps (National Research Council, 1983).

. Hazard identification identifies the potential health effects associated with exposure to the
hazard and the exposure threshold (e.g., dose) above which the health effects may occur.

. Exposur e assessment estimates the number of people exposed to the hazard and the level
of exposure.
. Risk characterization combines the hazard identification and exposure assessment to

characterize overall risk to the exposed population.

The three possible health endpoints to risk characterization are infection, illness (morbidity), and
death (mortality). For the purpose of deriving benefits estimates, this analysis calculates the
number of illnesses and the associated number of premature deaths attributable to infection from
Cryptosporidium. Exhibit 5-3 displays the steps in the risk assessment process for characterizing
the endemic risk of morbidity and mortality from Cryptosporidium in drinking water.

To quantify the health effects due to Cryptosporidium in drinking water, the following input
variables are necessary:

. Ingested dose (concentration of oocystsin the daily ingestion of finished water)
. Percent of ingested oocysts that are viable

. Dose-response function, which relates ingestion to infection

. Morbidity rate resulting from the infection

. Size of population exposed to Cryptosporidiumin drinking weater.

The following sections describe the assumptions and derivation of these variables used in the risk
assessment.
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Exhibit 5-3. Stepsin the Health Risk Assessment for Cryptosporidium
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Hazard | dentification

Hazard identification characterizes the incidence of the health effect in relationship to the dose
administered (dose-response relationship). Dose-response information for Cryptosporidiumis
represented by the following general model defining the probability of infection in an individual
given asingle exposure to adose of Cryptosporidium (Haas et a., 1996):

(=11exp(ID/k).

Where: J = probability of infection
D = average dose
k = dope parameter (relation of ingestion to infection)

The benefit analysis evaluates the effect of daily exposures to drinking water because an individua
could be repeatedly exposed to and infected by Cryptosporidium over the course of ayear.
Calculating the overall probability of being infected only once, or twice, or three times, or some
other multiple over the course of ayear is more difficult than calculating the probability of not
being infected at all. The probability of not being infected in asingle exposure, J,, is.

J,=1-J=11[11ep(ID/k) =exp(ID/K).
The probability of not being infected at all during 365 exposures over the course of ayear is.
(J, ) = [exp (1D/K]*.
Finally, the probability of being exposed at least oncein ayear is
11V (3,)P®=11 [exp (1D/K)]*.

The probability of being exposed to Cryptosporidium at least once in ayear depends upon the
number of exposures (i.e., not al individuals will be exposed 365 times over the course of the
year). EPA’smodel accounts for this by calculating exposure probabilities for three types of
public drinking water systems. community water systems (CWSs); nontransient noncommunity
water systems (NTNCs); and transient noncommunity water systems (TNCs). Exhibit 54
describes the three types of public drinking water systems and the annual number of exposures
modeled for individuals served by these water systems.
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Exhibit 5-4. Cryptosporidium Exposure Probabilities and Characteristics of
Public Drinking Water Systems

Type of Annual Number of Exposures Defining
Water System to Crytosporidium Characteristics
CWSs supply water to the same population
Community Water System 350 year-round.
Nontransient NTNCsregularly supply water to at least 25 of
Noncommunity Water the same people for at least six months per
System 250 year, but not year-round.
Transient Noncommunity TNCs supply drinking water in places where
Weater System 10 people do not remain for long periods of time.

Using lognormally distributed data from human ingestion trials of Cryptosporidium parvum

(C. parvum) lowa strain, the estimated best fit value for k is 238.6, with a 90 percent confidence
interval of 132.0to 465.4 (Haas et a., 1996). Infection was defined as excretion of oocystsin the
stool 36 hours or longer following the challenge dose. These trials were conducted with 29
healthy, medically screened individuals. Consequently, the slope parameter k may be different for
sengitive subpopulations (i.e., it is possible that alower dose may induce a response in sensitive
individuals equivalent to what a higher dose induces in healthy individuals).

Infectivity varies among isolates of C. parvum, the Cryptosporidium species that is infectious to
humans. In acomparison of the “lowa’ isolate of C. parvum usad in the origind human chdlenge
studies by DuPont et d. (1995) with two other C. parvum isolates, Chappell et a. (1997) observed
gmilar incubation periods and duration of illness among al isolates, but a 1 log lower ID5, (the average
dose required to infect 50 percent of exposed persons) for the TAMU isolate of C. parvum. A third
isolate tested, the UCP isolate, had a 1 log higher ID5, than the lowa isolate (Chappell et al., 1997).
Some researchers are a0 questioning the taxonomic designations of the various species of
Cryptosporidium, and further research is needed to clearly identify the genetic Smilarities of isolates
infective to humans (Tzipori and Griffiths, 1998). Until more complete experimenta data are available,
the dose-response relationship for the lowaisolate of C. parvum (DuPont et a., 1995; Haas et dl.,
1996) will be used as a proxy for dl species and strains of Cryptosporidium.

The anadyss uses alog-normd digtribution for the dose-response relationship that runs from alow vaue
of 78 to ahigh vaue of 782 (mean of 238.6), a one order of magnitude spread. This distribution should
adequatdly characterize the potentia variability of the dose-response relationship across different strains
and different population sengtivities.

Not al infectionswill result in illness and observable symptoms. The probability of becomingill given
infection is caled the morbidity rate. A change in dose has not been found to affect the morbidity rate
based on preliminary human ingestion trids. Therefore, the morbidity rate has been incorporated into
the risk assessment independent of dose. Haas et d. (1996) provided information suggesting a
morbidity rate value of 0.39, with 90 percent confidence bounds of 0.19 and 0.62. These data were
used to develop atriangular distribution of the morbidity rate for use in the Monte Carlo smulation as
described further below.
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Combining the underlying risk of infection with the morbidity rate (M), the annua probability of & least
oneillness per year is

M x (1 1 [exp(1 D/K)]").

Where n represents the average annual number of exposures to Cryptosporidium. The average annua
number of exposures depends on the type of system providing water (Exhibit 5-4).

The preliminary human ingestion trials were conducted on hedlthy individuals with no evidence of
previous C. Parvum infection (DuPont et d., 1995). Recently, however, it was found that after
repeated exposure to C. parvum (lowastrain) the morbidity rate was the same asfor the initia
exposure, but the symptoms were less severe and fewer oocysts were shed by re-infected subjects
(Okhuysen et d., 1998). In addition, Chappell et a. (1997) observed that the diarrhed attack rate was
sgnificantly higher for the TAMU or UCP isolates of C. parvum in comparison with the attack rate for
the lowaisolate first studied by DuPont et d. (1995). Given these results and the variability of attack
rates of C. parvum during reported outbresks (Exhibit 2—7), it may be expected that the actua
morbidity ratio may vary with the type of isolate to which a population is exposed as well as with the
immune status of the exposed population. 1n the absence of scientific evidence on the direction and
magnitude of such differences, the anadysswill assume that atriangular morbidity rate distribution with a
mode of 0.39 and endpoints of 0.62 and 0.19 characterizes the range of uncertainty.

Exhibit 5-5 summarizes the parameters used to characterize the infection and illness hazards associated
with ingesting Cryptosporidium oocysts.

Exhibit 5-5. Summary of Hazard | dentification Assumptions

Annua dose'response relationship reflecting the probability of being exposed at lease oncein ayear:
11 (I3, =11 [exp(1D/K)]"

k vaue mean = 238.6, 5" percentile = 132.0, 95" percentile = 465.4 (data fit to log normal
distribution)
Morbidity: mode = 0.39, minimum = 0.19, maximum = 0.62 (assumed
triangular digtribution)

n number of days per year of exposure to drinking water: CWSs = 350;
NTNCs; 250; TNCs = 10.

Source: Haaset a., 1996.

Exposure Assessment
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In generd, the exposure assessment focuses on characterizing an individud’ s daily dosage, whichiis
denoted D in the equations previoudy discussed. Estimating the daily exposure to Cryptosporidium
requires five basic pieces of information:

. The concentration of Cryptosporidium in source water

. The concentration of Cryptosporidium removed or inactivated during trestment

. The concentration of Cryptosporidium remaining in finished water supplies

. The percent viability of Cryptosporidium oocysts in finished water supplies (i.e., the number
that are potentialy infectious) the amount of drinking water consumed on adaily basis.

The benefit analys's estimates exposure under two sets of conditions to eva uate the potentia human
hedlth impacts of the proposed rule:

. Basdline conditions, which characterize how many infectious Cryptosporidium oocysts an
individua may ingest under current conditions

. Rule conditions, which characterize how many infectious Cryptosporidium oocysts an
individud may ingest under improved remova conditions proposed by therule.

The basdline and rule conditions use the same assumptions about source water qudity,
Cryptosporidium oocyst viability, and daily drinking water intake. The two differ with respect to
assumptions about the concentrations of Cryptosporidium oocysts removed during filtration and the
concentrations in finished water. The following describes each set of assumptions.

Source Water Quality

The source water qudlity distribution (i.e, the didtribution of Cryptosporidium in source water) is
based on asurvey of Cryptosporidium oocyst occurrence in source water (LeChevalier and Norton,
1995) that was anadlyzed by EPA in 1996. These data were aso the basis for the source water quality
digribution used to estimate benefits for IESWTR and are shown in Exhibit 5-6.
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Exhibit 5-6. Baseline Expected National Source Water Cryptosporidium
Distributions (oocysts/100L )

Percentile Sour ce Water Concentration

25 103

50 231

75 516

90 1,064

95 1,641
Mean 470
Standard Deviation 841

The mean concentrations at the 69 sites from the eastern and centra United States appears to be
represented by alognorma digtribution. Although limited by the small number of samples per ste (i.e,
1 to 16 samples with most sites sampled 5 times), variation within each Site gppears to be described by
the lognorma digtribution. The digtribution of Cryptosporidium oocysts used in thisandysisis
lognormd with a mean concentration of 470 and a standard deviation of 841 oocysts per 100 liters.
Exhibit 5-6 reports concentrations for selected points in the cumulative density function of the
lognormd distribution. EPA continues to evauate the potentid biases caused by limited geographica
data and andytica methods for Cryptosporidium recovery. EPA assumed that geographic and
andytic uncertainties introduced off-setting biases in the IESWTR benefit andyss, and this approach is
carried through in this andlyss.

Cryptosporidium Oocyst Viability

The concentration of Cryptosporidium oocystsin finished water refersto a count of the total number
of oocystsin the water and does not take into account whether the oocysts are viable and potentialy
infectious. The viahility of oocyds after treetment is an area of scientific uncertainty. One sStudy
(LeChevadlier et d., 1991a) found that one tenth to one third of oocystsin untreated water are viable
and potentidly infectious. Oocy<t viability is defined by the presence of one or more interna
morphological structures (nuclel, axonemes, or median bodies). Empty oocydts are assumed to be
non-viable (LeChevadlier et d., 1997a).

Thisanalys's uses the same viability assumptions employed for the IESWTR benefit andyss. In that
andysis, EPA chose to use a viahility range about 50 percent lower than the range suggested by
LeChevdlier et d. (19914). Thelower range was chosen to account for uncertainty regarding the lack
of specificity for gpecies detection (many of which may not be infectious) and inability of research
methods to distinguish between alive and dead oocyst. The percentage of potentidly viable and
infectious oocysts in finished water was assumed to be a uniform distribution ranging from 5 percent to
15 percent with a mean value of 10 percent
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Daily Drinking Water Consumption

In the Interim Enhanced Surface Water Treatment Rule, EPA assumed the daily water ingestion
of hedthy adultsto be lognormally distributed with amean of 1.948 liters per person. Thisvaue was
used in developing the benefits of the IESWTR. EPA’s Office of Water has subsequently evaluated
drinking water consumption data from USDA's 1994-1996 Continuing Survey of Food Intakes by
Individuas (CSFII) sudy. EPA’sandysis of the CSHII study resulted in adaily water ingestion
lognormally digtributed with amean of 1.2 liters per person. The risk and benefit andlysis contained
within the LT1FBR RIA reflect this digtribution.

EPA has conducted additiond risk and benefit andyses usng water consumption distributions
with means of 0.9 litersand 1.9 liters per day for comparative purposes. These andyses are found in
the Appendicesto the RIA. The 0.9 liters per day distribution is another CSFII-based distribution that
reflects an aternative gpproach to characterizing water consumption from public water supplies.

Removal and Finished Water Concentrations: Baseline Conditions

Recognizing the uncertainty in knowing the current remova rates of Cryptosporidium being achieved
by water supplies subject to the proposed LT1FBR, EPA has adopted two dternative assumptionsin
thisanadyssfor characterizing the basdine:

. Median 2.0 log remova
. Median 2.5 log remova

These remova assumptions are Smilar, but not identicdl, to the assumptions used in the IESWTR RIA
(25and 3.0logs). EPA based the remova assumptions for IESWTR on historicd studies of
Cryptosporidium and Giardia lamblia remova efficiencies by rgpid granuler filtration as discussed in
the IESWTR Notice of Data Availability (62 FR 59485, November 3, 1997), which noted an
observed range across different source water concentrations and trestment plant efficiencies of 2 to 6
log removad of Cryptosporidium oocysts.

Inthe IESWTR RIA, EPA dated that the SWTR and the Partnership for Safe Water have influenced
the remova range of typica plant performance upward from 2.0 or 2.5 log remova to 2.5 or 3.01og
remova. The Partnership for Safe Water isavoluntary program that works closely with systemsto
help optimize their performance; however, few systems serving under 10,000 individuals participate in
the Partnership for Safe Water. In addition, EPA’ s turbidity performance data shows higher finished
water NTU levelsfor plants serving fewer than 10,000 customers than for systems serving more than
10,000 customers. Thus, EPA assumes that systems serving under 10,000 are likely to achieve dightly
lower remova on average than systems serving 10,000 or more. To further characterize the variability
in Cryptosporidium remova currently being achieved by water systems subject to the proposed
LT1FBR, EPA incorporated the assumed dternative log removal rates of 2.0 and 2.5 as distributionsin
the Monte Carlo andyss. Specificdly, EPA has characterized the variability in the current log remova
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being achieved nationally as normd digtributions with amean of 2.0 or 2.5 log, and a standard deviation
of 0.63 log for both digtributions.

Exhibit 5-7 presents expected basdline nationa finished water Cryptosporidium distributions derived
from the source water occurrence distributions and the baseline log removed distributions.

Exhibit 5-7. Basdine Expected National Finished Water Cryptosporidium
Distributions, Based on Current Treatment (oocysts/100L)

Per centile 2.0log 25log
25 1.16 0.20
50 3.45 0.73
75 10.21 2.59
90 27.14 8.10
95 48.71 16.04
Mean 12.60 4.26
Standard Deviation 44.30 24.53

Removal and Finished Water Concentrations: Rule Conditions

EPA assumes that the turbidity provisonsin the proposed rule will result in lower exposure to
Cryptosporidium, reflecting improvements in overdl and individud filter performance.

Exhibit 5-8 gives the total number of small surface water systems currently using filtration, population
served, and the number of systems expected to need additional remova due to the new treatment
gtandard. The source for the number of systems and the number expected to need additiona trestment
is described in Chapter 4. The remainder of this section discusses the trestment and removal
assumptions used in the exposure assessment.

RIA for the Proposed LT1FBR 5-14 February 15, 2000



Exhibit 5-8. Summary of Systems and Population Potentially M odifying Treatment under

the LT1FBR Turbidity Provisions

Total Small Surface Water Systems Systems Potentially Modifying Treatment
System Size
(population Number of Total Population Number of Total Population
served) Systems Served Systems? Served®
25-100 836 41,463 341 16,912
101-500 1,117 305,346 456 124,653
501-1,000 810 609,188 331 248,940
1,001-3,300 1,655 3,259,323 675 1,329,331
3,301-9,999 1,478 8,792,326 603 3,587,126
Total 5,896 13,007,647 2,406 5,306,963

a  Edtimates of the share of systems potentially affected by size category are based on the share of systems using filtrationin
Community Water System Survey, Volume Il (62 FR 59485).

b. Population estimates by system size category are based on Water Industry Baseline Handbook. U.S. EPA, 1999c.

The assumed finished water Cryptosporidium distributions that would result from additiond

log remova under the proposed rule were based on the removad digtributions in the IESWTR analyss.
Those digtributions were derived assuming that additiona |og remova was dependent on current
removd, i.e, tha plants currently achieving the wor filtered weter turbidity performance levels would
show the largest improvements or high improved remova assumption (for example, plants now failing to
meet 2 0.4 NTU limit would show grester remova improvements than plants now meeting a0.3 NTU
limit). The andysis adso assumed dependence between the ditribution of Cryptosporidium and
turbidity leve.

It should be noted that the ICR will provide 18 months of Cryptosporidium monitoring detafor the
development of anational source water Cryptosporidium occurrence digtribution.  Although the data
collection efforts have been completed (January 2000), the last 6 months of data are till undergoing
quality assurance review. EPA’s supplementary survey isaso providing Cryptosporidium and other
microbia source water occurrence data; the full set of supplementary survey datawill not be available
for anaysis until July 2000. The Technica Working Group supporting the Federa Advisory
Committee involved with LT2ESWTR negotiation has been deliberating over the gppropriate data
andysis methods to creste the nationa source water distribution for Cryptosporidium occurrence.
Thisissue will continue to be discussed during the remainder of the LT2ESWTR Regulatory
Negotiation process, scheduled to end in July 2000. It islikely that the data will undergo peer review
only after the closure of the Regulatory Negotiation process. Due to the ICR data evauation and peer
review time frame, EPA does not envision being able to utilize these data in the LT1FBR regulatory
impact andyses and instead intends to incorporate the data into the impact andysis for the
LT2ESWTR.

Exhibit 5-9, based on a study by Patania et a. (1995), shows the relationship between C. parvum and
remova efficiencies by rapid granular filtration as discussed in the IESWTR Notice of Data Avallability
(62 FR 59485, November 3, 1997). This study showed that afilter effluent turbidity of 0.1 NTU or
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less resulted in the most effective oocyst remova. Theimproved remova shown under the high
remova assumptions for IESWTR are based on this observed levd of oocyst removd. An incrementa
decrease in filter effluent turbidity from 0.3 to 0.1 NTU increased oocyst removal by up to one log.
This oocyst remova range is the basis for the mid- and low- removal assumptions. Exhibit 5-10
contains the assumptions used in IESWTR to generate the new treatment distribution for alow-, mid-,
and high-log remova assumptions.
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Exhibit 5-9. Cumulative Probability Distribution of Aggregate Pilot Plant Data

for C. parvum Removal
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Exhibit 5-10. Improved Cryptosporidium Removal Assumptions
(Additional Cryptosporidium Log Removal with the Proposed Rule)

L og Removal Assumption Scenarios
Low Mid High
Plants now meeting 0.2 NTU Standard None None None
Plants now meeting 0.3 NTU Standard 0.15 0.25 0.3
Plants now meeting 0.4 NTU Standard 0.35 0.50 0.6
Plants now failing to meet 0.4 NTU Standard 0.50 0.75 0.9

The effect on finished water quality using these remova assumptions, based on current log removal of

2.0and 2.5, isdisplayed in Exhibit 5-11.
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Exhibit 5-11. Expected National Source Water and Finished Water Cryptosporidium
Distributionswith Improved Removal

Assuming Current Log Removal of 2.0
Source Water Finished Water Concentration (oocysts/100L )
Concentrations Current Improved Removal
Per centile (oocysts/100L) Treatment Low Mid High
25 103 1.16 114 0.97 0.85
50 231 3.45 177 1.40 124
75 516 10.21 3.94 251 1.90
90 1064 27.14 8.585 4.83 3.42
95 1641 48.71 15.40 8.66 6.13
Mean 12.60 452 2.80 2.13
Standard Deviation 44.30 14.96 8.37 5.90
Assuming Current Log Removal of 2.5
25 103 0.20 0.21 0.18 0.16
50 231 0.73 0.37 0.29 0.25
75 516 2.59 1.01 0.64 0.49
90 1064 8.10 2.56 144 1.02
95 1641 16.04 5.07 2.85 2.02
Mean 4.26 1.45 0.87 0.65
Standard Deviation 24.53 6.53 3.66 259

Using the assumption of a 2.0 current log remova and mid-case improvement in removad, the turbidity
provisions are estimated to reduce the mean concentration of oocysts from 12.60 oocysts per 100 liters
to 2.80 oocysts per 100 liters, areduction of 78 percent (from Exhibit 5-11). Using the assumption of
a 2.5 current log remova and mid-case improvement in removal, the turbidity provisons are estimated
to reduce the mean concentration of oocysts from 4.26 oocysts per 100 litersto 0.87 oocysts per 100
liters, areduction of 80 percent.

The finad dement required for the exposure assessment is an estimate of the number of people
potentialy exposed to Cryptosporidium by consuming drinking weter from smdl sysems. As
presented earlier in Exhibit 5-8, EPA estimated the population is served by smal surface water systems
and ground water systems under the influence of surface water. Exhibit 5-8 also provides estimates of
the number of systems and associated population that are expected to be affected by the proposed rule.

Exhibit 5-12 summarizes the assumptions used to characterize an individud’ s exposure to viable
Cryptosporidium oocysts.
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Exhibit 5-12. Summary of Exposure Assessment Assumptions

Source Water Quality
The source water concentration of Cryptosporidium oocysts is lognormally distributed (U.S. EPA 1998a):
*  mean value of 470 oocysts/100L with a standard deviation of 841 oocysts/100L.

Cryptosporidium oocyst viability
The viability or infectivity of oocysts in finished water is uniformly distributed (LeChevallier and Norton,
1992):

« low=5%

« average = 10%

*  high=15%

Daily Water Intake

The drinking water consumption distribution used in this version of the benefits analysis (averaging
approximately 1.2 liters per day) reflects Department of Agriculture CSFII data. This distribution is
currently being considered as being reflective of water consumption among the population that consumes
drinking water from either community or noncommunity water supplies.

Removal and Finished Water Concentrations:
Basdline Conditions
The median national Cryptosporidium removal efficiency for current conditions is estimated to be 2.0 log
or 2.5 log, reflecting uncertainty in that value. Variability in these alternative removal rates is characterized
using normal distributions with:

. Mean 2.0; standard deviation 0.63

*  Mean 2.5; standard deviation 0.63
The two resulting baseline distributions of finished water Cryptosporidium concentrations (oocysts/100L)
are right skewed distributions with the characteristics of:

*  Mean 12.60, standard deviation 44.30; median 3.45 (for 2.0 log removal)

*  Mean 4.26, standard deviation 25.43; median 0.73 (for 2.5 log removal)

Removal and Finished Water Concentrations:
Rule Conditions
Lognormal finished water Cryptosporidium oocyst concentrations (oocysts/100L) for:
2.0 log basdline
* low improved removal: mean 5.59 with standard deviation of 13.24
*  mid improved remova: mean 4.07 with standard deviation of 9.88
*  highimproved removal: mean 3.45 with standard deviation of 6.38
2.5 log basdline
* low improved removal: mean 1.94 with standard deviation of 6.99
*  mid improved remova: mean 1.33 with standard deviation of 4.01
*  high improved removal: mean 1.12 with standard deviation of 3.09

Risk Characterization

The above assumptions are inputs to amode that estimates the annua number of Cryptosporidium
infections and illnesses. The model uses the exposure assessment information provided above to

February 15, 2000 5-19 RIA for the Proposed LT1FBR



caculate the ingested dose parameter (D) in the dose-response equation. Ingested dose is the number
of potentialy infectious oocysts an individud ingests daily, defined as.
D=C:xVxQ

where Cg isthe concentration of oocystsin finished water (oocysts/liter)
V isthe percent of oocydsthat are viable and potentidly infectious
Q isthe quantity of water ingested daily (liters/day).

The ingested dose parameter (D) combined with the dope parameter (K) forms the hazard quotient
(D/K) portion of the dose-response relationship. The dose-response relationship describes an
individudsdaily Cryptosporidium infection risk, or an annud risk if taken to the nth exponent, where n
isone of the annud exposures in Exhibit 5-4. The probaility that an individua will experience at least
one Cryptosporidium illness per year is predicted by multiplying annua risk of infection by the
morbidity rate. Population risk isindividua risk multiplied by the total exposed population.

|=PxM x (11! [exp (-D/K)]")

Where: | =total number of illnesses
P = population exposed
M = morbidity rate
D = ingested dose (concentration of oocystsin finished water x daly
ingestion of weter)
k = dope parameter (relation of ingestion to infection)
n = number of days of exposure

5.2.3 Basdine and Reduced Health Risk of the Turbidity Provisons

Based on the assumptions and methodology described previoudy, risk assessment alows the estimation
of exigting risk under the current conditions (caled basdline risk) and reduced risk when the turbidity
provisons of the LT1FBR have been implemented. The endemic risk (isolated cryptosporidioss cases
that are not reported) is estimated by this risk assessment and is expected to be reduced dueto
improved overdl filter performance resulting in the greater remova of oocysts on aregular bass
(Exhibit 5-11). Outbreak-related risk is aso expected to be reduced as the enhanced monitoring and
tighter control over individud filter operations alow operators to detect and prevent breachesin
treatment. Outbresk-related risk is more difficult to quantify using a standard risk assessment and is not
included in the basdine or rule condition risk estimated in the following section.
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Risk of Infection and IlIness

EPA has developed the following types of risk characterizations for the LT1FBR impact
assessment:

* Individua risk experienced by an average exposed person, and individual risk
experienced by a highly exposed person
. General population risk
. Sensitive subpopulation risk.

The results of the risk characterization analyses performed are described in the following sections.
Individual Risk

The annual risk of infection and ilIness has been estimated for both an average individual having
central tendency or typical exposed conditions, and for an individual who is highly exposed due to
the combination of both high raw water Cryptosporidium levels and a high daily drinking water
consumption rate.

Two LT1FBR treatment scenarios are modeled, the first in which systems achieve amedian
baseline oocyst removal efficiency of 2.0 logs, and the second in which systems achieve a median
baseline removal efficiency of 2.5.

The average exposed individual is assumed to be served by a system with an average finished
water oocyst concentration, equivalent to the mean of the finished water concentrations of 12.6
oocysts per 100 liters and 4.26 oocysts per 100 liters calculated for the 2.0 and 2.5 log treatment
scenarios, respectively, as shown in Exhibit 5-7. It isaso assumed that the average exposed
individual has adaily drinking water consumption of 1.24 liters per day.

It is assumed that a highly exposed individual would be served by a system with a high finished
water oocyst concentration, equivalent to the 90th percentile of the finished water distributions
shown in Exhibit 5-7 for the 2.0 and 2.5 log treatment scenarios (27.14 oocysts per 100 liters and
8.10 oocysts per 100 liters, respectively). The highly exposed individud is dso assumed to have a
daily drinking water consumption of 2.35 liters per day, the 90th percentile of the custom consumption
digtribution described previoudly.

Point estimates for other parameters used in the model include: viability of treated oocysts = 0.1;
for the dose-response equation, a k-value = 238.6, the mean of the distribution, where k isthe
average number of oocysts required to initiate an infection; and a morbidity rate of 0.39, the mean
of the morbidity distribution (Haas et a.,1996).
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Based on these assumptions, the following individua risk estimates were obtained:

Average exposed individual (assuming 2.0 log removal)

Annua risk of infection: 2.27 x 10?
Annua risk of illness: 8.84 x 103

Average exposed individual (assuming 2.5 log removal)

Annud risk of infection: 7.72 x 1073
Annua risk of illness; 3.01 x 10

Highly exposed individua (assuming 2.0 log removal)

Annual risk of infection: 8.91 x 10?
Annual risk of illness; 3.48 x 107

Highly exposed individua (assuming 2.5 log removal)

Annua risk of infection: 2.75 x 107
Annua risk of illness: 1.07 x 10

Note that the individual annual risks shown above are for persons served by CWSs (approximately
95 percent of the affected population). The individual annual risks for consumers using NTNCs
(approximately 2 percent of the affected population) are very similar to those for the CWSs. The
individual annual risks for consumers using TNCs (approximately 3 percent of the affected
population) are substantially lower (approximately 2 orders of magnitude) than the estimated
individual risks for consumers using CWSs. For the most part, this lower risk vaue reflects the
assumption that consumers using TNCs have fewer days of exposure, as compared with users of
CWSs (10 days per individua versus 350 days at community supplies).

General Population Risk

EPA used a Monte Carlo smulation to develop estimates of the range of risks of infection and illness
experienced in the generd population, and of the number of annud infections and illnesses resulting from
thoserisks The agorithms used for caculating individud risk and the resulting number of infections and
illnessesin the overdl population a risk, as wdl as the details on the forms of the distributions used in
the Monte Carlo smulation employing those agorithms, have been described previoudy in this chapter

Using the Monte Carlo simulation analysis, estimates of the distributions of annual risk of illness
for the basdline and three improved removal assumptions were obtained. These are summarized in
Exhibit 5-13. Note that these population estimates include exposures from CWSs, NTNCs, and
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TNCs (summing to approximately 13 million). Exhibit 5-14 summarizes the cdculated infections
and illnesses reduced (difference between the basdline and improved remova scenarios as modeled in
the Monte Carlo smulation) for each of the two current log remova assumptions under low-, mid-, and
high-case improved remova scenarios. The mean value presented in the tables represents the satigtical
expected vaue of the didtribution. The 10th and 90th percentiles implies that there isa 10 percent
chance that the estimated value could be as low as the 10th percentile and that there is a 10 percent
chance that the estimated value could be as high as the 90th percentile.

Based on thisrisk assessment at an ingestion rate of 1.2 liters per day, LT1FBR is estimated to result in
77,500 fewer illnesses at the 2.0 log remova basdine and the mid-remova assumption and 27,900
fewer illnesses a the 2.5 log remova basdline.

Exhibit 5-13 Distribution of Annual Individual Risksof I1iness Dueto Cryptosporidium for
the Basdline and I mproved Removal Scenarios

Annual Risk of 2.0 Log Removal Low Improved Mid Improved High Improved
IlInessrange Basdline Removal Removal Removal
> 102 2,173,000 762,000 390,000 240,000
103t0 102 5,556,000 5,602,000 4,909,000 4,349,000
10*t0 102 4,102,000 5,453,000 6,410,000 7,022,000
10°to 10 1,014,000 968,000 1,068,000 1,161,000
10°t0 10° 146,000 88,000 97,000 100,000
<10°® 17,000 134,000 134,000 135,000
Annual Risk of 2.5 Log Removal Low Improved Mid Improved High Improved
llinessrange Basdline Removal Removal Removal
>1072 713,000 197,00 96,000 58,000
10°%t0 10 3,323,000 1,968,000 1,297,000 950,000
10*t0 10 5,296,000 6,474,000 6,639,000 6,564,000
10°to 10" 2,885,000 3,539,000 4,107,000 4,538,000
10%t0 10° 600,000 636,000 670,000 695,000
<10° 191,000 194,000 198,000 202,000
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Exhibit 5-14. Number of IlInesses and | lInesses Avoided

Daily Drinking Water Ingestion and
Baseline Cryptosporidium L og-Removal Assumptions
Mean = 1.2 Liters per person
Improved L og-Removal Assumption 2.0log 25log

Current Treatment/Baseline

Annual llInesses—Mean 103,400 36,000

Annual |1lnesses—10th Percentile 1,700 280

Annual |11nesses—90th Percentile 231,000 66,000
Low Improved Cryptosporidium Removal

Annual IlInesses—Mean 40,600 13,200

Annual lInesses—10th Percentile 1,500 250

Annual [lInesses—90th Percentile 81,900 22,600
IlInesses Avoided with Low Improved Cryptosporidium Removal Assumption

Annual IlInesses—Mean 62,800 22,800

Annual llInesses—10th Percentile 0 0

Annual 1lInesses—90th Percentile 152,000 43,900
Mid Improved Cryptosporidium Removal

Annual llInesses—Mean 25,900 8,100

Annual 1lInesses—10th Percentile 1,400 230

Annual 1lInesses—90th Percentile 51,100 13,700
IlInesses Avoided with Mid Improved Cryptosporidium Removal Assumption

Annual llInesses—Mean 77,500 27,900

Annual 1lInesses—10th Percentile 0 0

Annual [1lnesses—90th Percentile 184,000 52,900
High Improved Cryptosporidium Removal

Annual IlInesses—Mean 19,900 6,000

Annual [llnesses—10th Percentile 1,300 220

Annual [1Inesses—90th Percentile 39,100 10,300
IlInesses Avoided with High Improved Cryptosporidium Removal Assumption

Annual IlInesses—Mean 83,600 30,000

Annual llInesses—10th Percentile 0 0

Annual |lInesses—90th Percentile 196,000 56,500

Note: llInesses avoided derived from Monte Carlo simulation may not precisely match values derived arithmetically.
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Sensitive Subpopulation Risk

In addition to estimating the risks of illness for the general population, EPA has developed separate
estimates of the risk of illness for specific sensitive subpopulation groups. The sensitive subgroups
considered include both age-based and health-based characteristics.

Datafrom Gerba et al. (1996) Sensitive Populations. Who Is at the Greatest Risk? and Bureau of
the Census data are used to estimate the fraction of the exposed population whose sensitivity to
Cryptosporidium is based on health status.

It isassumed that al infants, toddlers, children up to 5 years old, and elderly persons are more
sengitive to Cryptosporidium infection than the general population. The toddler/young child
subgroup is called out separately to allow flexibility for possible future cal culations of person-to-
person secondary spread common among children in this age group.

The serioudy ill subgroups addressed in these calculations include:

. Non-hospitalized cancer patients

. Organ transplant patients

. AIDS patients

. Nursing home and related care facility residents.

