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1. Executive Summary

1.1 Introduction

This document presents the analysis of the impacts of the proposed Ground Water Rule (GWR).
The proposed GWR has been developed by the Environmenta Protection Agency (EPA) working with
States and other interested stakeholders. The primary goa of the proposed GWR isto improve public
hedlth by identifying public ground water sysems that are now, or are likely to become, fecaly
contaminated, and to insure adeguate measures are taken to remove or inactivate pathogens in drinking
water provided to the public by these systems. This document provides. a description of the need for
the rule, a description of the regulatory options, basdine information on ground water systems,
estimates of the monetized benefits and costs of the proposed rule, a description of additional
unquantified and nonmonetized benefits, analys's of the economic impact of the rule, and a comparison
of the overal benefits and costs of the rule aterndives.

1.2 Need for the Rule

EPA has developed the proposed GWR in fulfillment of its responsbility established under Section
1412(b)(8) that EPA develop regulations specifying the use of disinfectants for ground water systems

as necessary.

EPA bedlieves that there is a substantia likelihood that feca contamination of ground water supplies
isoccurring a frequencies and levels that present a public health concern. Fecd contamination refersto
the contaminants, particularly the microorganisms, contained in human or anima feces. These
microorganisms may include bacteria and vird pathogens that can cause illnesses, and in some cases
desth, in the individuas that consume them.

Fecal contamination isintroduced to ground water from a number of sources including, septic
systems, leaking sewer pipes, landfills, sewage lagoons, cesspools, and siorm water runoff.
Microorganisms can be transported with the ground water as it moves through an aquifer. The distance
that the microorganisms can be transported through a ground water aguifer depends on a number of
factors including, the nature of the microorganism, temperature, and soil properties. For example,
protozoan organisms are much larger in Sze than bacteria and viruses and are therefore much less
likely to be able to move through the soil matrix. The trangport of microorganismsto wells or other
ground water system sources can dso be affected by poor well congtruction (e.g., improper well seds)
that can result in large, open conduits for fecal contamination to pass unimpeded into the water supply.

Recent studies of public water system supply wells show that there are a number of ground water
suppliesthat contain fecd contamination. The American Water Works Association Research
Foundation (AWWARF) Study (Abbaszadegan, et. d, 1999) collected data from more than 400
public water supply wellslocated in 35 States, and is perhaps the most representative study of public
ground water suppliesto date. This study found that amost 5 percent of the wells contained infectious
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enteroviruses, amost 10 percent of the wells contained bacteria and amost 15 percent of the wells
contained rotavirus fragments that may or may not be capable of causing infections.

Waterborne pathogens contained in fecally contaminated water can result in a variety of illnesses
that range in the severity of their outcomes from mild diarrheato kidney falure or heart disease. Exhibit
1-1 presents alist of theillnesses that are caused by pathogenic viruses and bacteriain fecaly
contaminated ground water. The populations that are particularly sengitive to waterborne and other
pathogens include, infants, young children, pregnant and lactating women, the elderly and the chronicaly
ill. Theseindividuds may be more likely to becomeiill as areault of exposure to the pathogens, and are
likely to have amore severeiliness.

Exhibit 1-1. llinesses Caused by Waterborne Pathogens

Viral Waterborne llinesses Bacterial Waterborne llinesses
Gastroenteritis (diarrhea, stomach cramps etc.) Gastroenteritis (diarrhea, stomach cramps etc.)
Myocarditis (heart disease) Hemolytic uremic syndrome(kidney failure)
Meningitis Cholera
Diabetes Legionnaires Disease
Hepatitis
Paralysis

Many ground water systems currently practice disnfection to inactivate or remove the pathogensin
ground water prior to distributing the water to their customers. However, data collected by the Centers
for Disease Control and Prevention (CDC) and EPA indicate that dmost as many waterborne disease
outbreaks were reported between 1971 and 1996 in systems with disinfection treatment that was
inadequate or interrupted (134 outbreaks) as were reported in the same period among ground systems
that did not disinfect (163 outbreaks). The CDC outbreak data also indicate that fecal contamination
may be introduced into a public water system by the distribution system itself. Between 1971 and
1996, 49 reported outbreaks of the waterborne disease occurred as aresult of distribution system
contamination. The reported outbreaks probably represent asmall fraction of the total number of
waterborne disease outbreaks because reporting of outbreaksis voluntary, and not al States have
outbreak surveillance systems.

Currently the Total Coliform Rule isthe only federd drinking water regulation that directly governs
the presence of microbes in public ground water sysems. The rule gppliesto al public water systems,
and requires systems to collect samples from their distribution systems and test for the presence of
coliform bacteria Tota coliform monitoring is used to screen for fecd contamination, determine the
effectiveness of treatment, and determine the integrity of the digtribution system. The frequency of tota
coliform sampling depends upon the number of people served by the system and the system type.

April 5, 2000 Proposed Ground Water Rule - Regulatory Impact Analysis 1-3



1.3 Regulatory Options Considered

EPA has been working with a regulatory workgroup, stakeholders and other interested partiesto
develop regulatory options to address fecal contamination of ground water systems. Four options have
been developed through this process. Thefirg three regulatory options— Sanitary Survey, Sanitary
Survey and Triggered Monitoring, and the Multi-Barrier options— build successively upon one another
adding mechanisms to detect and address ground water systems at risk of fecal contamination. The
fourth option, Acrossthe-Board Disinfection, does not include a component to target the systems that
are a risk, but requires al systemsto ingal trestment to remove or inactivate microbia contamination.
Exhibit 1-2 lists the regulatory options and their components.

Exhibit 1-2. Regulatory Options and Basic Provisions

Regulatory Options
1 2 3 4
Across-the-
Sanitary Survey and Board
Provisions Sanitary Survey Triggered Monitoring Multi-Barrier Disinfection
Sanitary Survey o o o o
Triggered source water (microbial) monitoring® o o
Hydrogeologic sensitivity assessment and routine o
source water monitoring?
All systems install/upgrade and maintain treatment 0
' Triggered by a total coliform-positive sample in the distribution system
* For those systems determined to be hydrogeologically sensitive

The first regulatory option would require States and other primacy agencies to conduct a sanitary
survey of community ground water systems once every three years and, noncommunity water systems,
once every fiveyears. Most States dready perform sanitary surveys, but with wide variaion in
frequency and stringency. This requirement would increase their frequency for most CWSs, specify
minimum sanitary survey eements, and ensure that systems correct sgnificant deficiencies. The sanitary
survey reviews dl aspects of the ground water system including the source, treetment, storage, pumps,
distribution system, monitoring records, operator certification, and management. States would require
systems to correct any sgnificant deficiencies identified in the survey or to indal disinfection treatment.

The second regulatory option would incorporate triggered monitoring of ground water systems
source water with the sanitary survey required under the first option.  Source water monitoring would
be triggered by the detection of total coliform in the samples that systems collect for compliance with
the Totd Coliform Rule. When a TCR sample in the distribution system is positive for total coliform,
the ground water system would be required to sample its sources within 24 hours and anayze the
sample for the presence of one of three feca indicator organisms. Systems that find fecd indicatorsin
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their source water would be required to diminate the contamination from the well, obtain a new source
water, or provide 4-log inactivation or remova of viruses in the source water.

The third regulatory option combines the components of the first two options with routine
monitoring of sources that are sengtive to fecd contamination. The sengtivity of awdl or other ground
water source to contamination would be determined by the State or other primacy agency based upon
hydrogeol ogic information which the State may have aready compiled in its source water assessment or
from itswell condruction gpproval process. States would determine if the well is drawing water from
aquifersthat are senstive. At aminimum, States would consder wellsin karst, fractured bedrock or
gravel cobble aguifers to be sengtive unless there was a hydrogeol ogic barrier present which prevents
the movement of microbid contamination. Systems determined to be sengtive would collect monthly
samples of their source water, and test these samples for the presence of one of three fecd indicator
organisms. If any of these tests are poditive for the fecd indicator organism, the system would be
required to diminate the contamination, obtain a new source of water, or provide disinfection trestment
that can achieve 4-log inactivation or remova of virusesin the source water.

The fourth regulatory option requires dl ground water systems to disinfect their source waters
regardless of the potentid risk of feca contamination. The systems would be required to achieve 4-log
inactivation or removal of viruses. States would be required to conduct sanitary surveys as required
under the firg three options. However, additiona emphasisin the survey would be placed on ensuring
that the disinfection trestment is properly operated and maintained.

1.4 Baseline Analysis

There are gpproximately 156,000 public ground water systemsin the United States that include
community water systems (Systems serving year-round residents), nontransent noncommunity water
systems (e.g., systems serving factories, schools, office buildings, etc.) and trangent noncommunity
water systems (e.g., systems serving restaurants, rest stops, etc.). Exhibit 1-3 ligts the total number of
ground water systems and populations served by each system type. Ninety-nine percent of the ground
water systems are considered to be small, because they each serve fewer than 10,000 people.

Exhibit 1-3. Ground Water Systems and Population Served

Nontransient Transient
Community Noncommunity Noncommunity Total
Number of Systems 43,906 19,322 93,618 156,846
Population Served 88.7 million 5.3 million 14.9 million 108.9 million

EPA has prepared arisk assessment to estimate the number of vird illnesses and desths resulting
from fecd contamination of ground water sysems. The risk assessment estimates the number of
illnesses and desths from rotavirus and enterovirus viruses (Type A and Type B viruses, repectively).
Type A viruses are highly infective but produce mild hedth effects, while Type B viruses are moderatdy
infective but with moderate to severe hedth effects. Exhibit 1-4 presents the estimated number of
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illnesses and degths attributable to the presence of these viruses in public ground water sysems with
current levels of treetment. There are uncertainties associated with the key assumptions made to
prepare the estimates including the number of sysems with viral contamination of their source water or
digtribution system, and the concentration of the virdl pathogens in the contaminated water. The
uncertainty in these esimates isindicated by the 10" and 90™ percentile values shown in parentheses
(indicating a 10 percent chance the estimate falls below the 10" percentile and a 10 percent chance it
fals above the 90" percentile).

Exhibit 1-4. Baseline Viral lliness/Deaths in Ground Water Systems

Type A Viruses Type B Viruses
Mean annual illnesses 133,498 34,157
[10" and 90" percentile estimates] (132,879 - 134,133) (33,062 - 35,227)
Mean annual number of deaths 1 14
[10" and 90" percentile estimates] (1-1) (14 - 15)

These estimates aso do not include the deaths and illnesses associated with bacterial contamination
of ground water systems. Data reported to CDC for waterborne disease outbreaks indicate that for
every five outbresk illnesses caused by virus (or of unknown etiology thought to be viruses) there is one
bacterid outbreak illness. Thus the number of basdline illnesses shown in Exhibit 14 are increased by
20 percent to account for bacteria pathogensin ground water systems.

1.5 Benefits of the Regulatory Options
The regulatory options under congderation for the GWR are expected to reduce vird illness and

deeths by reducing the public’ s exposure to the pathogens. Exhibit 1-5 presents the estimated
reductions expected for each rule dternative considered.

Exhibit 1-5. Viral llinesses/Deaths Avoided

Sanitary Survey &
Sanitary Triggered Across-the-Board
Survey Monitoring Multi-Barrier Disinfection
Viral llinesses
. 13,596 83,502 96,305 132,129
Avoided
Viral Deaths
Avoided 1 8 o 12

The monetized benefit of the avoided illnessesis estimated using cost-of-illness estimates for
rotavirus (Type A) and enterovirus (Type B) of $158 per illnessto $19,711 per illness, depending upon
the age of the patient, immune status, and severity of illness. The monetized benefit from vird deaths
avoided is estimated using a“vadue of adatidicd life’ estimate of $6.3 million (1999 dollars). The
monetized benefits of reduced bacterid illnesses and deaths are estimated by employing asmpleratio
assumption in which the benefits estimated for reduced vira infections were increased by an additiona
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20 percent to account for bacteria infection reduction benefits. Thisratio is based on CDC data that
suggest that the ratio between waterborne bacterid illness and vird illnessin ground water systemsis

0.2. Exhibit 1-6 presents the estimated benefits associated with reduced vird and bacterid illnesses

and deaths in each regulatory option.

Exhibit 1-6. Annual Monetized Benefit of Avoided lliness and Deaths
(Millions of Dollars, 1999)

Sanitary Survey
and Triggered Across-the-Board
Sanitary Survey Monitoring Multi-Barrier Disinfection
Iliness Avoided—
Mean
[10" and 90" $22 $120 $139 $192
percentile estimates] [$7 to $38] [$101 to $140] [$115to $163} [174 to $210]
Deaths Avoided—
Mean
[10" and 90" $11 $58 $66 $91
percentile estimates] [$2 to $20] [$47 to $68] [$54 to $79] [$81 to $101]
Total Quantified
Benefit — Mean
[10"" and 90"
percentile $33 $178 $205 $283
estimates] [$9 to $58] [$147 to $209] [$169 to $242] [$255 to $311]

EPA recognizes that, in addition to the benefits associated with reductions in acute illness and death
from vira and bacterid infection, the proposed GWR would provide chronic heeth benefits as well as
non-hedth benefits. For example, medica and epidemiologicd literature identifies severa potentia
chronic diseases resulting from illnesses caused by enteroviruses (e.g., heart disease, digbetes, post-
vird fatigue syndrome, and pancrestitis). The strongest evidence for an association between enterovira
infection and chronic decease gppears to exist for the development of diabetes and myocarditis
(inflammeation of the muscular walls of the heart). In addition, non-heslth benefits may result from
overal system improvements (e.g., upgrades to distribution systems, increased efficiencies, increased
frequency/intengity of process surveillance), from improved risk perception of drinking water quality, or
from avoided outbreak response costs. EPA was able to quantify neither the chronic hedlth benefits
nor the non-hedth benefitsin dollar terms. The benefits gained, however, are not inconsequentid,
merdly unquantifiable.

1.6 Cost of the Regulatory Options

To estimate the cost of the four regulatory options, the impact on both public water systems and on
States was considered. With dl rule options, a greater proportion of the regulatory burden is placed on
those systems that do not currently disinfect to a4-log virusinactivation. Other system costs vary with
the rule option and may include cogts for monitoring, correcting significant deficiencies, or inddling
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treetment. Depending on the option, States will incur costs for an increase in sanitary survey
requirements and frequency, for conducting sengtivity assessments, and for follow-up inspections.
Both systems and States will incur implementation costs.

The annud cost of the four rule options range from $76 million to $866 million usng a 7 percent
discount rate (Exhibit 1-7). Using a3 percent discount rete, the costs range from $73 million to $777
million. For thefirg three options, the costs increase as more methods are added for identifying fecaly
contaminated wells and wells sengtive to fecal contamination. However, the costs of these methods
(e.g., hydrogeol ogic assessment, triggered and routine monitoring) are minor compared to the costs of
correcting fecaly contaminated wells. The fourth option of Acrossthe-Board Disinfection isthe most
costly becauseit requires dl systemsto ingtall trestment regardless of actud or potentia feca
contamination.

Exhibit 1-7. Comparison of Annual Compliance Costs
Across Regulatory Options

Mean Compliance Costs ($Millions)
[10'" and 90" percentile estimates]

Option/Regulatory Scenario At 3% At 7%
Option 1: Sanitary Survey Only $72.7 $76
($71.1t0 $74.4) ($74.310 $77.7)
Option 2: Sanitary Survey and $157.6 $168.5
Triggered Monitoring ($152.8 to $162.4) ($163.0 to $174.0)
Option3: Multi-Barrier Approach $182.7 $198.6
($177.0 to $188.4) ($191.7 to $205.5)
Option 4: Across-the-Board $777.1 $866.0
Disinfection Option ($743.9 to $810.3) ($822.7 to $909.4)

In addition to the corrective action costs and the costs to address significant deficiencies, EPA
estimated system monitoring costs and tart-up costs. All options have additional monitoring
requirements, athough they vary depending on rule option. The Agency aso accounted for a system’s
gart-up cost to comply with the various rule options. These costs include time to read and understand
the rule, mobilization and planning; and aff training. The Agency aso estimated system codts for
reporting and recordkeeping of any positive source water samples.

Depending on the option, States would face increased costs from the incrementd differencein
sanitary survey requirements and frequency, from conducting one-time sendtivity assessments, and from
tracking monitoring information. States would also incur start-up costs and annud costs for data
management and training.

Household cogts for systems that take corrective action to fix a significant defect or to address feca
contamination are presented in Exhibit 1-8. The average increase in annua household cogts for these
systemsis between $2.45 to $3.86 for thefirst three options. The Across-the-Board Disinfection
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results in the highest average annua household cost of $19.37. However, household costs increase
disproportionately across dl options for those households served by the smdlest Szed systems. This
occurs because they serve fewer households to share the system’ sfixed costs. For example, under the
Multi-Barrier option, household costs would increase by approximately $5 per month for those served
by the smdlest Sze systems (<100 households) while those served by the largest Sze systems
(>200,000 households) would face only a $0.02 increase in monthly household costs.

Although EPA edtimated the cot of dl the rule s components for drinking water systems and
States, there are some codts that the Agency did not monetize. These nonmonetized costs result from
uncertainties surrounding rule assumptions and from modeling assumptions.

Exhibit 1-8. Average Annual Household Cost for GWR Options for CWS taking
Corrective Action or Fixing a Significant Defect

Sanitary Survey Sanitary Survey and . . . Across-the-Board
SIZE CATEGORES Option Triggered Monitoring Option Muld-Barrier Option Disinfection Option
<100 $29.86 $67.19 $62.48 $191.87
101-500 $11.23 $15.02 $18.95 $81.38
501-1,000 $5.72 $6.29 $6.25 $38.79
1,001-3,300 $2.99 $291 $3.39 $2345
3,301-10,000 $1.39 $1.46 $2.74 $16.78
10,001-50,000 $0.62 $0.59 $0.62 $.87
50,001-100,000 $0.30 $0.70 $101 $10.37
100,001-1,000,000 $0.32 $0.20 $0.27 $1.66
TOTAL $245 $3.34 $3.86 $19.37

1.7 Economic Impact Analysis

As part of the rule promulgation process, EPA is required to perform a series of distributiona
andyses that address the potentia regulatory burden placed on entities that are affected by the various
requirements of this proposed rule. EPA andyzed potentid GWR impactsincluding those to smdll
businesses, States, Tribes, loca governments, and the private sector. Impacts on small business were
andyzed as part of the requirements outlined in the Regulatory FHexibility Act as amended by The Smdl
Business Regulatory Enforcement Fairness Act. The Agency aso conducted an Unfunded Mandate
Reform Act analysis because the proposed rule is expected to have an annud impact of at least $100
million on State, local, and Tribal governments in aggregate and on the private sector. Asrequired by
the Safe Drinking Water Act, aprdiminary andyss of how this regulation would affect each sysem’s
capacity was aso completed.

The Agency aso estimated the effects of this proposed rule on children’s hedlth and environmental
justice congderations. Thisrule is expected to disproportionaly protect children from illness and degth
that result from ingestion of fecaly contaminated ground water. For example, children less than five
years of age make up only 7.2 percent of the U.S. population, while they receive 13 percent of the
benefits from the Multi-Barrier option’ s reduction in Type B vird illness (lower infectivity viruses with
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higher costs-of-illness). Asrequired in Executive Order 12898 regarding environmenta justice, the
proposed GWR will equally protect the health of al people served by public ground water systems,
regardless of income or minority status.

1.8 Weighing the Benefits and Costs

Both costs and benefits associated with the proposed GWR rise with the successively more
gtringent regulatory options. With regards to monetized costs and benefits, only the Sanitary Survey
and Triggered Monitoring option and the Multi-Barrier option have positive net benefits. For the
Sanitary Survey and Triggered Monitoring Option, the monetized net benefits are estimated at $20.3
million using a 3 percent discount rate $9.4 million using a7 percent discount rate. For the Multi-
Barrier Option, the monetized benefits are estimated at $22.3 million using a 3-percent discount rate
and $6.4 million using a 7 percent discount rete.

Of the remaining two options, the Across-the-Board Disinfection option has the largest negetive net
benefit a negative $494.0 million (3 percent) and negative $583 million (7 percent). The net benefits
for the Sanitary Survey option are negative $40.2 million (3 percent) and negative $43.5 (7 percent).

Exhibit 1-9. Summary of Monetized National Benefits and Costs
(3% Discount Rate, million $)

Regulatory Option Benefit Cost Net Benefit
Sanitary Survey Option $32.5 $72.7 ($40.2)
San.ltary Survey and Triggered Monitoring $177.9 $157.6 $20.3
Option
Multi-Barrier Option $205.0 $182.7 $22.3
Across-the-Board Disinfection Option $283.1 $777.1 ($494.0)

Exhibit 1-10. Summary of Monetized National Benefits and Costs
(7% Discount Rate, million $)

Regulatory Option Benefit Cost Net Benefit
Sanitary Survey Option $32.5 $76.0 ($43.5)
Samtary Survey and Triggered Monitoring $177.9 $168.5 $9.4
Option
Multi-Barrier Option $205.0 $198.6 $6.4
Across-the-Board Disinfection Option $283.1 $866.0 ($582.9)

It is important to remember that there are costs and benefits from the proposed GWR
that are not included in the monetized benefits presented above. For example, the
proposed GWR may provide benefits from associated with reductions in chronic illnesses
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caused by enteroviruses (e.g., heart disease, diabetes, post-viral fatigue syndrome, and
pancreatitis). There are also non-health benefits that could not be monetized (e.g.,
upgrades to distribution systems, increased efficiencies, increased frequencyl/intensity of
process surveillance). Some costs, such as land acquisition, are not included in this RIA.
EPA does not have the data needed to quantify these costs benefits, but if they were, net
benefits of this rule would be greater than those listed in Exhibits 1-9 and 1-10.

In addition to the benefit cost analysis, the Agency examined the cost-effectiveness of
each option. As shown in Exhibit 1-11, the Sanitary Survey and Triggered Monitoring
option achieves the lowest incremental cost per case of illness avoided while the Across-
the-Board Disinfection option costs almost an additional $12,000 per case avoided
(relative to the Multi-Barrier option). The Multi-Barrier option has the second lowest
incremental cost per case of illness avoided with a cost of $1,954 per case that is only

Exhibit 1-11

Incremental Cost per Case Avoided Across GWR Options
(Relative to Next Least Stringent Option)
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slightly higher than the Sanitary Survey and Triggered Monitoring option incremental cost
of $1,123.
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2. Need for the Proposal

2.1 Introduction

This document anayzes the impacts of the proposed Ground Water Rule (GWR). EPA intends
the GWR to address microbia contamination of ground water-supplied drinking water systemsin
accordance with the Safe Drinking Water Act (SDWA) of 1974, as amended in 1986 and again in
1996. Thisregulatory impact andysis (RIA) provides background information on the rule, summarizes
the key components, discusses options to the rule, and estimates costs and benefits to the public and to
State governments. The RIA will be made available in conjunction with the proposed GWR.

The 1986 SDWA amendments directed EPA to establish nationa primary drinking water
regulations requiring disinfection as treetment for the inactivation of microbiologicd contaminants for al
public water systems, including systems supplied by ground water sources. The 1996 SDWA
amendments changed the mandate to require disinfection for ground water sources “as necessary.” The
1996 amendments establish a statutory deadline of May 2002. EPA, however, intends to findize the
GWR in the year 2000 to match implementation of other drinking water regulations and programs, such
as the Stage 1 Disinfection Byproducts Rule, the Filter Backwash Recycling Rule (FBRR), the Radon
Rule, and the Source Water Assessment Program (SWAP).

2.2 Public Health Concerns

This section describes the public hedlth concerns to which the proposed GWR is directed. The
contaminants, both bacteria and vird, and their hedth effects are explained first. The following sub-
Sections address sources, means of exposure, and effects of that exposure on sengitive populations.
Findly, this section ends with adiscusson of current controls used to address these concerns.

2.2.1 Contaminants and Their Health Effects

EPA is concerned about any fecdly-contaminated ground water supply aswell as any ground
water system at risk for contamination. Feca contamination is agenerd term that includes dl of the
bacteria and viruses found in feces. These bacteria and viruses may be non-pathogenic, which do not
cause disease but serve as indicators of other bacteria or viruses, or pathogenic, which are disease-
causing. The types of non-pathogenic bacterid and virad micro-organisms found in feces include many
grainsof Escherichia coli, other coliform bacteria, and the male-specific and somatic coliphage, which
are viruses that infect coliform bacteria. Because of their widespread presence in fecd materid, the
coliform bacteria and coliphage viruses sometimes are used as indicators of fecal contamination. Totdl
coliforms (TC) include many coliform bacteria that are free living in the environment as well as fecad
bacteria Fecd coliforms are bacteria more commonly found in human feces. Other bacteriathat are
used as indicators of feca contamination include the fecal streptococci (enterococci) and Clostridium
perfringens, aspore forming anaerobic organism that can persst for long periods of timein the
environmen.
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Examples of common fecd pathogens include the enteroviruses (e.g., echoviruses and
coxsackieviruses), rotavirus, hepatitis A virus (HAV), and bacteria such as Salmonella, Shigella, and
Campylobacter. Unlike bacterid pathogens, viruses cannot reproduce outside the host, dthough they
can survive and remain infectious. Also, with afew exceptions, viruses that can infect human cells
typicaly cannot infect the cells of other animas and vice versa. This contrasts with the bacterid
pathogens that sometimes can infect more than one hodt.

Enteric viral and bacteria microorganisms are excreted in the feces of humans and animas.
The word enteric (relaing to the intestines, or more specificaly, the human gut) indicates thet the naturd
habitat of these microorganismsisthe intestind tract of animas and humans (Domingue, 1983). The
enteric microorganisms, sometimes referred to as intestina microflora, can survive in sewage and
leachate derived from septic tanks (septage). Therefore, when sewage and septage are released into
the environment, they are sources of intestind microflora and potentid sources of vird and bacteriad
pathogens. Some human bacteria pathogens dso are shed in the feces of infected animds.

Some enteric viruses may infect cdls in tissues outsde the gut, causing mild or serious
secondary effects (“sequeld’) such as myocarditis, conjunctivitis, meningitis or hepatitis. Thereisaso
increasing evidence that the human body reects to foreign invason by virusesin ways that may aso be
detrimentd. For example, one hypothesis for the cause adult onset (Type 1) digbetes is that the human
body, responding to coxsackie B5 virus infection, attacks pathogens cdlls in an autoimmune reaction as
aresult of amilarities between certain pancreas cdls and the viruses (Solimena and De Camilli, 1995).

Once enteric pathogens are ingested, the likelihood of infection varies depending on the
pathogenicity of the organism, since some pathogens are more infective at low doses than others. Once
a person becomes infected, the likelihood and severity of symptomatic illness aso varies with the type
of pathogen, and with the level of acquired immunity and generd resistance of the person.

When humans are infected by viruses that infect gut cdlls, these viruses become capable of
reproducing. Asaresult, humans shed viruses in sool, typicaly for a period of afew weeksto afew
months. Regardless of whether individuals infected by the waterborne pathogen have actua symptoms
of illness, such as diarrhea, they are till shedding the virus and this may result in the infection of other
people. Thisiscaled secondary spread and it can result from person-to-person contact or contact
with contaminated surfaces. Asaresult, waterborne vird pathogens may infect othersviaavariety of
routes. Examples of illnesses caused by known or suspected waterborne viral pathogens are shown in
Exhibit 2-1.

2-2 Proposed Ground Water Rule - Regulatory Impact Analysis April 5, 2000



Exhibit 2-1. lllnesses Caused by Waterborne Fecal Viral Pathogens

Enteric Virus lliness
Poliovirus Paralysis
Coxsackievirus A Meningitis, fever, respiratory disease
Coxsackievirus B Myocarditis, congenital heart disease, rash, fever,

meningitis, encephalitis, pleurodynia, diabetes
melitis, eye infections

Echovirus Meningitis, encephalitis, rash, fever, gastroenteritis
Norwalk virus and other caliciviruses Gastroenteritis

Hepatitis A virus Hepatitis

Hepatitis E virus Hepatitis

Small round structured viruses (probably Gastroenteritis

caliciviruses)

Rotavirus Gastroenteritis
Enteric Adenovirus Respiratory disease, eye infections, gastroenteritis
Astrovirus Gastroenteritis

Bold highlights indicate diseases directly caused by the enteric virus; other ilinesses are secondarily associated
with the virus.
Source: 1994 Encyclopedia of Microbiology

Some waterborne bacterial pathogens cause disease by rapid growth and dissemination (e.g.,
Salmonella) while others primarily cause disease viatoxin production (e.g., Shigella, E. coli 0157,
Campylobacter jejuni). Campylobacter, E. coli and Salmonella have a host range that includes
both animas and humans, Shigella is associated only with humans (Geldreich, 1996).

Most of the waterborne bacteria pathogens cause gastrointestind illness, but some can cause
other severeillnesses aswel. For example, Legionella causes Legionnaires Disease, aform of
pneumoniathat has afatality rate of about 15 percent. It can aso cause Pontiac Fever, which is much
less savere than Legionnaires Disease, but which causesillness in dmost everyone exposed. Severd
grainsof E. coli can cause severe disease, including kidney failure.

Secondary, or opportunistic pathogens such as Pseudomonas, usudly causeillnessonly in
immunocompromised persons, or in other sengitive subpopulations, such as the very young or the
elderly. Some of the opportunigtic pathogens can cause symptoms other than gastrointestingl illness,
eg., meningitis, septicemia, pneumonia (Rusin et d., 1997). Other diseases such as bacterid enteritis
caused by Salmonella, Shigella, Campylobacter jejuni, and Clostridium dificile occur with greater
frequency and severity in immunocompromised persons, eg., AlDs patients (Framm and Soave,
1997). Some opportunistic bacteria pathogens can colonize and grow in the biofilm growth in water
system digtribution lines. Examples of illnesses caused by waterborne bacterial pathogens are shown in
Exhibit 2-2.
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Exhibit 2-2. lllnesses Caused by Major Waterborne Bacterial Pathogens

Bacterial pathogen llinesses

Campylobacter jejuni Gastroenteritis, meningitis, associated with
reactive arthritis and Guillain-Barre paralysis

Shigella species Gastroenteritis, dysentery, hemolytic uremic
syndrome, convulsions in young children,
associated with Reiters Disease (reactive
arthropathy)

Salmonella species Gastroenteritis, septicemia, anorexia, arthritis,
cholecystitis, meningitis, pericarditis, pneumonia,
typhoid fever

Vibrio cholerae Cholera (dehydration and kidney failure)

Escherichia coli (several species, including E. coli Gastroenteritis, hemolytic uremic syndrome

0157:H7) (kidney failure)

Yersinia enterocolitica Gastroenteritis, acute mesenteric lymphadenitis,
joint pain

Legionella species Legionnaires Disease, Pontiac Fever

Source: Craun, 1999.

EPA and the Centers for Disease Control (CDC) data provide an indication of the types of
pathogens that have lead to waterborne disease outbresks. Exhibit 2—3 presents the viral and bacteria
agents implicated as the cause of waterborne outbreaks in ground water systems reported to the CDC
from 1971 through 1996 (Craun, 1999). The 7 percent of outbreaks caused by protozoa (Giardia,
Cryptosporidium) indicate that those ground water systems were under the influence of surface water.
Fifteen percent of outbreaks were identified as bacteria, 9 percent were viral, and 6 percent were
chemica. The mgority of outbreaks are caused by unknown microbia agents. The microbia agent is
difficult to determine because of the unavailability of andytica toolsto identify different virus types

Protozoan pathogens such as Cryptosporidia and Giardia are shed like bacteriaand virusesin
the feces of infected individuas but, because of their larger Size, protozoans are not normally
trangported to ground water. Ground water sources found to be contaminated with either
Cryptosporidia or Giardia are considered ground water under the direct influence (GWUDI) of
surface water. GWUDI systems and, surface water sources in generd, are regulated under the Surface
Water Trestment Rule (SWTR) and Interim Enhanced Surface Water Treatment Rule (IESWTR) (for
systems serving 10,000 people or more) and by the upcoming Long Term 1 Enhanced Surface Water
Treatment Rule (LT1IESWTR) (for systems serving fewer than 10,000 people).
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Exhibit 2-3. Etiology of Waterborne Outbreaks in Ground Water Systems,
Community and Noncommunity Water Systems, 1971-96

Etiologic Agent Percent of Outbreaks
IBacterial 15%
Shigella 8%
Campylobacter 3%
Salmonella, non-typhoid 3%
E. coli 1%
S. typhi <1%
Yersinia <1%
Plesiomonas shigelloides <1%
Viral 9%
Hepatitis A —-5%
Norwalk Agent —-5%
|Protozoa 7%
Giardia 6%
Cryptosporidium 1%
E. histolytica <1%
|Chemical 6%
IUndetermined microbial 63%
Total 100%
Source: Craun, 1999.

2.2.2 Sources of Contaminants

Water obtained from ground water sources can contain microbial contaminants.
These contaminants can originate from the aquifer, wellhead, or within the distribution
system. This section presents a discussion of the potential sources of viral and bacterial
fecal contamination of ground water supplies. It describes sources of contamination in
ground water, factors that affect the survival and transport of fecal contaminants, and
contamination of drinking water in distribution systems and presents outbreak data for
sources and causes of ground water and drinking water contamination. Because
pathogens are associated with human and animal waste, the following discussions do not
necessarily focus on the specific types of microbe associated with each source, but fecal
contamination in general.

In addition to the sources and characteristics of fecal contamination, the occurrence
of contamination in ground water sources is highly variable due to local hydrologic,
hydrogeologic, and hydraulic conditions, soil characteristics, and land use patterns. The
study of how a microbe reaches a ground water source is generally termed the “fate and
transport” of a contaminant. Fate and transport factors must be known when attempting to
characterize the occurrence of microbial contaminants in a ground water source.
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2.2.2.1 Sources of Ground Water Contamination

Human and animal fecal matter contribute to the transmission of microbial
contamination. Fecal contamination of ground water can occur by several routes and at
several points in the process of providing public drinking water from ground water sources.
Fecal contamination from failed septic systems or sewage lagoons, leaking sewer lines,
land discharge, overflowing cesspools, and animal feedlots can reach the ground water
source through soils and fissures. Canter and Knox (1984) estimated the volume of septic
tank waste, alone, that is released into the subsurface to be one trillion gallons per year.
Other possible sources of fecal contamination include improperly treated wastewater used
to recharge the ground water or irrigate crop land and improper land application of raw or
treated sewage or sewage sludge.

Furthermore, solid wastes contaminated with human bacteria and viruses or animal
bacteria and viruses may contaminate ground water through individual waste disposal
practices, open dumping practices, and landfills (Washington State Department of Health,
1995). Improper land application of wastewaters associated with food processing or
animal slaughter may also contribute to the contamination of ground water sources of
drinking water. Animal wastes also carry microbial pathogens that can infect humans.
Such waste may enter ground water from unlined or leaky manure lagoons, spread
manure, and concentrated animal feeding operations (EPA, 1993; Washington State
Department of Health, 1995).

Storm water and surface water contaminated with human or animal pathogens may
transmit contamination to ground water through infiltration or direct injection. Storm water
may enter improperly constructed wells or improperly abandoned wells. Likewise,
contaminated surface waters carrying microbial pathogens may enter improperly
constructed or abandoned wells, causing ground water contamination (Washington State
Department of Health, 1995).

These sources of contamination may eventually reach the intake zone of a drinking
water well. Microbial contamination can also occur at the wellhead when wells are
improperly constructed, protected, and maintained. Furthermore, microbial contamination
can also occur in the distribution system when cross connection controls fail or when
leaking pipes allow infiltration of contaminants.

2222 Factors Affecting Virus and Bacterial Transport in the
Subsurface

Many factors apparently control the removal and persistence of viruses and bacteria
in subsurface media. Because these factors are often interlinked and interrelated, defining
the processes involved in the survival and migration of viruses and bacteria is a complex
task. Factors such as pH, ionic strength, soil types, and type of virus, affect pathogenic
adsorption to soils. In addition, these factors are likely to have a direct or indirect effect on
pathogen survival. Factors that promote pathogen attachment to soils will also enhance
their survival (Vaughn and Landry, 1983). Two primary groups of factors influencing
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microbial contaminant levels in ground water are: 1) the transport and survival of
microorganisms in the subsurface; and 2) the conditions of and near ground water intake
points. This section describes these factors for viruses and bacteria.

Factors Affecting the Transportation and Survival of Viruses in the Subsurface

The transport and persistence of a virus in the subsurface (i.e., the soil, unsaturated
zone and saturated zone) are important aspects of ground water contamination. Locally,
climatic changes, as well as agriculture and land use practices, influence and may alter the
complex soil environment. For example, wetter climatic conditions may result in high water
tables thereby potentially reducing the distance and time required by viruses to enter the
now shallower aquifers. In addition, sewage and sludge application to land may alter the
physical and chemical properties of soils and affect their capacity to impact virus migration
and survival (Bitton and Gerba, 1984).

Often factors affecting virus survival are complex, interrelated, and poorly
understood. Assessing virus survival is difficult because of the variety of factors influencing
survival and the temporal variations within factors (Keswick and Gerba, 1980). However,
according to Yates et al. (1985), most enteric viruses are stable between a pH range of 3
to 9. Yates et al. (1985) also believed that a low pH favors virus adsorption and a high pH
favors virus desorption from soil particles. Other factors affecting viral transport and
survival include light, temperature, hydrogeologic conditions, soil properties, inorganic
ions, the presence of organic matter in the soil, the type of virus, the presence or absence
of microbial activity, the iron content of the soil, and the soil moisture content.

Factors Affecting Bacterial Migration and Survival in Water and Soil

Bacterial survival varies for different types of bacteria and is dependent on a variety
of factors, such as temperature, hydrogeologic conditions, soil properties, pH, inorganic
ions content, organic matter content, bacterium type, microbial activity, and moisture
content. How these factors influence inactivation is often unknown (Yates and Yates,
1988). Generally, it takes two to three months to reduce pathogens to negligible numbers
after their application to soil; a survival time of five years, however, has been reported in
literature (Gerba and Bitton, 1984).

2223 Other Factors that Contribute to the Contamination of Drinking
Water

Conditions at or near water-supply wells may contribute to the occurrence of ground
water contamination. Ground water contamination may occur at the wellhead in several
ways. The main causes are poor well location and/or construction, improperly abandoned
wells, the presence of testholes or exploratory wells, and well location within an area of
ground water development.
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Poor Well Location and/or Construction

There are several ways fecal contamination can enter wells if they are
inappropriately located or poorly constructed. A water-supply well located in a low-lying
area is susceptible to flooding. An improperly constructed water-supply well may allow
surface runoff or surface waters to enter the well through a non-existent or broken well seal.
A well may be particularly vulnerable to surface water contamination if it is not adequately
cased and grouted. Ground water contamination may also result from water infiltrating into
the well through a contaminated gravelpack or the fill surrounding the well intake point.

In some cases, systems do not adhere to existing guidelines for the construction of
water-supply wells and wells may be drilled in or near potential sources of contamination. If
these wells penetrate the same aquifer as nearby domestic wells, their poor construction
may allow contaminants to enter the ground water source, thereby contaminating the water
used by these wells. Furthermore, since many old wells were constructed before the
institution of strict well construction guidelines, these wells are often not constructed in a
manner which prevents contamination.

Abandoned Wells

Historically, well abandonment and plugging have generally not been properly
planned, designed and executed (EPA, 1990; Canter et al., 1987). In many cases, the well
casing was pulled out if it was not too worn or corroded, thereby allowing contamination to
spread to different aquifers. Other wells may not have been adequately plugged, thus
providing a pathway for contamination. Occasionally, abandoned wells have also been
used as disposal sites for a variety of wastes. Such wells would then serve as conduits for
contaminated ground water to spread to other zones within an aquifer more rapidly or allow
contaminants to enter adjacent aquifers at lower hydraulic pressures (EPA, 1990).

Test Holes, Exploratory Wells and Monitoring Wells

Many test holes and exploratory wells have been dug or drilled into the subsurface
over time to search for substances such as oil, gas, coal, minerals, and water. In addition,
other holes have been drilled for testing and include soil boreholes and seismic shot holes
for geologic testing. Also, monitoring wells are often drilled to sample ground water
quality. When these holes are not backfilled, or when monitoring wells are not properly
constructed or abandoned, they provide potential conduits for contamination to enter
uncontaminated ground water sources.

2224 Contamination of Drinking Water in Distribution Systems

Contamination within the distribution system may occur whether the source water is
ground water or surface water. Numerous incidents have been reported in literature of
contamination of ground water sources of drinking water in the distribution system. In
some cases, the ground water had not been disinfected, while in other cases waters had
been treated. In a rural Missouri township, an untreated ground water distribution system
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became contaminated following the replacement of 45 water meters and the rupture and
replacement of two water mains (Swerdlow, et al., 1992; Geldreich, et al., 1992). This
system was not chlorinated after the maintenance and 243 cases of E. coli-induced
diarrhea resulted (Swerdlow, et al., 1992).

Inadequately disinfected distribution systems, including storage towers, can
develop microbial mats or biofilms. Initially biofilms may function as a filter, adsorbing
pathogens (Seunghyun, et al., 1997), but the pathogens may ultimately be shed (sloughed)
from the system, potentially contaminating the drinking water at the tap.

2.2.25 Outbreak Data for Sources and Causes of Contamination

Exhibit 2—4 summarizes EPA and CDC’s Waterborne Disease Surveillance Data
of the total number of reported disease outbreaks attributed to consumption of
contaminated ground water from community and noncommunity systems. Exhibit 2—4
includes outbreaks caused by chemical or protozoan sources.

Exhibit 2—4. Waterborne Disease Outbreaks, Ground Water Sources, 1971-96

Outbreaks in Outbreaks in
Noncommunity Community Total Number of
Type of Contamination Systems Systems Outbreaks

Source Contamination 228 72 300

Untreated Ground Water 132 31 163

Disinfected Ground Water 96 38 134

Filtered Ground Water 0 3 3
Distribution System Contamination 15 34 49
Inadequate Control of Chemical Feed 3 5 8
Miscellaneous, Unknown Cause 11 3 14
Total 257 114 371
Source: EPA and CDC, 1998. Unpublished report on Waterborne Disease Outbreaks in the U.S. from
1971-1996.

Between 1971 and 1996, 300 of the 371 reported waterborne outbreaks (81 percent) were
attributed to contaminated source water including untrested, interrupted, or inadequately disinfected
and inadequately filtered ground water. The second most common cause for disease outbresksis
contamination of the distribution system, accounting for 49 (13 percent) of the 371 reported
waterborne outbresks. Accounting for the balance of the outbreaks are inadequate chemical feed
resulting in chemica-related illnesses and those classified as miscellaneous. Cases reported as
miscellaneous are outbreaks where insufficient data exist to accurately categorize the source of the
contamination. The number of outbreaks reported to the CDC are believed to be an underestimate of
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the total number of waterborne outbreaks that actualy occur (Nationa Research Council, 1997).
Some of the reasons for the lack of recognition and reporting of outbreaks are as follows:

C

Some States do not have active disease surveillance systems. Thus, States that report the most
outbreaks may not be those in which the most outbreaks occur.

Hedth officids may not recognize the occurrence of small outbresks, even in States with
effective disease survelllance systems. In cities, large outbresks are more likely to be
recognized than sporadic cases or smdl outbreaks in which ill persons may consult different
physicians.

Some States do not always report identified waterborne disease outbreaks to the CDC.
Reporting outbresks is voluntary.

Most cases of waterborne disease are characterized by genera symptoms (diarrhesa, vomiting,
etc.) that cannot be distinguished from other sources.

Only asmdl fraction of people who develop diarrhed illness seek medical assstance.

Many public hedth care providers may not have sufficient information to request the
gopropriate clinical test.

If aclinica test is ordered, the patient must comply, alaboratory must be available and be
proficient, and a positive result must be reported in atimey manner to the hedlth agency.

Not al outbreaks are effectively investigated. Outbreaks are included in the CDC database
only if water quaity and/or epidemiologica data are collected to document that drinking water
was the route of disease transmisson. Monitoring after the recognition of an outbresk may be
too late in detecting intermittent or a one-time contamination event.

The vast mgority of ground water systems are noncommunity water systems (NCWSs).
Outbresaks associated with NCWSs are less likely to be recognized than those in community
water systems because NCWSs generdlly serve nonresidentia areas and transient populations.

Although waterborne disease outbreaks have been linked to ground water sources, the cause

and population affected may vary for each outbreak. These outbresks, however, demonstrate that
ground water sources are not free of pathogenic contaminants and thus support the need for the GWR.
True incidence of waterborne outbresks and associated illnessis unknown; in addition, persstent low
to moderate levels of endemic waterborne illness often go undetected by routine disease survelllance
programs. Thislack of knowledge stems from inadequate surveillance of disease outbreeks, insufficient
outbresk detection methods, lack of epidemiologic investigation, and lack of microbia monitoring.
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2.2.3 Exposure to the Contaminants

EPA has reviewed data from 13 recent or on-going studies of pathogen and fecal indicator
occurrence in ground waters that supply public water systems. Each study was conducted
independently and with a different objective and scope. Wl sdlection, the number of samples
collected from each well, and the sample volumes that affect interpretation of results, also varied among
the studies. These data are, however, important to GWR development because they provide insght on:
1) the extent to which ground water may be contaminated; 2) possible fecd indicators for source water
monitoring under the GWR,; 3) anationd estimate of ground water pathogen occurrence; and 4) the
hydrogeologic sengtivity criteriawhich may influence source water vulnerability. In addition,
determining the occurrence of microbid contaminants in ground water sources of drinking water can be
used to yield anationd estimate of public hedth risk. The Occurrence and Monitoring document for
the GWR contains a brief summary of each of the examined occurrence sudies. This chapter discusses
the two studies most relevant to the economic anadysis.

Each occurrence study investigated a combination of different pathogenic and/or indicator
viruses and bacteria. The researchers tested the samples andyzed in each study for vira pathogens
such as enteroviruses (also caled “tota cultureable viruses’) and/or bacteria pathogens such as
Legionella and Aeromonas. Severd viruses and bacteria were identified using the polymerase chain
reaction technique (PCR). PCR amplifies the DNA sequences so that they are detected more easly or
at more sendtive levels. Although PCR detections do not necessarily indicate the presence of viable,
infectious viruses, they do suggest that sources of contamination and pathways for the transmission of
fecd materid exist. The studies screened for bacterid indicators of fecd contamination, including
enterococci (or feca streptococci, which are closaly related), feca coliforms (or E. coli, whichis
closdly related), and C. perfringens. Samples were also examined for bacteriophage, which are
viruses that infect bacteriaand serve as vird indicators of feca contaminaion. Among the
bacteriophage identified were somatic coliphage and/or mae-gpecific coliphage, both of which infect
the bacterium E. coli.

American Water Works Association Research Foundation (AWWARF) Study (Abbaszadegan et d.,
1998, American Water Works Service Company)

The objectives of thejoint AWWAREF, EPA, and American Water Works Service Company
sudy, or “AWWARF Study,” include determining the occurrence of virus contamination in source
water of public ground water systems, investigating water quality parameters and occurrence of
microbid indicators in ground water and possible correlation with human viruses, and developing a
datiticaly-based screening method to identify wells at risk of fecd contamination.

The AWWARF Study anadyzed samples collected at 448 Sitesin 35 States. The researchers
excluded sites known to be under the influence of surface water, Stes where well records were not
available, or ates where the well was poorly constructed. Preliminary results of the study show that
approximately 64 percent of the wells are located in unconsolidated aquifers, 27 percent are located in
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consolidated aguifers, and 9 percent are located in unknown geology. Mogt of the Stes serve a
population greater than 3,300 people and most of these systems practice some form of disinfection.

The source water samples were analyzed using a variety of methods to detect pathogens and
indicators. Samples were anayzed to determine the occurrence of enteroviruses, total colform and
enterococci bacteria, rotavirus, hepatitis A virus, and both mae-specific and somatic coliphage in
ground waters of the United States. In order for researchers to use the information gathered from this
study to generate nationa risk estimates, samples were collected from different geographica locations
with avariety of physca and chemicd characteridtics to dosdy match the actua nationd geologic
profile of ground water sources (Abbaszadegan et d., 1998). Exhibit 2-5 presents a summary of
preliminay AWWARF results.

Exhibit 2-5. Preliminary Results of the AWWARF Study

Percent Positive per Site
Assay (number positive/samples analyzed)

Enterovirus (cell culture) 4.8% (21/442)

Total coliform 9.9% (44/445)
Enterococci 8.7% (31/355)
Clostridium spores 1.8% (1/57)
Salmonella WG-49 9.5% (42/440)
Somatic Coliphage (E. coli C host) 4.1% (18/444)
Somatic and Male Specific Coliphage (E. coli C-3000 host) 10.8% (48/444)
Norwalk virus (PCR) 0.96% (3/312)
Enterovirus (PCR) 15.9% (68/427)
Rotavirus (PCR) 14.6% (62/425)
Hepatitis A Virus (PCR) 7.2% (31/429)
Source: Abbaszadegan et al., 1998.

EPA/AWWARF Study (L ieberman et al., (1994, 1999))

The study objectivesincluded the following: 1) develop and evauate a molecular biology
(PCR) monitoring method; 2) obtain occurrence data for human enteric viruses and Legionella in
ground water; and 3) assess the microbid indicators of fecal contamination. This was accomplished by
sampling vulnerable wells nominated by States to confirm the presence of feca indicators (Phase 1) and
then choosing a subset of these for monthly sampling for one year (Phase ).

In Phase 1, 96 of the 180 potentialy vulnerable wells were selected for additiona consideration.
Wl vulnerability was established using historical microbia occurrence data and waterborne disease
outbresk history, known sources of human feca contamination in close proximity to thewell, and
sengitive hydrogeologic fegtures (e.g., karst). Selected wells were located in 22 Statesand 2 U.S.
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territories. Additiond water qudity information was then successfully obtained for 93 of the wells
through use of asingle one liter grab sample that was subsequently tested for severa microbia
indicators (See Table 11-6). Thewdlsfrom Phase| served as the well sdlection pool for Phaseli

sampling.

In Phase |1, 23 of the Phase | wells were sdlected for monthly sampling for one year. Seven
additional wells were selected from alist of State-nominated wells for atotal of 30 wells, located in 17
Statesand 2 U.S. territories. The additiona seven wells were based on other criteria, including
higtorical water qudity data, known contaminant sources in close proximity to the well, hydrogeologic
character or to replace wells that were no longer available for sampling. Samples were anayzed for
enteroviruses, Legionella, enterococci, E. coli, Clostridium perfringens, tota coliforms, somatic
coliphage, mae-specific coliphage, and Bacteriodes phage. For each sample andyzed for enteric
viruses and bacteriophages, an average of approximately 6,000 liters of water were filtered and
andyzed by cdl culture.

Enteroviruses were recovered in 20 samples from seven wells, and were speciated by
serotyping. Coxsackievirus and echovirus, aswdl asreovirus, wereidentified. The rangein virus
concentration in enterovirus-positive samples was 0.9-212 MPN/100 liters (MPN, or most probable
number, is an estimate of concentration).

The hydrogeologic settings for the seven enterovirus-positive wells were karst (3), agrave
aquifer (1), fractured bedrock (2), and a sandy soil and dluvid aguifer (1). The karst wellswere all
positive more than once. The gravel aguifer was dso enterovirus-positive more than once, with 4 of 12
monthly samples positive.

2.2.4 Sensitive Subpopulations

In ng the potentia impact of waterborne disease it isimportant to recognize that certain
sengtive individuas may be at a greater risk of seriousillness than the generd population. These
sengitive subgroups of the population include pregnant and lactating women, the very young, the elderly,
the immunocompromised, and the chronicdly ill. In totd, these subgroups represent dmost 20 percent
of the current population of the United States.

Pregnant and lactating women may be at an increased risk from enteric viruses aswell as act as
asource of infection for neonates. Infection during pregnancy may aso result in the transmission of
infection from the mother to the child in utero, during birth, or shortly thereafter. Since very young
children do not have fully developed immune systems, they are at increased risk and are particularly
difficult to treet.

Infectious diseases are dso amgor problem for the elderly because the immune function
declineswith age. Asaresult, outbreaks of waterborne diseases can be devagtating on the elderly
community (eg., nurang homes) and may increase the possibility of sgnificantly higher mortdity ratesin
the elderly than in the generd population.
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Immunocompromised individuas are an ever growing proportion of the population with the
relatively new and severe problem magnified by the AIDS epidemic and the escdation in organ and
tissue trangplantations.  Enteric pathogens take advantage of the impaired immune systems of these
individuals and set up generdized and persstent infections in the immunocompromised host. These
infections are particularly difficult to trest and can result in a sgnificantly higher mortdity then
immunocompetent persons.

Exhibit 2-6 presents the estimates of some of the sengtive populations in the United States who
are at increased risk of infection from, and the effects of, waterborne microorganisms and pathogens.

Exhibit 2—6. Sensitive Populations in the United States

Sensitive Population Individuals

Pregnant/Lactating Women and Neonates

Pregnancies 5,657,000

Lactating Women 2,247,635

Neonates 4,002,000
Elderly

Elderly (over 65) 29,400,000

Residences in Nursing Homes or

Related Care Facilities 1,553,000
Chronically Il

AIDS 581,429

Cancer Treatment Patients 1,853,795

Organ Transplant Recipients 22,736
Source: Department of Commerce, 1991; National Health Interview Survey
(NHIS), Bureau of the Census’ 1996 Statistical Abstract of the U.S.