The first three of the serioudly ill subgroups comprise approximately 1 percent of the general
population, calculated from population numbers presented by Gerba et d. (1996), and it is assumed
that these persons are divided equally among all age groups. For the fourth category, the nursing
home or related care facility residents, it is assumed that these persons are dl older than 65 years;
they constitute another 0.6 percent of the general population (calculated from population numbers
presented by Gerba et d., 1996). The age-adjusted factor for nursing home patientsis: (0.006 +
0.126) = 4.8 percent of the population over 65 years old.

Assumptions regarding the number of pregnant women in the population are based on data cited in
Gerbaet a. (1996). There were 5,657,900 reported pregnanciesin 1989 (Gerbaet al., 1996). The
1990 Census (www.census.gov/statab/freq/98s0014.txt) reports that the total US population was
248,765,000 personsin that time frame. Assuming that each pregnant woman is pregnant only
once per year, it can be estimated that pregnant women represent about 2.27 percent (5,657,900 +
248,765,000) of the general population.

This factor is age-adjusted to the age group of most childbearing women, ages >16 to 50 years old.
In 1990, there were 63,316,800 women ages >16 to 50 years. This age group makes up about
51.3 percent of the general population. The age adjusted factor for pregnant women is. (0.023 +
0.513) = 4.5 percent of the general population from >16 to 50 years old. Thisfactor is equivalent
to about 8.9 percent of women ages >16 to 50 years old.
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In al, approximately 23 percent of the population is assumed to be in the increased-sensitivity
subpopulation. This breaks down as:

Infants. 2.8%
Toddlers: 4.4%
Elderly: 12.6%

Serioudy ill: 1.0%
Pregnant women: 2.3%

Although it is reasonable to expect that the subpopulations identified here are likely to be at an
increased risk of both infection and illness from exposure to Cryptosporidium relative the generd
population, thereis no specific data available addressing those increased risks quantitatively. To
develop estimates of the number of infections and illnesses in these subgroups, the following
assumptions were made.

I nfectivity: A higher rate of infectivity is assumed, and is modeled by setting k in the dose-
response function to 132, the lower bound of the 95 percent confidence limits on this factor (Haas
et a., 1996).

Morbidity: A higher rate of illness given an infection is assumed by setting the morbidity rate to
0.62, a point estimate equal to the upper bound of the triangular distribution of morbidity rate for
the genera population (Haas et a., 1996).

All other assumptions used in calculating the incidence of cryptosporidiosis infections and illnesses
in sensitive subgroups are the same as for the general population under average exposure
conditions.

The estimated annual basdline illnesses for the sensitive subpopulations in the aggregate are
approximately 60,000 assuming systems are currently achieving 2.0 log removal, and 21,100
assuming systems are currently achieving 2.5 log removal.

The reader is cautioned that these numbers cannot be directly added to the general population
estimates of annual illness presented earlier. Doing so would result in some double counting since
these sensitive subgroups were included in the general population estimates without accounting
directly for their increased risks there. An estimate of the number of annual illnesses resulting if
these higher risk factors were included for these subpopul ations can be made by subtracting out
approximately 23 percent of the illnesses estimated in the baseline (currently attributable to these
groups) and adding back the specific estimates noted above. Doing so would result in an increase
in the baseline number of annual illnesses of approximately 35— 40 percent. However, the reader is
reminded that the key quantitative assumptions used in performing this analysis on sensitive
populations (specifically, increasing the infectivity and morbidity rates) are based on best
professional judgement in view of the limited relevant data available to describe the actud risks to
these groups.
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Risk of Mortality

Cryptosporidiosis poses a serious risk of death in sensitive subpopulations, such as those with
compromised immune systems. Based on data from the Milwaukee outbreak, the mortality rate can
be estimated at gpproximately 0.0125 percent (0.0125 percent of dl illnesseswould result in a
mortality—50 mortalities/400,000 cases) in amixed population of exposed persons. This figure was
derived based on desth certificate reporting (50 additiona desths associated with cryptosporidiosis as
reported on the death certificate, of which 46 had AIDS as the underlying cause of death) and should
be regarded as a minimum estimate (Hoxie et d., 1996).

The mortdity rate from the Milwaukee outbresk may not be reflective of overdl mortality rates from
low-level endemic exposure. The estimated levels of Cryptosporidium in the finished water supplies
during the Milwaukee outbreak were much higher than the levels expected in systems complying with
the existing SWTR. Thus, the higher leve of Cryptosporidium in the water supply could have resulted
in ahigher mortdity rate if more sgnificant symptometic response were associated with infection
influenced by higher ingested dosages. No data are yet available, however, to support this hypothess;
data are available to indicate only a higher probability of infection resulting from higher ingested dose
levels. Thereis some evidence that the mortality rate among susceptible subpopulations may not be
linked to community-wide exposure levels (Rose, 1997). The mgority of mortditiesidentified from the
Milwaukee outbreak (46 of 50) were among individuals with AIDS (Hoxie et d., 1997). In another
outbresk in Las Vegas, amilar mortdity rates were observed in AIDS patients (52.6 percent among
AIDS patientsin Las Vegas compared with 68 percent among AIDS patients in Milwaukee), athough
it was hypothesized that the drinking water had been contaminated over an extended period of time
with intermittent low levels of oocysts, unlike Milwaukee' s massive contamination (Rose, 1997).

The Milwaukee mortality rate might also not be representative of the national mortdity rateif there are
larger or smdler sengtive subpopulations in Milwaukee than nationdly. According to Hoxie et d.
(1996), “in 1992, just prior to the outbreak, the annua reported AIDS case rate in the Milwaukee
metropolitan arearanked 78" among 98 metropolitan areasin the United States with populations
500,000 or more.” Thus, the greater presence of senditive subpopulations in some areas might indicate
agreater susceptibility to cryptogporidiosis. At thistime, thereis no basis for adjusting the Milwaukee
outbreak mortdity rate to the genera population.

Exhibit 5-15 provides a distribution of the estimated individual annual risks of mortality derived
from the Monte Carlo simulation. Assuming the Milwaukee mortality rate of 0.0125 percent, Exhibit
5-16 displays the estimated range of mortalities and mortaities prevented as modeled in the Monte
Calo smuldion.
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Exhibit 5-15. Distribution of Annual Individual Risks of Mortality Dueto Cryptosporidium

for the Basdline and | mproved Removal Scenarios

Annual Risk of 2.0 Log Removal Low Improved Mid Improved High Improved
Mortality Range Basdline Removal Removal Removal

> 102 0 0 0 0

10°%t0 10 0 0 0 0

10*t0 10°® 0 0 0 0

10°to 10" 206,000 35,000 11,00 7,000

10%t0 10° 2,427,000 964,000 505,000 333,000

<10° 10,375,000 12,009,000 12,491,000 12,668,000
Annual Risk of 2.5 Log Removal Low Improved Mid Improved High Improved
Mortality Range Basdine Removal Removal Removal

>10? 0 0 0 0

10°%t0 10 0 0 0 0

10*t0 10°® 0 0 0 0

10°to 10 52,000 10,000 5,000 3,000

10°t0 10° 825,000 249,000 125,00 79,000

<10° 12,131,000 12,748,000 12,877,000 12,925,000
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Exhibit 5-16. Number of Mortalitiesand Mortalities Avoided among Exposed
Population

Daily Drinking Water I ngestion and

Baseline Cryptosporidium L og-Removal Assumptions

Mean = 1.2 Liters per person

Improved L og-Removal Assumption 2.0log 251og

Current Treatment/Baseline

Annua Mortalities—Mean 13 5
Annual Mortalities—10th Percentile 0 0
Annual Mortalities—90th Percentile 29 8

Low Improved Cryptosporidium Removal

Annua Mortalities—Mean 5 2
Annual Mortalities—10th Percentile 0 0
Annual Mortalities—90th Percentile 10 3

Mortalities Avoided with Low Improved Cryptosporidium Removal Assumption

Annua Mortalities—Mean 9 3
Annual Mortalities—10th Percentile 0 0
Annual Mortalities—90th Percentile 19 5

Mid Improved Cryptosporidium Removal

Annua Mortalities—Mean 3 1
Annual Mortalities—10th Percentile 0 0
Annual Mortalities—90th Percentile 6 2

Mortalities Avoided with Mid Improved Cryptosporidium Removal Assumption

Annua Mortalities—Mean 10 3
Annual Mortalities—10th Percentile 0 0
Annual Mortalities—90th Percentile 23 7

High Improved Cryptosporidium Removal

Annua Mortalities—Mean 2 1
Annual Mortalities—10th Percentile 0 0
Annual Mortalities—90th Percentile 5 1

Mortalities Avoided with High Improved Cryptosporidium Removal Assumption

Annua Mortalities—Mean 10 4
Annual Mortalities—10th Percentile 0 0
Annual Mortalities—90th Percentile 25 7

Note: Mortalities avoided derived from Monte Carlo simulation may not precisely match values derived
arithmetically.
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5.2.4 Monetization of Reduced Risks

The hedlth benefits of the LT1FBR can be evaluated in terms of two vauation messures, 1) COI
avoided and 2) WTP to reduce the probability of suffering an adverse health effect (Freeman, 1979).
COl avoided due to adverse hedth effects includes medica costs, lost income, reduced productivity,
and averting expenditures. These goods have observable market vaues and are, therefore, easier to
quantify than WTP vaues.

The WTP concept goes beyond the expected value of avoided COlI to include the total vaue of hedlth
benefits. In principle, WTP is a comprehensive measure of the welfare effect of achangeinrisk and is
generdly expected to exceed the out-of-pocket financia effect of the change (Chestnut and Alberini,
1997). WTP includes the intuitive notion thet iliness is disagreeable and that one would be willing to
pay to avoid the pain and suffering associated with an adverse hedlth effect beyond the cost of the
illness. Since there are no markets for avoided pain and suffering, there are no observable market
transactions by which their vaue can be measured.

Another reason that WTP for reduced hedlth risk is likely to exceed the expected vaue of avoided
COl isthe genera acceptance of additional coststo avoid risk. WTP vaues for avoidance of
premature degth include the value of reductionsin the risk of out-of-pocket cogts (i.e., COI) plusthe
vaue of reduced risk of the lost enjoyment of life (Chestnut and Alberini, 1997). The use of expected
COl, instead of WTP, tends to understate the economic value of risk reduction because COI does not
incorporate nonpecuniary benefits such as avoided pain and suffering.

Expenditures on averting behavior also comprise a part of WTP. In the context of reducing endemic
Cryptosporidium risk, averting behaviors involve the day-to-day, routine activities that consumers
undertake with respect to drinking water, including consumption of bottled water or use of individua
filtration devices. The reasons for undertaking these behaviors are numerous (i.e., taste, odor, reduced
exposure to chemica contaminants) with the motivation of reducing specificaly therisk from
Cryptosporidium aminor factor. Expenditures on averting behaviors during outbreaks are discussed
in Section 5.3.

M onetization of Illness

Information is not available on direct measurements of either COl or WTP to reduce risk specificaly
for Cryptosporidium. For the purposes of thisandyss, an adjusted giardiasis COI is used as a proxy
for the COI of cryptosporidiosis. The costs incurred during an outbresk of waterborne giardiasisin
1983 in Pennsylvania were based on a survey of 370 people who had * confirmed” cases of giardiasis,
i.e, apogtive ool sample. The study estimated direct medica costs paid for either by the victim or
insurance company, including the costs of doctor vigits, emergency room vists, hospitd vists,
laboratory fees, and medication. The study aso estimated other cogts, including time costs for medica
care, value of work loss days, loss of productivity, and loss of leisure time (Harrington et al., 1989).
However, this COI study did not include averting expenditures or value the * pain, suffering, stress, and
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anxiety, or any other psychologica or resulting physiologica consegquences of the outbresk.”
(Harrington et al., 1985).

Exhibit 5-17 contains a summary of the average losses for confirmed cases of giardiassin 1984 dallars
and updated using the Consumer Price Index to a January 1999 price level.

Exhibit 5-17. Losses per Case of Giardiasis by Category

Aver age L osses (1984 $) CPI Update Average L osses
L oss Category (Harrington et al., 1985) Factor (1999 $)
Direct Medical Costs:
Doctor visits $36 2.31% $83
Hospital visits 100 231 231
Emergency room visits 27 231 62
Laboratory tests 63 231 146
Medication 28 231 65
Subtotal $254 $587
Indirect Medical Costs:
Time costs for medical care $18 1.58° $28
Value of work loss days 359° 1.58 567
Loss of work productivity 371° 1.58 586
Lossof leisuretime 876° 1.58 1,384
Subtotal $1,624 $2,565
Mean total expected losses per case --
giar diases $1,878 $3,152
M ean total expected losses per case —
cryptosporidiosis $2403

a  Consumer Price Index, Medical Care: 246.6 (January 1999)/106.9 (1984 average)
Consumer Price Index, All Items: 164.3 (January 1999)/103.9 (1984 average)

c.  Based on the assumption that the wage rate for the unemployed, homemakers, and retirees equals the wage rate for employed
persons in the sample. Use of an alternative assumption or labor rate will result in different indirect costs.

The average |osses per case of giardiasis reported in the survey are agpproximately $3,150 at the
current price level (1999 $). The average losses per case of cryptosporidiosis could be less than those
of giardiags because cryptogporidioss is sdf-limiting in immunocompetent subjects, with infections
lasting a shorter duration (7 to 14 days) than giardiasis infections (30 days median length-of-illness in
sample). To take into account the shorter duration of cryptosporidioss, the estimates for non-direct
medical cods of giardiass are adjusted by theratio of the duration of cryptosporidioss over the
duration of giardiass. Theratio and adjusted cogts are estimated usng aMonte Carlo smulation to
modd the distribution of potentia duration for each illness. Data from the Milwaukee outbresk indicate
that the duration of cryptosporidiossislognormaly distributed, with arange of 1 to 55 days, a mean of
12 days, and amedian of 9 days (Mackenzie et d., 1994). Data from the Pennsylvania outbreak
indicate that the duration of giardiasisislognormaly distributed, with amean of 41.6 daysand a
standard deviation of 45 days (Harrington et d., 1985). The resulting adjusted COI distribution
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derived for cryptosporidiosis has amean of gpproximately $2,400 and a median of approximately
$1,400. This mean vaue isthe vaue presented in Exhibit 5-17.

It isimportant to note that the vaues in the above digtribution reflect the potential COI avoided, not the
full WTP to reduce the probability of suffering a cryptosporidiossinfection. The estimates do not teke
into account the vaue of avoiding pain and suffering, the economic premium associated with risk
averson, or the costs of averting behaviors. Therefore the full vaue of the economic benefit to reduce
cryptosporidiosis may be higher than the $2,400 COI avoided per case mean estimate. Exhibit 5-18
contains the vaues of annud illnesses avoided by the LT1FBR turbidity provisons, usng the
disgtribution of adjusted COI estimates.

To compare these results againgt previous studies, Mauskopf and French (1991) estimated WTP to
avoid food borne illnesses based on the nature and length of the illness, integrated with the value of a
datidticd life and indices of self-reported hedth status to value the losses in quality and length of life,
The WTP estimates (1999 $) for illnesses similar to cryptosporidiosis range from $166 to $7,424 for
mild to moderate cases of botulism (5 to 21 days of weakness, vomiting, and naused) and $284 to
$1,139 for sdmonellosis (3 to 7 days of smilar symptoms). Using these estimates, the vaue for
cryptosporidiosis (7 to 14 day duration) could range from $233 ($33.25/day for 7 days) to $4,942
($353/day for 14 days). The cost of illness estimates (with amean of $2,403) fall within this range and
are areasonable approximation of the value to avoid health damages associated with cryptosporidioss,
recognizing that some cogts (such as averting expenditures, and pain and suffering) have not been
monetized.

Exhibit 5-18 that follows digplays the potentia benefits from preventing illnesses using the COI
estimates as described above.
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Exhibit 5-18. Number and Cost of IlInesses Avoided Annually from

Turbidity Provisons* ($Millions)

Daily Drinking Water Ingestion and

Baseline Cryptosporidium L og-Removal Assumptions

Mean = 1.2 Litersper person

Improved L og-Removal Assumption 2.0log 25109

IlInesses Avoided with Low Improved Cryptosporidium Removal Assumption

Mean 62,800 22,800

10th Percentile 0 0

90th Percentile 152,000 43,900
COI Avoided with Low Improved Cryptosporidium Removal Assumption

Mean $150.3 $53.9

10th Percentile $0.0 $0.0

90th Percentile $288.2 $31.4
IlInesses Avoided with Mid Improved Cryptosporidium Removal Assumption

Mean 77,500 27,900

10th Percentile 0 0

90th Percentile 184,000 52,900
COI Avoided with Mid Improved Cryptosporidium Removal Assumption

Mean $185.3 $66.2

10th Percentile $0.0 $0.0

90th Percentile $350.9 $98.8
IlInesses Avoided with High Improved Cryptosporidium Removal Assumption

Mean 83,600 30,000

10th Percentile 0 0

90th Percentile 196,000 56,500
COI Avoided with High Improved Cryptosporidium Removal Assumption

Mean $199.5 $71.1

10th Percentile $0.0 $0.0

90th Percentile $376.7 $105.8
* All values presented are in January 1999 dollars.
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Monetization of Mortality

Studies that assess the value per atisticd life (VSL) saved (i.e., reduced risk of premature degth)
generdly have centra point estimates between $5 million and $8 million dollars with arange from $2
million to $14 million (Chestnut and Alberini, 1997). A recent EPA study characterized the VSL saved
asalognorma digribution with amean of $4.8 million with a gandard deviation of $3.24 million,
capped at $13.5 million (in 1990 price leve), based on 26 individud study estimates (62 FR 59485,
November 3, 1997). Updating the VSL for current price levels resultsin a distribution with a mean of
$5.7 million and a standard deviation of $3.16 million, truncated at $16.87 million.

Because cryptosporidioss mortdities are expected to occur primarily in sendtive subpopulations, there
may be some arguments for adjusting the VSL. Thetypica va uation methodology used to derive the
VL generaly measure the individuals WTP to reduce the risk of a premature desth by a smal
amount. The small reduction in risk is then spread across a broad population. The mortality risk
associated with cryptosporidiosisis different in that a smaller sengitive subpopulation faces a higher
basdinerisk. The vauation literature is unclear on whether this type of arisk would have a higher or
lower WTP dthough one study found that respondents favored programs that affect smaller populations
facing higher basdline risks, assuming the same number of lives are saved (Van Houtven, 1997). A
review of existing empirica literature with respect to adjusting the VSL saved by drinking water
programs does not, however, provide a strong basis for specific adjustments (up or down) to the VSL
(Van Houtven et a., 1997).

For the purposes of thisRIA, Exhibit 5-19 displays the potentia benefits from preventing mortaities
using the updated V' SL didtribution, recognizing the uncertainties inherent in this or any available
vauation methodology.
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Exhibit 5-19. Number and Cost of Mortalities Avoided Annually from
Turbidity Provisons® ($Millions)

Daily Drinking Water Ingestion and
Baseline Cryptosporidium L og-Removal Assumptions

Mean = 1.2 Liters per person

Improved L og-Removal Assumption 2.0log 25109
Mortalities Avoided with Low Improved Cryptosporidium Removal Assumption

Mean 9 3

10th Percentile 0 0

90th Percentile 19 5
Cost of Mortalities Avoided with Low Improved Cryptosporidium Removal Assumption

Mean $45.0 $16.2

10th Percentile $0.0 $0.0

90th Percentile $101.7 $28.8
Mortalities Avoided with Mid Improved Cryptosporidium Removal Assumption

Mean 10 3

10th Percentile 0 0

90th Percentile 23 7
Cost of Mortalities Avoided with Mid Improved Cryptosporidium Removal Assumption

Mean $55.5 $19.9

10th Percentile $0.0 $0.0

90th Percentile $123.3 $34.8
Mortalities Avoided with High Improved Cryptosporidium Removal Assumption

Mean 10

10th Percentile 0

90th Percentile 25 7
Cost of Mortalities Avoided with High Improved Cryptosporidium Removal Assumption

Mean $59.8 $21.3

10th Percentile $0.0 $0.0

90th Percentile $132.0 $37.3

* All values presented are in January 1999 dollars.

5.25 Health Effectsto Senstive Subpopulations

The hedth effects of Cryptosporidium on sengtive subpopulations is much more severe and debilitating
than the hedlth effects on the generd public. The estimated COI avoided calculated earlier likely does
not capture the full vaue of cogts to sengtive subpopulations, hedth trids were only conducted with
hedlthy individuas and symptomatic responses are more severe in senstive populations. For example,
the duration of cryptosporidioss in those with compromised immune systemsis considerably longer
than in those with competent immune systems, with more savere symptoms often requiring lengthy
hospital stays. COI from cryptosporidiosis is expected to be much larger than $2,400 per case for
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sengitive subpopulations. During the Milwaukee outbresk, 33 AIDS patients with Cryptosporidium
accounted for 400 hospita days at an additiona cost of nearly $760,000 (Rose, 1997). COI dueto
these hospital days alone was estimated at $23,000 per case ($760,000/33 patients). Although the
COl for senditive populations is expected to be greater than the generd population, no attempt was
made to quantify these effects for the purposes of this regulatory impact anadysis. Also, the cost of
averting expenditures could be higher in sengitive subpopulations.  Sensitive subpopulations are more
susceptible to Cryptosporidium infections, thus these individuals may purchase bottled weter, boil
water, or take other hedlth precautions on adaily basis.

5.3 Other Benefits of Turbidity Provisions

Section 5.3 describes quditative benefits of the turbidity provisions from the reduction in outbreak risk,
enhanced aesthetic water quality, and avoided costs of averting behavior.

5.3.1 Reduction in Outbreak Risk

Besides reducing the endemic risk of cryptosporidioss, the LT1FBR will reduce the likelihood of magjor
outbreaks, such as the Milwaukee outbreak, from occurring. The economic vaue of reducing the risk
of outbreaks could be quite high when the magnitude of potentid costsis consdered. For example, if
the $2,400 per cryptosporidiossinfection estimate is applied to the estimated 2,000 cryptosporidiosis
cases attributed to a sewage contaminated well in Braun Station, Texas (Craun et d., 1998), hedlth
damages could reach $4.8 million. Other types of costs associated with outbreaks include spending by
locd, State, and nationd public hedth agencies; emergency corrective actions by utilities, and possible
legd cogtsif ligbility isafactor. Affected water systems and loca governments may incur cogts through
provision of dternative water supplies and issuing customer water use warnings and hedth derts.
Commercid establishments (e.g., restaurants) and their customers may incur costs due to interrupted
and logt service (eg., lost producer and consumer surplus). Loca businesses, indtitutions, and
households may incur costs associated with undertaking averting and defensive actions. To the extent
that LT1FBR reduces the likelihood of waterborne disease outbreaks, avoided response costs are
potentidly numerous and sgnificant.

5.3.2 Enhanced Aesthetic Water Quality

Economic theory suggests that improving the aesthetic qudity of drinking water produces benefits
separate from improvementsin hedlth. Consumers, presumably, would be willing to pay to protect the
aeshetic qudity of drinking water from high turbidity levels. Aesthetic improvements from the
proposed rule may not be noticeable to the genera public and, therefore, these benefits are not
quantified for thisandyss.
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5.3.3 Avoided Costs of Averting Behavior

During outbreaks or periods of high turbidity, consumers and businesses may use aternative water
sources or practice behaviors to reduce risk, such as boiling water. If the rule reduces the need for
these averting behaviors, an economic benefit will accrue. During an outbreek of giardias's,
expenditures on averting behaviors, such as hauling in safe water, boiling water, and purchasing bottled
water, were estimated at between $1.74 to $5.53 per person per day during the outbreak (Harrington
et d., 1989). If thesefigures are gpplied to asmal drinking water system serving 10,000 customers,
tota expenditures on averting behavior during a Cryptosporidium outbreak could range between
$17,400 and $55,300 per day. Determining the precise reduction in outbresk risk and resulting
benefits due to reduced or avoided averting behavior is not possible given current information, but
potentia benefits are expected to be substantial.

Five additiond studies were identified that used the averting cost gpproach to estimate household and
other codts attributable to short-term contamination of drinking water supplies (Abdalla, 1990; Abddla
et a., 1992; Harrington et a., 1985; Sun et d., 1992; Van Houtven, et d., 1997). The most relevant
of these for the LT1FBR analysisis a study by Harrington et ., (1985), that andyzes the costs
associated with drinking water contamination by Giardia in Luzerne County, Pennsylvania. The
December 1983 outbresak resulted in 366 confirmed giardiasi's cases resulting from sewage leaking into
the unfiltered source water. Thetotd affected population was 75,000 individuas across Pittston
Burough and 17 other municipdities. The Harrington study aso developed a theoretical and empirical
example of how outbreak costs are incurred, based on the Luzerne County example.

The four stages associated with a waterborne outbreak that may impose costs on society are discovery,
survey and testing, reaction and aftermath. (Harrington et ., 1985). These are described below.

» Discovery. Hedth care providers or State, locd, or hospital laboratory technicians send
reports to State authorities notifying them of the need for further investigation when the rate
of new cases suddenly increases above the normal rate.

» Survey and testing. A host of epidemiologica surveys may be conducted, along with
tests of the water supply, once afew cases are confirmed.

* Reaction. Loca authorities and the water systern may issue boil-water advisories, or
other warnings to reduce exposure once a link is made between the drinking water supply
and the disease outbreak. Businesses as well as households may be affected by such
action, requiring government agencies to begin survelllance and enforcement activities and
in some cases, provide aternative water sources.

* Aftermath. Thisfind sage involves discussons of any long-term solutionsto the
problem, and how the costs of the outbreak and prevention of future ones may be shared.
These discussions can only take place once the outbreak is contained by actions taken
during the previous phase.
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The Luzerne County outbresk resulted in losses, due to actions taken by individuals to avoid the
contaminated water, estimated to be between $20.8 million and $61.8 million. The predominant cost
wastimelost to boiling water. Losses due to averting actions for restaurants, bars, schools and other
businesses during the outbresk averaged $1.0 million. The burden for government agencies was
$230,000 and the outbreak cost the water supply utility $1.8 million. These costs do not include legd
fees, outbreak effects on businesses that were not investigated, leisure activities, or net losses due to
subgtituting more expensive beverages for tep water.

5.4 Benefitsfrom Other Rule Provisions

Section 5.4 describes quditative benefits associated with the proposed rule including benefits from the
recycle provisons, disnfection benchmarking, covered finished water reservoirs, including
Cryptosporidium in the GWUDI definition, and provisions modifying watershed regulatory
requirements for unfiltered systems.

5.4.1 Benefitsof Recycle Provision

EPA hasidentified four primary public hedth concerns arising from the recycle of spent filter backwash
and other recycle streams within the treatment process of public water systems.

1 Data establishes recycle flows can contain Cryptosporidium oocysts, often at higher
concentrations than plant source waters, and recycling these flows may increase the number of
oocydts entering the plant, reaching the filters, and entering the finished water. Since
Cryptosporidium is not inactivated by standard disinfection practice, it is criticd that dl
available physica remova processes (coagulation, flocculation, clarification, filtration) be
protected from the hydraulic and chemical trestment disruptions recycle events may cause.
Note that recycle returns oocysts to the plant at precisdy the time treatment efficiency may be
chdlenged by hydraulic and chemicd disruption induced by recycle events. This may cause
more oocysts to enter the finished water.

2. Returning spent filter backwash, thickener supernatant, and liquids from dewatering into, or
downstream of, the point of primary coagulant addition may disrupt trestment chemistry by
introducing residua coagulant or other trestment chemicals to the process stream. Recycle
flow returned to the sedimentation basin may not reside in the basin long enough for recycled
oocysisto sHtle, or it may create hydraulic currents within the basin that lower the unit’s overal
oocys removd efficiency. Additiondly, recycle can cause large variationsin influent flow,
which may result in harming of trestment efficiency by chemica under or over dosing (Patania et
al., 1995; Edzwad and Kdley, 1998; Bellamy et d., 1993; Conley, 1965; Dugan et d., 1999,
Robeck et d., 1964).

3. The direct recycle of spent filter backwash without first providing trestment, equdization, or
some form of hydraulic detention for the flow, may cause plants to exceed State-gpproved
operating capacity during recycle events. Exceeding operating capacity can cause
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sedimentation/clarification and filter loading rates to be exceeded, which may lower overdl
oocyst remova provided by the plant and increase finished water oocyst concentrations.

4, Direct filtration plants do not employ a sedimentation basin in their primary treatment processto
remove solids and oocydts; dl oocyst removd is achieved by the filters. If trestment for the
recycle flow is not provided prior to its return to the plant, al of the oocysts captured by afilter
during afilter run will be returned to the plant and again loaded to thefilters. Thismay lead to
ever increasing levels of oocysts being applied to the filters and could increase the concentration
of oocystsin finished water.

The LT1FBR recycle provisons are based on the assumption that improving the aforementioned
recycle practices will prevent the accumulation of Cryptosporidium within the treetment plant and
minimize the risk of oocysts entering into the finished water. EPA expects these provisons to reduce
the incidence of cryptosporidiosisin two ways. Firgt, endemic risk islikely to be reduced because
improved recycle processes will consistently reduce Cryptosporidium occurrence in finished water
relaive to the recycle basdline. Second, endemic and outbreek risk islikely to be reduced by returning
certain recycle flows (spent filter backwash, thickener supernatant, and liquids from dewatering) to the
plant prior to the point of primary coagulant addition because dl available physical removal processes
will be employed to remove oocysts before they reach the filters. Returning these recycle flows prior to
the point of primary coagulant addition will aso protect the integrity of chemica dosing, which
determines the trestment efficacy of sedimentation/clarification and filtration, by minimizing the potentia
for large fluctuations in plant influent flow volume and chemigtry that can render chemica doses less
then optimal.

EPA has not developed a nationd benefit estimate because the overdl impact on finished water qudity
of different treetment changes brought about by the provisions depends on awide variety of system
operationa parameters that cannot be easily modeled. In order to model the affect of recycle practice,
data regarding the ability of awide range of unit processes (sedimentation, DAF, contact clarification,
filtration) to remove oocysts from awide variety of source water types, under arange of treatment
conditions, is needed to cdibrate the moddl. Thisdatais currently not extensive enough to model the
impact of recycle on awide variety of trestment configurations. Dueto limited cdlibration data, EPA
did not quantify benefits for these provisons. However, data show that oocysts occur in recycle
greams and in the finished water of normally operated plants (unchallenged, well performing plants).
Recycle adds additiona oocysts to the plant and risks lowering plant treatment efficiency during recycle
events by means of hydraulic and chemica disruption. The following discusson provides aquditative
description of how the filter backwash provisions are expected to reduce hedlth risks.

Returning spent filter backwash, thickener supernatant, and liquids from dewatering prior to the point of
primary coagulant addition, will pass recycled oocysts through available physica remova processes
and protect the integrity of trestment chemigtry, thereby improving log remova of Cryptosporidium
oocyds during recycdle. Returning these flows prior to the point of primary chemical addition, whichis
included in each of the recycling aternatives of the proposed rule, generates positive hedth benefits by
controlling pathogens and improving treatment chemistry during recycle events. For example,
eliminating return of recyde flow to the flocculation or darification basin mitigates the possibility the
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recycle flow will generate disruptive currents that can harm the oocyst removd efficiency of these
processes. Furthermore, returning these flow prior to the point of primary coagulant addition, rather
than a thislocation or downstream of it, improves the accuracy of chemica trestment and protects the
integrity of the process, as the dose can be targeted for the mixture of recycle and source water rather
than just source wate.

Pants that recycle directly (i.e., return recycle to trestment process without providing equalization,
treatment, or some other form of hydraulic detention) may exceed State gpproved operating capacity
during recycle events. Even if asystem reduces or diminates its raw weter influent flow for the duration
of the recycle event, thefilter loading rate of some plants may sill exceed State-approved operating
capacity during recycling. Also, overly abrupt changesin filtration rate may occur - such changes have
been shown to cause particles lodged in filter mediato passinto the filter effluent (Cleasby et d., 1963;
Glasgow and Whestley, 1998; McTigue et a., 1998). The potentia benefits of the proposed rule
would differ among the proposed aternatives to the extent that modification to recycle practice differ
across the aternatives. No benefits are redlized under aternative R1 for hydraulic surge reduction,
because the option does not contain a provision to address hydraulic surge. Under R2, the States
determine whether systems are required to modify recycle practice to address public hedth risk;
therefore, the number of affected systemsis uncertain. The option alows States to determine whether
recycle practice needs to be modified to alow the consderation of site-specific factors. Under
dternatives R3 and R4 dl sysems either ingdl aflow equaization basin or a sedimentation basin,
respectively. Ingdling equdization basnswill hold the recycle in tanks and gradudly release it back
into the treatment stream, thereby reducing the risk of hydraulic disruption and the associated hedlth
risk. Ingtaling sedimentation basins will cause amgority of oocystsin recycle flowsto settle before
being returned to the primary treatment process, thereby diminating the possibility they will pass
through the filter and risk public hedlth. EPA believes the greatest benefit will be redlized by systems
with the fewest number of filters because they are the most vulnerable to hydraulic and treatment
chemistry upset induced by recycle events. Since the volume of recycle flow isalarger percent of plant
influent at plants with fewer filters, they are more vulnerable to disruptions, in terms of both hydraulics
and water qudity.