2.3 Current Control and Potential for Improvement

The underlying objective of the GWR isto build upon successful State requirements
and practices. EPA intends to trengthen what is in place, not replace it with new practices. While
protective practices (e.g., wellhead protection, disnfection, well Sting, construction requirements, and
distribution system safeguards such as crass-connection control) are used by many States, EPA
recognizes the potentia for improvement since few of these measures are used by dl States.
Moreover, the States gppear to employ a variety of interpretations of the same practice (EPA, 1996).

Source Protection

Protecting the ground water source is an important component in assuring that the wellhead
aress of dl public water systems (PWSs) are free from contaminants that have adverse hedlth affects.
Source protection includes implementing measures such as wellhead protection programs and
complying with well congtruction code requirements.
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Currently, 44 States have approved wellhead protection programs. A wellhead protection
program involves provisions for delineation of wellhead protection areas (WHPAS) for each public well
or well field, identification of al potentid anthropogenic sources within the protection area, technica
and financia assistance, control measure implementation, educetion, training and demondration projects
to protect wellhead areas from contaminants, contingency plans for dternative water suppliesin
contamination cases, Sting consderations for new wells, and public participation.

Recently, States have begun implementing the Source Water Assessment Program (SWAP).
In accordance with the 1996 SDWA Amendments, States were required to submit a program to EPA
by February 1999 and to implement the SWAP by November 2001. Intending to focus prevention
resources on drinking water protection, provisons for a State SWAP include: ddineating the source
water protection area, conducting a contaminant source inventory, determining the susceptibility of the
public water supply to contamination from the inventoried sources, and releasing the results of the
assessments to the public.

Another source water protection method involves the use of well construction codes.
Currently, 48 States employ some form of construction code. The standards and procedures listed in
many congtruction codes are designed to protect a ground water source from contamination. These
standards and procedures regulate the entire process from initia penetration or excavation of the
ground, development of the well, equipment ingalation and disinfection, to fina approva of the well for
use as a potable water supply. Many States dso designate setback distances to ensure that the well is
not condtructed at a Site subject to current or potential contamination. Hydrogeologic data may aso be
used to evauate the adequecy of the Site to provide a safe and hedthful supply of water to the public.

Disnfection/Treatment

Dignfection is very important in reducing waterborne illnesses in the United States. With the
exception of Connecticut, al States require some form of disinfection for desgnated systems. The
criteriafor determining which systems must disinfect varies from State to State. Fourteen States require
al sysemsto disnfect; of these States, however, at least nine have provisons alowing sysemsto
walve thelr disinfection requirements. Some States base the disinfection requirements upon Totd
Coliform Rule (TCR) compliance; others base the requirement upon the date of construction or upon
the results of asanitary survey.

Disnfection can congst of avariety of treetment technologies or disnfectants and is used to
inectivate, remove, or kill disease-causing microorganisms. Ground water disinfection usudly involves
the use of chlorine disinfection through chlorine gasinjection or hypochlorination. Other trestment
technologiesinclude: chloramines, chlorine dioxide, mixed oxidants, ultraviolet light, ozone, reverse
0SMoS'S, or nanafiltration.

The effectiveness of these trestment technologies varies widdly by technology type and by
system operations. Technology effectiveness dso may be dependent on whether the system specifiesa
minimum leve of trestment (i.e,, aminimum disnfectant resdud), aminimum CT vaue, or amicrobid
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kill reduction vdlue. Systems dso may use disnfectant resduds to protect the distribution system from
re-contamination. CT refersto the product of the resdud disinfectant concentration, C (in milligrams
per liter [mg/L]), and the disinfectant contact time, T (in minutes). EPA congders CT a primary
method for determining the level of inactivation for severa trestment technologies.

System Integrity

Most States require system integrity measures, such as sanitary surveys and cross-connection
control, as additiona measures to prevent microbia contamination and to protect the hedlth of the
customer.  Although these measures are required by dmost every State, their requirements vary widely
between each State. Due to this variability and difference in program strengths, waterborne disease
outbreaks have occurred as aresult of lgpsesin system integrity. EPA and CDC Waterborne Disease
Outbreak data show that 137 outbreaks occurred between 1971 and 1996 in ground water systems
that had treatment that was either inadequate or had failed altogether. That same data show that there
were 49 distribution system-related waterborne disease outbreaks between 1971 and 1996 (Craun,
1999).

Sanitary surveys are on-ste inspections of the source water, trestment facilities, distribution
system, finished water storage tanks, the pumps and pump facilities, monitoring records, management
and operation, and operator compliance with State requirements of a PWS. Sanitary surveys dlow the
PWSto identify existing or potential sources of contamination. With the exception of the State of
Washington, al States currently require sanitary surveys to be performed on ground water systems.
EPA found that many of these surveys are generd in nature and that they differ in the types of sysems
surveyed, the content of the survey, and who is designated to conduct the survey. EPA adso found that
46 States do not specificaly require systems to correct deficiencies and that a number of States do not
appear to have legal authority to require correction of defects.

With the exception of Delaware, dl States currently implement some form of cross-connection
control. Cross-connection control involves the ingpection of service connections with repect to the
risk of backflow and the consequences of backflow, provisons for eiminating cross-connections, the
ingalment of backflow prevention devices, and provisons for violations.

2.4 Regulatory History

This section briefly describes the existing regulations gpplicable to ground water systems.
These rules serve as the regulatory basdline for the GWR. The regulations that are discussed include
the Tota Coliform Rule (TCR), Surface Water Trestment Rule (SWTR) and Interim Enhanced Surface
Water Treatment Rule IESWTR), Information Callection Rule (ICR), Stage 1 Disinfection/Disinfection
By-Products Rule (Stage 1 DBPR), and Underground Injection Control.

Tota Coliform Rule (TCR)

The TCR, promulgated in June of 1989, is applicable to dl public water systems. Therule was
designed to protect public water supplies from adverse hedth effects associated with disease-causing
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organisms (pathogens) and is the only current federd regulation addressng microbid contamination of
ground water systems.

Totd coliforms are agroup of closely-related bacteria that are generdly freeliving in
the environment but are dso normally present in water contaminated with human and anima feces. As
shown in section 2.2.3, totd coliforms are often associated with waterborne disease outbresks.
Generdly, totd coliforms do not cause disease but are indicators that other harmful organisms may be
present. Specificaly, coliform measurements are used to determine the efficiency of trestment, the
integrity of the water distribution system, and as a screen for fecd contamination. Their presencein
drinking water indicates that the system is ether fecaly-contaminated or potentialy vulnerable to feca
contamination.

The TCR requires systems to monitor their distribution system for totd coliforms a a frequency
dependent upon two factors: 1) the number of people served; and 2) whether the sysem isa
community water system or noncommunity water sysem. The monitoring frequency ranges from 480
samples per month for the largest syssems to once annudly for some of the smdlest systems. If a
system has atotd coliform-postive sample, operators must: 1) test that sample for the presence of
fecd coliform or E. coli; 2) collect aset of repeat samples within 24 hours and anadyze them for tota
coliforms (and fecd coliform or E. coli, if pogtive); and 3) collect at least five routine samplesin the
next month of sampling.

Under the TCR, a system that collects 40 or more samples per month (generdly systems that
serve more than 3,300 people) violates the maximum contaminant level (MCL) if more than 5 percent
of the samples (routine + repest) are totd coliform-positive. A system that collects fewer than 40
samples per month violates the MCL if two samples (routine or repeat samples) are total coliform-
positive. For either Sze system, if two consecutive total coliform-positive samples occur at a Site, and
oneisfecd coliformVE. coli-pogtive, the system has an acute violation of the MCL, and must report to
the public immediately. The presence of fecd coliformsor E. coli indicates that recent feca
contamination is present in the drinking water.

The rule dso requires a sanitary survey every five years for community and every 10 yearsfor
noncommunity ground water systems sampling fewer than five samples per month (about 97 percent of
the systems serve 3,300 or fewer). Other provisons of the TCR include criteriafor invdidating a
positive or negative sample and a sample siting plan to ensure that dl parts of the digtribution system are
monitored over time.

Surface Water Treatment Rule (SWTR) and Interim Enhanced Surface Water Treatment Rule
IESWTR

The SWTR, promulgated in June of 1989, covers dl systemsthat use surface water or ground
water under the direct influence of surface water. It isintended to protect againgt the adverse hedlth
effects of exposure to Giardia lamblia, viruses, and Legionella, aswell as many other pathogens.
The rule requires dl such sysemsto reduce the levd of Giardia by 99.9 percent (3 logs) and viruses
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by 99.99 percent (4-logs). To accomplish this reduction, a system must filter its source water, unless it
can meet certain EPA-specified criteria on source water qudity, and disnfect. More specificaly, the
SWTR requires. 1) a0.2 mg/L disinfectant dose at the trestment facility; 2) maintenance of a
detectable dignfectant resdud in dl parts of the digtribution system; 3) combined filter effluent
performance standard for turbidity (e.g., for rapid filters, 5.0 nephelometric turbidity units (NTU) asa
maximum and 0.5 NTU in 95 percent of the sample readings during a month); and 4) watershed
protection and other requirements for unfiltered sysems. The SWTR set a maximum contaminant level
god (MCLG) of zero for Giardia, viruses, and Legionella. (The MCLG isanon-enforcegble level
based only on hedlth effects)

In December 1998, EPA promulgated the IESWTR, which covers al systemsthat use surface
water or ground water under the direct influence of surface water that serve 10,000 or more people.
Key provisonsinclude: a2 log Cryptosporidium remova requirement for filtered systems,
strengthened combined filter effluent turbidity performance sandards; individua filter turbidity
provisgons, disnfection benchmark provisons to assure continued levels of microbia protection while
facilities take the necessary steps to comply with new disinfection byproduct standards; inclusion of
Cryptosporidium in 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 dl surface water sysems regardiess of Sze. Therule
set an MCLG of zero for Cryptosporidium. EPA plans to propose acompanion microbid rule for
surface water systems serving less than 10,000.

Since the SWTR and IESWTR apply to ground water systems under the direct influence of
surface water, the GWR will not address these systems.

Informeation Collection Rule

The ICR isamonitoring and data reporting rule that was promulgated in May 1996. The data
and information provided by this rule is needed to support development of two regulations that EPA is
in the early process of developing, the Stage |1 Disinfection Byproducts Rule and a related microbia
rule, the Stage 2 Long Term Enhanced Surface Water Treatment Rule.

The ICR coverslarge PWSs serving populations over 100,000; a more limited set of ICR
requirements pertain to ground water systems serving between 50,000 and 100,000 people. About
300 PWSs operating 500 treatment plants are involved with the extensve ICR data collection. The
ICR requires systems to collect source water samples (and in some cases finished water samples)
monthly for 18 months and test the samples for the following organisms. Giardia, Cryptosporidium,
viruses, total coliforms, and fecad coliformsor E. coli. The ICR aso requires sysems to determine the
concentrations of a host of disnfectant and disnfection byproduct concentrations in different parts of
the system. These disinfection byproducts form when disinfectants used for pathogen control react with
naturaly occurring organic compounds aready present in source water. Some of these byproducts are
toxic or carcinogenic. The rule also requires systems to provide specified operating and engineering
datato EPA. Therequired 18 months of monitoring under the ICR ended in December 1998.

2-18 Proposed Ground Water Rule - Regulatory Impact Analysis April 5, 2000



As noted above, the only ground water systems affected by the ICR were those that serve a
least 50,000 people. These systems had to conduct trestment study applicability monitoring (by
measuring the level of total organic carbon) and, if necessary, trestment studies. In addition, ground
water systems serving at least 100,000 people had to obtain disinfectant and disinfection byproduct
occurrence and trestment data.

Stage 1 Disinfectants and Disinfection Byproducts Rule (DBPR)

The Stage 1 DBPR (63 FR 69389; December 16, 1998) (EPA, 1998) sets maximum residua
disnfection levd limitsfor chlorine, chloramines, and chlorine dioxide and MCLsfor chlorite, bromate,
and two groups of disinfection byproducts—totd trihalomethanes (TTHMS) and haoacetic acids
(HAA5). TTHMs cons of the sum of chloroform, bromodichloromethane, dibromochloromethane,
and bromoform. HAAS conss of the sum of mono-, di-, and trichloroacetic acids, and mono- and
dibromoacetic acids. The rule requires water systems that use surface water or ground water to
remove specified percentages of organic materias, measured as total organic carbon, that may react
with disnfectants to form DBPs. Under the rule, precursor removal will be achieved through a
trestment technique (enhanced coagulation or enhanced softening) unless a system meets dternative
criteria

The Stage 1 DBPR appliesto dl community water systems (CWSs) and nontransient
noncommunity water syslem (NTNCWYS), whether surface water systems or ground water systems,
that treat their water with achemica disinfectant for either primary or resdua trestment. In addition,
certain requirements for chlorine dioxide apply to trangent water sysems.

A ground water system that disinfects with chlorine or other chemical disnfectants must comply
with the Stage 1 DBPR by December 2003. For ground water systems not under the direct influence
of surface water, sampling frequency will depend upon the number of people served.

C Systems that serve 10,000 people or greater must take one sample per quarter per treatment
plant and andyze for TTHMs and HAAS.

C Systems that serve fewer than 10,000 people must take one sample per year per treatment
plant during the month of warmest water temperature and andyze it for the same chemicas.

C Systems must monitor for chlorine or chloramines a the same location and time that they
monitor for totd coliforms. Additiona monitoring for other chemicasis required for sysems

that use ozone or chlorine dioxide.

Underground Injection Control Program

The EPA’s Underground Injection Control program was established to protect aguifers that
are, or might be, sources of drinking water from underground injection of fluids through wells. Owners
and operators of injection wells are prohibited from dlowing the movement of fluid containing any
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contaminant into underground sources of drinking water if the presence of that contaminant may cause a
violation of any primary drinking water regulation or may otherwise adversdy affect human hedth. To
prevent such fluid movement, EPA or the appropriate State regulatory agency may, for any injection
well, impaose requirements for congtruction, corrective action, operation, monitoring, reporting, and
plugging and abandonment. These regulations are designed to recognize varying geologic, hydrologica
or higtorical conditions among different States or areas within a State.

The regulaions included in 40 CFR 144.6 define five classes of wells. These wells may be
injected with fluids that are associated with hazardous waste or radioactive waste Sites, natura gas or
oil production, extraction of minerals, or other purposes. ClassV wells are those most often associated
with relevant ground water contamination, and include: 1) untreated sewage waste disposa wdlls, 2)
cesspoals; 3) septic systems (undifferentiated disposal method); 4) septic systems (well disposal
method); 5) septic systems (drainfield disposa method); and 6) domestic wastewater trestment plant
effluent disposa wells. EPA regulates only multiple dwelling, community or regiond septic systems, as
opposed to individua or angle family resdentia septic systems, asClassV wels (40 CFR §

144.1(9)(1)(2)).

On July 29, 1998, EPA proposed changes to the Class V UIC regulations that would add new
requirements for three categories of ClassV wdlsthat pose a high risk when located in ground
water-based source water protection areas being delineated by States under the 1996 SDWA
Amendments (EPA, 1996b). ClassV motor vehicle sewage waste disposa wells in such areas would
ether be banned or would have to get a permit that requires fluids released in those wells to mest the
drinking water maximum contaminant levels (MCLS) at the point of injection. ClassV indudtrid waste
disposal wellsin ground water-based source water protection areas aso would be required to meet the
MCLsat the point of injection, and large-capacity cesspools in such areas would be banned. EPA
proposed these new requirements to address three categories of wells identified as posing ahigh risk of
ground water contamination based on available information. These include motor vehicle waste
disposal wells, industrial waste disposal wells, and cesspools in ground water-based source water
protection areas. EPA expects to achieve substantia protection of underground sources of drinking
water by targeting the requirements to these particular wells.

2.5 Economic Rationale

This section of the RIA discusses the statutory authority and the economic rationde for
choosing aregulatory gpproach to protect public health from drinking weter contamination. The
economic rationaeis provided in response to Executive Order 12866, Regulatory Planning and
Review, which States,

[E]ach agency shdl identify the problem that it intends to address
(including, where applicable, the failures of the private market or public
indtitutions that warrant new agency action) aswell as assessthe
sgnificance of that problem (Sect. 1 b(1)).
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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 congtitutes a sgnificant market
falure (p. 3).” Therefore, the economic rationde laid out in this section should not be interpreted asthe
Agency’s gpproach to implementing SDWA. Rather, it isthe Agency’s economic analys's, as required
by the Executive Order, to support aregulatory approach to the public hedth issue a hand.

2.5.1 Statutory Authority for Promulgating the Rule

Section 1412(b)(8) of the Safe Drinking Water Act requires that EPA develop regulaions
specifying the use of disinfectants for ground water systems, as necessary. Under is provison, EPA has
the responsibility to develop a ground water rule that specifies the gppropriate use of disnfection. As
mentioned previoudy, the 1996 SDWA amendments establish a statutory deadline of 2002; EPA,
however, intends to promulgate the find GWR in 2000.

2.5.2 The Economic Rationale for Regulation

In addition to the statutory directive to regulate microbia contaminantsin ground weter, there is
aso agtrong economic rationae for government regulaion. The need for regulaion is adirect result of
the structure of the market for publicaly-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 a product
sling to many buyers, and both producers and consumers have complete knowledge regarding the
products of each firm. In this perfectly competitive market, there must dso be no barriersto entry in
the industry, meaning thet firmsin the industry must not have any advantage over potentiad new
producers. Two mgor factorsin the public water supply industry do not satisfy the requirements for a
competitive market and lead to market failures that require regulation.

Firg, the public water market has monopolistic tendencies. These monopolies tend to exist
because it is not economicdly efficient to have multiple suppliers competing to build multiple systems of
pipelines, reservairs, wells, and other facilities. Ingtead, a single 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 atribute 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
usud market incentive to satisfy their consumers desire for high drinking weter qudlity.

Second, high information and transaction costs impede public understanding of the hedth and
safety issues concerning drinking water quaity. The type of hedlth risks potentially posed by trace
quantities of drinking water contaminants involve anayss and didtillation of complex toxicologicd data
and health sciences. EPA recently promulgated the Consumer Confidence Report (CCR) Rule that
makes water quality information more easly available to consumers. The CCR Rule requires
community water systems to mail or make available an annua report on loca drinking water qudity to
their cusomers. Consumers, however, gill have to understand the information for its hedlth risk
implications. Furthermore, even if informed consumers are able to engage utilities regarding these hedlth
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issues, the cogts of such engagement-transaction costs (measured in persond time and commitment)
present another Sgnificant 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 al public water suppliesin order to
protect al 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 cogts that would be required for consumersto
meake informed purchasing decisions by acting on behdf of al consumersin baancing the risk reduction
and the socid cogts of achieving this reduction.
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3. Consideration of Regulatory Options

3.1 Introduction

In order to address the public health concerns presented in Section 2.2 and through
consultation with interested stakeholders, EPA has developed a number of regulatory options for
condderation. This chapter summarizes the option development process (Section 3.2) and provides a
brief description of each regulatory option considered by EPA in this economic andysis (Section 3.3).

3.2 Option Development Process

In 1992, EPA circulated a“straw man” proposd for review and comment, which began the
process of developing regulatory dternatives for addressing microbid contamination in ground water
gsysems. In 1993, EPA published a preliminary draft of the Ground Water Diginfection Rule (later
renamed the Ground Water Rule). After review of the public comments, EPA recognized that
additional information needed to be gathered and, in 1995, convened a GWR regulatory workgroup.
EPA used the workgroup as a vehicle to obtain comments and additiond information regarding the
GWR. 1n 1996, EPA published areport on ground water- related statutes, regulations, guidance, and
disinfection practices gathered from 50 State drinking water programs (EPA, 1996a). In 1997, EPA
formdly initiated another workgroup including members from EPA, other federal agencies, and State
agencies to cooperate in the development of a proposed GWR.

In December 1997, EPA initiated stakeholder meetings. EPA invited the generd public to
attend via published noticesin the Federal Register. EPA made a specid effort to reach out to loca
citizens, environmenta groups, small businesses and water suppliers. Meetings conducted in
Washington, D.C.; Portland, Oregon; Madison, Wisconsin; and Dallas, Texas provided development
updates and alowed the stakeholders to provide the EPA with their comments.

In addition to the public meetings with stakeholders, EPA, as part of the consultation process
required by the Small Business Regulatory Enforcement Fairness Act (SBREFA), met with
representatives of small ground water systems (i.e., consdered to be those serving less than 10,000
people) in March and April 1998. EPA presented possible regulatory requirements and requested
comments from the representatives during these mestings.

In January 1999, EPA published a preliminary draft preamble for the GWR and solicited
comment. The prdiminary draft preamble described regulatory dternatives and requested public
comment on a number of potentid modifications. EPA received 80 comments on the preliminary draft
preamble.
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3.3 Summary of Alternatives Considered

Asaresult of the input received from stakeholders, the EPA workgroup, and other interested
parties, EPA congtructed four regulatory options. (1) the sanitary survey option; (2) the sanitary
survey and triggered monitoring option; (3) the multi-barrier option; and the (4) across-the-board
disnfection option. Exhibit 3—-1 summarizes the basic provisons of these options, the following sections
describe each option.

Exhibit 3-1. Regulatory Options and Basic Provisions

Regulatory Options
2 3 4
1 Sanitary Survey Multi- Across-the-
Sanitary and Triggered Barrier Board
Survey Monitoring Approach | Disinfection
Sanitary Survey o o o o
Triggered! source water (microbial)
monitoring o o
Hydrogeologic sensitivity
n assessment and routine source
S water monitoring? o
wn
3 All systems install/upgrade and
x maintain treatment (0]
ltriggered by a total coliform-positive sample in the distribution system
2for those systems determined to be hydrogeologically sensitive

3.3.1 Option 1: Sanitary Survey Only

Sanitary surveys are on-gte ingpections of the source water, treetment facilities, distribution
systems, finished water storage tanks, monitoring records, and the management and operation of a
public water system (PWS). This option would require sanitary surveysto be conducted by the State
at least once every three years for Community Water Systems (CWSs) and every five yearsfor
Noncommunity Water Systems (NCWSs). In addition, the surveys would address eight eements:. (1)
source; (2) treatment; (3) distribution system; (4) finished water storage; (5) pumps, pump facilities, and
controls; (6) monitoring, reporting, and data verification; (7) syslem management and operation; and (8)
operator compliance with State requirements. Operators would be required to correct any significant
deficiencies within 90 days of receiving the State sanitary survey report or have a State-gpproved
schedule for correcting these deficiencies.

3.3.2 Option 2: Sanitary Survey and Triggered Monitoring
The second regulatory option includes, in addition to al the sanitary survey components of the

firgt option, amicrobia monitoring requirement for certain ground water sysems. Ground water
systemsthat do not dready treet to 4-log remova/inactivation of viruses and which have atotd
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coliform podtive for any sample taken under the Total Coliform Rule must subsequently sample and
anayze the source water for either enterococci, E. coli, or coliphage as determined by the State or

primacy agent.

EPA believes source water monitoring enhances a targeted risk-based regulatory strategy by
addressing those systems with a high possibility of feca contamination (i.e., those systems with proven
distribution contamination). These systemswould be required to collect a source water sample within
24 hours of receiving notification of atota coliform postive in the digtribution system and test the
sample for the presence of one of the fecd indicators. Positive source water samples would require the
system to treat the source water, eliminate the source of contamination, or provide an dternative source
of safe water no later than 90 days (or longer with at State-approved plan) from the date the
contamination is detected. Systems meeting the requirements through trestment could sdlect among a
number of technologies induding gas chlorination, hypochlorination, chlorine dioxide, ozone, mixed
oxidants, ultraviolet radiation, or chloramination. The State may waive the trestment technique
requirement for pogitive microbial monitoring samples based on five negative samples taken within 24
hours of natification of the first source water sample positive if there has been no total coliform positives
in the previous five years of system operation.

Systems that treat would aso have to monitor to ensure that the treatment was effective. The
type of monitoring would vary based on the treatment technology selected by the syssem. For example
a system that sdects hypochlorination would be required to monitor their chlorine resdud (i.e., the
concentration of the chlorine compounds available to inactivate viruses or bacteria) at the point of entry
into the digtribution systems and at points throughout the digtribution system.  Systems serving more
than 3,300 people would have to monitor the chlorine resdua continuoudy, while systems under that
threshold would have to monitor one grab sample daily.

3.3.3 Option 3: Multi-Barrier Approach

The Multi-Barrier Approach builds on the sanitary survey and triggered monitoring
requirements of the first two options by including a hydrogeologic sengitivity assessment. This
assessment targets those systems where water can move quickly though the subsurface thereby
increasing the possihility of fecd contamination. The State or primacy agent will assess the sengtivity of
a system based on the well’ s hydrogeologic setting. EPA is currently proposing three sengtive
hydrogeol ogies—karst, gravel, and fractured bedrock.

EPA regards the hydrogeol ogic sengtivity assessment as equa in importance to sanitary
surveysin preventing or reducing microbia contamination; the Agency is, therefore, consdering
requiring States to complete the sengtivity assessment within three years of the GWR effective date for
CWSs and within five years for NCWSs (i.e., Six and eight years from the promulgation date). As part
of these requirements, EPA is consdering requiring each State to conduct a one-time sensitivity
as=ssment since the hydrogeology (unlike sanitary survey components) should change little following
theinitial assessment. This assessment is proposed for dl existing and new systems that do not treet to
4-log virus inactivation/removad.
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Asaresult of this assessment, a sendtive system must monitor its source water for afeca
indicator monthly for a 12-month period. The monitoring requirement is the same as described under
triggered monitoring except that 12 routine samples are proposed rather than the one-time triggered
sample. EPA considers more routine sampling as necessary to identify episodic source water
contamination. For example, excessve rain in one month may wash contamination quickly into a karst
aquifer dthough it may not remain long enough to trigger a postive total coliform sample. If dl samples
are negdtive during twelve months of monitoring, this requirement alows the State to reduce the
monitoring frequency to every quarter the system serves water to the public. The syslem may dso
discontinue routine source water monitoring after twelve samples if the State determines that
contamination is highly unlikely or if the system switches to an dternative source thet is not located in
sengtive hydrogeology.

Under the Multi-Barrier Approach, systems that are found to have source water contamination
(ether through routine or triggered monitoring) would be required to treet to 4-log remova/inactivetion,
eliminate the source of contamination, or provide an dternative water supply within 90 days (or longer if
the State or primacy agent approves aschedule). As discussed under the sanitary survey and triggered
monitoring option, if a system chooses treatment, it would have to ensure that it was effective by
monitoring for a disnfectant resdud. This option dso includes the one-time waiver for the treatment
technique as described above.

3.3.4 Option 4: Across-the-Board Disinfection

The fourth option considered by EPA would require dl public ground water systemsto indall
and/or operate disinfection trestment processes cgpable of achieving a 4-log inactivation/removal of
viruses. Systems disinfecting to less than 4-log removal/inactivation of viruses would be required to
upgrade their trestment. Unlike the other options, the across-the-board disinfection option does not
consder the quality of asystem’s source water or potentia for contamination. Similar to options 2 and
3, systems would have to monitor their trestment practices to ensure they are effective. Also, States
would be required to perform sanitary surveys of ground water systems to ensure the trestment systems
are being properly operated and to ensure there are no potentia sources of contamination that cannot
be addressed by treatment.
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4. Baseline Analysis

4.1 Introduction

To develop forecasts of the benefits of the GWR, as well as forecasts of the economic and
financid impacts of the GWR' s regulatory options on the ground water supply industry and ultimately
on customers, EPA had to develop a basdline before considering the effect of any single regulatory
option. A basdineis defined as a characterization of the industry and its operations prior to the
rulemeking.

The purpose of this chepter istwofold. First, Section 4.2 provides basdline information relative
to the GWR including the number of public water supplies affected, the population affected, and current
treatment practices. Second, Section 4.3 introduces the risk assessment modeling used to estimate
basdline hedth effects from contamination of ground water systems (GWS) potentidly affected by the
GWR.

4.2 Baseline Profile of Public Ground Water Systems

EPA andyzed data on the number of ground water systems and the resources available to the
systems. Datainputs included the total number of affected systems, the households and populations
served by these systems, average and maximum system flow rates, operator expenses, and system
revenues and expenses. Thisanayssinvolved input from knowledgeable stakeholders and
incorporated the latest available research.

Prior to presenting basdine information for public ground water systems, it is necessary to first
define some terms used to describe water systlems. EPA uses the following classfications: A public
water system is classfied as either acommunity water system or noncommunity weter system, the latter
of which isfurther classfied as ether transent or nontransent. These are defined asfollows:

C A public water system (PWS) is one that serves 25 or more people or has 15 or more
service connections and operates at least 60 days per year. A PWS can be publically
owned or privately owned.

C A community water system (CWS) is one that serves at least 15 service connections
used by year-round residents or regularly serves at least 25 year-round residents.

C A noncommunity water system (NCWS) does not serve year-round residents, but
serves at least 15 service connections used by travelers or intermittent usersfor at least
60 days each year, or serves an average of 25 individuals for at least 60 days ayear.
NCWSs are further sub-classified into nontrangent and transient systems.
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S A nontransient noncommunity water systlem (NTNC) serves at least 25 of the same
persons over six months per year (e.g., factories, schoals, office buildings, and hospitals
with their own water source).

S Trangent noncommunity water systems (TNC) do not serve a least 25 of the same
persons over Sx months per year (e.g., many restaurants, rest stops, parks).

Public water systems are dso classfied by the source water they use as being either surface
water (e.g., drawn from lakes, streams, rivers, etc.) or ground water (e.g., drawn from wells or
gorings). Some ground water sources (e.g., riverbank infiltration/galeries) are directly impacted by
adjacent surface water bodies and are referred to as ground water under the direct influence of surface
water (GWUDI). Asnoted in Section 2, the GWR does not address GWUDI systems, which are
instead subject to the requirements of the Surface Water Treatment Rule and the Interim Enhanced
Surface Water Treatment Rule.

Sources of Industry Profile Information

EPA uses the following as the two primary sources of information to characterize the universe
of ground water systems:

. Safe Drinking Water Information System (SDWIS)—EPA’s SDWI'S contains data on all
PWSs, as reported by States and EPA regions. These data reflect both mandatory and
optiona reporting components. States must report the system location, system type (CWS,
NTNC, or TNC), primary raw water source (ground water, surface water, or GWUDI), and
violaions. Optiond reporting fields include type of treatment and ownership type. Because
providing optiona datais discretionary, EPA does not have complete data on every system for
these parameters; thisis particularly common for noncommunity systems.

. Community Water System Survey (CWSS)—The second source of information, CWSS, isa
detailed survey of surface and ground water community water systems conducted by EPA in
1995 and published in 1997 (EPA, 1997). The CWSS is dratified to represent CWSs across
the U.S. The CWSS includes information such as the number of system operators, system
revenues, expenses, treatment practices, source water protection measures, and capecity (i.e.,
the amount of water the system is designed to deliver). The CWSS contains data from 1,980
water systems, of which 1,020 are ground water systems, 510 are surface water systems, and
450 represent purchased water systems (systems that purchase water from another PWS and
digtribute this water to their customers).

4.2.1 Number of Ground Water Systems

Nationally, SDWIS indicates that there are over 156,000 public water systems that use ground
water astheir primary source. The mgjority of ground water systems are NCWSs, with 60 percent
(93,000) trangent and 12 percent (19,000) nontransient. CWSs make up the remaining 28 percent
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(44,000) of dl ground water systems. Although there are far more NCWSs, CWSs serve larger
numbers of people.

According to SDWIS (1997), 97 percent of the 44,000 CWSs, and nearly al of the NCWSs
that use ground water, serve fewer than 10,000 persons, which EPA defines asasmall system.
Collectively, 99 percent of drinking water systems serve fewer than 10,000 people. About 97 percent
of the systems serve 3,300 people or fewer (for atota of 33.2 million
people). For CWSs, 78 percent serve fewer than 1,000 people (for atota of 8.1 million people), 67
percent serve fewer than 500 people (for atota of 4.6 million people), and 33 percent serve fewer
than 100 people (which is nearly 900,000 people). Exhibit 4-1 presents the number of ground water
sysemsin the United States by system type and population served.

Exhibit 4-1. Total Number of Ground Water Systems by
System Type and Service Population Category

Service Population Nontransient Transient

Category Community Noncommunity Noncommunity Total
100 or Less 14,390 9,714 72,343 96,447
101-500 15,069 6,925 18,576 40,570
501-1,000 4,739 1,927 1,849 8,515
1,001-3,300 5,726 686 611 7,023
3,301-10,000 2,489 59 151 2,699
10,001-50,000 1,282 11 66 1,359
50,001-100,000 139 0 12 151
>100,000 72 0 10 82
Total 43,906 19,322 93,618 156,846

Source: EPA, 1999a.

4.2.2 Population Served by Ground Water Systems

System population characteristics are important to this analysis for severa reasons. Itis
important to know the total population served by ground water systems so that the distribution of costs
and benefits of the GWR can be addressed. As presented in Exhibit 4-2, ground water CWSs serve
more than 88.7 million people, while ground water NCWSs serve about 20.2 million people. Overlaps
do occur, asindividuas may be served by both types of systems, aswell as systems providing a
combination of ground and surface water. For example, a person may be served by a surface water
CWS at home and by a ground water NCWS a work or at arestaurant. 1t should be noted that there
does not appear to be a condstent reporting standard for populations served by transent systems. In
addition, some States may report the total population served by a system over ayear, while others may
report the average population served each day.
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Exhibit 4-2. Total Population of Ground Water Systems
by System Type and Size

Service Population Nontransient Transient

Category Community Noncommunity Noncommunity Total
100 or Less 864,784 507,200 3,160,753 4,526,266
101-500 3,737,617 1,783,574 4,109,429 9,630,620
501-1,000 3,491,873 1,387,818 1,410,457 6,290,148
1,001-3,300 10,542,514 1,118,678 1,075,745 12,736,937
3,301-10,000 13,956,242 338,457 829,854 15,124,553
10,001-50,000 26,653,078 161,827 1,675,640 28,490,545
50,001-100,000 10,799,952 0 891,000 11,690,952
>100,000 18,668,871 0 1,782,667 20,451,538
Total 88,708,460 5,297,554 14,935,545 108,941,559
Source: EPA, 1999a.

4.2.3 Treatment Profile

This section presents informetion regarding the disinfection treatment technologies that are
currently implemented by ground water systems. This information is used to develop an assessment of
the number of sysems that may need to ingal or modify treatment to meet new GWR requirements.
These dataare dso used in the RIA’ s cost andysis and in the determination of the compliance
monitoring burden. An analysis of current treatment effectivenessis necessary to establish a basdline of
finished water exposure and as a basdline to determine how much additiona corrective treatment is
needed to meet GWR requirements.

Because ground water systems may employ more than one water supply source, they may have
more than one trestment facility. Therefore, the anadlyss of types of treetment in place must be
performed on an entry point/treatment facility leve rather than on asystem level. To determine the
number and percentage of entry points to community ground water systems, EPA andyzed responses
to the CWSS regarding current treatment practices. EPA considered a ground water entry point with
one or more disinfection treatments (e.g., chlorine gas, reverse osmoss) to be a disinfected facility.
Once EPA made this determination, the Agency calculated the percentage of ground water that is
disnfected for each population category. Exhibit 4-3 displays the percent of ground water trestment
facilities disinfecting, flow-weghted by service population category.
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Exhibit 4-3. Percent of Community Ground Water Treatment Facilities
Disinfecting by Service Population Category (Flow-Weighted)

% Facilities Disinfecting,

Service Population Category Flow-Weighted
100 or less 45
101-500 73
501-1,000 76
1,001-3,300 75
3,301-10,000 74
10,001-50,000 91
50,001-100,000 64
100,000-1,000,000 81
Note: Flow-weighted calculation of the percentage of community water system flow which receives
disinfection treatment.
Source: EPA, 1997.

Because there currently are no surveys equivaent to the CWSS that define treatment practices
in noncommunity systems, the EPA compiled estimates from State public drinking water officids on the
percentage of systemsin their State that currently disinfect. Exhibit 44 presents the estimates for
noncommunity systems. These estimates vary in their methods and levels of accuracy.

4.3 Baseline Health Effects

EPA has developed arisk assessment modd to estimate the basdline number of illnesses and
desths associated with ingesting pathogenic viruses in public ground water systems. This GWR risk
assessment follows the standard methodology developed by the National Research Council (NRC,
1983). The NRC defined three steps for risk assessment of contaminantsin drinking water:

1) exposure assessment,
2) hazard identification, and
3) hedth effects assessment (risk characterization).

The method of caculating illnesses and desths from exposures to waterborne pathogensin
ground water is presented in Exhibit 4-5. As shown in the figure, both exposure factors and the
pathogenicity of each organism are factored into the estimate of hedth effects in the exposed
population.
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Exhibit 4—-4. Percent of Noncommunity Ground Water

Systems Disinfecting by State
State NTNC TNC State NTNC TNC
Alabama 100 82 Montana 8 4
Alaska 171 4 Nebraska 8 1
Arizona 18 10 Nevada 14 ~0
Arkansas ~100 ~70 New Hampshire 4 2
California 8 7 New Jersey ~6 ~3
Colorado 952 952 New Mexico 3720
Connecticut (unknown) (unknown) New York <50 <50
Delaware 17 9 North Carolina 23 2
Florida 100 100 North Dakota 0 10
Georgia 66 46 Ohio 31 12
Hawaii 100 83 Oklahoma 2 7
Idaho ~8 ~2 Oregon 19 17
lllinois 112 112 Pennsylvania 5026
Indiana <5 <5 Rhode Island 1 1
lowa ~15 ~5 South Carolina 16 6
Kansas 100 100 South Dakota 35 19
Kentucky 100 100 Tennessee 70 52
Louisiana 23 9 Texas 100 100
Maine 4 6 Utah 33 17
Maryland 10-15 ~0 Vermont ~5 ~0
Massachusetts 3 1 Virginia 14 9
Michigan ~6 ~3 Washington 41 24
Minnesota ~3 ~1 West Virginia 95 ~50
Mississippi 46 26 Wisconsin 5 <1
Missouri 17 25 Wyoming 17 13
! State combined the Community and NTNC numbers.
? State combined the NTNC and TNC numbers.
Source: EPA, 1996.
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Exhibit 4-5. Risk Assessment Process for Pathogens in Drinking Water

EXPOSURE ASSESSMENT

Pathogen Occurrence in Source
Water (Hit Rate))

1

Concentration of Pathogen in Source

Water

1

Concentration of Pathogen Removed

or Inactivated During Treatment

1

Concentration of Pathogen in
Finished Water, Available for
Consumption

1

Potentially Exposed Population
(Includes Sensitive Subgroups)

1

Daily Intake
(Liters per Day Consumption)

1

Daily Dose

Annual Intake
(Days per Year Exposure)

- HAZARD IDENTIFICATION —

(adapted from NRC, 1983)

—_ Infectivity: Dose-Response
Relationship (Probability of
Infection given Exposure)

1

Individual Daily Probability of
Infection

1

—_ Individual Annual Probability
of Infection

1

Morbidity [Probability of lllness —
Given Infection; Includes
Secondary Spread)]

1

RISK CHARACTERIZATION

Annual Number of llinesses
(Individual Risks x Population)
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Mortality —_ Annual Number of Deaths
[Probability of Death Given (Individual Risks x Population)
lliness]

Exposure Pathogenicity Health Effect

The proposed GWR is expected to reduce the current incidence of illness caused by awide
variety of vira and bacterid pathogens that are associated with fecal contamination of ground water.
Different pathogens cause different illnesses and each pathogen has a different probability of causing
illness or death. Medica research has not isolated dl waterborne pathogens, nor has it thoroughly
characterized the pathogenicity or ability of these organisms to infect humans and cause them to
becomeill or to die. EPA has selected two wdll-characterized vird pathogens having different
infectivity, morbidity, and mortdity rates to represent a wide range of waterborne vira pathogens for
the GWR risk assessment. The selected representative viruses, rotavirus and echovirus, are described
asfollows.

. Rotavirusis ahighly infectious virus thet is a common cause of vomiting and diarrheg,
especidly in children, but does not frequently result in life-threetening iliness in the generd
population of industrialized countries. For the purposes of this andys's, rotavirus represents a
large group of viruses referred to hereafter as Type A viruses. These viruses are suspected to
cause outbresks of gastroenteritisin PWS drinking water supplies. These virusesinclude:
Norwalk, Norwak-like smdl round structured viruses, caliciviruses, adenovirus, astrovirus, and
other enteric viruses.

. Echovirusisasmal RNA enterovirus that represents the group of waterborne viruses
referred to heregfter as Type B viruses that, athough not highly infectious, may result in severe
hedlth effects when illness occurs. Coxsackie viruses and Hepatitis A virus (HAV) are other
examples of Type B viruses.

The following sections present EPA’ s assumptions and methodology used in: 1) estimating
exposure, 2) characterizing hazards (i.e., pathogenicity), and 3) caculating the hedlth effects of Type A
and Type B viruses under current basdline conditions.

4.3.1 Exposure Assessment

Exposure assessment isthe first step in the risk assessment process. The exposure pathway
addressed in this risk assessment isingestion of drinking water from public ground water supplies that
are contaminated with microbid pathogens from feca pollution.

CDC surveillance data show that pathogens in ground water systems have often been the cause
of waterborne disease outbreaks (WBDOs), clusters of cases of acute gastroenteritis or other illness
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that are reported to CDC through public hedth agencies. Low levels of pathogens dso may cause
endemic (unreported, acute or chronic) disease in the exposed population. EPA bdieves that there are
three key exposure scenarios whereby drinking water delivered to consumers in public ground water
systems can be contaminated with feca pathogens:

1) source water contamination in untrested systems,
2) source water contamination in disinfecting systems with trestment failures, and
3) didtribution system contamination.

The remainder of this discusson of exposure assessment for the GWR addresses only the first
contamination scenario. Though not considered as significant athreat as fecal contamination of source
water for untreated systems, EPA’ s modeling of thisfirst scenario aso includes exposure from systems
that do treat (disinfect), taking into account the reduction in microbid levels from that trestment.

EPA bdievesthereisinsufficient information on the frequency and severity of drinking water
trestment failures and distribution system contamination eventsin GWSs to directly model the latter two
scenarios. However, the proportions of reported WBDOs caused by the three contamination
scenarios, as shown previoudy in Exhibit 24, serve as an indicator of the relaive frequency of ground
water systemn contamination events that cause disease in exposed populations. These outbreak
proportions are factored into the estimates of total annud illnesses and deaths due to ingestion of
drinking water from public GWSs.

EPA digtinguishes two types of ground water systems or points of entry with repect to the
likelihood and severity of source water contamination:

1) those with wells constructed in accordance with State requirements (hereinafter referred to
as properly-constructed wells). EPA estimates that properly-constructed wells comprise
83 percent of systems/points of entry, based upon data from ASDWA'’s Survey of Best
Management Practices for Community Ground Water Systems (ASDWA, 1997); and

2) thosewith poorly-constructed wells, which are assumed to comprise the remaining 17
percent of ground water systemg/points of entry.

Whether the systems are properly or poorly constructed, the assessment of exposures to
pathogens from ground water sources requires that the following factors be quantified based on survey
data or best professond judgment:

. the occurrence (presence/absence) of pathogens in source water;

. the concentration of pathogensin source water when it is contaminated,

. the leve of pathogen inactivation in the system and resulting pathogen concentration
in tap water;
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. the Sze of the exposed population, including sengtive subgroups, and
. the volume of water ingested daly and how many days per year it isingested.

EPA evduated available occurrence and exposure data and devel oped assumptions regarding
these exposure factors, each of which is discussed briefly below.

Concentration of Pathogen in Source Watex

Virus occurrence and virus concentration assumptions for this exposure assessment are based
on occurrence data from two recent U.S. ground water source surveys.

1) the AWWAREF study (Abbaszadegan et d., 1998 American Water Works Service Co.): a
survey of mainly properly-congtructed wells, and

2) the EPA/AWWA study (Lieberman et d., 1995): a survey of known contaminated wells,
assumed to be representative of poorly-constructed wells.

Both studies used a number of complementary andytica methods to detect and enumerate
microbia pathogens, including: enterovirus cdll-culture, nucleic acid detection by reverse transcription-
polymerase chain reaction (RT-PCR), and standard fecal indicator methods. Vira occurrenceis
edimated as the percent of wells that were found contaminated with virus during one or more sampling
events. Both studies found vira pathogensin asmal fraction of the wellstested. The number of wells
identified as virus-positive in the surveys tended to vary with the specificity and sengtivity of the
methods used. For example, in the AWWARF study, 4.8 percent of wells were enterovirus-pogitive
by the cdll-culture assay, whereas 15.9 percent of wells were enterovirus-positive by the RT-PCR
assay (fina RT-PCR results are not available from the EPA/AWWA study).

Because the cdll-culture method detects only intact, infective viruses, EPA used the fraction of
wells positive by the enterovirus cell-culture method as the preferred measure of vira pathogen
occurrence. However, because of the method' s virus-specificity (i.e., only Type B viruses are typicaly
detected by the cell-culture method used in both studies), the ratio of cell-culture to RT-PCR-positive
wells was used to caculate Type A virus occurrence.

Vird occurrence estimates and supporting assumptions are summarized in Exhibit 4-6. The
exhibit o presents the concentration distribution of vird pathogens in contaminated source wells as
estimated using enterovirus data from the AWWARF study (for properly-constructed wells) and the
EPA/AWWA study (for poorly-congructed wells). As shown in the exhibit, contaminated, poorly-
congtructed wells are assumed to have a mean concentration expressed in most probable number of
infectious units of virus per 100 liters of water of 29.41 + 55.7 MPNIU/100 L, in comparison with a
mean concentration of 0.356 + 0.297 MPNIU/100L in contaminated, properly-constructed wells.

EPA recognizes that there may be reasonable dternative approaches to interpreting the above
data and to using these data in the occurrence assessment to support the risk analysis. For example,

4-10 Proposed Ground Water Rule - Regulatory Impact Analysis April 5, 2000



there may be merit to making more use of the mae-specific and/or sométic coliphage results from the
AWWARF and EPA\AWWA studies thanis currently donein the risk analyss. Also, additional data
may be available from other sources to enhance the data and andlysis used here. EPA requests that
interested parties provide any additiond information or suggestions for dternative methods for using the
exiging information during the comment period following the proposd of the GWR.

Pathogen Inactivation in Ground Water Systems and Resulting Tap Water Concentrations

For the purposes of this exposure assessment, EPA assumed that the pathogen concentration in
tap water from undisinfected ground water systems is the same as the pathogen concentration in source
water. In contrast, properly-operating disinfecting systems are assumed to inactivate 99.99 percent, or
4-logs, of vira pathogens. Therefore, the concentration of pathogens in tap water from properly-
operating disnfecting systems is assumed to be 0.01 percent of the concentration in source water.

It is possible that viruses may be naturaly attenuated to some extent while passing through
untrested ground water distribution systems. It is aso known that trestment failures and ditribution
systemn contamination events occur from timeto time in disnfecting sysems. However, EPA believes
there are insufficient data to directly quantify and model these eventsin the GWR modd. Section 4.34
discusses the methods for indirectly estimating illness due to treatment and distribution system
contamination.

Exhibit 4—6. Viral Occurrence and Concentration in Source Water

Percent of Wells Mean Virus Concentration when
Well Quality Virus Type Contaminated Contaminated(MPNIUY100 L)

Properly-Constructed Wells Type A virus 4.4 percent? 0.356 + 0.29757
(83 % of all GWSSs)

Type B virus 4.8 percent® 0.356 + 0.2977

. 6,8

Poorly-Constructed Wells Type A virus 5.5 percent® 29.41 £55.7
(17 % of all GWSs) Type B virus 6.0 percent® 29.41 +55.78

1 Most probable number of infectious units of virus.

2 AWWARF study: The RT-PCR methods detected the presence of rotavirus nucleic acids in 14.6 percent of
wells tested to which the ratio of enterovirus cell-culture to RT-PCR positive wells (0.3) was applied.

3 AWWAREF study: The AWWARF study found that 4.8 percent of wells tested were positive for the presence of
enteroviruses using the Buffalo Green Monkey (BGM) cell culture assay.

4 EPA/JAWWA study: Because there are no rotavirus data available from the EPA/AWWA study at this time, it is
assumed that rotavirus (Type A virus) and echovirus (Type B virus) occur in poorly constructed wells in the same
ratio as calculated for properly constructed wells (4.4/4.8 = .92; .92 x 6.0 =5.5).

5 EPA/AWWA study: Calculated by dividing the total number of positive BGM cell culture assays by the total
number of assays performed.

6 Because there are no concentration data for rotavirus available from either study, it is assumed that the mean
concentration of Type A virus in properly-constructed wells is the same as for Type B virus.

7 AWWARF study: Range of enterovirus (Type B virus ) concentrations in cell-culture isolates was 0.123 to 1.86
MPNIU/100 L; data are fitted to a lognormal distribution from which the mean and standard deviation are
calculated.

8 EPA/AWWA study: Range of enterovirus concentrations in cell-culture isolates was 0.9 to 212 MPNIU/100 L;
data are fitted to a lognormal distribution from which the mean and standard deviation are calculated.
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Potentialy-Exposed Populations, Including Sensitive Subgroups

The populations served by dl types of systems were presented previoudy in Exhibit 4-2;
Exhibit 4-7 presents the numbers of personsin the generd population served by undisinfected ground
water systems (the subject of the GWR risk model caculations).

Exhibit 4-7. Populations Served by Undisinfected Ground Water Systems

Estimated Population Served Undisinfected Ground Water®
Service Community Nontransient Transient
Population Water Noncommunity Noncommunity

Category Systems (CWS) (NTNC) Systems (TNC) Systems
< 100 471,214 364,978 2,616,086
101-500 1,005,419 1,283,450 3,401,284
501-1,000 852,017 998,666 1,167,404
1001-3,300 2,667,256 804,994 890,370
3,301-10,000 3,670,492 243,552 686,852
10,001-50,000 2,309,365 116,450 1,386,890
50,001-100,000 3,898,783 0 737,461
>100,000 3,472,410 0 1,475,474
Totals 18,346,956 3,812,090 12,361,821
' Source: GWR model calculation (EPA 1999a).

Within the generd population, there are sengitive subgroups, that is, groups of individuaswho
may suffer more serious symptoms when they becomeill as aresult of exposure to pathogensin ground
water. Sengtive subgroups also may have a higher probability of mortaity when they areill, thus
suffering a disproportionate burden of the hedlth risks from exposures to contaminated ground weter.

Criteria ditinguishing sengitive subgroups in this exposure assessment include:

» Age: very young children (< 5 years) and elderly adults (> 65 years) are sendtive to many
vird pathogens; the exposure assessment uses statistics from the Bureau of Labor, 1990
census to distribute by age the populations in each type and size of ground water system;

and

*  Immunocompromised hedth Satus: AlDs patients, organ transplant patients,

nonhospitalized persons receiving cancer thergpy, and nursang home peatients are consdered
sengtive to viruses based on compromised immune status. The firgt three groups comprise
approximately 1.0 percent of the generd population, assumed to be divided equaly among
al age groups. Nursing home residents condtitute another 0.6 percent of the generd
population, and are assumed to be older than 16 years.

Drinking Water Consumption Factors
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The amount of drinking water consumed daily by individuasis akey input to the risk andyses
supporting dl EPA drinking water MCL and MCL G regulaions and determinations. The higher the
average volume of contaminated water consumed, the higher the average daily dose of pathogens.

Daily intake assumptions for this exposure assessment are age-based; that is, the amount of
water consumed daily varies by age group. Custom daily intake distributions developed for the age
groups used in this analys's use data from the 1994—-1996 USDA, Continuing Survey of Food
Intakes by Individuals. (EPA, 2000) Inthisandyss, EPA sdected the consumption distribution
identified as “all sources, consumers only” having an overal mean of 1.24 L/day (0.30 at the 10"
percentile and 2.35 L/day at the 90" percentile) to represent an upper bound estimate of daily
consumption values. Results of dternative mode calculaions usng USDA consumption data for
“community water supply, adl respondents’ (mean of 0.927 L/day) are presented in Appendix A asa
lower bound estimate.

In addition to daily consumption, EPA included estimates of the number of days per year tap

water is consumed by users of different types of water sysems. EPA’s estimates for exposure days are
presented in Exhibit 4-8.

Exhibit 4-8. EPA Estimates for Exposure Days?

Type of System Exposure Days Per Year
Community Water Systems 350
Noncommunity Nontransient 250
Transient Noncommunity 15
L Number of days in which tapwater is consumed.

4.3.2 Hazard Identification

Hazard identification is the second step of the risk assessment process. Hazard identification
addresses the pathogenicity of each drinking water pathogen to the potentialy exposed population.
Factors congdered in this assessment include:

. infectivity (the ability of amicroorganism to colonize the body of the hos),
. morbidity (the probability of illness given infection), and
. mortdity (the probability of desth given illness).

Infectivity assumptions are based on dose-response curves generated from challenge studiesin
hedlthy adult volunteers. Morbidity rates are based on epidemiologicd studies, and mortdity is
estimated on observed case-fatdity ratios. Morbidity and mortdity may vary with the age and overdl
sengtivity of the receptor population. Pathogen hazard assumptions for Type A and B viruses when
ingested in ground water are summaxrized in Exhibit 4-9.
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GWR Risk Assessment

Exhibit 4-9. Hazard Identification of Viral Pathogens for the

> 16 years=0.33"

Pathogen
Hazards Infectivity Morbidity Mortality

Definition Infectivity isthe ability of Primary morbidity is Secondary spread is Mortality isthe
the pathogen to colonize the probability of the probability of probability of
the host; it is defined by illness given infection; illness given contact deathasa
dose-response can vary in sensitive with a (primary) ill result of
relationship. subgroups. person. illness.

M odel General model of dose-
response (beta-Poisson):

P()=1-(1+NS$)-"

where:
P (1)= probability of
infection
N = number of pathogenic
viruses ingested
", $= pathogen-specific
rate constants.

TypeA virus Highly infective virus; <2yrsold=0.88* <2yrsold =0.55* 7.3x10°°¢

=0.26, $=0.42 >2yrs=0.1% >2yrsold=0*

TypeB virus Moderately infective <5yrsold =05" Triangular <1month=
Virus, distribution (all age 0.0092°°
"'=0.374, $ =187° groups), from 0.11 to

$ 510 16 years= 0.57" 0.55; mode = 0.35° $ 1 month =
0.00041*

Stedge, 1998.

1Regli eta., 1991; 2 Ward et a., 1986; 3 Schiff et al., 1984; 4 Kapikian and Chanock, 1996; 5 Wenman et al., 1979
and Foster et al., 1980; 6 CEOH 1998; 7 Hall 1980; 8 Morens et a., 1991; 9 rate of mortality given infection; 10

For Type A virusesin children < 2 years and for Type B virusesin dl age groups, the hazard
identification part of the model also includes afactor for secondary spread. Secondary spreed refersto
contracting the illness through exposure to a person who becameill after exposure viaingestion of
contaminated ground water. No secondary spread data are available for vird infections explicitly
acquired viathe ground water pathway. Nevertheless, secondary spread of waterborne illnessesisa
reasonable assumption because the pathogens of concern for the GWR are also commonly transmitted
by respiratory or direct contact (feca-ora) pathways.

4.3.3 Sensitive Subgroups

Although it is generdly believed that most persons are equally vulnerable to repeated infection
(i.e., colonization) by viruses and other microorganisms during ther lifetime, factors such as being very
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young, very old, or immunocompromised can determine whether severe iliness follows infection and
whether death is the outcome of severeillnesses. The hazard identification factors presented in Exhibit
4-10 and incorporated in the GWR mode include higher morbidity and/or mortdity rates for some age
groups, typicaly for neonates (Type B viruses) and children (both Type A and Type B viruses).

TheVey Young

The very young (e.g., infants less than one month old) are generdly considered to be rdaively
more sendtive to severe symptomatic illness and death from gastroenteritis and other waterborne vira
and bacterid illnesses. Some vird pathogens such as coxsackie virus B (a Type B virus) can be
transmitted trangplacentaly from an infected mother to her child in utero, during birth, or shortly
thereafter. Thistype of transmission places the infected newborn infant at risk of severe symptomatic
illness from meningitis or myocarditis, for which the case fatdity rates are high (Gerba et d., 1996a).

Vird gastroenteritis, caused mainly by Type A viruses, is prevaent among U.S. children.
Primary or secondary transmission by the fecad-ord route contributes to high rates of illnessin group
settings such as day-care centers that include digpered children. CDC has determined that the
incidence of rotavirus diarrhea can reach 0.30 episodes/child/year by age two, with acumulative
incidence gpproaching 0.80 episodes/child by agefive (Glasset d., 1996). Hospitaizations for
rotavirus diarrhea are most common in children six months to three years of age (Parashar et d., 1998),
while sdlf-limiting Norwalk-like virus infections are prevadent in school-age children (LeBaron et d.,
1990). Although desths from infectious diarrhea have generdly declined among U.S. children since
1965 because of re-hydration therapy, newborn children, especidly infants born prematurely, remain at
risk of deeth from severe diarrhed illness (Kilgore et d., 1995).

The Elderly

The elderly (persons over 65 years of age) are also a greater risk than the genera population
of experiencing severe hedth effects from rotavirus diarrhea, hepatitis and other vird infections.
Sengtivity among personsin this age group is due to declining immunity and poorer generd hedth
(Gerbaet d., 1996aand b; Lew et d., 1991). Conditions such as cardiovascular disease make the
elderly more susceptible to complications of diarrhea such as eectrolyte imbaance, dehydration, and
shock (Maasdam and Anuras, 1981, cited in Lew et a., 1991). More than haf of the diarrhed deaths
that occur in the U.S. are among persons older than 74 years of age, and therisk of death from
diarheais generdly higher among dderly persons confined to nurang homes and other care facilities
(Lew et d., 1991; Gerbaet d., 1996 b). Thirty percent of diarrheal deaths among the elderly occur in
nonhospitalized patient care settings (e.g., nurang homes), dthough only 10 percent of personsin this
age group live in such settings (Lew et d., 1991).

The Immunocompromised

Immunocompromised and immuno-suppressed persons comprise a non-age-based population
sub-group who are sengitive to serious hedth effects from vird and bacterid infections. Although some
vird pathogens (e.g., hepatitis A and Norwalk virus) do not cause more severeillness or risk of death
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in immunocompromised persons, chronic diarrheais a serious complication of AIDs, and rotavirus and
adenovirus are commonly isolated from stool samples from AlDs patients with diarrhea (Gerba et d.,
19968).

A limited number of avallable sudies suggest thet vird infections can contribute to deathsin
immunocompromised persons. Hierholzer (1992) reported case fatality ratios of 53 to 69 percent in
cancer-immuno-suppressed and bone-marrow transplant patients infected with adenovirus. Enteric
rotavirus, coxsackie virus and adenovirus infections were reported as the cause of Smilar case fatality
ratios among bone-marrow transplant patientsin an earlier study (Yolken et d., 1982, cited in Gerba et
al., 1996a).

At thistime, the morbidity and mortdity factors assgned to immunocompromised subgroups for
Type A and B virusinfections are the same as those used for the generd population. EPA believes
there are insufficient data available for these subgroups to assume higher morbidity or mortdity from
waterborne infections based on immune status. However, because thereis a higher cogt-of-illness
among severely immunocompromised persons having lengthy vird illnesses, the with-rule reductionsin
numbers of illnesses and deethsin this subgroup are cadculated by the risk modd and are monitored
separately in the benefits calculaions.

4.3.4 Risk Characterization

The third step of the risk assessment processis risk characterization. This section summarizes
the methods of caculation used to derive basdine estimates of hedlth effects in the exposed
populations. Modd ca culations used to estimate annud illnesses and deaths due to source
contamination in undisinfected systems are presented firg, followed by an explanation of the factors
used to estimate additiond illnesses and desths due to trestment failures and distribution contamination.
Finaly, the results of the basdline (without rule) risk calculations are presented.

Risk Assessment Methodology

The modding of basdine risks was performed usng atwo-step Monte Carlo smulation andysis
designed to provide both a"best" estimate of the number of illnesses and deaths due to virusesin
ground water, and an estimate of the uncertainty bounds around those values.

The smulation analys's was structured to incorporate two steps to separately address the
variability and uncertainty aspects of the input parametersin the agorithms used to caculate risk.

Thefirg gep of the Smulation analys's used information characterizing the variagbility of viruses
in drinking water from ground water supplies together with information characterizing the variability in
drinking water consumption in the exposed population to arrive a an estimate of the distribution of
individua annud risks of infection. This digtribution of individua risks of infection dso provided an
edimate of the average annua risk of infection for the overadl population and of the uncertainty in that
average risk.
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The second step of the smulation andysis used the results of the first step dong with factors
characterizing morbidity (illness given infection) and mortdity (deeth given iliness), together with the
number of people exposed from various types of ground water sysemsto arrive a the tota nationa
estimate of illnesses and deeths due to virusesin ground water. The second step combined the average
annud risk of infection and its associated uncertainty with other factors to provide an estimate of the
tota number of annual illnesses and deaths in the exposed population, as well as an estimate of the
uncertainty in those total numbers.

The following provides further detail for each of the two steps.
Step 1. Egimation of the Didribution of Individua Annua Risks of Infection,

Average Individud Annua Risk of Infection, and Uncertainty (Standard
Error) in the Average Individud Annud Risk.

The basic risk assessment dgorithm used in this andyss to compute individud annud risk is
shown below:

Py =1 (] Pfyﬁly)'rj (4-1

Specificdly, this dgorithm provides an estimate of the probability that an individua will become
infected during aone-year period given an average dally risk of infection of Pp,;, ahd D days of
exposure during the year.

As discussed in the preceding section on exposure, the number of days of exposure (drinking
water consumption) differs for exposure between community water systems (350 days), nontrangent
noncommunity systems (250) days and transent noncommunity systems (10) days.

Theindividud daily risk of infection, Pp,;,, incorporated in Equation (4-1) is caculated as:
—
Prkr:(v: / { [/ :V/}?} (4-2)

Theindividud dally risk of infection is the probability that an individud will become infected
from consuming N viruses in water that day. The varidbles*" and $ are pathogen-specific
dose-response model parameters. The vauesfor ** and $ for the Type A and Type B viruses modd in
this andyss are shown in Exhibit 4-9.

The daily ingestion of viruses for any individud is the product of the concentration of virusesin
drinking water and amount of drinking water consumed. Thereis, of course, variability in the expected
leve of virusesin ground water from one system to the next, aswell as variability in drinking weter
consumption from one individud to the next. The Monte Carlo smulation performed in the first step of
the analysis incorporated both of these exposure factors as distributions to reflect that variability.
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The variability in virus concentrations in ground water systems was characterized by lognorma
distributions using the mean and standard deviations for Type A and Type B virusesin properly and
poorly constructed wells as shown in Exhibit 4-6 as the parameters for those distributions.

The variability in drinking water consumption was characterized by age-specific custom
distributions derived from the information provided in the CSFII data discussed in the exposure section.

In addition to the occurrence distribution and consumption factors, the caculation of N aso
includes assumptions concerning hit rate (portion of wells with viruses present), the fractions of
disnfected and undisinfected wells, the fraction of properly and improperly constructed wells, treatment
effectivenessin disnfected wells, and the fraction of viable viruses (assumed in this andysis to be 1.0).

There are three key outputs from this first step of the andlyss

. The digribution of individud risks, used for the risk characterization of the portion of the
population expected to experience risks at various leves (including risks to sendtive
subpaopulations);

. The mean or average individua risk, used in the Step 2 of the andlys's as discussed below to
scae up the individua risks to the entire population in order to estimate the number of cases of
illness

. The standard error in the estimated mean individua risk, dso used in Step 2 as a contributor to
the uncertainty in the estimated number of cases of illness.

Step 2. Edtimation of Cases of lIness and Desth in the Exposed Population and
Uncertainty Bounds on the Edtimated Cases.

In the second step of the Monte Carlo analys's, the number of cases of illness and death in the
exposed population are caculated from the average individud risk of infection obtained in Step 1, the
morbidity factors that characterize the probability of becoming ill given an infection, secondary spread
factors, the mortaity factors that characterize the probability of death given anillness, and the tota
population exposed to whom the annud individud risk of infection gpplies.

The basic dgorithm for caculating the number of illnessesin Step 2 is:

Slliness=Pop " Pamag” Mp ™ (1+ Ms) " (1+ Mois) (4-3)

In Equation 4-3, Pop is the population exposed, Py is the average annud indivdua risk of
infection obtained in Step 1, M, isthe morbidity factor for primary illness given infection, Mg isthe
secondary spread of illness factor, and My, is the factor for computing additiond cases of illness dueto
trestment fallure in disnfected systems and due to other distribution system sources (see further
discussion later in this section).
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The dgorithm for cdcudting deathsin Step 2 is
SDeath = SllIiness” Mw (4-4)

In Equation 4-4, M,, is the mortdity factor reflecting the number of deeths expected among
those who becomeill from vird infections. These factors are dso provided in Exhibit 4-9.

In addition to providing “bext” estimates of tota illnesses and deeths, this second step of the
andysis dso provides an estimate of uncertainty in those estimates that reflect the uncertainty estimated
in the average individud risk of infection obtained in Step 1, and uncertainty in one of the morbidity
factors used to caculateillnesses. Specificdly, the secondary spread factor for Type B viruses for dl
age groups was included as an uncertainty ditribution (triangular distribution, see Exhibit 4-9).

Exhibit 4-10 provides an additiond summary of the risk calculation factors and indicates
whether they were incorporated as a variability distribution, uncertainty distribution, or congtant in the
Monte Carlo smulation.

Exhibit 4-10. Summary Table of Risk Calculation Factors Used & the Distribution
Category (Variability, Uncertainty, Constant) Used in the Simulation Analysis

Risk Calculation Description and Usein Calculations | Distribution— | Distribution — Constant
Factor Variability Uncertainty
Occurrence Hit Rate Used in Step 1 to characterize the
fraction of systems (and therefore X
of population) having viruses
present in the source water.
Occurrence Used in Step 1 to characterize the
Distribution concentrations of virusesin source X
water.
Fraction of Used in Step 1 to separate those
Disinfecting and systems current practicing X
Undisinfecting disinfection from those that do not.
Sytems
Log Removal for Used in Step 1, an assumed 4-log
Disinfecting removal of virus concentration in X
Systems source water for those systems
practicing disinfection.
Viability Used in Step 1 to indicate the
fraction of virusesin water X
considered to be infectious
(assumed here to be 1.0).
Drinking Water Used in Step 1 to characterize the
Consumption daily water consumption by various X
age groups in the exposed
population.
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Dose-response Used in Step 1, empirically derived
Equation Parameters parameters in equations used to
calculate daily and annual risk of
infection.

Days of Used in Step 1 to indicate the
Consumption number of days per year an exposed
individual consumes water from
ground water sources.

Average Annud Product of the Step 1 calculation
Individua Risk of used in Step 2 to calculate cases of X
Infection illness and death.

Population Served Used in Step 2 to scale up the
annual individual infection risksto
total cases of infection, and
ultimately to total cases of illness
and death in the exposed
population.

Primary Morbidity Used in Step 2 to estimate the
Factors number of illnesses per infectionin X
the exposed population.

Secondary Used in Step 2 to estimate the
Morbidity Factors number of additional illnesses
resulting from contact with
indivdiuas becoming ill through
primary consumption of drinking
water.

X X
(for TypeB (for Type A
virus) virus)

Disinfection Failure Used in Step 2 to estimate an
IlIness Factors additional number of illnesses due
to treatment failure in disinfecting X
systems added to the primary and
secondary illnesses from source.

Distribution System Used in Step 1 to estimate an
IlIness Factors additional number of illnesses due
to distribution systems sources
added to the primary and secondary
ilInesses from source water
contamination.

It isimportant to recognize that the two-step procedure for calculating the number of cases of
illness and degath in the population from exposure to viruses in ground water was carried out separately
for the Type A and Type B virus categories (reflecting different occurrence distributions and
dose-response relaionships), different age groups (reflecting different morbidity and mortality factors),
different water systemn sizes (reflecting different numbers of people served), and different water system
types (reflecting different exposure days of consumption per year for community and noncommunity
sysems). Theresults of these many separate estimates of risk and cases of illness and desath were then
aggregated to obtain the overal estimates presented in Exhibits 4-12 (for Type A viruses) and 4-13
(for Type B viruses).
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In presenting the results of this two-step procedure for computing the basdline illnesses and
deeths as shown in Exhibits 4-12 and 4-13, the best estimate is the mean of the iterations run in the
second step. The uncertainty in that estimate is characterized by the 10 percentile and 90™ percentile
vaues obtained from those iterations. These imply that, given the uncertainty factors explicitly included
in the second step, there is a 10 percent chance that the actual number of cases falls below the 107
percentile value, and a 10 percent chance that it falls above the 90 percentile value.

[lInesses and Deaths in Undisinfected and Disinfected Systems (exclusive of treatment failures)

The GWR mode described above cdculates annud numbers of illnesses and deaths due to
source contamination in undisnfected systems and in disinfected systems (assuming 4-log remova)
exclusve of outbresks due to treatment failure. Exhibit 4-11 summarizesthe modd caculations, which
incorporate the model assumptions regarding drinking water exposure to pathogens from contaminated

sources (Section 4.3.1) and health hazards from Type A and Type B vira pathogens (Section 4.3.2).

Exhibit 4-11. Summary of GWR Baseline Risk

Calculations for Undisinfected Systems

Health
Effect Calculation Summary
Infection Mean Individual The model calculates the mean individual daily probability of infection using: the fraction of contaminated wells
Daily Probability of ~ J(virus hit rate); the potentially exposed population; variable distributions of virus concentration in undisinfected
Infection drinking water (same as source water concentration for untreated systems) and daily intake; and the rotavirus
dose-response rate constants for Type A virus or the echovirus rate constants for Type B. The probability of
infection given a dose of one of these pathogens is:
P)=1-(1+NB) ™"
where: P(1) = probability of infection, N = numbers of pathogenic viruses ingested, and ™" and $- pathogen-
specific rate constants. The mean and standard deviation of the mean are calculated.
Mean Annual The model calculates the annual probability that an individual in the population category will be infected at least
Probability of once:
Infection
P (I ) = 1-{1-P (] ™"
where: P (I ,.,) = the annual probability of infection, P (I) = the mean daily probability of infection. The
cumulative geometric function incorporates the annual number of days of exposure (i.e., 350 days in CWSs,
250 days in NTNC systems, and 15 days in TNC systems).The mean and standard deviation of the mean
are calculated for each age group and type and size of ground water system.
Morbidity Annual Number of | The annual number of illnesses is the annual number of infections multiplied by the fraction of infections causing
llinesses disease (i.e., morbidity rate), calculated for each age group (see Exhibit 4-10) and type of system. This
calculation incorporates a factor for secondary spread, as appropriate. The model applies the secondary
spread factor by age group as follows: secondary illnesses = (the age-specific number of primary illnesses) x
(rate of secondary spread).
Mortality Annual Number of | Deaths due to Type A virus in all age groups are calculated by multiplying the annual number of primary and
Deaths secondary illnesses by the case fatality rate of 7.3 per million cases of illnesses. For Type B virus, deaths in
the neonate ( < 1 month) population are calculated by multiplying the annual number of primary and secondary
infections by 0.92 percent. Deaths in all other age groups are calculated by multiplying the annual numbers of
primary and secondary illnesses by the composite case fatality rate of 0.041 percent.
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Additiona IlInesses and Degaths Resulting from Treatment Failures and Didribution System
Contamination

The number of illnesses and deaths resulting from trestment failure and ditribution system
contamination is calculated usng Water bor ne Disease Outbreak Data (Craun, 1998) and the
edimates from the GWR risk assessment of illnessin undisinfected ground water systems. Of thevird,
bacteriad and unknown agent outbreak-related illnesses reported in ground water systems during
19911996, 2,924 occurred in populations drinking untreated tap water from nondisinfecting systems,
1,260 occurred in populations drinking from systems experiencing a trestment deficiency, and 944
were in populations drinking water from systems with distribution system contamination.

EPA believes that reported causes of contamination that result in reported outbresks during this
time period reflect the rdlative proportions of the causes of contamination in public ground water
systems since implementation of the Total Coliform Rulein 1989. Therefore, it is estimated that for
every basdline waterborne iliness in undisinfected CWS, NTNC and TNC ground water systems with
source contamination, there is an additiond 0.43 illnessin a system experiencing source contamination
with trestment failure. In addition, it is estimated that for every basdine waterborneillnessin
undisinfected CWS or NTNC ground water systems, an additional 0.32 illness occurs due to
digribution system contamination. No additiond illnesses due to distribution system contamination are
estimated for TNC systems because TNCs are typicaly connected directly to the water supply, and
therefore, do not have distribution systems.

Reaults of the Basdine Risk Cdculations

Estimated annua numbers of illnesses from ingestion of Type A and Type B virusesin PWS
ground water systems are summarized in Exhibits 4-12 and 4-13. These tables present the caculated
mean, aswell asthe 10" and 90™ percentile estimates of annud illness and desths for Type A and Type
B viruses from the Monte Carlo smulation. Results of dternate modd caculations using dl the same
assumptions, but with the lower drinking water consumption distribution, are presented in Appendix A.

The total number of baseline annud illnesses calculated using the upper bound intake
digtribution for Type A viruses (Exhibit 4-12) is about 12 percent higher than the estimate using the
lower bound intake distribution. For Type B viruses, the upperbound estimate (Exhibit 4-13) is 21
percent higher than the lower bound estimate.
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Exhibit 4-12. Estimates of Baseline Type A Viral lliness and Death?

llinesses per Year Deaths per Year
Cause/Source of 10th - goth 10t - goth
Contamination Mean Percentiles Mean Percentiles
Source contamination in
undisinfected GWSs 78,172 77,794 - 78,562 1 1-1
Source contamination in
GWSs with failed disinfection 33,614 33,452 - 33,781 0 0-0
Contamination of distribution 21,712 21,615 - 21,812 0 0-0
systems of GWSs
Total 133,498 132,879 -134,133 1 1-1
! linesses and deaths per year are rounded to the nearest whole number.

Exhibit 4-13. Estimates of Baseline Type B Viral lliness and Death*

llinesses per Year Deaths per Year
loth _ goth 10th _ goth
Cause/Source of Contamination Mean Percentiles Mean Percentiles
Source contamination in
undisinfected GWSs 19,642 19,019 - 20,253 8 8-8
ination in GW
Source contamination in GWSs 8,446 8,178 - 8,709 4 3-4
with failed disinfection
Contamination of distribution
-6.2 2.
systems of GWSs 6,069 5,869 - 6,265 3 3
Total 34,157 33,062 - 35,227 14 14 -15

! linesses and deaths per year are rounded to the nearest whole number.

Summing the estimates of illness for both types of viruses gives a combined estimate of nearly
168,000 illnesses each year, the mgority of which are attributable to the highly infective, but less lethd,
Type A viruses. This estimate is about 14 percent higher overdl than the total number of illnesses
estimated using consumption distributions generated from the lower bound water consumption deata.
The estimated combined number of desths per year is 15, the mgority of those being due to the more
lethd, but lessinfectious, Type B viruses.

Basdine llInesses and Desths in Senditive Subgroups

Exhibits 4-12 and 4-13 above summarized the total estimated numbers of illnesses and deaths
each year from ingestion of virally-contaminated ground water under basdline exposure conditions. The
fractions of those illnesses and desths that are estimated to occur among sensitive subgroups served by
ground water systems are presented in Exhibit 4-14. The sensitive subgroupsincluded in this analysis
include:

April 5, 2000 Proposed Ground Water Rule - Regulatory Impact Analysis 4-23



C I mmunocompromised persons in al age groups: AIDs patients, organ transplant patients,
nonhospitaized cancer thergpy recipients, and nursang home residents (al of which are assumed
to be > 16 years old);

C Infants and young children< 5 years old; and

C Elderly adults > 65 years old.

Exhibit 4-14. Health Effects in Sensitive Subgroups as a Percent
of All llinesses and Deaths

Infants and Elderly Total
Heath Young Children Adults Sensitive
Virus Type Effect Immunocompromised <5years old > 65 years old Subgroups
lliness 1.6% 18.1% 11.5% 31.2%
Type A Virus
Death 1.6% 18.1% 11.5% 31.2%
lliness 1.6% 5.1% 12.8% 19.5%
Type B Virus
Death 0.5% 9.4% 12.4% 22.3%

These sengtive subgroups comprise about 21 percent of the total exposed population, but
account for 31 percent of the Type A illnesses due to ingestion of contaminated ground water. These
results reflect the high morbidity rate (0.88) and the potentia for secondary spread of Type A virusesin
children < 2 yearsold. Sendtive subgroups aso account for >22 percent of the Type B degths.
Although the observed morbidity rate of Type B illnessin children < 5 isdightly lower than the
morbidity rate in older children (0.5 vs. 0.57), the high mortdity rate of Type B viruses among neonates
(infants < 1 month old) contributes to a higher proportion of degths in this subgroup and in sengtive
subgroups overdl.

Didribution of Annud Individud Risk of Iliness

The mode results were dso analyzed to determine the risk of becoming ill as aresult of
ingesting contaminated water from a public ground water system. Risk of illness was estimated for a
period of one year using daily consumption distributions based on the USDA intake data for all
sources, and annual exposure periods as described previoudy (i.e., 350 days/yr. exposurein CWSs,
250 days/yr. in NTNCs, and 15 dayslyr. in TNC systems) (see Section 4.3.1). Theresults of this
andysis are presented in Exhibit 4-15.
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Exhibit 4-15. Distribution of Annual Individual Risks of
lliness by Type of System

(Percent of Population
Virus System with Risk in Range) Population Total
Type Type <10 $ 10 (Millions)
CWS 98.3% 1.7% 88.9
TNC 95.9% 4.1% 14.9
Type A NTNC 96.2% 3.8% 5.3
All Systems 97.9% 2.1% 109.1
CWS 99.0% 1.0% 88.9
TNC 98.8% 1.2% 14.9
Type B NTNC 96.6% 3.4% 5.3
All Systems 98.9% 1.1% 109.1

The 10* risk level is commonly used by EPA as acriterion of risk in potable water supplies.
The results indicate that 2.1 percent of the exposed population served by public ground water systems
isat a10™ or greater risk of becoming ill with Type A vird illness, and 1.1 percent of the population is
at a10™ or greater risk of becoming ill with Type B illness under basdline exposure conditions.

Risk to a Highly Exposed Individud

The annud risk of illness was dso estimated for a highly exposed individud. For this caculation,
it is assumed that atypicd, highly-exposed individua would ingest drinking water from an undisinfected
PWS ground water system having a properly-constructed well. The source water from such asystemis
assumed to be contaminated with viral pathogens at a concentration of 3.56 x 10 3 viruses/L (the mean
concentration of vird pathogensin contaminated, properly-constructed wells). Because the source
water is not disinfected, thereis no inactivation of vird pathogensin the system. It is also assumed that
the daily intake of drinking weter is 2.345 L/day, the 90th percentile of the daily consumption
digtribution for dl ages. Annual exposure under this scenario is 350 daysyear, the same rate assumed
for CWSs.

Using these assumptions for drinking water exposure, the calculated annua probability of Type
A vird illnessfor ahighly exposed individud is0.73 for a child < 2 years old and 0.083 for an
individud $ 2 years old. For Type B illness, the annua probability of illnessis 0.003 for achild < 16
yearsold and 0.002 for an individua $ 16 years old. These results reflect the higher infectivity,
morbidity and secondary spread of Type A viruses in children in comparison with the moderately
infective Type B viruses.
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5. Benefits Analysis

5.1 Introduction

By reducing public exposure to waterborne viral and bacteria pathogens of concern, the
proposed GWR reduces the public’ srisks of acute illness and degth from feca contamination of
drinking water. The hedth-related benefits of the GWR are largdly the result of avoided acute and
chronic illnesses and degths attributable to reduced endemic and outbreak risks. This chapter presents
results of andysis of these hedlth-based benefits including the monetized value of the avoided illnesses
and deaths estimated for rule options. In addition, this chapter discusses non-monetized hedlth benefits
and other non-health benefits of the rule options.

5.2 Structure of the Benefits Analysis

Severd recent reviews provide agenerd discusson of awide range of possible ground water
disinfection benefits and ground water protection benefits (NWRI 1997; NRC 1997; RTI 1997; EPA
1995). These reviews, in combination with information on ground water servicesin generd, serveto
frame the benefit categories relevant to the GWR. Two mgor categories, health benefits and non-
health benefits, as well as components within each, are presented in Exhibit 5-1.

Exhibit 5—-1. Overview of GWR Benefits

Health Benefits

Reduction in acute illness < viral risk reduction (morbidity and mortality)
incidence < bacterial risk reduction (morbidity and mortality)
Reduction in chronic iliness < viral risk reduction (morbidity and mortality)
incidence < bacterial risk reduction (morbidity and mortality)

Non-Health Benefits

Reduced uncertainty < improved perception of drinking water quality

Avoided costs of averting <  bottled water, point-of-use (POU) devices, etc.

behavior < time spent on averting behavior: hauling/boiling water, etc.
Outbreak responses avoided < avoided costs to affected water systems and local governments

(provision of alternative water, issuing warnings and alerts)

5.2.1 Human Health Benefits

The quantified benefits identified in this chapter are predominantly from the economic vaue of
avoided human hedth risks (i.e, morbidity and mortaity). Thisis predicated on the concept that the
hedlth benefits associated with the promulgation of the GWR are equd to the value of the reduced risks
of morbidity and mortdity from microbid pathogens. Assessing the economic vaue of the hedth
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benefits involves a two-step process, which includes a risk assessment to quantify a health endpoint
followed by a benefits vauation procedure. The processisillugtrated in Exhibit 5-2.

HEALTH
ENDPOINT

EFFECTS
VALUED

VALUATION
APPROACH

Exhibit 5-2.

GWR Health Benefits Assessment Framewor k

Reduced Reducgd Reduced
Acute Chronic Mortalit
Morbidity Morbidity y
| -
Lost Work Lost Work Lost Leisure| [ Medica Pain and Small Reduction
Time Productivity| Time Costs Discomfort in Excess Risk of
Avoided Avoided Avoided Avoided Avoided Premature Death
| i |
[}
i
1
|
i
1
v
. Benefits Transfer of Value
Cost of lliness Analysis o ) -
. f Lifeor Lif
To Estimate Average Cost Not Valued: of Sietistical Lifeor Life

(by

per IlIness Avoided

Degree of Severity)

Qualitatively Discussed

Y ear from Studies of
Individuals WTPto Avoid
Mortality Risks

C Risk assessment—This assessment is used to determine and quantify the hedth endpoints
identified for the GWR as shown in Exhibit 5-2. These endpoints include reductions in both
acute and chronic illnesses (i.e., reduced morbidity) and reductions in the number of deaths
each year (i.e. reduced mortaity). Hedth endpoints are quantified using a risk assessment to
estimate the number of illnesses and deaths each year for both basdine and post-regulatory
scenarios. The difference between these estimates is the avoided cases of morbidity or
mortdity. For thisRIA, the risk assessment focuses on acute illnesses and associated degths
caused by vird pathogens ingested in tap water from ground water sources. (Chronic effects
and bacterid pathogen infections, while not quantified directly using the risk assessment mode,
are discussed below.)
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The risk assessment forecasting necessarily requires a number of assumptionsto be made
regarding exposures to viral pathogensin drinking water. These assumptions are presented in
Section 4.3, Basdline Risk Assessment Health Effects. Additiona assumptions required to
asess the hedlth effects of the four regulatory options for the GWR are presented in Section
5.3.1. Thereaultsof therisk analysisfor each of the four regulatory options (i.e., in terms of
illnesses and degths avoided) are presented in Section 5.3.2.

. Benefits valuation—This process gpplies the gppropriate unit values to the results of the risk
assessment to estimate the vaue of the specific illness and clinica endpoint identified in exposed
populations using the risk assessment. The assumptions and inputs used to determine the
gppropriate unit values are discussed in Section 5.3.3. The results of this andyss, the
monetized benefits of avoided morbidity and mortdity for each GWR option, are presented in
section 5.3.4.

The benefits of the reduced exposure to bacteriain drinking water are dso discussed in this
chapter. The hedlth effects of reduced bacterid infections are not assessed using the risk assessment
model. Rather these hedth benefits are vaued by employing a smple ratio assumption in which the
monetized benefits estimated for reduced vird infections were increased by an additiond 20 percent to
account for bacterid infection reduction benefits.

The other potential hedlth benefits associated with the proposed rule are the reduced risks of
chronic morbidity and corresponding mortaity associated with vira and bacterial contamination. These
are not quantified within thisRIA. Asdiscussed in Section 5.4.2, the benefit of avoiding these chronic
cases may be sgnificant, as affected individuas incur sgnificant costsin medica care and lossesin
productivity and qudity of life in such instances. The reader is reminded not to discount the vaue
associated with reducing chronic vird and bacterid illness smply because they are not quantified in this
RIA, as EPA’sinahility to quantify them due to data limitations does not suggest they are not significant.

5.2.2 Non-Health Benefits Assessment

In addition to the hedlth-based benefits introduced above, there are anumber of non-hedth
benefits that aso arise from promulgation of the rule. Non-hedth benefits may result from overdl
system improvements (e.g., upgrades to distribution systems, increased efficiencies, increased
frequency/intengity of process survelllance), from improved risk perception of drinking water qudlity, or
from avoided outbreak response costs. While these costs are not quantified for this RIA, these
potentia benefits are discussed qudlitatively in Section 5.4.3.

5.2.3 Potential Health Risk Associated with Other Contaminants

The Agency is aware that the proposed GWR has the potentid to increase hedlth risksin some
circumstances; these risks however, can be controlled. The increased risks that may result from this
rule slem from the ingtdlation of disinfection equipment by systems currently not tresting. Risks may
gem from either or both of the following problems.
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. Start-up Contamination—\When disnfection isfirst introduced into a previoudy undisinfected
system, the disinfectant can react with pipe scae causing increased risk from some
contaminants and water quaity problems. Contaminants that may be released include leed,
copper, and arsenic. It could also lead to atemporary discoloration of the water asthe scaleis
loosened from the pipe. These risks can be reduced by gradualy phasing in disinfection to the
system, by routine flushing of digtribution systern mains and by maintaining a proper corroson
control program.

. Disinfection Byproducts—For some ground water systems, using a chlorine-based disinfectant
or ozone could result in an increased risk from disinfection byproducts. Risk from disinfecting
systems (including an estimate of the ground water systems, which will commence disnfection
asareault of the GWR) has dready been addressed in the Stage 1 Disinfection Byproducts
Rule. Overdl, only asmal number of ground water systems with high source weter organic
carbon precursors are expected to have high levels of disinfection byproducts from using
chlorine. However, those that do can avoid this problem by choosing an dternative disinfectant
or precursor control technology (e.g., chloramination, membranes, or ultraviolet).

5.3 Value of Health Effects With Rule (Acute Impacts)

The only benefit EPA has estimated and monetized for this RIA is acute hedlth effects of vird
and bacterid infections. This chapter explains how hedlth effects were estimated (Section 5.3.1), how
they were monetized (Section 5.3.3), and presents results for each effort (Sections 5.3.2 and 5.34,

respectively).
5.3.1 Assumptions for Health Effects Modeling of Regulatory Scenarios

In estimating the hedlth effects of the GWR, EPA performed risk caculations for the four GWR
options described in Chapter 3.: Option 1—Sanitary Surveys only; Option 2—Sanitary Surveys with
Triggered Monitoring; Option 3—Muulti-Barrier Approach; and Option 4
—Across-the-Board-Disinfection. The estimation procedure was two-fold asfollows:

. Fird, usng assumptions regarding reductionsin viral exposure from source contamination for
each regulatory option, the modd was used to calculate annua numbers of illnesses and deaths
in ground water systems (GWSs).

. Secondly, using CDC ratios gpplied to the results of the first step and assumptions for each
option regarding post-regulatory reductionsin rates of disinfection failure and distribution
contamination, additional outbreak-related illnesses and deaths were estimated.

To modd the reduction in exposure from source contamination that would result from
implementation of the four regulatory options, EPA assumed reductions in the number of undisinfected
ground water systems/points of entry that are potentidly contaminated with viral pathogens under
basdline conditions. The reduction varies with expectations regarding the effectiveness of each option in
identifying and correcting sgnificant defects at the source. Reductionsin treatment fallurerate and in
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distribution system contamination are also addressed for each option. The relevant exposure
assumptions for each option and type of system are summarized in Exhibit 5-3 and are discussed in the
following sections.

Exhibit 5-3. Estimated Contamination Reductions for GWR Options

Estimated Reduction in Estimated Estimated
Viral Source Contamination Reduction in rate Reduction in
of Undisinfected Ground of Disinfection Distribution
Water Sources Failure for GWSs System
with viral Contamination
Properly Improperly contamination of with Virus of
Regulatory Option Constructed | Constructed the source GWsSs
Option 1. Sanitary Survey 0% 40-60% 0-26% (CWS) 0-25%
Only 0-43% (NCWS)?! (NA for TNC)?
Option 2. Sanitary Survey 30-54% 58-82% 77-100% 0-25%
and Triggered Monitoring (NA for TNC)?
Option 3. Multi-Barrier 38-77% 63-91 77-100% 0-25%
(NA for TNC)?
Option 4. Across-the- 100% 100% 77-100% 0-25%
Board Disinfection (NA for TNC)?
1 Non-community water systems (NCWS), both transient and non-transient, have an estimated reduced risk of
contamination of 0-43%; community water systems (CWS) reduced risk is 0-26%.
2 Reduction of risk in transient non-community (TNC) systems was not considered.

5.3.1.1 Option 1: Sanitary Survey Option

Because EPA would, under this option, require the State (or primacy agent) to conduct
periodic sanitary surveysfor al ground water systems (i.e., at least every three yearsfor CWSs, and at
least every five years for NCWSs), this option is expected to identify significant defects in wells, which
could lead to source contamination (e.g., an improperly cased well) in the trestment process (e.g.,
inadequate disnfectant feed rate) and in the digtribution system (e.g., uncovered storage tank). Under
this option, systems would be required to correct these significant defects. Based upon datafrom a
recent survey of ground water systems (ASDWA, 1997), EPA estimates that between 11 and 13
percent of syslemswill correct sgnificant defects as aresult of implementation of this option (resulting in
the eimination of over 22,000 significant defects). Based on these assumptions, EPA made the
following estimates of risk reduction.

. Properly congtructed wells—Implementing sanitary surveys aone will result in no sgnificant
reductions in source contamination in systems with properly constructed wells.

. Improperly constructed wells—Sanitary survey ingpectors will identify sgnificant defects that
are gpparent from avisud ingpection of the well, well congtruction records, or the surrounding
area. Correction of these sgnificant defects will eiminate pathways for vird contamination to
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reach source watersin 40 to 60 percent of the poorly constructed wells. Defectsthat are
underground or that are not reflected in well construction records will not be detected.

. Dignfection faillure— EPA esimates that correction of sgnificant deficiencies in disinfection
trestment processes will result in between 0 and 26 percent reduction in treatment failuresin
community water systems and between a 0 and 43 percent reduction in non-community water
systems. Interrupted trestment caused by failed systems or operator error accounts for 26
percent of the reported outbresks in community ground water systems and 43 percent of the
reported outbreaks in non-community systems (Craun, 1999). EPA estimates that correction
of sgnificant defects could prevent some or dl of the interruptions in disinfection. The
estimated range accounts for the uncertainty as to the exact percentage.

. Didribution syslem contamination— EPA estimates that correction of significant defectsin the
digtribution system identified by sanitary surveys will result in a0 to 25 percent reduction of
fecal contamination of distribution systems in both community and non-trangent non-community
water systems. Half of the reported ground water system outbreaks caused by distribution
system contamination were specificaly caused by cross connections or storage tank
deficiencies (Craun, 1999). EPA edimates that as many as haf of these defects will be found
and diminated as aresult of sanitary surveys. The estimated range accounts for the uncertainty
as to the exact percentage.

5.3.1.2 Option 2. Sanitary Survey and Triggered Monitoring Option

The sanitary survey and triggered monitoring option combines the sanitary survey and
correction of Sgnificant defects with triggered monitoring of source water to identify improperly
congtructed systems for corrective action. Because the sanitary survey component of this option
imposes identical requirements to the sanitary survey option, EPA expects the sanitary survey portion of
this option to achieve the same reductions in source contamination of poorly constructed wells, of
trestment failure, and of distribution systems contamination.

The additiond triggered monitoring component of this option will identify sysemswith fecal
contamination of their sources that could not otherwise be identified through a sanitary survey of the
system. Under the triggered monitoring requirements, systems are required to sample their source
water for the presence of afecd indicator following the detection of total coliform in their distribution
system. EPA edtimated the effectiveness of the triggered monitoring requirements in identifying and
eliminating source water contamination by evauating the ability of the triggered monitoring to identify the
pathogen contaminated wells. Assumptions made by EPA include the following:

. An estimated 30-54 percent of wells that are contaminated with viral pathogens will be
detected through triggered monitoring. EPA made this assumption by using monitoring results
of samples taken from wells that were found to contain vird pathogens in the EPA/AWWARF
study (Lieberman et d., 1997, 1999). Seven wellsin this study were found to contain vird
pathogensin at least one of the twelve samples taken over the course of ayear. Each of these
wellswas dso tested for the presence of the three fecal indicators (E. coli, enterococci
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bacteria, or mae-specific coliphage). Of the 84 samples from these seven virally contaminated
wells, 42 (50 percent) tested positive for E. cali, 45 (54 percent) tested positive for
enterococci, and 25 (30 percent) tested positive for the presence of mae-specific coliphage.
States are provided flexibility in determining the most appropriate of the three methods,
therefore EPA has assumed arange of effectivenessin detecting fecally contaminated wells
between the low and high percentages.

Corrective action will be required for dl identified contaminated sources; this will entall
eliminating the source of the contamination, finding an dternative source, or ingaling
disinfection.

Based on these assumptions and relevant assumptions from the sanitary survey option, EPA

meade the following estimates for risk reduction.

Properly congtructed wells—In wells considered to be properly constructed, EPA assumed 30
to 54 percent of the systems with pathogen contamination will be identified through triggered
monitoring. Aswith the sanitary survey option, no source contamination reduction is expected
in the properly constructed wells due to sanitary surveys.

Improperly constructed wells—In improperly constructed systems, EPA assumed reduction of
source water contamination by 58 to 82 percent of the basdline. Thisis based on the Agency’s
assumption that 40 to 60 percent of the contaminated poorly constructed wells will be identified
through sanitary surveys, and an additiona 30 to 54 percent of the remaining undetected
contaminated wellswill be identified through triggered monitoring.

Dignfection failure—EPA estimates a reduction of 77 to 100 percent of incidences in which
systems with pathogen contaminated source water inadequately disinfect or remove the
pathogens. The Agency made this assumption based on the option’s requirement both that
sysemsthat disinfect must achieve a4 log removd or inactivation of pathogenic viruses and
that systems ensure compliance with this inactivation leve by routindy monitoring the
disnfectant resdud. EPA edimates thet this provison will diminate one haf to dl of the
interruptions in treetment and will diminate three fourthsto dl of the ingances in which systems
do not adequatdly disinfect their source water.

Didribution system contamination—A 0 to 25 percent reduction of fecal contamination of
digtribution systems and the associated illnesses/deaths in community and non-transient non-
community water systems (same as aforementioned sanitary survey option).

5.3.1.3 Option 3: Multi-Barrier Option

The Multi-Barrier option builds on the sanitary survey and the triggered monitoring components

described above by adding routine source water monitoring to provide an effective means of identifying
wells in the most sengitive hydrogeologic conditions. If the States or primacy agents determine a
system’ s source to be hydrogeologicaly sendtive to microbid contamination, the system is required to
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perform routine source water monitoring. Routine monitoring requires the collection of source water
samples monthly (at least for the firgt year of monitoring) to ensure that periodic feca contamination has
agreater likelihood of being detected than it would with asingle sample. Specific assumptions for
modding this option indude the following.

. Fifteen percent of the ground water sources will be found to be senstive and, therefore, subject
to routine source water monitoring.

. Between 20 and 50 percent of the wells with pathogen contamination are located in conditions
that States will determine to be senditive, and would therefore be subject to routine monitoring.

. Between 71 and 100 percent of pathogen contaminated ground water sources that are subject
to routine source water monitoring will be found to be fecally contaminated and required to
take corrective action. EPA estimated the effectiveness of routine monitoring in detecting vira
pathogen contamination based on EPA/AWWARF sampling data for seven wells that were
found to contain viable pathogenic viruses. EPA reviewed the test results for the three feca
indicators from which the States will choose for routine source water monitoring. Of the seven
wellsthat were viraly contaminated over the course of the year, five (71 percent) tested
positive at least once for the presence of E. coli, al saven (100 percent) tested positive for the
presence of enterococci and five (71 percent) tested positive for the presence of mae specific
coliphage. For the purposes of thisanalyss, EPA assumesthat States will select E. coli asthe
fecd indicator for routine monitoring; this gave EPA the lower bound of 71 percent.

. Triggered monitoring will identify 30 to 54 percent of the source-contaminated wells as
described in the sanitary survey and triggered monitoring option above.

Based on these assumptions and relevant assumptions from Options 1 and 2 above, EPA made
the following estimates of risk reduction.

. Properly congtructed wells—Between 38 and 77 percent of the properly constructed wells with
pathogen contamination will be identified as aresult of this rule option.

. Improperly constructed wells—Between 63 and 91 percent of the improperly constructed wells
with pathogen contamination will be identified as aresult of this rule option.

. Dignfection failure—As with the sanitary survey and triggered monitoring option, this option
requires systems that practice disinfection to achieve a4 log remova or inactivation of virus. It
a0 requires systems to ensure compliance with this inactivation level by routinly monitoring
the disnfectant resdua. EPA anticipates that these requirements will sgnificantly reduce the
incidences in which systems with viral pathogen-contaminated source water inadequately
disinfect or remove the pathogens. EPA estimated a reduction of these incidences by 77 to
100 percent (see Option 2 above).
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. Didribution system contamination—A 0 to 25 percent reduction of fecal contamination of
digtribution systems and the associated illnesses/deaths in community and non-transient non-
community water systems (see Option 1 above).

5.3.1.4 Option 4: Across-the-Board Disinfection Option

The across-the-board disinfection option will reduce viral pathogens in ground water system
through three mechanisms.

. Properly and improperly congtructed wells—First, because dl sysems would be required to
ingal dignfection treatment, EPA assumes that 99.99 percent of the pathogenic virusesin
source water would be inactivated (4 log removal) before they reach the customer’ s tap.
Therefore, there would be a complete eimination of source contaminated, undisinfected
sysems.

. Dignfection failure—Second, systems would be required to monitor the disinfectant residua
concentration. Thiswill insure aconsstent leve of disnfection treatment, which is adequate to
remove 99.99 percent of the pathogenic viruses. The Agency assumes the same level of
reductionsin failure of disinfection treetment systems equivaent with the previous two options
(see Option 2 and 3 above), 77 to 100 percent.

. Didribution system contamination—Third, systems would be required to correct any significant
defidenciesidentified in sanitary surveys. Thiswould result in reductions in contamination of
disgtribution systems that are Smilar to the two previous options (see Option 2 above), i.e, 0to
25 percent reductions.

5.3.2 Results of Risk Calculations

The results of the risk assessment for the basdine and the four regulatory scenarios are
presented in Exhibits 54 and 5-5. Thefirg table presents the mean numbers of illnesses and desths
esimated annually under each scenario. Because there are uncertainties in the values assigned to some
mode parameters (e.g, the uncertaintiesin the percent reductions of source contamination, disinfection
failure, and distribution contamination anticipated with each option [see Exhibit 5-3]), the risk
assessment model generates a didtribution of estimates of annud illnesses and deaths. The calculated
mean as well asthe 10" and 90" percentile estimates of the number of annual illnesses and desths were
obtained from the digtribution of results for each type of virus for both the basdline conditions and for
each regulatory option. These outputs are summarized in Exhibit 5-4. Exhibit 5-5 presents the
caculated incrementd reductions in illnesses and degths from the current basdline estimates (see
chapter 4). The results presented below are based upon the USDA estimate of daily direct and indirect
drinking water consumption having amean of 1.24 L/day. Detailed results may be reviewed in
Appendix A dong with the results for the water consumption distribution with a mean of 0.927 L/day.
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Exhibit 5-4. Remaining Viral llinesses/Deaths for Regulatory Scenarios*

llinesses per Year

Deaths Per Year

Virus 10t - goth 10t - goth
Scenario Type Mean Percentiles Mean Percentiles
Baseline Type A 133,498 132,879 - 134,133 1 1-1
Type B 34,157 33,062 - 35,227 14 14 - 15

Total 167,655 165,941 - 169,360 15 15- 16
Option 1: Sanitary Type A 122,941 118,601 -127,194 1 1-1
Survey Only Type B 31,143 29,843 - 32,440 13 13-14

Total 154,084 148,444 - 159,634 14 14 - 15
Option 2: Sanitary Type A 67,200 59,621 - 74,630 0 0-1
Survey and Triggered |1, o 17,115 15,154 - 19,010 7 6-8
Monitoring

Total 84,315 74,775 - 93,640 7 6-9
Option 3: Multi- Type A 56,953 45,971 - 67,492 0 0
Barrier Option Type B 14,462 11,830 - 17,135 6 5.7

Total 71,415 57,801 - 84,627 6 5-7
Option 4: Across the Type A 28,467 21,575 - 35,536 0 0
Board Disinfection Type B 7,111 5,631 - 8,570 3 2-4
and Sanitary Survey

Total 35,578 27,206 - 44,106 3 2-4

1 Using Age-Based Consumption Distributions for All Sources, Consumers Only

Exhibit 5-5. Reduction!in llinesses/Deaths for Regulatory Scenarios

Net Reduction in
Viral llinesses per

Net Reduction in
Viral Deaths Per

Scenario Year (Mean) Year (Mean)
Option 1: Sanitary Survey Only 13,596 1
Option 2: Sanitary Survey and Triggered Monitoring 83,502 8
Option 3: Multi- Barrier Approach 96,305 9
Option 4: Across-the-Board Disinfection 132,129 12

1 Reductions for each scenario are measured as incremental difference from baseline values; value may not
match differences calculated from Exhibit 5-4 due to rounding.

Option 1: Sanitary Survey Alternative—This option is estimated to reduce the number

of waterborne vira illnessesin public GWSs by over 13,600 illnesses each year in comparison with the
basdline (an 8 percent reduction in ilinesses). The sanitary survey option is aso estimated to reduce by

at least one per year the number of desths that result from waterborne illness.
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Option 2: Sanitary Survey and Triggered Monitoring Alter native—This option is
estimated to reduce the number of waterborne vird illnesses by approximately 83,500 illnesses each
year in comparison with the basdline (about a 50 percent reduction in illnesses). Thisoption isalso
estimated to reduce the number of deaths that result from waterborne illness by about eight each year, a
reduction of over haf the basdine rate.

The difference between the hedth effects estimates for this option and those for Option Lisa
net reduction of nearly 70,000 illnesses and seven deaths. This s the expected reduction that would
result from actions taken in response to the results of triggered monitoring and including disinfection
monitoring requirements.

Option 3: Multi-Barrier Option-The Multi-Barrier option is estimated to reduce the
number of waterborne vira illnesses by just over 96,300 illnesses each year from the current basdine
estimate (a 57 percent reduction in totd illnesses). The Multi-Barrier option is also estimated to reduce
the number of desths that result from waterborne illness by about nine each year.

The difference between the estimates for this option and those for Option 2 is a net estimated
reduction of nearly 13,000 illnesses and one degath; this is the expected reduction that would result from
source water monitoring and resulting corrective actions.

Option 4: Across-the-Board Disinfection Alter native-This dternative is estimated
to reduce the number of waterborne vira illnesses by approximately 132,000 illnesses each year (a 79
percent reduction in illnesses). Across-the-board disinfection is also estimated to reduce the number of
deaths which result from waterborne illness by about 12 each yeer.

The difference between the estimates for this option and those for Option 3 is an estimated net
reduction of approximately 35,000 illnesses and three degths; thisis the expected reduction that would
result from 100 percent of public GWSs using disinfection. Although al GWSs would treat ground
water under this option, afew, less frequent trestment failure and distribution system contamination
events each year would continue to cause aresidual number of illnesses and deaths in the population
served by ground water systems.

5.3.3 Assumptions for Monetization of Health Benefits (Acute Ilinesses)

Having estimated reduced illness and mortdity from the GWR's four scenarios, EPA then
monetized the hedth benefits. Using estimates of the number of avoided illnesses and desths expected
to result from promulgation of any of the options EPA applied unit estimates of “cogt-of-illness’ and
“vaue of adatidticd life,” regpectively, to estimate the benefit of the avoided illnesses and deaths (see
Exhibit 5-6). The unit cogts and the bacterid infection ratio are explained in the following sections, after
which the monetized results for each of the four regulatory options are presented.
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Exhibit 5-6. Monetization of Health Effects

llinesses Avoided from
Reduction in Viral Infection
(From Risk Model)

~

n

Unit “Cost-of-lliness”
(Introduced in Section 5.3.3.1)

~

n

Bacterial Infection Ratio
(Introduced in Section 5.3.3.3)

g

Deaths Avoided from
Reduction in Viral Infection
(From Risk Model)

~

n

Unit “Value of Statistical Life”
(Introduced in Section 5.3.3.2)

~

n

Bacterial Infection Ratio
(Introduced in Section 5.3.3.3)

N

Total Monetized Value of Health Benefits
(Results presented in Section 5.3.4)

5.3.3.1  Unit Cost-of-lliness

EPA chose to use cogt-of-illness
(CQl) asthe best available means of vauing
illnesses avoided by gpplication of the
GWR. In theory, the cost of an
illnessis the present discounted value of the
lifetime stream of codts that result from the
illness. The COI estimates described in this
section also consider the associated direct
and indirect costsincurred dueto illness.
Direct costs describe the cost burden of
medica careto affected individuas. Indirect
costs describe the opportunity costs
associated with illness, such as productivity
and leisure losses. Note, however, that COI

An appropriate value for a reduction in risk of an
illness experienced by all exposed individuals in a
population is the sum of these individuals’ WTP to
avoid the illness before it occurs. Conversely, one
could use an “ex post” or damage function approach
to value reduction in risk. The damage function
approach multiplies the mean WTP to avoid a case
of the illness by the expected number of cases
avoided.) Estimates of WTP for specific risk
reductions or estimates of WTP to avoid a case of
certain illnesses are, however, often unavailable.
This is true with regard to the waterborne ilinesses
that may be avoided as a result of this proposed
rule. Cost-of-iliness was, therefore, used as a proxy
for WTP.

underestimates total willingness-to-pay (WTP) because it does not address the pain and suffering

asociated with theillness.