Smilarly, changes in recycle practices among direct filtration syslems will differ across the proposed
dternatives, and the resulting hedth benefits will differ. Under R1, direct filtration plants are required to
return spent filter backwash prior to the point of primary coagulant addition. However, there are no
expected benefits under R1 because the anadlys's assumes direct filtration plants return recycle to the
required location. Under R2 and R3, States will determine whether modifications to recycle practiceis
required to reduce hedth risks, but R4 requires that al direct filtration plantsingall a sedimentation
basn if they do not dready provide recycle flow trestment equivaent to or superior to sedimentation
for recycdeflow. Thereductionsin hedth risks will depend on the number of systems that ultimately
modify recycle practice and the extent to which the modification incresses oocyst remova from the
recycle flow.

Under any of the proposed dternatives, facilities may choose to dter their recycle practices by directly
discharging recycle flows to surface waters or publicly owned treatment works (POTW). In terms of
finished water quality, direct discharge generates the largest possible health benefits because
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recycle flows containing oocysts are completely removed from the treatment plant, thereby
eliminating the risk of introducing oocysts from recycle flows into finished water.

Finaly, in addition to the benefits from reduced occurrence of Cryptosporidium in the finished water,
the proposed recycle provisons are likely to reduce the occurrence of other contaminantsin the
finished water. Giardia lamblia will likely be more effectively removed by the primary trestment
process under the proposed recycle provison. Furthermore, the changes in recycle practices that result
from LT1FBR may reduce the risk from other emerging disinfection resstant pathogens that may exist
in source water such as Toxoplasma, microsporidia, and Cyclospora.

Sensitivity Analysis for the Recycle Provisions

Available research literature demondrates that increased hydraulic loading or disruptive hydraulic
currents, such as may be experienced when plants exceed State-approved operating capacity or when
recycleis returned directly into the sedimentation basin, can disrupt filter performance (Cleasby, 1963,
Glasgow and Whestley, 1998; and McTigue et ., 1998) and sedimentation performance (Fulton,
1987; Logsdon, 1987; and Cleasby, 1990). However, the literature does not quantify the extent to
which performance can be lowered and, more specificaly, does not quantify the log reduction in
Cryptosporidium remova that may be experienced during direct recycle events.

In the absence of quantified log reduction data, EPA performed a sensitivity anadyss at the system-leve
for smdl and large systems to estimate arange of potentid benefits for the recycle provisons. For the
andysis, EPA assumed both system sizes would meet the proposed 2.0 log remova for
Cryptosporidium provision except for problems caused by recycle practices that disrupt filter or
sedimentation performance. The analysis incorporates the effect of these recycle practices by reducing
the average basdline log remova’ by arange of vaues (0.05 logs to 0.50 logs) to account for the
reduction in remova performance plants may experience if they exceed State-approved operating
cagpacity or return recycle to the sedimentation basin. EPA assumed that ingtaling equalization to
eliminate exceedences of State-approved operating capacity or moving the recycle return location from
the sedimentation basin to prior to the point of primary coagulant addition will result in heglth benefit by
returning the sysem to a2.0 log removad of Cryptosporidium and thereby improving finished water
qudity. The benefit estimate is conservative, because it does not account for the fact that recycle dso
returns additional oocysts to the plant.

The difference between the number of illnesses that result from the 2.0 log remova assumption and the
reduced performance assumptions (i.e., 1.95 or 1.50 log removad) is used to calculate the annual

benefit using the $2,400 COI vadue. EPA compared the benefit to cost estimates for returning recycle
prior to the point of primary coagulant additional and installing equdization for two service populations:

"The reduction in basdine log remova is an average over periods when recycleis and is not
occurring. The actua reduction will be greater during recycle periods than other production periods.
For this sengitivity andysis, EPA assumed that the potentia health impacts of recycle practices could be
captured by an average overdl reduction in log removd.
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asarvice population of 1,900 persons, which represents a plant serving fewer than 10,000 people, and
a sarvice population of 25,108, which represents a plant serving greater than 10,000 people. Annua
benefits and annudized costs are summarized in Exhibits 5-20 and 5-21.

Exhibit 5-20. Potential Benefit for a System Serving 1,900 People

L og Removal Benefit for Population of Cost of Moving Recycle Cost of Installing Equalization*
Reduction 1,900 Return?
0.05 $1,400 $5,200 $25,200
0.50 $30,700 $5,200 $25,200

Costs are annualized assuming a 7 percent discount rate over 20 years.

Exhibit 5-21. Potential Benefit Range for System Serving 25,108 People

Log Removal Benefit for Population Cost of Moving Cost of Installing
Reduction of 25,108 Recycle Return? Equalization®
0.05 $18,700 $18,700 $57,200
0.50 $405,800 $18,700 $57,200

ICosts are annualized assuming a 7 percent discount rate over 20 years.

Although research literature does not quantify the log reduction caused by specific recycle practices, the
results of the sengitivity andyss show that the benefit a plant serving 25,108 people would redize by
improving its baseline performance to 2.0 logs would range from $18,700 to $405,800. Benefits
would range from $1,400 to $30,700 for aplant serving 1,900. This benefit range supports EPA’s
determination that unquantified benefits will judtify codts.

5.4.2 Benefits of Disinfection Benchmark Provision

Disnfection benchmarking hdlps ensure that existing microbid protection is not sgnificantly reduced or
undercut as aresult of steps taken to comply with maximum contaminant levels (MCLs) for total
trihdomethanes (TTHMSs) and 5 hadoacetic acids (HAAD) st forth in Stage 1 DBP. The disinfection
benchmark provision will prevent future incrementa illnesses associated with pathogens that are
controlled by current disinfection practices. However, it is not possible to quantify the hedth benefits
from disinfection benchmarking on anationd bass Theleve of benefits will depend on how individua
sysems dter their disnfection practices and how those dterations might have increased pathogen risks
without the disinfection benchmark provison in the proposed LT1FBR.
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5.4.3 Benefitsof Covered Finished Water Reservoirs

The quality of water in finished water reservoirsis subject to Smilar environmenta influences as surface
water, including deposition of airborne chemicas, surface water runoff, anima carcasses, animd or bird
droppings, and growth of algae and other aguatic organisms. I1n one study, sea gulls contaminated a 10
million gdlon reservoir and increased bacteriologica growth, and in another study waterfowl were
found to devate coliform levelsin small recreationd lakes by 20 timestheir norma levels (Morra,
1979). Algd growth increases the biomassin the reservoir, which reduces dissolved oxygen and
thereby increases the release of iron, manganese, and nutrients from the sediments. This, in turn,
supports more alga growth (Cooke and Carlson, 1989). Algae can cause drinking water taste and
odor problems. Further, uncovered finished water reservoirs may be subject to contamination by illegal
swimming and dumping. Documented water quadity problemsin open finished weater reservoirs include
increased agd cdls, heterotrophic plate count (HPC) bacteria; turbidity; color; particle counts,
biomass; and decreased chlorine residuals (Pluntze, 1974; AWWA, 1983; Silverman et d., 1983;
LeChevdlier et d., 1997b).

Finished water may not be treated again prior to consumption, so any contamination in the uncovered
reservoir may be passed directly to the customer. Therefore, requirements to cover new finished water
reservoirs will result reduce the risk of contamination and result in positive hedlth benefits. Data are not
available, however, to quantify the benefits associated with covering al new finished water reservoirs.

5.4.4 Benefitsfrom Including Cryptosporidiumin the GWUDI Definition

Induding Cryptosporidium in the definition of GWUDI will change drinking water trestment
requirements for a nonquantified number of smdl drinking water systems. Although EPA does not
currently have data on the number of systems that will be required to change trestment practices, the
Agency anticipates that the hedlth benefits from increased oocyst log remova will be postive when
these small systems are reclassified as GWUDI.

5.4.5 Benefitsfrom Including Cryptosporidiumin Water shed Requirementsfor
Unfiltered Systems

The proposed rule requires smdl unfiltered surface water and GWUDI systems to control
Cryptosporidium contamination within the watershed. EPA expectsthat control of Cryptosporidium
will reduce the incidence of cryptosporidiosisin populations served by these smdl drinking water
systems. EPA does not currently have data on the number of unfiltered or GWUDI systems that will be
required to control for Cryptosporidium; however, EPA anticipates that the hedth benefits will be
positive as these systems take proactive steps to minimize the potentia for oocyst contamination within
watersheds.
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5.4.6 Risk Reduction from Emerging Pathogens

While the benefits andlyss for the LT1FBR only includes reductionsin iliness and mortdlity attributable
to Cryptosporidium, the LT1FBR is expected to increase the level of protection from exposure to
other pathogens (i.e. Giardia or other waterborne bacteria or vird pathogens such as Cyclospora and
Microsporidium). Strengthened filtration requirements will trandate to increased removad of additiona
pathogens and aresulting reduction in risk. This may prove essentid, as the susceptibility of emerging
pathogens to inactivation by chlorination is not well established. Unfortunately, EPA is ungble to
quantify the resultant benefit associated with areduction in risk from emerging pathogens due to current
data limitations.

5.5 Summary

EPA edtimated the potentid hedlth benefits of the proposed rule usng a hedth risk assessment
gpproach to characterize basdine infections, illnesses, and mortalities caused by exposure to
Cryptosporidium oocydsin treated drinking water from smadl surface water sysems and smdll
GWUDI systemsfor the turbidity provisons. Basdine estimates were compared with risk assessment
results incorporating the improved Cryptosporidium remova rates that are assumed to occur because
of the requirementsin the proposed rule that will ater trestment practices.

55.1 Summary of Quantified and Monetized Benefits

Exhibit 5-22 presents the mean vaue of avoided illnesses from the LT1FBR turbidity provisions under
the 1.2 liter per day daily water consumption assumption (see Exhibit 5-12). The mean vadue of
avoided illnesses with this consumption rate under a 2.5 log basdine remova ranges from $53.9 million
under the low remova assumption to $92.4 million under the high remova assumption. For the 2.0 log
remova basdine, mean bendfits range from $150.3 million under low remova to $199.5 million under
the high removad assumption. Mortdity results suggest that the mean vaue of avoided deaths under the
2.0 log removd basdline ranges from $45.0 million under low remova to $59.8 million under the high
remova assumption. The value of avoided mortdities under the 2.5 log remova basdine ranges from
$16.2 million to $21.3 million across the low and high remova assumptions,

EPA’ s Office of Water is continuing to evauate drinking water consumption data from USDA's 1994-
1996 CSHII study. The drinking water consumption distribution used in this verson of the benefits
andysis (averaging approximately 1.2 liters per day) reflects CSFIl data. This distribution is currently
being considered as being reflective of water consumption among the population that consumes drinking
water from either community or noncommunity water supplies.
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Exhibit 5-22. Summary of Annual Benefits Associated with Avoided |lInesses and
Mortalitiesfor the Turbidity Provisions* ($Millions)

Daily Drinking Water Ingestion and
Baseline Cryptosporidium L og Removal Assumptions
Mean = 1.2 Liters per person
L og Removal Assumption 2.0log 25Ilog
Low Removal
Avoided IlInesses $150.3 $53.9
Mortalities $45.0 $16.2
Total $195.3 $70.1
Mid Removal
Avoided IlInesses $185.3 $66.2
Mortalities $55.5 $19.9
Total $240.8 $86.1
High Removal
Avoided llInesses $199.5 $71.1
Mortalities $59.8 $21.3
Total $259.4 $92.4

* All values arein January, 1999 dollars. Totals may not equal detail due to rounding.

5.5.2 Summary of Non-Quantified Benefits

Asnoted in Sections 5.3 and 5.4, severd types of potentia benefits were not included in the
quantitative anadlyss. Exhibit 5-23 shows how the rule provisons that have not been quantified would
be expected to affect the overdl benefits derived from LT1FBR.
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Exhibit 5-23.

Summary of Non-Quantified Benefits

Item

Potential Effect
on Benefits

Comments

Reducing mortality and morbidity rates by
changes to recycle practices in small and
large surface water and GWUDI treatment
facilities.

Changing recycle practices is expected to
generate positive benefits by lowering the risk of
contracting cryptosporidiosis from drinking
water. See Section 5.4.1.

Reducing risksto sensitive
subpopulations

The study probably does not capture the full
value of benefits to sensitive subpopulations
because of alack of scientific data. See Section
5.25.

Reducing outbreak risks and response
costs

Determining the precise reduction in outbreak risk
and resulting benefits is not possible given

current information; however, the positive
benefits associated with a reduction in outbreak
risk are expected to be significant. See Sections
5.3.1,and 5.3.3.

Improving aesthetic water quality

+/no change

It isnot clear that thisrule will improve aesthetic
water quality and generate any associated
positive benefits, however, theruleis not
expected to reduce aesthetic water quality and
generate negative benefits. See Section 5.3.2.

Reducing averting behavior (e.g., boiling
tap water or purchasing bottled water).

Averting behavior is associated with both out-of-
pocket costs (e.g., purchase of bottled water) and
opportunity costs (e.g., time required to boil
water) to the consumer. Reductionsin averting
behavior are expected to have a positive impact
on benefits from the proposed rule. See Section
5.33.

Covering new finished water reservoirs

Although insufficient data were available to
qualify benefits, the reduction of contaminants
introduced to finished water reservoirs would
produce positive public health benefits. See
Section 5.4.3

Including Cryptosporidiumin the
definition of GWUDI

The changein GWUDI definition will change the
treatment practices at an undetermined number of
system. Although datato quantify the number of
systems are not available, EPA anticipates
increased health benefits. See Section 5.4.4

Including Cryptosporidium in watershed
requirements for unfiltered systems

Similar to the inclusion of Cryptosporidiumin
GWUDI, EPA anticipates that the proposed rule
increases health benefits. See Section 5.4.5

Reducing exposure to other pathogenic
protozoa, waterborne bacteria, or vira
pathogens

Exposure to other pathogenic protozoa, such as
Giardia, or other waterborne bacteria or viral
pathogens, are ailmost certainly reduced by the
recommended turbidity provisions but are not
quantified. See Section 5.4.6

+ = resolving the omission, bias, or uncertainty will tend to increase benefits.

1 = resolving the omission, bias, or uncertainty will tend to reduce benefits.

+/1 = the effect of the omission, bias, or uncertainty on benefits is undetermined.
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5.5.3 Summary of Uncertainties

The benefits andys's has severa biases and uncertainties. There is one source of identifiable biasin the
andysis. Thevauesfor avoided illnesses were COIl-based and not WTP-based; usng WTP vaues
might increase benefits. WTP vaues tend to be greater than COI values because they include
nonpecuniary benefits of avoiding illness (i.e., benefits asde from avoiding out-of-pocket costs).

Exhibit 5-24 describes how uncertainties may affect the benefit anayss. Although severd of the
sources of uncertainty were incorporated in the Monte Carlo anaysi's, other sources could not be
incorporated in a quantitative manner. These are described in the table.

Exhibit 5-24. Damages/Benefits Summary of Biasand Uncertainty

Potential Effect

Item on Benefits Comments
Biases
WTP values are generally higher than the
COl values were used to monetize N expected value of COI. No WTP values were
morbidity risk reductions identified in the literature that were usable for
thisanalysis.
Uncertainties
If lower doses of Cryptosporidium to members
of sensitive subpopulations produce equivalent
The slope parameter k may be different responses as higher doses in healthy
- : +/1 individuals, areduction in finished water oocyst
for sensitive subpopulations. - e ;
concentrations may only have positive benefits
to healthy populations and no change to
sensitive subpopulations.
The dose-response relationship for C. Parvum
. . - isused as aproxy for al Cryptosporidium
Different strains of Cryptosporidium may ) . .
) species until more complete experimental data
produce different dose-response +/1 . ;
relationships. becom&s avallable. Some strai n§ are more
infectious, but less common while others are
equivaent to C. Parvum.
Data are not available to show that source water
Source water quality for the proposed quality for small systemsis different than, or the
ruleis assumed to beidentical to source 1 same as, source water quality for large systems.
water quality used to estimate IESWTR ) (Note: ICR datathat could clarify thisissue are
benefits. not yet available - see P. 5-15 for a discussion of
ICR data availability)
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Exhibit 5-24. Damages/Benefits Summary of Biasand Uncertainty

Item

Potential Effect
on Benefits

Comments

IESWTR source water measurements
were from the eastern and central United
States and may not be representative of
the United States as awhole.

LeChevallier and Norton may have sampled
poorer quality source water (than the United
States as awhole) resulting in a higher
measured distribution and overstatement of
benefits by the model used inthisRIA. The
outbreak information in Exhibit 2—7, however,
shows several outbreaks in the western and
southern United States. Other appropriate
datasets were not identified for the current RIA
model.

The existing analytic method provides
poor Cryptosporidium recovery.

Poor recovery actsto produce alower than
expected source water distribution and possible
understatement of benefits.

Removal efficiencies for small systems
may or may not be comparableto large
systems.

EPA is currently evaluating whether small
system removal efficiencies are comparable to
large system removal efficiencies. Small systems
may have comparable removal efficiencies,
which could lead to overstatement of benefits

by the current model.

The mortality rate of 0.0125 percent used
in the model is based on data from the
Milwaukee outbreak.

The mortality rate from Milwaukee may reflect
overall mortality rates from low level exposure
by immunocompromised individuals. The
population of immunocompromised individuals
in other towns and cities may be different than
Milwaukee and, thus, result in different mortality
rates.

The VSL was not adjusted to reflect
mortalitiesin sensitive subpopulations.

The valuation literature is unclear as to whether
risk to sensitive subpopulationsis associated
with a higher or lower WTP. Review of existing
literature does not provide a strong basis for
adjusting the VSL up or down.

Transient Systems may not be accurately
characterized.

Thereis uncertainty asto the precise number of
transient systems. Also, it is assumed that
transient systems use approximately the same
technol ogies as community water systems. This
may overestimate the number of systems
affected by therule. Also, the number of people
served by these systems might be over or
underestimated, to alesser degree.

+ = resolving the omission, bias, or uncertainty will tend to increase benefits.

I = resolving the omission, bias, or uncertainty will tend to reduce benefits.

+/1 = the effect of the omission, bias, or uncertainty on benefits is undetermined.
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6. Cost Analysis

6.1 Introduction

This chapter reports national cost estimates for the proposed Long Term 1 Enhanced Surface
Water Treatment and Filter Backwash Rule (LT1FBR) and discusses the methods EPA used to
estimate implementation costs incurred by drinking water systems and States.! EPA anticipates
that water system compliance with the proposed L T1FBR provisions will increase monitoring and
reporting burdens and entail adjustments to existing treatment processes and plant operations. EPA
also expects the proposed rule to increase the labor requirements for additional compliance
tracking activities among States. Consequently, the cost analysis includes labor costs associated
with additional monitoring, reporting, and compliance requirements, as well as capital and
operating and maintenance (O& M) expenditures associated with changes in water treatment
processes.?

Sections 6.2 through 6.5 provide detailed cost information for each component included in the
guantitative analysis. Each section includes the cost assumptions and data elements used in

the analysis, describes how the costs were estimated, and reports the results. Additional
documentation for the cost estimates in this chapter can be found in Appendices C through H.

Total national costs are summarized in Section 6.6, which also includes a discussion of the impact
of potential biases, omissions, and uncertainties on the national cost estimate. Section 6.7 discusses
how system-level costs were trandated into annual cost increases per household. Section 6.8
summarizes a cost effectiveness analysis that estimates costs per illness avoided.

6.1.1 Cost Assumptions

EPA estimated costs at the water system and State level, then multiplied these costs by the number
of affected entitiesto obtain total costs. EPA used existing data sources and stakeholder inputs to
determine system and State responses to the proposed LT1FBR. Thisincluded identifying
treatment process improvements that systems may implement and estimating labor burdens for
monitoring and reporting activities. EPA estimated costs for these various responses using industry
cost models, equipment prices, and wage rates from standard engineering sources, stakeholder
inputs, as well as assumptionsin the IESWTR RIA. System costs were estimated for several

! Throughout the cost analysis, the term State refers to the 56 States, Commonweslths, Territories, and the
Didtrict of Columbiathat are eigible for primary enforcement authority or primacy. This definition is consistent
with the assumption used for the cost analysisin the final IESWTR RIA. Currently, however, Wyoming and the
Digtrict of Columbiado not have primacy; EPA regional offices administer their drinking water programs. Indian
Tribes are aso digible for primacy, although none have yet obtained it and EPA regiona offices also administer
drinking water programs for Tribal lands.

2 Thisanalysis of social costsis limited to compliance cost estimates. Consequently, costs may be
overstated because consumer and producer responses that minimize cost impacts are not incorporated. The
analysis assumes that drinking water systems pass incremental costs on to consumers in the form of higher water
prices and there are no impacts such as system closure.
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different service population size categories because systems that serve larger populations will often
incur higher costs.

To be consistent with the annual basis used in the benefit analysis, EPA aso estimated costs on an
annua basis. All one-time costs such as investments in capital equipment or training were
annualized before they were added to annual O& M expenditures or recurring annual labor costs.
Capital costs for most process improvements® were annualized over a 20-year period to reflect a
typical capital investment lifetime. Two results are reported because EPA used two different
discount rates that have been recommended for policy analysis. a7 percent rate, which is
recommended by OMB guidance (OMB, 1993 and 1996), and a 3 percent rate, which is
recommended in Guidelines for Preparing Economic Analyses (U.S. EPA, 1999c). Start-up labor
costs were also annualized over 20 years to obtain equivalent annual values.

The process improvements that EPA used to estimate costs for the turbidity provisions were
revised from a set of technology enhancements used in the IESWTR RIA cost analysisto

reflect conditions at smaller facilities. For the recycled provisions, the set of feasible process
improvements was limited. EPA relied on information provided in stakeholder and SBREFA
meetings, best professional judgment, the schematic of ICR systems, and the AWWA survey
(1998) of recycling practices, which indicated the current range of recycling techniques to develop
alist of potentia treatment changes.

System-level cost estimates for al turbidity or recycle modifications are described in detail in The
Cost and Technology Document for the Long Term 1 Enhanced Surface Water Treatment and
Filter Backwash Rule (U.S. EPA, 1999b). Most capital and O&M costs are functions of system
flow rates, which were obtained from the Community Water System Survey database.
Consequently, these costs are more representative of costs for community water systems, but EPA
used the same costs for noncommunity systems as well because of alack of data concerning the
flow capacities and technologies employed by these systems. Thus, the cost analysis may over
estimate costs for noncommunity systems.

Overdl costsfor the provisions affecting only small systems will also be overestimated because
EPA included “purchased water” systemsin the baseline. These systems purchase water from
other systems and, therefore, are not likely to incur treatment or monitoring costs. EPA included
these systems in the baseline to obtain a better estimate of benefits. The SDWIS database
associates the population served with these systems and not the wholesale systems that treat and
supply the water. Consequently, if EPA included only the wholesale systemsin the RIA, the
affected population would be under estimated; including the purchased systems adds the missing
population, but also adds systems to the cost analysis.

EPA’slabor cost estimates incorporate assumptions about incremental system and State labor
hours and hourly labor rates for managerial and technical labor categories. For systems, EPA used
labor rates based on arange of rates recommended by the Technology Design Panel (TDP). To
verify that these labor rates were consistent with the January 1999 basis for benefits and costs,

% The exception isindividual filter turbidimeter installation, which was annualized over a 7-year period to
reflect a shorter equipment lifetime.
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EPA compared the rates to the rates for water and wastewater treatment system operatorsin the
1998-1999 Occupational Outlook Handbook (BLS, 1999b). The TDP-recommended ranges,
particularly the low to medium rates, were consistent with the reported labor ratesin BLS (1999h),
after escalating the latter to December 1998 dollars using the Employment Cost Index (BLS,
1999a).*

The loaded technical labor rate for systems with design flows under 1.0 million gallons per day
(i.e., systems serving 3,300 or fewer) is $28 per hour, and the rate for systems with design flows
above 1.0 mgd (i.e., systems serving 3,301 or more) is $40 per hour. EPA assumed that systems
serving 1,000 or more also have a management labor category, which has aloaded labor rate of
$56 per hour. All of the labor rates in the cost analysis incorporate a 1.4 |oad factor on top of a
base hourly rate to account for fringe benefits and other nonwage costs.® Thus, the base labor rates
are $20 per hour for technical labor at systems serving 3,300 or fewer; approximately $28.60 for
technica labor for larger systems, and $40 per hour for manageria labor.

State labor rate assumptions are the same as those used in the IESWTR RIA, escalated from June
to December 1998 dollars using the Employment Cost Index for State and local employees (BLS,
1999a). The unloaded hourly rate for technical staff is $15.21 and the unloaded rate for
manageria staff is$22.31. Loaded rates, assuming the same 1.4 load factor used in the system
estimates above, are $21.29 and $31.23, respectively.

To reduce the potential burden on small systems, EPA developed and evaluated the cost
implications of several regulatory aternatives for the following provisions: individud filter
turbidity monitoring, disinfection benchmark applicability monitoring, disinfection benchmark
profiling, and recycle provisions. Chapter 3 describes the alternativesin detail, they are briefly
summarized below in the cost analysis sections for these provisions.

6.2 Turbidity Provisions Cost Analysis

The national annua cost estimate includes costs for two provisions that address finished water
turbidity levels. The combined filter effluent (CFE) provision has requirements that differ across
filtration methods. Systems using conventional or direct filtration must meet a 95™ percentile
turbidity value of 0.3 nephelometric treatment units (NTUs) and a maximum turbidity value of 1
NTU. Systems using membrane filtration will be required to meet these standards or standards
determined by the State not to exceed 1 NTU in 95 percent of monthly measurements and a
maximum of 5 NTU. Systems using aternative filtration methods will need to meet turbidity
standards determined by the State, not to exceed 1 NTU in 95 percent of monthly measurements

4 The quarterly index does not allow an exact match with January 1999 units for al other cost items. The
December 1998 index valueis a closer approximation than the March 1999 value; the growth rate between these
two index values was 0.6 percent and any partia adjustment is not expected to affect reported costs, which are
generaly reported in tenths of millions of dollars.

5 The load factor for fringe benefits and supplemental pay for professional and technical occupationsis
approximately 1.3 (BLS, 1999a), and the IESWTR cost analysis used a slightly higher load factor of 1.4 to include
other costs. The samerate is used to develop labor costs for the proposed LT1FBR.
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and amaximum of 5NTU. The second provision requires al systems that use conventional or
direct filtration to monitor individual filter turbidity levels and submit exceptions reports when

turbidity levels exceed reporting thresholds.

To comply with the CFE provision, some conventional and direct filtration systems will need

to implement process improvements. The applicable annua cost estimate for those systems include
the annualized capital cost of the new equipment and the annual cost of incremental labor and
supplies (e.g., electrical power and polymer stock) needed to operate and maintain the equipment.
Systems that use other filtration methods will need to demonstrate that their systems meet the
microbial removal or inactivation goals noted in the proposed rule, which will form the basis for
State determinations regarding their turbidity standards. Annual costs will comprise annualized
demonstration and determination costs.

Exhibit 6-1 summarizes EPA’s estimate of the number of systems potentially affected by each
element of the turbidity provisions. The costs associated with each system and the methods for
estimating the numbers of affected systems are described in more detail in Sections 6.2.1 through

6.2.3.

Exhibit 6-1. Summary of the Estimated Number of Small Systems
Affected by Turbidity Provision

System Size Category

Provision #100 | 101500 | s01-1,000 | 10013300 | 3301-9,999 Total
Combined Filter Effluent Provision
Turbidity Treatment
Modifications 341 456 331 675 603 2,406
(Section 6.2.1)
Individual Filter Monitoring Provision
Monitoring
(Section 6.22) 836 1,117 810 1,655 1,478 5,896
Exceptions Reporting 150-167 | 201-223 146-162 298-331 266296 | 1,061-1,179
(Section 6.2.3)
Individual Filter
Assessment (Section 6.2.3) 33 4 32 66 59 236
Comprehensive
Performance Evauation 17 22 16 33 30 118
(Section 6.2.3)

Detail may not add to total due to rounding.

6.2.1 Combined Filter Effluent Provision: Turbidity Treatment Costs

Unit Costs

EPA identified 24 treatment process improvements that small conventional and direct filtration
systems might implement to improve finished water quality to meet the proposed CFE turbidity
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standards. The unit costs devel oped for these process improvements are based on cost models,®
best engineering judgment, and existing cost and technology documents. In most cases, EPA
derived costs from estimates of system design and average flow rates. The Cost and Technology
Document for the Long Term 1 Enhanced Surface Water Treatment and Filter Backwash Rule
(U.S. EPA, 1999b) describes the methods and assumptions used to develop unit costs. Exhibit
6—2a reports capital costs per system for each treatment process improvement by system size
category. These are actua costs; they do not reflect annualized values. Exhibit 6-2b reports the
annual O& M costs.

Compliance Forecast

EPA based the compliance forecast on its understanding of current levels of finished water
turbidity and the requirementsin the proposed rule. Systems generally measure turbidity in two
ways. as the output from an individua filter and as a combined stream of al individud filter
outpuits (i.e., combined filter effluent). During the development of the rule, EPA analyzed CFE
maximum and 95" percentile turbidity results from finished water turbidity data provided by States
to determine how many systems currently fail to meet the proposed turbidity standards. Predicted
compliance was measured as meeting alimit such as0.3 NTU at least 95 percent of the time and
not exceeding a CFE maximum such as 1 NTU. In general, plants that expect to meet a0.3 NTU
limit 95 percent of the time will target operations to achieve 0.2 NTU to ensure that they would
consistently meet the 0.3 NTU level. EPA took thisinto consideration when it devel oped
estimates of the numbers of systems expected to modify treatment.

Using the baseline information on filtration practices and finished water turbidity results, which
was discussed in Chapter 4, EPA developed a compliance forecast for the proposed 95" percentile
turbidity standard of 0.3 NTU. EPA also developed forecasts for two other standards, 0.2 NTU
and 0.1 NTU, to evauate the effect of more stringent standards on marginal treatment costs (see
Appendix tables C-1 through C-3 for detailed compliance forecasts). A compliance forecast first
estimates the number of systems expected to modify their treatment practices to meet the turbidity
requirements, and then it identifies the process modifications they would likely select. The number
of systems requiring each process modification were multiplied by the unit costsin Section 6.2.1 to
obtain total costs per treatment alternative. Costs were then summed across the treatment
alternatives to obtain total costs and then annualized using the 3 percent and 7 percent discount
rates.

The compliance forecast estimatesin Appendix tables C-1 through C-3 vary across the five
system size categories because compliance needs will vary by system size. Furthermore, the
treatment modifications are generally not mutually exclusive (i.e., some systems are expected to

5 EPA used three cost models: the Very Small System (VSS) Model, which is a spreadsheet model based on
cost equationsin Very Small Systems. Best Available Technology Document (U.S. EPA, 1993); the WATER Modd,
which is a spreadsheet model based on cost equation in Estimation of Small System Water Treatment Costs (U.S.
EPA, 1984); and the W/W COSTS Model, which contains cost estimating routines based on cost equationsin
Estimating Water Treatment Costs. Volume 2. Cost Curves Applicable to 1 to 200 mgd Treatment Plants
(U.S. EPA, 1979).
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Exhibit 6-2a. Treatment Process | mprovement Capital Costs per System
(January 1999 dollars)

System Population Size Categories #100 |101-500 |501-1,000(1,001-3,30 | 3,301-9,999
0

Chemical Addition

Install coagulant aid polymer feed capability $9,016 $9,016 $9,016 $9,016 $9,016

Install backwash water polymer feed capability $9,016 $9,016 $9,016 $9,016 $9,016

Install pH adjustment for enhancing alkalinity $8137 $8137 $8137 $8137 $8137

purposes

Coagulant | mprovements

Primary coagulant feed points, control, measurement | $9,016 I $9,016 $9,016 $9,016 $9,016

Rapid Mixing

Rapid mix improvements—mechanical $2,444 $2,444 $3,157 $3,768 $6,212

Rapid mix improvements—structural $2,852 $2,852 $3,768 $4,583 $9,064

Flocculant | mprovements

Flocculation improvements—mechanical $8,351 $9,064 $12,730 $16,397 $32,081

Floccul ation improvements—structural $15,888 | $22,406 $39,210 $52,755 $100,418

Settling | mprovements

Equipment modification—weirs, inf/effl, etc. $519 $1,348 $3,157 $6,824 $14,665

Add tube settlers $2,953 $10,694 $28,882 $70,476 $207,150

Filtration |mprovements

Filter media additions $415 $933 $1,660 $3,259 $12,221

Filter media overhaul $7,333 | $28,516 $76,281 $186,170 $423,466

Backwashing—increase flow/velocity $9,879 | $15,277 $22,609 $65,282 $144,516

Backwashing—install surface wash $10,388 | $17,212 $30,451 $117,324 $162,339

Post backwash filter-to-waste $3,055 $5,194 $10,490 $46,543 $55,505

Filter control systems $2,139 $4,176 $7,027 $29,229 $36,358

Individual filter turbidimeter installation® $3,941 $3,941 $3,941 $7,862 $10,816

Membrane (microfiltration) $56,523 | $162,441 | $341,482 $741,014 $1,635,914

Administrative Culture Improvements

Plant staffing—increase (1 or 2 persons) 2 $0 $0 $0 $0 $0

Staff qualifications? $0 $0 $0 $0 $0

L aboratory M odifications

E:,ir:;:h top turbidimeter purchase—replace obsolete $1293 $1293 $1203 $1203 $1293

Jar test apparatus purchase $2,342 $2,342 $2,342 $2,342 $2,342

Alternative process control testing equipment $8,534 $8,534 $8,534 $8,534 $8,534

Process Control Testing M odifications

Staff training (advanced) | $4,888 I $4,888 $4,888 $4,888 $4,888

Turbidimeter installation was included with other capital costs for modeling purposes although this treatment
change will be undertaken because of the individual turbidity monitoring provision instead of the CFE provision.
2 There are no capital costs for this treatment process improvement.
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Exhibit 6-2b. Treatment Process | mprovement Operation & Maintenance Costs per System
(January 1999 dollar s)

System Population Size Categories #100 |101-500(]501-1,000 |1,001-3,30 | 3,301-9,999
0

Chemical Addition

Install coagulant aid polymer feed capability $2,908 | $2,908 $2,908 $2,908 $4,081

Install backwash water polymer feed capability $2,908 | $2,908 $2,908 $2,908 $4,074

Install pH adjustment for enhancing alkalinity purposes | $5,581 | $5,707 $5,991 $6,814 $12,246

Coagulant | mprovements

Primary coagulant feed points, control, measurement | $2,908 | $2,908 $2,908 $2,908 $4,081

Rapid Mixing

Rapid mix improvements—mechanical $2,803 | $2,803 $2,953 $3,157 $5,296

Rapid mix improvements—structural $2,803 | $2,803 $2,953 $3,157 $5,296

Flocculant | mprovements

Floccul ation improvements—mechanical $2,750 | $2,852 $2,852 $2,953 $4,787

Floccul ation improvements—structural $2,852 | $2,852 $2,852 $2,953 $4,787

Settling | mprovements

Equipment modification—weirs, inf/effl, etc. $741 $741 $2,224 $2,224 $6,355

Add tube settlers $741 $741 $2,224 $2,224 $6,355

Filtration | mprovements

Filter media additions $0 $0 $0 $0 $0

Filter media overhaul? $0 $0 $0 $0 $0

?1%(:1%?2 'nnge_a;g: rease flow/velocity $3870 | $4277 | 4583 $6,212 $17,619

Backwashing—install surface wash $1,731 | $2,037 $2,241 $4,583 $5,805

Post backwash filter-to-waste $3,768 | $4,074 $4,379 $5,907 $8,555

Filter control systems $2,750 | $3,157 $3,972 $8,555 $18,332

Individual filter turbidimeter installation® $825 $825 $825 $825 $825

M embrane (microfiltration) $13,647 | $23,730 $46,543 $90,132 $251,146

IAdministrative Culture I mprovements

Plant staffing—increase (1 or 2 persons) $14,828 | $14,828 $29,657 $29,657 $42,367

Staff qualifications $672 $672 $672 $713 $1,080

L aboratory M odifications

Bench top turbidimeter purchase—replace $76 $76 $76 $76 $76

obsolete units

Jar test apparatus purchase? $0 $0 $0 $0 $0

Alternative process control testing equipment $1,483 | $1,483 $1,483 $1,483 $2,118

Process Control Testing Modifications

Staff training (advanced)? | $0 | $0 | $0 | $0 | $0

Turbidimeter installation was included with other O& M costs for modeling purposes although this treatment change

will be undertaken because of the individual turbidity monitoring provision instead of the CFE provision.

2There are no O& M costs for this treatment process improvement.
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adopt more than one of the treatment process improvements). Consequently, the sum of
percentages across the treatment process improvements exceeds 100 for each system size category.

The percentages provided in the compliance forecast tablesin Appendix C generally indicate the
percent of the systems expected to modify treatment that will adopt each treatment process change.
For individua filter turbidimeter installation, however, the percentage appliesto all systems
affected by the proposed individua filter turbidity monitoring provision, not just to those systems
that are expected to modify their treatment to meet the turbidity levelsin therule. All systems that
practice conventiona or direct filtration will be required to install individual filter turbidimeters
under the rule, regardless of current performance. For the IESWTR RIA, EPA assumed that
approximately 20 percent of systems aready have turbidimeters in place and 80 percent will need
to install aturbidimeter for each filter. EPA has no data to suggest that small systems are any more
or lesslikely to have turbidimetersinstalled. Thus, EPA will use the same assumption until better
datafor smal systemsisavailable.

EPA estimated that 2,406 or 41 percent of the 5,896 conventional and direct filtration systems
incur treatment modification costs to meet arevised turbidity standard of 0.3 NTU.” Exhibit 6-3
summarizes the number of systems needing to modify treatment by size category. Treatment
modifications for the proposed 0.3 NTU standard and 0.2 NTU sensitivity analysisincluded a
wide variety of technologies. For the 0.1 NTU sensitivity analysis, however, EPA assumed that
increased protection would be achieved primarily through adoption of membrane technology
rather than altering other treatment practices to reduce turbidity.

System Costs

Exhibit 64 summarizes annual cost estimates including annualized capital costs and annual O&M
expenditures by system size and turbidity level. Total annualized costs for the proposed 0.3 NTU
standard are $47.4 million to $52.2 million, depending on the discount rate assumption. The
sengitivity analysis shows that costs increase rapidly for more stringent turbidity standards. Total
costs for the 0.2 NTU case are approximately 157 percent higher than costs for the 0.3 NTU
standard (at the 7 percent discount rate), and costs for the 0.1 NTU case are approximately 675
percent higher than the 0.3 NTU costs. As noted, the cost estimates for the 0.2 NTU and 0.1 NTU
cases are likely to be under estimated because the number of systems modifying treatment was
assumed to be the same; if more systems would need to modify treatment to meet the stronger
standards, costs would be higher than those reported in Exhibit 6-4. EPA identified severa cost
driversfor the 0.3 NTU and 7 percent discount rate assumptions. O& M expenditures account for
59 percent of annual costs; the remaining 41 percent is annualized

" EPA assumed that the number of systems expected to modify treatment remains the same for the 0.2 NTU
and 0.1 NTU sensitivity anayses, but altered the mix of treatment changes. This potentially under estimates the
marginal costsfor the 0.2 NTU and 0.1 NTU standards because it excludes costs that might accrue to systems that
currently meet the 0.3 NTU standard (i.e., that currently achieve 0.2 NTU turbidity levels at least 95 percent of the
time), but do not meet 0.2 NTU or a0.1 NTU standard.
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Exhibit 6-3. Number of Systems M odifying Treatment Practicesto Meet
New Turbidity Standards

Number of Conventional Number of Systems Expected

System Size and Direct Systems to Modify Treatment
# 100 836 341
101-500 1,117 456
501-1,000 810 331
1,001-3,300 1,655 675
3,301-9,999 1,478 603
Total 5,896 2,406

Exhibit 64. Annual Cost Estimatesfor Turbidity Treatment Requirements
(January 1999 dollars, millions)

0.3NTU 0.2NTU 0.1NTU

System Size 3% 7% 3% 7% 3% 7%
# 100 $4.3 $4.5 $5.4 $5.7 $8.0 $8.6
101-500 $5.6 $6.0 $8.7 $9.4 $17.8 $19.8
501-1,000 $5.5 $5.9 $10.1 $11.1 $24.8 $27.9
1,001-3,300 $14.4 $16.0 $33.7 $38.0 $96.7 $109.9
3,301-9,999 $17.5 $19.9 $62.2 $69.9 $212.6 $238.5
Total $47.4 $52.2 $120.0 $134.1 $360.0 $404.6

Results for the 3 percent discount rate are in Appendix D and results for the 7 percent discount rate arein Appendix E.
Detail may not add to total due to rounding.

capital costs. Approximately 36 percent of total O&M expenditures are for plant staffing
increases. Plant staffing is one of four process improvements that together account for almost 50
percent of total turbidity treatment costs:

»  Filter control systems (8 percent of total costs)

*  Filter media overhaul (8 percent of total costs)

»  Backwashing-install surface wash (10 percent of total costs)
* Plant staffing increase (21 percent of total costs).

6.2.2 Individual Filter Monitoring Provision: Monitoring Costs

The proposed rule requires that all small surface water or GWUDI systems using conventional or
direct filtration continuously monitor turbidity for each filter in their system. This section discusses
EPA’s estimate of monitoring costs for systems and States. Turbidity monitoring costs include
both start-up and annual costs for systems and States. 1n each case, the underlying estimation
approach isthe same. Costs for monitoring activities reported below, however, do not include the
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capital and O& M costs of the turbidimeters, which were included in the previous discussion on
turbidity treatment. EPA estimated that total annualized costs for turbidimeters will be
approximately $9.0 million assuming a 3 percent discount rate or $9.8 million assuming a 7 percent
discount rate. Annual O& M expenses for calibration materials are $3.9 million and annualized
capital expenses account for the remainder.

The following analysis includes cost estimates for three aternatives, which are described below.
These aternatives will affect both the frequency and duration of system monitoring activities as
well as the number of exceptions reported, which is discussed in Section 6.2.3.

e Alternative T1: Individua filter monitoring and exceptions reporting requirements are
identical to the final IESWTR. They include a requirement to submit an exceptions
report for any individual filter that exceeds 1 NTU in two consecutive measurements
taken 15 minutes apart at any time or for any individua filter that exceeds 0.5 NTU in
two consecutive measurements taken 15 minutes apart at the end of 4 hours of filter
operation, which necessitates daily analysis and review of turbidity data gathered by
the turbidimeters. Finaly, afilter profileis required when any of the above
exceedances cannot be explained.

* Alternative T2: Individua filter monitoring and exceptions reporting requirements are
dightly revised from the final IESWTR provisions of T1 to exclude the exceptions
report for an individual filter that exceeds 0.5 NTU in two consecutive measurements
taken 15 minutes apart at the end of 4 hours of filter operation, which allows systems
to shift from daily to weekly analysis and review of the monitoring dataif they so
chose. For the cost analysis, EPA assumed that al systems review data weekly.
Finaly, thefilter profile requirement does not apply.

* Alternative T3: Individua filter monitoring and exceptions reporting requirements are
revised to adistributional standard. Only systems that exceed 0.5 NTU in more than 5
percent of monthly measurements or exceed 2 NTU in two consecutive measurements
are required to submit an exceptions report. Thus, monthly analysis review of data
should be sufficient to detect instances that require an exceptions report. The filter
profile requirement does not apply.

System Costs

System start-up activities were based on the list of activities included in the IESWTR cost anays's,
which were discussed with small entity representatives and stakehol ders during the SBREFA and
stakeholder meetings. System start-up activities include reading and understanding the rule,
mobilization and planning, and employee training. The cost analysis assumes durations for each
activity that adequately reflect staffing and expertise typicaly found in small systems. First, it
assumes that system managers (or system operators for systems serving 1,000 or fewer, which are
assumed to have no manageria staff) would spend 6 hours reviewing the rule to understand the
monitoring provision and how it affects their operations. Second, it assumes that 30 hours are
required for mobilization and planning activities, (e.g., assessing current plant operations and
employee schedules to develop a strategy for monitoring the turbidity data.) Finaly, it assumes 16
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hours for additional staff training among systems serving 1,001 to 3,300, and 40 hours for training
among systems serving 3,301 to 9,999. There are no training costs for the three smallest system
Size categories because the first two activities are assumed to be sufficient given their small staff
size.

Annua system monitoring activities at the plant level include data analysis, data review, and
recordkeeping. Exhibit 6-5 summarizes the activities for each of the three monitoring alternatives
EPA developed, and shows that labor hour assumptions differ by system size. The larger size
categories will require more time for data analysis and review because they have more filters and,
therefore, more turbidimeter readings to review.

Exhibit 6-5. Summary of Labor Requirementsfor Turbidity Monitoring Alter natives

Alternative T2
Compliance Alternative T1 (preferred option)
Activity System Size (minutes/day) (minutes/week) Alternative T3
DataAnalysis # 1,000 15 10
1,001-9,999 30 15 All systemswill require at
Data Review #1,000 15 10 most 2 hours/month
for dataanaysis, review,
1,001-9,999 30 15 and recordkeeping.
Recordkeeping al systems 2 hourg/month 2 hoursmonth

The burden estimate per system for Alternative T1 is about five times larger than the estimate for
Alternative T2 because it requires more data analysis. The burden estimate for Alternative T3 is
the smallest because the streamlined exceptions reporting requirement substantially reduces the
amount of time operators need to review data. EPA assumed that operators can complete the
required Alternative T3 analysis in approximately 24 hours per year compared to dlightly higher
burdens for Alternative T2 (i.e., 41 to 50 hours across size categories), and substantially higher
burdensfor Alternative T1 (i.e., 207 to 389 hours).

Estimated annual costs to systems for turbidity monitoring range from $5.6 million for Alternative
T3 to $63.3 million for Alternative T1 (Exhibit 6-6). The labor burden for annua monitoring and
reporting requirements ranges from 140,000 (T3) to 1.8 million (T1) hours per year. The
annualized national system start-up and implementation costs are $1.2 million assuming a 7 percent
discount rate. The total labor burden associated with system start-up activities is ailmost 300,000
hours.
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Exhibit 6-6. Annual System Turbidity Start-Up and Monitoring Cost by Alter native
(January 1999 dollars)

Annual Cost by Alternative ($ millions)
Compliance Alternative Alternative T2 Alternative
Activities T1 (preferred) T3
Annualized Monitoring Start-Up Cost (7%)* $1.2 $1.2 $1.2
Annua Monitoring Cost $62.1 $8.8 $4.4
Total Annual Cost? $63.3 $10.1 $5.6

Detail may not add to total due to independent rounding. See Appendices G—1athrough G-1f for detail.

Total start-up cost of $13.0 million is annualized over 20 years assuming a 7 percent discount rate. Using the 3 percent discount
rate, annualized start-up cost is $0.9 million.

2Total annual cost assuming a3 percent discount rate is $63.0 million (T1), $9.7 million (T2), and $5.3 million (T3).

Sate Costs

One-time State start-up activitiesinclude 12 hours to review the final rule, 120 hours for
mobilization and planning activities, and 120 hours for State staff training. The cost analysis
assumes that managerial staff account for about 80 percent of these hours and technical staff
account for the remaining 20 percent of hours. These assumptions are Similar to the cost analysis
inthefinal IESWTR RIA and may overstate costs if similar activities undertaken to implement the
IESWTR reduce the subsequent start-up burden for the proposed LT1FBR.

The State’ s annual responsibility under the rule includes ensuring that all systemsarein
compliance by reviewing monthly reports from each system. These reports indicate whether
individual filter monitoring occurred. State activities also include reviewing exceptions reports,
record keeping, and determining compliance. State activities for the proposed rule are based on
assumptions made for the cost analysisin the final IESWTR RIA, which were based on interviews
with State officials, areview of similar regulatory requirements, and confirmation by the M-DBP
Committee. The burdens have been adjusted from the IESWTR RIA assumptions to reflect effort
levels more appropriate for tracking compliance for small systems.

Exhibit 67 summarizes the estimated State cost of implementing the individual filter turbidity
monitoring provision. The rule would collectively cost States an estimated $413,000 in start-up
costs. Amortizing this cost at 7 percent resultsin an annual cost of almost $40,000. The national
labor burden for the State program start-up is estimated to exceed 14,000 hours. Annual
monitoring costs are $838 per system and the total cost for 5,896 systems is approximately $4.9
million. The annual labor burden is approximately 212,000 hours. These costs are more
applicable for aternatives T1 and T2; costs for T3 might be higher because States may need to
establish two tracking systems—one for small systems and one for large systems—because the
exceptions reporting requirements for small systems differ from the requirementsin IESWTR.
Maintaining two reporting systems might impose annual costs on States that offset the potential
cost-savings of T3. Consequently, EPA believes that T2 may actually be more cost effectivein
the long run even though the estimated costs of T3 are lower.
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Exhibit 6-7. State Turbidity Start-Up and Monitoring Annual Cost
(January 1999 dollars)

Respondents Unit Cost Annual Cost

Compliance Activities Affected % ($ millions)
Annualized Monitoring Start-Up Cost (7%)* 56 Entities $7,373 $0.04
Annual Monitoring Cost 5,896 Systems $838 $4.94
Total Annual Cost? $4.98

See Appendices G-1a, G-1b, and G-1g for detail.

Total start-up cost of $0.4 million is annualized assuming a 20-year time period and a 7 percent discount rate. Assuming a3
percent discount rate, annualized start-up cost is $0.03 million.

Total annual cost assuming a 3 percent discount rate is $4.97 million.

6.2.3 Individual Filter Monitoring Provision: Exceptions Reporting Costs

If monitoring activities indicate that individua filter turbidity levels exceed certain thresholds, the
proposed rule requires that systems submit an exceptions report to the State. If exceedances are
persistent, systems may be required to conduct an Individual Filter Assessment (IFA). States will
need to review the exceptions reports, and may need to complete Comprehensive Performance
Evaluations (CPE).

The regulatory aternatives differ primarily with respect to what turbidity levels trigger an
exceptions report. These differences generated a wide range of burden estimates for data
collection and analysis activities, which was discussed in the previous section. EPA expects,
however, that the overall effect on the number of exceptions reported will be minimal, reflecting
comparable levels of filter problem detection and health protection across the alternatives. Exhibit
68 summarizes the exceptions reporting requirements for the alternatives. It also describes the
conditions under which an IFA and CPE are required.

Exhibit 6-8. Exceptions Reporting, Individual Filter Assessment, and
Comprehensive Performance Evaluation Requirementsfor the
Individual Filter Turbidity Monitoring Alternatives

Alternative Alternative T2! Alternative
Activity T1? (preferred) T3t
Exceptions Reporting >1NTU >1NTU >0.5NTU ($5%)°
>0.5NTU? >2NTU

Individual Filter >1NTU for 3 >1NTU for 3 If an exceptions report is required
Assessment consecutive months consecutive months for 3 consecutive months
Comprehensive >2NTU for 2 >2NTU for 2 >2 NTU for 2 consecutive
Performance Evaluation consecutive months consecutive months months

IAll standards are based on any two consecutive measurements taken 15 minutes apart, except those noted below.
2Based on two consecutive measurements taken 15 minutes apart at the end of the first 4 hours of filter operation.
®Based on turbidity levels exceeding 0.5 NTU in at least 5 percent of measurements taken in amonth.

Individual filter turbidity measurements are assumed to trigger the equivaent of one monthly
exceptions report to the State at 20 percent of al systems each year for Alternatives T1 and T3,
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generating about 1,179 exceptions reports per year.2 Based on existing turbidity data, EPA
estimated that systemswill exceed 0.5 NTU in 5 percent of their measurements each month with
the same frequency that they exceed 1 NTU in two consecutive measurements. For Alternative
T2, EPA assumed that the equivalent of 18 percent of systems will generate one monthly
exceptions report (i.e., 1,061 reports per year); omitting the 0.5 NTU exceptions report trigger (see
Exhibit 6-8) leadsto this dight reduction. Preparation, submission, and review time is estimated to
take 1 hour per exceptions report for al system size categories and al regulatory alternatives.
Under T1, EPA assumesthat all systems will also require an additional 30 minutes to develop a
filter profile. Thisover estimates costs because some systems will not need to develop a profile.
EPA does not have the necessary data, however, to estimate the fraction of systems that will not
require afilter profile.

For all alternatives, EPA assumed that 4 percent of al systems each year will conduct an

IFA. Consequently, the levels of health protection provided by the monitoring alternatives are
expected to be comparable among one another. At this percentage, approximately 236 IFAs will
be conducted each year. The cost per IFA assumes that it takes 10 hours to complete at a labor
rate of $28/hour for systems with 1,000 or fewer served (costing $280 per IFA). IFAsfor systems
in the two larger size categories (1,001-3,300 and 3,301-9,999) will cost more ($336 and $432,
respectively) because of the more costly mix of technical and managerial labor.

For all alternatives, EPA assumes that each year 2 percent of all systemswill require a CPE.
Approximately 118 CPEs are assumed conducted each year. The cost estimate assumes that it will
require States 60 hours to complete a CPE at systems serving 1,000 or fewer and 120 hours to
complete a CPE at larger systems. The assumed labor rate of $100/hour isthe same rate used in
the IESWTR RIA to approximate a third-party cost including travel expenses.

Exhibit 6-9 summarizes estimated annual costs for water systems and States. System costs for the
preferred alternative, which include filing exceptions reports and conducting IFAS, total
approximately $0.12 million. States are expected to incur annua costs of $0.09 million to review
the exceptions reports and $1.08 million to perform CPEs. Cumulative annual costs for exceptions
reports, IFAs, and CPEs total $1.29 million under aternative T2.

Costs for monitoring aternatives T1 and T3 are approximately the same; the differenceisthat T3
does not include the filter profile requirement for systems. Costs for dternative T2 are lower
because of the reduced number of exceptions reports and because it does not include the filter
profile requirement for water systems.

8 This does not mean that 1,179 individual systems will submit areport because systems requiring an IFA
or CPE will submit multiple reports.
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Exhibit 6-9. System and State Costsfor Exceptions Reports, Individual Filter
Assessments, and Comprehensive Perfor mance Evaluations
(January 1999 dollars)

Annual Cost ($ millions)
Compliance Annual Alternative Alternative T2 Alternative
Activities Occurrence T1 (preferred) T3

System Costs

Annual Exceptions Reports 1,061-1,179 Reports $0.07 $0.05 $0.05
Annual IFAs 236 IFAs $0.08 $0.08 $0.08
Total System Cost $0.15 $0.12 $0.13
State Costs

Annual Exceptions Reports 1,061-1,179 Reports $0.10 $0.09 $0.10
Annual CPEs 118 CPEs $1.08 $1.08 $1.08
Total State Cost $1.18 $1.17 $1.18
Total Annual Cost $1.33 $1.29 $1.31

Detail may not add to total due to independent rounding. See Appendices G—2aand G—2b as well as G-1c through G—1g for
detail.

6.3 Disinfection Benchmarking Provision Cost Analysis

To comply with the Stage 1 Disinfectants and Disinfection Byproducts Rule (Stage 1 DBPR) (63
FR 69389, December 16, 1998), some small systems that use disinfection may need to alter
practices to reduce the presence of disinfection byproductsin finished water. Systems disinfect to
reduce the risk of microbial contamination in drinking water. Chemical reactions between the
disinfection products and organic material in source water, however, produce disinfection
byproducts. Chronic exposure to these byproducts over along period of time has been associated
with health risks such as cancer. Consequently, this provision does not apply to drinking water
systems that are classified as transient noncommunity water systems, because the population using
these systems changes over time. The benchmarking provision of the proposed LT1FBR will
provide information on the current level of Giardia inactivation to ensure that atered disinfection
practices do not increase risks of microbial infection. It isassumed that the 9,450 small surface
water and GWUDI systems that are classified as community or nontransient noncommunity
systems are subject to the disinfection benchmarking provision of the proposed rule.

Section 6.3.1 describes the activities systems will undertake to implement this provision and
estimates the associated costs. Section 6.3.2 provides the cost analysis for State activities.

6.3.1 System Costs

Systems will incur startup costs and they will implement this provision in two distinct phases: an
applicability monitoring phase, which determines whether a system needs to develop a benchmark,
and a profile and benchmark development phase. To minimize the potential burden of this
provision on systems, EPA developed a set of aternative regulatory requirements for each phase.
Sartup Costs
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Initial start-up activities—reading and understanding the rule, and mobilizing and planning—and

record keeping are assumed to require 20 hours of managerial or technical labor time per affected
system. Costs will range from $560 to $864 across the system size categories because wage rates
and hour alocations differ. Exhibit 610 summarizes total start-up costs.

Exhibit 6-10. Disinfection Benchmark Development Start-up Costs
by System Size (January 1999 dollars)

System Size Category Unit Cost Total Cost

(# systems) )] ($ millions)
# 500 (3,737) $560 $2.1
501-1,000 (1,301) $560 $0.7
1,001-3,300 (2,553) $672 $1.7
3,301-9,999 (1,859) $864 $1.6
Total $6.1
Annualized Cost (3%) $0.4
Annualized Cost (7%) $0.6

Detail may not add due to independent rounding. See Appendices G—-3athrough G-3f for detail.

Applicability Monitoring

Each small system may also be required to obtain water samples to test for tota trihalomethanes
(TTHM) and five haloacetic acids (HAAS5) concentrations, which will determine whether it must
develop adisinfection profile and benchmark. EPA evauated four monitoring alternatives that
differ with respect to data collection and analysis burdens on systems.

Alternative A1l: The TTHM and HAAS5 monitoring requirements for small systems
arethe same asthefina IESWTR provisions for large systems, which required all
systems to obtain four samplesin each of 4 quarters. A system may request that the
State waive its applicability monitoring requirement.

Alternative A2: Small systems serving more than 500 are required to obtain one
samplein each of 4 quarters. Small systems serving 500 and fewer are required to
obtain one sample during the critical period, which is determined by the State, and
systems may choose to obtain an optional second sample. A system may request that
the State waive its applicability monitoring requirement.

Alternative A3: All small systems must sample once during a critical period, whichis
determined by the State. A system may request that the State waive its applicability
monitoring requirement.

Alternative A4: Applicability monitoring is optional and systems do not need to
request a State waiver. All systems are required to develop a disinfection profile
beginning January 1, 2003, based on weekly calculation of log inactivation of Giardia
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lamblia, unless a system opts to perform the applicability monitoring during the month
of warmest water temperature in 2002 (i.e., collect one sample), and demonstrates that
TTHM and HAADS levels are less than 80 percent of their respective MCLs. This
aternative can only be paired with the second profile development aternative, which
is described in the next section. Systems that choose to forego applicability monitoring
under the LT1FBR may still need to gather TTHM and HAAS samples after January
1, 2003, under the Stage 1 DBPR.

Exhibit 6-11 summarizes the disinfection byproduct sampling requirements across the alternatives.
EPA assumed that each sample can be used for both a TTHM analysis and an HAAS analysis.
The exhibit summarizes the total number of chemical analyses for each individua alternative (e.g.,
the total number of analysesfor Alternative Al is 32: 4 sample locations x 2 analyses x 4
quarters). EPA assumes that each sample requires 2 hours of operator time to collect and process,
and that total lab fee will be $360 (assuming that it costs $180 to analyze each individual
contaminant). Conseguently, the labor burden and laboratory fees both decline as the number of
required samples declines.

Exhibit 6-11. Summary of Proposed Applicability Monitoring Sampling Alter natives'

System Size Alternative Alternative Alternative Alternative A4
Category Al A2 A3 (preferred)
Sample 4 times per Sar.n.pl e oncg du.rl ng Sar_n.pl e oncg du_rl ng thl ona sample
critical monitoring critical monitoring during warmest water
# 500 quarter for 4 quarters . o
(32 analyses) period” period temperature month
y (2 analyses) (2 analyses) (2 analyses)
Sample 4 times per Sample once per Sar_n.pl © oncg du_r| n (.)ptl ond sample
critical monitoring during warmest water
501-9,999 quarter for 4 quarters quarter for 4 quarters -
(32 analyses) (8 anlyses) period temperature month
y ¥ (2 analyses) (2 analyses)

*Each sample will be used for aTTHM analysis and an HAAS analysis.
2The State will determine the critical monitoring period, usually the month of warmest water temperature.
3gystems may obtain an additional sample.

Exhibit 6-12 shows total costs by system size category and monitoring aternative. System-level
costs for the two smallest size categories are identical, so the exhibit combines those categories.
These costs differ across the categories because the labor rate assumptions differ, as noted in
Section 6.2. Total annualized cost for the preferred aternative, A4, is either $0.03 million or $0.04
million depending on the discount rate assumption. By comparison, annualized cost for A1 is $4.3
million or $6.0 million.
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Exhibit 6-12. Disinfection Benchmark Applicability Monitoring Costs by
Alternative and System Size (January 1999 dollars)

Alternative Alternative Alternative Alternative A4
Al A2 A3 (preferred)
System Size Unit Total Unit Total Unit Total Unit Total
Category Cost Cost Cost Cost? Cost Cost Cost Cost
(# systems)* % ($ million) % ($ million) (€3] ($ million) % ($ millions)
# 500 $6,68
(3,737 1 463) 4 $25.0 $444 $1.9 $444 $1.7 $444 $0.21
501-1,000 $6,68 $1,69
7 2.2 .6 .06
(1,301 /128) 4 %8 2 $ $ad4 %0 $add %0
1,001-3,300 $6,71 $1,72
(2,553/ 253) 2 $17.1 0 $4.4 $472 $1.2 $472 $0.12
3,301-9,999 $7,09 $1,81
(1,859/116) 6 $13.2 6 $3.4 $496 $0.9 $496 $0.06
Total $64.0 $11.9 $4.4 $0.44
Annualized
Cost (3%) $4.3 $0.8 $0.3 $0.03
Annualized
Cost (7%) $6.0 $1.1 $0.4 $0.04

Detail may not add due to independent rounding. See Appendices G—-3a through G-3f for detail.

1The first number of systems are those assumed to conduct applicability monitoring under A1, A2, and A3; the second number is
those assumed to conduct applicability monitoring under A4.

2Thetotal cost for Alternative A2 assumes that 15 percent of systems in the #500 size category will collect an optional second
quarter sample to get an average DBP level. This assumption is based on the estimate that 29 percent of all systemswill need to
develop a profile and benchmark and half this amount will collect an optional second sample. Consequently, total cost is dightly
higher than the total cost for A3 although unit costs are the same.

The preferred dternative, A4, alows systems to forego applicability monitoring and begin
disinfection profile development in 2003. The cost estimates for aternative A4 reported in Exhibit
6—12 assume that almost al systems choose to forego applicability monitoring. Thisflexibility
combined with the lower cost per system reduces applicability monitoring costs by about 99
percent compared to the Alternative A1, which is the most similar to the IESWTR provision for
large systems. EPA assumed that the only systems that would choose conduct applicability
monitoring would be the 960 systems in States where total organic carbon levels tend to be 2 ppm
or lower (Washington, Oregon, Nevada, Idaho, Alaska, Wisconsin, and West Virginia). EPA
assumed that these systems could reasonably expect to have TTHM and HAADS levels below the
profiling thresholds and, thereby, would only incur applicability monitoring costs. EPA assumed
that al other systems would choose to forego applicability monitoring rather than potentially incur
both applicability monitoring and profile development costs. Thus, systems implement either
applicability monitoring or profiling; no system performs both. This alternative is more cost
effective than A3, which requires the same number of samples per system, but makes monitoring
mandatory.
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Profile and Benchmark Development Activities

Systems must develop a disinfection profile and may need to develop a benchmark if they choose
to forego monitoring under aternative A4 or if applicability monitoring data under any
applicability monitoring alternative show that either TTHM or HAAS are equal to or exceed 80
percent of their respective maximum contaminant levels (MCLS):

e TTHM levelsare at least 80 percent of the MCL (i.e., 0.064 mg/L)
* HAAS5Ilevelsare at least 80 percent of the MCL (i.e., 0.048 mg/L).

EPA based its assumption regarding the number of small systems on its earlier assumptions for the
IESWTR and the Stage 1 DBPR RIAs. Thefinal IESWTR RIA determined that 29 percent of all
large systems would need to devel op disinfection benchmarks based on data in the 1996 Water
Industry Database (WIDB). This percentage reflects the number of systems with levelsthat are
equal to or greater than either 0.064 mg/L for TTHM or 0.048 mg/L for HAAS5.° Thefina Stage
1 DBPR RIA reported that approximately 24 percent of large systems would exceed at least one of
the thresholds, based on another analysis of 1996 WIDB data. Furthermore, the Stage 1 DBPR
RIA compliance forecast assumed that the rate would be applicable to small systems. This
analysis makes a similar assumption, but applies the higher rate, 29 percent, to small systems.
Preliminary data reviewed by EPA suggest this assumption is within an acceptable range of
uncertainty for small systems. Additional data, however, are still under review.

A disinfection benchmark is based on a disinfection profile, which is a compilation of Giardia
lamblia log inactivation levels (as well asviral inactivation levels for systems using either
chloramines or ozone for primary disinfection). System operators will compute log inactivation
levels based on measurements of operational data (i.e., disinfectant residual concentration at the
first customer and just prior to each additional point of disinfectant addition, contact time during
peak flow conditions, temperature, and pH). The disinfection benchmark is lowest level of
inactivation in the disinfection profile. It will be used by the system in consultation with the State
to evaluate potential changes to disinfection practices that systems may make to comply with the
Stage 1 DBPR.

% The 1996 Water Industry Data Base (WIDB) includes annual average TTHM and HAAS figures from 574
plants (comprising 399 systems). Analysis of the 78 systemsin the 1996 WIDB for which TTHM and HAAS data
exist shows that 29 percent had TTHM levels greater than 0.064 mg/L and/or HAA levels greater than 0.048 mg/L.

February 15, 2000 6-19 RIA for the Proposed LT1FBR



EPA considered three aternative data collection regimes for profile development, which are
summarized in Exhibit 6-13.1° The dternatives differ with respect to the total number of profile
observations, which depend on the frequency of data collection and the length of the collection
period:

» Alternative B1: Daily data collection for 1 year

* Alternative B2: Weekly data collection for 1 year

* Alternative B3: Daily data collection for 1 month.

Exhibit 6-13. Summary of Alternative System-L evel Data Collection Requirements
for the Disinfection Profile

Alternative B2
Collection Requirement Alternative B1 (preferred with A4) Alternative B3
Frequency Daily Weekly Daily
Duration 1year 1year 1 month
Total profile observations 365 52 30
Profile burden (hours) 91 13 8
Benchmark burden (hours) 48 48 48

The burden estimate assumed that system operators will use a spreadsheet to cal culate inactivation
levels and that they will require 15 minutes per observation to collect, enter, and review data. If a
benchmark is required because a system plansto ater its disinfection practices, then additiona
effort is required to develop the benchmark and prepare areport for the State (40 hours) that
describes the profile and benchmark cal culations and how the proposed change may affect
inactivation levels in comparison with the benchmark. Furthermore, the system will require atotal
of 8 hours on average to meet with the State. Exhibit 613 reports the total burden per system for
each aternative in hours. Regardless of the differences in system burden, all three alternatives are
expected to achieve comparable levels of health protection.