Apogee/Hagler Bailly (1998) describes the general method used to calculate COI, and provides the
derivations of direct and indirect costs for dl of the COI vaues used in thisanadyss. The discusson
below explains why the val ues differ across three factors—victim age, illness severity, and immune

status.
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Cog-of-illness; Factors Affecting Estimates

For the viruses of concern under the GWR, areview of the medical and epidemiologica
literature reveded that the nature and extent of the acute hedlth effects varied by severity and by
population subgroup for each virus. Due to data limitations in the risk assessment, these viruses of
concern were categorized as Type A (represented by Rotavirus) and Type B (represented by
Echovirus). Theformer describes highly infective pathogens with less expensive cods of illness (such as
rotavirus), while the latter describes lessinfective pathogens (such as echovirus) that are associated with
more costly illnesses.

Victim Age: In generd, the annud hedth benefits for the GWR were caculated by
multiplying the annua number of acute ilinesses avoided by the COI per case. Age categories were
created based on the different clinical manifestations of disease or where differences in indirect costs of
illness could be identified. For Type A pathogens, the age groups involved were: less than two, two to
five, fiveto 16, and over 16. Because of the nature of illnesses associated with Type B enteroviruses
(e.g., sepsslikeillnessin neonates), the under-five-year-old age groups for Type B pathogens had to
be further segregated into the following categories: less than one month, one month to one year, and
oneto five years.

Severity of IlIlness. The COlsfor the enteroviruses varied not only by age, but aso by
illness severity. Since unit COIs vary widely between severity categories, they had to be segregated
into three severity classfications of illness prior to vauation. These severity classes (i.e., mild,
moderate, and severe) were used only for Type B viruses (See Exhibit 5-7).

Exhibit 5-7. Classification for Clinical Severity in Type B (Echovirus) llinesses

Severity of Conditions Affecting Age Specific Clinical Severity
Type B Viral all Ages for each
Infection Severity Level Neonates (<1 month) Children (1-5 years)
Mild non-specific febrile illness, exanthum (skin eruptions) herpangina (throat lesions),
respiratory iliness, pleurodynia (affection of
gastrointestinal iliness thoracic tendons/muscles)
Moderate aseptic meningitis encephalitis (none)
Severe myopericarditis sepsis-like illness (with (none)
hepatitis)
Source: Dirckx (1997)

The aggregate number of avoided illnesses were divided into three categories, each describing a
different illness severity leve that is associated with different direct and indirect cost components.
Severity was assgned using weights derived from two studies (Morens 1978; Mdnick, 1996) in which
the digtributions of various clinica symptoms were described among a group of affected individuas (see
Exhibit 5-8).
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Exhibit 5-8. Weighting for Clinical Severity in Type B (Echovirus) llinesses

Age Group Mild Moderate Severe
Neonates (<1 month) 26% 50% 24%

New borns (1 month—1lyear) 52% 46% 2%
Children (1-5 years) 52% 46% 2%

Others (>5years) 52% 46% 2%

(%) indicates the portion/weighting of the total number of illnesses assigned between the severity categories of
each age category.

Victim Immune Status. Certain segments of the population are more likely to develop
more severe symptoms due to their compromised immune systems. Therefore, for each
immunocompromised individua who becomesill, ahigher unit COI estimate is assumed. Unit COI
esimates for Type A viruses were specificaly developed for immunocompromised individuas dso
using rotavirus. Due to data limitations concerning the effect of rotavirus infection on the
immunocompromised population, these unit COI estimates were derived usng a modified verson of the
COl framework. Mogt of the same inputs were used as for hedthy individuas, except that the
percentage of ill individuals seeking inpatient and outpatient care was increased and assumed to be 100
percent. Dueto Smilar datalimitations, Type B vird illnesses anong immunocompromised
subpopulations were assigned the “ severe enterovirus’ COI for the appropriate age categories.

Cog-of-lllness. Estimates for Unit Costs

Unit COIswere developed for each virus of concern by age, leve of severity, and hedth Satus;
these are presented in the Exhibits 5-9 and 5-10. The unit costs arein May 1999 dollars, direct costs
having been updated using the “medica care services’ expenditure category of the Consumer Price
Index among al urban consumers and indirect costs using the CPI-U for dl items (BLS 1999).

Exhibit 5-9. Type A (Rotavirus) Unit Cost-of-lliness
Estimates by Victim Age and Health Status

Cost-of-lliness (Direct & Indirect)!
Victim Age Healthy Immuncompromised
Age <2 $921 $4,666
2# Age<5 $507 $4,666
5# Age <16 $212 $4,637
Age $ 16 $349 $4,912

1Costs do not include pain and suffering.
Source: Apogee/Hagler Bailly (1998)

Asindicated in Exhibit 5-9, the Type A vird infections have cost impactsto
immunocompromised populations that are from five to 20 times more severe compared to hedthy
populations. Also of note, impacts to hedlthy infants, including in this case neonates, new borns, and
oneto two year olds, have a cost impact of two to four times more than other age groups.
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Exhibit 5-10. Type B (Enterovirus) Unit Cost-of-lliness Estimates by
Victim Age and lliness Severity

Cost-of-lliness (Direct & Indirect)!
Victim Age Mild Moderate Severe
Age <1 mo. $ 347 $11,283 $19,711
1mo. # Age<5 $311 $ 8,856 $ 8,742
5# Age <16 $ 158 $ 7,283 $ 8,742
Age $16 $ 285 $ 7,626 $ 9,703

1Costs do not include pain and suffering.
Source: Apogee/Hagler Bailly (1998).

Review of the Type B vira cogt-of-illness, as presented in Exhibit 5-10, indicates even more
pronounced impacts on one salect subpopulation, that of neonates. In the case of savere cases of
enterovira infection, cogts of illnessto treat neonates is more than double that of al other age groups.

5.3.3.2  Unit Value of a Statistical Life
EPA choseto use “vaue of agatistical
life’ asthe best available means of vauing deaths
avoided by agpplication of the GWR.
Conceptudly, the value of mortdity is measured
asan individud’ s WTP to reduce mortdity risk,
aggregated across dl affected individuals. 1t dso
reflects the value of morbidity that precedes
death. The dollar amount a person would be
willing to pay for mortdity risk reduction does
not indicate the value that he places on hislife.
Rather, it reflects an individud’ s value of small
reductions in the probability of death distributed
over alarge population, referred to asthe “vaue
of agatigicd life’ (VL).

Determining VSL

To better understand VSL, consider a drinking water
regulation that reduces, for a population of 10,000,
the mortality rate associated with contamination by
microorganisms from ten out of 10,000 to five out of
10,000. This regulation, therefore, would save, on
average, five “statistical lives” (so-called because
there is no way to predict which members of the total
population would be saved by the regulation). If
each of the 10,000 individuals in the “population” is
willing to pay $500 for this reduction in the
probability of death, then the “willingness to pay” for
the population as a whole is $5 million. Since an
average of five lives are saved by implementing the
regulation, the VSL per life saved equals $1 million.

Vauation of avoided mortdities due to the GWR involves identifying VL estimates that
represent Similar types of mortality risks as those associated with waterborne risks and possibly
adjusting VSL estimates to better fit the waterborne risk context. For purposes of thisRIA, EPA
reviewed severd studies. One, 21997 EPA study, was based on a best-fit distribution of 26 “policy-
relevant vaue-of-life sudies” The VSL in 1990 dollars was characterized as a Weibull digtribution
with amean of $4.8 million per life and a sandard deviation of $3.24 million; these results were
updated to 1999 dollars. For thisRIA, the mortality benefits of the GWR were caculated by
multiplying the number of avoided deaths by the updated VS, which was estimated a $6.3 million.

5.3.3.3

Reduction in Bacterial-Related lllnesses

April 5, 2000

Proposed Ground Water Rule - Regulatory Impact Analysis

5-15



In addition to the expected benefits
from reducing vird infections, the GWR is
expected to provide benefits related to the
potentid reduction of illnesses and desaths due
to waterborne bacteria. The avoided cost-of-
illnesses may be as subgtantia as those seen for
Viruses.

Bacterid Infections. Background

The extent to which a bacterid illness
devel ops depends on various pathogenic
characterigtics of the organism, including the

Impacts of Bacterial Outbreaks

Serious bacterial health effects are common in
outbreak situations and pose significant burdens on
community health and non-health resources. For
example, in a 1993 Salmonella typhimurium
waterborne outbreak in Gideon, MO, the health and
non-health effects were widespread. Approximately
44 percent of individuals were ill, and of those
surveyed, 29 percent sought medical attention and
four percent were hospitalized (Angulo et al., 1997).
Absenteeism from school increased by 250 percent,
and the sales of anti-diarrheal medicines increased

grain and virulence of the organism, and on various host characteristics such as age or immune satus.
Such factors help to explain, for example, why Campylobacter cases are among the most common, yet
cause the least number of hospitdizationsin outbreak situations. Understanding the nature and severity
of theillness helps to frame the economic impact of waterborne outbresks, illnesses and desths caused

by bacteria.

Craun (1999) conducted a study of microbia waterborne outbreaks reported to the Center for
Disease Control for ground water systemsin the United States during the 26-year period from
1971-1996. Of the outbreak illnessesin ground water systems caused by bacteria observed during the
1971-1996 period, the mgority (53 percent) were due to Shigella, followed by Salmonella (23
percent), Campylobacter (11 percent), and Escherichia coli O6:H16 (10 percent). Highlighted
below in Exhibit 5-11 are the typical clinica characteristics aswell as any associated complications and

the annua incidence of these four bacteria

Most frequently, these bacteria cause
acute gastroenteritis, although some have been
shown to cause chronic conditions. For
example, E. coli O157:H7 infectionisthe
leading cause of hemolytic uremic syndrome
(HUS), the most common cause of acute
kidney failure in children, Salmonella infections
may lead to reactive arthritis, and
Campylobacter infections can lead to Guillain-
Barre syndrome, one of the most common
causes of pardysis.

Impacts on Sensitive Populations

Young children are more likely to develop HUS from
E. coli 0157:H7 hemorrhagic colitis (approximately
eight percent of children). When diagnosed, they
would consistently require blood transfusions or
kidney dialysis during their prolonged hospital stays.

Similar requirements exist for AIDS patients who
tend to suffer more severe salmonellosis not only
about twenty times more often than the general
population, but also suffer more recurrent episodes
(Altekruse et al., 1997). This indicates that unlike
viral and other bacterial infections, rates of
salmonellosis are reportedly higher in sensitive
populations than in the general population, and
would therefore be associated with higher costs.
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Exhibit 5-11. Summary of Clinical Characteristics of
Selected Bacterial Waterborne Pathogens

Organism

Campylobacter spp.

Escherichia coli

Salmonella spp.

Shigella spp.

Common types

C. jejuni, C. fetus

0157:H7

S. typhi, S. paratyphi, S.
typhimurium, S. enteritidis

S. sonnei, S. flexneri, S.
boydii, S. dysenteriae

Acute Disease gastroenteritis hemorrhagic colitis gastroenteritis, typhoid fever bacillary dysentery
watery diarthea |+ é é e

bloody diarrhea é é é e

vomiting 0 0 0 0

fever 0 F e e

lliness Duration 7-10 days 5-10 days 2-7 days 4-7 days

Treatment

self-limiting antibiotics in

Severe cases

oral rehydration; avoid anti-
diarrheal agents; antibiotics
not recommended

self-limiting; oral rehydration;
antibiotics not recommended

self-limiting; oral rehydration
or antibiotics in severe
cases

Annual Cases of
lliness from All
Exposure
Pathways

2 to 4 million

10,000-20,000

40,000-50,000

25,000-30,000

Complications

< relapse in 20% of

cases
< 0.1 case-fatality

<" up to 50% mortality seen in
the elderly, 3-5% in HUS
patients

< HUS, renal failure, coma

< 10% fatality in typhoid fever
vs. 1% in other cases

< reactive arthritis, Reiter's
syndrome

< 10-15% fatality
< Reiter's disease,
reactive arthritis, HUS

< arthritis, hemolytic
uremic syndrome
(HUS), meningitis,
recurrent colitis,
Guillain-Barre
syndrome

& = typical feature 0 = common finding F = occasionally reported

Source: Rivera-Matos (1996); Fauci (1998); NFID (1996); US FDA (1998)

Edimates for Unit Cogs of lliness Bacterid Infections

The dlinicd profiles of the bacteria highlighted above suggest that unit COl estimates for
bacterid illnesses in the generd population would primarily be driven by the indirect cost component, as
few direct medica costs are associated with the favorable prognoses of acute bacteria illnesses
described. Medicd atention is usudly not required for smple ora rehydretion treatment, and
antibiotics are usudly not recommended due in part to the emerging drug-resistant nature of many
bacterid gtrains. Given the sdf-limiting nature of bacteria disease, the direct cost component of asingle
cae is expected to be reatively low. In contrast, theindirect cost component for atypica caseishigh
due to the number of caretaker and work loss days the victim accumulates until the symptoms subside.

In the relatively few cases in which symptoms are severe, however, the direct costs will be
higher due to the medicd attention and the specific medica treatment (e.g., antibiotics, didyss,
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colectomy, hospital costs) sought by victims suffering from illnesses lasting over aweek, or from
complications that develop into chronic conditions. For example, because of such costs associated
with the bloody nature of hemorrhagic colitis and the likelihood of HUS complications as aresult of E.
coli O157:H7 illness (about 2 to 7 percent of infections lead to this complication), the base unit COI
edimate for E. coli O157:H7 islikely to be higher than that of Campylobacter, Salmonella, or
Shigella, mainly as aresult of the higher percentage of victims that would seek medicd atention and
treetment. Similarly, theindirect costs would be higher in severe cases as aresult of the prolonged
duration of illnesses.

These bacterid profiles provide asummary of the clinica nature of illness, as wedl as of the
likely trestment course for an affected individua. Thisinformation was useful in defining the potentid
magnitude of a case of bacterid illness. However, due to data limitations in both the risk assessment
and the COI estimates, a smplified assumption was used to monetize these hedlth benefits from avoided
bacterid illnesses under the GWR.

In the aforementioned study of microbia waterborne outbreaks from 1971-1996 (Craun,
1999), outbresks caused by bacteria agents caused 12,860 reported illnesses during this period,
compared to 69,572 illnesses which were attributed to viral or unknown etiologic agents. Assuming
that al illnesses dlassfied as unknown etiologies are vird in nature, EPA estimates the ratio between
waterborne bacterid illness and vird illness in ground water systemsto be 0.2. EPA therefore
assumed, for thisanays's, that the additional health benefits associated with avoided bacterid illnesses
are proportionally equal to 20 percent of the benefits due to reduced vira risk.

5.3.4 Results of Monetization of Health Benefits (Acute llinesses)

The results of the monetization of health benefits for each of the four regulatory scenarios are
presented in the following exhibit. Following that summary are four tables that present a comparison of
the digtribution of acute health benefits across the four regulatory options. The digtribution of benefits
are presented by pathogen type, by the hedlth status of the consumer, by the size of the system, and by
the type of syssem. More detailed results (e.g., including percentiles, breakouts among pathogens, and
hedlth effects types) may be reviewed in Appendix B.

As shown in Exhibit 5-12, total benefits for the three risk-based regulatory scenarios range
from $32.5 million for Option 1, sanitary survey done, to $205.0 million for Option 3, the Multi-Barrier
approach. The fourth option, in which al GWSs are subject to disinfection, results in benefits of
$283.1 million. The largest increase in benefitsis between Options 1 and Option 2 with atotal
difference of $145.4 million. Option 2 and 3 differ by just over $27 million, and Options 3 and 4 differ
by just under $78 million.
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Exhibit 5-12. Health Benefits for Regulatory Scenarios ($Millions)

Mean Benefits

(10" to 90'" percentile)

Disinfection

($173.7 t0 $210.2)

($81.3 to $100.9)

GWR Regulatory Options Morbidity Mortality Total
Option 1: Sanitary Survey Only $21.9 $10.6 $32.5

($6.8 t0 $37.9) ($2.0t0 $19.7) ($8.8 t0 $57.6)
Option 2: Sanitary Survey and $120.4 $57.5 $177.9
Triggered Monitoring ($100.6 to $140.4) ($46.8 t0 $68.2) ($147 to $208.6)
Option 3: Multi-Barrier $138.8 $66.2 $205.0
Approach ($114.7 to $163.2) ($53.8t0 $78.7) ($168.5 to $241.9)
Option 4: Across-the-Board $192.0 $91.1 $283.1

($255.1 to $311.1)

Indl casesthe mgority of the total benefits are from morbidity benefits. For dl four options,
the proportion of the benefits that is attributable to reduced mortdlity is approximately one-third of the

total benefit.

Exhibit 5-13 presents the breakout of total benefits among the control of the three types of
pathogens, Type A vird, Type B vird, and bacterid infections. The benefits received from controlling
Type B infections make up the mgority of the total benefits, as may be expected given the severity of

the hedlth impacts from this agent.

Exhibit 5-13. Distribution of Mean Total Benefits: By Pathogen Type

Percent of Total, by Pathogen Mean Total
Benefits

Option/Regulatory Scenario Type A Type B Bacterial ($Millions)
Option 1: Sanitary Survey Only 19% 64% 17% $32.5
Optlpn 2 Sanitary Survey and Triggered 20% 63% 17% $177.9
Monitoring
Option 3: Multi-Barrier Approach 20% 63% 17% $205.0
Option 4: Across-the-Board Disinfection 20% 63% 17% $283.1

Exhibit 5-14 presents the breakout of total benefits between hedthy population and the
immunocompromised populations. The immunocompromised populations make up gpproximately 5
percent of the total benefitsfor al options.
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Exhibit 5-14. Distribution of Mean Total Benefits: By Health Status

Percent of Total,

by Subpopulations Mean Total
Benefits

Option/Regulatory Scenario Healthy Immunocompromised ($Millions)
Option 1: Sanitary Survey Only 95% 5% $32.5
Opt|9n 2 Sanitary Survey and Triggered 95% 5% $177.9
Monitoring
Option 3: Multi-Barrier Approach 95% 5% $205.0
Option 4: Across-the-Board Disinfection 95% 5% $283.1

Exhibit 5-15 presents the breakout of tota benefits among the eight sizes of systems, as defined
by number of individuals served by each sysem. The benefits accrued are roughly proportiond to the
population served, dthough for dl options, the three smdler categories tend to receive a somewhat
lesser portion of the benefits (i.e., given that 12.5 percent of benefits to each size category would be
proportionaly even) than four of the five categories representing larger populations systems.

Exhibit 5-15. Distribution of Mean Total Benefits (Viral Only): By System Size

Percent of Total, By System Size

v v
S|lx 3|8 8|3
3 o i 3 e - o | Mean Total

s |2 T8 Slg 2]¢& i

= & o g %4) < < = Benefits
Option/Regulatory Scenario v S 2 = . g = g ($Millions)
Opti 1. Sanit S Onl
phion L. santtary survey Lnly 3% | 9% | 7% |15% |18% |12% |18% |16% |  $27.1
Option 2: Sanit S d
ption <. -santiary survey an 4% | 10% | 8% |15% |18% |11% |18% |16% | $148.2
Triggered Monitoring
Option 3: Multi-Barrier Approach

4% 10% | 8% |15% J18% |11% |18% | 16% $170.8
Option 4: Across-the-Board 4% | 10% | 8% |15% |18% |11% |18% |16% | $235.9
Disinfection

Exhibit 5-16 presents the breskout of tota benefits among the three types of systems (i.e,
community versus non-community, and of the latter, trandent versus non-transent). The benefits
accrue in the mgority to the community water systlems and leest of dl to the non-community, non-

trandent sysems.
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Exhibit 5-16. Distribution of Mean Total Benefits: By System Type

Percent of total,
by System Type Mean Total
Benefits

Option/Regulatory Scenario CWS NTNC TNC ($Millions)
Option 1: Sanitary Survey Only 86% 12% 1% $32.5
Option 2: Sanitary Survey and Triggered Monitoring 82% 13% 5% $177.9
Option 3: Multi-Barrier Approach 82% 13% 5% $205.0
Option 4: Across-the-Board Disinfection 82% 13% 5% $283.1

5.4 Other Benefits (Unquantified)

EPA recognizes that, in addition to the benefits associated with reductions in acute iliness and
desth from viral and bacterid infection, the GWR will provide other benefits. Asillugtrated in Exhibit
5-1, total benefits dso include chronic heath benefits as well as non-hedth benefits. EPA was not able
to monetize ether of these. The benefits gained, however, are not inconsequentia, merdly unable to be
assigned adollar vadlue. The following discussions are presented to provide the reader with some
understanding of the potentid magnitude of these benefits.

5.4.1 Reduced Pain and Suffering

As mentioned earlier in this chapter, the true vaue of reducing acute morbidity isan individud’s
willingness-to-pay (WTP) to avoid a case of illness. Like the cost-of-illness estimates used in thisRIA,
WTP estimates include the direct medica costs and indirect productivity losses associated with an
illness. However, WTP estimates aso include some cogts that the cost-of-iliness gpproach is unable to
capture; including the value of avoiding the pain and suffering associated with acute microbid illness,
Cogt-of-illness estimates do not include the value of reduced pain and suffering because the disutility of
illnessis not associated with amarket cost. Since pain and suffering is not associated with a market
cog, placing avaue on it is not possible without resorting to primary survey based research, such asa
contingent vauation study.

When consdering the sdf-limiting nature of vira and bacterid illness, especidly in hedthy
adults, it is reasonable to assume that the vaue of reducing the pain and suffering associated with acute
microbid illnessis a significant portion of the total WTP to avoid theillness. Therefore, the agency
recognizes that this andysis may significantly underestimate the true vaue of reduced acute morbidity
resulting from the proposed GWR.
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5.4.2 Reduced Chronic lliness

While chronic illnesses were not included in the monetized benefits summarized in Section 5.3,
areview of related hedlth impacts reved s that the potentid benefits from avoiding these chronic impacts
may in fact be substantid. While this RIA does not quantify in dollar terms the benefit of avoiding
chronic illness and deseths, this section discusses the potentia benefits quaitatively and illustrates the
sgnificance of these secondary benefits.

Although areview of the medica and epidemiologicd literature identified severd potentia
chronic diseases resulting from illnesses caused by enteroviruses (e.g., heart disease, digbetes, post-
vird fatigue syndrome, and pancrestitis), the strongest evidence for avird role appears to exist for the
development of digbetes and myocarditis (inflammeation of the muscular wals of the heart).

Because the causd relationship is not well established and the number of cases associated with
drinking water is unknown, the Agency was not able to quantify benefits from the GWR on reducing
these diseases. Nonethdess, asillugtrated in Exhibit 5-17, the total number of these conditions from al
pathways in the United States is substantia. Additionally, 3.5 percent of heart disease deaths (Sudy
was for 1993) were due to cardiomyopathy (NHLBI, 1996). The potentia benefits of avoiding some
of these hedlth effects cannot be overlooked, and may be sgnificant.

Exhibit 5-17. Annual Number of People with Selected Disease

Selected Disease Number of people?
Diabetes (of all kinds) 6,962,000
Chronic Heart Disease (including myocarditis and cardiomyopathy) 4,148,000

1 Average annual number of people with disease for three year period from 1990-1992.
Source: Collins, 1997

Although enteroviruses are suspected to play arole in the development of chronic illnesses as
discussed, sufficient data are not available to forecast the number of avoided chronic cases resulting
from the proposed GWR. An extensive literature review proved, however, that costs of asingle case
of diabetes or heart disease are Sgnificant. Cost estimates for a case of diabetes and a case of chronic
myocarditis (using the cost per case of an “average case of heart diseasg” as a proxy for chronic
myocarditis) are presented below to demongtrate the magnitude of potentia benefits per avoided case
of chronicillness.

5.4.2.1 Type |l Diabetes

The potentid involvement of enterovird infection in Type 1 insulin-dependent diabetes mdlitus
(IDDM) has previoudy been suggested (Nakao, 1971) and is being researched by the American
Diabetes Association (ADA, 1996). In some people, autoimmune reactions to enterovirus have been
observed to destroy the pancreetic cells, which produce insulin. This autoimmunity appearsto develop
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inlessthan 5 percent of the genera population and progressesto diabetes in lessthan 1 percent of the
generd population.

Enterovird infection during pregnancy of the mother has dso been observed as arisk factor for
childhood-onset diabetes (Dahlquist et d., 1995). It is suggested that an enterovirus infection initiates
and accel erates the autoimmune process typica of IDDM cases, rather than actudly causing the clinica
illness (Hyoty et d., 1995).

Coss of |lIness. Diabetes

The most comprehensive work regarding the economic burden of diabetes in the United States
was conducted for the American Diabetes Association. In their report “Economic Consequences of
Diabetes Mdllitusin the United Statesin 1997,” Fox et a. (1998) presented the direct medical and
indirect costs attributable to diabetes, as well as atota and per capita estimate of expenditures of
people with and without diabetes. Improving on their estimates and methodology from their 1992 effort
(Fox et d., 1993), this national prevalence-based COI study also compares the hedlth care
expenditures of diabeticsin 1997 to non-diabetics.

The authors created a holistic estimate of the health care expenditures attributable to diabetesin
1997, by including: 1) medical expenditures attributable to diabetes (i.e., the cost due to the excess of
prevalence of diabetes reated chronic complications and genera medica conditionsin people with
diabetes), and 2) total medical expendituresincurred among people with diabetes (i.e., the cost for all
services for people with digbetes). Annua per capita expenditure estimates were also calculated and
defined as the sum of the expenditures among diabetics in 1997, divided by the 1997 diabetic
population. The estimates do not, however, include pain and suffering nor do they include lost
productive and leisure time

The per capitamedica expenditures for people with diabetesis $10,825 for people with
diabetes versus $2,869 among people without diabetes. Therefore the annua cost of diabetic careis
therefore $7,956 per person.! The net productivity loss for each person due to diabetes totaled $1,567
for 18-64 year olds and $502 for those 65 and older.? These are sums of costs attributable to diabetes
from productivity loss from work, from restricted-activity and from bed-disability.

According to the 1980-1987 Hospita Cost and Utilization Project (HCUP), anationa sample
of more than 500 hospitals, which represent an unweighted 20 percent sample of discharges, the mean
age of diagnogsfor acase of diabetes mellitus within the study was 53 (Elixhauser et d., 1993).
Assuming that a patient incurs treatment for diabetes each year throughout the duration of his expected

! Costs updated from January 1995 dollars to May 1999 dollars using the CPI-U for “medical care services’
(=254.0 + 236.3 = 1.0749).

2 Costs updated from January 1997 dollarsto May 1999 dollars using the CPI-U for “all items” (= 166.2 +
159.1 = 1.0446).
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life from age 53,3 the present value of the direct medical costs and indirect costs of illnesses would be
$101,775 (7 percent discount rate). Thisfigure could be even greater if the cost of premature desth or
pain and suffering were incorporated. While thisis a smple gpproximeation of the magnitude of a COI
vauefor thisillness, it captures the lifetime costs of diabetes in those who survive the firgt year through
therr life expectancy period from the age of diagnoss.

5.4.2.2  Chronic Myocarditis

The enteroviruses are reportedly responsible for gpproximately 50 percent of the myocarditis
casesin North America (Luppi et a., 1998). Coxsackievirus B infections are increasingly the primary
cause of myocardid disease in both adult and children populations. Melnick (1996) reported that up to
39 percent of persons infected with coxsackievirus develop cardiac abnormalities. Furthermore, about
5 percent of al symptomatic coxsackievirus patients induce heart disease, affecting the myocardium
(the heart muscle), the pericardium (the membranous sac around the heart), the endocardium (the
interior lining of the heart), or dl three,

While many of these cases resolve without complication, it is believed that some acute cases
resurface as chronic conditions (Sainani et a., 1968, Abelmann, 1978, Archard et ., 1987, Luppi &t
a., 1998, Hufnagdl, 1998). Thismay occur in infected individuas, depending on vira or host factors
such as the virulence of the virus grain, the character of the virus, or the immunity of the patient (Okuni
eta., 1975).

Clinicdly, it is difficult to differentiate between cardiomyopathy and chronic myocarditis (Okuni
et d., 1975). Therefore, it isthought that vird myocarditis actualy may be responsible for some of
these cases that are diagnosed as cardiomyopathy (Abelmann, 1978). For example, the Idiopathic
Cardiomyopathy Research Committee of Japan reported that 40 percent of patients suffered
myocardid sequelae and about 4 percent of them showed dilated cardiomyopathy-like features (Kawai
et d., 1987). Infact, Archard et d. (1987) suggested that group B coxsackieviruses may actudly play
arolein the development of dilated cardiomyopathy. Therefore, it is not uncommon for a petient to be
suffering chronic myocarditis and to only be diagnosed with it after death (Kline and Saphir; 1960,
Smith, 1966; Morimoto et d., 1992). They will have received trestment throughout life for conditions
such as congestive heart falure or dilated cardiomyopathy, and not for chronic myocarditis (Smith,
1966; Morimoto et a., 1992; Luppi et a., 1998).

Costs-of-llIness: Chronic Myocarditis

The annual direct cost-of-illness associated with an “ average case of heart diseass” was
estimated to be $4,559.* This esimate was derived from data originaly computed by Thomas

326.9 years. Life Tables. Table 6-3. “Expectation of Life at Single Y ears of Age, by Race and Sex: United
States, 1995.” (NCHS, 1998).

4 Cost updated from January 1995 dollars to May 1999 dollars using the CPI-U for “medical care services’ (=
254.0 + 219.8 = 1.1556).
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Hodgsore (Hodgson, 1984; Hodgson, 1998) of the National Center for Hedlth Statistics (NCHS) for
“heart disease” (which includes Internationa Class of Diseases, 9" Revision (ICD-9) codes 391-398,
402, 404, 410-416, 420-429). Since no specific cost data were available for chronic myocarditis, or
cardiomyopathy (ICD-9 code 425), annua per capita costs for an “average case of heart disease”
were computed using his data on “heart diseass” in conjunction with prevalence numbers from the 1995
Nationa Hedth Interview Survey.5’

Indirect costs of “other heart disease” were estimated by Cropper and Krupnick (1990) who
used information from the 1978 Socid Security Survey of Disabled and Work to model the effects of
disease on labor participation and earnings. Cropper and Krupnick found that the annua indirect cost
ranged from $3,264 to $6,699 depending on the age of the individual and the age of illness onset.®
Again, it isimportant to note that these costs do not include pain and suffering.

According to the 1980-1987 HCUP study of 500 hospitals, the mean age of diagnosisfor
cardiomyopathy was 60 (Elixhauser et d., 1993). Using this diagnostic category as a proxy for chronic
myocarditis,® the lifetime cost-of-illness could be substantial. For example, the present value of both
direct and indirect costs for a patient with the condition would be $52,971 given an average life
expectancy of 21.1 years (7 percent discount rate). This figure could be even greater if the costs of lost
earnings and of premature desth were incorporated.

5.4.3 Non-Health Benefits

In addition to the quantified and unquantified health-based benefits discussed above, there are a
number of non-hedlth benefits that dso arise from promulgation of the rule. Non-hedth benefits may
result from overal syslem improvements (e.g., upgrades to distribution systems, increased efficiencies,
increased frequency/intengity of process surveillance), from improved risk perception of drinking water
qudity, or from avoided outbreak response costs.

S Chief economist and acting director, Division of Health and Utilization Analysis, NCHS, CDC.

6 Chronicillness prevalence rates (cases per 1,000 individuals) for “heart disease” were multiplied by the
total United States population to obtain the total number of heart disease casesin 1995. The “average case of heart
disease” per person in 1995 was subsequently calculated by dividing the total cost of heart disease in 1995 by the
total number of heart disease casesin 1995. Prevalence figures were from Current Estimates of the National Health
Interview Survey, 1995 (Benson and Marano, 1998), and the total United States population as of January 1, 1996 was
obtained from the Census Bureau.

7 Without more detailed information, this simplified method assumes that the cost of any heart disease,
whether ischemic or other, would be the same within this major disease group. Thisisamajor limitation of these
estimates, as hospital costs for coronary heart disease may not be the same for hypertensive disease, for example.

8 Costs updated from January 1977 dollars to May 1999 dollars using the CPI-U for “all items: (= 166.2 +
58.5 = 2.8410).

9as previously mentioned, group B coxsackieviruses are suspected to play arole in the development of
dilated cardiomyopathy.
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These non-hedlth benefits are not quantified for this RIA. The Agency has considered these
benefits, however, and presents the following discussion to illugtrate their potentia magnitude,

5.4.3.1 Reduced Uncertainty

To the extent that the GWR decreases consumers uncertainty about expected health outcomes
from consumption of drinking water, the rule should provide direct benefits independent of risk
reduction benefits. In other words, drinking water consumers may be willing to pay arisk premium for
regulatory action if it reduces their uncertainty about whether they will becomeill or not (Moore, 1990).

Conceptudly, whether or not consumers would be willing to pay something extrato reduce
uncertainty in the GWR context depends on several complicated factors, including consumers degree
of risk avergon, their perceptions about drinking water qudity, and the expected probability and
severity of human hedlth effects associated with microbid contamination of drinking weter. For
example, risk premiums would be expected only for consumerswho are risk averse. Further, the
magnitude of any premium would be expected to be positively related to the probability and severity of
expected hedlth outcomes, and the degree to which consumers' perceive them to be affected by

regulatory action.
5.4.3.2

To the extent that the GWR can be expected to
reduce a household’ s perceptions of the hedlth
risks associated with drinking water, regulatory
action should reduce household averting actions
and cods. Any such cost savings would
represent aregulatory benefit. A number of
factors, however, limit the relevance of this
potentiad benefit in the GWR context. Oneis
the possihility that regulatory action may not
affect household perceptions of hedlth risks
enough to mativate them to forego averting
actions. A related factor is that many

Costs to Households to Avert Infection

Examples of Household Avoidance

Individual households often take steps to avoid
potential microbial contamination of publicly-
supplied drinking water, including: 1) securing
drinking water from alternative sources (e.g., bottled
water), 2) installation of home treatment systems
(e.g., point-of-use and point-of-entry treatment), and
3) boiling tap water used for consumption. These
actions can involve significant cash outlays and
implicit costs (e.g., time costs).

households that undertake averting action for hedth reasons may be especidly risk averse (eg.,
households with infants or immuncompromised persons). These households might be expected to
pursue averting actions regardless of the level of regulatory contral if they believe such actions may
provide added protection against microbial risks. Should this be the case, households would aso be

excluded from the quantified benefit analyss.
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5.4.3.3

While outbresk prevention generates the
health benefits discussed above, it dso resultsin
ggnificant non-hedth benefits. To the extent that
the GWR reduces the likelihood of illness
outbreaks, these avoided response costs are
potentialy numerous and varied. A literature
review identified five sudies that use the averting
cost gpproach to estimate household and other
cogts resulting from short-term contamination
episodes of drinking water supplies (Abdalla,
1990; Abddlaet d., 1992; Harrington et dl.,

Outbreak Response Costs Avoided

Examples of Outbreak Response Costs

Affected water systems and local governments can
incur costs associated with providing alternative
water supplies and issuing customer water use
warnings and health alerts. Commercial
establishments (e.g., restaurants) and their
customers can incur costs due to interrupted and
lost service (i.e., lost producer and consumer
surplus). Local businesses, institutions (e.g.,
schools), and households can all incur costs

1985; Sun et d., 1992; RTI, 1997). The most relevant of these for the GWR analysisis astudy by
Harrington et d. (1985) in which the resulting costs of drinking water contamination by Giardia in
Luzerne County, Pennsylvania, were evauated (see Exhibit 5-18). The outbreak provides a theoretica
and empirical example of how outbreak costs are incurred by individuas, businesses, and loca
governments, in an overall exposed population of 75,000.

Exhibit 5-18. Case Study of Outbreak Costs—1984 Lucerne County Outbreak?

Explanation

Costs (Millions)?

Losses due to actions taken by individuals to avoid the contaminated water. The
predominant cost was due to time losses involved in boiling water.

$21.11 to $62.81°

Cost of providing alternative water for restaurants, bars, schools and other $1.06
businesses during the outbreak.

The burden for government agencies. $0.37
The burden for the water supply utility. $3.0

1Source: Harrington et al. (1985)

1.6310

homemakers, and retirees

2 All costs were updated to May 1999 dollars using the CPI-U for “all items,” from 1984 dollars (= 166.2 +~ 101.9 =

3 Depending upon the assumed method of estimating the implicit after-tax wage rate of the unemployed,

The primary concern of the study was on the tota |osses resulting from the outbreek including

the value of lost work time and the value of reduced leisure time activities due to illness, the cost of
medical care, the costs of actions taken to avoid drinking contaminated water, such as the cost of
bottled water and boiling water, the costs of epidemiologica and water system surveys, and the cogts of
temporary measures taken by the water utilities to ensure safe water supplies. Unfortunately, the sudy
was not able to address any losses associated with pain and suffering, or “with anxiety over the
possihility of contracting giardiasis, and with diminished intrinsc value, resulting from the loss of a*pure
water supply for drinking.” (Harrington, 1985). Outbreak effects on businesses regarding lost sdles or
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lost productivity were aso not investigated. These additiond factors could add significantly to the cost
of waterborne disease outbreaks, therefore the benefit from avoiding outbreaks could be even greater.

5.4.4 Benefits From the Reduction of Co-Occurring Contaminants

If asystem choosesto ingtal treatment, it may choose a technology that would aso address
other drinking water contaminants. For example, when using packed tower aeration to treat radon, it is
the accepted engineering practice, and in some States an existing requirement, to dso ingal disinfection
trestment for remova of microbia contaminants introduced in the aeration trestment process.
Depending on the dosage and contact time, the routine disinfection would also address possible or
actud fecal contamination in the source water. 1f systems had an iron or manganese problem, the
addition of an oxidant and filtration can treet this problem aswell asfeca contamination. Also, some
membrane technologies ingtalled to remove bacteria or viruses can reduce or diminate many other
drinking water contaminantsincluding arsenic. EPA is currently proposing rules to address both radon
and arsenic. Because of the difficulties in establishing which systlems would have al three problems of
fecad contamination, radon, and arsenic or any combination of the three, no estimate was made of the
benefits from the overlap of theserules.

5-28 Proposed Ground Water Rule - Regulatory Impact Analysis April 5, 2000



5.5 References

Abdala, C.W. 1990. Measuring economic losses from ground water contamination: An investigation of
household avoidance costs. Water Resources Bulletin 26:451-63.

Abddla, CW. et d. 1992. Vauing environmenta quality changes using averting expenditures. An
gpplication to groundwater contamination. Land Economics 68(2):163-9.

Abdmann, W.H. 1978. Vird myocarditis and its sequelae. Annual Review of Medicine 24:145-52.

Altekruse, SIF. et d. 1997. Emerging foodborne diseases. Emerging I nfectious Diseases
3(3):285-93.

American Diabetes Association (ADA). 1996. “Making a difference: Type | Diabetes Research.
Nationwide Research Program.” <http://www.diabetes.org/adalrestypl.asp>.

Angulo, F.J. et d. 1997. A community waterborne outbreak of sdmonellosis and the effectiveness of a
boil water order. Am J Public Health 87(4):580-4.

Apogee/Hagler Bailly, Inc. 1998. Potential Benefits of the Ground Water Disinfection Rule.
Prepared for the U.S. Environmenta Protection Agency, Office of Ground Water and Drinking
Water by Apogee/Hagler Bailly, Inc. under subcontract to International Consultants, Inc. March.

Archard, L.E. et d. 1987. The role of coxsackie B virusesin the pathogenesis of myocarditis, dilated
cardiomyopathy and inflammatory muscle disease. Biochem Soc Symp 53:51-62.

Association of State Drinking Water Administrators (ASDWA). 1997. Andyss of Best Management
Practices for Community Ground Water Systems Survey Data

Benson, V. and M.A. Marano. 1998. Current Estimates of the National Health Interview Survey,
1995. Nationd Center for Hedth Statidtics. Vital Health Sat 10(199).

Bureau of Labor Statigtics (BLS). “ Current Series’” of BLS Data, Consumer Price Index—All Urban
Consumers, not seasonally adjusted. Data extracted on 21 June 1999. <http://146.142.4.24/cgi-
bin/surveymost>

Coallins, J.G. 1997. Prevalence of Sdlected Chronic Conditions: United Sates, 1990-1992.
Hyattsville, MD: Nationd Center for Hedth Statistics. Vital Health Statistics 10(194). DHHS
Publication No. (PHS) 97-1522.

Craun, G.F. 1986. Statistics of waterborne outbreaksin the U.S. (1920-1980). In Craun, G.F. et al.
Waterborne Diseases in the United States. Boca Raton, FL: CRC Press, Inc., pp. 73-158.

April 5, 2000 Proposed Ground Water Rule - Regulatory Impact Analysis 529



Craun, G.F. and R. Cadderon. 1997. Microbia risksin groundwater systems: Epidemiology of
waterborne outbreaks. Under the Microscope: Examining Microbes in Groundwater .
AWWARF.

Craun, G.F. 1998 persona communication.
Craun, G.F. 1999 persond communication.

Cropper, M.L. and A.J. Krupnick. June 1990. The Social Costs of Chronic Heart and Lung
Disease. Resources for the Future Discussion Paper QE89-16-REV.

Dahlquigt, G.G. et d. 1995. Maternd enterovira infection during pregnancy as arisk factor for
childhood IDDM. Diabetes 44:408-13.

Dirckx, JH., ed. 1997. Stedma s Concise Medical Dictionary for the Health Professions, 3rd ed.
Bdtimore, MD: Williams & Wilkins.

Elixhauser, A. et a. 1993. Clinical Classifications for Health Policy Research: Discharge Satistics
by Principal Diagnosis and Procedure. Divison of Provider Studies Research Note 17, Agency
for Hedlth Care Policy and Research, Rockville, MD: Public Hedlth Services. AHCPR Publ. No.
93-0043.

Fauci, A.S. et d., eds. 1998. Harrison's Principles of Interna; Medicine, 14th ed. NY: McGraw-Hill
Companies, Inc., Hedth; Professiona’s Divison, Part 7 "Infectious Diseases.”

Fox, N.R. et al. 1993. Direct and Indirect Costs of Diabetes in the United Sates in 1992.
American Diabetes Association. Alexandria, VA.

Fox N.R., et a. 1998. Economic consequences of diabetes mdlitusin the U.S. in 1997. Diabetes
Care 21(2):296-309.

Harrington, W. et d. 1985. The Benefits of Preventing an Outbreak of Giardiasis due to Drinking
Water Contamination. Draft fina report prepared for the U.S. EPA by Resources for the Future.
Washington, DC. September.

Hodgson, T.A. 12 November 1998. Persond communication.

Hodgson, T.A. and A.N. Kopstein. 1984. Health care expenditures for major diseasesin 1980.
Health Care Financing Review. 5(4):1-12.

Hufnagd, G. 1998. Symptoms, diagnosis and trestment of myocarditis and dilated cardiomyopathy
(DCM). <http:/Mmww.unmc.edu/Pathol ogy/Myocarditisiwhati sdem.hmtl>.

5-30 Proposed Ground Water Rule - Regulatory Impact Analysis April 5, 2000



Hyoty, H. et d. 1995. A prospective study of the role of coxsackie B and other enterovirusinfectionsin
the pathogenesis of IDDM. Diabetes 44:652—7.

International Classification of Diseases, 9" Revision, Clinical Modification. 5™ edition, volume 1.
1994. Washington, DC: U.S. Government Printing Office. DHHS Publ. No. PHS 94-1260.
December.

Kawal, S. et d. 1987. A morphologica analysis of chronic myocarditis. Japanese Circulation Journal
51:1385-91.

Kline, I.K. and O. Saphir. 1960. Chronic pernicious myocarditis. Am Heart J 59(5):681-97.

Lieberman, R.J,, Shadix, L.C., Newport, C.P. Frebis, M.W.N. Moyer, SE., Safferman, R.S., Stetler,
R.E., Lye, D., Fout, G.S,, and Dahling, D. 1999. “ Source water microbia qudity of some
vulnerable public ground water supplies.” Unpublished report in preparation.

Lieberman, R.J., L.C. Shadix, B.S. Newport, SR. Crout, S.E. Buescher, R.S. Safferman, R.E.
Stetler, D. Lye, G.S. Fout, and D. Dahling. 1994. “ Source water microbid qudity of some
vulnerable public ground water supplies.” in Proceedings, Water Quality Technology Conference,
San Francisco, CA, October, 1994.

Luppi, P. et a. 1998. Idiopathic dilated cardiomyopathy: A superantigen-driven autoimmune disesse.
Circulation 98:777-85.

Menick, JL. 1996. Enteroviruses. Polioviruses, coxsackieviruses, echoviruses, and newer
enteroviruses. In Fidds, B.N. et d., eds. Virology, 3" ed., vol. 2. Philadelphia: Lippincott-Raven
Publishers, pp. 655-712.

Moore, M.J. and W. Kip Viscus. 1990. Compensation Mechanisms for Job Risks: Wages,
Workers' Compensation, and Product Liability. Princeton, NJ: Princeton University Press.

Morens, D.M. 1978. Enterovird diseasesin early infancy. J Pediatr 92(3):374—7.

Morimoto, S-. et a. 1992. Clinica and pathological features of chronic myocarditis. Four autopsy
cases presenting as dilated cardiomyopathy. Am J Cardiovascular Pathology 4(2):181-91.

Nakao, T. 1971. Coxsackie viruses and diabetes. Lancet 2:1423.

NCHS (National Center for Health Statistics). 1998. Vital Satistics of the United States, 1995,
Preprint of Volume I, Mortality, Part A Sec 6 Life Tables. Hyattsville, MD.

NFID (National Foundation for Infectious Diseases). 1996. Bethesda, MD.
<http:/mww.nfid.org/factsheets/ecoli.html>

April 5, 2000 Proposed Ground Water Rule - Regulatory Impact Analysis 5-31



Nationa Hedlth, Lung and Blood Ingtitute (NHLBI), Nationa Ingtitutes of Hedlth. 1996. Morbidity
and Mortality: 1996 Chartbook on Cardiovascular, Lung, and Blood Diseases. May.

Nationa Research Council. 1997. Valuing Ground Water: Economic Concepts and Approaches.
Washington, DC: National Academy Press.

National Water Research Ingtitute. 1997. Groundwater Disinfection Regulation Workshop. January
6-8.

Okuni, M. et d. 1975. Studies on myocarditis in childhood, with specid reference to the possible role
of immunological process and the thymus in the chronicity of the disease. Japanese Circulation
Journal 39:463-70.

Research Triangle Indtitute (RTI1). 1997. Valuing Drinking Water Quality: Theory, Methods, and
Research Needs. Draft report prepared for the USEPA. April.

RiveraMatos, |.R. and T.G. Cleary. 1996. Foodborne and waterborne illnessin children. In Advances
in Pediatric Infectious Diseases. Moshy—Y ear Book, Inc. Volume 11, pp. 101-34.

Sainani, G.S. et d. 1968. Adult heart disease due to the coxsackie virus B infection. Medicine
47(2):133-47.

Smith, W.G. 1966. Adult heart disease due to the coxsackie virus group B. Brit Heart J 28:204—20.

Sun, J. et d. 1992. Eslimating the benefits of groundwater contamination control. Southern Journal of
Agricultural Economics 24(2):63—-71.

Tolley, G. et d., eds. 1994. Valuing Health for Policy: An Economic Approach. Chicago: University
of Chicago Press.

U.S. Bureau of the Census. Census, resdentia population estimates by month and single year of age.
<http://Mmww.census.gov/popul ation/estimates/nati on/ed0s/e9596rmp.txt>

U.S. EPA. 1995. A Framework for Measuring the Economic Benefits of Ground Water. U.S.
EPA Office of Water and Office of Policy, Planning, and Eva uation. October.

U.S. FDA. 1998. Center for Food Safety & Applied Nutrition. Foodbor ne Pathogenic
Microorganisms and Natural Toxins Handbook. Washington, DC.
<http://vm.cfsan.fdagov/~mow/intro.html>

5-32 Proposed Ground Water Rule - Regulatory Impact Analysis April 5, 2000



6. Cost Analysis

6.1 Introduction

This chapter presents the nationa cost estimates for the proposed Ground Water Rule (GWR). It
presents the unit cogts, identifies the underlying assumptions used to prepare the cost estimates, and
describes the methodology used to compile these assumptions to estimate the cost of the four GWR
options.

Section 6.2 presents an introduction to the unit costs and costing assumptions that EPA has made
for each of the rule components (Section 6.2.1) and the methodology used by the cost modd to
develop nationa estimates (Section 6.2.2). Section 6.3 presents the national cost estimates and
Section 6.4 presents the average household costs.

6.2 Costing Methodology

This section presents a summary of EPA’ s assumptions made to prepare estimates of the nationa
costs of the proposed GWR and other regulatory options. It contains a description of the estimates of
unit cogts (the cost that would be incurred by each State, individua treatment facility or system) and the
predicted actions that systems and States will make to comply with the proposed GWR.

6.2.1 Cost Model Inputs
The proposed GWR and other rule options are composed of rule components that identify and/or
correct conditions that permit fecal contamination to reach ground water system consumers taps.

Exhibit 6-1 identifies the components of each GWR option. Severad of these components are included
in more than one of the GWR options.

Exhibit 6-1. Components Included in Each Regulatory Options

Option 2: Option 4:
Option 1: San. Survey Option 3: Across-the-
Sanitary Survey and Triggered Multi Barrier Board
Rule Scenario Components Only Monitoring Approach Disinfection
Monitoring and Assessment
Sanitary Survey U U U U
Triggered Monitoring U U
Sensitivity Assessment U
Routine Monitoring U
Corrective Action
For Significant Defects U U U U
For Fecal Contamination U U U
Compliance Monitoring U U
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The unit costs applicable to each may be either costsincurred by the State in establishing the
component’s requirements or by the water syslem to comply with the regulations; for some components
both entitiesincur costs. Exhibit 6-2 presents, for each of the components, where the costs are
incurred. Following that are brief discussions regarding the components' unit costs or cost
assumptions. Grester detail regarding these inputs may be found in Appendix C, Inputsto Cost
Modding. Only summary unit cogts are presented in this document; more detailed descriptions of the
assumptions and methodol ogies used to devel op these cost estimates are presented in the Cost and
Technology Document for the Ground Water Rule (EPA, 19993).

Exhibit 6-2. Assignment of Components’ Costs

Rule Scenario Components Costs to State Costs to System

Monitoring and Assessment

Sanitary Survey U U
Triggered Monitoring A U
Sensitivity Assessment U (N)
Routine Monitoring A U

Corrective Action

For Significant Defects A U
For Fecal Contamination A U
Compliance Monitoring A U

(A) Administrative Costs only
(N) No costs, States are expected to make assessments without system involvement

Although EPA edtimated the cost of dl the rule s components for drinking water systems and
States, there are some codts that the Agency did not monetize. These nonmonetized costs result from
uncertainties surrounding rule assumptions and from modeling assumptions. For example, EPA did not
edimate a cost for systems to acquire land if they needed to build a treatment facility or drill anew well.
This was not estimated because many systems will be able to construct new wells or trestment facilities
on land dready owned by the utility. In addition, if the cost of land was prohibitive, a system may
chose another lower cost aternative such as connecting to another source. In addition, the Agency did
not develop cost estimates for dl concelvable corrective actions or sgnificant deficiencies that a system
may encounter. Instead, a representative sample was chosen, as discussed below under corrective
action.

6.2.1.1  State Agency Costs

Asindicated above in Exhibit 6-2, States incur costs for al components, for al but two of the
components the cods are gtrictly adminigtrative costs. In addition to the adminigtretive costs the
following discussion addresses costs incurred by required provisons for sanitary surveys and
hydrogeologic sengitivity assessments.
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State Costs—Administrative Costs

States will incur adminigirative cogts of implementing the GWR. These adminidrative cogts are
not directly required by specific provisions of GWR options, but are necessary for States to ensure the
provisons of the GWR are properly carried out. States will need to alocate time for their Saff to
establish and then maintain the programs necessary to comply with the GWR. Staff time resources are
estimated in terms of full-time equivalents (FTES). EPA assumed a cost of $64,480 for one FTE,
including overhead and fringe benefits. Time requirements for a variety of State agency activities and
responses are estimated for thisRIA. Exhibit 6-3 lists activities required to start the program following
promulgation of the GWR aswdll as the annud activities that a State will require to continue
implementation of the GWR.

Exhibit 6-3. Examples of State Administrative Activities

Start Up Activities Annual Activities
Public Notification Coordination with EPA
Regulation Adoption and Program Development Lab Certification
Upgrade Data Management Systems On-Going Technical Assistance
Initial Lab Certification and Training SDWIS Reporting
System Training and Technical Assistance Clerical
Staff Training Supervision

In addition to the adminigrative costs of developing and maintaining a program for GWR
compliance, States will be required to spend time responding to ground water sources that are found to
be fecally contaminated. These cogtsinclude time to review plans and specifications, prepare violation
letters, and conduct data entry.

State Costs—Sanitary Survey

The GWR options increase both the scope and the frequency of sanitary surveys. EPA
estimated that on average, States currently conduct sanitary surveys of community ground water
systemns once every five years and noncommunity ground water systems once every 10 years. EPA
assumed that, under the GWR, sanitary surveys will be conducted by the State (or primacy agent) on
al noncommunity ground weter systems once every five years. For community ground water systems,
EPA assumed that dl of the community ground weter systems that achieve a 4-log inactivation or
remova of viruswill have sanitary surveys conducted every five years, and the remaining community
ground water systems will have sanitary surveys conducted once every three years.