EPA assumes that only 29 percent of affected systems cal culate benchmarks, regardless of how
many gather profile data because benchmarks need only be calculated when disinfection practices
must change. Thus, Exhibit 614 reports profile and benchmark costs separately. Exhibit 6-14
also reports supplementary costs for developing vira inactivation profiles and benchmarks, which
will be required of a subset of systems changing disinfection practices because they use
chloromines or ozone. According to CWSS data, between 0.3 and 2.9 percent of small systems
utilize chloromines or ozone and would require the additional profile and benchmark effort.

10 The Preamble contains an additional “no action” option that is not included in the cost analysis
because feedback from small system operators indicated that it is beneficia for them to know their system’slevel
of microbia inactivation. Furthermore, the public health protection principles developed during the regulation
negotiation and Federal Advisory Committee should be applied to small system aswell as large systems.
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Total costs range from $5.4 million (B3) to $13.6 million (B1). These cost estimates are
conservative because they do not include any of potential cost savings from waivers. Systems
serving 500 or fewer people can apply for waiversto allow them to submit observed data to the
State rather than calculate inactivation levels for the profile. Shifting part of the system’s labor
burden to the State would decrease the cost estimates because the hourly labor rate assumptions
used for State staff are somewhat lower than the system rates.

Overall, B2 costs about 60 percent more than B3 (the lowest cost alternative) because EPA
assumed that substantially more systems would forego monitoring and develop profiles. Yet, EPA
selected B2 asthe preferred alternative because it provides a profile over an entire year rather than
one month for a small incremental increase in system-level cost.
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Exhibit 6-14. Summary of System Disinfection Profile and Benchmarking Costs
by Alternative and System Size (January 1999 dollars)

Alternative Alternative B2 Alternative
Bl (preferred with A4) B3
System Size Category Unit Cost | Total Cost Unit Cost Total Cost Unit Cost Total Cost
(# systems) %) ($ million) (%) ($ million) (%) ($ million)
Profile Development
a 0:4?;27 2! $2,583 $2.8 $392 $1.3 $238 $0.3
(:3%/_1%'10703?1 $2,583 $1.0 $392 $0.5 $238 $0.1
(1%38/1; 2‘5’3? $3,463 $2.6 $541 $1.2 $336 $0.2
(35?3’3/11_ 3’3;? $4,193 $2.3 $645 $1.1 $396 $0.2
Subtotal $8.6 $4.1 $0.8
Benchmark Development
# 500 (1,084) $1,344 $1.5 $1,344 $1.5 $1,344 $1.5
501-1,000 (377) $1,344 $0.5 $1,344 $0.5 $1,344 $0.5
1,001-3,300 (740) $1,680 $1.2 $1,680 $1.2 $1,680 $1.2
3,301-9,999 (539) $2,112 $1.1 $2,112 $1.1 $2,112 $1.1
Subtotal $4.3 $4.3 $4.3
Supplemental Viral Profile/Benchmark
# 500 (11) $3,675 $0.04 $1,484 $0.01 $1,330 $0.01
501-1,000 (4) $3,675 $0.01 $1,484 $0.01 $1,330 $0.01
1,001-3,300 (74) $4,751 $0.35 $1,829 $0.14 $1,624 $0.12
3,301-9,999 (39) $5,865 $0.23 $2,317 $0.09 $2,068 $0.08
Subtotal $0.6 $0.2 $0.2
Total $13.6 $8.7 $5.4
Annualized Cost (3%) $0.9 $0.6 $0.4
Annualized Cost (7%) $1.3 $0.8 $0.5

Detail may not add to total due to independent rounding. See Appendices G-3athrough G-3f for detail.
!In the profile development section, the first number is the number of systems affected by B1 and B3; the second is the number of
systems affected by B2, assuming it is paired with A4.
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6.3.2 StateCosts

Similar to IESWTR, each State will review disinfection benchmarks and meet with systems to
approve any significant changes in disinfection practice (e.g., move point of disinfection, change
the type of disinfectant, change the disinfection process, or make other changes designated as
significant by the State). Supporting materials for these consultations must include a description of
the proposed change, the disinfection benchmark, and an analysis of how the proposed change will
alter the effectiveness of disinfection.

State activities considered applicable to the disinfection benchmark process included reading and
understanding the rule changes, mobilization and planning, training of State staff, and providing
training in protocols for systems and consultants. The cost analysis assumes these start-up
activities require about 144 hours and cost $3,472 per State. For each of the 9,450 systems
affected by the rule, the State must track compliance (e.g., track whether an applicability
monitoring or profiling notification was submitted) and keep records. EPA assumes an average
burden of 8 hours or $190 per system for al such activities. The burden associated with Giardia
lamblia benchmark activities such as reviewing data, approving significant changes in disinfection
practices, and meeting with systems are assumed to require 32 hours per system and cost $761 per
system. Supplementary viral benchmark data review and determination activities will require 16
additional hours and cost $380 per system. The supplementary viral benchmark time estimate is
lower because the meeting cost can address both benchmarks. Although meetings require 4 hours
for systems, EPA assumed a higher burden for States to account for travel time, which is assumed
to average 4 hours per mesting.

Exhibit 6-15 summarizes State costs for reviewing system disinfection benchmarks including start-
up and benchmark review costs per State, and total costsfor al States. As noted above, the State
burden would increase if systems serving fewer than 500 people apply for awaiver that would
shift part of the system’ s profiling and benchmark burden to the State.

Exhibit 6-15. State Disinfection Benchmarking Costs (January 1999 dollars)

Respondents Total Cost

Compliance Activities Affected Unit Cost ($) ($ millions)
Start-up Cost! 56 Entities $3,472 $0.19
Compliance Tracking/Record Keeping Cost 9,450 Systems $190 $1.80
Giardia Profile and Benchmark Cost 2,741 Systems $761 $2.09
Supplementa Viral Benchmark Cost 128 Systems $380 $0.05
Total Cost $4.13
Annualized Cost (3%) $0.28
Annualized Cost (7%) $0.39

Detail may not add to total due to independent rounding. See Appendices G—3a, G-3b, and G—3g for detail.
The $3,472 unit cost is applicable for B1 and B2. The unit cost for B3 of $3,662 is higher because States need to determine the
critical monitoring period. Thetota startup cost is$0.19 million.
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6.4 Covered Finished Water Reservoir Provision Cost Analysis

The proposed LT1FBR requires that small public water systems using surface water or GWUDI
cover al new finished water reservairs, holding tanks, or other storage facilities for finished water.
Finished water reservoirs open to the atmosphere are subject to the same environmental factors as
surface waters, depending on site-specific characteristics and the degree of protection provided.
These include contamination by persons swimming, disposal of garbage into the reservair,
microbia organisms, smal mammals, birds, fish, and the growth of algae. This contamination is
marked by increasesin algal cells, bacteria, turbidity, total and fecal coliforms (e.g., E. coli), and
pathogens.

6.4.1 Unit Cost

The calculations for this rule element use amodel finished water reservoir, assuming a 10-foot
depth for systems serving 3,300 or fewer people, and a 20-foot depth for systems serving 3,301 to
9,999 people. It assumes areservoir storage volume equal to 1 day of average water flow capacity
for each system size category. Cover costs are approximately $2.00 per square foot for afloating
cover. O&M costs include visual inspections, cleaning, and repair expenses. Exhibit 6-16
summarizes the capital and O& M costs by system size.

Exhibit 6-16. Unit Cost Assumptionsto Cover New Finished Water Reservoirs

System Size Reservoir Volume (ft°) Cover Area (ft?) Capital Cost ($) O&M Cost ($)
#100 936 94 $188 $3,370
101-500 3,743 375 $750 $2,860
501-1,000 10,027 1,003 $2,006 $4,423
1,001-3,300 28,476 1,424 $2,848 $4,067
3,301-9,999 100,000 5,000 $10,000 $7,501

6.4.2 Compliance Forecast

The analysis of costs for covering new finished water reservoirs is complicated by the lack of data
regarding the construction of reservoirs over the next 20 years. The precise number of systems
constructing finished water reservoirsis unknown. Because the proposed rule requires all systems
congtructing finished water reservoirsto cover them, its cost impact is only on those that were not
originally planning to construct covers. EPA assumes that future construction rates can be
approximated by historical rates and assumes that no small systems would include storage covers
without the proposed rule. Historical construction rates suggest that new reservoirs over the next
20 years will roughly equa 5 percent of the existing number of systems. Exhibit 6-17 summarizes
the number of new storage reservoirs affected by the proposed rule.

6.4.3 System Costs

Exhibit 6-17 summarizes the total cost by system size. Tota annual costs, including annualized
capital costsand 1 year of O& M costs, are expected to be $2.55 million or $2.59 million
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depending on the discount rate. This estimate over states costs because it assumes that the new
storage facilities are built in the first year rather than over a 20-year period.

Exhibit 6-17. Total Cost Estimatesto Cover New Finished Water Reservoirs

(January 1999 dollars)

Number of New Total Annualized Cost (3%) Total Annualized Cost (7%)

System Size Reservoirs ($ millions) ($ millions)
#100 140 $0.474 $0.475
101-500 143 $0.416 $0.419
501-1,000 70 $0.319 $0.323
1001-3,300 132 $0.560 $0.570
3,301-9,999 95 $0.776 $0.802
Total 580 $2.545 $2.589

Detail may not add to total due to independent rounding. See Appendix C-9 for detall.

6.5 Recycle Provisons Cost Analysis

Unlike the provisions discussed above, the proposed recycle provisions apply to both large and
small surface water or GWUDI systems. The recycle provisions primarily affect three types of
systems. Exhibit 6-18 summarizes the number of systems potentialy affected by system type and

Size category.

» Systemsthat do not return recycle prior to the point of primary coagulant
addition, defined as systems employing rapid granular filtration that currently return
spent filter backwash, thickener supernatant, or liquids from dewatering processes
concurrent with or downstream from the point of primary coagulant addition, will need
to move the reintroduction point unless the State grants awaiver for an aternative

location.

» Direct recycle systemsthat employ conventional rapid granular filtration treatment,
use 20 or fewer filters to meet production requirements during the highest production
month in the 12-month period prior to the proposed rule’ s compliance date, and
recycle spent filter backwash or thickener supernatent to the primary treatment process
will be required to conduct arecycle self assessment to determine whether it exceeds
its State approved operating capacity during recycle events and consult with the State
to determine whether changes to recycle practices are necessary. Alternatively, EPA
also considered requirements that all direct recycle systems construct a flow
equalization basin or a sedimentation basin.

» Direct filtration systems that recycle to the primary treatment process will be required
to report their recycling practices to the State, which will decide if changesto recycle
practices are necessary. EPA also evaluated an aternative requirement that these
systems ingtall a sedimentation basin.
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Exhibit 6-18. Systems Potentially Affected by the Proposed Recycling Provisions

System Size
Small Systems Large Systems

Type of System Affected by a Provision® <10,000 $10,000 Total
Total rapid granular filtration systems that recycle 3,538 1,008 4,636
w_stems moving recyglg return to point prior to 569 1 701
primary coagulant addition
Direct recycle systems 757 342 1,099
Direct filtration systems 248 77 325

Detail may not add to total due to independent rounding.
Note: To be consistent with the baseline numbersin Chapter 4, these system estimates exclude seven individual

plants that belong to systems serving more than one million people, which have been included in the cost

analysis asindicated in Appendices C-13, D-11, E-11, and G—4 through G-6. See footnote 11 for discussion.

L EPA is consideri ng an alternative under which conventional filtration systems that currently have flow

equalization basins would be required to provide sedimentation or more advanced treatment. This aternative
would affect an additional 296 small conventional systems and an additional 141 large conventional systems for

atotal of 437 conventiona systems.

EPA considered four regulatory alternatives for the recycle provisions. The aternatives are
discussed in detail in Chapter 3 (see Exhibit 3-4 for asummary). The dternatives differ with

respect to their affect on the three types of systems described above.

* Alternative R1 requires al systems to return spent filter backwash, thickener
supernatant, and liquids from dewatering to a point prior to primary coagulant
addition, unless the State grants awaiver. Systems that must change their recycle
practices are required to submit a plant schematic, which shows the current return
location(s) and the proposed new return location, to the State. This provisionisthe

same for al of the alternatives.

» Alternative R2 requires direct recycle systems to conduct a self assessment and report
the results to the State, and it requires direct filtration systemsto report their recycle
practices to the State. 1n both instances, the State will make determinations regarding
changesin recycle practices. The requirement for the return flow location is the same

asR1.

* Alternative R3 has the same requirements as R2 for direct filtration systems and the

recycle return location. It differsfrom R2 in that &l direct recycle systems are required
to ingtal aflow equalization basin; no self assessment is required, although States must
still review basin installation plans.

Alternative R4 requires that all systems provide treatment for recycle flowsthat is
equivalent to or more advanced than sedimentation. This affects all systems that

RIA for the Proposed LT1FBR 6-26 February 15, 2000



practice direct recycle, direct filtration systems that do not have recycle treatment, and
conventional filtration systems that only provide flow equalization for recycle streams.
The requirement for recycling prior to the point of primary coagulant addition isthe
same as R1.

Sections 6.5.1 through 6.5.3 describe the system expenditures to modify practices and labor
burdens for systems and States across the various aternatives for the new return location, direct
recycle, and direct filtration provisions, respectively. Section 6.5.4 summarizes costs for the four
regulatory alternatives.

Cost estimates for al three provisionsinclude capital and O& M costs. Asdescribed in The Cost
and Technology Document for the Long Term 1 Enhanced Surface Water Treatment and Filter
Backwash Rule (U.S. EPA, 1999b), unit capital and O& M costs were estimated using engineering
models and system-leve flow rates. Using these unit costs to develop cost estimates for large
systems introduced some uncertainty because total system flows at large systems—especially
systems serving more than 100,000—may be treated by two or more plants, some of which may
not recycle flow to the treatment process. Consequently, EPA potentially overestimated
compliance costs for large systems that do not need to change recycle practices at al of their
plants. Conversely, EPA may have underestimated compliance costs for large systems that need to
change recycle practicesfor al of their plants because installing new equipment at two or more
plants with smaller flow rates may cost more than estimated unit cost of installing equipment at a
single large plant that handles the same flow rate. Although these biases will tend to offset one
another, EPA cannot determine whether total costs are more likely to be over or under estimated
because it does not have details about the plant configurations of all large plants that recycle.!

6.5.1 Recycleto New Return Location

Under Alternative R1, systems that do not return select recycle flows prior to the point of primary
coagulant addition will be required to move the return point to this location. Asnoted in Exhibit
6-18, an estimated 791 systems will need to move their recycling return point. EPA based this
estimate on information provided by a sample of large and small systems that responded to a 1998
AWWA survey on recycle practices (AWWA, 1998) and plant schematics gathered under the
Information Collection Rule (61 FR 24354, May 14, 1996). The data were not sufficient to alow
EPA to distinguish practices for system size categories and system types. EPA was able to obtain,
however, a single percentage (25 percent) for al direct recycle system size categories, and two
percentage estimates for the systems with recycle treatment (15 percent for small systems and 20

11 The exception to this approach is EPA’s analysis of systems serving more than 1 million. EPA used the
schematic of ICR systems and SDWIS to determine whether these systems would be affected by the recycle
provisions. First, EPA identified 17 systemsin SDWIS that serve populations greater than 1 million. Then EPA
identified schematics of the individual plants within these systems. Of the 24 plants identified, only seven would
be affected by the rule. Two plants (both serving 10,000 to 50,000) would have to move their recycle return
location, one plant (serving 10,000 to 50,000) would be required to perform a self assessment, and four direct
filtration plants (two serving 50,000 to 100,000 and two serving more than 100,000) would be required to submit
data on their recycle practice to the State. EPA included these individua plantsin the cost andlysis, with the
exception of one direct filtration plant that alone served more than 1 million.
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percent for large systems). Further analysis of the data for direct recycle systems showed that large
and small systems recycle prior to the point of primary coagulant addition at roughly the same
frequency.

EPA excluded direct filtration plants from this cost analysis because available data on the return
location of these plants suggest that almost all of them aready return recycle prior to the point

of primary coagulant addition. Only one plant out of 37 direct filtration plantsin EPA’s database
returned recycle after primary coagulant addition. Many direct filtration plants may be configured
in amanner that makes returning recycle prior to primary coagulant addition the logical location.

The proposed rule requires each of these systems to prepare documentation that describes its plans
to move recycle return to anew location. This documentation will be submitted to the State for
review. EPA estimated system and State burdens for these activities. Subsequent to State
approval of plans, systemswill need to install additional pipe and may need to install additional
pump capacity to recycle to the new location. Additional energy will be required to pump water
the extra distance, which raises annual operating costs. Thus, EPA also estimated capital and

0O& M expenditures associated with these changes in recycling practices. The aggregate burden,
capital, and O&M costs, al of which are described below, do not differ across the alternatives
because this provision remains the same.

Some systems may require arecycle return location other than the one specified in the proposed
rule to maintain optimal performance. The proposed rule allows these plantsto apply for awaiver
to recycle to an dternative location. States will review the waivers and decide whether to approve
them. EPA did not have information sufficient to estimate how many of the approximately 791
systems that return recycle concurrent with or below the point of primary coagulant addition will
apply for and qualify for awaiver. Consequently, EPA’s cost analysis assumed that all of these
systems will develop and implement plans to move their point of recycle return. This assumption
overstates costs for these systems because the cost of applying for awaiver will be less than the
combined cost of planning and moving the recycle influent.

System Start-up and Reporting Costs

EPA assumed that systems will incur start-up and reporting costs for the following activities: read
and understand the rule, mobilize and plan, prepare and submit plan to State, meet with State, and
maintain records. The system-level burden across these activities is 50 hours. Exhibit 6-19
summarizes total costs by system size category. Total cost is $1.5 million, and annualized cost is
approximately $0.10 million to $0.14 million depending on the discount rate assumption.
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Exhibit 6-19. Total Annualized System Costsfor Reporting Proposed New Return
L ocation by System Size (January 1999 dollars)

AlternativesR1, R2, R3, and R4
System Size (# systems) Unit Cost ($) Total Cost ($ millions)

# 1,000 (267) $1,400 $0.4

1,001-3,300 (160) $1,764 $0.3

3,301-9,999 (143) $2,208 $0.3

$ 10,000 (221)* $2,224 $0.5

Total $15
Annualized Cost (3%) $0.10
Annualized Cost (7%) $0.14

Detail may not add to total due to independent rounding. See Appendices G—4athrough G—4c for detail.
Total cost includes two plants for systems serving more than 1 million in addition to the 221 systems serving 10,000 to 1
million.

Sate Sart-up and Review Costs

State start-up activities include reading and understanding the rule, mobilizing and planning, and
training State staff. EPA estimated that these activities will require an average of 51 hours per
State. States will also need to review the plans submitted by systems, and meet with systemsto
discuss proposed recycling changes. These activities will require about 12 hours per system. Total
costsfor al State activities, which are summarized in Exhibit 6-20, are $0.29 million; annualized
costs are $0.02 million to $0.03 million depending on the discount rate assumption.

Exhibit 6-20. State Cost Estimate to Review and Approve Plansto Move Recycle Return
Location (January 1999 dollars)

Respondents Total Cost

Compliance Activities Affected Unit Cost ($) ($ millions)
State Start-up Cost 56 Entities $1,187 $0.07
State Plan Review Cost? 791 Systems $278 $0.22
Total Cost $0.29
Annualized Cost (3%) $0.02
Annualized Cost (7%) $0.03

Detail may differ from total due to independent rounding. See Appendices G—4a, G4b, and G—4d for detail.
'Total cost includes 791 systems serving 10,000 to 1 million and two plants that belong to systems serving more than 1 million.

Recycle to New Return Location Capital Costs

Appendices C-11 and C-12 summarize the capital and O&M costs per system for conventional
filtration systems that need to redirect their recycle flows prior to the point of primary coagulant
addition. EPA (1999b) discusses how these costs were derived.

To obtain total annualized costs for this provision, unit costs were first multiplied by the 791
systems EPA assumed would move their recycle return location. Capital costs were annualized
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over a 20-year period assuming either a 3 percent or a 7 percent discount rate. EPA added 1 year
of O&M expenditures to annualized capital costs to obtain total annualized costs. Appendices D
and E provide detail cost estimates by system size category and Exhibit 6-21 summarizes costs.
Thetotal cost of this provision is $13.8 million or $16.7 million, depending on the discount rate
assumption. The cost to move recycle prior to primary coagulant addition is the same for al four
alternatives.

Exhibit 6-21. Total Annualized Costsfor Recycling to Return Location by System Size

(January 1999 dollars)

3% Discount Rate 7% Discount Rate
System Size (# systems) ($ millions) ($millions)

# 1,000 (267) $0.9 $1.0
1,001-3,300 (160) $0.7 $0.8
3,301-9,999 (143) $1.0 $1.1

$ 10,000 (221)* $11.2 $13.8
Total $13.8 $16.7

Detail may differ from total due to independent rounding. See Appendices D—12 and E-12 for detail.
Total cost includes expected modification costs (i.e., probability of modification multiplied by unit cost) for the two plants that
belong to systems serving 1 million or more.

6.5.2 Direct Recycle Provison Costs

EPA considered three alternative approaches to address the risks posed by direct recycle practices,
and costs for each provision include a burden component as well as capital and O&M
expenditures. Alternative R2 requires systems to conduct a single one-month hydraulic self
assessment and report the findings to the State. Subsequent requirements to modify recycle
practices are at the discretion of the State. EPA estimate a cost range for this alternative to
incorporate uncertainty regarding the indirect costs of State determinations.

Alternative R3 does not require a self assessment, although system and State start-up costs are till
applicable because it requires that al direct recycle systems provide flow equalization for their
recycle flows. Consequently, the cost analysis for that alternative includes capital costs and O&M
costs associated with this change in recycle practice. Alternative R4 also has capital and O&M
cost components for sedimentation basins as well as system and State start-up costs, although no
self assessment isrequired. This section describes the start-up costs, self assessment costs, and
treatment costs for all three aternatives.

System Sart-up Costs

Under all three alternatives, systems will incur start-up costs. System start-up costs include reading
and understanding the rule, mobilization and planning, and record keeping. EPA estimated these
activities will require approximately 44 hours for systems serving 1,000 and fewer and 46 hours
for larger systems. The cost per system ranges from approximately $1,200 to $2,000 depending on
system size.
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System Reporting and Consultation Costs

Under R2, a system will also need to perform arecycle self assessment for Alternative R2 if it
satisfies all of the four following criteria

*  The system uses surface water or GWUDI as a source and employ conventional rapid
granular filtration trestment

*  The system employs 20 or fewer filters to meet production requirements during the
highest production month in the 12-month period prior to LT1FBR’s compliance date

* Thesystem recycles spent filter backwash or thickener supernatant directly to the
treatment process (i.e., recycle flow is returned within the treatment process of a PWS
without first passing the recycle flow through a treatment process designed to remove
solids, araw water storage reservoir, or some other structure with avolume equal to or
greater than the volume of spent filter backwash water produced by one filter
backwash event).

The proposed rule requires that each affected system identify the month with the highest water
production in the calendar year preceding the proposed rule' s effective date. During the 12-month
period after the effective date, a system must monitor one recycle event per day for that month and
estimate the combined raw water influent and recycle flow rate. 1t must prepare and submit a self
assessment report to the State that provides all of the flow rate monitoring data aong with other
descriptions of filter operation and recycling practices. Prior to conducting the self assessment,
each system must submit a monitoring plan to the State that describes how it will conduct the self
assessment.

EPA estimated that the monitoring plan and self assessment activities will require 46 to 54 hours,
which includes 45 minutes per day for monitoring and flow rate calculation and 16 hoursto
prepare the self assessment report for the State. Any systems needing to modify recycle practices
will aso need to consult with the State to review the modifications. EPA assumed thiswill require
atota of 8 hours. Costs per system range from $1,500 to $2,800 and vary with system size
because the labor rate assumptions and labor mix between operator and manager as well asthe
burden assumptions differ by size.

Exhibit 6-22 summarizes total direct recycle provision cost estimates by system size category,
combining the three smallest categoriesin one entry and al of the large systemsin another. For
Alternatives R3 and R4, EPA assumed that al direct recycle systems incur consultation costsin
addition to start-up costs because these aternatives require significant changes in recycle practices.
Consultation costs are for meetings with the State to review plansto ingtall either aflow
equalization basin or a sedimentation basin.

Exhibit 622 aso reports total cost by system size category. Tota cost ranges from $2.2 million
(R3) to $3.9 million (R2). Annualized cost for the preferred alternative is $0.26 to $0.36 million
depending on the discount rate assumption.
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Exhibit 6-22. Total System Start-up and Self Assessment Costs by System Sizefor the
Direct Recycle Provision (January 1999 dollars)

Alternative R2 Alternative Alternative
(preferred) R3 R4

System Size (# systems) * ($millions) ($millions) ($millions)
# 1,000 (355/494) $0.9 $0.5 $0.7
1,001-3,300 (212/296) $0.7 $0.4 $0.6
3,301-9,999 (190/264) $0.8 $0.5 $0.6
$ 10,000 (342/483)° $1.5 $0.8 $1.2
Total Cost $3.9 $2.2 $3.1
Annualized Cost (3%) $0.26 $0.15 $0.21
Annualized Cost (7%) $0.36 $0.21 $0.30

Detail may differ from total due to independent rounding. See Appendices G-5a through G-5c¢ for detail.

1Total cost for R2 and R3 is based on the first system estimate, which is the number of direct recycle systems. Total cost for
R4 is based on the second system estimate, which includes dl direct recycle systems and all other conventiona filtration
systems that do not aready have a sedimentation basin for their recycle stream.

2 The cost estimates include one plant belonging to a system that serves more than 1 million in addition to the 342 or 483
systems serving 10,000 to 1 million.

Sate Sart-up and Review Costs

State activities under this provision include start-up activities such as reading and understanding
the rule, mobilizing and planning and staff training, and activities that depend on the number
of systems such as reviewing the monitoring plans and self assessments, determining which
systems need to change their recycling practices, reviewing changes to recycle practices, and
record keeping. EPA assumed that start-up activities will require 106 hours per State and that
reviewing the monitoring plans and self assessments and making determinations under R2 will
require 31 hours per system on average. Additiona activities such as meeting with systemsto
discuss changes to recycle practices and keeping records will require 12 hours per system, and
follow-up inspections will require 8 hours per system. Under alternatives R3 and R4, all these
burdens will accrue to States except the 31 hours to review the monitoring plan and the self
assessment and make determinations.

Exhibit 6-23 summarizes State costs across the alternatives. Total cost ranges from $0.50 million
to $0.77 million. The annualized value for the preferred aternative is $0.05 million or $0.07
million depending on the discount rate assumption.
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Exhibit 6-23. Total State Start-up and Review Costsfor the Direct Recycle Provision
(January 1999 dollars)

Alternative R2 Alternative Alternative
(preferred) R3 R4

Compliance Activities ($ millions) ($ millions) ($ millions)
Start-up Costs $0.14 $0.14 $0.14
Review and Follow-up Costs $0.63 $0.36 $0.50
Total Cost $0.77 $0.50 $0.64
Annualized Cost (3%) $0.05 $0.03 $0.04
Annualized Cost (7%) $0.07 $0.05 $0.06

Detail may differ from total due to independent rounding. See Appendices G-5a, G-5b, and G-5d for detail.

Direct Recycle Capital and O&M Costs

Under Alterative R2, States will determine which systems need to change recycle practices under
this provision. For thisaternative, EPA estimated the potential indirect costs of the proposed rule
with respect to these follow-on investments. To develop a compliance forecast, EPA first
estimated how many systems are likely to exceed capacity during recycle events based on the
results of the AWWA Survey (AWWA, 1998). Then, EPA determined the types of process
changes systems might implement to ensure they remain below State approved operating capacity
during recycle events, and estimated how many of the systems exceeding capacity would
implement each one. These compliance forecast results were multiplied by annualized per system
capita costs and O& M costs to obtain total annual costs.

This method may over estimate costs for R2 because State determinations may lead to fewer
changes in recycle practices than EPA estimated. Consequently, EPA developed a cost range

to account for uncertainty regarding State determinations. The high cost for the range is based on
the method described above. EPA has no additional information, however, to develop aplausible
estimate for minimum indirect costs. Consequently, the lower cost estimate is a bounding estimate
based the assumption that State determinations do not require any systems to ater their recycle
practices.

For Alternative R2, EPA identified eight modifications that systems could implement. Appendix
C lists these modifications and shows the unit capital and O&M costs by system size. The Cost
and Technology Document for the Long Term 1 Enhanced Surface Water Treatment and Filter
Backwash Rule (U.S. EPA, 1999Db) describes how EPA derived the unit costs using engineering
models, existing cost and technology documents, and best engineering judgment.

Appendix C also reports the number of systems that EPA assumes will implement each
modification under this regulatory aternative. Using responses to the AWWA (1998) survey of
recycling practices, EPA determined that 359 systems potentially exceed their design capacity
during recycle events. To make this determination, EPA calculated the sum of an instantaneous
backwash flow rate and an instantaneous peak system flow rate and compared this sum to the
design flow rates reported in the AWWA survey.
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Under Alternative R3, al direct recycle systems would be required to provide flow equalization
treatment for recycle flows. This aternative has higher costs than R2 because it requires all of the
1,099 direct recycle systems to make modifications. EPA assumed that all systemswould ingtall a
flow equalization basin, which may over estimate costs because some systems may choose a lower
cost option such as discharging recycle flows.

Alternative R4 requires that all systems that recycle provide treatment for their recycle stream
equivalent to or more advanced than sedimentation. EPA assumed that all of the 1,099 direct
recycle systemswould install sedimentation basins under this dternative. Furthermore, the
provision would affect approximately 437 conventiond filtration plants that currently have flow
equalization basins. The analysis assumes that these conventional systems would aso ingtall
sedimentation basins.

Exhibit 6-24 summarizes total annualized costs by system size for each dternative. Annualized
costs include annualized capital costs (assuming a 20-year period and either a 3 or 7 percent
discount rate) and one year of O&M expenditures. The treatment costs for Alternative R4 are
substantialy higher than costs for R2 or R3.

Exhibit 6-24. Total Annualized Coststo Modify Recycling Practicesfor the Direct Recycle
Provision by System Size and Regulatory Alter native (January 1999 dollars)

Alternative R2
(preferred) Alternative R3 Alternative R4
System Size ($ millions)? ($millions) ($ millions)
(#systems)! 3% 7% 3% % 3% %
# 1,000

(142/355/494) $0-$0.6 $0-$0.6 $3.0 $3.3 $10.4 $13.6
1,001-3,300

(85/212/296) $0-$0.9 $0-$1.0 $4.2 $5.3 $7.3 $9.5
3,301-9,999

(76/190/264) $0-$1.4 $0-$1.5 $4.6 $5.9 $.1 $11.7

$ 10,000°
(57/3421483) $0-$1.7 $0-$2.3 $17.5 $23.3 $75.6 $98.2
Total $0-$4.6 $0-$5.4 $29.3 $37.8 $102.4 $132.9

Detail may differ from totals due to independent rounding. See Appendices D-12 and E-12 for detail.

ICosts for Alternative R2 are based on the first system number, which is direct recycle systems currently exceeding capacity; costs
for R3 are based on the second system number, which is all direct recycle systems; and costs for R4 are based on the third system
number, which isal direct recycle systems plus other conventional filtration systems without sedimentation trestment for recycle
streams.

2The cost range for R2 assumes a lower bound of no costs for recycle practice modifications and an upper bound based on the
modification costs of EPA’s assessment of the number of systems that exceed State approved capacity.

3The costsinclude expected costs for one plant that belongs to a system serving more than 1 million in addition to the estimates of
affected systems serving 10,000 to 1 million.
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6.5.3 Direct Filtration Provision Costs

EPA estimated that direct filtration plants account for approximately 7 percent of all plants that use
conventiona or direct filtration. Because these plants do not have sedimentation basins in their
main treatment train, recycling can lead to higher concentrations of Cryptosporidium oocystsin the
system compared to conventional filtration systems, unless recycle streams are treated to remove
oocysts. Based on the AWWA Survey (1998) and the schematics from ICR systems, EPA
estimated that 7 percent of all direct filtration systems do not currently provide treatment for their
recycle streams. This equals approximately 23 systems across all size categories.

Alternatives R2 and R3 require that all direct filtration systems report their recycling practices to
the State, which will determine whether changes in those practices are necessary. EPA also
evaluated a provision, Alternative R4, that requires these systemsto install sedimentation basins or
more advanced treatment if they do not already provide treatment for recycle streams.

The cost analysis includes system and State reporting costs and capital and O&M costs to modify
recycle practices. System modification costs for R2 and R3 will ultimately depend on the States
determinations, but EPA developed a cost range using a method similar to the one described above
for the direct recycle provision.

System Start-up and Reporting Costs
EPA estimates that it will require about 23 hours per system to complete start-up activities such as
reading and understanding the rule, and mobilization and planning. Small and large systems will
require another 6 or 12 hours, respectively, to compile the information for the report, which
includes:
*  Whether recycle flow treatment or equalization isin place
* Thetype of treatment provided for the recycle flow
» If equalization, sedimentation, or some type of clarification processisused, the
physical dimensions of the unit (i.e., sufficient for calculating its volume) and the type,
typica dose, and frequency at which treatment chemicals are used.

*  The minimum and maximum hydraulic loading the unit experiences

*  The maximum backwash rate, duration, typical filter run length, and the number of
filters at the plant.

Record keeping will require an additiona 4 hours per system. Finadly, systems that are required to
modify recycling practices will spend approximately 8 hours meeting with the State to discuss the
modifications.

For R4, EPA assumes that all direct filtration systems will spend 8 hours reading and
understanding the rule. Only those systems that do not currently provide treatment for recycle
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streams will also incur costs for mobilizing and planning (15 hours), meeting with the State (8
hours) to review plansto install sedimentation basins or provide more advanced treatment, and
record keeping (4 hours).

Exhibit 6-25 reportstotal costs and annualized costs for system start-up and reporting activities by
system size category. Tota costs range from $0.12 million to $0.42 million across the adternatives;
costs for Alternatives R2 and R3 are identical because the reporting requirements are the same.
Annualized costs for the preferred alternative are $0.03 million to $0.04 million depending on the
discount rate assumption.

Exhibit 6-25. Total System Start-up and Reporting Costsfor the Direct Filtration
Provision by System Size (January 1999 dollars)

Alternative R2
(preferred) Alternative R3 Alternative R4
System Size (# systems)* ($ millions) ($millions) ($millions)
# 1,000 (116/8) $0.11 $0.11 $0.03
1,001-3,300 (70/5) $0.08 $0.08 $0.02
3,301-9,999 (62/4) $0.09 $0.09 $0.03
$ 10,0007 (77/5) $0.14 $0.14 $0.03
Total Cost $0.42 $0.42 $0.12
Annualized Cost (3%) $0.03 $0.03 $0.01
Annualized Cost (7%) $0.04 $0.04 $0.01

Detail may differ from totals due to independent rounding. See Appendices G-6a through G—6¢ for detail.

The first system numbers indicate systems that incur all start-up and reporting costs under R2 and R3, and start-up costs under
R4. The second number indicates systems that incur State consultation costs to discuss changes to recycling practices under all
three aternatives.

2Costsinclude three plants that belong to systems serving more than 1 million in addition to the estimated number of systems
serving 10,000 to 1 million.

Sate Sart-up and Review Cost

Under Alternatives R2 and R3, States should use the reports to determine which plants need to
change their recycle practice to provide additional public health protection. State start-up activities
include 51 hours for reading and understanding the rule, mobilization and planning, and training.
For these two aternatives, EPA assumed that States will spend 6 hours reviewing a system’s
report, 20 hours making a determination for each system, and 4 hours for record keeping. The
State may waive the reporting requirement at the plant operator’s request if the State already has
sufficient data to determine whether a plant has recycle treatment in place, and has information to
make an assessment of treatment provided. EPA did not estimate how many systems this waiver
provision might affect so the cost estimate may overstate costs. EPA’s analysis assumes that State
follow-up activities such as consultations and inspections will require 16 hours for each system
making modificationsto itsrecycle practices. Tota costsfor al States range from $0.10 million to
$0.16 million (Exhibit 6-26) and the annualized costs for the preferred alternative are $0.011
million or $0.015 million depending on the discount rate assumption.
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Exhibit 6-26. Total State Start-up and Review Costsfor the Direct Filtration Provision
(January 1999 dollars)

Alternative R2
(preferred) Alternative R3 Alternative R4
Compliance Activities ($ millions) ($millions) ($ millions)
State Start-up Costs $0.07 $0.07 $0.07
State Review and Follow-up Costs $0.09 $0.09 $0.04
Total Cost $0.16 $0.16 $0.10
Annualized Cost (3%) $0.011 $0.011 $0.007
Annualized Cost (7%) $0.015 $0.015 $0.010

Detail may differ from totals due to independent rounding. See Appendices G—6a through G—6¢ for detail.

Direct Filtration Capital and O&M Costs

For Alternatives R2 and R3, States will determine whether modifications to recycle practices are
necessary. Consequently, the potential capital and O& M costs for these alternatives are uncertain.
EPA estimated a cost range to reflect the degree of uncertainty. For the high cost, EPA assumed
that States would require modifications for the 23 direct filtration systems that EPA estimated do
not provide recycle treatment. EPA identified four modifications that direct filtration systems
might use to treat or discharge recycle flows. Appendix C summarizes the unit costs for each
option by system size category. The low cost assumes no modifications are required by States.
For Alternative R4, EPA assumed that 23 systems would install a sedimentation basin.

For each system size category, unit costs were multiplied by the number of affected systemsto
obtain total costs for that category. Amortized capital costs (assuming a 20-year period and either
3 percent or 7 percent discount rate) and annual O& M costs were summed across the system size
categoriesto obtain total annual costs. Exhibit 6-27 summarizes costs by system size and discount
rate and includes low and high cost ranges for Alternatives R2 and R3. Annualized high costs
range from $1.56 million to $1.65 million across the alternatives, assuming a 7 percent discount
rate.
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Exhibit 6-27. Annualized Costsfor Altering Recycle Practicesfor the Direct Filtration
Provision by System Size (January 1999 dollars)
Alternative R2 (preferred) Alterative R3 Alternative R4
stz S ($ millions) ($ millions) ($ millions)
(# systems) 3% 7% 3% 7% 3% 7%
#1,000 (8) $0-$0.04 $0-$0.05 $0-$0.04 $0-$0.05 $0.17 $0.22
1,001-3,300 (5) $0-$0.05 $0-$0.06 $0-$0.05 $0-$0.06 $0.12 $0.16
3,301-9,999 (4) $0-$0.10 $0-$0.11 $0-$0.10 $0-$0.11 $0.15 $0.19
$ 10,000 (5)* $0-$1.32 $0-$1.44 $0-$1.32 $0-$1.44 $0.76 $0.99
Total $0-$1.51 $0-$1.65 $0-$1.51 $0-$1.65 $1.20 $1.56

Detail may not add to total due to independent rounding.
ICostsinclude expected costs (i.e., unit costs multiplied by the probability of each system incurring costs) for three plants that
belong to systems serving more than 1 million in addition to the estimated number of systems serving 10,000 to 1 million.

6.5.4 Summary of Costs by Regulatory Alternative

Exhibit 6-28 summarizes the results of the cost analyses described in the previous sections by
provision and regulatory aternative. Annualized costs for the preferred alternative, R2, are $14.3
million or $24.5 million depending on the discount rate assumption. The aternative with the
lowest cost is R1, which does not address direct recycle or direct filtrationsystems. Costs for
Alternative R2 are the lowest of the three alternatives that address direct recycle and direct
filtration systems because it gives systems the greatest flexibility regarding recycle practice

changes.

Exhibit 6-28. Total Annual System and State Costs by Recycling Provision and

Regulatory Alter native (Januar

1999 dollars)

Alternative R2
Alternative R1 (preferred) Alternative R3 Alternative R4
Provision ($ millions) ($ millions) ($ millions) ($millions)

3% Discount Rate
Recycle Location $13.9 $13.9 $13.9 $13.9
Direct Recycle — $0.3-$4.9 $29.5 $102.6
Direct Filtration — $0.04-$1.5 $0.04-$1.5 $1.2
Total $13.9 $14.3-$20.4 $43.5-$45.0 $117.8

7% Discount Rate
Recycle Location $16.9 $16.9 $16.9 $16.9
Direct Recycle — $0.4-$5.9 $38.1 $133.3
Direct Filtration — $0.1-$1.7 $0.1-$1.7 $1.6
Total $16.9 $17.4-$24.5 $55.0-$56.7 $151.8

Detail may not add to total due to independent rounding.
RIA for the Proposed LT1FBR 6-38 February 15, 2000




6.6 Summary of Costs

National costs for the proposed LT1FBR are the sum of costs across the compliance forecasts.
The turbidity trestment and recycle modifications selected for the forecasts omit potential double-
counting of costs across the provisions. Exhibit 6-29 summarizes the estimate of total annual
national costs for the preferred LT1FBR alternatives:

*  Turbidity Monitoring: Alternative T2
» Disnfection Benchmarking Applicability Monitoring: Alternative A4

» Dignfection Profiling and Benchmarking: Alternative B2
* Recycle: Alternative R2.

Exhibit 6-29. Total Annual Costsfor Two Combinations of Alter natives

(January 1999 dollars)

Preferred Alternatives ($ millions) IESWTR Alternatives ($ millions)

Compliance Activity 3% 7% 3% %
System Costs
Turbidity Treatment $47.42 $52.23 $47.42 $52.23
Turbidity Monitoring $9.71 $10.06 $62.98 $63.34
Turbidity Exceptions $0.12 $0.12 $0.15 $0.15
Disinfection $1.03 $1.44 $5.63 $7.90
Benchmarking
Covered Finished Storage $2.55 $2.59 $2.55 $2.59
Recycle Return Location $13.91 $16.88 $13.91 $16.88
Direct Recycle! $4.86 $5.80 $4.86 $5.80
Direct Filtration® $1.54 $1.69 $1.54 $1.69
Total System Costs $81.14 $90.82 $139.04 $150.59
State Costs
Turbidity Monitoring $4.97 $4.98 $4.97 $4.98
Turbidity Exceptions $1.17 $1.17 $1.18 $1.18
Disinfection $0.28 $0.39 $0.28 $0.39
Benchmarking
Recycle Return Location $0.02 $0.03 $0.02 $0.03
Direct Recycle $0.05 $0.07 $0.05 $0.07
Direct Filtration $0.01 $0.01 $0.01 $0.01
Total State Costs $6.50 $6.65 $6.51 $6.66
Total Costs $87.64 $97.48 $145.55 $157.25
Detail may not add to total due to rounding.
Only the high cost estimate from Alternative R2 is reported.
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The exhibit compares these costs with the costs that EPA estimates small systems would have
incurred if the turbidity, disinfection benchmarking, and covered finished water provisions were to
reflect the provisions promulgated for the IESWTR:

e Turbidity Monitoring: Alternative T1

» Disnfection Benchmarking Applicability Monitoring: Alternative Al
» Dignfection Profiling and Benchmarking: Alternative B1

* Recycle (not acomponent of IESWTR): Alternative R2.

For both the preferred alternatives and the IESWTR aternatives, annual costs include annualized
capital and start-up costs as well as annual O&M and labor costs.

On an annual basis, the cost of the preferred dternatives is $87.64 million to $97.48 million,
depending on the discount rate assumption. This combination of alternatives, designed to
minimize the impact of the proposed rule on small systems, represents a cost savings of about 38 to
40 percent, depending on the discount rate, compared to the estimated cost for aternatives that are
similar to the IESWTR provisions. Excluding the recycle costs, the cost savings for the provisons
included in both rules is approximately 45 percent.

The turbidity treatment costs account for approximately 54 percent of total costs under the
preferred alternatives, and aggregate system and State turbidity monitoring costs of $16.0 million
to $16.3 million represent approximately 17 to 18 percent of total costs. In contrast, under the
alternatives that closely match the IESWTR provisions, aggregate turbidity monitoring costs are
$69.3 million to $69.6 million, which represents approximately 44 to 48 percent of total costs.
This comparison illustrates the relative importance of the turbidity monitoring cost savings under
the preferred alternative in terms of the reducing the overall cost of the proposed rule.

Community water systems account for approximately 88 percent of total system costs. Transient
noncommunity systems, which represent approximately 17 percent of affected systems, incur only
8 percent of costs, largely because they are not affected by the disinfection benchmark provision.
Nontransient, noncommunity systems account for 4 percent of system costs.

Exhibit 6-30 shows costs for the preferred combination of alternatives broken down by system
size. Thefive small system size categories are shown separately; large systems are aggregated into
asingle column. The three smallest size categories incur approximately 27 percent of the total
costs of the proposed rule even though they account for more than 60 percent of the affected
systems. In comparison, large systems, which are only affected by the recycling provisions and
account for only 5 percent of total affected systems, incur approximately 18 percent of total costs.
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Exhibit 6-30. Summary of Total Annual Costsfor the Preferred Alternatives by
System Size (January 1999 dollars)

Total Annual Costs by System Size Category ($ millions)
1,001-3,30
Compliance Activity #100 101-500 501-1,000 0 3,301-9,999 $10,000
System Costs
Turbidity Treatment $4.50 $5.97 $5.90 $15.98 $19.89 —
Turbidity Monitoring $1.05 $1.40 $1.01 $2.96 $3.64 —
Turbidity Exceptions $0.01 $0.02 $0.01 $0.04 $0.04 —
Disinfection $0.24 $0.24 $0.17 $0.42 $0.38 —
Benchmarking
Covered Finished Storage $0.47 $0.42 $0.32 $0.57 $0.80 —
Recycle Return Location $0.29 $0.45 $0.34 $0.83 $1.11 $13.87
Direct Recycle $0.17 $0.27 $0.28 $1.11 $1.55 $2.43
Direct Filtration $0.02 $0.02 $0.02 $0.06 $0.12 $1.45
Total System Costs $6.74 $8.80 $8.05 $21.97 $27.52 $17.76
State Costs
Turbidity Monitoring $0.71 $0.94 $0.68 $1.40 $1.25 —
Turbidity Exceptions $0.17 $0.22 $0.16 $0.33 $0.29 —
Disinfection $0.06 $0.10 $0.05 $0.11 $0.08 —
Benchmarking
Recycle Return Location $0.003 $0.004 $0.003 $0.01 $0.01 $0.01
Direct Recycle $0.01 $0.01 $0.01 $0.02 $0.01 $0.02
Direct Filtration $0.002 $0.002 $0.002 $0.003 $0.003 $0.004
Total State Costs $0.94 $1.28 $0.91 $1.86 $1.64 $0.03
Total Costs $7.68 $10.08 $8.96 $23.83 $29.16 $17.79
Shareof Total Costs 7.9% 10.3% 9.2% 24.4% 29.9% 18.2%

Detail may not add to total due to rounding.

6.6.1 Omissions, Biases, and Uncertainty

There are several omissions, biases, and uncertainties that affect EPA’ s estimate of total costs,
which are summarized in Exhibit 6-31. The cost analysis does not include the costs of two
provisions: including Cryptosporidium in the definition of GWUDI systems and including
Cryptosporidiumin watershed requirements for unfiltered systems. EPA does not have

data sufficient to estimate either the number of systems that will be affected by including
Cryptosporidium in the definition of GWUDI systems or the potential effects on these systems
of including them under rules that apply to GWUDI systems.
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Exhibit 6-31. Summary of Cost Analysis Uncertainty

Potential Effect

water systems and aggregate costs based
on compliance forecasts constructed from
SDWIS, AWWA, and ICR data

Item on Costs Comments

Omissions

Excluded analysis of provision that + Any affected systemswill incur incremental costs

includes Cryptosporidiumin the of changesin compliance requirements.

definition of GWUDI

Excluded analysis of provision that + Any affected systems will incur incremental costs

includes Cryptosporidiumin the of changesin compliance requirements.

watershed requirements for unfiltered

systems

Excluded analysis of demonstrations + Systems and States will incur costs associated
with preparing and reviewing demonstrations.
EPA is gathering data to develop cost estimates.

Biases

Assumed no market responses to system - Demand responses to price changes may mitigate

cost increases total costs.

Assumed system-level costs for - Noncommunity systems may have lower flow

community systems were applicable to rates than community systems, which would

noncommunity systems generate lower system-level costs using the
engineering cost models.

Included purchased water systems - Excluding these systems from the basdline and
compliance forecast would reduce costs.

Assumed all affected systems would move - Some of these systems may only incur the cost of

their recycle location preparing awaiver to alow another return
location.

Uncertainties

Cost estimates based on model drinking +/1 The engineering models and burden analyses are

based on model systems or expected burdens.
Actual costs and burdens will differ across
systems. The compliance forecasts are based on
sample data; the actual number of systems
implementing treatment changes will most likely
differ from EPA’s projections.

+ = resolving the omission, bias, or uncertainty will tend to increase costs.

I = resolving the omission, bias, or uncertainty will tend to reduce costs.

+/1 = the effect of the omission, bias, or uncertainty on costs is undetermined.

Under the SWTR, unfiltered systems are required to meet watershed control requirements that
include developing a watershed control program to minimize the potential for source water
contamination by Giardia lamblia and viruses. Because the sources of contamination for both
Giardia lamblia and Cryptosporidium are the same (e.g., wild animal populations, wastewater
treatment plants, grazing animals, feedlots, and recreationa activities), EPA believes existing
watershed programs will not require significant modification to comply with the LT1FBR.

Therefore, the Agency has not developed costs for this component of therule. In addition, EPA
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does not have sufficient data to estimate costs associated with the preparation and review of
demonstrations.

Some of EPA’s assumptions introduced bias into cost estimates. As noted in Section 6.1, the cost
analysis estimates only implementation costs, which potentially overstate socia costs because it
excludes market responses to changes in drinking water production costs. Demand-side responses
to price increases may reduce socia costs in the long run by reducing demand for water or by
shifting demand from systems that may incur large cost increases to systems that operate at a lower
cost.

The system estimates in the compliance forecasts include purchased water systems. The majority
of these systems will not actually incur the costs discussed in this chapter because they purchase
treated water from awholesale system. This approach will over state costs for the provisions that
only affect small systems because EPA isincluding costs for small wholesale systems and for the
small systems that purchase treated water from them, although only the wholesale systems treat
water. There are some wholesale systems, however, that report a small number of retail customers
in SDWIS. These systems are included among the smallest system size categories in the basdline,
thereby inflating these numbers while decreasing the larger system estimates. Although these
systems are classified as serving fewer customers than their production rates suggest, costs for
these systems will not be underestimated because EPA has included costs for the wholesale system
and the systems that purchase the treated water, so al of the production is captured in the cost
analysis. Finaly, EPA may be including costs and benefits for small systems that purchase water
from large systems, both of which properly accrue to the IESWTR, but these will offset one
another in the net benefit analysis. EPA cannot determine the extent of this effect on the cost
analysis and chose to retain al small systems to develop consistent cost and benefit analyses.

Finally, the methods used to estimate costs introduced uncertainty into the analysis because actual
system and State-level costs will vary from the modeled treatment costs or estimated burden costs.
Furthermore, the compliance forecasts are EPA’ s estimates of the numbers of systems potentially
affected by various provisions. These forecasts are based on a variety of sourcesincluding sample
data from the AWWA recycle survey and information gathered under the ICR. They may over or
under estimate the actual number of systems affected by various proposed provisions (e.g., the
number of direct recycle systems) and/or the number of systems altering treatment practices. EPA
cannot determine whether the methods and data tend to over or under estimate total costs.

6.7 Household Costs

Water system cost increases are often passed on to customers, including households, in the form of
higher monthly water bills. This section approximates potential household impacts of the proposed
LT1FBR by estimating two distributions of household costs based on the system costs discussed
above:

»  Costsfor the turbidity, disinfection benchmarking, and covered finished water
reservoir provisions

* Codsfor therecycle provisions.
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EPA estimated two distributions because it cannot determine how many small systemsincurring
turbidity treatment costs will also incur recycle treatment costs. Of the 5,896 small conventional
and direct filtration systems, EPA expects approximately 2,406 systemsto ater turbidity treatment
practices and 889 to alter recycling practices; the extent to which these two subsets overlap is
uncertain.

6.7.1 Household Cost Estimation M ethod

Most annual system costs were the same for all systems and these costs could be readily converted
to household costs by dividing per-system costs by the average number of households reported in
SDWIS. Turbidity treatment costs, however, needed to be alocated across systems because only a
subset of systems incur these costs. To obtain estimates of maximum potential household impacts,
EPA developed an alocation method that distributed costs across systemsin away that maximizes
costs for a subset of systems. First, EPA identified a subset of process improvements that are
mutually exclusive (i.e., systems would not implement them together), then distributed the costs for
these improvements across the systems expected to modify treatment. For example, systems may
implement any or all three of the chemical addition activities, so the analysis assumes that some
systems (i.e., based on the minimum compliance estimate across the activities) undertake all three.
These changes, however, are substitutes for adding or overhauling filter media, which are applied,
therefore, to a different subset of systems. Appendix H illustrates these distributions. Then the
remaining process improvement costs, which any system might incur, were allocated across the
systems from highest to lowest cost. Thus, some systems incur the highest cost combination from
the first set aswell as costsfor al of the other improvements, totaling as many as 12 treatment
changes. Because the compliance forecast differs across the five small system size categories,
Appendix H shows distributions by size category.

EPA added expected costs for the turbidity monitoring, benchmark, and covered finished water
provisions to the treatment cost distributions to calculate the aggregate cost per system. The
percentiles from the allocation process determine how many systems incur aggregate costs for each
part of the distribution. This distribution was then converted to a household basis. System costs
were converted to household costs by dividing total annual costs by the mean number of
households per community water system, and numbers of community water systems were
multiplied by mean households per system. EPA limited the analysis to community water systems
because only those systems serve residential customers. Aggregating these results across system
size categories EPA obtained a cumulative distribution of cost per household for the turbidity,
benchmarking, and covered finished water provisions. Household cost estimate details are shown
in Appendix H.

This method tends to overestimate the highest costs. To be on the upper bound of the curve, a
system would have to implement alarge number of the treatment process improvements. Such
system-level costs are unlikely to occur because there are less costly alternatives such as
purchasing a package plant or connecting to alarger regiona water system. The degree of
overestimation, however, is less severe than the method used for the household cost analysis of the
IESWTR. That analysisidentified only four mutually exclusive treatment activities, so some
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systemsincurred costs for as many as 28 treatment changes. As a senditivity analysis, EPA
replicated this approach for the proposed L T1FBR and reports the results bel ow.

The distribution of costs for the recycle provisionsis less complex because the only overlap in
recycle process changes is among direct recycle systems, some of which may need to move
recycle to the point prior to primary coagulant addition aswell asinstall aflow equalization basin.
EPA estimated this overlap by size category based on datain the AWWA Survey (1998). EPA
calculated a system cost distribution across al of the recycle provisions and converted it to a
household cost distribution using the approach described above (see Appendix H for details).

6.7.2 Resultsof Household Cost Analysis

Exhibit 6-32 illustrates the cumulative distribution of household costs for all small systemsfor the
LT1 provisions (e.g., turbidity, benchmarking, and covered finished water). The mean cost per
household is $8.66. The chart shows per-household costs of $10 per year or less for 86 percent of
the 6.6 million households affected by those provisions, and costs of $120 per year (i.e., $10 per
month) or less for approximately 99 percent of households. Per-household cost exceeds $240 per
year (i.e., $20 month) for approximately 12,000 households. It exceeds $500 per year for fewer
than 600 households. Costs exceeding $500 per household occur only for the smallest size
category, and the number of affected househol ds represent about 34 of the smallest systems. The
highest per-household cost estimate is $2,177. This extreme estimate, however, is an artifact of the
way the system cost distribution was generated. As noted above, it is unlikely that any small
system will incur annual costs of this magnitude because less costly options are available. In
comparison, the maximum cost per household would be $3,147 using the cost allocation method
developed for the IESWTR RIA because that approach would tend to shift treatment costs toward
asmaller set of systems. Consequently, 90 percent of households would have costs below $10 per
year.

Exhibit 6-32 aso illustrates the distribution of household costs for the recycle provisions. The
mean cost per household is $1.79 and the cost per household is less than $10 for 99 percent of 12.9
million households potentially affected by the proposed rule. The cost per household exceeds
$120 for approximately 1,800 households and it exceeds $500 for approximately 100 households.
The maximum cost of $1,238 would only be incurred if adirect filtration system in the smallest
Size category installed a sedimentation basin.
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Exhibit 6-32. Distributions of Annual Household Costsfor the Turbidity,
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There are approximately 1.5 million households served by small drinking water systems that may
be affected by the recycling provisions in addition to the turbidity, benchmarking, and covered
finished water provisions. The expected aggregate annual cost to these households can be
approximated by the sum of the expected cost for each distribution, which is $10.45.

6.8 Cost Effectiveness

The cost effectiveness of the proposed rule can be measured as the cost per case of avoided illness.
The quantified benefit of mean avoided cases of illness per year ranges from 22,800 to 83,600
avoided cases for the turbidity provisionsaone. Dividing the associated costs of $68.6 million
(assuming a 7 percent discount rate) by this range, the resulting cost per case of avoided illness
ranges from $800 to $3,000.

The overal cost of the preferred combination of regulatory aternatives for LT1FBR is $97.5
million (assuming a 7 percent discount rate); this includes the $68.6 million in costs attributed to
the turbidity provisions. Dividing this preferred combination total by the quantified benefit of total
avoided cases (i.e., 22,800 to 83,600) would overstate the cost per case estimate. If the other
provisions are equally effective in reducing iliness, the per case cost of avoided illness would be
the same (i.e., $800 to $3,000 per case). If the other provisions are less effective than the turbidity
provisions, then the costs would be higher, not to exceed $4,300 as a highest estimate (i.e., the
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$97.5 million divided by 22,800 cases—all presumably attributable, in this worst case estimate, to
the turbidity provisions). If, however, the other provisions are more effective than the turbidity
provisionsin avoiding illness, then the cost per case would be lower than the $800 to $3,000 per
case estimate range.
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7. Economic Impact Analysis

The rule promulgation process requires EPA to perform a series of distributiona analyses that address
the potentia regulatory burden placed on entities directly or indirectly affected by therule. This chapter
containsdl or part of EPA’s analyses and statements with regard to six Federd mandates:

(@D} The Unfunded Mandates Reform Act (UMRA) of 1995;

2 Executive Order 12886 (Regulatory Planning and Review);

3 the Regulatory Flexibility Act (RFA) of 1980, as amended by the Smal Business
Regulatory Enforcement Fairness Act (SBREFA) of 1996;

4 Technical, Financid, and Managerid Capacity Assessment required by Section
1420(d)(3) of the 1996 amendments to the Safe Drinking Water Act (SDWA);

(5) Executive Order 13045 (Protection of Children From Environmental Hedlth Risks and
Safety Risks); and

(6) Executive Order 12989 (Federd Actionsto Address Environmental Justice in Minority
Populations and L ow-Income Populations).

The preparation of this regulatory impact andyssfor the LT1FBR is aresponse to the requirements of
Executive Order 12886. This chapter is a response to the remaining five mandates. In addition, this
chapter contains asummary of the andysis conducted to fulfill requirements set forth by the Paper
Work Reduction Act. A separate Information Collection Request (ICR) document, entitled the
LT1FBR Information Collection Request, contains the complete anayss.

This chapter is organized into three sections. The first section addresses how the proposed rule
pertains to those mandates concerning potentia impacts to government and business entities. The next
section congders the impact of the proposed rule on possible sengtive subpopulations, such as children.
The fina section addresses the potentid impact to minority and low-income populations.

7.1 Impacts on Governments and Business Units

The following sections contain the andyses necessary to fulfill Executive Orders pertaining to
governments and businesses. Section 7.1.1 provides the UMRA andysis. Section 7.1.2 discusses
possible impactsto Indian Triba Governments. Section 7.1.3 is the required RFA and SBREFA
andyss. Section 7.1.4 isthe Capacity andysis, and Section 7.1.5 gives asummary of the ICR.

7.1.1 Unfunded Mandates Reform Act

Titlell of the UMRA, P.L. 104-4, establishes requirements for Federal agencies to assess the effects of
their regulatory actions on State, loca, and Tribal governments, and the private sector. Under UMRA
Section 202, EPA generdly must prepare awritten statement, including a cost-benefit andyss, for
proposed and fina rules with “Federd mandates’ that may result in expendituresto State, locd, and
Triba governments, in the aggregate, or to the private sector, of $100 million or morein any 1 year.
EPA estimated annual aggregate State, locd, and Triba government expenditures for the 7 percent
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discount rate assumption scenario by adding State program costs of $6.7 million to the share of system
costs potentidly incurred by publicly owned systems. These systems account for gpproximately 73.9
percent of the $90.8 million in totd annud system costs, which is $67.1 million per year. Thus, State
program costs and publicly owned system costs totd $73.8 million per year.

Although this fals below $100 million, the cogt figure is dose enough to the threshold that the Agency
expectsit to surpass the threshold within the 20-year andysis period due to inflation at some point in
the future. Therefore, EPA has determined that this rule contains a Federd mandate that may
eventudly result in expenditures of $100 million or more for State, locd, and Triba governments, in the
aggregate and the private sector in any 1 year. Accordingly, under Section 202 of the UMRA, EPA is
obligated to prepare a written statement addressing:

«  Theaihorizing legidation

»  Cog-bendfit andyssincluding an andysis of the extent to which the Federd government
will pay for the costs of State, local and Triba governments

»  Edimates of future compliance costs and disproportionate budgetary effects
*  Macroeconomic effects

* A summary of EPA’s consultation with State, local, and Triba governments and their
concerns, including a summary of the Agency’s evauation of those comments and
concerns

* ldentification and consderation of regulatory aternatives and the selection of the least
costly, most cogt-effective or least burdensome aternative that achieves the objectives of
therule

Chapter 2 details the authorizing legidation. Cost-benefit analyses, disproportiona budgetary effects,
macroeconomic effects, and consultations are addressed in the rest of this chapter. Future compliance
costs are discussed in Chapter 6. And both Chapters 3 and 6 address the potentia regulatory
dternatives, with Chapter 6 showing that the preferred aternatives are the most cost effective ones that
achieve the public hedlth objectives.

Before promulgating a rule that requires a written statement, Section 205 of the UMRA generaly
requires EPA to identify and congder a reasonable number of regulatory aternatives and then adopt the
least costly, most cost effective or least burdensome dternative that achieves the objectives of therule.
However, the provisons of Section 205 do not gpply when they are inconsistent with gpplicable law.

Under Section 1412(b), the SDWA requiresthat MCLs be set as closeto MCLGs “asisfeasible”
except when EPA determines that the cost of a standard at that level are not justified by the benefits, or
when certain “risk-risk” considerations apply. Whereas, MCL Gs are nonenforceable health goals
based only on health effects and exposure information, MCL s are enforceable standards that
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SDWA directs EPA to set with the use of the best technology, treatment techniques, and other
means that the Administrator finds available. Also, SDWA requires the Agency to identify the
best available technology (BAT) that is feasible for meeting the MCL for each contaminant.
Under Section 1412 (b)(7)(A), if it isnot economicaly or technically feasble to ascertain the leve of a
contaminant in drinking water, EPA may require the use of a prescribed treatment technique instead of
an MCL.

Asaresult of this mandate set forth by the SDWA, EPA can choose an dternative that is not the most
codt effectiveif it determinesthat thisis necessary to attain heath godsascloseto MCLGs asfeasble.
Moreover, Section 205 allows EPA to adopt an dternative other than the least costly, most cost
effective, or leest burdensome dternative if the Adminigtrator publishes an explanation why that
dternative was not adopted within the find rule.

Before EPA establishes any regulatory requirements that may significantly or uniquely affect smdl
governments, including Triba governments, it must have developed under Section 203 of the UMRA a
amdl government agency plan. The plan must provide for notifying potentialy affected small
governments, enabling officids of affected amdl governments to have meaningful and timdy input in the
development of EPA regulatory proposals with sgnificant Federa intergovernmental mandates, and
informing, educating and advisng smdl governments on compliance with the regulatory requirements.

Social Costs and Benefits

The socid benefits are those that accrue to the public through an increased level of protection from
exposure to Cryptosporidium and other pathogens in drinking water. Chapter 5 presents the benefit
andys's, which includes both quditative and monetized benefits of improvements to hedth and safety.
Because of scientific uncertainty regarding the exposure assessment and the risk assessment for
LT1FBR, the Agency has used statistical methods to assess the benefits of LT1FBR. The methods
quantified and vaued the cryptosporidioss illnesses and mortdities avoided due to the revised
combined filter effluent gandards. Thisrule, however, may dso decreaseilinessfrom Giardia and
other emerging disnfection resistant pathogens further increasing the benefits of the rule. Additiona
benefits of the rule include reduced risks of outbresks and enhanced aesthetic water quality.

Measuring the socid cogts of the rule requires identifying affected entities by ownership (public or
private), conddering regulatory dternaives, caculaing regulatory compliance costs, and estimating any
disproportionate impacts. Chapter 6 of this document details the cost analysis performed for the
LT1FBR. EPA expectsthe proposed rule to have atotal annudized cost of approximately $87.6 or
$97.5 million depending on the discount rate.

The Federd government may defray a portion of the cost of the rule by providing financia assstance to
State, loca, and Triba governments in complying with thisrule. The Federd government provides
funding to States that have primary enforcement responsbility for their drinking water programs through
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the Public Water Systems Supervision Grants program.*2 Additiona funding is available from other
programs administered either by EPA or other Federd agencies. These include the Drinking Water
State Revolving Fund (DWSRF) and Housing and Urban Development’ s Community Devel opment
Block Grant Program. For example, SDWA authorizes the Administrator of the EPA to award
capitaization grants to States, which in turn can provide low-cost loans and other types of assstance to
water sysemsfor digible projects. The DWSRF assgts public water systems with financing the costs
of the infrastructure needed to achieve or maintain compliance with SDWA requirements. Each State
has congderable flexibility to determine the design of its program and to direct funding toward its most
pressing compliance and public hedth protection needs. The Drinking Water State Revolving Fund
Program Guidelines detail avariety of ways that States can use fundsto assst smdl systems (U.S.
EPA, 1997b). The State must use aminimum of 15 percent of the DWSRF grant to provide
infrastructure loans to small systems. Furthermore, the State may use 2 percent of the grant to
provide technical assistance to small systems. For disadvantaged small systems, the State can use
up to 30 percent of its DWSRF money to increase loan subsidies. States may aso, on amatching
bad's, use up to 10 percent of their DWSRF alotments for each fisca year to assst in running the State
drinking weter program.