The scope of sanitary surveys are expanded to address eight specific components of a PWS.
EPA estimated the incrementd increase in cost for performing and preparing a sanitary survey. These
incrementa cogts range from aslow $30 per survey for systems serving under 100 individuas to $700
per survey per system for the largest systems.
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State Costs—Hydrogeologic Sensitivity Assessment

The hydrogeologic sengtivity assessment, a component only of the multiple-barrier option, will
be performed by States (or other primacy agent) on each ground water source to determine if the
source is sengtive to microbia contamination and requires monitoring to ensure thereis no fecal
contamination. EPA assumes hydrogeol ogic sengitivity assessments would be performed on al ground
water sourcesthat are not providing 4-log inactivation or remova of virus. EPA estimates that 15
percent of the systems that are assessed will be determined to be sensitive, based upon data collected
for the AWWA Study (Abbaszadegan et al., 1998, 1999).

EPA estimated the time for States to locate existing hydrogeologic data, such asawell
construction record, and for a State assessor to ingpect and review these data. These average costs

increase in reldive proportion to the system size, ranging from as low as $62 per assessment for
systems serving under 100 individuas to $3,224 per survey per system for the largest systems.

6.2.1.2  Public Water System (PWS) Costs

PWS Costs—Sanitary Survey

As discussed under State costs above, sanitary surveyswill increase both in scope and in
frequency. Theonly incrementa increase in cods that a system will incur as aresult of this component
isthe additiond time it will take to accompany the State ingpector conducting the survey.
Noncommunity water systlems sanitary survey frequency will be once every five years versus once
every 10 years under current requirements. Community water systems which do not achieve a4-log
inactivation of viruswill asss in sanitary surveys once every three yearsingead of once every five
years. Thereis no change in frequency for community ground water sysems which achieve 4-log
inectivation of viruses. In addition to the increased frequency, the scope of the sanitary survey is
increased to address eight specific components of a PWS. EPA estimated the cost increase to PWSs
to meet the requirements of the GWR for sanitary survey as ranging from as low $110 per survey for
systems serving under 100 individuas to $1,900 per survey per system for the largest systems.

PWS Costs—Triggered Source Water Monitoring

Triggered source water monitoring is a component of two regulatory options: Options 2 and 3.
Only systems that do not achieve 4-log inactivation of viruswill be subject to this provison. Triggered
monitoring requires collection and analys's of samples at the ground water systems source, following the
detection of tota coliform in one or more samples collected for compliance with the Total Coliform
Rule. While States have the option of requiring the triggered source water samplesto be tested for the
presence of one of three fecd indicators, for the purpose of this cost analyss, EPA assumed that States
will sdlect E. coli astheindicators of contamination for analyss. EPA estimated the cost for triggered
monitoring to be $53 per sample, including laboratory andysis ($25) and one hour of the system
operator’ stime (at an estimated cost of $28 per hour) to collect the sample, arrange for delivery to the
laboratory and to review the results of the analyss. No additiond costs are assumed for ingtallation of
atap or re-piping of wellsto permit sampling, as EPA assumed al wells are equipped with exigting taps
for sampling.

64 Proposed Ground Water Rule - Regulatory Impact Analysis April 5, 2000



If asystem detects the fecal indicator at its source, then the system must take a corrective
action to ether diminate the contamination, obtain a new uncontaminated source, or ingdl trestment to
achieve a4-log remova or inactivation of virus. Severa compliance estimates are necessary to
develop estimates of the cost associated with triggered monitoring: the frequency with which sysems
will have to perform triggered monitoring; the frequency that awaiver will be granted; the duration of
the triggered monitoring; and the number of systems that are expected to test positive for the fecd
indicator. These factors are discussed in grester detail below.

Frequency of Performing Triggered Monitoring: EPA estimated the probability of a ground water
system’stotd coliform sample testing positive, which would therefore, trigger the monitoring
requirements, as a part of its regulatory impact analysisfor the Tota Coliform Rule (EPA, 1989). EPA
cdculated the frequency of tota coliform positives per year per system by multiplying the number of TC
samples required per year by the probability of a TC pogtive. All community water systems serving
under 3,000 individuas and al noncommunity water sources are estimated to have zero to three
triggered source water samples per year. Larger community water systems vary, with the estimate for
largest system at 7 to 22 triggered sources water samples per year.

Walver from Triggered Monitoring: The option dlows States to waive the triggered monitoring
requirements if a PWS demondtrates that the total coliform contamination is not source water related.
EPA assumed that the probability of a PWS recalving thiswaiver for asingle entry point is 10 percent.
Also, aone-time repeat sampling waiver exigs for both triggered monitoring and routine monitoring.
Once a PWSfinds asngle postive sample, they may take five repeat samples, and if dl five repest
samples are negative, the source water is considered not to be contaminated. For the purposes of this
andysis, it isassumed that al PWSs that have a positive source water sample will make use of this one-
time sampling waiver.

Duration of Triggered Monitoring: For the purposes of the cost model, EPA assumed that all
contaminated entry points will be discovered in the first year. Therefore, the entry points with no
source water positive samples, or those with a single positive sample and five negetive follow-up
samplesin thefirg year, will continue to undertake triggered monitoring sampling for the remainder of
the period of andysis. The number of samples they will take each year isassgned using a uniform
digtribution based on the number of expected tota coliform violations they might have per year.

Number of Systems Tedting Poditive: EPA estimated the number of systems that will test pogtivein
triggered monitoring by reviewing indicator occurrence data. The AWWARF study (Abbazadegan et
al, 1998, 1999) found enteroccocci bacteriain 9 percent of the wells sampled. Wells were selected for
the study to be representative of hydrogeologic conditions for public water supply wellsin the United
States, and most wellsin the study were only sampled once. EPA determined that the enterococc
occurrence from the AWWARF study provides the best estimate of the percentage of wells that will be
found to test positive for the presence of afecd indicator in triggered source water sampling and,
therefore, assumed that 9 percent of the systems tested will be found to contain feca contamination.

April 5, 2000 Proposed Ground Water Rule - Regulatory Impact Analysis 6-5



PWS Costs—Routine Source Water Monitoring

Routine source water monitoring, a component only of Option 3, the Multi-Barrier Option,
involves monthly sampling of those ground water sources that are determined to be a high risk for the
presence of fecal contamination. The hydrogeologic sengtivity assessment performed by the Stateis
used to determine which wells are at high risk of contamination. Only systems that do not achieve 4-log
inectivation of viruswill be subject to this provison. Smilar to triggered monitoring, severd compliance
assumptions were needed to modd the cost of routine monitoring and they are described below.

Frequency of Performing Routine Monitoring: High risk wells would be sampled routingly each month
and tested for the presence of feca contamination using one of three possible indicators as sdlected by
the State. EPA assumed that States will sdect E. coli asthe indicator of contamination for andyss.
States may reduce the frequency of monitoring for high risk ground water sources after one year of
monitoring if there are no samplesthat test positive. States may aso waive source weter monitoring
dtogether after the first year if the State determines thet fecd contamination of the well is highly unlikely.

Duration of Routine Monitoring: EPA assumed that all contaminated entry points will be discovered in
the firgt year of routine monitoring. EPA dso assumed that the entry points either with no source weter
positive samples or with a sngle positive sample and five negative follow-up samplesin the first year
will continue to undertake routine sampling once a quarter for the remainder of the period of andyss.

Waiver from Corrective Actiort A waiver could be granted by the State if the system collects five
repeat samples from the well that tested pogitive within 24 hours and does not find the fecal indicator in
any of five samples. Thiswaiver can only be granted once per source. Because of the high costs
associated with corrective actions, EPA assumed that dl systems with a routine source water positive
sample will resample their source within 24 hours of detecting the feca contamination. EPA estimated
that 20 percent of the systems that perform the repest sampling will not find fecdl indicatorsin any of
the repeat samples and will receive waivers from the State,

Number of Systems Tedting Poditive: Using EPA/AWWARF study data (Abbazadegan et. d., 1998,
1999), EPA estimated that 15 percent of the sources for ground water systems will be determined to
be sengitive and therefore subject to routine monitoring (See Appendix C for more details). Of these
wells, EPA egtimates that 50 percent will test positive for the presence of afeca indicator based upon
an E. coli occurrence in wells vulnerable to contamination (Lieberman €. d., 1994, 1999). Ground
water systems with wells that test positive for the presence of afeca indicator would be required to
take action to correct the contamination unless the system were able to obtain a one-time waiver from
the State. Asfor triggered monitoring andys's (see above), EPA estimated the cost for triggered
monitoring to be $53 per sample and assumed that dl wells are equipped with existing taps for

sampling.

PWS Costs—Corrective Action For Significant Defects

The primary purpose of conducting sanitary surveysisto identify sgnificant defects in public
water systems for correction. The costs for correction of significant deficiencies are dependent amost
entirely upon the nature of the deficiency. Because States have the authority to define sgnificant
deficiencies under the proposed GWR and options, EPA must predict the types of deficiencies that will
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be found and corrected as aresult of the rule. EPA consulted with experts from within the Agency and
from States to develop alist of corrective actions to address deficiencies that are likely to be identified
in sanitary surveys of ground water systems (EPA, 1996a). These are asfollows:

Correction of Significant Deficiencies at the Source
. Replace asanitary well sedl,

. Rehabilitate an exising wdll, and

. Drill anew wel

Correction of Sgnificant Deficiencies in Treatment Systems
. Adjust disnfection chemicd feed rate
. I ncrease contact time prior to first customer

Caorrection of Sgnificant Deficienciesin Digributions Sysem

. Instal backflow prevention device

. Replace/repair cover on a storage tank

. Ingtall security measures a storage tank Site
. Ingtal aredundant booster pump

Costs were developed for each of these (See Appendix C for unit costs and details); these
cogts are one-time expenditures that occur in the year the significant deficiency is found, except for
adjustments to the disinfection feed rate, which are ongoing costs.

Each of the regulatory options requires each PWS to correct any significant defect found during
asanitary survey. The assgnment of any sgnificant deficiency is done as a two-step process within the
cost andyss modd, and is done independently for each sanitary survey over the 20-year period of
andyss. Firdt, aPWSisdesignated as having or not having the potentia to have one or more
ggnificant defects resulting from a single sanitary survey based on a probability estimate.

Second, each PWS that is predicted to have a Sgnificant defect, in asingle sanitary survey, may
be assgned one or more of the six potentid significant defects according to a probability distribution
(See Appendix C for the probability distribution). Because the corrections of sgnificant defects are
dependent upon the defects defined as sgnificant by States and the conditions at the facilities, both of
which are unknown, EPA used a high scenario/low scenario estimating procedure to bound the
uncertainty. Thelow cost scenario assumes a grester percentage of the systems with significant defects
will have defects which are less expendve to correct (e.g., more systems will have to replace their
sanitary well sedl than will have to perform a complete rehabilitation of their well). This high/low
bounding should provide areasonable estimate of the uncertainty with respect to the types of defects
that will have to be corrected.

This two-step processis repested for each sanitary survey the PWS undertakes over the 20-
year period of andyss. Since the timing of the sanitary surveys are not known, an average annuad PWS
cos of correcting Sgnificant defects is calculated by summing the cost of correcting al significant
defects over the 20-year period of anadyss and then dividing by 20. The average annual PWS cost of
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correcting significant defects includes the cost of developing engineering plans for submission to the
State (See Appendix C for details).

PWS Costs—Corrective Action For Fecal Contamination

Detection of fecd indicators in the source of undisinfected ground water systems requires
corrective action under Options 2 and 3. Corrective action includes diminating the contamination from
the source, obtaining an dternative source of water, or providing disinfection treatment that achieves 4-
log inactivation or removal of viruses. Because costs are based on the corrective action which may
vary (i.e, the corrective action is selected by the system after consultation with the State and based
upon the size of the system), EPA assumed that a variety of corrective actions could be implemented by
ground water systems that detect fecal contamination within their source waters. The corrective actions
include eliminating the contamination from the source water (address contamination source or replace
source) or treating the water to achieve a 4-log inactivation/remova of virus.

Eliminate Contaminationt EPA developed unit cost estimates for four corrective actions to diminate
contamination from the systen’ s source of water (detailed unit costs are presented in Appendix C).
Depending on the corrective actions, there may up to three different cost estimates: capital cost (the
cost of condructing/ingaling the equipment), replacement cost (cost of replacing significant components
of the system after severd years operation, and operation and maintenance costs (or O&M) (annua
cost of operating equipment and performing routine maintenance). The four options EPA considered
for diminating contamination from the source are:

C rehabilitate an exiging well;

C remove/rel ocate existing source of contamination (septic tank);
congtruct anew wdl; and

purchase water from a nearby system.

Disinfect Source Water to Achieve a4-log Inactivation/Removal of Virus: Additiondly, EPA
developed codts for ingtdling and operating eight types of disinfection systems to achieve required
standards (detailed unit costs are presented in Appendix C). Included in this analyss are cogts for
capital, annua operation and maintenance, and year 10 replacement cost. Y ear 10 replacement costs
are estimated for the systems that will require replacement of a sgnificant component haf way through
the design life of the sysem. The Agency developed codts for these eight disinfection technologies:

. chlorine gas disinfection, . mixed oxidants disinfection,

. hypochlorinetion, . ozonation,

. chloramination, . reverse osmoss filtration, and
. chlorine dioxide dignfection, . ultraviolet disnfection.

EPA developed estimates of corrective actions that ground water systems with feca
contamination would undertake to eiminate or treet their contamination. These estimates considered
the current implementation of treatment types, the cost of the corrective action, and the need for
systems to comply with provisons of the Disinfection Byproducts Rule (DBPR).
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Current implementation of trestment types. EPA assumed that the portion of systems that will choose
treatment versus nontreatment corrective actions is proportiona to the percentage of systemsin each
service population category that currently perform disinfection trestment. Because of the uncertainty
inherent in projecting the number of systems that would undertake each corrective action, EPA
assumed varying percentages of the nontrestment corrective actions to provide upper and lower cost
bounds.

Digribution of Corrective Action: Each entry point that is predicted to require a corrective action is
assigned one of 13 potentia corrective actions according to a probability distribution (See Appendix C
for the probability distribution). In order to determine the sengtivity of the cost estimatesto these
probabilities, two scenarios were considered. Under the first scenario, entry points were assigned to
low cogt corrective actions with greater probability (known asthe Low CA scenario), whilein the
second scenario, entry points were assigned to high cost corrective actions with greater probability
(known asthe High CA scenario). After the model assigns each entry point a Specific corrective
action, the costs, both capital and operations & maintenance (O& M) codts, are determined using the
aforementioned unit costs (detalls of these costs are in Appendix C).

6.2.2 General Structure of the Cost Model

In order to cdculate the national and system-level costs of compliance, the agency used the
following information: the technology unit cost information and compliance forecast, both described
above; information on the inventory of drinking water systems; nationa occurrence information; and
various basdline characterigtics of PWSs, such as technology in-place.

The naiona cost of compliance was estimated usng a Monte-Carlo simulation moddl
specificaly developed for the GWR. The GWR cost modd was developed in Microsoft Excd© using
the Crystd Bdl© Monte-Carlo smulation add-in. The main advantage to this modeling gpproach is
that, in addition to providing average compliance codts, it dso estimates the range of costs within each
PWS size and type category. Hence, the GWR cost modd alows for variability in PWS configuration,
current treatment in-place, and source water quality to be captured in the compliance cost estimates.
Thisinformation isided for examining PWS leve impacts and technology affordability.

6.2.2.1 PWS Configuration and Occurrence

Each PWS s defined in the GWR cost mode by the population it serves and the number of
entry pointsto the distribution systlem it has, as entry points are used as a proxy for potentia or actud
points of treetment. The simulation was conducted using a sample of 3,000 PW'S populations for each
of the 62 PWS szeltype/lownership categories (up to nine Size categories, three PWS types—CWS,
NTNC and TNC; matrixed againgt three ownership types—public, private, and ancillary) taken from
the Safe Drinking Water Information System (SDWIS). The Agency developed distribution of the
number of entry points for each size category using informeation from the Community Water System
Survey (EPA, pending) (see Exhibit 4-4). A limitation of these datais that they were developed from
data collected from community water systlems only.
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Each Community Water System’ s design flow (DF) and average daily flow (ADF) were
cdculated as afunction of population served by the PWS using the following flow equations
(Geometrics and Characteristics of Community Water Systems. EPA, 1999):

Publicly Owned CWS:
DF (kgpd) = 0.5499xPop ****

ADF(kgpd) = 0.0858 xPop™®**

Privately Owned CWS
DF (kgpd) = 04168 xPop***®

ADF(kgpd) = 0.0667 xPop™***

Average flow for NCWS was estimated based upon average flow rates of 27.7 gal/day per
person for TNC systems and 30.5 gal/day per person for NTNC systems.  Utilizing data from SDWIS,
EPA prepared estimates of the number of honcommunity water systems by their service areatypes
(e.g., the number of noncommunity water systems serving restaurants), and an estimate of the average
flow per person (See Appendix C). Design flow rates were ca culated based upon the ratio of design
to average flow rates from the above equations for community water systems.

Both system design flow and average daily flow are assumed to be divided equaly among dl of
aPWS sentry points, therefore, the design flow and average daily flow per entry point are easily
cdculated. Each entry point isthen desgnated as currently providing inactivation trestment or not
currently providing inactivation trestment according to the percentage of systems achieving 4-log
inactivation. Thisis done independently for each entry point within agiven PWS. For example, agiven
PWS can have one entry point that currently treets, while having two entry points that currently have no
trestment in place.

6.2.2.2 Discounting and the Cost of Capital

For the purposes of thisandys's, PWS and State implementation costs are tracked over a 20-
year period. Thistime frame was chosen because most of the capital equipment included in the andlysis
has a 20-year ussful life, and PWSs often finance their capital improvements over a 20-year period.
However, the capital and O&M costs of each rule option areincurred at different pointsin time over
the course of the period of andysis.

Two different adjustments are made in thisandysisin order to render future costs comparable
with current codts, reflecting the fact that a cost outlay today is a grester burden than an equivalent cost
outlay sometime in the future. Thefirst adjustment is made when the cost estimates thet are derived are
being used as an input in benefit-cost andlyss. In thisingtance, codts are annualized using a discount
rate so that the costs of each regulatory option can be directly compared with the annua benefits of the
corresponding regulatory option. Annudization is the same process as calculating a mortgage payment;
the result is that we have a constant annua cost to compare with our congtant annua benefits.
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The choice of an appropriate discount rate is avery complex and controversa issue among
economists and policy makers dike. Therefore, the Agency compares costs and benefits using two
dternative discount rates, in part to determine the effect the choice of discount rate has on the andyss.
The annudized cogts of each regulatory option are calculated and displayed using both a seven percent
discount rate required by the Office of Management and Budget (OMB) and athree percent discount
rate which the Agency believes more closdy gpproximates the socid discount rate,

The second adjustment is made when the cost estimates that are derived are used as an input
into an economic impact analys's, such as an affordability andyss, an anadyss of PWS-eve cods, or
household-levd codts. In these cases, rather than use a discount rate when determining the annualized
costs, an after tax cost-of-capital rate isused. Thisrate should reflect the true after-tax cost of capita
PWSs face, net of any government grants or subsidies.

6.2.2.3  Calculating Household Costs

Household level costs are considered agood proxy for the affordability of rule compliance on
CWSs, since affordability at the household leve is necessary for CWS cost recovery through increased
water rates. Thisof course assumes that nonresidential customers of CWSs, such as businesses, can
pass along any increase in water costs to their customers through increased prices on their goods or
sarvices. Household costs are caculated for eech CWS that is elther publicaly or privately owned.

In order to caculate the average household-level cost of compliance for asingle CWS, the
CWS s annua compliance cost isfirg divided by the CWS s average daily flow (1,000 gallons per
day), and then multiplied by 365 days, to determine the CWS's cost of compliance per 1,000 gdlons
produced. Finaly, the CWS's cost of compliance per 1,000 gdlons (kg) is multiplied by the average
annua consumption per resdential connection (kg) to arrive at the average annua cost of compliance
per household for the CWS. The estimates of average annual consumption per residential connection
used in thisandysis are provided in Appendix C.

6.3 National Costs

This section details the results of the nationa compliance cost modeling. For each regulatory
option considered, the following information is provided:

. The number of PWS undertaking each rule component;
. The nationa annua PW'S compliance codts,
. The nationd annual State implementation codts.

Appendix D provides further detail on the distribution of national compliance costs across
system sizes and types.
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6.3.1 Comparison of Annual Compliance Costs Across Regulatory Options

Exhibit 64 provides a comparison of the tota annual cost of compliance across the four
regulatory options. The costs steedlily increase as one moves from the sanitary survey option, to the
sanitary survey and triggered monitoring option, to the multi-barrier option. However, the costs
increase by dmost afactor of five from Option 3, the Multi-Barrier Approach, to Option 4, Across-
the-board disinfection. Thisincrease in costs results from the fact that the first three regulatory options
are targeted, to differing degrees, a PWSs that have a demondtrated potentia, either through sanitary
surveys or through source water monitoring, to provide their customers contaminated drinking water.
Option 4, Across-the-board Disinfection option, as the name implies requires all PWSsto treet their
source water, even if there is no demondtrated potential or actua contamination. This means that costs
are being incurred by many more PWSs. Exhibit 6-5 and Exhibit 6-6 show the comparison of tota
annud costs across the four regulatory options, by system size category and system type respectively.

Exhibit 6—-4. Comparison of National Annual Compliance Costs
Across Regulatory Options (millions of dollars, 1998)

Mean Compliance Costs ($Millions)
Option/Regulatory Scenario At 3% At 7%
Option 1: Sanitary Survey Only $72.7 $76
($71.1t0 $74.4) ($74.3 10 $77.7)

Option 2: Sanitary Survey and $157.6 $168.5
Triggered Monitoring ($152. 810 $162.4) ($163.0 to $174.0)
Option 3: Multi Barrier Approach $182.7 $198.6

($177.0 to $188.4) ($191.7 to $205.5)
Option 4: Across-the-Board $777.1 $866.0
Disinfection Option ($743.9 to $810.3) ($822.7 to $909.4)

Exhibit 6-5. Comparison of Mean Annual Compliance Costs Across Regulatory
Options by System Size Category (millions of dollars, 1998)

Mean Cost by System Size

Mean Total
<100 | 100- |500- [ 1K-  33K- [10K- 50K- 100K - Costs

Option/Regulatory Scenario 500 |1,000| 3.3K 10K | 50K 100K 1M ($Millions)
Option 1 Sanitary Survey $235 | $146 | 359 | $7.7 | $47 | s38 | s10 | 18 $72.7

Only

Option 2: Sanitary Survey

. o $73.5 | $34.5 | $10.2 | $11.9 $7.5 $6.1 | $3.0 $1.1 $157.6
and Triggered Monitoring

Option 3: Multi-Barrier

$79.5 | $42.7 | $12.7 | $149 | $11.8 | $6.1 | $3.7 $1.6 $182.7
Approach

Option 4: Across-the-Board

.. . $198.0 |$197.0 | $76.6 | $106.1 | $89.9 | $44.4 |$44.0 | $11.3 $777.1
Disinfection

* 3% discount rate
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Exhibit 6-6. Comparison of Mean Annual Compliance Costs Across Regulatory
Options by System Type (millions of dollars, 1998)

Percent of Total Cost by System
Type* Mean Total
Costs
Option/Regulatory Scenario CWS NTNC TNC ($Millions)
Option 1: Sanitary Survey Only $35.9 $5.1 $22.1 $72.7
Optl_on 2 Sanitary Survey and Triggered $56.5 $14.6 $76.7 $157.6
Monitoring
Option 3: Multi-Barrier Approach $66.8 $17.3 $88.8 $182.7
Option 4: Across-the-Board Disinfection $391.5 $85.8 $290.0 $777.1

* 3% discount rate

6.3.2 Option 1. Sanitary Survey Only
6.3.2.1 Total National Costs

Under dl of the regulatory aternatives under consideration, al PWSs must perform the
minimum requirement of conducting Sanitary surveys and correcting Sgnificant defects discovered
through the sanitary survey. Exhibit 6-7 below showsthat al of the PWSs are expected to conduct
sanitary surveys under this option, and approximately 60 percent of the PWSs will be required to
correct Sgnificant defects over the 20-year period of the cost modd smulation. As shown in Exhibit
6-8, this regulatory option produced arange of total national compliance costs anong PWSs from $71
to $74 million a athree percent discount rate, and from $74 to $77 million at a seven percent discount
rate.

Exhibit 6-8 aso shows that unlike system codts, the costs remain fairly constant between
compliance scenarios because of annual fixed State costs of approximately $10 million, for annua costs
ranging from $17.5 to $18 million, depending on the discount rate. Note, that these values do not
include State cogtsincurred for lab certification as no lab certification is required under this regulatory
option.

6.3.2.2 Cost of Rule Components

Given the range of total annual national costs of PWSs described above, the High Corrective
Action/Low Significant Defect scenario presents an gpproximate mid-range value of the expected
compliance costs. Exhibit 6-9 demondtrates that 89 percent of the overal system costs are due to
correction of sgnificant defects, while the remaining 11 percent of PWS costs are from other
compliance activities, such as monitoring, record-keeping or conducting surveys.
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Exhibit 6—7. Number of Affected Systems by Rule Component
(High Corrective Action/Low Significant Defect Scenario)
Option 1: Sanitary Survey Only
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o 120,000
S
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Z 00,000
@ 1%
©
2 80,000
S
=]
z
60,000
40,000
20,000
0
Number of Sanitary Significant Triggered Compliance Routine Corrective
Systems Survey Defects Monitoring Monitoring Monitoring Actions
Exhibit 6-8. Total National Costs: Option 1--Sanitary Survey Only
Mean Compliance Costs ($Millions)
Cost Type At 3% At 7%
System Costs $55.2 $57.9
($53.7 to $56.8) ($56.2 to $59.5)
State Costs: $17.5 $18.1
($17.5t0 $17.6) ($18.1 to0 $18.2)
Total Costs $72.7 $76.0

($71.1 to $74.4)

($74.3 t0 $77.7)
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Exhidit 68 Nafiana PWA Compliance CoSis of e GWR by Rule Coen gantent
Dptron 10 Sanitary Survey Dnly
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6.3.3 Option 2: Sanitary Survey and Triggered Monitoring

6.3.3.1 Total National Costs

The Sanitary Survey and Triggered Monitoring Option builds significantly upon the Sanitary
Survey Option. The Exhibit 6-10 addresses components included in this regulatory aternative
including source water monitoring, corrective action, (including syslem modifications to currently
treating entry points that do not achieve 4-log remova) and compliance monitoring. Over 120,000
PWSs are expected to undergo triggered monitoring under Option 2, Sanitary Survey and Triggered
Monitoring. As shown in Exhibit 6-11, these additiona requirements increase the total national cost of
compliance for PWS to $153 million to $162 million at athree percent discount rate, and $163 million
to $174 million at a discount rate of seven percent.

Exhibit 6-11 aso shows that the overdl annud State costs are aso increased under this
regulatory option, ranging from $19 to $20 million depending on the discount rate, despite the same
annud fixed State cogts previoudy described. Thisis, in part, aresult of the lab certification costs
previoudy omitted, as well as the cost to the States associated with tracking PWS monitoring and
reviewing corrective action and system modification engineering plans and permits.
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Exhibit 6-10.
Number of Affected PWSs by Rule Component
(High Corrective Action/Low Significant Defect Scenario)
Option 2: Sanitary Survey and Triggered Monitoring
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Exhibit 6-11. Total National Compliance Costs
Option 2: Sanitary Survey and Triggered Monitoring (million $)
Mean Compliance Costs ($Millions)
Cost Type At 3% At 7%
System Costs $138.7 $148.7
($133.9 to $143.5) ($143.2 to $154.3)
State Costs: $18.9 $19.8
($18.8 to $18.9) ($19.7 to $19.8)
Total Costs $157.6 $168.5
($152.8 to $162.4) ($163.0 to $174.0)
6.3.3.2 Cost of Rule Components

Given the High Corrective Actiorn/Low Significant Defect scenario example, the nationd PWS

compliance costs are composed mostly of monitoring, recordkeeping and survey costs (55 percent)
(Exhibit 6-12) (note that system modificationsindicated in the exhibit refer to systems which must
modify their existing disinfection practices to achieve 4-log inactivation of virus as a corrective action).
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The remainder is distributed between corrective actions (23 percent) and correction of significant
defects (20 percent). Thisisin sharp contrast to the Sanitary Survey Option in which 89 percent of the
PWS s cost was the result of significant defect correction.

Exhikit & 12. Nafional PWS Canplfarrce Casis ofthe GWR by Rule C anpivtent
(High Corrective Action/Low Significant Defect Scenario)
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6.3.4 Option 3. Multi-Barrier Approach

6.3.4.1 Total National Costs

The regulatory components of the Sanitary Survey and Triggered Monitoring Option and the
Multi-Barrier Option are very smilar, with one notable exception. Under the Multi-Barrier Option, a
hydrogeologicd sengtivity assessment isincluded in the compliance scenario, aregulatory component
which provides more targeted source water monitoring. Rather than requiring al entry pointsto
undergo triggered monitoring, those deemed sengtive by the hydrogeologica assessment must practice
amore stringent routine monitoring regime. From Exhibit 6-13 below, most of the PWSs affected
under the Multi-Barrier Option are expected to conduct triggered monitoring, as under the Sanitary
Survey and Triggered Monitoring Option, but gpproximately 20,000 PWSs are expected to conduct
routine monitoring. This resultsin total annua nationa PWS compliance cogts ranging from $177 to
$188 million a athree percent discount rate, and from $192 to $206 million at a seven percent
discount rate (Exhibit 6-14 below).
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Exhibit 6-13. Number of Affected Systems by Rule Component
(High Corrective Action/Low Significant Defect Scenario)
Option 3: Multi-Barrier Approach
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Exhibit 6-14. Total National Compliance Costs
Option 3: Multi-Barrier Approach (million $)

Mean Compliance Costs ($Millions)
Cost Type At 3% At 7%
System Costs $162.2 $176.5
($156.4 to $167.9) ($169.6 to $183.4)
State Costs: $20.6 $22.1
($20.6 to $20.6) ($22.1t0 $22.1)
Total Costs $182.7 $198.6
($177.0 to $188.4) ($191.7 to $205.5)

Also shown in Exhibit 6-14, unlike PWS costs, few cost components change between
scenarios @ the State level under the Multi-Barrier Option. Thisislargely due to the $10 million annua
fixed State cogts that remain consistent between compliance scenarios. The annud State costs are
approximatdy $21 million at athree percent discount rate, and $22 million a a seven percent discount
rate.

6.3.4.2 Cost of Rule Components

Using the High Corrective Action/Low Significant Defect scenario as a mid-range example of
the overdl distribution of PWS costs described above, Exhibit 6-15 shows that greetest portion of the
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cogts result from monitoring, record keeping, and sanitary surveys (note that system modifications
indicated in the exhibit refer to systems which must modify their exiting disinfection practices to achieve
4-log inactivation of virus as a corrective action). The second largest component of the cost burden is
attributed to correction actions taken by water systems (31 percent). Correction of sgnificant defects
accounted for only 17 percent of the overal PWS costs of this compliance scenario.

Exivbiil 6-15, Naiional PWS Camplrance Casis of e GWR by Rule Canponent
(High Corrective Action/Low Significant Defect Scenario)
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Coivechve Ackalis 378

Sysmn MoV afiohs to Acbieve 4oy 3 Signitk ant tefects 174

6.3.5 Option 4: Across-the-Board Disinfection

6.3.5.1 Total National Costs

Under the Across-the-Board Disinfection Option, dl entry points not currently achieving a4-
log remova standard will be required to ether 1) undertake a corrective action (which may not
necessarily indude fixing an existing well or drilling anew wel), or 2) modify their trestment technique
to achieve 4-log. Since al PWSs are expected to achieve the 4-log standard, there is no source water
monitoring component of this dternative. Exhibit 6-16 below shows the digtribution of PWSs expected
to undertake the various rule components.
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Exhibit 6-16.
Number of Affected Systems by Rule Component
(High Corrective Action/Low Significant Defect Scenario)
Option 4: Across-the-Board Disinfection
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As Exhibit 6-17 below demondtrates, this option results in the highest compliance costs a both
the PWS and the State levels. Totd annua PWS costs across the nation range from $744 miillion to
$810 million at a discount rate of three percent, and from $823 million to $909 miillion at a seven
percent discount rate. Annua State cogts, including the same annual fixed cogts as previoudy
discussed, amount to over $25 million (three percent discount rate) or over $28 million (seven percent
discount rate).

Exhibit 6-17. Total National Compliance Costs
Option 4: Across-the-Board Disinfection (million $)

Mean Compliance Costs ($Millions)
Cost Type At 3% At 7%
System Costs $751.8 $837.4
(718.7 to $785.0) ($794.1 to $880.7)
State Costs: $25.2 $28.6
=$25.2 to $25.2= §$28.6 to $28.6=
Total Costs $777.1 $866
(743.9t0 $810.3) ($822.7 to $909.4)
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6.3.5.2 Cost of Rule Components

The high PWS cogts are largely due to corrective actions (66 percent) and other PWS costs,
such as conducting surveys (26 percent), as shown in Exhibit 6-18 below (note that system
modifications asindicated in the exhibit refer to sysems which must modify their existing disinfection
practices to achieve 4-log inactivation of virus as acorrective action.). Five percent of PWS costs are
due to system modifications to achieve 4-log removal. Of the four regulatory options discussed, the
percentage of PWS costs from correction of significant defects are the lowest under the Across-the-
Board Disnfection Option (only 3 percent).

Exivitit 5-18. Nafional PWS Cormpliance Cas(s of ihre GWR by Rule C rzponant
(High Corrective Action/Low Significant Defect Scenario)
Dpiion 4 Across-the-Rocrd Ficin fecifon
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6.4 Household Costs

Exhibits 6-19 and 6-20 show the range of household costs for each of the four regulatory
options by PWS size category. Exhibit 6-19 presents average household costs for al community water
systems, including those systems which do not have to take corrective action for significant defects or
fecal contamination. Exhibit 6-20 presents average household costs only among systems which must
take corrective action. Household costs tend to decrease as system size increases, due mainly to the
economies of scae for the corrective actions. Cumulative distribution of household costs for each
option arein Appendix C.
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Exhibit 6-19.
Mean Annual Household Costs of the GWR Across Regulatory Options
All Public and Private CWSs

<100 $16.79 $51.88 $46.30 $156.20
101-500 $5.59 $10.88 $12.84 $54.45
501-1,000 $2.87 $4.04 $4.15 $26.22
1,001-3,300 $1.50 $1.93 $2.27 $16.52
3,301-10,000 $0.72 $0.97 $1.74 $12.30
10,001-50,000 $0.30 $0.43 $0.46 $3.34
50,001-100,000 $0.17 $0.49 $0.73 $9.12
100,001-1,000,000 $0.18 $0.15 $0.20 $1.44
TOTAL $1.26 $2.40 $2.67 $13.98

Exhibit 6-20.
Mean Annual Household Costs of the GWR Across Regulatory Options
for Public and Private CWSs Taking Corrective Action
or Fixing Significant Defects

Sanitary Survey Sanitary Survey and : : ) Across-the-Board
SIZE CATEGORIES Option Triggered Monitoring Option Multi-Barrier Option Disinfection Option
<100 $29.86 $67.19 $62.48 $191.87
101-500 $11.23 $15.02 $18.95 $81.38
501-1,000 $5.72 $6.29 $6.25 $38.79
1,001-3,300 $2.99 $291 $3.39 $23.45
3,301-10,000 $1.39 $1.46 $2.74 $16.78
10,001-50,000 $0.62 $0.59 $0.62 $4.87
50,001-100,000 $0.30 $0.70 $1.01 $10.37
100,001-1,000,000 $0.32 $0.20 $0.27 $1.66
TOTAL $2.45 $3.34 $3.86 $19.37
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7. Economic Impact Analysis

7.1 Introduction

As part of the rule promulgation process, EPA is required to perform a series of
digtributiona analyses that address the potential regulatory burden placed on entities that are affected
by the various rule requirements. This chapter contains EPA’s anadlys's and statements with regard to
five federal mandates. Executive Order 12886 (Regulatory Planning and Review); the Regulatory
Hexibility Act (RFA) of 1980, as amended by the Small Business Regulatory Enforcement Fairness
Act (SBREFA) of 1996; the Unfunded Mandates Reform Act (UMRA) of 1995; Executive Order
13045 (Protection of Children From Environmentd Hedth Risks and Safety Risks); and Executive
Order 12989 (Federd Actions to Address Environmental Justice in Minority Populations and Low-
Income Populations). A summary of an additiona andys's, conducted to fulfill requirements set forth
by the Paperwork Reduction Act, is addressed within this chapter, but the actudl andysisis contained
in a separate document, Information Collection Request for the Ground Water Rule.

Severd of these directives contain provisons requiring an explanaion of why theruleis
necessary, the statutory authority upon which it is based, and the primary objectivesit isintended to
achieve. A complete discussion of the background information and the tatutory authority for this
rulemaking is located in Chapter 2, “Need for Proposal.” Specifically, section 2.5.1 addresses the
datutory authority for promulgating thisrule. The RFA and SBREFA andyses are contained in section
7.2 whilethe UMRA andysisisin Section 7.3. Issues such as the paperwork burden of this proposed
rule, children’s hedth and safety, and environmenta justice are addressed in sections 7.4, 7.5, and 7.6,

respectively.

7.2 Regulatory Flexibility Act and Small Business Regulatory
Enforcement Fairness Act

Under the Regulatory Hexibility Act (RFA), 5 U.S.C. 601 et seq., as amended by the
Small Business Regulatory Enforcement Fairness Act (SBREFA), EPA is required to prepare a
regulatory flexibility analyss unless the Agency certifies thet the rule will not have “a sgnificant
economic impact on a subgtantial number of smdl entities” A regulatory flexibility andysis describes
the impact of the regulatory action on small entities as part of the rule promulgation process. The
Agency must aso consult with smal entity representatives (SERs) and convene a Smal Business
Advocacy Review (SBAR) Pand prior to publication of the proposed ruleif the Agency is unableto
certify that the rule will not have a significant economic impact on asubstantid number of amdl entities.
The SBAR Pand has 60 days to consult with SERs likely to be impacted by the rule and to make
recommendations designed to reduce the impact of the proposed rule on small entities. The Agency
must consider these recommendations when drafting the proposed rule. Because the Agency was
unable to certify the GWR, the Agency convened a SBAR Panel.
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The SBAR Pandl members for the GWR were the Smdl Business Advocacy Chair of the
Environmenta Protection Agency, the Director of the Standards and Risk Management Divison in the
Office of Ground Water and Drinking Water (OGWDW) within EPA’s Office of Water, the
Adminigrator for the Office of Information and Regulatory Affairs of the Office of Management and
Budget (OMB), and the Chief Counsdl for Advocacy of the Smal Business Adminigtration (SBA).
The Panel convened on April 10, 1998 and met seven times before the end of the 60-day period on
June 8, 1998. The culmination of these meetings was the SBAR Pand’s report, Final Report of the
SBREFA Small Business Advocacy Review Panel on EPA’s Planned Proposed Rule for National
Primary Drinking Water Regulations. Ground Water. The SER comments on components of the
GWR, and the background information provided to the SBAR Pand and the SERs are available for
review in the water docket. Thisinformation and the Agency's response to the Pand’s
recommendations in developing the proposed GWR are summarized below.

7.2.1 Definition of Small Entity for the GWR

The Agency has taken comment on and finalized its intent to define “smadl entity” asa
public water system that serves 10,000 or fewer persons for purposes of its regulatory flexibility
assessments under the RFA for dl future drinking water regulaions. See Consumer Confidence
Reports (CCR) Final Rule, 63 FR 44511, Aug. 19, 1998 and Proposed Rule, 63 FR 7620 Feb.13,
1998. The Agency discussed at length in the preamble to the proposed rule, the basis for its decison to
use this definition and to use the single definition of smal public water system whether the sysem wasa
“amdl busness” “smdl nonprofit organizetion,” or “smal governmentd jurisdiction.” EPA dso
consulted with the Smdl Business Adminigration on the use of this definition asit relates to small
businesses. Subsequently, the Agency has used this definition in developing its regulations under the
Safe Drinking Water Act. In defining smdl entitiesin this manner, EPA recognizes that basdine
conditions in source water and trestment and operational practices may differ for systems serving fewer
than 10,000 people when compared to systems serving 10,000 or more persons.

7.2.2 Requirements for the Initial Regulatory Flexibility Analysis

The Regulatory Hexibility Act requires EPA to complete an Initid Regulatory Hexibility
Andysis (IRFA) addressing the following:

» Theneed for therule
» Theobjectives of and legal basis for the proposed rule;

* A destription of, and where feasible, an estimate of the number of small entitiesto which
the rule will apply;

* A description of the proposed reporting, record keeping, and other compliance
requirements of the rule, including an estimate of the types of smdl entities, which will be
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subject to the requirements and the type of professond skills necessary for preparation of
reports or records;

* Anidentification, to the extent practicable, of dl rdlevant federd rulesthat may duplicate,
overlap, or conflict with the proposed rule; and

» A description of “any sgnificant regulatory adternatives’ 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 smal entities; the andlysisis to discuss sgnificant
regulatory dternatives such as.

I Egablishing different compliance or reporting requirements or timetables that take into
account the resources of amall entities;

I Clarifying, consolidating, or smplifying compliance and reporting requirements under

the rule for smd| entities;

Using performance rather than design standards; and

Exempting smdll entities from coverage of the rule or any part of the rule

To assst the SERs and the SBAR Pand in their deliberations, OGWDW prepared an
IRFA to provide some background on the need for the proposed rule and the possible components of
arule. Prior to convening the SBAR Pand, OGWDW consulted with a group of 22 SERs likely to be
impacted by a GWR. The SERsincluded smdl system operators, loca government officids, smdll
business owners (e.g., a bed and breskfast with its own water supply), and smal nonprofit organization
(e.g., achurch with its own water supply for the congregation). The SERs were provided with
background information on the rule, on the need for the rule and the potentia requirements. The SERs
were asked to provide input on the potentia impacts of the rule from their perspective. All 22 SERs
commented on the information provided in the IRFA. These comments were provided to the SBAR
Panel when the Pandl convened. After ateleconference between the SERs and the Pandl, the SERs
were invited to provide additionad comments on the information provided. Three SERS provided
additional comments on the rule components after the teleconference.

In generd, the SERS consulted on the GWR were concerned about the impact of the rule
on smal water systems (because of their smal staff and limited budgets), the additional monitoring that
might be required, and the data and resources necessary to conduct a hydrogeologic sengtivity
assessment or sanitary survey.

The SBAR Panel suggested that, given the number of systems that could be affected by the
rule, EPA consider focusing compliance requirements on those systems most &t risk of fecdl
contamination. From this perspective, the pand suggested that EPA evauate whether it would be
appropriate to establish different rule requirements for systems based on system type, size or location.
The Pand dso suggested providing States with maximum flexibility, consstent with ensuring an
appropriate minimum level of public hedth protection, to tallor specific requirements to individua
system needs and resources.
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The SBAR Panel’ s recommendations to address the SERs Ground Water Rule concerns were
considered in devel oping the regulatory options analyzed in this rulemaking. The results of an updated analysis of
the impact of the preferred regulatory option on small water systems options is presented below.

7.2.3 Small Entity Impacts

For purposes of thisregulatory flexibility andysis, the results of the economic impact
andysisfor smdl water systlems under the proposed Multi-Barrier option are summarized. Estimates of
the number of small entities affected and the cost of complying with each component of the Mullti-
Barrier approach are presented. The estimated impacts for this preferred option are based on the
national mean compliance cost across the four compliance scenarios. Since taking an arithmetic mean
of the system-level impacts across compliance scenariosis not possible, system-level impacts are
investigated using various corrective action and sgnificant defects scenarios. The high correction
action/low significant defect scenario is consdered a middle-of-the-road cost scenario in the following
discusson.

7.2.3.1 Number of Small Entities Affected

According to the December 1997 data from EPA’s Safe Drinking Water Information System
(SDWIS), there are 156,846 community water systemns and noncommunity water supplies providing
potable ground water to the public, of which 155,254 (99 percent) are classified by EPA as small
entities. These are presented in Exhibit 4-1 and 4-2. EPA estimates that these small ground water
systems served a population of more than 48 million. Roughly one-quarter of these sysems were
estimated to be community water systems serving fixed populations on a year-round basis.

Under the proposed option, al community and noncommunity water systems are affected by a
least one requirement of the GWR, namely, the sanitary survey provison. The other GWR components
are estimated to affect different numbers of smal sysems. Exhibit 7—1 shows the estimates of affected
systems for each component of the proposed Multi-Barrier GWR option.
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Exhibit 7-1. Number of Small Systems Effected by the GWR
(By Rule Component)
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7.2.3.2 Reporting and Recordkeeping

Under the preferred option, Option 3—Multi-Barrier Approach, there are a number of
recordkeeping and reporting requirements for al ground water systems (including small sysems). To
minimize the burden with these provisons, the EPA is proposing a targeted risk-based regulatory
drategy for the GWR whereby the monitoring requirements are based on system characteristics and are
not directly related to system size. In this manner, the Multi-Barrier option takes a system-specific
approach to regulation, athough a sanitary survey isrequired of al community and nontrangent
noncommunity water systems. However, the implementation schedule for this requirement is staggered
(eg., every threeto five years for CWSs and every five years for NCWSs), which should provide
somerelief for small systems because there are proportionately more NCWSs.

To address the SBAR's concern for the potential cost of additiona monitoring for smal
systems, the proposed GWR leverages the existing TCR monitoring framework to the extent possible
(e.g., by using the results of the routine TCR monitoring to determine if source water monitoring is
required). In this proposd, asystem isrequired to test for the presence of E.coli, coliphage, or
enterococci in the source water within 24 hours of atota coliform pogtive sample in the digtribution
system.
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Only systems determined to be sengtive that do not aready treat to 4-log inactivation or
remova are required to conduct the additional routine monitoring. These systems must test their source
water monthly for ayear. If no feca indicators are found after 12 months of monitoring, the State may
reduce the monitoring frequency for that sysem. Similarly, if a nonsengtive system does not have a
digtribution system, any sample taken for TCR compliance is effectively a source water sample so an
additiond triggered source water sample would not be required. In both cases, however, if the system
has a pogitive sample for E.coli, coliphage, or fecd coliform, the system is required to conduct the
necessary follow-up actions.

The estimated record keeping and reporting burden associated with these provisions of the rule
are presented in Section 7.5 (Paperwork Reduction Act) below.

7.2.3.3 Small Entity Compliance Costs

When determining the costs and benefits of this proposed rule, EPA considered the full range of
both potentia costs and benefits for the rule. The flexibility of the risk-based targeted approach of the
rule ams to reduce the cost of compliance with the rule. Smal systems, in particular, benefit from this
design. Estimates of compliance costs of the Multi-Barrier gpproach to these systems are presented
below in Exhibit 7-2.

Given the available data, EPA determined that an expenditure test was the most reliable method
to gauge the potential economic impact of the proposed GWR on small sysems. Using information on
current, or basdline, CWS expenses from the 1995 CWSS and the estimated cost impacts of the
proposed GWR, EPA developed a Monte Carlo smulation mode to estimate the effect of GWR
compliance expenditures on totd smdl water system expenses. Exhibit 7-2 provides the basic results
of thisanalyss. For each CWS sze category, the mean system-level basdline expenses, mean system-
level GWR compliance cogs, the mean system-leve after-rule tota expenses, and the mean percentage
increase in system-levd totd expensesis shown. This andyss shows that the smalest water systems,
those serving populations of fewer than 100 persons, will experience the greatest adverse impact,
relaive to current expense levels (12%increase). Meanwhile, on average, systems serving over 1,000
people will see avery modest increase in total expenses (1% increase).

Of course, examining average impacts masks the ditributional impacts of the proposed GWR.
Exhibits 7-3 through 7—7 show the detailed results of the smulation model, which estimated the
digtribution of baseline expenses and projected expenses after compliance with the Multi-Barrier option
(preferred rule option). The percentage increase in expensesis aso provided. These chartsillusirate
two important points. Fird, in the smallest CWS size category, haf of the sysemswill see ther tota
expenses rise by more than 10 percent as aresult of the GWR. Ten percent of these smallest of
systems will see their annua expenses double after compliance with the proposed rule. On the other
hand, in asomewhat larger CWS size category (i.e., those serving 1,000 to 3,300 people), haf of the
sysems will have an increase in tota expenses of about one percent, while only two percent of systems
will see their annua expenses double.
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Exhibit 7-4. Comparison of CWS Baseline and Post-
Compliance Expenses
(Systems Serving 101-500 People)
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Exhibit 7-5. Comparison of CWS Baseline and Post-Compliance
Expenses
(Systems Serving 501-1,000 People)
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Exhibit 7-6. Comparison of CWS Baseline and
Post-Compliance Expenses
(Systems Serving 1,001-3,300 People)
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7.2.4 Coordination With Other Federal Rules

To avoid duplication of effort, the proposed GWR encourages States to use their source
water assessments, which are being developed by each State, when the assessment provides data
relevant to the sengtivity assessment of asysem. The schedule for the sengtivity assessment (within
three yearsfor CWS and five years for NCWS) should alow States to complete the assessment and
the first round of sanitary surveys concurrently if they choose to do so.

EPA has structured this GWR proposal as atargeted, risk-based approach to reducing
fecd contamination. The only regulatory requirement that gppliesto dl ground water sygemsisthe
sanitary survey. Therequired frequency for community systemsis once every three years, which may
be changed by the State to once every five yearsif the system either trests to 4-log inactivation for
removal of virus or has an outstanding performance record documented in previous ingpections and has
no history of total coliform MCL or monitoring violations since the last sanitary survey under current
ownership. The required frequency for sanitary surveysis every five years for noncommunity systems.
The mgority of the samal systems are noncommunity systems so the mgority of sysemswill only have a
sanitary survey once every five years. At thisfrequency, EPA believesthat the requirements will not be
burdensome for even the smdlest sysems. Smilarly, the only additional monitoring requirementsin
today’ s proposal are for undisnfected systems that are either located in sengtive hydrogeol ogic settings
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or have atotd coliform positive sample in the digtribution system. The monitoring required for atotd
coliform positive sample under the TCR would be a one-time event while the monitoring for sengtive
systemns would be on aroutine monthly basisfor at least ayear.

Findly, the SBAR Pand noted that disinfection of public water supplies may result in an
increase in other contaminants of concern, depending on the characteristics of the source water and the
digtribution system. Of particular concern were disinfection byproducts, lead, copper, and arsenic.
EPA believes that these issues, when they occur will be very locaized and may be addressed through
selection of the appropriate corrective action. EPA has provided States and systems with the flexibility
to select among a variety of corrective actions. These include options such as UV disinfection, or
purchasing water from another source, which should avoid problems with other disinfection.

7.2.5 Minimization of Economic Burden

On an annud basis, the cost of the preferred dternative is $182.7 million, assuming an
interest rate (i.e., cost of capital) of three percent (or $198.6 million, assuming an interest rate of seven
percent). In developing this proposa, however, EPA considered the recommendations of the SBAR to
minimize the cost impact to smal systems. The proposed multi-barrier, risk-based gpproach was
designed to achieve maximum public hedth protection while avoiding excessve compliance costs
associated with Across-the-Board Disinfection regulatory compliance requirements.

To mitigate the associated compliance cost increases across water systems, the proposed
GWR ds0 provides States with congderable flexibility when implementing the rule. Thisflexibility,
recommended aso by the SBAR, will dlow States to work within their existing program, but give
systems and the generad public a dear undergtanding of what condtitutes a Significant deficiency.
Smilarly, the rule dlows States to congder the characteristics of individua systems when determining
an gppropriate corrective action. States have the flexibility to use any disinfection treatment technology,
provided it achieves 4-log inactivation or remova of pathogens.

To determine the costs and benefits of this proposed rule, EPA considered the full range of
potentid costs and benefits for therule. Theflexibility in the rule is designed to reduce the cost of
compliance with therule, particularly for smal systems. While determining the costs of the various
technologies, EPA egtimated the percentage of systems in consultation with the States that will choose
between the different technologies, in part based on system size. EPA aso considered arange of
benefits from reduction in illness and mortaity to avoided cost of averting behavior, reduced
uncertainty, and avoided outbreak costs. However, only reductionsin acute viral and bacterid illnesses
and mortdity from virus are monetized. More detailed information isincluded in Chapter 5 (“Benefits
Anaysis’) and Chapter 6 (“Cost Andyss’) of thisRIA.

EPA further recognized that the operationd characteristics of water systems are highly
vaiable. Inthisproposa, State’ s have considerable flexibility when working with systems to address
ggnificant deficiencies and take corrective action.
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7.3 Unfunded Mandates Reform Act

Title 1l of the Unfunded Mandates Reform Act of 1995 (UMRA), P.L. 104-4, establishes
requirements for Federal agencies to assess the effects of their regulatory actions on State, locd, and
Triba governments and the private sector. Under UMRA section 202, EPA generdly must prepare a
written statement, including a cost-benefit andysis, for proposed and fina rules with “ Federd
mandates’ that may result in expenditures to State, local, and Tribal governments, in the aggregate, or
to the private sector, of $100 million or more in any one year. Before promulgating an EPA rule, for
which awritten statement is needed, section 205 of the UMRA generaly requires EPA to identify and
consider areasonable number of regulatory aternatives and adopt the least costly, most cost-effective
or least burdensome aternative that achieves the objectives of therule. The provisons of section 205
do not apply when they are inconsistent with gpplicable law. Moreover, section 205 dlows EPA to
adopt an dterndtive other than the least costly, most cost effective or least burdensome dternative if the
Adminigrator publishes with the fina rule an explanation on why that aternative was not adopted.

Before EPA egtablishes any regulatory requirements that may sgnificantly or uniquely affect
smal governments, including Triba governments, it must have developed, under section 203 of the
UMRA, asmdl government agency plan. The plan must provide for natification to potentialy affected
smdl governments, enabling officids of affected smdl governments to have meaningful and timely input
in the development of EPA regulatory proposals with significant Federd intergovernmental mandates;
and informing, educating, and advisng smal governments on compliance with the regulatory
requirements.

EPA has determined that this rule contains a Federa mandate that may result in expenditures of
$100 million or more for State, loca, and Triba governments, in the aggregate, and the private sector in
any oneyear. Accordingly, under Section 202 of the UMRA, EPA is obligated to prepare awritten
Satement addressing:

. Theauthorizing legidation;

o  Cog-benefit andyssincluding an analysis of the extent to which the costs of State, loca
and Triba governments will be paid for by the Federad government;

» Edtimates of future compliance costs and disproportionate budgetary effects;
» Macro-economic effects;

* A summary of EPA’s consultation with State, locdl, and Triba governments and their
concerns, including asummary of the Agency’s evaduation of those comments and
concerns, and

» ldentification and consderation of regulatory dternatives and the sdlection of the least
costly, most cost-effective or least burdensome dternative that achieves the objectives of
therule.
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The authorizing legidation, item one, is described in section 2.5.1. Items two through five are
addressed below, with the exclusion of future compliance costs, which are discussed in Chapter 6.
Regulatory alternatives, item six, are addressed in Chapter 3 and Chapter 6. Chapter 8 shows the cost
effectiveness analysis for each option.

7.3.1 Social Costs and Benefits

The socid benefits are those that primarily accrue to the public through an increased level of
protection from vird and bacterid illness due to exposure to microbia pathogensin drinking water. To
assign amonetary vaue to the illness, EPA used cost-of-illness by severa age categories to estimate
the benefits from the reduction in vird illness that result from thisrule. Thisis consdered alower-bound
estimate of actua benefits because it does not include the pain and discomfort associated with the
illness. Mortditieswere vaued using avaue of datistica life estimate congstent with EPA policy.
Chapter 5 presents the benefit anadlys's, which includes both quditative and monetized benefits of
improvements to hedth and safety. The estimated annua benefit of the proposed GWR is $205 miillion
under the Multi-Barrier Option.

Measuring the socia codts of the rule requires identifying affected entities by ownership (public
or private), consdering regulatory aternatives, caculating regulatory compliance cogts, and estimating
any disproportionate impacts. Chapter 6 of this document details the cost andlysis performed for the
GWR. Under the preferred option of the GWR, the likely compliance scenario is expected to result in
atotal annuaized cogt of approximatdly $182.7 million using a three percent discount rate (or $198.6
million using a seven percent discount rate).

Various Federd programs exist to provide financial assistance to State, locad, and Tribal
governmentsin complying with thisrule. The Federd government provides funding to States that have
primary enforcement responsibility for their drinking water programs through the Public Water Systems
Supervison Grants Program. Additiona funding is available from other programs administered either
by EPA or other Federd agencies. These include EPA’ s Drinking Water State Revolving Fund
(DWSREF), U.S. Department of Agricultureé s Rurd Utilities Loan and Grant Program, and Housing
and Urban Development’s Community Development Block Grant Program.

For example, SDWA authorizes the Administrator of the EPA to award capitdization grantsto
States, which in turn can provide low cost loans and other types of assistance to digible public water
systems. The DWSRF assigts public water systems with financing the costs of infrastructure needed to
achieve or maintain compliance with SDWA requirements. Each State has considerable flexibility in
determining the design of its DWSRF Program and to direct funding toward its most pressing
compliance and public health protection needs. States may aso, on amaiching basis, use up to 10
percent of their DWSRF dlotments for each fiscd year to assist in running the State drinking water
program. In addition, States have the flexibility to transfer a portion of funds to the Drinking Water
State Revolving Fund from the Clean Water State Revolving Fund.

Furthermore, a State can use the financid resources of the DWSRF to assist smdl systemsthe
majority of which are ground water systems. In fact, aminimum of 15 percent of a Stat€’ s DWSRF
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grant must be used to provide infrastructure loansto smdl systems. Two percent of the State' s grant
may be used to provide technica assstance to smdl sysems. For small systemsthat are
disadvantaged, up to 30 percent of a State' s DWSRF may be used for increased loan subsidies. Under
the DWSRF, tribes have a separate set-aside which they can use.

In addition to the DWSRF, money is available from the Department of Agriculture’ s Rura
Utility Service (RUS) and Housing and Urban Deve opment’s Community Development Block Grant
(CDBG) program. RUS provides loans, guaranteed loans, and grants to improve, repair, or construct
water supply and distribution systemsin rural areas and towns up to 10,000 people. In fiscal year
1997, the RUS had over $1.3 hillion in available funds. Also, three sources of funding exist under the
CDBG program to finance building and improvements of public faculties such as water systems. The
three sources of funding include: 1) direct grants to communities with populations over 200,000; 2)
direct grants to States, which they in turn award to smaler communities, rura aress, and coloniesin
Arizona, Cdifornia, New Mexico, and Texas, and 3) direct grantsto U.S. Territoriesand Trugts. The
CDBG budget for fiscd year 1997 totaled over $4 billion.

7.3.2 Disproportionate Impacts

This andys's examines digproportionate impacts upon geographic or socid segments of the
nation. In generd, the cogs that a public water system, whether publicly or privatey owned, will incur
to comply with thisrule will depend on many factors that are not generaly based on location.
However, the data needed to confirm this assessment and to analyze other impacts of this problem are
not available; therefore, EPA looked at three other factors:

» Theimpacts of amdl versus large sysems and the impacts within the five smdl system size
categories,

* The coststo public versus private water systems; and
» The costs to households (See Section 6.4).

The first measure of disproportionate impact considers the cost incurred by small and large
systems. Smdl systemswill experience a greater impact than large systems under the GWR. The
higher cost to the smdl ground water systems is mostly attributable to the large number of these types
of systems (i.e., 99 percent of ground water systems serve <10,000 people). Other reasons for the
disparity include: 1) large systems are more likely to aready disinfect their ground weter (disinfection
exempts a system from triggered and routine monitoring), 2) they typicaly have greater technica and
operationd expertise, and 3) they are more likely to engage in source protection programs. The
potential economic impact among the smdl systems will be the grestest for systems serving less than
100 persons, as shown in Exhibits 6-19 and 6-20.

The second measure of impact isthe relative tota cost to privately owned water systems
compared to that incurred by publicly owned water systems. Exhibit 7-8 revedsthat 28 percent of the
system compliance costs are borne by publicly owned PWSs, while 61 percent is borne by privately
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owned PWSs. Thisisaresult of the fact that 73 percent of PWSs are owned by private entities. EPA
has no basis for expecting cost per system to differ sysematicaly with ownership.

The costs to househol ds has been examined and is summarized in Section 6.4 of this document.

Exhibit 7-8. Annual Compliance Cost
Impacts by PWS Ownership

3 Percent Discount Rate

Cost % of Total
SYSTEM TYPE (million $) Cost
Public System Cost $52.0 28%
State Cost $20.6 11%
Total Public Cost $72.6 39%
Private System Cost $103.8 57%
Ancilliary System Cost $6.4 4%
Total Private Cost $110.2 61%

7 Percent Discount Rate

Cost % of Total
SYSTEM TYPE (million $) Cost
Public System Cost $56.5 28%
State Cost $22.1 11%
Total Public Cost $78.7 39%
Private System Cost $113.0 57%
Andilliary System Cost $7.0 4%
Total Private Cost $119.9 61%

7.3.3 Macro Economic Effects

Under UMRA Section 202, EPA isrequired to estimate the potential macro-economic
effects of the regulation. Macro-economic effects tend to be measurable in nationwide econometric
models only if the economic impact of the regulation reaches 0.25 percent to 0.5 percent of Gross
Domestic Product (GDP). 1n 1998, red GDP was $7,552 hillion so arule would have to cost at least
$19 billion to have amessurable effect. A regulation with asmdler aggregate effect is unlikely to have
any messurable impact unlessit is highly focused on a particular geographic region or economic sector.
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The macro-economic effects on the national economy from the proposed GWR should be negligible
based on the fact that the total expected annud costs of the preferred regulatory option for thisrule are
estimated to be $182.7 million using a three percent discount rate (or $198.6 million using a seven
percent discount rate).

734 Conaultationswith State, Local, and Tribal Gover nments

Cons gtent with the intergovernmenta consultation provisons of section 204 of UMRA
section 204 of the UMRA and Executive Order 12875 “ Enhancing the Intergovernmentd Partnership,”
EPA hasinitiated consultations with the governmentd entities affected by thisrule. EPA held four
public meetings for al stakeholders and two Association of State Drinking Water Adminigtrators early
involvement meetings. Because of the Rul€ simpact on smdl entities, the Agency convened a Small
Business Advocacy Review (SBAR) Pand in accordance with the Regulatory Hexibility Act (RFA) as
amended by the Smal Business Regulatory Enforcement Fairness Act (SBREFA) to address smdll
entity concerns, including smdl loca governments specificaly. EPA consulted with small entity
representatives prior to convening the Pand to get their input on the GWR. Of the 22 smdll entity
participants, five represented smdl governments. EPA aso made presentations on the GWR to the
nationa and local chapters of the American Water Works Association, the Ground Water Foundation,
the National Ground Water Association, the Rural Water Association, and the Nationd League of
Cities. Twelve State drinking water representatives aso participated in the Agency’s GWR
workgroup.

In addition to these consultations, EPA circulated a draft of this proposed rule and
requested comment from the public through an informal process. Specificaly, on February 3, 1999,
EPA posted on the EPA’ s Internet web page and mailed out over 300 copies of the draft to people
who had attended the 1997 and 1998 public stakeholder meetings as well as people on the EPA
workgroup. EPA received 79 letters or eectronic responsesto this draft: 34 from State government
(representing 30 different States), 25 from local governments, 10 from trade associations, six from
Federa government agencies, and four from other people/organizations. No comments were received
from Triba governments. EPA reviewed the comments and carefully considered their merit. The
proposed GWR reflects many of the commentors' points and suggestions.

To inform and involve Tribd governments in the rulemaking process, EPA presented the
GWR at the 16" Annua Consumer Conference of the Nationd Indian Hedlth Board, a the annua
conference of the Nationd Triba Environmenta Council, and a an Office of Ground Water and
Drinking Water (OGWDW)/Inter Triba Council of Arizona, Inc. Tribal consultation meeting. Over
900 attendees representing tribes from across the country attended the National Indian Hedlth Board' s
Consumer Conference and over 100 tribes were represented at the annual conference of the National
Triba Environmental Council. At both conferences, an OGWDW representative conducted two
workshops on EPA’ s drinking water program and upcoming regulations, including the GWR.

Comments received from Triba governments regarding the GWR focused on concerns and
some opposition to mandatory disinfection for ground water systems. They aso suggested that any
walver process be adequately characterized by guidance and smple to implement. The proposed
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GWR was designed so that a mgjority of sysemswill not be required to disnfect. Sysemswill have
the opportunity to correct sgnificant deficiencies, find a new source, and in some cases monitor for
fecd contamination. Disinfection isonly required under the proposed GWR if these other measures do
not work. However, some systemsin coordination with the primacy agent or State, might choose
disinfection over these other options because it may be the least cogtly dternative.

At the OGWDWI/Inter Triba Council of Arizona meeting, representatives from 15 tribes
participated. In addition, over 500 tribes and Triba organizations were sent the presentation materias
and meeting summary. Because many tribes have ground water systems, participants expressed
concerns over some eements of therule. Specificaly, they had concerns about how the primacy agent
would determine sgnificant deficiencies identified in a sanitary survey and how the sengtivity assessment
would be conducted. Because no tribes currently have primacy, EPA is the primacy agent and will
identify significant deficiencies as part of sanitary surveys and conduct the sengitivity assessments.

7.4 Paperwork Reduction Act

Theinformation collected as aresult of this rule will alow the State and EPA to evauate
PWS compliance with therule. For thefirg three years after promulgation of thisrule, the mgor
information requirements pertain to start up costs for States to satisfy primacy requirements and
systems to become familiar with the rule. Responses to the request for information are mandatory (Part
141). Theinformation collected is not confidentia.

EPA is required to estimate the burden on PWS for complying with the GWR. Burden
means the totd time, effort, or financia resources expended by personsto generate, maintain, retain, or
disclose or provide information to or for a Federd agency. Thisincludes the time needed to review
indructions; develop, acquire, indal, and utilize technology and systems for the purposes of collecting,
vaidating, and verifying information, processing and maintaining information, and disclosing and
providing information; adjust the exigting ways to comply with any previoudy gpplicable ingtructions and
requirements, train personnel 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.

Exhibit 7-9 presents EPA’s estimates of the annual burden on PWS and States for
reporting and record keeping from the first three years after promulgation of the preferred multi-
barrier option. It should be noted that the majority of the monitoring, record keeping and reporting
burden occurs beyond the three-year period of the estimate. The Information Collection Request
prepared by EPA, includes a estimate for 10-year time frame to show the costs and burdens
beyond theinitial period covered by the ICR, to reflect the redlity of full rule implementation.
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Exhibit 7-9. Summary of the Ground Water Rule
Total Respondents, Responses, Burden, and Costs for PWSs and States

Total Total
Number Number Annual Total Annual Total
Respondents Responses Burden Annual Capital Annual

Annually Annually (hrs) Labor Cost Cost O&M Cost
PWSs 52,331 99,821 263,238 $7,819,882 | $1,376,302 $0
States and 56 168 88,107 $2,332,979 $0 $0
Territories
Total 52,387 99,989 351,345 $10,152,861 | $1,376,302 $0

7.5 Protecting Children From Environmental Health
Risks and Safety Risks

Executive Order (EO) 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 “economicaly
ggnificant” as defined under E.O. 12866 and (2) concerns an environmenta hedth or safety risk that
EPA has reason to believe may have a disproportionate effect on children. If the regulatory action
meets both criteria, EPA must evduate the environmenta hedth 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 consdered by EPA.

Asdiscussed in Chapter 5 of thisRIA, in developing the risk and benefits andysisfor the
GWR, the effects on children, both in terms of unique risk and cost-of-illness estimates, were explicitly
taken into consderation. This anadys's suggests that the proposed rule provides a greater per capita
hedlth benefit to children than to adults, mostly due to the high cost-of -illness associated with vird
illnesses avoided in young children. In other words, the analys's suggests that the vird and bacterid
illnesses of concern to the GWR disproportionately effect children, and therefore, the benefits of the
proposed rule accrue disproportionately to children.

As can be seen in Exhibit 7-10, the proposed Multi-Barrier option results in the second
most number of cases of illness avoided—second only to the Across-the-Board Disinfection option.
Given the extraordinary costs of the Across-the-Board Disinfection option, EPA believesthat the
proposed Multi-Barrier option is the most protective of children’s hedlth of dl reasonably feasble
dternatives.
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Exhibit 7-10. Viral llinesses and Deaths Avoided In Children
Across Regulatory Alternatives

Sanitary Survey Across-the-
GWR Option Sanitary Survey | and Triggered Multi-Barrier Board
Monitoring Disinfection
Number of Viral llinesses Avoided per Year
<5years old 2,292 13,044 15,058 21,125
5-16 years old 1,773 9,974 11,508 16,059
Number of Viral Deaths Avoided per Year
<5yearsold 0 1 1 1
5-16 years old 0 1 1 2
Annual Cost (million $

3% discount rate $72.7 $157.6 $182.7 $777.1
7% discount rate $76.0 $168.5 $198.6 $866.0

With regard to sensitive sub-populations, EPA explicitly examined the effects of the
proposed rule both on young children and immuno-compromised individuals. As discussed above,
Exhibit 7-10, illustrates that the proposed Multi-Barrier option is the most protective of children’s
health of al reasonably feasible alternatives. Similarly, Exhibit 7-11, below shows that the
proposed Multi-Barrier option results in the second most number of cases of illness avoided among
immuno-compromised individuals—second only to the Across-the-Board Disinfection option.
Given the extraordinary costs of the Across-the-Board Disinfection option, EPA believesthat the
proposed Multi-Barrier option is the most protective of immuno-compromised individuals health
of al the reasonably feasible aternatives.
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Exhibit 7-11. Viral llinesses Avoided in Immuno-Compromised
Persons Across Regulatory Alternatives

Sanitary Survey Across-the-
GWR Option Sanitary Survey | and Triggered Multi-Barrier Board
Monitoring Disinfection
Number of Viral llinesses Avoided per Year
<5years old 23 130 151 211
5-16 years old 18 100 115 161
> 16 Years Old 191 1,086 1,253 1,746
Number of Viral Deaths Avoided per Year
<5years old 0.00 0.01 0.01 0.01
5-16 years old 0.00 0.00 0.00 0.01
> 16 Years Old 0.01 0.03 0.04 0.05
Annual Cost (million $)
3% discount rate $72.7 $157.6 $182.7 $777.1
7% discount rate $76.0 $168.5 $198.6 $866.0

7.6 Environmental Justice

Executive Order 12898 establishes a Federa policy for incorporating environmenta justice into
Federd agency missions by directing agencies to identify and address disproportionatdy high and
adverse human hedth or environmenta effects of its programs, policies, and activities on minority and
low-income populations. The Agency has considered environmenta justice related issues concerning
the potentia impacts of this action and has consulted with minority and low-income stakeholders.

The Environmenta Justice Executive Order requires the Agency to consder environmental
justice issues in the rulemaking and to consult with Environmental Justice (EJ) stekeholders. There are
two aspects of the proposed GWR that relate specificdly to this policy, the overdl nature of therule,
and the convening of a stakeholder meeting specifically to address environmenta justice issues.

As part of EPA’s respongibilities to comply with Executive Order 12898, the Agency held
a stakeholder meeting on March 12, 1998 to address various components of pending drinking water
regulations; and how they may impact sensitive sub-populations, minority populations, and low-income
populations. Topics discussed included trestment techniques, costs and benefits, data quality, health
effects, and the regulatory process. Participants included national, State, Triba, municipa, and
individua stakeholders. EPA conducted the meetings by video conference cal with participantsin
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eleven cities. This meeting was a continuation of stakeholder meetings that started in 1995 to obtain
input on the Agency’ s Drinking Water Programs. The major objectives for the March 12, 1998
meeting were:

o Solicit ideas from Environmental Justice stakeholders on known issues concerning current
drinking water regulatory efforts;

* ldentify key issues of concern to EJ stakeholders; and

» Receive suggestions from EJ stakeholders concerning ways to increase representation of
Environmenta Justice communitiesin EPA regulatory efforts.

In addition, EPA deveoped a plain-English guide specificaly for this meeting to assst
stekeholdersin understanding the multiple and sometimes complex drinking water issues.

The GWR gppliesto dl public water systems that use ground water as their source weter,
including community water systems, nontrangent noncommunity water sysems, and trangent
noncommunity water systems. Consequently, the hedlth protection benefits provided by this proposed
rule are equd across al of the income and minority groups served by these systems. Exigting
regulations such as the Surface Water Treatment Rule and Interim Enhanced Surface Water Treatment
Rule provide smilar hedth benefit protection to communities that use surface weter or ground water
under the influence of surface weter. Therefore, EPA believes this rule will equaly protect the hedlth of
al minority and low-income populations served by systems regulated under this rule from exposure to
microbid contamingtion.
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8. Summary of Costs and Benefits

8.1 Review of Regulatory Options, Costs and Benefits

The proposed Ground Water Rule (GWR) must specify the appropriate use of disinfection
treatment and smultaneoudy addresses other components of ground water system operation and
maintenance to assure public hedth protection. InthisRIA, EPA has andyzed the cost and hedlth
benefit impacts associated with four regulatory options. Since the basic provisons for the four options
build upon one another, the associated costs and benefits are also expected to increase from the less
gringent to the more stringent options. Chapter 5 (“Benefits Anadlyss’) described in detall the
esimated nationa heglth benefits of the GWR regulatory options, while Chapter 6 (“Cost Andlysis’)
described the projected national compliance cost estimates. This chapter presents a summary and
comparison of the nationa benefits and costs for each of these four regulatory options.

8.1.1 Review of Regulatory Options

The four regulatory options that EPA evauated for this proposed rulemaking capture a range of
benefits and costs based on the number of PWSs estimated to be affected by the specific compliance
requirements. Each option, for example, assumes that a different proportion of PWSswill be required
to take action, depending on the requirement set forth under the rule option. In generd, these four
options may be characterized by the main regulatory requirements summarized in Exhibit 8-1 below.

Exhibit 8—-1. GWR Regulatory Options and Main Requirements

GWR Option
Option: 2 Option 4:
Regulatory Option: 1 San. Survey Option 3: Across-the-
Compliance Sanitary & Triggered Multi-Barrier Board
Requirement Survey Only Monitoring Approach? Disinfection
_ T T T T
Sanitary survey
. . T T
Triggered monitoring
Hydrogeologic sensitivity assessment T
and routine monitoring
All systems must install or upgrade and T
maintain treatment
1 Preferred Option

EPA has sdlected the Multi-Barrier Option asits preferred option. Based upon the information
presented in this document, EPA believes that monetized net benefits may be maximized under the
Multi-Barrier option, that this option provides additiond benefits that EPA did not monetize, and that it
is best achieves the rule' s objective to reduce the risk of illness and death from microbia contamination
in PWSs relying on ground water.
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As shown in Exhibit 8-1 above, the regulatory requirements build incrementally upon one
another for a more targeted approach to identify and correct any systems not in compliance. The
exception to thistrend is the Across-the-Board Disinfection option, which requires that all ground
water systems achieve and demonstrate 4-1og treatment (inactivation and/or removal). The
components and differences between these regulatory scenarios are discussed in more detail in
Chapter 3 (“Consideration of Regulatory Options”).

8.1.2 Review of National Cost Estimates

Exhibit 8-2 presents EPA’s estimates for the total nationa cost for the four GWR regulatory
scenarios. Using a 3 percent discount rate, costs on an annudized basis range from $72.7 million for
Option 1, Sanitary Survey only, to $777.1 million for Option 4, Across-the-Board Disinfection.
Assuming a7 percent discount rete, as shown in Exhibit 8-3, the range of total annualized national cost
increases to $76.0 million annudly under Option 1, Sanitary Survey only, to $866.0 million for Option
4, Across-the-Board Disinfection.

Exhibit 8-2. Summary of National Benefits and Costs
(Using 3 Percent Discount Rate)

Millions ($)
Regulatory Option Benefit Cost Net Benefit
Option 1: Sanitary Survey Only $32.5 $72.7 ($40.2)
Option 2: Sanitary Survey and Triggered Monitoring $177.9 $157.6 $20.3
Option 3: Multi-Barrier Approach? $205.0 $182.7 $22.3
Option 4: Across-the-Board Disinfection $283.1 $777.1 ($494.0)
1 Preferred Option

Exhibit 8-3. Summary of National Benefits and Costs
(Using 7 Percent Discount Rate)

Millions ($)
Regulatory Option Benefit Cost Net Benefit
Option 1: Sanitary Survey Only $32.5 $76.0 ($43.5)
Option 2: Sanitary Survey and Triggered Monitoring $177.9 $168.5 $9.4
Option 3: Multi-Barrier Approach? $205.0 $198.6 $6.4
Option 4: Across-the-Board Disinfection $283.1 $866.0 ($582.90)
1 Preferred Option

The four options considered in this proposed GWR reflect increasing levels of protection
againg outbreaks from microbid contamination employing avariety of control measures. Thetotd
annual cost of compliance steadily increases across Options 1, 2 and 3—the Sanitary Survey, Sanitary
Survey and Triggered Monitoring, and Multi-Barrier options, respectively. The total annual cost of
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compliance for Option 4, Across-the-Board Disinfection ($866 million at 7 percent discount rate) is,
however, over four times the cost of compliance for Option 3, Multi-Barrier approach ($198.6 million
a a7 percent discount rate). Thistrend isdue largely to the requirement that dl GWSs treet their
water source under the Across-the-Board Disinfection option, regardless of the source water quality
and potentid for fecd contamination.

8.1.3 Review of National Benefits Estimates

The monetized health benefits associated with each of the four GWR optionsis aso shown in
Exhibit 8-2 and Exhibit 8-3. As noted above, these four rule options provide increasing levels of
protection against microbia contamination, as reflected in the estimated hedth benefits. Annud nationd
benefits range from $32.5 million for Option 1, Sanitary Survey only, to $283.1 million for Option 4,
Acrossthe-Board Disinfection. The nationd benefits estimates do not show the four-fold increase that
was observed in national costs between Option 3, the Multi-Barrier Approach, and Option 4, Across-
the-Board Dignfection. The vaue of nationa benefits under these two regulatory options differ by
approximately $78.1 million annudly.

8.2 Comparison of Benefits and Costs

This section presents a comparison of total benefits and costs for each of the four GWR
options. Three separate analyses are consdered, including a direct comparison of aggregate national
cost and benefits, the presentation of net benefits, and the results of a cost-effectiveness andysis of each
regulatory option.

8.2.1 National Benefit-Cost Comparison

Exhibits 8-2 and 8-3 present monetized net benefits (i.e., the absolute difference between the
total value of national costs and benefits for each rule option). Both Option 2, Sanitary Survey and
Triggered Monitoring, and Option 3, Multi-Barrier Approach, show positive net benefits whether
capitd cogts are annualized a 3 or 7 percent. Under both discount rate scenarios, both the Sanitary
Survey option and the Across-the-Board Disinfection have negetive net benefits (see so Exhibit 8-4).
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Exhibit 8—4.
Comparison of National Costs and Benefits (7% Discount Rate)

$1,000.0

$900.0
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e

Sanitary Survey

$0.0

Sanitary Survey and ) ) Across-the-Board
) oo Multi-Barrier - .
Triggered Monitoring Disinfection

[ Costs (million $) $76.0 $168.5 $198.6 $866.0
00 Benefits (million $) $32.5 $177.9 $205.0 $283.1

Exhibit 8-5 and Exhibit 8-6 present the estimated monetized net benefits of the four rule
options by systems size, under discount rates of 3 and 7 percent, respectively. Asthe system size
category increases, the net benefits of each rule option increase. This reflects the fact that the hedlth
benefits of each option are alinear function of population, while the per capita cost of compliance
drops, as system size increases, reflecting economies of scae in the production of clean drinking water.
EPA aso expects nonmonetized net benefits to increase as system Sizes increase because alarger
number of people would be affected by benefits such as decreased chronic illness, improved
digtribution systems, and greater confidence in public water supplies.
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Exhibit 8-5. Net Benefits of Each Regulatory Option
by System Size Category (Using 3 Percent Discount Rate (million$))

$ Millions; By System Size

<100
100-500
501-1000
1K to 3.3K
3.3K to 10K
10K to 50K
50K to 100K
100K to 1M
All Systems

Option/Regulatory Scenario

Option 1: Sanitary
Survey Only

o

$22.4) | ($11.6) | ($3.5) | ($2.8) | $1.2 | $0.1 | $48 | $3.7 | ($40.2)

Option 2: Sanitary Survey

and Triggered Monitoring ($65.8) | ($16.4) | $3.4 | $14.8 | $23.7 | $14.1 |$28.4 |$27.7 | $20.3

Option 3: Multi-

Barrier A hl ($70.6.) | ($21.8) $2.9 $15.9 | $24.2 | $17.2 |$32.6 |$31.7 | $22.3
arrier Approac

Option 4: Across-the-Board

Disinfection ($185.8) | ($167.9) |($54.7) |($63.4) |($40.3) |($12.3) | $5.8 |$34.5 |($494.0)

1 Preferred Option

Exhibit 8-6. Net Benefits of Each Regulatory Option
by System Size Category (Using 7 Percent Discount Rate (million$))

$Millions; By System Size

<100
100-500
501-1000
1K to 3.3K
3.3K to 10K
10K to 50K
50K to 100K
100K to 1M
All Systems

Option/Regulatory Scenario

Option 1: Sanitary

Survey Only ($23.6) | (312.2) | ($3.8) | ($3.1) | $1.0 |($0.1) | 4.8 | $3.7 | (343.5)

Option 2: Sanitary Survey

and Triggered Monitoring ($70.9) | (318.8) | $2.7 | $14.0 | $23.1 | $13.6 [$28.1 |$27.6 | $9.4

Option 3: Multi-

Barrier Approacht ($77.8) | ($25.7) | $1.9 |$14.7 | $232 | $16.7 |$32.2 |$31.4 | $6.4

Option 4: Across-the-Board

Disinfection ($215.8) | ($188.6) |($62.4) [($73.9) |($49.1) |($17.3) | $1.6 |$32.8 |($582.9)

1 Preferred Option
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8.2.2 Cost-Effectiveness

Cog-€effectiveness anadyss is another commonly used measure of the economic efficiency. This
andysis compares how well the regulatory options are meeting the intended regulatory objectives. For
the proposed GWR, the cost-effectiveness can be measured as the cost per case of illness avoided.

Exhibit 87 shows the incrementa cost per case avoided for each GWR option. Specificaly,
the bar graph in Exhibit 8—7 shows that the additiona cases avoided under Option 4, Across-the-
Board Disinfection, will cost approximately $12,000 more per case than under Option 3, Multi-Barrier
Approach. The Sanitary Survey and Triggered Monitoring option achieves the lowest incrementa cost
per case of illness avoided a $1,123 per case while the Multi-Barrier option is only dightly larger a
$1,954 per case.

8.3 Uncertainty in Benefit and Cost Estimates

Exhibit 8-7 Incremental Cost per Case Avoided Across GWR Options
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$14,000

$12,000

$10,000

Incremental Cost per Case of lliness

$8,000
$6,000
$4,000
$2,000
$- T T
Sanitary Survey Sanitary Survey and Multi-Barrier Across-the-Board
Triggered Monitoring Disinfection

Regulatory Option

In developing the GWR, EPA modeled the current basdline risk from fecd contamination in
ground water, the reduction in risk that results from the four rule options, and the cost of each of these
rule options. Thereis uncertainty in the basdine number of systems, the risk caculation, the cost
esimates, and the interaction of other upcoming rules. Many of these uncertainties are discussed in
more detall in previous sections of the RIA.
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Fird, there is uncertainty about the basdine number of systems and population because of data
limitationsin SDWIS. For example, some systems use both ground and surface water, but because of
other regulatory requirements, are labeled in SDWIS as surface water systems. Therefore, EPA does
not have areliable estimate of how many of these mixed systems exist. The SDWIS dataon
noncommunity water systems does not have a consstent reporting convention for population served.
Some noncommunity systems may report the population served over the course of ayear, while others
may report the population served on an average day. Also, SDWIS does not require noncommunity
systemsto provide information on current disinfection practices and, in some cases, it may overestimate
the population served. For example, a park may report the population served yearly instead of daily.

Second, the risk calculations concerning the baseline number of illnesses and the reduction of
illnesses that result from the various rule options contain some uncertainty. For example, a nationaly
representative study of basdine microbid occurrence in ground water does not exist. EPA chosethe
AWWARF study to represent properly constructed wells described in Chapter 4, becauseit isthe
most geologically representative of the thirteen studies that were available. EPA aso relied on data
from the EPA/AWWARF study to represent improperly constructed wells because this sudy targeted
wells vulnerable to contamination and wells tested monthly for ayear. Additiondly, EPA had to rely on
CDC outbresk data to characterize benefits associated with treatment failures and distribution system
contamination. The Agency aso assumed that the occurrence of fecal contamination will remain
congtant throughout the rule. However, this might not be the case if increased development resultsin
fecd contamination of alarger number of aguifersin areas served by ground water systems.

Also, EPA did not have dose-response data for al viruses and bacteria associated with
previous ground water disease outbresks. For vird illness, the Agency used echovirus and rotavirus as
surrogates for al pathogenic viruses from feca contamination that can be found in ground water. By
using these two viruses, the Agency captured the effects of low-to-medium infectivity viruses that cause
severeillness, and high infectivity viruses that cause more mild illness. Another source of uncertainty is
the number of basdine bacteria illnesses caused by ground water contamination. The bacterid risk
could not be modeled because of lack of occurrence and dose-response data. Estimates of bacteria
illness were made based on aratio of bacterid to vird outbreaks as documented by the CDC and
gpplied to the vird risk estimate discussed above.

Third, some uncertainty exists regarding the costs of today’ s rule because of the diverse nature
of possible sgnificant deficiencies sysems would need to address. In addition, the rul€ sflexibility
leads to some uncertainty in the estimates of who will be affected by each rule component and how
nonts and systems will respond to significant deficiencies. These uncertainties could either under or
overestimate the cogts of the rule,

Fourth, EPA intends to propose regulaions for radon and arsenic in drinking water that will
affect anumber of ground water systlems and their disinfection practices. EPA dso intendsto findize
the Stage 2 Disinfection Byproducts Rule by the statutory deadline of May 2002. It is extremely
difficult to estimate the combined effects of these possible regulations on ground water systems because
of various combinations of contaminants that some systems may need to address. However, it is
possible for asystem to choose trestment technologies that would ded with multiple problems. The
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combined total cost impact of these drinking water rules is uncertain; however, it would likely be less
than the cost of the smple sum of the estimated individud rules.

Finally, there are costs and benefits that are not monetized in thisRIA. For example, areview
of the medica and epidemiologicd literature identified severa potentia chronic diseases resulting from
illnesses caused by enteroviruses (e.g., heart disease, diabetes, pogt-vira fatigue syndrome, and
pancregtitis)—the strongest evidence for avird role gppearsto exist for the development of diabetes
and myocarditis (inflammation of the muscular wals of the heart).

Because the causd relationship is not well established and the number of cases associated with
drinking water is unknown, the Agency was not able to quantify benefits from the GWR on reducing
these diseases. Nonetheless the total number of these conditions from al pathways in the United States
issubgtantid; it is estimated that nearly 7 million people have one form of diabetes and gpproximately
4.1 million have chronic heart disease (including myocarditis and cardiomyopethy).

In addition, the RIA does not include the value o f reduced pain and suffering because the
disutility of illnessis not associated with a market cogt.

There are dso non-hedth benefits of the rule that could not be monetized, such as, the value of
upgrades to digtribution systems, increased efficiencies, and increased frequency/intensity of process
survellance.
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Included in this appendix are the inputs and results from the risk assessment performed for the
Ground Water Rule (GWR) benefits determination. Inputs for the risk assessment are organized under
Section A.1. Results of the risk assessment are organized under Section A.2 and include:

. Results of the GWR baseline analysis (current conditions), as well as results for each of the foL
regulatory options model ed;

. For each set of the five outputs, two sets of tables, each of which presents results for the two
types of modeled viral pathogens (Type A and Type B). Each table includes the mean annual
morbidity (illness) and mortality (death) estimates for PWS ground water systems; the 10th and
90th percentile estimates are also included to characterize the uncertainty associated with each
mean value. All numbers (mean and the 10th and 90th percentile values) are rounded to the
nearest whole number. The mean number represents the “best” estimate of the number of
illnesses and deaths (remaining and avoided) based on the input assumptions and cal culations
used in the Monte Carlo simulation analysis. Given the uncertainties quantified in the model,
there is a 10% probability that the actual values are below the 10" percentile and a 10%
probability that they are above the 90" percentile.

. Thefirst set of tables in each section presents the results of calculations using daily, age-based
consumption distributions incorporating US Department of Agriculture (USDA) 1994-1996
daily individual intake data for community water, all drinking water sources (*“all sources,
consumers only”). The “all sources, consumers only” results represent the upper bound estimat
of annual illnesses and deaths for the baseline scenario and each regulatory option. The second
set of tables presents results generated using the USDA daily consumption data for “community
water supply, al respondents”. The “community water supply, all respondents’ results represent
the lower bound consumption for estimates of annual illnesses and deaths for each scenario.
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A.1 Inputs to the Risk Assessment

Inputs to the GWR risk assessment are summarized in this section of the appendix.
A.1.1 Potentially-Exposed Populations, Including Sensitive Subgroups

Exhibit A—1 lists the numbers of personsin the potentially exposed populations served by
undisinfected ground water systems. The populations are broken down by type and size of system. The

fraction of the population in sensitive subgroups is shown in Exhibit A-2.

Exhibit A—1. Populations Served by Non-Disinfecting Ground Water Systems

Estimated Population Served Undisinfected Ground Water?
Service Nontransient Transient
Population Community Water Noncommunity Noncommunity

Category Systems (CWS) (NTNC) Systems (TNC) Systems
< 100 471,214 364,978 2,616,086
101-500 1,005,419 1,283,450 3,401,284
501-1,000 852,017 998,666 1,167,404
1001-3,300 2,667,256 804,994 890,370
3,301-10,000 3,670,492 243,552 686,852
10,001-50,000 2,309,365 116,450 1,386,890
50,001-100,000 3,898,783 0 737,461
>100,000 3,472,410 0 1,475,474
Totals 18,346,956 3,812,090 12,361,821
"Source: GWR model calculation. Reference for total population served in each service population category is the Drinking Water Baselin|
Handbook, draft, First Edition (EPA 1999 ).
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Exhibit A-2. Fractions of General Population having Age-Based and
Health-Based Sensitivity to Viral Pathogens in Ground Water

Immunocompromised
AlIDs Patients; Nursing
Age Organ Transplant Home
Fraction of Sensitive Patients; Non- (age-
General Based on Hospitalized Cancer adjusted
Age Group Population Age Only Therapy Patients factor)!
Neonate ( birth to 1 month) 0.005 0.99 0.01 —
Toddler (>1 month to 2 years) 0.0235 0.99 0.01 —
Young Child (>2to 5 years) 0.0442 0.99 0.01 —
Child (>5yrs.to 16 years) 0.1591 — 0.01 —
Adult (>16 to 65 years) 0.642 — 0.01
0.008!
Elderly (>65 years) 0.126 0.942 0.01
* Assumes all nursing home patients are > 16 years old.

A.1.2 Viral Pathogen Occurrence and Concentration in Source Water

Virus occurrence and virus concentration assumptions for this exposure assessment are
discussed together because both are based on occurrence data from the AWWARF study
(Abbaszadegan et al., 1998), a survey of mainly properly constructed wells; and the EPA/AWWA
study (Lieberman et al., 1995), a survey of known contaminated wells and therefore, assumed to be
representative of poorly constructed wells. Viral occurrence estimates and supporting assumptions are
summarized in Exhibit A-3. EPA estimates that among properly constructed drinking water source
wells, 4.4 percent are contaminated with Type A virus and 4.8 percent are contaminated with Type B
virus. Among poorly constructed wells, it is estimated that 5.5 percent are contaminated with Type A
virus and 6.0 percent are contaminated with Type B virus. Contaminated, poorly-constructed wells are
assumed to have a mean concentration of 29.41 + 55.7 MPNIU/ 100 L, in comparison with a mean
concentration of 0.356 + 0.297 MPNIU/ 100L. in contaminated properly-constructed wells. These
occurrence distributions were incorporated as lognormal distributionsin the Monte Carlo simulation t
reflect the variability in virus concentration among contaminated systems.
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Exhibit A—=3. Viral Occurrence and Concentration in Source Water

Mean Virus
Concentration
Percent of Wells when Contaminated
Well Quality Virus Type Contaminated (MPNIU100 L)!
Properly-Constructed Wells Type A virus 4.4 percent? 0.356 + 0.297%7
(83% of all GWSs)
Type B virus 4.8 percent® 0.356 + 0.2977
Poorly-Constructed Wells Type A virus 5.5 percent* 29.41 +55.78°
(17% of all GWSs)
Type B virus 6.0 percent® 29.41 +£55.7°

1 Most probable number of infectious units of virus.

2 AWWARF study: The RT-PCR methods detected the presence of rotavirus nucleic acids in 14.6 percent of
wells tested to which the ratio of enterovirus cell-culture to RT-PCR positive wells (0.3) was applied.

3 AWWAREF study: The AWWARF study found that 4.8 percent of wells tested were positive for the presence of
enteroviruses using the Buffalo Green Monkey (BGM) cell culture assay.

4 EPA/JAWWA study: Because there are no rotavirus data available from the EPA/AWWA study at this time, it is
assumed that rotavirus (Type A virus) and echovirus (Type B virus) occur in poorly constructed wells in the same
ratio as calculated for properly constructed wells (0.92).

5 EPA/AWWA study: Calculated by dividing the total number of positive BGM cell culture assays by the total
number of assays performed.

6 Because there are no concentration data for rotavirus available from either study, it is assumed that the mean
concentration of Type A virus in properly-constructed wells is the same as for Type B virus.

7 AWWARF study: Range of enterovirus (Type B virus ) concentrations in cell-culture isolates was 0.123 to 1.86
MPNIU/100 L; data are fitted to a lognormal distribution from which the mean and standard deviation are
calculated.

8 Because there are no concentration data for rotavirus available from either study, it is assumed that the mean
concentration of Type A virus in poorly-constructed wells is the same as for Type B virus.

9 EPA/AWWA study: Range of enterovirus concentrations in cell-culture isolates was 0.9 to 212 MPNIU/100 L;
data are fitted to a lognormal distribution from which the mean and standard deviation are calculated.
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A.1.3 Pathogen Inactivation in Ground Water Systems and Resulting
Baseline Tap Water Concentrations

Undisinfected Systems

The pathogen concentration in tap water from undisinfected systems is assumed to be the same
as the pathogen concentration in source water.

Disinfecting Systems

Properly operating disinfecting systems are assumed to inactivate 99.99 percent (4 logs) of vire
pathogens, and the concentration of pathogensin tap water from properly operating disinfecting
systemsis assumed to be 0.01 percent of the concentration in source water. The model does not
include assumptions regarding pathogen inactivation during treatment failure or distribution system
contamination events because of insufficient data on these events.

A.1.4 Drinking Water Consumption Factors

Daily Intake

Custom daily intake distributions were developed for this analysis using Grapher for Windows
software. These distributions correspond to the age-bins for which morbidity data are available. The
distributions incorporate age-based intake data reported in the 1994-1996 USDA, Continuing
Survey of Food Intakes by Individuals for “all sources, consumers only” and for “community water
supply, all respondents” (cited in EPA 1999a). The USDA *all sources, consumers only” data set
represents the upper bound and the “community water supply, all respondents” data set the lower
bound of daily consumption values considered for this risk assessment. Shown below are the key
characteristics of the two drinking water consumption distributions for the overall population (all ages
obtained by EPA from the CSFII data.

“All Sour ces, Consumers Community Water Supply,
Only” (L/day) All Respondents (L/day)

Mean 1.241 0.927
1% %-tile 0.047 0

5" %o-tile 0.184 0

10" %-tile 0.294 0.032
25" %-tile 0.584 0.264
50™ %-tile 1.045 0.710
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75" %-tile 1.640 1.313
“All Sour ces, Consumers Community Water Supply,
Only” (L/day) All Respondents (L/day)
90™ %-tile 2.345 2.016
95™M %-tile 2.922 2.544
99" %-tile 4.808 4.242

Annual Exposure

For each type of ground water system (GWS) (i.e., CWS, NTNC, and TNC), the number of
exposure days per year (i.e., the number of daysin which tap water is consumed) is estimated. It is
assumed that consumers in CWSs ingest drinking water from those sources 350 days/year whileitis
assumed that consumersin NTNC systems ingest drinking water from those sources 250 days/year,
and that drinking water from TNC systems is consumed 15 days/year.

A.1.5 Hazard ldentification Parameters

Hazard identification parameters included in the GWR model include: infectivity (the ability of
microorganism to colonize the body of the host); morbidity (the probability of illness given infection):
and mortality (the probability of death given illness). Pathogen hazard assumptions for Type A and B
viruses when ingested in ground water are summarized in Exhibit A—4.

Epidemiological dataon viral illness explicitly acquired viathe ground water ingestion pathway
are limited to afew CDC surveillance studies of waterborne disease outbreaks in groundwater systems
For thisrisk assessment, the assumed rates of morbidity and mortality for Type A and Type B viruses
are based on national disease surveillance reports or on reported observations during viral epidemics.
Typically these studies address several routes of transmission (i.e, waterborne, direct contact, and/or
respiratory transmission).

For Type A viruses, the morbidity ratein children < 2 years old is estimated to be 0.88, based
on epidemiological datafrom national studies summarized by Kapikian and Chanock (1996). Older
children and adults are more likely to be asymptomatic or to experience mild symptoms when infected
with Type A virus because of acquired immunity. The morbidity rate for Type A viral illness among
persons > 2 years old is therefore assumed to be 0.1, a conservative estimate based on several
community studies (Wenman et al., 1979; Foster et al., 1980). For Type B virus, the morbidity rate
also varies by age and is based on a community-wide study by Hall (1980). The results of this study
were consistent with reported morbidity rates from the New York Viral Watch (Kogon, 1969), alarge,
multi-year study of viral disease (CEOH 1998).

A-6 Proposed Ground Water Rule - Regulatory Impact Analysis April 5, 2000



Secondary transmission of Type A and Type B viruses also has been reported. For Type A
viruses, the review by Kapikian and Chanock (1996) suggests that young children regularly transmit
Type A virus to other children and to their adult care givers by direct contact transmission; older
children and adults are not assumed to transmit the virus by this secondary route. For the lessinfectiot
Type B virus, atriangular distribution of the secondary morbidity rate for all age groups is based on
epidemiological studiesreviewed by Morens et al. (1991).

Mortality dueto Type A and Type B viral illnesses is not well characterized. The Type A virus
mortality rate assumed for this risk assessment is based on surveillance of a birth cohort of 3.9 millior
U.S. children, followed for 5 years (Tucker et al. 1998). The observed mortality dueto Type A viral
illnessin this cohort was 0.00073 percent, i.e., 20 deaths among 2.7 million cases of illness (CEOH,
1998). In the absence of adult Type A mortality data, thisrate is assumed for all age groups. For Type
B viruses, amortality rate of 0.92 percent of infected children < 1 month old is assumed. Thisrateis
based on studies of infected infants during epidemics of Type B illness in newborn nurseries (CEOH
1998). A mortality rate of 0.041 percent is assumed for all other persons based on cal culations by
Stedge et al. (1998) that 2 percent of Type B illnesses are severe and that 2 percent of those seriously
ill will die asaresult of illness.

A.1.6 llinesses and Deaths in Undisinfected and Disinfected (4-log removal)
Systems

The GWR model calculates annual numbers of illnesses and deaths due to source contaminatior
in undisinfected systems. Exhibit A—5 summarizes the model calculations, which incorporate the mod
assumptions regarding drinking water exposures to pathogens from contaminated sources and health
hazards from Type A and Type B viral pathogens.

A.1.7 Additional llinesses and Deaths Resulting from Treatment
Failures and Distribution System Contamination

For every baseline waterborne illness in an undisinfected CWS, NTNC, or TNC ground water
system with source contamination, it is estimated that there is an additional 0.43illnessin aground
water system experiencing source contamination with treatment failure. Also, for every baseline
waterborne illness in an undisinfected CWS or NTNC ground water system with source contamination
(TNC systems do not have distribution systems), an additional 0.32 illness is estimated due to
distribution system contamination.
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Exhibit A—4. Hazard Identification of Viral Pathogens for the
GWR Risk Assessment

Pathogen
hazards Infectivity Morbidity Mortality
Definition Infectivity is the ability of Primary morbidity is Secondary spread Mortality is
the pathogen to colonize the probability of is the probability of the probability
the host; it is defined by iliness given infection; illness given of deathas a
dose-response can vary in sensitive contact with a result of
relationship. subgroups. (primary) ill person. iliness.
Model General model of dose-
response (beta-Poisson):
PI)=1-(1+NS)~ "
where:
P ()= probability of
infection
N = number of
pathogenic viruses
ingested
R pathogen-specific
rate constants.!
Type A Highly infective virus; <2yrsold=0.884 <2yrsold =0.554 7.3x10°°
- LA - —- 2
virus =0.26, $=0.42 >2yrs=0.1° >2yrsold=0*
Type B Moderately infective <5yrsold =057 Triangular <1 month =
virus virus; distribution (all age 0.0092 59
" =0.374, $=1873 groups), from 0.11
$5t0 16 years = t0 0.55; mode = $ 1 month =
0.577 0.35 0.00041%°
> 16 years = 0.337
1 Reglietal., 1991; 2 Ward et al., 1986; 3 Schiff et al., 1984; 4 Kapikian and Chanock, 1996; 5 Wenman et al.,
1979 and Foster et al., 1980; 6 CEOH 1998; 7 Hall 1980; 8 Morens et al., 1991; 9 rate of mortality given
infection; 10 Stedge, 1998.
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Health
Effect

Exhibit A-5. Summary of GWR Baseline Risk Calculations for

Undisinfected and Disinfected (4-log removal) Systems

Calculation

Summary

Infection

Mean Individual
Daily
Probability of
Infection

The model calculates the mean individual daily probability of infection
using: the fraction of contaminated wells (virus hit rate); the potentially
exposed population; variable distributions of virus concentration in
undisinfected drinking water (same as source water concentration for
untreated systems) and daily intake; and the rotavirus dose-response rate
constants for Type A virus or the echovirus rate constants for Type B. The
probability of infection given a dose of one of these pathogens:

P)=1-1+N$) "
where: P(l) = probability of infection, N = numbers of pathogenic viruses

ingested, and "" and $-= pathogen-specific rate constants. The mean
and standard deviation of the mean are calculated.

Mean Annual
Probability of
Infection

The model calculates the annual probability that an individual in the
population category will be infected at least once:

P (I p) = 1-{1-P ()] ©**

where: P (I 5,,) = the annual probability of infection, P (1) = the mean daily
probability of infection. The cumulative geometric function incorporates the
annual number of days of exposure (i.e., 350 days in CWSs, 250 days in
NTNC systems, and 15 days in TNC systems). The mean and standard
deviation of the mean are calculated for each age group and type and size
of ground water system .

Morbidity

Annual Number
of llinesses

The annual number of illnesses is the annual number of infections
multiplied by the fraction of infections causing disease (i.e., morbidity
rate), calculated for each age group and type of system. This calculation
incorporates a factor for secondary spread as appropriate. The model
applies the secondary spread factor by age group as follows: secondary
illnesses = (the age-specific number of primary illnesses) x (rate of
secondary spread).

Mortality

Annual Number
of Deaths

Deaths due to Type A virus in all age groups are calculated by multiplying
the annual number of primary and secondary illnesses by the case fatality
rate of 7.3 per million cases of illnesses. For Type B virus, deaths in the
neonate (< 1 month) population are calculated by multiplying the annual
number of primary and secondary infections by 0.92 percent. Deaths in
all other age groups are calculated by multiplying the annual numbers of
primary and secondary illnesses by the composite case fatality rate of
0.041 percent.
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A.2. Results of the Risk Calculations

In addition to calculating risks from ingestion of ground water under baseline (i.e., current)
conditions, this assessment performs risk calculations for four GWR options: (1) sanitary surveys only
(2) sanitary surveys with triggered monitoring; (3) a multiple barrier approach; and (4) across the boarc
disinfection treatment. For each option, the model is used to cal culate annual numbers of illnesses anc
deaths in undisinfected ground water systems. The CDC ratios of outbreak-related illnesses due to
treatment failure of disinfecting systems and distribution system contamination (Exhibit A—6) are usec
estimate additional illnesses from those types of contamination. Each GWR option is discussed briefly
below.

A.2.1 Results of the Risk Calculations: Baseline

Estimated annual numbers of illness from ingestion of Type A Virusand Type B virusin public
ground water systems are summarized in Exhibits A—6 through A-9. These exhibits present the
calculated mean and the 10th and 90th percentile estimates of annual illness and deaths for Type A
virus and Type B virus, respectively. Summing the estimates of illness for both types of viruses gives a
combined mean estimate of approximately 168,000 illnesses each year for the model runs using the “ A
Sources, Consumers Only” daily intake distributions. The vast majority of these illnesses are
attributable to the highly infective, but less lethal Type A viruses. The combined mean estimated
number of deaths per year given the “All Sources, Consumers Only” daily intake distributionsis 15, the
majority of those being due to the more lethal but less infectious Type B viruses.