Disproportionate I mpacts

This section examines digproportionate impacts on geographic or socia segments of the nation. In
generd, the cogts that a PWS, whether publicly or privatey owned, would incur to comply with this
rule would depend on many factors that are independent of location. However, the data needed to
confirm this assessment and to anayze other impacts of this problem is not available; therefore, EPA
looked at four other factors:

»  Theimpacts of smdl versus large systems and the impacts within the five smdl sysem sze
categories

*  Thecodsto public versus private water systems

*  The costs to households (See Chapter 6)

»  Thedigtribution of costs across States.
Firgt, smal sysems will experience a greater impact than large systems under LT1FBR because large
systems are subject only to the recycle provisions; the Interim Enhanced Surface Water Treatment Rule
(IESWTR) promulgated turbidity, benchmarking, and covered finished storage provisonsfor large

systems in December, 1998. However, smdl systems have redized cost savings over time due to their
excluson from the IESWTR.

12The Federal government also defrays State costs by providing for the administrative cost and burden for States and
Territories that do not have primacy. In addition, the Federal government administers many of the trestment plants in national
forests and military installations.

RIA for the Proposed LT1FBR 74 February 15, 2000



The second measure of impact isthe relative tota cost to privately owned water systems compared to
that incurred by publicly owned water sysems. A mgority of the syssems are publicly owned (60
percent of the total). Asaresult, publicly owned systemswill incur alarger share of the total costs of
the rule. However, EPA has no basis for expecting the cost per system to differ systematicaly with
ownership.

The third measure of impact is a the household level. Chapter 6 includes this andyss, as part of the
overdl cost anadyss.

The fourth measure of budgetary impacts is geographically across States. Thereis nothing to suggest
that cogtsto individua systemswould vary significantly from State to State. Y et this does not preclude
aspecific State or region from being significantly impacted more by therule. Therefore, EPA
conducted an andysis of the potentiad geographic impact of LT1FBR on the various States™® For State
budgetary impacts, the cods for sarting and annually administering the LT1FBR rule are combined with
information on the distribution of PWSs across States.

Exhibit 7-1 shows the distribution of annua cogts to States for the proposed rule. From the map it is
gpparent that Texas, New Y ork, Cdifornia, Oklahoma, and Illinois are the States with the highest
annud costs. As mentioned in Chapter 6, the turbidity monitoring provision of the LT1FBR would be
the source of the greatest financid burden to States. Since the turbidity provision only appliesto smdl
surface and GWUDI systems, those States with the greatest number of small systems would incur the
highest costs. Exhibit 7—2 shows the digtribution of surface and GWUDI systems serving fewer than
10,000 over the 50 States. A comparison of the two maps suggests that the geographic distribution of
codsisclosay correlated with the digtribution of smdl systems.

Edtimates of the cost increase are only one measure of potentia budgetary impacts, and other
comparisons can provide additiond perspective. For instance, the five States with the highest potential
cogs dso had the highest number of small systems. Of these five States, four have very large
populations.** States with larger populations may aready have larger budgets for program
expenditures, and the proportional cost increase due to LT1FBR may be smaller than or comparable to
other States. Therefore, EPA compared the estimated percentage increase to overall State drinking
water program costs that would result from the rule.

¥The information on systems per State was derived from the Water Industry Baseline Handbook (U.S. EPA,1999c).
Thisinformation is from 1997 and previous years, whereas the cost analysisin Chapter 6 is based upon the most recent
information contained in the SDWIS, therefore there are some discrepancies in the total number and distribution of systems
between the two analyses.

YcCdifornia, Texas, New York, and Illinois will be the first, second, third, and sixth most popul ated States, respectively,
in 2000 according to population projections of the United States Census Buresu.
WWW.census.gov/popul ation/proj ections/state/stpj pop.txt
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Exhibit 7-1. Geographic Distribution of Annual LT1FBR Coststo States
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Exhibit 7-3 shows the cost increase to the States as a percentage of overadl State drinking water
expenditures that would result from implementation the LTIFBR.*® Over the entire country, the
average increase in program expenditures would be 4.1 percent. The States of Colorado, Alabama,
Oklahoma, Texas, West Virginia, Kansas, and Kentucky would have the greatest increase in
expenditures as aresult of therule. However, if the State' s per capita drinking water expenditures are
relatively low, in relation to other States then alarge percentage increase till may not resultin a
sgnificant burden to the State.’® Conversdly, if the State already has higher than average expenditures
per person, then the percentage increase may underestimate the actua burden of the rule.

Exhibit 7-3: LT1FBR Costs as a Per centage of State Drinking Water Expenditures

LT1FBR Costs as a % of State
Drinking Water Expenditures
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Exhibit 74 shows the geographic distribution of per capita drinking water expenditures. From this
exhibit it is gpparent that, if the rule were implemented, none of the seven States mentioned in the
previous paragraph would likely be required to spend more than $1.50 per person annudly. The

Bgtate expenditure data was not available for the States of Alaska, Connecticut, Louisiana, Montana, Nevada, New
Hampshire, New Mexico, North Dakota, and Wyoming. Annual revenue data was available for Alaska, Louisiana, Nevada, New
Mexico, and North Dakota (U.S. EPA, 1999d). This datawas used as an approximate measure of likely expenditures for the
respective States. These expenditures and revenues do not incorporate the compliance costs for the [IESWTR and the Stage 1
DBPR, 0 the percentage increases are overstated and the overall costs are underestimated.

18per capita expenditure is based upon total State Drinking water expenditures for the 1997 divided by the number of
people served by Public Drinking Water Systemsin 1997 (U.S. EPA, 1999d).
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average annua State cost per person for just LT1FBR and then for current drinking water expenditures
plus LT1FBR costs would be $0.04 and $1.05, respectively. Exhibit 7-4 does show that combined
drinking water costs would require Alaska and Arkansas to spend more than $3 per person.

Exhibit 7—4. Per Capita Expenditures for LT1FBR and Current Drinking Water Programs

Per Capita Drinking Water
Expenditures (Including LT1FBR)
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Y et examining potentia budgetary impacts aone, provides an incomplete description of the likely
financid burden to the States. For Alaskathe cost of LT1FBR would be $0.18 per person, bringing its
drinking water expenditures to $4.56 per person. However, in 1997 Alaska acquired three-fourths of
its drinking water budget in the form of Federd PWSS grant money.!’ By contrast, Arkansas
expenditures would be $3.47 after promulgation of LT1FBR, but it received only 17 percent of its
1997 drinking water budget from Federa funds. From this perspective Arkansas would bear the
greater financid burden.

In conclusion, the evidence exhibited on the four maps (Exhibits 7—1 to 7—4) does not suggest that there
would be a disproportionate budgetary effect resulting from therule. Exhibits 7-1, 7-3 and 7—4 do not
show evidence of ageographic concentration of higher impact attributed to the rule. Nor does any one
State consgently fdl into the top two categories of impact in dl four exhibits. Furthermore, itis
possible that the financid impact of the rule to States could be offset partidly by additional PWSS grant
money from the Federd Government.

1n 1997, 75 percent of Alaska s Drinking water program budget came from Federal PWSS grant money, 22 percent
from State General Funds, and 3 percent from other revenue sources (U.S. EPA, 1999d).
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Macroeconomic Effects

EPA isrequired, under UMRA Section 202, to estimate the potential macroeconomic effects of the
regulation. Macroeconomic effects tend to be measurable in nationwide econometric models only if the
economic impact of the regulation reaches 0.25 to 0.5 percent of Gross Domestic Product (GDP). In
1998, the GDP was $8,511 hillion so arule would have to cogt at least $21 hillion annually to have a
measurable effect. A regulation with asmadler aggregate effect is unlikely to have any measurable
impact unlessit is highly focused on a particular geographic region or economic sector. The
macroeconomic effects on the national economy from the preferred aternatives of FBR would be
negligible based on the estimated tota annua cost range of $87.6 to $97.5 million. In addition, from
the andysisin the previous section EPA does not expect that costs would be highly concentrated on

any particular geographic region.
Summary of Consultation Efforts with Sate, Tribal, and Local Governments

Under UMRA Section 202, EPA isto provide a summary of its consultation with elected
representatives (or their designated authorized employees) of affected State, local and Tribal
governmentsin this rulemaking. EPA initiated consultations with governmental entities and the
private sector affected by this rule through various means. Thisincluded participation on a
Regulatory Negotiation Committee, chartered under the Federal Advisory Committee Act
(FACA), in 1992-93 that included stakeholders representing State and local governments, public
health organizations, public water systems, elected officias, consumer groups, and environmental
groups.

In accordance with the Regulatory Flexibility Act (RFA), as amended by the SBREFA, EPA
convened a Small Business Advocacy Review Panel. The Review Panel allows small regulated
entities to provide advice and perspective to EPA early in the regulatory development process.
EPA aso provided an informal draft of the preamble to SBREFA representatives and individuals
who attended either of the two stakeholder meetings. Because this was an informal review
process, EPA did not prepare formal responses to the comments, however, the Agency reviewed
the comments carefully and considered their merit when devel oping the regulatory provisionsin
the proposed rule.

Toinform and involve Tribal governments in the rulemaking process, EPA presented the LT1FBR
at the 16" Annual Consumer Conference of the National Indian Health Board, the Annual
Conference of the Nationa Tribal Environmental Council, and the OGWDW/Inter Tribal Council
of Arizona, Inc. Triba consultation meeting. More than 900 attendees representing Tribes from
across the country attended the National Indian Health Board’ s Consumer Conference and over
100 Tribes were represented at the annual conference of the National Tribal Environmental
Council. At both conferences, an OGWDW representative conducted two workshops on EPA’s
drinking water program and upcoming regulations, including the LT1FBR. At the OGWDW/Inter
Tribal Council of Arizona meeting, representatives from 15 Tribes participated. 1n addition, EPA
sent the presentation materials and meeting summary to more than 500 Tribes and Tribal
organizations.
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The primary concern expressed by the governments was the ability of the smallest systemsto staff
drinking water treatment facilities adequately to perform the monitoring and reporting associated
with the new requirements. The proposed rule attempts to minimize the monitoring and reporting
burden to the greatest extent feasible and still accomplish its objective of protecting public health.
The Agency believes the monitoring and reporting requirements are necessary to ensure
consumers served by small systems receive a comparable level of public health protection as
consumers served by large systems.

7.1.2 Indian Tribal Governments

Under Executive Order 13084, EPA may not issue aregulation, which is not required by statute, that
sgnificantly or uniquely affects the communities of Indian Triba governments, and that imposes
subgtantiad direct compliance costs on those communities, unless the Federal government provides the
funds necessary to pay the direct compliance costsincurred by the Triba governments or EPA consults
with those governments. If EPA complies by consulting, Executive Order 13084 requires EPA to
provide to the Office of Management and Budget, in a separately identified section of the preamble to
the rule, a description of the extent of EPA’s prior consultation with representatives of affected Tribal
governments, asummary of the nature of their concerns, and a statement supporting the need to issue
the regulation. In addition, Executive Order 13084 requires EPA to develop an effective process
permitting elected officids and other representatives of Indian Triba governments “to provide
meaningful and timely input in the development of regulatory policies on metters that Sgnificantly or
uniquely affect their communities.”

EPA has concluded that this rule will significantly affect communities of Indian Tribal governments®® It
will dso impose substantia direct compliance costs on such communities, and the Federd government
will not provide the funds necessary to pay the direct cogtsincurred by the Triba governmentsin
complying with therule. In developing this rule, EPA consulted with representatives of Tribal
governments pursuant to UMRA and both Executive Order 12875 and Executive Order 13084. As
described in the UMRA discussion in the previous section, EPA held extensive meetings that
provided the opportunity for meaningful and timely input in the development of the proposed rule.
The public docket for this rulemaking includes summaries of the meetings.

7.1.3 Regulatory Flexibility Act and Small Business
Regulatory Enfor cement Fairness Act

The provisons of the Regulatory Flexibility Act, 5 U.S.C. 601 &t seg., as amended by the Small
Business Regulatory Enforcement Fairness Act of 1996, require EPA to prepare aregulatory flexibility
andydis unless the Agency certifies that the rule will not have “a sgnificant economic impact on a
subgtantid number of smdl entities” A regulatory flexibility andys's describes the impact of the
regulatory action on small entities as part of the rule promulgation process. The 1996 amendments to
the SDWA define asmadl public water system as a system serving fewer than 10,000 persons. This

8There are approximately 60 small PWSs that use surface water or GWUDI classified as Tribal systemsin
the SDWIS.
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definition reflects the fact that the original 1979 standard for total trihal omethanes gpplied only to
systems serving at least 10,000 people. The definition thus recognizes that baseline conditions from
which systems serving fewer than 10,000 people will approach disinfection byproduct control and
smultaneous control of microbia pathogens is different from that for systems serving 10,000 or more
persons.

Background and Quantitative Analysis

When aproposed or find rule may potentialy have an adverse effect on one or more small entities, the
RFA and SBREFA require EPA to determine the extent of the impact and the number of small entities
affected. If it is determined that the rule would not have a“ dgnificant impact on a substantial number of
amdl entities” then the Agency can certify therule. If the Agency determines that the rule would have
an impact then the RFA/SBREFA  requires that EPA prepare an Initid Regulatory Hexibility Analyss
(IRFA) for aproposed rule, or Fina Regulatory Hexibility Andyssfor afina rule. Chapter 4 of this
document provides data on the smdl entities potentidly affected by LT1FBR, and Chapter 6 discusses
the changes systems would have to make and the likely costs. Using information found in these two
chapters, dong with additiona information from SDWIS and CWSS, EPA conducted a quantitative
andysisto asss in determining whether to certify the rule or prepare an IRFA.

The Agency recognizes that economic characteristics will vary among entities affected by a given rule.
Therefore, EPA evauated the potential economic impact by comparing compliance codsas a
percentage of sales, revenues, and operating expenses for small businesses, governments, and non
profit organizations respectively. Data on water systems changes frequently, which makesit difficult to
describe the universe of surface water sysems with specificity. Similarly, ownership datais difficult to
ascertain as most data sets, such as SDWIS (Safe Drinking Water Information System), do not
maintain such information. For this andysis, the number of publicly and privately owned water sysems
was derived using the retio of public to private water systems as reported in the 1995 Community
Water System Survey (CWSS). Using SDWIS and CWSS, EPA estimates that the changes to the
Surface Water Treatment Rule will potentialy affect 11,593 surface water systems and GWUDI
gystems. Of these systems, EPA estimates that small businesses own 37.2 percent, 56.7 percent are
smal governments, and 6.1 percent are nonprofit organizations.’® While it was not possible to use
exigting data to establish the exact profile of water systlem ownership, EPA used information in the
Water Industry Basdline Handbook (U.S. EPA, 1999¢) to approximate an ownership profile. As
shown in Exhibit 7-5, the data suggest that amgjority of small systems are publicly owned.®

1The Water Industry Baseline Handbook separates system ownership datainto public, private or other (U.S. EPA,
1999c). For thisanalysis, EPA assumed for the small systems that public represents small government, private represents small
business, and other represented small non-profit.

2A public water system provides piped water for human consumption. The term “public water system” applies not only
to water utilities, but also to wide range of privately or publicly owned businesses and entities that provide drinking water (e.g.,
campgrounds, factories, restaurants, and schools). Public water systems are classified as community, nontransient noncommunity,
or transient noncommunity systems.
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Exhibit 7-5. Number and Percent of Public and Private System, by Size of System

System Size
System
Type <100 101-500 501-1,000 1,001-3,300 3,301-9,999 Total
Public 691 (24.6%) 1,308 (45.7%) | 913(65.3%) | 2,020 (76.8%) 1,638 (86.3%) 6,570 (56.7%)
Private 1,755 (62.6%) | 1,350 (47.2%) | 418 (29.8%) 555 (21.1%) 236 (12.4%) 4,314 (37.2%)
Other 358 (12.8%) 202 (7.1%) 68 (4.9%) 56 (2.1%) 25 (1.3%) 709 (6.1%)
Total 2,804 (24%) | 2,860 (25%) | 1,399 (12%)| 2,631 (23%) | 1,899 (16%) | 11,593 (100%)

Note: Number (percent) within system size category.

The LT1FBR proposed rule contains provisions for turbidity monitoring and trestment, disinfection
benchmarking, and filter backwash recycling. Chapter 6 discusses these provisions and Exhibits 76
through 7-8 summarize EPA’s estimate of the number of smdl entitiesthat LT1FBR provisions will

affect®

Exhibit 7-6. Small Entities Affected by the Turbidity Monitoring and Turbidity Treatment

Provisonsof LT1FBR

System Size Total Number Systemsto M odify Systemsto
(population served) of Systems Treatment and M onitor Monitor Only
<100 836 341 495
101-500 1,117 456 661
501-1,000 810 331 479
1,001-3,300 1,655 675 980
3,301-9,999 1,478 603 875
Totals 5,896 2,406 3,490

Exhibit 7—7. Small Entities Affected by the Benchmarking Provisonsof LT1FBR

Systemsto Systems
System Size Total Number Do Applicability Disinfection Systems to Develop
(population served) of Systems Monitoring Profiling Benchmarks
<100 1,404 162 1,242 407
101-500 2,333 301 2,032 677
501-1,000 1,301 128 1,173 377
1,001-3,300 2,553 253 2,300 740
3,301-9,999 1,859 116 1,743 539
Totals 9,450 960 8,490 2,741

2The numbers of systems potentially affected by each provision is based upon the preferred aternative set.
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Exhibit 7-8.

Small Entities Affected by the Filter Backwash
Recycle Provisonsof LT1FBR

Systems M oving Systems
System Size Recycle Return Performing Systemswith
(population served) Location Self Assessments Direct Filtration

<100 81 107 35
101-500 108 143 47
501-1,000 78 104 34
1,001-3,300 160 212 70
3,301-9,999 143 190 62
Totals 569 757 248

The mgor impact of the rule is the requirement to ingtall and operate water filtration equipment to meet
turbidity standards of qudity in ddlivered water. These requirements pertain to systems that use either
conventiond or direct filtration to treat their water. Systems that purchase treasted water from another
source may see an increase in their wholesale codts, but a database sufficient to track al the wholesale
treated water transactions in the country does not exist. Impacts are therefore evauated as though all
amal systemstreat water. The data with which to characterize the capacities and flows of these
fecilities that treat water does exist and provides an adequate basis for assessing total capital and
operating costs. In Chapter 6 of this document, as part of a household cost analysis, EPA developed
assumptions regarding the steps that systems of various szeswill need to take to comply with the
LT1FBR rule. EPA wasthen able to generate a hypothetical distribution of per-system codts.

For the quantitative andlysis, EPA used data from the CWSS to estimate mean sales, revenues, and
expenditures for each system size and ownership category.?? EPA then used the cost distributions for
the turbidity, benchmark, and covered finish storage provisions to estimate cost-to-revenue ratios with
each system Sze and ownership category to determine the potentia extent of the financia impact on
amal entities. Some of these systems may aso incur costs under the recycle provisions, but EPA
cannot determine the number of systems for which this cost overlap would occur, and the mgority of
any sysem’srecycle costs would be for changes in recycle practices, which will be determined by the
State. However, not including the potentia costs of the recycle provisons as part of the andysis does
not change EPA’s conclusion regarding the potentia impact of the proposed rule on small entities.

Exhibit 7-9 presents the results from the analysis of the potentid financia burden on PWSs from the
proposed rule. The exhibit shows a comparison between the distribution of system costs developed in
Chapter 6 and the financial datafrom CWSS. The complete distribution of cogts for each system size
category islocated in Appendix H. Exhibit 7-9 summarizes the financia data and the number of

2Dueto insufficient data, EPA could not determine the sales, revenues, or expenditures distributions by system within
each size category. Instead, EPA estimated the mean sales, revenues, or expenditures for a system within each size category. This
mean was then used to devel op the cost-to-revenue ratios. 1deally, costs would be compared to financia datafor every entity, or a
distribution of that data.
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systems incurring cogts in excess of 1 percent and 3 percent of sales, revenues, or expenditures. As
shown in the exhibit, EPA estimates that the cost of the LT1FBR rule may exceed 3 percent for 2,575
gmal sysems. Asareault of thisandys's, EPA determined that there would be a sgnificant impact on
asubgtantia number of smal systems and thus prepared an IRFA for thisrule,

Exhibit 7-9. Results of Comparison of Mean Sales, Revenues, and Oper ating Expenditures

to Costs
100 and 101- 501- 1,001- 3,301- Total # Total %
Population Category below 500 1,000 3,300 10,000 | of Systems | of Systems

Annualized Cost Distribution Summary*

High Range of
Compliance Cost

$47,009 $51,784 $74,204| $122,905| $186,510

Low Range of
Compliance Cost

$24 $21 $16 $29 $40

Small Business: Includes Private and Ancillary Systemsasrecorded in CWSS

Mean Total Sales $11,481 $49,682 $83,937] $343,153| $776,189

Number of Systems >1% 523 527 241 279 52 1,624 37.6%
Number of Systems >3% 523 422 193 57 22 1,218 28.2%
Small Governments: Includes Public Systemsasrecorded in CWSS

Mean Total Revenues $13,220 $86,450] $127,171] $317,751] $806,802

Number of Systems >1% 206 510 529 1,017 364 2,626 40.0%
Number of Systems >3% 206 408 151 207 156 1,129 17.2%

Small Nonprofit Organizations: Includes Homeowners' Associations asrecorded in CWSS

Mean Operating

. $5,815 $43,348| $121,538 $79,949| $528,204
Expenditures

Number of Systems >1% 107 79 40 35 15 276 38.9%
Number of Systems >3% 107 79 11 28 3 228 32.1%
Total:

Number of Systems >1% 836 1,117 810 1,331 432 4,526 39.0%
Number of Systems >3% 836 909 356 292 181 2,575 22.2%

ICompliance costs are based on the preferred alternative set. See Chapter 6 for a discussion of the regulatory
alternatives.

Requirements for the Initial Regulatory Flexibility Analysis

Because EPA is not certifying the proposed rule under SBREFA, the Regulatory Flexibility Act
requires EPA to complete an IRFA addressing the following:

* Theneedfortherule
* Theobjectives of and legd bassfor the proposed rule

» A destription of, and where feasble, an estimate of the number of small entities to which
the rule will gpply
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* A description of the proposed reporting, record keeping, and other compliance
requirements of the rule, including an estimeate of the types of smdl entities, which will be
subject to the requirements and the type of professond skills necessary for preparation of
reports or records

* Anidentification, to the extent practicable, of al relevant Federd rulesthat may duplicate,
overlap, or conflict with the proposed rule

* A description of “any sgnificant regulatory dternatives’ to the proposed rule that
accomplish the stated objectives of the applicable statutes, and that minimize any sgnificant
economic impact of the proposed rule on smdl entities; the andysisis to discuss sgnificant
regulatory dternatives such as:

1 Establishing different compliance or reporting requirements or timetables thet take into
account the resources of small entities

Clarifying, consolidating, or amplifying compliance and reporting requirements under
the rule for amdl entities

1 Using peformance rather than design standards
1 Exempting smdl entities from coverage of the rule or any part of therule.

EPA has considered and addressed the above requirements as part of this RIA for the proposed
LTIFBR rule. Thefollowing isasummary of how this and the preceding chapters met the various
requirements. Chapter 2 explains the need, objectives of, and legal basis for therule. The previous
Section 7.1.3 and Chapter 6 provide a description and estimate of the small entities affected. Section
7.1.3 a0 discusses the coordination with other Federa rules. Chapter 3, Chapter 6, and the current
chapter provide a discussion of regulatory dternatives. The compliance requirements are discussed in
Chapter 6 aswel as section 7.1.5 of this chapter concerning the Paperwork Reduction Act and in the
Information Collection Request prepared for the LT1FBR.

Coordination With Other Federal Rules

The proposed rule does not directly overlap with any other existing or proposed rules, yet the
development of LT1FBR has occurred in coordination with several other rules, al of which area
direct result from amendments to the SWDA. To better understand how the proposed rule relates
to other proposed and existing rules, it is necessary to briefly summarize severa earlier Drinking
water regulations. For amore comprehensive history of these regulations refer to Section 2.3 of
Chapter 2.

Threeinitia rules that addressed both the control of specific pathogens and disinfection byproducts
preceded the amendments to the SWDA in 1996. These were the Total Trihalomethane Rule,
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passed in November 1979 (44 FR 68624); the Total Coliform Rule (TCR) (54 FR 27544, June 29,
1989); and the SWTR (54 FR 27486), passed on June 29, 1989.

Under the Total Trihalomethane Rule, EPA set an interim MCL for total trihdomethanes
(TTHM—the sum of chloroform, bromoform, bromodichloromethane, chlorodibromomethane) of 0.10
mg/l asan annud average. Theinterim TTHM standard gpplied to community weater systems using
surface water and/or ground water serving at least 10,000 people that add a disinfectant to the drinking
water during any part of the treatment process. At their discretion, States could extend coverage to
smaller PWSs, however, to date few States have chosen to exercise this option.

The TCR, which appliesto al public water systems, sets compliance with the MCL for total
coliforms (TC). All systems must have awritten plan identifying where samples are to be
collected. If asystem has a TC-positive sample, it must test that sample for the presence of feca
coliformsor E. coli. The system must aso collect a set of repeat samples, and analyze for TC (and
fecal coliform or E. coli within 24 hours of the first TC-positive sample). The TCR also requires
an on-site inspection (referred to as a sanitary survey) every 5 years for each system that collects
fewer than five samples per month.

Under the SWTR, EPA set maximum contaminant level goals of zero for Giardia lamblia, viruses,
and Legionella; and promulgated regulatory requirements for all PWSs using surface water sources
or groundwater sources under the direct influence of surface water. The SWTR includes treatment
technique requirements for filtered and unfiltered systems intended to protect against the adverse
health effects of exposure to Giardia lamblia, viruses, and Legionella, as well as many other
pathogenic organisms.

In 1992 EPA indituted aforma regulatory negotiation (RegNeg) process with potentidly affected
parties (57 FR 53866; November 13, 1992), to consider potential amendments to the SDWA.
Through an extendve consensus-building effort, the RegNeg Committee agreed that EPA should
propose: an Information Collection Rule (ICR) (find in 1996); a staged Enhanced Surface Water
Treatment Rule, and a saged Disnfectants/Disnfection Byproducts Rule. These rules formed the basis
for the provisons of the 1996 amendments. Those amendments established a number of regulatory
deadlines, including schedules for a Stage 1 and a Stage 2 Disinfection Byproduct Rule (DBPR), and
for two stages of the Enhanced Surface Water Treatment Rule 1412(b)(2)(C). The SDWA as
amended aso requires EPA to promulgate regulations to “govern” filter backwash recycling within the
treatment process of public systems (Section 1412(b)(14)) and to promulgate regulations specifying
criteriafor requiring disinfection “as necessary” for ground water sysems. The LT1FBR if gpproved
will be part of the first stage of the Enhanced Surface Water Treatment Rule, and will address recycling
requirements.

The Stage 1 DBPR (63 FR 69389, December 16, 1998) gppliesto al PWSs that are CWSs and
NTNCWsthét treet their water with achemical disinfectant for either primary or residua trestment. In
addition, certain requirements for chlorine dioxide apply to TNCWSs. The Stage 1 DBPR finalizes
maximum residud disnfectant level gods (MRDLGs) for chlorine, chloramines, and chlorine dioxide;
MCLGsfor four trihalomethanes (chloroform, bromodichloromethane, dibromochloromethane, and
bromoform), two haoacetic acids (dichloroacetic acid and trichloroacetic acid), bromate, and chlorite;
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and NPDWRs for three disinfectants (chlorine, chloramines, and chlorine dioxide), two groups of
organic disinfection byproducts TTHMs and HAAS and two inorganic disinfection byproducts, chlorite
and bromate.

As part of the first stage of the Enhanced Surface Water Treatment Rule, the Agency promulgated the
Interim Enhanced Surface Water Treatment Rule (IESWTR) in December 1998, in conjunction with
the Stage 1 DBPR. The purposes of the IESWTR are to improve control of microbid pathogens,
specificaly the protozoan Cryptosporidium, and address risk takeoffs between pathogens and
disnfection byproducts. The provisons of IESWTR only pertain to public water systems serving
10,000 or more people that use surface water or GWUDI. Key provisions of the ruleinclude: a
Maximum Contaminant Level Goal (MCLG) of zero for Cryptosporidium; 2 log Cryptosporidium
removal requirements for systems that filter; strengthened combined filter effluent turbidity
performance standards of 1.0 NTU as amaximum and 0.3 NTU at the 95th percentile monthly,
based on 4-hour monitoring for treatment plants using conventional treatment or direct filtration;
requirements for individual filter turbidity monitoring; disinfection benchmark provisions to assess
the level of microbial protection provided as facilities take the necessary steps to comply with new
disinfection byproduct standards; inclusion of Cryptosporidiumin the definition of ground water
under the direct influence of surface water and in the watershed control requirements for unfiltered
public water systems; requirements for covers on new finished water reservoirs,; and sanitary
surveysfor al surface water systems regardless of size.

The proposed turbidity monitoring, disinfection benchmarking, and covered finished reservoir
provisions of the LT1FBR, parallel several IESWTR provisions, extending them to surface and
GWUDI systems serving fewer than 10,000 people. In addition, the LT1FBR recycling
provisions, which apply to all surface and GWUDI systems that recycle, are meant to control
pathogensin filter backwash that may increase as aresult of changes in disinfection practices.

M i nimization of Economic Burden

On an annua basis, the cogt of the preferred dternativesis $87.6 to $97.5 million, depending on the
discount rate assumption. This combination of aterndtives, designed to minimize the impact of the
proposed rule on small systems, represents a cost savings of about 38 to 40 percent over the estimated
cost for dternativesthat are smilar to the IESWTR provisons. For the preferred dternative, EPA
streamlined monitoring requirements, which reduced annua monitoring costs. The turbidity monitoring
costs are 17 to 19 percent of tota costs under the preferred alternatives in contrast to 45 to 48 percent
under the dternatives that closaly match the IESWTR provisons. Also by staggering the
implementation of the changes to the SWTR, smdler sysemswill gain from the experience of larger
systems on how to most cost effectively comply withthe LT1IFBR. Larger sysemswill generate a
sgnificant amount of treatment and cost data from the IESWTR ICR and in their effortsto achieve
compliance with the IESWTR requirements. EPA intends to summarize this information and make it
available through guidance manuds. EPA bdievesthisinformation will asss smdler sygemsin
achieving compliance with the LT1FBR.
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7.1.4 Effect of Compliance With the LT1FBR on the Technical, Financial, and Managerial
Capacity of Public Water Systems

Section 1420(d)(3) of the SDWA as amended requires that, in promulgating an NPDWR, the
Adminigrator shdl incdlude an andlyss of the likdy effect of compliance with the regulation on the
technicd, financid, and manageria capacity of public water sysems. The following analysis fulfillsthis
gtatutory obligation. 1n EPA guidance (EPA 816-R-98-006) (U.S. EPA, 1998) the Agency defines
water system capacity as the ability to plan for, achieve, and maintain compliance with applicable
drinking water standards. Capacity has three components: technica, managerid, and financid.

Technicd capacity isthe physicd and operationd ability of awater system to meet SDWA
requirements. Technical capacity refersto the physica infrastructure of the water system, including the
adequacy of source water and the adequacy of treatment, storage, and distribution infrastructure. It
aso refersto the ability of system personnd to adequately operate and maintain the system and to
otherwise implement requisite technical knowledge. Examining key issues and questions can determine
awater sysem’ stechnica capacity, including:

*  Sourcewater adequacy. Does the system have ardiable source of drinking water? Isthe
source of generdly good quality and adequately protected?

* Infrastructure adequacy. Can the system provide water that meets SDWA standards?
What isthe condition of its infrastructure, including well(s) or source water intakes,
treatment, storage, and distribution? What is the infrastructure's life expectancy? Does the
system have a capita improvement plan?

» Technica knowledge and implementation. |sthe system's operator certified? Does the
operator have sufficient technical knowledge of applicable standards? Can the operator
effectively implement this technica knowledge? Does the operator understand the system's
technical and operationa characterigtics? Does the system have an effective operation and
maintenance program?

Managerid capacity isthe ability of awater system to conduct its affairs in amanner enabling the
system to achieve and maintain compliance with SDWA requirements. Manageria capacity can be
assessed through key issues and questions, including:

*  Ownership accountability. Are the syssem owner(s) clearly identified? Can they be held
accountable for the system?

»  Staffing and organization. Are the system operator(s) and manager(s) clearly identified? Is
the system properly organized and staffed? Do personnel understand the management
aspects of regulatory requirements and system operations? Do they have adequate
expertise to manage water system operations? Do personnel have the necessary licenses
and certifications?
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»  Effective externd linkages. Does the system interact well with customers, regulators, and
other entities? Is the system aware of available externa resources, such as technica and
financia assstance?

Financid capacity isawater sysem's ability to acquire and manage sufficient financia resourcesto
dlow the system to achieve and maintain compliance with SDWA requirements. Financid capacity can
be assessed through key issues and questions, including:

*  Revenue sufficiency. Do revenues cover costs? Are water rates and charges adequate to
cover the cost of water?

*  Credit worthiness. Isthe system financialy hedthy? Does it have accessto capita through
public or private sources?