Exhibit A—6. Estimates of Baseline Type A Viral lliness and Death
(*All Sources, Consumers Only” Age-Based Consumption Distributions)

llinesses per Year Deaths per Year

Cause/Source of 10th 90th 10th 90th

Contamination percentile Mean percentile percentile Mean percentile

Source contamination in 77,794 78,172 78,562 1 1 1

undisinfected ground

water systems

Source contamination in 33,452 33,614 33,781 0 0 0

ground water systems

with failed disinfection

Contamination of 21,615 21,712 21,812 0 0 0

distribution systems of

ground water systems

Total 132,879 133,498 134,133 1 1 1
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Exhibit A—7. Estimates of Baseline Type B Viral lliness and Death
(*All Sources, Consumers Only” Age-Based Consumption Distributions)

llinesses per Year Deaths per Year
Cause/Source of 10th 90th 10th 90th
Contamination percentile Mean percentile percentile Mean percentile
Source contamination in 19,019 19,642 20,253 8 8 8
undisinfected ground
water systems
Source contamination in 8,178 8,446 8,709 3 4 4
ground water systems
with failed disinfection
Contamination of 5,869 6,069 6,265 2 3 3
distribution systems of
ground water systems
Total 33,062 34,157 35,227 14 14 15

Exhibit A—8. Estimates of Baseline Type A Viral lliness and Death
(* Community Water Supply, All Respondents” Age-Based Consumption
Distributions)

llinesses per Year Deaths per Year

Cause/Source of 10th 90th 10th 90th

Contamination percentile Mean percentile percentile Mean percentile

Source contamination in 65,422 65,878 66,324 0 0 0

undisinfected ground

water systems

Source contamination in 28,132 28,328 28,519 0 0 0

ground water systems

with failed disinfection

Contamination of 18,220 18,360 18,497 0 0 0

distribution systems of

ground water systems

Total 111,777 112,566 113,329 1 1 1
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Exhibit A-9. Estimates of Baseline Type B Viral lliness and Death
(*Community Water Supply, All Respondents” Age-Based Consumption
Distributions)

llinesses per Year

Deaths per Year

Cause/Source of 10th 90th 10th 90th
Contamination percentile Mean percentile percentile Mean percentile
Source contamination in 14,622 15,107 15,587 6 6 6
undisinfected ground

water systems

Source contamination in 6,287 6,496 6,703 3 3 3
ground water systems

with failed disinfection

Contamination of 4,516 4,671 4,825 2 2 2
distribution systems of

ground water systems

Total 25,425 26,273 27,112 11 11 11

A.2.2 Results of the Risk Calculations: Option 1-- Sanitary Survey-Only

ExhibitsA—10through A—13 summarizetheestimated annual numbersof ilinessfromingestion of
TypeA virusand TypeB virusremaining after implementati on of the GWR sanitary survey requirement.
Thedifferencebetweentheseestimatesandthosefor thebaselineistheexpected reductionindeathand
illnessthat wouldresult fromimplementation of sanitary surveysaone. Giventhe® All Sources, Consumers
Only” consumptiondistributions, thisoptionisestimated to reducethemean number of ilInessesby over
13,500ilInesseseachyear incomparisonwiththebaseline. Thisoptionisalsoestimatedtoreducethe
mean number of deaths resulting from waterborne iliness by one ayear.
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Exhibit A-10. Estimates of Type A Viral lliness and Death after

Option 1—Sanitary Survey Only
(*All Sources, Consumers Only” Age-Based Consumption Distributions)

llinesses per Year Deaths per Year
Cause/Source of 10th 90th 10th 90th
Contamination percentile Mean percentile percentile Mean percentile
Source contamination in 70,503 71,600 72,686 1 1 1
undisinfected ground
water systems
Source contamination in 28,451 32,352 36,168 0 0 0
ground water systems
with failed disinfection
Contamination of 17,156 18,989 20,798 0 0 0
distribution systems of
ground water systems
Total 118,601 122,941 127,194 1 1 1

Exhibit A-11. Estimates of Type B Viral lliness and Death after

Option 1—Sanitary Survey Only
(“All Sources, Consumers Only” Age-Based Consumption Distributions)

llinesses per Year Deaths per Year

Cause/Source of 10th 90th 10th 90th

Contamination percentile Mean percentile percentile Mean percentile

Source contamination in 17,357 17,977 18,612 7 8 8

undisinfected ground

water systems

Source contamination in 6,898 7,855 8,816 3 3 4

ground water systems

with failed disinfection

Contamination of 4,775 5,311 5,859 2 2 2

distribution systems of

ground water systems

Total 29,843 31,143 32,440 13 13 14
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Exhibit A-12. Estimates of Type A Viral lliness and Death after
Option 1—Sanitary Survey Only
(* Community Water Supply, All Respondents” Age-Based Consumption
Distributions)

llinesses per Year Deaths per Year
Cause/Source of 10th 90th 10th 90th
Contamination percentile Mean percentile percentile Mean percentile
Source contamination in 59,381 60,321 61,259 0 0 0
undisinfected ground
water systems
Source contamination in 24,009 27,255 30,507 0 0 0
ground water systems
with failed disinfection
Contamination of 14,512 16,057 17,632 0 0 0
distribution systems of
ground water systems
Total 100,023 103,633 107,185 1 1 1

Exhibit A-13. Estimates of Type B Viral lliness and Death after
Option 1—Sanitary Survey Only
(* Community Water Supply, All Respondents” Age-Based Consumption
Distributions)

llinesses per Year Deaths per Year

Cause/Source of 10th 90th 10th 90th

Contamination percentile Mean percentile percentile Mean percentile

Source contamination in 13,342 13,819 14,304 6 6 6

undisinfected ground

water systems

Source contamination in 5,312 6,037 6,780 2 3 3

ground water systems

with failed disinfection

Contamination of 3,671 4,086 4,512 2 2 2

distribution systems of

ground water systems

Total 22,951 23,942 24,937 10 10 10
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A.2.3 Results of the Risk Calculations: Option 2: Sanitary Survey and
Triggered Monitoring

Estimated annual illnesses from ingestion of Type A virus and Type B virusin public ground
water systems given implementation of the Sanitary Survey and Triggered Monitoring Option are
summarized in Exhibits A—14 through A-17. Given the “All Sources, Consumers Only” consumption
distributions, this option is estimated to reduce the mean number of waterborne illnesses by over
83,000 ilInesses annually, in comparison with the baseline. The Sanitary Survey and Triggered
Monitoring Option is also estimated to reduce the mean number of deaths resulting from waterborne
illness by about 8 per year, a greater than 50 percent reduction in the baseline.

Exhibit A-14. Estimates of Type A Viral lliness and Death after
Option 2—Sanitary Survey and Triggered Monitoring
(*All Sources, Consumers Only” Age-Based Consumption Distributions)

llinesses per Year Deaths per Year

Cause/Source of 10th 90th 10th 90th

Contamination percentile Mean percentile percentile Mean percentile

Source contamination in 35,860 42,066 48,144 0 0 0

undisinfected ground

water systems

Source contamination in 1,314 6,121 10,999 0 0 0

ground water systems

with failed disinfection

Contamination of 17,181 19,013 20,843 0 0 0

distribution systems of

ground water systems

Total 59,621 67,200 74,630 0 0 1
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Exhibit A-15. Estimates of Type B Viral lliness and Death after
Option 2—Sanitary Survey and Triggered Monitoring
(*All Sources, Consumers Only” Age-Based Consumption Distributions)

llinesses per Year Deaths per Year
Cause/Source of 10th 90th 10th 90th
Contamination percentile Mean percentile percentile Mean percentile
Source contamination in 8,866 10,465 12,053 4 4 5
undisinfected ground
water systems
Source contamination in 270 1,340 2,397 0 1 1
ground water systems
with failed disinfection
Contamination of 4,769 5,311 5,863 2 2 2
distribution systems of
ground water systems
Total 15,154 17,115 19,010 6 7 8

Exhibit A-16. Estimates of Type A Viral lliness and Death after

Option 2—Sanitary Survey and Triggered Monitoring
(* Community Water Supply, All Respondents” Age-Based Consumption
Distributions)

linesses per Year Deaths per Year

Cause/Source of 10th 90th 10th 90th

Contamination percentile Mean percentile percentile Mean percentile

Source contamination in 30,146 35,338 40,584 0 0 0

undisinfected ground

water systems

Source contamination in 1,068 5,147 9,207 0 0 0

ground water systems with

failed disinfection

Contamination of 14,497 16,050 17,597 0 0 0

distribution systems of

ground water systems

Total 49,970 56,535 62,818 0 0 0
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Exhibit A-17. Estimates of Type B Viral lliness and Death after

Option 2—Sanitary Survey and Triggered Monitoring
(* Community Water Supply, All Respondents” Age-Based Consumption

Distributions)

llinesses per Year Deaths per Year
Cause/Source of 10th 90th 10th 90th
Contamination percentile Mean percentile percentile Mean percentile
Source contamination in 6,821 8,046 9,285 3 3 4
undisinfected ground
water systems
Source contamination in 205 1,027 1840 0 0 1
ground water systems
with failed disinfection
Contamination of 3,667 4,086 4,500 2 2 2
distribution systems of
ground water systems
Total 11,685 13,159 14,630 5 5 6

A.2.4 Results of the Risk Calculations: Option 3—Multi-Barrier Approach

Estimated annual illnesses from ingestion of Type A virus and Type B virusin public ground
water systems after implementation of the Multiple Barrier Option are summarized in Exhibits A-18
through A—21. Given “All Sources, Consumers Only” consumption distibutions, the Multiple Barrier
Option is estimated to reduce the mean number of waterborne viral illnesses by over 96,000 illnesses
each year in comparison with the baseline. Thisoption is also estimated to reduce the mean number of
deaths from waterborne illness by about nine each year.
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Exhibit A-18. Estimates of Type A Viral lliness and Death after
Option 3—Multi-Barrier Option
(*All Sources, Consumers Only” Age-Based Consumption Distributions)

llinesses per Year Deaths per Year
Cause/Source of 10th 90th 10th 90th
Contamination percentile Mean percentile percentile Mean percentile
Source contamination in 21,023 31,161 41,306 0 0 0
undisinfected ground
water systems
Source contamination in 1,410 6,777 12,241 0 0 0
ground water systems
with failed disinfection
Contamination of 17,177 19,015 20,847 0 0 0
distribution systems of
ground water systems
Total 45,971 56,953 67,492 0 0 0

Exhibit A-19. Estimates of Type B Viral lliness and Death after
Option 3—Multi-Barrier Option
(*All Sources, Consumers Only” Age-Based Consumption Distributions)

llinesses per Year Deaths per Year
Cause/Source of 10th 90th 10th 90th
Contamination percentile Mean percentile percentile Mean percentile
Source contamination in 5,152 7,677 10,223 2 3 4
undisinfected ground
water systems
Source contamination in 301 1,484 2,631 0 1 1
ground water systems
with failed disinfection
Contamination of 4,770 5,301 5,848 2 2 2
distribution systems of
ground water systems
Total 11,830 14,462 17,135 5 6 7
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Exhibit A—20. Estimates of Type A Viral lliness and Death after

Option 3—Multi-Barrier Option
(* Community Water Supply, All Respondents” Age-Based Consumption
Distributions)

llinesses per Year Deaths per Year
Cause/Source of 10th 90th 10th 90th
Contamination percentile Mean percentile percentile Mean percentile
Source contamination in 17,712 26,189 34,666 0 0 0
undisinfected ground
water systems
Source contamination in 1,139 5,689 10,173 0 0 0
ground water systems
with failed disinfection
Contamination of 14,504 16,065 17,630 0 0 0
distribution systems of
ground water systems
Total 38,591 47,943 56,995 0 0 0

Exhibit A—21. Estimates of Type B Viral lliness and Death after

Option 3—Multi-Barrier Option
(*Community Water Supply, All Respondents” Age-Based Consumption
Distributions)

llinesses per Year Deaths per Year

Cause/Source of 10th 90th 10th 90th

Contamination percentile Mean percentile percentile Mean percentile

Source contamination in 3,933 5,907 7,877 2 2 3

undisinfected ground

water systems

Source contamination in 231 1,117 1,989 0 0 1

ground water systems

with failed disinfection

Contamination of 3,665 4,086 4,510 2 2 2

distribution systems of

ground water systems

Total 9,059 11,110 13,138 4 5 5
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A.2.5 Results of the Risk Calculations: Option 4--Across-the-Board Disinfection
and Sanitary Survey

Estimated annual illnesses from ingestion of Type A virus and Type B virusin public ground
water systems after implementation of the Across-the-Board Disinfection and Sanitary Survey Option
are summarized in Exhibits A—22 through A-25. Although all systems would treat ground water under
this option, afew, less frequent disinfection failure and distribution system contamination events each
year would continue to cause a few residual illnesses and deaths in populations served by ground water
systems. Given “All Sources, Consumers Only” consumption distributions, this option is estimated to
reduce the mean number of waterborne viral illnesses by greater than 132,000 per year and the mean
number of deaths by about 12 per year.

Exhibit A—22. Estimates of Type A Viral Illiness and Death from Ingestion of
Ground Water after Option 4—Across-the-Board Disinfection and Sanitary Survey
(“All Sources, Consumers Only” Age-Based Consumption Distributions)

llinesses per Year Deaths per Year

Cause/Source of 10th 90th 10th 90th

Contamination percentile Mean percentile percentile Mean percentile

Source contamination in 778 790 801 0 0 0

undisinfected ground

water systems

Source contamination in 1,769 8,662 15,655 0 0 0

ground water systems

with failed disinfection

Contamination of 17,177 19,015 20,847 0 0 0

distribution systems of

ground water systems

Total 21,575 28,467 35,536 0 0 0
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Exhibit A—23. Estimates of Type B Viral lliness and Death from Ingestion of
Ground Water after Option 4—Across the Board Disinfection and Sanitary Survey
(*All Sources, Consumers Only” Age-Based Consumption Distributions)

llinesses per Year Deaths per Year
Cause/Source of 10th 90th 10th 90th
Contamination percentile Mean percentile percentile Mean percentile
Source contamination in 12 12 13 0 0 0
undisinfected ground
water systems
Source contamination in 367 1,797 3,204 0 1 1
ground water systems
with failed disinfection
Contamination of 4,770 5,301 5,848 2 2 2
distribution systems of
ground water systems
Total 5,631 7,111 8,570 2 3 4

Exhibit A—24. Estimates of Type A Viral lliness and Death from Ingestion of
Ground Water after Option 4—Across-the-Board Disinfection and Sanitary Survey
(*Community Water Supply, All Respondents” Age-Based Consumption
Distributions)

llinesses per Year Deaths per Year

Cause/Source of 10th 90th 10th 90th

Contamination percentile Mean percentile percentile Mean percentile

Source contamination in 606 615 623 0 0 0

undisinfected ground

water systems

Source contamination in 1,452 7,261 13,081 0 0 0

ground water systems

with failed disinfection

Contamination of 14,504 16,065 17,631 0 0 0

distribution systems of

ground water systems

Total 18,109 23,941 29,830 0 0 0
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Exhibit A—25. Estimates of Type B Viral lliness and Death from Ingestion of
Ground Water after Option 4—Across-the-Board Disinfection
(* Community Water Supply, All Respondents” Age-Based Consumption
Distributions)

llinesses per Year

Deaths per Year

Cause/Source of 10th 90th 10th 90th

Contamination percentile Mean percentile percentile Mean percentile

Source contamination in 9 9 10 0 0 0

undisinfected ground

water systems

Source contamination in 279 1,352 2,395 0 1 1

ground water systems

with failed disinfection

Contamination of 3,665 4,086 4,510 2 2 2

distribution systems of

ground water systems

Total 4,340 5,447 6,554 2 2 3
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Appendix B-1: Upper Bound Drinking Water Consumption Distribution; All Sources, Consumers Only

B.1 Introduction

Included in this appendix are the results from the Ground Water Rule (GWR) benefits
valuation and include: 1) results of the valuation of the output of the risk modeling and 2) selected
distribution analysis.

Results of the valuation exercise are organized under section B.1 and include:
* Results for each of the four regulatory scenarios;
» For each of the four sets of outputs,

One detailed summary table with cost details for health and immunocompromised populations,
for Type A and B vira and bacterial morbidity and mortality impacts; and

A pie chart indicating the relative contribution of each factor to the total benefits.

Distribution analysisisincluded in Section B.3 and includes analysis by size, type, and, for the
Multi-Barrier Approach, by age.
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Appendix B-1: Upper Bound Drinking Water Consumption Distribution; All Sources, Consumers Only

B.2 Monetization of Health Benefits
B.2.1 Option 1. Sanitary Survey Only

Exhibit B—1 below shows the range of potential health benefits under the Sanitary Survey
Option given the uncertainty in the risk assessment results. Details of the mean, 10" percentile, and
90™ percentile of the annual expected value of reduced morbidity and mortality for this regulatory
option is provided according to the immune status of the affected victim population. The overall annua
health benefits of the Sanitary Survey Option range from alow (10" percentile) of $8.8 million to a hi¢
(90™ percentile) of $57.6 million, with a mean of $32.5 million.

Exhibit B-1. Health Benefits from Sanitary Survey Option

(million$)
Morbidity Benefits Mortality Benefits
Pathogen Type Immuno- Immuno-
Healthy compromised Healthy compromised
Type A virus
10th percentile | $ 30| $ 05| $ 03| % 0.0
mean | $ 491 % 09] $ 05| % 0.0
90th percentile | $ 711$ 131 $ 08| $ 0.0
Type B virus
10th percentile | $ 211 % 01] $ 141 $ 0.0
mean | $ 1201 $ 05| $ 83| $ 0.0
90th percentile | $ 24| % 09| $ 155| $ 0.1
Viral Subtotal
10th percentile | $ 501 $ 06]$ 171 % 0.0
mean | $ 169] $ 141 % 88| $ 0.1
90th percentile | $ 29.4| $ 221 $ 16.2| $ 0.2
Bacterial Subtotal
10th percentile | $ 10] % 01]$ 03] $ 0.0
mean | $ 341 % 03] $ 18] $ 00
90th percentile | $ 591 % 041 $ 32| $ 00
GWR Total
10th percentile | $ 68| 9% 20
TOTAL (mean) | $ 219 $ 10.6
90th percentile | $ 3791 $ 19.7
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Appendix B-1: Upper Bound Drinking Water Consumption Distribution; All Sources, Consumers Only

B.2.2 Option 1: Sanitary Survey Only

The percentage distribution of these mean health benefits by pathogen typeis displayed in
Exhibit B—-2 below.

Exhibit B-2.
Health Effects for Sanitary Survey Option

Type A Mortality
2% Type B Mortality
26%
Bacterial Morbidity
11%
Bacteriad Mortdity
/\<7 k

Type B Morbidity
38%

Type A Morbidity
18%

Overall, the health benefits associated with the GWR under the Sanitary Survey Option are
attributed to reductions of Type B viral illnesses (38 percent) and deaths (26 percent), compared to
Type A health benefits (18 and 2 percent for Type A illness and death, respectively). Although there
are significantly fewer cases of Type B illness and deaths, it isthe more costly illness as discussed in
Section B.2.3.
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Appendix B-1: Upper Bound Drinking Water Consumption Distribution; All Sources, Consumers Only

B.2.3 Option 2: Sanitary Survey and Triggered Monitoring

Exhibit B-3. Health Benefits from Sanitary Survey and Triggered
Monitoring Option (million$)

Morbidity Benefits Mortality Benefits
Pathogen Type Immuno- Immuno-
Healthy compromised Healthy compromised
Type A virus
10th percentile | $ 246] $ 44| $ 26| $ 0.0
mean | $ 279 $ 50| $ 30| % 0.0
90th percentile | $ 31.3] $ 56| $ 33| $ 0.1
Type B virus
10th percentile | $ 526 % 22| $ 36.2] $ 0.1
mean | $ 647 $ 271 $ 446 $ 0.2
90th percentile | $ 76.9] $ 32| $ 531 $ 0.3
Viral Subtotal
10th percentile | $ 77.2| $ 66| $ 388| $ 0.2
mean | $ 926] % 771$ 4761 $ 0.3
90th percentile | $ 10811 $ 881 $ 56.4] $ 04
Bacterial Subtotal
10th percentile | $ 154] $ 13[$ 78| $ 0.0
mean | $ 185] $ 15| $ 95| $ 0.1
90th percentile | $ 216 $ 18| $ 11.3]| $ 0.1
GWR Total
10th percentile | $ 1006 | $ 46.8
TOTAL (mean) | $ 1204 | $ 57.5
90th percentile | $ 1404 | $ 68.2

Exhibit B—3 presents the 10" percentile and mean, and 90™ percentiles of the potential health benefits
under the Sanitary Survey and Triggered Monitoring Option. The overall annual health benefits range

from alow (10" percentile) of $147.4 million to a high (90™ percentile) of $208.6 million with a meai
of $177.9 million.

April 5, 2000
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Appendix B-1: Upper Bound Drinking Water Consumption Distribution; All Sources, Consumers Only

B.2.4 Option 2: Sanitary Survey and Triggered Monitoring

The percentage distribution of these mean health benefits by pathogen typeis displayed in Exhibit B—4.
As can be seen in this Sanitary Survey and Triggered Monitory Option, the greatest benefit resultsin a
reduced Type B Morbidity (38 percent) followed by areduction in Type B Mortality (25 percent).

Exhibit B—4. Health Effects of Sanitary Survey and Triggered
Monitoring Option

Type A Mortality Type B Mortdity
2% 25%
ty

Bacterial Mortality
Bacteria Morbidi 5%
11% : \\\

Type A Morbidity
19%

Type B Morbidity
38%
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Appendix B-1: Upper Bound Drinking Water Consumption Distribution; All Sources, Consumers Only

B.2.5 Option 3: Multi-Barrier Approach

Exhibit B-5 presents the range of potential health benefits under the Multi-Barrier Approach
given the uncertainty in the risk assessment results, including the mean, 10" percentile, and 90"
percentile of the annual expected value of reduced morbidity and mortality for this regulatory option.
The overall annual health benefits of the Multi-Barrier Approach range from alow (10" percentile) of

$168.5 million to a high (90" percentile) of $241.9 million, with a mean of $205.0 million.

Exhibit B-5. Health Benefits from Multi-Barrier Approach (million$)

Morbidity Benefits

Mortality Benefits

Pathogen Type Immuno- Immuno-
Hedlthy compromised Healthy compromised
Type A virus
10th percentile | $ 275( $ 501 % 291 $ 0.0
mean | $ 322|% 58| $ 341 $ 0.1
90th percentile | $ 3711 % 6.7] $ 401 $ 0.1
Type B virus
10th percentile | $ 605| $ 251 $ 4171 $ 0.1
mean | $ 7451 % 311 $ 5141 $ 0.3
90th percentile | $ 886| $ 371 $ 61.2| $ 04
Viral Subtotal
10th percentile | $ 88.1| % 751 % 471 % 0.2
mean | $ 106.8| $ 891 3% 5491 $ 0.3
90th percentile | $ 1256 | $ 1041 $ 65.1] $ 04
Bacterial Subtotal
10th percentile | $ 176 $ 151 9% 89| % 0.0
mean | $ 2141 $ 181 % 110] $ 0.1
90th percentile | $ 251( % 211 $ 13.0| $ 0.1
GWR Total
10th percentile | $ 1147 | $ 53.8
TOTAL (mean) | $ 1388 ] $ 66.2
90th percentile | $ 1632 | $ 78.7
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Appendix B-1: Upper Bound Drinking Water Consumption Distribution; All Sources, Consumers Only

B.2.6 Option 3: Multi-Barrier Approach

The percentage distribution of these mean health benefits by pathogen typeis displayed in
Exhibit B—6. As seen under the Sanitary Survey and Triggered Monitoring Option, the majority of the
overall health benefits of the GWR under the Multi-Barrier Approach are attributed to reductions of

Type A and B viral illnesses, 19 and 38 percent, respectively.

Exhibit B-6. Health Effects for Multi-Barrier Approach

Type B Mortality
25%
Bacterial Mortality
' 5%
Type B Morbidity Type A Morbidity
38% 19%

Type A Mortality
2%

Bacterial Morbidity
11%
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Appendix B-1: Upper Bound Drinking Water Consumption Distribution; All Sources, Consumers Only

B.2.7 Option 4: Across-the-Board Disinfection

Exhibit B—7 presents the mean, 10" and 90" percentiles of the potential health benefits under
the Across-the-Board Disinfection Option. Thisregulatory alternative examines the effect of regulatic
should all systems be required to implement treatment practices, assuming that the treatment reduced
annual illnesses and deaths with greater than 99.9 percent effectiveness. |llnesses and deaths, however
were assumed to still occur given the possibility of treatment failure or distribution system
contamination. Under the Across-the-Board Disinfection Option, the overall annual health benefits
range from alow (10" percentile) of $255.0 million to a high (90" percentile) of $311.1 million, with
mean of $283.1 million.

Exhibit B=7. Health Benefits from Across-the-Board Disinfection
Option (million$)

Morbidity Benefits Mortality Benefits
Pathogen Type Immuno- Immuno-
Healthy compromised Healthy compromised
Type A virus
10th percentile | $ 4211 % 761 % 451 $ 0.1
mean | $ 4521 % 82| $ 48| $ 0.1
90th percentile | $ 4831 $ 871 % 521 $ 0.1
TypeB virus
10th percentile | $ 91.3[ $ 38| $ 63.0] $ 0.2
mean | $ 10241 $ 421 $ 7071 % 04
90th percentile | $ 1135| $ 471 9% 784| % 05
Viral Subtotal
10th percentile | $ 13341 $ 1141 $ 67.4] $ 0.3
mean | $ 1476 | $ 1241 $ 755] $ 0.4
90th percentile | $ 1618 | $ 134] $ 835] $ 0.5
Bacterial Subtotal
10th percentile | $ 26.7( $ 231 % 135 $ 0.1
mean | $ 295( $ 251 % 151] $ 0.1
90th percentile | $ 3241 % 271 $ 16.7| $ 0.1
GWR Total
10th percentile | $ 1737 | $ 81.3
TOTAL (mean) | $ 192.0 | $ 91.1
90th percentile | $ 2102 | $ 100.9
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Appendix B-1: Upper Bound Drinking Water Consumption Distribution; All Sources, Consumers Only

B.2.8 Option 4: Across-the-Board Disinfection

The distribution of the annual expected value of reducing morbidity and mortality is shownin
Exhibit B—8. The pattern isidentical to that previously seen in the Multi-Barrier Approach: 38 percent
of the health benefits were attributable to reduced Type B morbidity, 19 percent to reduced Type A
morbidity, 25 percent to reduced Type B mortality, 12 percent and 5 percent to reduced bacterial
morbidity and mortality, respectively, and 2 percent to reduced Type A mortality

Exhibit B-8. Health Effects of Across-the-Board Disinfection Option

Type A Mortality
2%

Type B Mortality
25%

Bacterial Morbidity

11%
Bacterial Mortality

5%

s

Type A Morbidity
19%

Type B Morbidity
38%
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Appendix B-1: Upper Bound Drinking Water Consumption Distribution; All Sources, Consumers Only

B.3 Distribution of Health Benefits
B.3.1 System Size

Exhibit B-9 presents the acute health benefits (i.e., reductions in morbidity and mortality), of
the GWR options, by system size. As can be seen in this exhibit, the greatest overall health benefit

results from the Across-the-Board Disinfection Option, and least with the Sanitary Survey Option.

B.3.2 System Type

Exhibit B-9. Acute Health Benefits of the GWR Regulatory Options,
by System Size (million$)

MORBIDITY BENEFITS
! . Sanitary Survey and . . Across-the-Board
Size Category | Sanitary Survey Triqqerngoni%/orinq Multi-Barrier Disinfection
<100 $ 06193 451 8% 52193 7.2
100-500 $ 1713 1041 9% 11919 16.8
500-1K $ 13193 7719% 8919 125
1K-3.3K $ 281 9% 1501$ 1731 9% 240
3.3K-10K $ 33193 1751 % 20219% 278
10K-50K $ 2213 1141 % 13219 181
50K-100K $ 321 9% 1761$ 20313% 279
100K-1M $ 3119% 1621$ 18719% 257
Total $ 18219 100.31$ 1157 1% 160.0
MORTALITY BENEFITS
! . Sanitary Survey and . . Across-the-Board
Size Category | Sanitary Survey Triqqergd Mon?t/orinq Multi-Barrier Disinfection
<100 $ 03]% 19]% 221% 3.0
100-500 $ 081% 471% 541% 74
500-1K $ 061% 36|3% 421% 5.7
1K-3.3K $ 1413 721 $ 83|% 115
3.3K-10K $ 1613 85|% 981% 135
10K-50K $ 1119 55| % 63]|% 8.7
50K -100K $ 16193 86|% 991% 136
100K-1M $ 151% 78] $ 901 % 124
Total $ 891% 4791 8% 55.21% 75.9
TOTAL BENEFITS
) . Sanitary Survey and . . Across-the-Board
Size Category | Sanitary Survey Trigaered Monitorin Multi-Barrier Disinfection
<100 $ 091% 64|13 7413 102
100-500 $ 2519 15113$ 17319% 242
500-1K $ 201 9% 11319$ 1301 % 182
1K-3.3K $ 4119 2313$ 2571% 355
3.3K-10K $ 4919$ 26019$ 001$ 413
10K-50K $ 321 9% 1691 3% 19519 26.7
50K-100K $ 481 9% 26219$ 021$ 415
100K-1M $ 461 9% 2401 % 21719$ 38.1
Total $ 27119 1482 19% 1708 1% 2359
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Appendix B-1: Upper Bound Drinking Water Consumption Distribution; All Sources, Consumers Only

Exhibit B—10 presents the acute health benefits of the four GWR regulatory options by system
type. Theleast health benefits will result from implementing the Sanitary Survey Option.

Exhibit B-10. Acute Health Benefits of the GWR Regulatory Options,
by System Type (million$)

VIRAL MORBIDITY BENEFITS
! ) Sanitary Survey and . . Across-the-Board
SizeCalegory | Sanitary Survey Triggered Monitoring Multi-Barrier Disinfection
CWS $ 1571 % 8L7] % 943[3$ 129.6
NTNC $ 221 $ 129] $ 148($ 21.5
TNC $ 03|% 571% 66|9% 89
Total $ 18213 10031 $ 11571% 160.0
VIRAL MORTALITY BENEFITS
! . Sanitary Survey and . . Across-the-Board
SizeCategory | Sanitary Survey Triggered Monitoring Mult-Barrier Disinfection
CWS $ 771% 402] $ 463] % 63.8
NTNC $ 11]$ 61]% 70($ 9.6
TNC $ 01]% 16] 9 1919 25
Total $ 891% 47919 5521% 75.9
TOTAL BACTERIAL BENEFITS
! . Sanitary Survey and . . Across-the-Board
SizeCalegory | Sanitary Survey Triggered Monitoring Multi-Barrier Disinfection
CWS $ 471% 2441 % 2811 % 38.7
NTNC $ 07]% 38($ 4319 6.2
TNC $ 01]% 15| % 1719 2.3
Total $ 5413 2061 3% 34213 47.2
TOTAL GWR BENEFITS
! ) Sanitary Survey and . . Across-the-Board
SizeCategory | Sanitary Survey Triggered Monitoring Mult-Barrier Disinfection
CWS $ 281 9% 1463 $ 16881 $ 2320
NTNC $ 39(% 228| % 261($ 37.3
TNC $ 059 88|% 1011 % 13.7
Total $ 32519 17791 9% 20501 % 283.1
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Appendix B-1: Upper Bound Drinking Water Consumption Distribution; All Sources, Consumers Only

B.3.3 Multi-Barrier Morbidity Distribution by Age

The resulting viral-related health benefits resulting form implementation of the Multi-Barrier
Approach is presented in Exhibit B-11. Overall, the reduced Type A virus morbidity will be $4.3
million for TNC systems.

Exhibit B-11. Viral Related Health Benefits from Reduced Morbidity by lliness,
System Type, and Victim Age Multi-Barrier Approach (million$)

TYPE A VIRUS TYPEB VIRUS
Age Group
CWS NTNC TNC CWS NTNC TNC
Lessthan5y.0. | $ 96| $ 16| $ 141 $ 391 % 06] $ 0.1
Between 5-16y.o.l $ 161 $ 03] % 021% 981 % 141 $ 0.3
Over 16 y.0. $ 176 $ 30| $ 271 % 51.8| $ 78] $ 1.8
TOTAL| $ 288 | $ 491 $ 4313 655 | $ 981 $ 2.3

April 5, 2000 Proposed Ground Water Rule - Regulatory Impact Analysis B-12



Appendix B-1: Upper Bound Drinking Water Consumption Distribution; All Sources, Consumers Only

B.3.4 Multi-Barrier Mortality Distribution by Age

The Reduced Mortality benefits as aresult of implementing the Multi-Barrier Approach are
presented in Exhibit B—12. The greatest health benefit, $32.7 million, will occur with regard to the

Type B virus and those more than 16 years old.

Exhibit B—-12. Viral Related Health Benefits from Reduced Mortality by lliness,
System Type, and Victim Age Multi-Barrier Approach (million$)

TYPE AVIRUS TYBEBVIRUS
AgeGroup
CWS NTNC TNC CWS NTNC TNC
Lessthan5y.0. | $ 05| % 01| % 01| % 421 % 06| % 01
Between 5-16y.0. | $ 03] % 00| % 00]% 68| % 10| $ 0.2
Over 16y.0. $ 19| $ 03| % 03| % 32713 49| $ 12
TOTAL| $ 2613 05| % 04| $ 4371 % 65| % 15
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Appendix B-1: Upper Bound Drinking Water Consumption Distribution; All Sources, Consumers Only

B.3.5 Multi-Barrier Age Type A Benefits Distribution by Age

Currently, the costs of Type A illness fall heavily on those under two years of age. Therefore,
the benefit of reductionsin Type A illness are disproportionately captured by those in this age group.
As demonstrated in Exhibit B—13, children under two years of age make up only 2.8 percent of the
U.S. population, while 28.9 percent of the reduction in Type A illness related costs are attributable to
these young children.

Exhibit B-13. Comparison of Selected Age Categories in the U.S.
Population to Their Relative Roles in Type A Morbidity and Mortality
Health Benefits Multi-Barrier Approach

Distribution of Total U.S. Population by Age

lessthan 2y.o.
2.8%

2-5y.0.
4.4%

over 16 y.o.
76.8%
5-16y.0.
15.9%
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Didribution of Totd Type A Hedth Bendfitsby Age

lessthan 2 y.0.
289%

25y.0.

Z“‘! /  30%

516 y.0.
6.1%

over 16 y.o.
62.0%
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Appendix B-1: Upper Bound Drinking Water Consumption Distribution; All Sources, Consumers Only

B.3.6 Multi-Barrier Age Type B Benefits Distribution by Age

Asdemonstrated in Exhibit B—14, asimilar situation exists with Type B viruses, although to a lesser
degree. Children under five years of age make up only 7.2 percent of the U.S. population, while 7.4
percent of the reduction in Type B illness related costs are attributable to these children.

Exhibit B-14. Comparison of Selected Age Categories in the
U.S. Population to Their Relative Roles in Type B Morbidity and
Mortality Health Benefits Multi-Barrier Approach

Distribution of Total U.S. Population by Age

less than 1 mo.
0.1%

1 mo.-1y.o.
1.3%

1-5y.o0.
5.8%

5-16y.0.
over 16 y.o. 15.9%

76.8%
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B.3.7 Multi-Barrier Age Benefits Distribution by Age

Exhibit B-15 brings all of the virus and age-related information together to illustrate the
breakdown of health benefits associated with the Multi-Barrier Approach. Two important points are
made in this chart. Asdiscussed earlier, the majority of health benefits are derived from reductionsin
Type A and Type B virus morbidity. Also, across virus type, because over 76 percent of the
population is over 16 years of age, most of the benefit of reducing exposure to both Type A and Type
B virusesis captured by people in this age group.

Exhibit B-15. Total GWR Morbidity and Mortality Health Benefits by
lliness Type, and Victim Age Multi-Barrier Approach
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Appendix B-2: Lower Bound Drinking Water Consumption Distribution; Community Water Supply, All Respondents
B.1 Introduction

Included in this appendix are the results from the Ground Water Rule (GWR) benefits
valuation and include: 1) results of the valuation of the output of the risk modeling and 2) selected
distribution analysis.

Results of the valuation exercise are organized under section B.1 and include:
* Resultsfor each of the four regulatory scenarios;
» For each of the four sets of outputs,

One detailed summary table with cost details for health and immunocompromised populations,
for Type A and B viral and bacterial morbidity and mortality impacts; and

A pie chart indicating the relative contribution of each factor to the total benefits.

Distribution analysisisincluded in Section B.3 and includes analysis by size, type, and, for the
Multi-Barrier Approach, by age.
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Appendix B-2: Lower Bound Drinking Water Consumption Distribution; Community Water Supply, All Respondents
B.2 Monetization of Health Benefits

B.2.1 Option 1: Sanitary Survey Only

Exhibit B—1 below shows the range of potential health benefits under the Sanitary Survey
Option given the uncertainty in the risk assessment results. Details of the mean, 10" percentile, and
90" percentile of the annual expected value of reduced morbidity and mortality for this regulatory
option is provided according to the immune status of the affected victim population. The overall annua
health benefits of the Sanitary Survey Option range from alow (10™ percentile) of $7.2 million to a hi¢
(90" percentile) of $45.0 million, with a mean of $25.6 million.

Exhibit B—1. Health Benefits from Sanitary Survey Option

(million$)
Morbidity Benefits Mortality Benefits
Pathogen Type Immuno- Immuno-
Healthy compromised Healthy compromised
Type A virus
10th percentile | $ 251 % 05 % 03] $ 0.0
mean | $ 411 $ 07| 9% 041 $ 0.0
90th percentile | $ 591 % 11 $ 06| % 0.0
TypeB virus
10th percentile | $ 16]$ 01| $ 111 $ 0.0
mean | $ 93 $ 041 $ 64| 3% 0.0
90th percentile | $ 1721 $ 07| 9% 119| $ 0.1
Viral Subtotal
10th percentile | $ 411 % 05| % 13| $ 0.0
mean | $ 134] $ 11($ 68| $ 0.0
90th percentile | $ 23.1| $ 181 % 125] $ 0.1
Bacterial Subtotal
10th percentile | $ 081 % 01]$ 03| $ 0.0
mean | $ 271 $ 021]$ 141 $ 0.0
90th percentile | $ 46| $ 0419 25| $ 0.0
GWR Total
10th percentile | $ 56|$ 16
TOTAL (mean) | $ 1741 $ 8.2
90th percentile | $ 299 % 15.1
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Appendix B-2: Lower Bound Drinking Water Consumption Distribution; Community Water Supply, All Respondents
B.2.2 Option 1: Sanitary Survey Only

The percentage distribution of these mean health benefits by pathogen typeis displayed in
Exhibit B—-2 below.

Exhibit B-2.
Health Effects for Sanitary Survey Option

Type A Mortality
2%

Type B Mortdlity

25%

Bacterial Morbidity
11%

Bacterial Mortality

Type B Morbidity

38%
Type A Morbidity

19%

Overall, the health benefits associated with the GWR under the Sanitary Survey Option are
attributed to reductions of Type B viral illnesses (38 percent) and deaths (25 percent), compared to
Type A health benefits (nineteen and two percent for Type A illness and death, respectively). Although
there are significantly fewer cases of Type B illness and deaths, it is the more costly illness as discussi

in Section B.2.3.
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Appendix B-2: Lower Bound Drinking Water Consumption Distribution; Community Water Supply, All Respondents
B.2.3 Option 2: Sanitary Survey and Triggered Monitoring

Exhibit B—3 presents the 10" percentile and mean, and 90" percentiles of the potential health benefits
under the Sanitary Survey and Triggered Monitoring Option. The overall annual health benefits range
from alow (10" percentile) of $115.9 million to a high (90™ percentile) of $163.4 million with ameal
of $139.6 million.

Exhibit B-3. Health Benefits from Sanitary Survey and Triggered
Monitoring Option (million$)

Morbidity Benefits Mortality Benefits
Pathogen Type Immuno- Immuno-
Healthy compromised Healthy compromised
Type A virus
10th percentile | $ 2071 $ 381 $ 221 $ 0.0
mean | $ 2341 $ 43( $ 25| % 0.0
90th percentile | $ 26.2] $ 48] $ 281 $ 0.0
Type B virus
10th percentile | $ 4041 $ 171 $ 2171 $ 0.1
mean | $ 1971 $ 211 $ 341 $ 0.2
90th percentile | $ 50.11 $ 241 $ 406| $ 0.3
Viral Subtotal
10th percentile | $ 61.1]| $ 541 $ 2991 $ 0.1
mean | $ 7321 $ 63[$ 36.6| $ 0.2
90th percentile | $ 85.3] % 721 9% 4341 $ 0.3
Bacterial Subtotal
10th percentile | $ 1221 $ 11($ 60| $ 0.0
mean | $ 146| $ 13| $ 73] $ 0.0
90th percentile | $ 1711 $ 14| $ 87| % 0.1
GWR Total
10th percentile | $ 7991 $ 36.0
TOTAL (mean) | $ 95.4 | $ 44.2
90th percentile | $ 1110 | $ 524
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Appendix B-2: Lower Bound Drinking Water Consumption Distribution; Community Water Supply, All Respondents
B.2.4 Option 2: Sanitary Survey and Triggered Monitoring

The percentage distribution of these mean health benefits by pathogen typeis displayed in Exhibit B—4.
As can be seen in this Sanitary Survey and Triggered Monitory Option, the greatest benefit resultsin a
reduced Type B Morbidity (37 percent) followed by areduction in Type B Mortality (25 percent).

Exhibit B—4. Health Effects of Sanitary Survey and Triggered
Monitoring Option
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Appendix B-2: Lower Bound Drinking Water Consumption Distribution; Community Water Supply, All Respondents
B.2.5 Option 3: Multi-Barrier Approach

Exhibit B-5 presents the range of potential health benefits under the Multi-Barrier Approach
given the uncertainty in the risk assessment results, including the mean, 10" percentile, and 90"
percentile of the annual expected value of reduced morbidity and mortality for this regulatory option.
The overall annual health benefits of the Multi-Barrier Approach range from alow (10" percentile) of
$132.7 million to a high (90" percentile) of $189.4 million, with a mean of $161.0 million.

Exhibit B-5. Health Benefits from Multi-Barrier Approach (million$)

Morbidity Benefits Mortality Benefits
Pathogen Type Immuno- Immuno-
Healthy compromised Healthy compromised
TypeA virus
10th percentile | $ 2321 $ 421 % 251 $ 0.0
mean | $ 2711 $ 49| $ 291 $ 0.0
90th percentile | $ 3111 $ 56| $ 331 $ 0.1
Type B virus
10th percentile | $ 46.6| $ 19( 3 320] $ 0.1
mean | $ 5741 $ 241 $ 3941 $ 0.2
90th percentile | $ 68.0| $ 28| $ 46.71 $ 0.3
Viral Subtotal
10th percentile | $ 69.8| $ 61]$ 344] $ 0.1
mean | $ 8441 $ 731 % 423] $ 0.2
90th percentile | $ 99.0] $ 851 % 500] $ 0.3
Bacterial Subtotal
10th percentile | $ 1401 $ 121 $ 69| $ 0.0
mean | $ 169] $ 15| $ 85| $ 0.0
90th percentile | $ 1908] $ 1719 10.0| $ 0.1
GWR Total
10th percentile | $ 91.2]| $ 415
TOTAL (mean) | $ 1100 | $ 51.0
90th percentile | $ 1200 | $ 60.4
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Appendix B-2: Lower Bound Drinking Water Consumption Distribution; Community Water Supply, All Respondents
B.2.6 Option 3: Multi-Barrier Approach

The percentage distribution of these mean health benefits by pathogen typeis displayed in
Exhibit B—6. As seen under the Sanitary Survey and Triggered Monitoring Option, the mgjority of the
overall health benefits of the GWR under the Multi-Barrier Approach are attributed to reductions of
Type A and B viral illnesses, 20 and 37 percent, respectively.

Exhibit B-6. Health Effects for Multi-Barrier Approach

Type A Mortality

2%
Type B Mortality

25%

Bacterial Morbidity

11% . .
Bacterial Mortality

5%

Type B Morbidity

0,
7% Type A Morbidity

20%
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Appendix B-2: Lower Bound Drinking Water Consumption Distribution; Community Water Supply, All Respondents

B.2.7 Option 4: Across-the-Board Disinfection

Exhibit B—7 presents the mean, 10" and 90" percentiles of the potential health benefits under
the Across-the-Board Disinfection Option. Thisregulatory alternative examines the effect of regulatic
should all systems be required to implement treatment practices, assuming that the treatment reduced
annual illnesses and deaths with greater than 99.9 percent effectiveness. IlInesses and deaths, however

were assumed to still occur given the possibility of treatment failure or distribution system

contamination. Under the Across-the-Board Disinfection Option, the overall annual health benefits
range from alow (10" percentile) of $201.1 million to a high (90" percentile) of $244.4 million, with
mean of $222.7 million.

Exhibit B—7. Health Benefits from Across-the-Board Disinfection

Option (million$)

Morbidity Benefits

Mortality Benefits

Pathogen Type Immuno- Immuno-
Healthy compromised Healthy compromised
Type A virus
10th percentile | $ 354] % 641 % 38| $ 0.1
mean | $ 379] $ 69| $ 411 $ 0.1
90th percentile | $ 405] $ 741 $ 43| $ 0.1
TypeB virus
10th percentile | $ 705] $ 29| $ 483 $ 0.2
mean | $ 7891 % 33| $ 5421 $ 0.3
90th percentile | $ 87.4] $ 36| $ 60.0| $ 04
Viral Subtotal
10th percentile | $ 1059 $ 931 $ 521] $ 0.2
mean | $ 11691 $ 102 $ 58.2] $ 0.3
90th percentile | $ 12791 $ 110] $ 6441 $ 04
Bacterial Subtotal
10th percentile | $ 21.2( $ 1913 104 $ 0.0
mean | $ 234 $ 20 $ 116| $ 0.1
90th percentile | $ 256 $ 221 $ 129] $ 0.1
GWR Total
10th percentile | $ 1383 | $ 62.8
TOTAL (mean) | $ 1524 | $ 70.3
90th percentile | $ 166.7 | $ 71.7
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Appendix B-2: Lower Bound Drinking Water Consumption Distribution; Community Water Supply, All Respondents
B.2.8 Option 4. Across-the-Board Disinfection

The distribution of the annual expected value of reducing morbidity and mortality is shown in
Exhibit B—8. The patternissimilar to that previously seen in the Multi-Barrier Approach: 38 percent
the health benefits were attributable to reduced Type B morbidity, 20 percent to reduced Type A
morbidity, 24 percent to reduced Type B mortality, eleven percent and five percent to reduced
bacterial morbidity and mortality, respectively, and two percent to reduced Type A mortality.

Exhibit B—8. Health Effects of Across-the-Board Disinfection Option

Type A Mortality

2% Type B Mortality

24%

Bacterial Morbidity
11%
Bacteria Mortality
5%

'

Type A Morbidity
20%

Type B Morbidity
38%
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Appendix B-2: Lower Bound Drinking Water Consumption Distribution; Community Water Supply, All Respondents
B.3 Distribution of Health Benefits

B.3.1 System Size

Exhibit B-9 presents the acute health benefits (i.e., reductions in morbidity and mortality), of
the GWR options, by system size. As can be seen on this exhibit, the greatest overall health benefit
results from the Across-the-Board Disinfection Option and least with the Sanitary Survey Option.

Exhibit B—9. Acute Health Benefits of the GWR Regulatory
Options, by System Size (million$)

MORBIDITY BENEFITS
Size Category | Sanitary Survey Tsreilglc::rrgd?\u/lrc\)/rﬁ{oar?r?q Multi-Barrier Acg)isssi:P eit!ia(;):r d
<100 $ 05]$% 36|% 411 9% 5.7
100-500 $ 13] % 82|$ 951 % 133
500-1K $ 1119 61]% 701 $ 9.9
1K-3.3K $ 2213 1191 $ 1371 % 19.1
3.3K-10K $ 2619 1391 % 1601 $ 221
10K-50K $ 1718 9.0 $ 1041 $ 14.3
50K-100K $ 2619 1401 $ 16119 222
100K-1M $ 241 $ 128 $ 1491 $ 204
Total $ 1451% 7951 % 91.71%$ 127.0
MORTALITY BENEFITS
Size Category | Sanitary Survey T?ia(;]c::re)(/j ?:2:1?022% Multi-Barrier Acl;?gs-n:z((;et-zﬁard
<100 $ 02]% 15]|% 1718 23
100-500 $ 06]3 36|% 4119$ 5.7
500-1K $ 05]$ 281 $ 32]$ 4.4
1K-3.3K $ 10]$ 5619 6413 8.9
3.3K-10K $ 12]$ 66]9% 76|13 104
10K-50K $ 0813 421 $ 4913 6.7
50K-100K $ 12]$ 6.6| 3 7619 10.5
100K-1M $ 1219 60] % 701 $ 9.6
Total $ 68]% 36.81$ 4251 % 58.6
TOTAL BENEFITS
Size Category | Sanitary Survey Sgnitary Survgy a.nd Multi-Barrier Acrgs.s-the.Board
Trigaered Monitoring Disinfection
<100 $ 07]1% 5118 58] % 8.0
100-500 $ 201 $ 1181 $ 1361 $ 19.0
500-1K $ 16]$ 89|$ 1021 $ 14.3
1K-3.3K $ 3319 1751 $ 2021 % 28.0
3.3K-10K $ 3913 20413 23613 325
10K-50K $ 2519 1321 % 15319 21.0
50K-100K $ 38| $ 2061 % 2371 $ 32.7
100K-1M $ 36]% 1891 % 218| % 30.0
Total $ 21319 11631 9% 134213 185.6
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Appendix B-2: Lower Bound Drinking Water Consumption Distribution; Community Water Supply, All Respondents
B.3.2 System Type

Exhibit B—10 presents the acute health benefits of the four GWR regulatory options by system
type. Theleast health benefits will result from implementing the Sanitary Survey Option.

Exhibit B-10. Acute Health Benefits of the GWR Regulatory Options,
by System Type (million$)

VIRAL MORBIDITY BENEFITS

Size Category

Sanitary Survey

Sanitary Survey and

Multi-Barrier

Across-the-Board

Triggered Monitoring Disinfection
CwWSs $ 1251 % 648 $ 7491 % 102.9
NTNC $ 1819% 1021 $ 11.719$ 17.1
TNC $ 021% 4519 52 1% 7.0
Total $ 14519 79519 91.7 | $ 127.0
VIRAL MORTALITY BENEFITS
) . Sanitary Survey and . . Across-the-Board
Size Category Sanitary Survey Triggered Monitoring Multi-Barrier Disinfection
CWSs $ 6019 3091 % 35713 49.2
NTNC $ 081% 4718 541% 7.4
TNC $ 0119 1319% 141% 1.9
Total $ 6813 368 1% 425 1% 58.6
TOTAL BACTERIAL BENEFITS

Size Category

Sanitary Survey

Sanitary Survey and

Multi-Barrier

Across-the-Board

Triggered Monitoring Disinfection
CWsS $ 371% 1911 % 2211% 30.4
NTNC $ 051% 3019 341% 4.9
TNC $ 0119 1219 131% 18
Total $ 43 1% 23.31% 268 | $ 37.1
TOTAL GWR BENEFITS
. . Sanitary Survey and . . Across-the-Board
Size Category Sanitary Survey Triggered Monitoring Multi-Barrier Disinfection
CWS $ 22119 114819 132719 182.6
NTNC $ 3119 1781 $ 20419 29.4
TNC $ 041% 701% 791% 10.7
Total $ 256 1% 1396 | $ 1610 | $ 222.7
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Appendix B-2: Lower Bound Drinking Water Consumption Distribution; Community Water Supply, All Respondents

B.3.3 Multi-Barrier Morbidity Distribution by Age

Theresulting viral-related health benefits resulting form implementation of the Multi-Barrier
Approach is presented in Exhibit B-11. Overall, the reduced Type A virus morbidity will be $3.5
million for TNC systems.

Exhibit B-11. Viral Related Health Benefits from Reduced Morbidity by lliness,
System Type, and Victim Age Multi-Barrier Approach (million$)

TYPE A VIRUS TYPE B VIRUS
Age Group
CWS NTNC TNC CWS NTNC TNC
Lessthan5v.0. | $ 801 % 141 $ 1118 291 3% 041 % 0.1
Between 5-16vy.0.| $ 141 % 021 $ 0219% 751% 111 $ 0.2
Over 16 y.0. $ 150] $ 26| $ 221 % 40.1] $ 60| $ 1.4
TOTAL| $ 243 1 $ 421 $ 351% 5051 $ 751 % 1.7
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Appendix B-2: Lower Bound Drinking Water Consumption Distribution; Community Water Supply, All Respondents

B.3.4 Multi-Barrier Mortality Distribution by Age

The Reduced Mortality benefits as aresult of implementing the Multi-Barrier Approach are
presented in Exhibit B—12. The greatest health benefit, $25.3 million, will occur with regard to the

Type B virus and those more than 16 years ol d.

Exhibit B-12. Viral Related Health Benefits from Reduced Mortality by lliness,
System Type, and Victim Age Multi-Barrier Approach (million$)

TYPEAVIRUS TYBE B VIRUS
AgeGroup
CWS NTNC TNC CWS NTNC TNC
Lessthan5y.0. | $ 041 % 011 % 011 3% 30(% 041 % 0.1
Between5-16y.0. | $ 02]$ 00| % 00 % 52| % 08| % 0.2
Over 16y.0. $ 16( % 03[ % 021 3% 63| $ 38| % 0.9
TOTAL| $ 221 9% 041 $ 03] $ 335 % 50| $ 1.1
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Appendix B-2: Lower Bound Drinking Water Consumption Distribution; Community Water Supply, All Respondents
B.3.5 Multi-Barrier Age Type A Benefits Distribution by Age

Currently, the costs of Type A illness fall heavily on those under two years of age. Therefore,
the benefit of reductionsin Type A illness are disproportionately captured by those in this age group.
As demonstrated in Exhibit B—13, children under two years of age make up only 2.8 percent of the
U.S. population, while 28.4 percent of the reduction in Type A illness related costs are attributable to
these young children.