*  Fiscal management and controls. Are adequate books and records maintained? Are
appropriate budgeting, accounting, and financia planning methods used? Does the system
manage its revenues effectively?

A totd of 13,689 large and smal systems are potentialy subject to the proposed LT1FBR. Of these,
EPA edtimates that 10,850 systems would need to take some action to come into compliance with the
rule. Much of the activities undertaken by these systems would be one time start-up activities
associated with reporting requirements. For example, there are 9,450 small systems that will need to
comply with the disnfection benchmark provison. Approximately 5,136 of these systems are among
the 5,896 smdl systems that would undertake turbidity monitoring are the only systems that would incur
annua monitoring cogts, and of these 2,406 of them may need to modify their turbidity treatment
process. EPA estimates that the maximum number of systems that would be required to change their
recycling trestment practicesis 1,172. The expected number of small systems needing to comply with
the covered finished water provison is 580. Some large or smdl systems may require Sgnificantly
increased technicd, financia, or manageria capacity to comply with these new requirements.

Systems needing to modify treatment will do so to meet turbidity or recycling provisons. EPA
identified numerous process improvements thet smal systlems might implement to improve finished
water qudity to meet the proposed turbidity standards. The unit costs devel oped for these process
improvements are based on cost models, best engineering judgement, and existing cost and technology
documents. In most cases, cost estimates were derived by system size based on estimates of system
design and average flow rates. Exhibits 6-2a and 6-2b detail the capita costs and O&M costs for the
turbidity provisons. The Agency estimates turbidity capitad and O&M cogts for smdl sysemsto be
$62.4 million using a 7 percent discount rate. The Cost and Technology Document for the Long
Term 1 Enhanced Surface Water Treatment Filter Backwash Rule (U.S. EPA, 1999b) describesin
detail the methods and assumptions used to develop unit cogts.

Systems modifying trestment to meet recycling provisions may need to move recycle return to the plant
headworks or dter treatment processes. As noted in Exhibit 6-18, the compliance forecast estimated
that 791 plants would need to move their recycling return flow to the head of the plant. Exhibitsin
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Appendix C detall the unit capitd and O&M costs for direct and conventiond filtration plants that need
to redirect theirs recycle flows. Direct recycle plants would need to conduct saf assessments and
report the findings to the State; subsequent requirements to alter treatment practices are a the
discretion of the State. Appendix C reports the number of systems that would need to implement
treatment changes and the unit capital costs. EPA estimates that approximately 359 direct recycle
systems potentialy exceed their design capacity during recycling events and would need to dter
trestment. Direct filtration plants will report their recycling practices to the State which would
determine if trestment changes are necessary. EPA assumes that 23 direct filtration systems that
recycle would be required to ingtal treatment. Appendix A summarizes the treatment process options,
the forecast of how many systems would need to ater treatment, and the unit cost for each option.
Annualized capita cogts associated with the recycling provisions are gpproximately $13.6 million
(assuming a 7 percent discount rate) and the O&M costs are gpproximately $10.2 million.

7.1.5 Paperwork Reduction Act

Theinformation collected as aresult of thisrule will dlow the States and EPA to evauate PWS
compliance with therule. For thefirst 3 years after promulgation of thisrule, the mgor information
requirements pertain to monitoring, and compliance reporting. Responses to the request for information
are mandatory (Part 141). The information collected is not confidentid.

The Paper Work Reduction Act requires EPA to estimate the burden on PWS, States, and territories
for complying with the find rule. Burden refersto the tota time, effort, or financia resources expended
by personsto generate, maintain, retain, or disclose or provide information to or for a Federa agency.
Thisincludes the time needed to review ingructions, develop, acquire, ingal, and utilize technology and
systemsfor the purposes of callecting, vaidating, and verifying information, processing and maintaining
information, and disclosing and providing information; adjust the existing ways to comply with any
previoudy applicable ingtructions and requirements, train personnd to be able to respond to a collection
of information; search data sources, complete and review the collection of information; and transmit or
otherwise disclose the information.

Information collection activities of PWSs required under this rule during the first 3 years following
promulgation will result in an average annua burden of 248,978 person-hours collectively for the
PWSs. For States and territories, the anadys's suggests the annua average burden to be 62,508 hours.
The nationa, average annud |abor cost of PWSs associated with information collection activities
averages $9.3 million annudly. The average annua cogtsincurred by PWSs for turbidimeter ingtalation
would be $2.7 million in capita costs and $1.8 million in average O&M costs. The annud cost for
laboratory andyses would be $115,000. Nationaly, States and territories will incur annua average
costs of $1.5 million. Exhibit 7—10 presents a summary of the burden hours and costs associated with
the LT1FBR rule for the 3 years covered by the ICR.

The costs and burdens during ICR approva period do not reflect dl the costs and burdens that would
result from the rule, as severa provisions are not scheduled for implementation until after thefirst 3
years. Therecydling provisons would be implemented in the fourth and fifth years following
promulgation. The total burden and costs to systems for the recycle provisons would be 157,768
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hours and $5.7 million, respectively. For States the recycling provisions would result in a 52,411 hour
burden and a$1.2 million cost.

Exhibit 7-10. Summary of Respondents, Responses, Burden, and Costs
for PWSsand Statesfor the ICR Approval Period

Average Average Annual
Number Number Average Average Annual Turbidimeter Costs
Respondents | Responses Annual Annual Labor | Laboratory
Average Average Burden Cost Costs Capital O&M
PW Ss 5,980 9,222 248,978 $9,313,919 $115,200 $2,713,815 $1,783,395
States 39 7,275 62,508 $1,513,000 $0 $0 $0
Total 6,019 16,497 311,486 $10,826,919 $115,200 | $2,713,815 | $1,783,395

Turbidity monitoring, the only annud activity that the proposed rule requires, would not begin until the
fourth year after promulgation. By the sixth year after promulgation dl start-up activities would be
completed and the remaining compliance activity associated with the rule would be annud turbidity
monitoring. In year 6 the annua burden and cost for dl PWSswould be 274,274 hours and $9.0
million, respectively. Similarly, for Statesin the sixth year the burden and cost would be 219,286 hours
and $6.1 million. The derivation of dl LT1FBR burdens and costs for start-up and annud information
callection activities can be found in LT1FBR Information Collection Request.

7.2 Impacts on Subpopulations

A primary purpose of the proposed LT1FBR isto improve control of microbial pathogens,
specifically the protozoan Cryptosporidium. The health effect of cryptosporidiosis on sensitive
subpopulations is much more severe and debilitating than on the general population. Severd
subpopul ations are more sensitive to cryptosporidioss, including the young, €l derly, malnourished,
disease impaired (especially those with diabetes), and a broad category of those with compromised
immune systems, such as AIDS patients, those with Lupus or cystic fibrosis, transplant recipients,
and those on chemotherapy (Rose, 1997).

Mortdity asaresult of cryptosporidiosisinfection isamuch greater risk for sensitive
subpopulations than it is for the general population, particularly for the immunocompromised.

The duration and severity of the disease are significant: whereas the disease may
hospitalize 1 percent of the immunocompetent population with very little risk of mortality
(< 0.001), Cryptosporidium infections are associated with a high rate of mortality in the
immunocompromised (50 percent) (Rose, 1997).

The duration of cryptosporidiosis in those with compromised immune systems is considerably
longer than in those with competent immune systems, with more severe symptoms often requiring
lengthy hospital stays. In those subpopulations, the cost of illness (COI) from cryptosporidiosis
would be much greater than for the general populace. During a 1993 outbreak in Milwaukee, 33
AIDS patients with Cryptosporidium accounted for 400 hospital days at an additional cost of
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nearly $760,000 (Rose, 1997). COI due to these hospital days aone is estimated at $23,000 per
case ($760,000/33 patients).

Because of the severity of illness and high costs for trestment experienced by senstive subpopulations,
asaresult of Cryptosporidium infection, the Agency expects LT1FBR to have a disproportionately
positive impact on the subpopulations mentioned earlier.

Protecting Children From Environmental Health Risks and Safety Risks

Executive Order 13045 (62 FR 19885, April 23, 1997) appliesto any rule initiated after

April 21, 1997, or proposed after April 21, 1998, that 1) is determined to be “economically significant”
as defined under Executive Order 12866 and 2) concerns an environmenta health or safety risk that
EPA has reason to believe may have a disproportionate effect on children. If the regulatory action
mests both criteria, EPA mugt evaluate the environmental hedlth or safety effects of the planned rule on
children, and explain why the planned regulation is preferable to other potentidly effective and
reasonably feasible aternatives considered by EPA.

In promulgating the LT1FBR EPA recognizes that the health risks associated with exposure to the
protozoan Cryptosporidium are of particular concern for certain sensitive subpopulations, including
children and immunocompromised individuas. Cryptosporidios's acquired by the drinking water
exposure pathway can spread quickly among children in group settings, especidly digpered children in
day care centers (Juranek, 1998). Thistype of transmission is caled secondary transmission, and can
result in spread of the disease to both children and adults. Evidence of such secondary transmission
of cryptosporidiosis from children to household and other close contacts has been found in many
outbreak investigations (Casemore, 1990; Cordéll, et a., 1997; Frost, et al., 1997). During the
1993 Milwaukee outbreak, 74 percent of day care centers interviewed reported cryptosporidios's
among children or staff members, dthough only 3.4 percent of facilities closed because of the epidemic
(Corddl, et d., 1997). Having achild under 5 years of agein ahousehold was arisk factor (i.e, witha
matched odds ratio of 17) among laboratory-confirmed cryptosporidiosis cases during the post-
outbreak period in Milwaukee (Osawe, et d., 1996).

Ma nourished and immunocompromised children are a greater risk of developing chronic diarrhea
when infected with Cryptosporidium due to impaired immune response (Griffiths, 1998, Casemore,
1990). The progression from acute cryptosporidioss to chronic diarrhea and death among
malnourished children is not well understood (Griffiths, 1998). However, information on mortality
from diarrhea shows the greatest risk of mortality occurring among the very young and elderly
(Gerba, et d., 1996). Specifically, young children are a vulnerable population subject to infectious
diarrhea caused by Cryptosporidium (CDC, 1994). Cryptosporidiosisis prevaent worldwide, and
its occurrence is higher in children than in adults (Fayer and Ungar, 1986). Moreover,
Cryptosporidiosis appears to be more prevaent in populations that may not have established
immunity against the disease and may be in greater contact with environmentally contaminated
surfaces, such asinfants (DuPont, et al., 1995). Once achild isinfected, it may spread the disease
to other children or family members.
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These concerns were consdered as part of the regulatory devel opment process, particularly in the
establishment of the MCLG at zero for Cryptosporidium in drinking water established under
IESWTR. The proposed LT1FBR continues to take into account the need to protect sengtive
populations (e.g., children) and provide for an adequate margin of safety. For public water sysems
that use surface water, filter, and serve less than 10,000 people, EPA is establishing physica remova
treatment requirements to control for Cryptosporidium. For systems that use conventional, direct, or
membrane filtration, EPA is strengthening the exidting turbidity sandards for finished water and isaso
requiring individud filter monitoring for conventiona and direct filtration sysemsto assst in controlling
pathogen breakthrough during the trestment process.

7.3 Environmental Justice

Executive Order 12898 (59 FR 7629) establishes a Federd policy for incorporating environmental
justice into Federal agency missions by directing agencies to identify and address disproportionately
high and adverse human hedth or environmenta effects of its programs, policies, and activitieson
minority and low-income populations. For example, to asss in identifying the need for ensuring
protection of populations who principdly rely on fish or wildlife for subsstence, the Executive Order
directs agencies, whenever practicable and appropriate, to collect, maintain, and anadyze information on
the consumption patterns of those populations, and to communicate to the public the risks of those
consumption patterns.

The Agency has conddered environmentd justice related issues concerning the potentia impacts of this
proposed action and has consulted with minority and low-income stakeholders. Three aspects of the
rule comply with the Environmenta Justice Executive Order and they can be classfied asfollows 1)
The overd| nature of the rule; 2) theincluson of sengtive subpopulationsin the regulatory development
process, and 3) the convening of a stakeholder meeting specificaly to address environmentd justice
issues. The overdl nature of the LT1FBR rule mimics the 1998 IESWTR by regulating smal public
water systems to improve control of microbia pathogens. Therefore, the minority and impoverished
populations served by small sysems will redlize the hedth protection benefits currently provided to
populations served by larger sysems. The Water Industry Basdline Handbook provides limited
information concerning the distribution of impoverished households served by small systems.

In addition, the proposed rule includes concerns of the sensitive sub-populations through the Reg. Neg.
and M-DBP Advisory Committee process undertaken to craft the regulation. Both Committees were
chartered under the FACA authorization, and included a broad cross-section of regulators, regulated
communities, industry, public interest groups, and State and locd public hedth officids.
Representatives of sensitive subpopulations, in particular people with AIDS, participated in the
regulatory development process. Extensgive discussion on setting trestment requirements that provide
the maximum feasible protection took place, and the final consensus that resulted in the rule considered
issues of affordability, equity, and safety.

Findly, as part of EPA's respongbilities to comply with Executive Order 12898, the Agency held a
stakeholders mesting to address various components of pending drinking water regulations; and how
they may impact sengitive subpopulations, minority populations, and low-income populations. Topics
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discussed included treatment techniques, cogts and benefits, data quality, hedth effects, and the
regulatory process. Participants included nationd, State, Triba, municipa, and individua stakeholders.
The mgor objectives for the meeting were:

»  Solicit ideas from environmenta justice stakeholders on known issues concerning current
drinking water regulatory efforts

o|dentify key issues of concern to stakeholders

*Receive suggestions from stakeholders concerning way's to increase representation of
communitiesin OGWDW regulatory efforts.

Furthermore, EPA deveoped a plan-English guide specificdly for this meeting to assst stakeholdersin
undergtanding the multiple and sometimes complex issues surrounding drinking water regulation.
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8. Weighing the Benefits and the Costs

This chapter compares the benefit estimates discussed in Chapter 5 with the cost estimates
discussed in Chapter 6. The comparison method used is an estimate of net benefits, which isthe
difference between benefits and costs. Most of the potential range of quantifiable benefits, which
exclude many types of benefits discussed in Chapter 5, exceeds the cost estimates associated with
the preferred aternatives. Consequently, even though there are costs associated with the proposed
rule, EPA expects the benefits to exceed costs such that the net benefits will be positive.

8.1 Incremental and Marginal Analysis

EPA estimated the incremental benefits and costs of the proposed rule, which are the benefits and
costs expected to accrue compared to a baseline in which the provisions of the rule are not
implemented. Both benefits and costs are expressed as annual values. Annual benefits are
monetized estimates of avoided morbidity or mortality cases. Annual costs include annualized
capital investments to alter treatment processes and annual O& M expenditures. They also include
annualized start-up cost estimates for al of the provisions of the proposed rule.

EPA compared the costs of the proposed CFE requirement (i.e., 0.3 NTU 95" percentile) with the
costs that would be associated with more stringent requirements of 0.2 NTU and 0.1 NTU. For
these two sensitivity tests, EPA developed assumptions about which process changes systems
might implement to meet the requirement and how many systems would adopt each change. The
decision treesin Appendix C summarize these assumptions, which were inputs to the cost model
that calculated total annual costs. The comparison of total compliance cost estimates in Chapter 6
showed that marginal costs of more stringent requirementsrise rapidly. Compared to the proposed
0.3 NTU requirement, the turbidity treatment costs of the 0.2 NTU sensitivity test were 157
percent higher and the costs of the 0.1 NTU case were 675 percent higher.

8.2 Benefit-Cost Comparisons

EPA compared annual benefits and costs by calculating net benefits, which is the difference
between the two. The assessment of benefits was based on a health risk assessment that
characterized the scientific uncertainty regarding the exposure assessment and health hazards
associated with exposure to Cryptosporidium through drinking water. The benefits analysis used
Monte Carlo simulations to derive a distribution of estimates, rather than a single point estimate.

Exhibit 8-1 summarizes the mean expected vaue of potential annual benefits for the turbidity
provisions under both basdlines, the three improved remova assumptions, and two daily consumption
digtributions. Assuming a2.0 log remova basdine for small systems, benefits range from $195.3
million to $259.4 million. Alternatively, if a2.5 log remova basdine is more representative of current
smd| system performance, the benefits are less, ranging from $70.1 million to $92.4 million. Therange
across these assumptions, is therefore, $70.1 million to $259.4 million. The corresponding mean
estimates of avoided illnesses, which account for dmaost 80 percent of benefits, range from
approximately 22,800 cases to 83,600 cases per year.
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Exhibit 8-1. Summary of Annual M ean Benefits Associated with Avoided I1Inesses and
Mortalitiesfor the Turbidity Provisions of the Proposed Rule (January 1999 dollars)

Baseline Cryptosporidium L og-Removal Assumptions
($millions)

Mean = 1.2 Liters per person

Improved Log Removal Assumption 2.0log Basdline 2.5log Basdline
Low Removal $195.3 $70.1
Mid Removal $240.8 $86.1
High Removal $259.4 $92.4

Exhibit 8-2 summarizes the annual cost of the rule at the 3 percent and 7 percent discount rates for
two combinations of alternatives. Annual costs for the combination of preferred options are $87.6
or $97.5 million depending on the discount rate, and they are $145.5 or $157.3 million for the
combination of aternatives that closely resembles provisionsin the IESWTR. This comparison
shows that the proposed rule reduces total cost by 38 to 40 percent compared to what costs would
be without tailoring the turbidity and disinfection benchmark provisions to meet the needs and
circumstances of small systems while fulfilling public health protection goals that are comparable
to the IESWTR.

Exhibit 82. Total Annual Costsfor Two Combinations of Alter natives

(January 1999)
Preferred Alternatives IESWTR Alternatives
(T2, A4, B2 with R2) (T1, Al, Bl with R2)
Compliance ($ millions) ($ millions)
Activity 3% % 3% %

Turbidity Provisions $63.4 $68.6 $116.7 $121.9
Disinfection Benchmarking $1.3 $1.8 $5.9 $8.3
Covered Finished Storage $2.5 $2.6 $2.5 $2.6
Recycle Provisions $20.4 $24.5 $20.4 $24.5
Total Costs $87.6 $97.5 $145.5 $157.3

Detail may not add to total due to independent rounding.

The bottom bar in Exhibit 8-3 shows the range of expected benefits from $70.1 million to $259.4
million. The middle bar shows the range between the two total cost estimates for the preferred
aternatives, $87.6 million and $97.5 million. Findly, it plots arange of potentia net benefits,
which compares the quantified benefits for the turbidity provisions with the total costs for all
provisions. The lowest potentia net benefit is the difference between the lowest benefit estimate
and the highest cost estimate (i.e., $70.1 million — $97.5 million = —=$27.4 million). The highest
potentia net benefit is the difference between the highest benefit estimate and the lowest cost
estimate (i.e., $259.4 million — $87.6 million = $171.8 million). Asthe chart shows, the range of
potential net benefits from negative $27.4 million to $171.8 million lies primarily to the right of
zero, showing that benefits are likely to exceed costs.
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Exhibit 8-3. Comparison of Annual Benefit, Cost, and Net Benefit Ranges
(January 1999 dollars, millions)

Net Benefits ‘
1 1 v
Costs
Benefits I

-$50 $0  $50 $100 $150 $200 $250 $300

Although monetized net benefits may be aslow as negative $27.4 million, total socia benefits are
likely to be positive if the qualitative benefits are taken into consideration. Exhibit 84 shows that
although costs have been estimated for most of the provisions, benefits have not. Benefits were
only estimated for the turbidity provisions. Furthermore, the benefits that were quantified for the
turbidity provisions exclude some benefits of those provisions such as reducing exposure to other
pathogens (e.g., Giardia lamblia) and avoiding the cost of averting behavior. The nonquantified
benefits could represent substantial additional economic value. Overall, EPA expects the proposed
rule to improve health protection for more than 18 million households, which are the households
served by systems EPA estimates will ater treatment or practices under therule. If the aggregate
benefit per household for these nonquantified benefitsis at least $1.52 per year, then even the low
range of net benefits will be positive.
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Exhibit 84. Summary of Benefit and Cost Analysis Completeness
(January 1999, millions)

Range of Costsfor
Compliance Preferred Alternatives Range of
Activity (T3,A4,B2,R2) Benefits

Small System Provisions Comparableto IESWTR:
* Turbidity Provisions $63.4 — $68.6 > $70.1 - $259.4
« Disinfection Benchmarking $1.3-$1.8 not estimated
* Covered Finished Storage $2.5-%$2.6 not estimated
* Cryptosporidiumin GWUDI Definition not estimated not estimated
« Cryptosporidiumin Watershed Requirements not estimated not estimated
Subtotal for LT1 Provisions $67.2—-$73.0 > $70.1-$259.4
Recycle Provisions $20.4-%$24.5 not estimated
Total Costs $87.6 —$97.5 > $70.1 - $259.4

Under the 1996 Amendments to the Safe Drinking Water Act, EPA isrequired to make a
determination of whether benefits justify costs for the rulemaking. EPA has determined that the
benefits of the LT1FBR justify the costs. EPA made this determination for both the LT1 (i.e., the
five provisionsin thefirst row of Exhibit 84) and the FBR (i.e., the recycle provisions) portions
of the rule separately as described below.

EPA has determined that the benefits of the LT1 provisions justify their costs on a quantitative
basis. The LT1 provisionsinclude enhanced filtration, disinfection benchmarking, and other
nonrecycle-related provisions. The quantified benefits of $70.1 million to $259.4 million annually
exceed the annual cost range of $67.2 million to $73.0 million over a substantial portion of the
range of benefits. In addition, the nonquantified benefits include avoided outbreak response costs,
avoided costs of averting behavior, and reduced uncertainty about drinking water quality.

For the recycle provisions, the Agency has determined that the benefits of the provisions justify
their cost on a qualitative basis although the analysis in the following section provides a
guantitative perspective on the health benefits needed to break even given EPA’s cost estimates.
The recycle provisions will reduce the potential for certain recycle practices to lower or upset
treatment plant performance during recycle events. Therefore, the provisions will help prevent
Cryptosporidium oocysts from entering finished drinking water supplies and will increase the level
of public health protection.

Returning Cryptosporidium to the trestment processin recycle flows, if performed in a manner that
isinconsistent with fundamental engineering and water treatment principles, can increase public
health risks. EPA believes that there are three instances, in particular, that increase health risks.
First, returning recycle flow directly to the plant—without equalization or treatment—can cause
large variations in the influent flow magnitude and the influent water quality. If chemical dosingis
not adjusted to reflect these variations, then less than optimal chemical dosing can occur, which
may lower sedimentation and filtration performance. Returning recycle flows prior to the point of

RIA for the Proposed LT1FBR 84 February 15, 2000



primary coagulant addition will help diminish the likelihood of this occurring. Second, exceeding
State-approved operating capacity, which is more likely to occur if recycle equalization or
treatment is not in place, can hydraulically overload plants and diminish the ability of individua
unit processes to remove Cryptosporidium. Exceeding approved operating capacity violates
fundamental engineering principles and water treatment objectives. States set limits on plant
operating capacity and loading rates for individua unit processes to ensure that treatment plants
and individual treatment processes operate within their capabilities and, thereby, provide the
necessary levels of public health protection. Third, returning recycle flows directly into
flocculation or sedimentation basins can generate disruptive hydraulic currents, which lower the
performance of these units and increase the risk Cryptosporidiumwill be present in finished water
supplies.

The objective of the recycle provisionsis to eliminate practices that are counter to common sense,
sound engineering judgement, and that create additional and preventable risk to public health.
EPA’ s proposed rule addresses these practices while providing States and affected systems with
the flexibility necessary to implement the most cost-effective solutions. Consequently, EPA
believes the public health protection benefit provided by the recycle provisions justifies their cost.

8.3 Breakeven Analysisfor the Recycle Provisions

The LT1FBR recycle provisons are expected to improve recycle practices, thereby preventing the
accumulation of Cryptosporidium within the trestment plant and minimizing the risk of oocysts entering
into the finished water. Estimating the magnitude of the risk posed by existing recycle practices and the
risk reduction resulting from the recycle provisions, however, is complicated by the lack of scientific
data to support assumptions and analyses. Given the large population served by systemsthat are
potentialy subject to the proposed rule (66.8 million—the total population served by al rapid granular
filtration systems that practice recycle), even asmall risk reduction could have a subgtantia impact. To
asess the cogts of the recycle provisions againgt the possible range of risks, EPA used a breakeven
andyssto explore net benefits of the alternatives. Breskeven andys's represents an gpproach to
assessing the benefits of the recycle provisons given the scientific uncertainties surrounding the risk

posed by recycling practices.

Breskeven is a gandard benchmark of cost effectiveness and economic efficiency and is essentidly the
point where the benefits of the recycle provisons would be equd to the costs. Normally, the benefits
and cogts of an option are caculated separately and then compared to assess whether and by what
amount benefits exceed codts. In the case of the recycle provisions, independently estimating benefitsis
difficult, if not impossible, because of the uncertainty surrounding the risk and resulting risk reduction.
Instead, the breakeven andysis works backwards from those variables that are less uncertain. In this
case, implementation cogts for the rule and the monetary vaue associated with the hedth endpoints are
used to calculate what risk reduction estimates are needed for the rule to just pay for itself in avoided
hedlth damages associated with cryptosporidioss.

The first step in the breskeven andysisis to caculate the number of cryptosporidios's cases that would
need to be avoided for the benefits of avoiding those cases to be equal to the cost of therule. The
ample caculation isto divide the annud cogts of the rule by the value per cryptosporidios's case to
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derive the number of cryptosporidiosis cases needed to cover the costs of therule. The value of a
cryptosporidios's case differs based on whether the case resultsiniliness or fatality. Fatal casesare
valued at the VSL with amean of $5.7 million as mentioned earlier. It isassumed that .0125
percent of al cryptosporidiosis cases are fatd and are, therefore, assigned the VSL.

For the cryptosporidiosis illnesses (nonfatal), comprising 99.9875 percent of the total, the cost of illness
estimate of $2,400 was used asavaudtion. It isimportant to note that thisvaue reflects the potentid
COl avoided, not the full WTP to reduce the probability of suffering a cryptosporidiossinfection. The
estimates do not take into account the value of avoiding pain and suffering, the economic premium
associated with risk aversion, or the cogts of averting behaviors.  Therefore the full value of the
economic benefit to reduce cryptosporidiosis may be higher than the $2,400 COI avoided per case
mean esimate.

The average cost per cryptosporidiosis case avoided is approximately $3,100 [($5.7 million x
0.000125) + ($2,400 x 0.999875). Thisvalueisdivided into the implementation costs for the
various rule aternatives to estimate the number of cryptosporidiosis cases reduced needed to break
even (Exhibit 8-5). For the preferred aternative at a 7 percent rate, the recycle provisions would
have to prevent 5,600 to 7,900 illnesses annually to break even.

Exhibit 8-5. Breakeven Analysis Summary

3% Cost of Capital 7% Cost of Capital
Alternative R2 Alternative Alterative R2 Alterative R3 Alternative
Low High R1 L ow High Low High R4
Implementation cost $14.3 $20.4 $16.9 $17.4 $24.5 $55.0 $56.7 $151.8
($ millions)
Total number of 4,600 6,600 5,500 5,600 7,900 17,700 18,300 49,000
cases prevented to
break even
Fatal cases 1 1 1 1 1 3 3 7
Nonfatal cases 4,599 6,599 5,499 5,599 7,899 17,697 18,297 48,993

The breakeven number of cases provides only part of the information needed to assess under what
conditions the recycle provisions will break even. Two other factors, the baseline number of
cryptosporidioss illnesses and the percent reduction in risk due to the provisions, combine to give
the number of illnesses avoided by therule. In genera, these two factors have an inverse
relationship with respect to the breakeven point: the higher the baseline number of illnesses, the
lower the reduction needs to be to break even. Conversely, the lower the baseline number of
cases, the higher the reduction in risk needs to be.

The baseline number of illnesses can be estimated using the risk characterizations performed for
the IESWTR (for systems serving 10,000 and over) and the turbidity provisions of the proposed
LT1FBR (for systems serving less than 10,000). The baseline number of illnesses remaining after
the implementation of the LT1FBR and IESWTR range from alow estimate of 62,000 to a high
estimate 344,600 (Exhibit 8-6).
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Exhibit 8-6. Combined Annual Number of |lInesses
Remaining After LT1FBR and IESWTR

Improved Log Baseline Assumption (LT1FBR/IESWTR)
REMOHE] ASTITTEHE 20125 2.0/3.0 25125 25/3.0
Low Improved Removal 344,600 139,600 317,200 112,200
Mid Improved Removal 235,900 92,900 218,100 75,100
High Improved Removal 199,900 75,900 186,000 62,000

Exhibit 8-7 contains a graph that addresses the question: “Given the range of baseline risk, what
risk reduction due to the recycle provisions would you need to reach the breakeven illnessesin
Exhibit 8-57’

Exhibit 8-7 displays three sets of breakeven lines assuming a 7 percent discount rate, one for
Alternative R4, and two lines each for Alternatives R2 and R3; the line for Alternative R1 lieson
top of the low line for Alternative R2 and is therefore not shown in the graph. Each point on the
line represents the combination of baseline illnesses and percent reduction needed to produce the
breakeven cases. For Alternative 4, the combination of baseline number of illnesses and percent
reduction at each point on the line produces 56,200 cases avoided. Graphically, at any
combination of baseline risk and percent reduction in the area to the right of the lines, the recycle
provisions would exceed a breakeven point (i.e., benefits would exceed costs) and at any
combination in the area to the left of the lines, the costs of compliance would exceed the benefits.

Alternative R4 is expected to result in the greatest reduction in risk. If the estimated baselinerisk is
low (below about 115,000 cases), Alternative R4 would need to reduce baseline cases by more
than 50 percent to break even. At the highest basdline risk, Alternative R4 would need to result in
about a 15 percent reduction in risk to break even.

For Alternative R3, if the basdline risk is low (115,000 cases), the rule would need to reduce 20
percent of casesto breakeven. At the highest baseline risk, Alternative R3 would need to result in
about a 5 percent reduction in risk to break even.

For Alternative R2, the preferred aternative, if the baseline risk islow (115,000 cases) the rule
would need to reduce only about 6 percent to 9 percent of the risk to break even. At the high end
of baseline risk, the rule would break even at aminimal reduction in risk (about 2 percent). At the
mid range of baseline risk, the required reduction is under 5 percent. EPA selected Alternative R2
because it was felt to have a greater likelihood to be able to achieve reductionsin risk due to
Cryptosporidium that would break even and justify the costs.
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Exhibit 8-7. Percent Reduction in Ilinesses Needed to Break Even by Alternative
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90% \ \ R2 Low: 6,400 cases
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50,000 100,000 150,000 200,000 250,000 300,000 350,000
Basdine Cases

8.4 Summary of Uncertainty/Sensitivity Analysis

The results of the benefit and costs analyses were based on several assumptions that introduce
uncertainties. Areas where important sources of uncertainty enter the benefits assessment include
the following:

»  Occurrence of Cryptosporidium oocysts in source waters
* Basdine occurrence of Cryptosporidium oocystsin finished waters

* Reduction of Cryptosporidium oocysts due to improved treatment, including filtration
and disinfection

* Viability of Cryptosporidium oocysts after treatment

* Infectivity of Cryptosporidium

* Incidence of infections (including impact of under reporting)
»  Characterization of the health risk

*  Willingness-to-pay to reduce risk and avoid costs.

The benefit analysisincorporates al of these uncertainties in either the Monte Carlo simulations or
the assumption of two baselines—2.0 log remova and 2.5 log removal—as discussed in Chapter
5. Theresultsin Exhibit 8-1 show that benefits are more sensitive to the basdline log remova and
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the daily water consumption assumptions than the range of low to high improved removal
assumptions. Other unquantified benefits ssemming from illnesses avoided from other rule
provisions were a so discussed in Chapter 5.

Cost analysis uncertainties are primarily caused by baseline assumptions made about how many
systems will be affected by various provisions and how they will likely respond. Capital and
0O&M expenditures account for amajority of total costs. EPA derived these costs for a“model”
system in each size category using engineering models, best professional judgement, and existing
cost and technology documents. Costs for systems affected by the proposed rule could be higher
or lower, which would affect total costs.

8.5 Combined Regulatory Effects with Other Rules

The proposed LT1FBR is one of several rulesthat potentially affect surface water and GWUDI
drinking water systems. Exhibit 8-8 summarizes recent and forthcoming rules. Thusfar, EPA’s
cost estimates suggest that costs associated with small systems will total $59 million under the
existing IESWTR and Stage 1 DBPR, and could increase by another $73 million under the
proposed rule assuming a 7 percent discount rate. Costs associated with larger systems are
substantially larger, totaling $569 for the existing rules, and may reach $587 million including costs
for the proposed LT1FBR. Adding costs across rules may over state the social costs of regulatory
activities because actions to satisfy one rule may reduce the costs of subsequent rules that have
related public health goals.

Exhibit 8-8. Annualized Costsfor Recent and Forthcoming Rulesthat Affect Surface
Water and GWUDI Drinking Water Systems

Small Systems Large Systems
Rule (serving < 10,000 customers) (serving $ 10,000 customers)

IESWTR (12/98) $2 million $291 million

Stage 1 DBPR (12/98) $57 million $278 million

LT1FBR (11/00) $73 million $18 million

Stage 2 DBPR (11/ 02) yet to be determined yet to be determined

Stage 2 LTESWTR (05/02) yet to be determined yet to be determined

Total Costs $132 million $587 million
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