Exhibit B-13. Comparison of Selected Age Categories in the U.S.
Population to Their Relative Roles in Type A Morbidity and Mortality
Health Benefits Multi-Barrier Approach

Distribution of Total U.S. Population by Age

less than 2 y.o.
2.8%

2-5y.0.
4.4%

over 16 y.0.
76.8%
5-16 y.o.
15.9%
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Appendix B-2: Lower Bound Drinking Water Consumption Distribution; Community Water Supply, All Respondents

B.3.6 Multi-Barrier Age Type B Benefits Distribution by Age

As demonstrated in Exhibit B—14, asimilar situation exists with Type B viruses, although to alesser
degree. Children under five years of age make up only 7.2 percent of the U.S. population, while 7.0
percent of the reduction in Type B illness related costs are attributable to these children.

Exhibit B-14. Comparison of Selected Age Categories in the
U.S. Population to Their Relative Roles in Type B Morbidity and
Mortality Health Benefits Multi-Barrier Approach

Distribution of Total U.S. Population by Age
less than 1 mo.

0.1%

1 mo.-1y.o.
1.3%

1-5y.0.
5.8%

516 y.0.

over 16 y.o. 15.9%

76.8%

Distribution of Tota Type B Hedth Benefitsby Age
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1mo.-1ly.o.
0.9%
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over 16 y.o.
78.1%

over 16 y.o.
62.6%
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Appendix B-2: Lower Bound Drinking Water Consumption Distribution; Community Water Supply, All Respondents
B.3.7 Multi-Barrier Age Benefits Distribution by Age

Exhibit B—15 brings all of the virus and age-related information together to illustrate the
breakdown of health benefits associated with the Multi-Barrier Approach. Two important points are
made in this chart. Asdiscussed earlier, the majority of health benefits are derived from reductionsin
Type A and Type B virus morbidity. Also, across virus type, because over 76 percent of the
population isover 16 years of age, most of the benefit (74 percent) of reducing exposure to both Type
A and Type B virusesis captured by people in this age group.

Exhibit B-15. Total GWR Morbidity and Mortality Health Benefits by
lliness Type, and Victim Age Multi-Barrier Approach
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C.1 Introduction

This Appendix presents the background national cost estimates for the proposed Ground
Water Rule (GWR). It provides a description of unit costs and underlying assumptions used to prepare
the cost estimates, and the methodology used to compile these assumptions to estimate the cost of the
four proposed GWR options. Additional details may be found in this Technical Background Document
on Cost Modeling for the GWR RIA.

The proposed GWR and other rule options incorporate of rule components that identify and/or
correct conditions that permit fecal contamination to reach ground water system consumer’ s taps.
Several of these components are included in more than one of the GWR options. The different rule
options include several components, as presented in Exhibit C-1.

Exhibit C-1. Components for Risk-Based Regulatory Options

Option 2: San. Option 4:

Option 1: Survey and Option 3: Across-the-
Rule Scenario Sanitary Triggered Multi Barrier Board
Components Survey Only Monitoring Approach Disinfection
Monitoring and Assessment
Sanitary Survey U U U U
Triggered Monitoring U U
Sensitivity Assessment U
Routine Monitoring U
Response and Compliance Monitoring (Treatment Assurance)
Significant Defects U U U U
Corrective Action U U U
Compliance Monitoring U U

Section C.2 presents the unit costs and costing assumptions that EPA has made for each of the
rule components. In addition to the components shown in the exhibit, unit cost and costing assumptior
are also provided for administrative costs, costs expected to be incurred by both the States and the
regulated entities. Section C.3 presents additional non-monetary cost model inputs

C.2 Unit Costs and Cost Assumptions

This section presents a summary of EPA’ s assumptions used to prepare estimates of the
national costs of the proposed GWR and other regulatory options. It contains a description of the
estimates of unit costs (the cost that would be incurred by each State, individual treatment facility or
system) and the predicted actions that systems and States will make to comply with the proposed
GWR.
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Only summary unit costs are presented in this document, more detailed descriptions of the
assumptions and methodol ogies used to develop these cost estimates are presented in the Cost and
Technology Document for the Ground Water Rule (US EPA, 1999a).

C.2.1 Administrative Costs

States will incur administrative costs upon implementation of the GWR. These administrative
costs are not directly required by specific provisions of GWR options, but are necessary for States to
ensure the provisions of the GWR are properly carried out. States will need to allocate time for their
staff to establish and then maintain the programs necessary to comply with the GWR.

C.2.1.1 Unit Costs

Resources are estimated in terms of full-time equivalents (FTES). EPA has assumed a cost of
$64,480 for one FTE, including overhead and fringe. Time requirements for a variety of State agency
activities and responses are estimated for thisRIA.

Exhibit C-2 lists activities required for the State to start the program following promulgation of
the GWR. Start-up activities include devel oping and adopting State regulations that meet the Federal
GWR requirements. States must also train their staff and the water system’s staff on the new
requirements, and modify their data management systems to track any new information that must be
reported by systemsto the State. For the GWR options that include monitoring with alaboratory
method not currently required by the State, the State must devote a portion of its staff time to certifyin
laboratories for the new method.
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Exhibit C-2. Estimated State Resources Required for GWR Administration
(One Time Start-up Activities)

Administrative Activity Estimated State Resources (FTE) Estimated Cost

Public Notification 0.1 $6,500
Regulation Adoption and Program 05 $32,200
Development

Upgrade Data Management Systems 13 $83,800
Initial Lab Certification and Training 0.39 $25,100
System Training and Technical Assistance 1.0 $64,500
Staff Training 0.23 $14,800

Exhibit C-3 lists the annual resources that a State will require to continue implementation of thi
GWR. On an annual basis, States must coordinate with their particular EPA Region to be certain the
State is consistent with Federal requirements. States must also continue to train State and drinking
water system staffs, maintain laboratories certifications and report system compliance information to t
Safe Drinking Water Information System (SDWIS).

Exhibit C-3. Estimated State Resources Required for GWR Administration

(Annual Activities)

Administrative Activity Estimated State Resources (FTE) Estimated Cost
Coordination with EPA 0.5 $32,200
Lab Certification 0.5 $32,200
On-Going Technical Assistance 0.5 $32,200
SDWIS Reporting 0.5 $32,200
Clerical 0.2 $12,900
Supervision 0.22 $14,200
Staff Training 0.05 $3,200

In addition to the administrative costs of developing and maintaining a program for GWR
compliance, States will be required to spend time responding to ground water sources that are found to
be fecally contaminated. EPA’s estimates of the average time required for a single source testing

positive for the presence of afecal indicator are presented in Exhibit C—4.
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Exhibit C-4. Estimated State Resources Required to
Respond to Source Water Contamination

State Resources for Small (<10,000) State Resources for Large (>10,000)
Activity Ground Water System (hours) Ground Water System (hours)
Review Plans and 16 32
Specification
Violation Letter 4 4
Data Entry 4 4

C.2.2 Sanitary Survey

In addition to the increase in scope of the sanitary survey, the GWR options also increase the
frequency that the surveys will be performed. Federal regulations under 40 CFR 8141.121 permit
reduction in total coliform sampling for ground water systems serving less than 1,000 in certain cases.
To qualify, acommunity system must have had a sanitary survey that found the system to be free of
defectsin the past five years. Noncommunity ground water systems that have had a sanitary survey
within the first 10 years of rule implementation also qualify.

Based upon these requirements and areview of State regulations, EPA has estimated that on
average, States currently conduct sanitary surveys of community ground water systems once every five
years and noncommunity ground water systems once every 10 years. The frequency of sanitary
surveys under the proposed GWR and options is once every three years for community ground water
systems (with the possible reduction to five years) and once every five years for noncommunity
systems.

C.2.2.1 Unit Costs

Most States already require sanitary surveys, therefore, EPA has estimated the incremental
increase in cost for performing and preparing a sanitary survey which addresses those components
specific to the GWR. Exhibit C-5 presents the cost estimates for State inspectors to perform sanitary
surveys and for system operators to provide the information to meet current sanitary survey
requirements and to meet the requirements of the options for the proposed GWR. These incremental
costs range from as low as $30 per survey for systems serving under 100 individuals to $700 per
survey per system for the largest systems.
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Exhibit C-5. Estimated Costs to State for Sanitary Surveys (1998%)

Service Population Category
1,001— | 3,301— | 10,001 | 50,001-

Cost for <100 | 101-500 |501-1,000] 3,300 | 10,000 | 50,000 | 100,000 |>100,000
Under current $190 $190 $250 $280 $370 $530 $1,050 | $2,200
reqUIrementS
\With proposed $220 | s250 $370 $430 $590 $870 $1,500 | $2,900
GWR requirements

In addition to State costs, ground water systems will incur additional costs to meet the
requirements of the GWR for sanitary surveys. These incremental costs range from as low as $30 per
survey for systems serving under 100 individual s to as much as $700 per survey per system for the
largest systems. These costs are presented in Exhibit C-6.

Exhibit C—6. Estimated Costs to Systems for Sanitary Surveys (1998%)

Service Population Category
1,001- 3,301 10,001- | 50,001-

Cost for <100 | 101-500 |501-1,000| 3,300 10,000 50,000 100,000 | >100,000
Under current $80 $80 $140 $170 $220 $310 $670 $1,460
requirements
\With proposed $110 $140 $220 $280 $360 $560 $980 $1,900
GWR requirements

C.2.2.2 Costing Assumptions

EPA assumes that sanitary surveys will be conducted by the State (or primacy
agent) on all noncommunity ground water systems within five years of promulgation of the
Rule. For community ground water systems, EPA has assumed that all of the community
ground water systems that achieve a 4 log inactivation or removal of virus will conduct
sanitary surveys conducted every five years, and the remaining community ground water
systems will conduct sanitary surveys once every three years.

Within the cost analysis model, it is necessary to calculate the incremental
difference in current sanitary surveys versus the proposed sanitary survey. For both the
public water system (PWS) and the State, a current average annual sanitary survey cost is
calculated by multiplying the baseline cost per survey by the number of surveys the PWS
would undergo over the 20-year period of analysis without the GWR (two for nontransient
noncommunity [NTNC] and transient noncommunity [TNC] systems and four for community
water systems [CWSs]), and then dividing by 20.

As shown in Exhibit C—7, EPA estimates that between 11 and 13 percent of the
systems surveyed will be found to have significant defects that will require correction. This
estimate is based upon data from a survey of best management practices in community
ground water systems conducted by the Association of State Drinking Water
Administrators (ASDWA, 1997). ASDWA's questionnaire asked the survey respondents
if the system has any uncorrected significant defects. Over 800 survey responses were
received from community ground water systems in three different Total Coliform Rule
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(TCR) compliance categories that included (1) systems with no TCR MCL violations in the
past two years, (2) systems with at least one non-acute TCR-MCL violations within the past
two years, and (3) systems with at least one acute TCR-MCL violation in the past two
years. EPA weighted the responses from systems in each TCR compliance category to
develop the estimates of the national percentage of systems with a significant defect.
Because no other data was available, EPA has assumed that the percentage of
noncommunity ground water systems with significant deficiencies is proportional to the
number obtained by the ASDWA survey for CWSs.

Exhibit C—7. Percentage of Significant Defects

Service Population Category
1,001- 3,301 10,001- | 50,001-

System Type <100 101-500 |501-1,000| 3,300 10,000 50,000 100,000 | >100,000
CWS 13% 12% 12% 12% 13% 13% 12% 12%
TNC 12% 12% 12% 12% 12% 11% 12% 11%
NTNC 12% 12% 12% 12% 12% — — —

C.2.3 Corrective Action for Significant Defects

The primary purpose of conducting sanitary surveys is to identify significant defects
in PWSs for correction. Currently, there are Federal Regulations that provide primacy
agencies with the authority to require that systems correct significant defects. Under the
proposed GWR and other options, a sanitary survey includes, but is not limited to:

a defect in design, operation, or maintenance, or a failure or malfunction of
the sources, treatment, storage, or distribution system that the State
determines to be causing, or has the potential for causing the introduction of
contamination into the water delivered to consumers.

States would be required to define what constitutes a significant deficiency as part
of their primacy package.

All of the GWR options require the primacy agent to notify systems of significant
deficiencies and require the systems to correct the significant defect within 90 days of
notification. Systems that cannot correct the significant defect within 90 days would be
required to submit a schedule to the State or primacy agent for their review and approval.
Systems in consultation with the State may correct the significant deficiency, switch to an
alternate source of water, or disinfect their source to 4 log inactivation. States or primacy
agencies would be required to confirm that a system has corrected its significant
deficiency either by receipt of notification from the system or by conducting an on-site
inspection.

C.2.3.1 Unit Costs

The costs for correction of significant deficiencies depend almost entirely upon the
nature of the deficiency. Because States have the authority to define significant
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deficiencies under the proposed GWR and options, EPA must predict the types of

deficiencies that will be found and corrected as a result of the rule. EPA consulted with
experts from within the Agency and from States to develop a list of deficiencies that are

likely to be identified in sanitary surveys of ground water systems (EPA, 1996 a). The list

indicated three general areas in which defects may be found: the source, the treatment

system, and the distribution system. From this list, EPA developed a representative list of
corrective actions from each of these general areas. The representative corrective actions

are listed below.

Correction of Significant Deficiencies at the Source
* replacing a sanitary well seal,

C rehabilitating an existing well, and

C drilling a new well

Correction of Significant Deficiencies in Treatment Systems
» adjusting disinfection chemical feed rate
* increasing contact time prior to first customer

Caorrection of Significant Deficiencies in Distributions System
* install backflow prevention device

* replace/repair storage tank cover

* install security measures at storage tank site

* install a redundant booster pump

Exhibit C—8 presents the costs for correcting significant deficiencies. All costs are

one-time expenditures that occur in the year the significant deficiency is found and

corrected, except for adjusting the treatment chemical feed rate, which is an ongoing

operating cost incurred in each year of operation.
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Exhibit C-8. Estimated Costs for Correction of
Significant Sanitary Defects (1998%)

Service Population Category
3,301- 10,001 50,001~

Cost for <100 101-500 | 501-1,000 |1,001- 3,300| 10,000 50,000 100,000 >100,000
Replacing a Sanitary $3,300 $3,300 $3,300 $3,300 $3,300 $3,300 $3,300 $3,300
Well Seal (per well)
Rehabilitating an $10,700 $10,700 $10,700 $10,700 $10,700 $10,700 $10,700 $10,700
Existing Well (per well)
Replace/Repair Cover $2,700 $6,000 $45,000 $62,000 $138,000 $159,000 $159,000 $159,000
on Storage Tank(per
tank)
|Install Security $9,100 $9,100 $9,100 $9,100 $12,500 $12,500 $12,500 $12,500
Measures at Tank Site
(per tank)
|Install Backflow $2,100 $2,100 $2,100 $2,200 $2,200 $3,000 $4,700 $4,700
Prevention Device
(per connection)
Install a Redundant $5,800 $7,400 $9,400 $11,000 $13,000 $14,900 $21,300 $27,600
Booster Pump (per
pump)

C.2.3.2 Compliance Forecast

The corrections of significant defects that will be undertaken by ground water
systems depend upon the defects defined as significant by States, and the conditions at
the facilities. Both of these factors are unknown. To provide a reasonable estimate of the
bounds of the uncertainty, with respect to the types of defects that will have to be corrected,
EPA has developed estimates of a low cost scenario and a high cost scenario for
correction of significant defects. The low cost scenario assumes a greater percentage of
the systems with significant defects will have defects which are less expensive to correct
(e.g., more systems will have to replace their sanitary well seal than will have to perform a
complete rehabilitation of their well) in comparison to the high cost scenario. The
percentages of systems with significant defects that were assumed to perform the
representative correction in the high cost and low cost scenarios are listed in Exhibit C-9.

c-8 Proposed Ground Water Rule - Regulatory Impact Analysis April 5, 2000



Exhibit C-9. Estimated Distribution of Corrective
Actions Among Systems With a Significant Deficiency

Low Cost Scenario High Cost Scenario
Replacing a Sanitary Well Seal 50% 35%
Rehabilitating an Existing Well 35% 50%
Replace/Repair Cover on Storage Tank 2% 5%
Install Security Measures at Tank Site 5% 2%
Install Backflow Prevention Device 5% 3%
Install a Redundant Booster Pump 3% 5%

Each of the regulatory options requires each PWS to correct any significant defect
found during a sanitary survey. The assignment of any significant deficiency is done as a
two-step process within the cost analysis model, and is done independently for each
sanitary survey over the 20-year period of analysis:

. First, a PWS is designated as having or not having the potential to have one or
more significant defects, resulting from a single sanitary survey based on a
probability estimate.

. Second, each PWS that is predicted to have a significant defect, in a single
sanitary survey, may be assigned one or more of the six potential significant defects
according to a probability distribution. In order to determine the sensitivity of the
cost estimates to these probabilities, two scenarios are considered. Under the first
scenario, PWSs are assigned to low cost significant defects with greater
probability (known as the Low SD scenario), while in the second scenario, PWSs
are assigned to high cost significant defects with greater probability (known as the
High SD scenario).

This process is repeated for each sanitary survey the PWS undertakes over the 20-
year period of analysis.

Since the timing of the sanitary surveys are not known, an average annual PWS
cost of correcting significant defects is calculated by summing the cost of correcting all
significant defects over the 20-year period of analysis and then dividing by 20. The
average annual PWS cost of correcting significant defects includes the cost of developing
engineering plans for submission to the State.

In addition to the PWS'’s cost of correcting each significant defect, the State incurs
a cost in reviewing the PWS'’s engineering plans. The State resources for plan review per
corrected significant defect is shown in Exhibit C—4. Since the timing of the sanitary

LIt is assumed that 97.1 percent of the average annual PWS cost of correcting significant
defectsisfor the actual correction of the defects, while 2.9 percent is for plan development and

submission to the State for review and approval.
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surveys are not known, the average annual State cost of reviewing the PWS’s engineering
plans is calculated by multiplying the unit cost for plan review by the number of significant
defects corrected over the 20-year period of analysis and then dividing by 20.

C.2.4 Hydrogeologic Sensitivity Assessment

The hydrogeologic sensitivity assessment is a component of the multiple-barrier
option for the GWR. The hydrogeologic sensitivity assessment is performed by States, or
another primacy agent, on each ground water source to determine if the source is sensitive
to microbial contamination and therefore, requires monitoring to insure there is no fecal
contamination.

C.2.4.1 Unit Costs

Costs for the hydrogeologic sensitivity assessment include compiling existing data
reviewing that data in order to determine the sensitivity of an aquifer. EPA has estimated
the time for States to locate existing hydrogeologic data, such as a well construction
record or for a State assessor to inspect and review this data. EPA has assumed that the
hydrogeologic sensitivity assessment will be performed, based on existing data. EPA has
also assumed that the sensitivity assessment will be performed on-site, however this is not
a requirement under the GWR multiple barrier option. Cost estimates for States to
perform hydrogeologic assessment are presented in Exhibit C-10.

Exhibit C-10. Estimated Costs for States and
Systems to Perform Hydrogeologic Sensitivity Assessments (1998%)
Service Population Category

501- 1,001- | 3,301- |10,001-] 50,001-
Cost for <100 |101-500 1,000 3,300 10,000 | 50,000 | 100,000 }>100,000

State cost for performing
hydrogeologic sensitivity $62 $124 $186 $248 $310 $620 $1,178 $3,224
assessment (per system)

C.2.4.2 Costing Assumptions

EPA assumes that hydrogeologic sensitivity assessments will be performed on all
ground water sources that are not providing 4 log inactivation or removal of virus. EPA
estimates that 15 percent of the systems that are assessed will be determined to be
sensitive. This estimate is based upon data collected for the AWWA Study
(Abbaszadegan et al., 1998; 1999). As part of this study, system operators were asked to
review well construction information and provide detailed information about the
hydrogeologic setting in which their well was located. Of the survey respondents that were
able to provide this information, 15 percent indicated that their wells were located in
unconfined aquifers that were karst, fractured bedrock, or unknown geology. EPA also
assumed that wells in unconfined conditions with unknown hydrogeology will be classified
as sensitive hydrogeology (i.e., sensitive to fecal contamination).
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C.2.5 Triggered Source Water Monitoring

Triggered source water monitoring is a component of two regulatory options.
Triggered monitoring requires collection and analysis of samples at the sources of the
ground water systems following the detection of total coliform (TC) in one or more samples
collected for compliance with the Total Coliform Rule. States have the option of requiring
the triggered source water samples to be tested for the presence of one of three fecal
indicators; fecal coliform/E. coli, enterococci, or male specific coliphage. If a system
detects the fecal indicator at its source, then the system must take a corrective action to
either eliminate the contamination, obtain a new uncontaminated source, or install
treatment to achieve a 4 log removal or inactivation of virus.

C.25.1 Unit Costs

For the purpose of the cost analysis, EPA has assumed that States will select E.
coli as the indicator of contamination for analysis. States, systems, and laboratories have
much greater familiarity with this method in comparison to the other available methods.
Fecal coliform/E. coli analysis is already required under the Total Coliform Rule. EPA has
estimated that the cost for triggered monitoring is $53 per sample. This cost assumes a
$25 cost for performing laboratory analysis. This is based upon common commercial
laboratory costs and one hour of the system operators time (at an estimated cost of $28
per hour) to collect the sample, arrange for delivery to the laboratory, and to review the
results of the analysis. EPA has assumed that all wells are equipped with existing taps for
sampling prior to the application of any treatment chemicals. Therefore, no additional
costs are assumed for installation of a tap or re-piping of wells to permit sampling.

C.25.2 Costing Assumptions

Two compliance estimates are necessary to develop cost estimates associated
with triggered monitoring; the frequency with which systems will have to perform triggered
monitoring and the number of systems that are expected to test positive for the fecal
indicator.

EPA estimated the probability of a ground water system’s total coliform sample
testing positive as a part of its regulatory impact analysis for the Total Coliform Rule (EPA,
1989). These estimates varied based upon the size of the system. EPA believes that
these probabilities are a reasonable estimate of current conditions. EPA calculated the
frequency of total coliform positives per year per system by multiplying the number of TC
samples required per year by the probability of a TC positive. The results are the
estimated number of triggered monitoring samples per year, presented in Exhibit C-11.
The option allows States to waive the triggered monitoring requirements if a PWS
demonstrates that the total coliform contamination is not source water related. This
analysis assumes that the probability of a PWS receiving this waiver for a single entry
point is 10 percent. Also, a one-time repeat sampling waiver exists for both triggered
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monitoring and routine monitoring. Once a PWS finds a single positive sample, they may
take five repeat samples, and if all five repeat samples are negative, the source water is
considered not to be contaminated. For the purposes of this analysis, it is assumed that

all PWSs that have a positive source water sample will make use of this one-time
sampling waiver.

Exhibit C-11. Estimated Number of Triggered Source Water Samples Per Year

Service Population Category
501- 1,001- 3,301 10,001- | 50,001-

System Type <100 101-500 1,000 3,300 10,000 50,000 100,000 | >100,000
CWS 0-3 0-3 0-3 0-3 0—-4 1-4 4-7 7-22
TNC 0-3 0-3 0-3 0-3 0-3 — — —
NTNC 0-3 0-3 0-3 0-3 0-3 — — —

Since it is assumed that all contaminated entry points will be discovered in the first
year, the entry points with no source water positive samples, or those with a single positive
sample and five negative follow-up samples in the first year, will continue to undertake
triggered monitoring sampling for the remainder of the analysis period. The number of
samples they will take each year is assigned using a uniform distribution based on the
number of expected total coliform violations they might have per year (see Exhibit C-11).
It is assumed that 8.83 percent? of these entry points will have a single source water
positive sample, and will take five repeat samples. None of these will have a positive
repeat sample.

EPA has estimated the number of systems that will test positive in triggered
monitoring by reviewing indicator occurrence data. The AWWARF study (Abbazadegan et
al., 1998; 1999) found enteroccocci bacteria in nine percent of the wells sampled. Wells
selected for the study were representative of hydrogeologic conditions for public water
supply wells in the United States, and most wells in the study were only sampled once.

EPA has determined that the enterococci occurrence from the AWWARF study provides
the best estimate of the percentage of wells that will be found to test positive for the
presence of a fecal indicator in triggered source water sampling, and therefore, has
assumed that nine percent of the systems tested will be found to contain fecal
contamination.

C.2.6 Routine Source Water Monitoring

Routine source water monitoring is a component of the multiple barrier option for
the GWR. Routine source water monitoring involves monthly sampling of those ground

2 (Probability of not having a single positive result in year 1)/(Probability of not having a repeat
positive result in year one) x (Probability of having asingle positive result in year one) = (Probability «

having asingle positive result in years 2—20). ((1-0.09)/(1-0.09*0.8))*0.09 = 0.883.
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water sources that are determined to be at high risk for the presence of fecal
contamination. The hydrogeologic sensitivity assessment is used to determine which wells
are at high risk of contamination. High risk wells would be sampled each month and
tested for the presence of fecal contamination using one of three possible indicators; E.
coli, Enteroccci, or male specific coliphage. The State will select the fecal indicator.
Ground water systems with wells that test positive for the presence of a fecal indicator will
be required to take action to correct the contamination (See Section C.2.7), unless the
system is able to obtain a one-time waiver from the State. A waiver could be granted by
the State if the system collects five repeat samples from the well testing positive within 24
hours and the system does not detect the fecal indicator in any of five samples. This
waiver can only be granted once per source.

States may reduce the frequency of monitoring for high risk ground water sources
after one year of monitoring if there are no samples that test positive. States may also
waive source water monitoring altogether after the first year if the State determines that
fecal contamination of the well is highly unlikely.

C.2.6.1 Unit Costs

As with triggered monitoring, EPA has assumed that States will select E. coli as the
indicator of contamination for analysis. States, systems, and laboratories have much
greater familiarity with this method in comparison to the other available methods. Fecal
coliform/E. coli are analysis already required under the Total Coliform Rule. EPA has
estimated that the cost for triggered monitoring is $53 per sample. This cost assumes a
$25 cost for performing laboratory analysis. This is based upon common commercial
laboratory costs and one hour of the system operators’ time (at an estimated cost of $28
per hour) to collect the sample, arrange for delivery to the laboratory, and to review the
results of the analysis. EPA has assumed that all wells are equipped with existing taps for
sampling prior to the application of any treatment chemicals. Therefore, no additional
costs are assumed for installation of a tap or re-piping of wells to permit sampling.

C.2.6.2 Costing Assumptions

EPA has estimated that 15 percent of the sources for ground water systems will be
determined to be sensitive and, therefore subject to routine monitoring. EPA has
determined that the EPA/AWWAREF study data (Lieberman et al., 1994; 1999) provides
the best estimate of results which can be expected from routine monitoring. This study
sampled 30 wells that were determined to be vulnerable to contamination based upon
criteria that included hydrogeologic sensitivity. Each of the wells was sampled monthly
over the course of one year for a variety of fecal indicators including E. coli. Fifty percent
(15/30) of the wells in the EPA/AWWAREF study tested positive for the presence of E. coli.
However, three of the 15 wells with positive samples only tested positive in one of twelve
samples. Using this data, EPA has estimated that 50 percent of the ground water sources
that are required to perform routine monitoring will detect the fecal indicator. Because of
the high costs associated with corrective actions, EPA has assumed that all systems with
a routine source water positive sample will resample within 24 hours of detecting the fecal
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contamination. EPA has estimated that 20 percent of the systems that perform the repeat
sampling will not find fecal indicators in any of the repeat samples and will receive waivers
from the State.

It is assumed that all contaminated entry points will be discovered in the first year,
the entry points with no source water positive samples, or those with a single positive
sample and five negative follow-up samples in the first year, will continue to undertake
routine sampling
once a quarter for the remainder of the period of analysis. Itis assumed that 41.67
percent® of these entry points will have a single source water positive sample, and will take
five repeat samples. None of these should have a positive repeat sample.

C.2.7 Corrective Action for Fecal Contamination

Detection of fecal indicators in the source of undisinfected ground water systems
requires corrective action under the two GWR options. Corrective action includes
eliminating the contamination from the source, obtaining an alternative source of water, or
providing disinfection treatment that achieves 4 log inactivation or removal of viruses.

C.2.7.1 Unit Costs

The costs of the corrective actions vary based upon the corrective action selected
by the system after consultation with the State and based upon the size of the system.
EPA has assumed that a variety of corrective actions could be implemented by ground
water systems that detect fecal contamination within their source waters. The corrective
actions include;

Eliminate Contamination

C Rehabilitate an existing well

C Remove/relocate existing source of contamination (septic tank)
. Construct a new well

. Purchase water from a nearby system

3 (Probability of not having a single positive result in year 1)/(Probability of not having a repeat
positive result in year one) x (Probability of having asingle positive result in year one) = (Probability «

having asingle positive result in years 2—20). ((1-0.5)/(1-0.5*0.8))*0.5 = 0.4167.
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Disinfect Source Water to Achieve a 4 log Inactivation/Removal of Virus

. Install and operate chlorine gas disinfection

. Install and operate hypochlorination

. Install and operate chloramination

. Install and operate chlorine dioxide disinfection
. Install and operate mixed oxidants disinfection
. Install and operate ozonation

. Install and operate reverse osmosis filtration

. Install and operate ultraviolet disinfection

Costs for each of the corrective actions that eliminate the cause of contamination or
obtain water from an alternative source are presented in Exhibits C—12. Costs have been
developed for each of the non-treatment corrective actions for a range of sizes of systems.
For all of the non-treatment corrective actions, except purchasing water, all costs consist of
capital costs incurred during the first year in which the corrective action is undertaken.
Purchasing water includes both a capital cost for constructing a pipeline to connect the
system to the new supply and the net increased cost which the system will pay to purchase
water from the system. The cost presented subtracts the system’s cost of producing its
own water that the system no longer has to incur from the estimated purchase price.
Depending on the corrective actions, there may up to three different cost estimates:
capital cost (the cost of constructing/installing the equipment), replacement cost (cost of
replacing significant components of the system after several years of operation), and
operation and maintenance costs (annual cost of operating equipment and performing
routine maintenance).

Exhibit C-12. Estimated Costs for Eliminating Cause of
Contamination or Obtaining Alternate Water Source (1998%)

Service Population Category

3,301~ 10,001- 50,001-
Cost for <100 101-500 | 501- 1,000 |1,001- 3,300 10,000 50,000 100,000 >100,000
Rehabilitating an existing $8,700 $10,700 $10,700 $10,700 $10,700 $10,700 $10,700 $10,700

ell
(Capital cost)
Relocating an existing $15,100 | $15,100 $15,100 $15,100 $15,100 $15,100 $15,100 $15,100
source of contamination
(Capital cost)
Constructing a new well $12,000 | $26,900 $26,900 $26,900 $26,900 $26,900 $26,900 $26,900
(Capital cost)
Constructing a pipeline to $156,500 | $156,500 | $179,400 $179,400 $219,200 $219,200 $319,600 $353,300
enable Purchasing water
(Capital Cost)
Net cost of purchasing $1.03 $1.08 $0.58 $1.32 $1.92 $1.24 $1.28 $0.84
ater
($ /1,000 gal)
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Costs for disinfecting ground water in order to achieve a 4 log inactivation of virus
are presented in Exhibit C-13. Costs are presented by average daily and design flow
instead of by system population served. Exhibit C—13 presents capital costs and annual
operation and maintenance costs for all treatment types, and presents year 10
replacement cost for most treatment technologies. Year 10 replacement costs are
estimated for the systems that will require replacement of a significant component half way
through the design life of the system.

C.2.7.2

Compliance Forecast

Selection of the most appropriate corrective action will be made by the system with
the assistance/review of the State. EPA developed estimates of corrective actions that
ground water systems with fecal contamination would undertake to eliminate or treat their
contamination. These estimates considered the current implementation of treatment
types, the cost of the corrective action, and the need for systems to comply with provisions
of the Disinfection Byproducts Rule (DBPR). The portion of systems that will choose
treatment versus non-treatment corrective actions is assumed proportional to the
percentage of systems in each service

Exhibit C-13. Estimated Costs for Disinfection Treatments (19983%)

Average Daily Flow/Design Flow (MGD)

Cost for 0.007/0.03 | 0.026/0.10 | 0.09/0.30 | 0.21/0.75 0.82 /2.2 3.25/7.8 11.2/23.5 45 /81
Chlorine gas feed $65,000 $65,000 $59,000 $63,000 $79,000 $140,000 $300,000 $630,000
capital cost

Chlorine gas feed $11,200 $11,200 $17,000 $18,600 $23,200 $41,000 $101,000 $230,000
replacement cost

year 10

(Chlorine gas feed $3,600 $3,700 $8,900 $10,300 $12,600 $20,200 $45,800 $143,000
annual O&M cost

Hypochlorite feed $7,000 $7,000 $45,000 $45,000 $45,000 N/A N/A N/A
capital cost

Hypochlorite feed $2,800 $2,300 $6,700 $6,700 $6,700 N/A N/A N/A
replacement cost

year 10

Hypochlorite annual $4,000 $5,000 $6,000 $10,000 $27,000 N/A N/A N/A
O&M cost

Chloramination $124,000 $124,000 $124,000 $124,000 $127,000 $202,000 $406,000 $838,000
system capital cost

Chloramination $22,500 $22,500 $22,500 $22,500 $23,100 $35,200 $115,700 $244,800
system replacement

cost year 10

Chloramination $7,100 $7,200 $7,300 $7,700 $10,000 $23,100 $54,800 $165,000
annual O&M cost

Chlorine Dioxide $94,000 $149,000 $169,000 $189,000 $233,000 $387,000 $306,000 $1,637,000
System Capital Cost
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Exhibit C-13. Estimated Costs for Disinfection Treatments (1998$%)

Cost for

Chlorine Dioxide
System replacement
cost year 10

Average Daily Flow/Design Flow (MGD)

0.007 / 0.03
$21,000

0.026 / 0.10
$68,000

0.09/0.30
$79,000

0.21/0.75
$88,000

0.82/2.2
$130,000

325/7.8
$170,000

11.2/235
$340,000

45 /81
$630,000

Chlorine Dioxide
annual O&M Cost

$4,000

$9,700

$10,900

$12,800

$18,700

$36,800

$89,500

$308,000

Mixed Oxidant
capital cost

$155,000

$442,000

$944,000

N/A

$1,254,000

$1,604,000

$2,279,000

$2,256,000

Mixed Oxidant
replacement costs
year 10

$69,000

$220,000

$490,000

N/A

$640,000

$830,000

$1,200,000

$2,000,000

Mixed Oxidants
annual O&M costs

Ozonation Capital
Cost

$3,800

$79,000

$17,400

$110,000

$35,900

$277,000

N/A

$336,000

$56,400

$569,000

$185,700

$1,470,000

$592,300

$3,290,000

$2,255,600

$6,550,000

Ozonation Annual
O&M cost

$3,000

$3,800

$12,200

$14,100

$19,100

$43,200

$99,000

$336,000

Reverse Osmosis
Capital Cost

$170,000

$360,000

$970,000

$2,100,000

$4,800,000

$14,600,000

$36,500,000

$117,000,000

Reverse Osmosis
Annual O&M Cost

$15,000

$31,000

$66,000

$130,000

$430,000

$1,420,000

$4,600,000

$18,000,000

Ultraviolet
Disinfection Capital
Cost

$14,000

$31,000

$85,000

$140,000

$358,000

N/A

N/A

N/A

Ultraviolet
Disinfection Annual
O&M Cost

$800

$2,000

$5,500

$9,400

$34,000

N/A

N/A

N/A

1 Cost for ultraviolet disinfection are calculated at slightly different flow rates than indicated in the table.

population category that currently perform disinfection treatment. Because of the

uncertainty inherent in projecting the number of systems that would undertake each

corrective action, EPA assumed varying percentages of the non-treatment corrective
actions to provide and upper and lower cost bounds. Estimates of the corrective actions
that will be undertaken by systems with source water contamination are presented in

Exhibit C-14.

Each entry point that is predicted to undertake a corrective action is assigned one

of 13 potential corrective actions according to a probability distribution. In order to

determine the sensitivity of the cost estimates to these probabilities, two scenarios were
considered. Under the first scenario, entry points were assigned to low cost corrective
actions with greater probability (known as the Low CA scenario), while in the second
scenario, entry points were assigned to high cost corrective actions with greater
probability (known as the High CA scenario).
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Exhibit C-14. Estimated Selection of Corrective Action by
Systems with Source Water Contamination

Service Population Categor
3,301- 10,001~ 50,001

Corrective Action <100 101-500 501- 1,000 |1,001- 3,300 10,000 50,000 100,000 >100,000
Rehabilitating an 25-30% 10-15% 8-12% 8-12% 7-10% 6-8% 21-25% 8-10%
existing well
Constructing an New 10-15% 6-12% 3-6% 5-6% 3-5% 2-4% 8-11% 4-6%
\Well
Purchasing water 1-3% 1-3% 1-3% 1-3% 1-3% 0% 0% 0%
Eliminating Source of 11-13% 5-8% 7-8% 7-8% 5-6% 3% 9-10% 2%
contamination
Chlorine Gas 0% 0% 0% 0% 31% 7% 51% 8%
Disinfection
Hypochlorination 41% 63% 69% 69% 41% 5% 0% 0%
Chloramination 0% 1% 0% 0% 1% 1% 3% 3%
Chlorine Dioxide 1% 1% 1% 1% 1% 1% 1% 1%
Disinfection
Mixed Oxidants 0% 0% 1% 1% 1% 0% 0% 0%
Ozonation 1% 1% 1% 1% 1% 1% 1% 1%
Reverse Osmosis 0% 1% 1% 1% 1% 1% 1% 0%
Ultraviolet Disinfection 3% 3% 3% 3% 3% 1% 1% 1%

After each entry point, that will undertake a corrective action, is assigned to a type
of corrective action, the capital and operations & maintenance (O&M) costs for these
corrective actions are calculated. Since it is assumed that all corrective actions occur in
year one, all corrective actions require a capital expenditure in year one. Some also
require a replacement capital expenditure in year 10. For all technologies with an O&M
cost component, equal O&M expenditures are assumed to occur each year. Depending
on the unit cost equations for the respective corrective action, the capital and O&M costs
are either fixed parameters or a simple function of the entry point’s design flow or average
daily flow.

It is assumed that the capital cost of each corrective action includes the PWS’s cost
of developing engineering plans for submission to the State.* In addition to the PWS’s
cost of corrective action, the State incurs a cost in reviewing the PWS’s engineering plans.
The cost of plan review per corrective action is shown in Exhibit C-1. Finally, the State is
required to perform an on-site investigation if a PWS chooses to meet the corrective
action requirement by rehabilitating a well or removing a known source of contamination.

C.2.8 Non-Quantifiable Costs

“ 1t is assumed that 97.1 percent of the capital cost is for the actual corrective action, while 2.9

percent is for plan development and submission to the State for review and approval.
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Although EPA has estimated the cost of all the rule’s components on drinking water
systems and States, there are some costs that the Agency did not quantify. These non-
guantifiable costs result from uncertainties surrounding rule assumptions and from
modeling assumptions. For example, EPA did not estimate a cost for systems to acquire
land if they needed to build a treatment facility or drill a new well. This was not costed
because many systems will be able to construct new wells or treatment facilities on land
already owned by the utility. In addition, if the cost of land was prohibitive, a system may
chose another lower cost alternative such as connecting to another source. A cost for
systems choosing this alternative is quantified in our analysis.
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C.3 Non-monetary Inputs to Cost Model

Exhibit C=15. Non Community System Flows

Avg. Population Average

Flow Population Average Served by Flow for all

gpd/ Served by Flow for all NTNC NTNC

Service Area Type person TNC Systems TNC Systems Systems Systems

Day Care Centers 15 10,213 153,195 61,653 924,795
Highway Rest Areas 5 516,369 2,581,845 6,105 30,525
Hotels/Motels 65 558,443 36,298,795 46,680 3,034,200
Interstate Carriers 5 11,257 56,285 35,221 176,105
Medical Facilities 100 208,623 20,862,300 144,061 14,406,100
Mobile Home Parks 100 66,797 6,679,700 19,236 1,923,600
Restaurants 8.5 2,255,959 19,175,652 154,528 1,313,488
Schools 25 150,365 3,759,125 3,015,155 75,378,875
Service Stations 10 326,644 3,266,440 12,177 121,770
Summer Camps 42.5 765,742 32,544,035 6,711 285,218
Water Wholesalers 100 791,429 79,142,900 46,075 4,607,500
Agricultural Prod/Services 100 22,770 2,277,000 27,968 2,796,800
Airparks 4 67,116 268,464 6,060 24,240
Bowling Centers 3 23,170 69,510 0 0
Construction Activities 0 0 5,247 15,741
Churches 10 1,301,552 13,015,520 11,500 115,000
Campgrounds/RV Parks 45 639,160 28,762,200 19,680 885,600
Fire Departments 100 12,578 1,257,800 4,018 401,800
Federal Parks 10 93,665 936,650 780 7,800
Forest Service 5 37,600 188,000 4,494 22,470
Golf and Country Clubs 25 254,016 6,350,400 11,716 292,900
Landfills 25 0 0 3,432 85,800
Libraries 15 3,330 49,950 0 0
Mines 25 0 0 13,447 336,175
Misc. Amusement Parks 20 88,038 1,760,760 66,462 1,329,240
Military Bases 100 2,900 290,000 37,525 3,752,500
Migrant Labor Camps 50 27,900 1,395,000 2,079 103,950
Misc. Recreation Areas 5 337,152 1,685,760 22,533 112,665
Museums 10 35,280 352,800 0 0
Nursing Homes 100 0 0 13,910 1,391,000
Office Parks 15 197,600 2,964,000 129,542 1,943,130
Prisons 120 0 0 121,940 14,632,800
Race Tracks 5 58,000 290,000 0 0
Retailers (excluding food) 10 184,128 1,841,280 120,775 1,207,750
Retailers (food) 18.5 142,988 2,645,278 45,724 845,894
State Parks 7.5 842,518 6,318,885 13,712 102,840
Utilities 25 6,025 150,625 84,621 2,115,525
Zoological Gardens 25 3,300 82,500 0 0
Cc-20 Proposed Ground Water Rule - Regulatory Impact Analysis April 5, 2000




Exhibit C=15. Non Community System Flows

Avg. Population Average

Flow Population Average Served by Flow for all

gpd/ Served by Flow for all NTNC NTNC

Service Area Type person TNC Systems TNC Systems Systems Systems
Mfg. (food) 35 158,301 5,540,535 285,910 10,006,850
Mfg. (Mach & Comp. Equip.) 25 0 0 40,000 1,000,000
Mfg. (Elec. Equip. & Comps) 25 0 0 2,133 53,325
Mfg. (Chemicals) 25 0 0 12,384 309,600
Mfg. (Furniture & Fixtures) 25 2,750 68,750 1,472 36,800
Mfg. (Misc. Manufacturing) 25 8,991 224,775 275,146 6,878,650
Mfg. (Fab. Metal Products) 25 3,300 82,500 43,804 1,095,100
Mfg. (Paper & Allied Prods) 25 0 0 38,560 964,000
Mfg. (Petroleum Refining) 25 0 0 35,855 896,375
Mfg. (Primary Metals) 25 0 0 26,278 656,950
Mfg. (Printing) 25 0 0 4,000 100,000
Mfg. (Rub. & Misc. Plastics) 25 0 0 2,000 50,000
Mfg. (Stone, Clay, Glass, etc) 25 2,775 69,375 29,146 728,650
Mfg. (Tobacco Products) 25 0 0 1,500 37,500
Mfg. (Transportation Equip.) 25 0 0 1,080 27,000
Mfg. (Textiles) 25 0 0 34,590 864,750
Mfg. (Lumber & Wood Prods) 25 2,775 69,375 15,300 382,500
Unknowns 25 5,500 137,500 16,856 421,400
Mixed Knowns 214,345 92,797 0
TOTALS 30 10,441,364 283,665,464 5,319,657 | 159,233,246

Source: Geometries and Characteristics of Public Water Systems, US EPA, 1999.
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This appendix contains exhibits summarizing the detailed results of running the GWR cost mod:
for each of the four regulatory options:
. Option 1: Sanitary Survey Only
. Option 2: Sanitary Survey and Triggered Monitoring
. Option 3: Multiple Barrier Approach
. Option 4: Across-the-Board Disinfection

For each option, this appendix presents three exhibits, covering the following topics:
Total National Compliance Costs

Costs, within thistable, are reported as they impact two affected entities:

. Systems

. States

Using four scenarios:

. L ow Corrective Action Costs and L ow Significant Defect Scenario
. L ow Corrective Action Costs and High Significant Defect Scenario
. High Corrective Action Costs and L ow Significant Defect Scenario

. High Corrective Action Costs and High Significant Defect Scenario
Reported in two forms:

. Annualized Costs

. Present Value

Employing two discount rates (3 percent and 7 percent).

National Compliance Costs of the GWR by Public Water System Size
Costs, within thistable, are reported as they impact two affected entities:

. Systems

. States

Using four scenarios:

. L ow Corrective Action Costs and L ow Significant Defect Scenario
. L ow Corrective Action Costs and High Significant Defect Scenario
. High Corrective Action Costs and L ow Significant Defect Scenario

. High Corrective Action Costs and High Significant Defect Scenario
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With costs broken out by the following system sizes:
. less than 100 persons,

. 101-500 persons,

. 501-1,000 persons,

. 1,001-3,000 persons,

. 3,001-10,000 persons,

. 10,001-50,000 persons,

. 50,001-100,000 persons,

. 100,001-1,000,000 persons, and

Reported in Annualized Costs
Employing two discount rates (3 percent and 7 percent).

National Compliance Costs of the GWR by Public Water System Type

Costs, within thistable, are reported as they impact two affected entities:
. Systems
. States

Using four scenarios:

. L ow Corrective Action Costs and L ow Significant Defect Scenario
. L ow Corrective Action Costs and High Significant Defect Scenario
. High Corrective Action Costs and L ow Significant Defect Scenario

. High Corrective Action Costs and High Significant Defect Scenario

With costs broken out by the following system types:

. Community Water Systems
. Nontransient, Noncommunity Water Systems
. Transient/Noncommunity Water Systems

Reported in Annualized Costs
. Employing two discount rates (3 percent and 7 percent).
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Exhibit D-1. Total Costs for Option 1: Sanitary Survey Only ($million)

TOTAL NATIONAL COSTS DISCOUNT RATE
3% 7%

Annual System Costs:
Annual Cost (Low CA/Low SD) $53.7 $56.2
Annual Cost (Low CA/High SD) $56.8 $59.5
Annual Cost (High CA/Low SD) $53.7 $56.2
Annual Cost (High CA/High SD) $56.8 $59.5

Annual State Costs:
Annual Cost (Low CA/Low SD) $17.6 $18.2
Annual Cost (Low CA/High SD) $17.5 $18.1
Annual Cost (High CA/Low SD) $17.6 $18.2
Annual Cost (High CA/High SD) $17.5 $18.1

Present Value of System Costs:
PV Cost (Low CA/Low SD) $798.3 $595.6
PV Cost (Low CA/High SD) $845.5 $630.5
PV Cost (High CA/Low SD) $798.3 $595.9
PV Cost (High CA/High SD) $845.5 $630.5

Present Value of State Costs:
PV Cost (Low CA/Low SD) $261.2 $192.9
PV Cost (Low CA/High SD) $259.6 $191.7]
PV Cost (High CA/Low SD) $261.2 $192.9
PV Cost (High CA/High SD) $259.6 $191.7

Notes:

Low CA = Low Cost Corrective Action Scenario

High CA = High Cost Corrective Action Scenario

Low SD = Low Cost Significant Defect Scenario

Hiah SD = Hiah Cost Sianificant Defect Scenario
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Exhibit D-2. Total Costs by PWS Size for Option 1: Sanitary Survey Only

SYSTEM SIZE CATEGORIES
<100 101-500 501-1,000 1,001-3,300 3,301-10,000
DISCOUNT
RATE
Low Corrective Action / Low
Significant Defect 3%
System Costs (Annual) $18.1 $114 $5.4 $79 $5.0
State Costs (Annual) $4.1 $1.9 $0.6 $0.6 $0.3}
Total Costs (Annual) $22.3 $13.3 $6.0 $8.5 $5.3
High Corrective Action / Low
Significant Defect 3%
System Costs (Annual) $18.1 $114 $5.4 $7.9 $5.0
State Costs (Annual) $41 $1.9 $0.6 $0.6 $0.3
Total Costs (Annual) $22.3 $13.3 $6.0 $8.5 $5.3
Low Corrective Action / High
Significant Defect 3%
System Costs (Annual) $20.6 $13.9 $5.3 $6.4 $3.9
State Costs (Annual) $4.0 $19 $0.6 $0.6 $0.3
Total Costs (Annual) $24.6 $15.8 $5.8 $7.0 $4.2
High Corrective Action / High
Significant Defect 3%
System Costs (Annual) $20.6 $13.9 $5.3 $6.4 $3.9
State Costs (Annual) $4.0 $1.9 $0.6 $0.6 $0.3
Total Costs (Annual) $24.6 $15.8 $5.8 $7.0 $4.2
Low Corrective Action / Low
Significant Defect %
System Costs (Annual) $19.1 $12.0 $5.6 $3.2 $5.2)
State Costs (Annual) $4.3 $2.0 $0.6 $0.6 $0.3
Total Costs (Annual) $234 $14.0 $6.2 $3.8 $5.5)
High Corrective Action / Low
Significant Defect %
System Costs (Annual) $19.1 $12.0 $5.6 $8.2 $5.2
State Costs (Annual) $4.3 $2.0 $0.6 $0.6 $0.3
Total Costs (Annual) $234 $14.0 $6.2 $8.8 $5.5
Low Corrective Action / High
Significant Defect 7%
System Costs (Annual) $21.7 $145 $55 $6.7 $4.1
State Costs (Annual) $4.2 $20 $0.6 $0.6 $0.3
Total Costs (Annual) $25.9 $16.5 $6.1 $7.3 $4.4
High Corrective Action / High
Significant Defect %
System Costs (Annual) $21.7 $145 $5.5 $6.7 $4.1
State Costs (Annual) $4.2 $2.0 $0.6 $0.6 $0.3}
Total Costs (Annual) $25.9 $16.5 $6.1 $7.3 $4.4
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Exhibit D-2.

Total Costs by PWS Size for Option 1: Sanitary Survey Only
(continued)

SYSTEM SIZE CATEGORIES
10,001-50,000 50,001-100,000 100,001-1,000,000 TOTAL
DISCOUNT
RATE
Low Corrective Action / Low
Sianificant Defect 3%
System Costs (Annual) $3.6 $0.8 $1.4 $53.7
State Costs (Annual) $0.2 $0.0 $0.0 $17.6
Total Costs (Annual) $3.8 $0.8 $1.4 $71.2
High Corrective Action / Low
Sianificant Defect 3%
System Costs (Annual) $3.6 $0.8 $1.4 $53.7
State Costs (Annual) $0.2 $0.0 $0.0 $17.6
Total Costs (Annual) $3.8 $0.8 $14 $71.2
Low Corrective Action / High
Sianificant Defect 3%
Svystem Costs (Annual) $3.6 $1.1 $2.0 $56.8
State Costs (Annual) $0.2 $0.0 $0.0 $17.5
Total Costs (Annual) $3.8 $1.1 $2.1 $74.3
High Corrective Action / High
Sianificant Defect 3%
System Costs (Annual) $3.6 $1.1 $2.0 $56.8
State Costs (Annual) $0.2 $0.0 $0.0 $17.5
Total Costs (Annual) $3.8 $1.1 $2.1 $74.3
Low Corrective Action / Low
Significant Defect 7%
System Costs (Annual) $3.8 $0.8 $15 $56.2
State Costs (Annual) $0.2 $0.1 $0.0 $18.2
Total Costs (Annual) $4.0 $0.9 $15 $74.4
High Corrective Action / Low
Sianificant Defect 7%
System Costs (Annual) $3.8 $0.8 $15 $56.2
State Costs (Annual) $0.2 $0.1 $0.0 $18.2
Total Costs (Annual) $4.0 $0.9 $15 $74.4
Low Corrective Action / High
Significant Defect 7%
System Costs (Annual) $3.7 $1.1 $2.1 $59.5
State Costs (Annual) $0.2 $0.1 $0.0 $18.1
Total Costs (Annual) $4.0 $1.2 $2.2 $77.6
High Corrective Action / High
Sianificant Defect 7%
System Costs (Annual) $3.7 $1.1 $2.1 $59.5
State Costs (Annual) $0.2 $0.1 $0.0 $18.1]
Total Costs (Annual) $4.0 $1.2 $2.2 $77.6
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Exhibit D-3. Total Costs by PWS Type for Option 1: Sanitary Survey Only

SYSTEM TYPE
Non-Transient/Non- Transient/Non-
Community Water Community Water ~ Community
Systems Systems Water Systems TOTAL
DISCOUNT
RATE
Low Corrective Action / Low
Significant Defect 3%
Svstem Costs (Annual) $32.9 $3.8 $16.9 $53.7
State Costs (Annual) $2.9 $0.9 $4.0 $17.9
Total Costs (Annual) $35.8 $4.7 $21.0 $71.2
High Corrective Action / Low
Sianificant Defect 3%
System Costs (Annual) $32.9 $3.8 $16.9 $53.7
State Costs (Annual) $2.9 $0.9 $4.0 $17.4
Total Costs (Annual) $35.8 $4.7 $21.0 $71.2
Low Caorrective Action / High
Sianificant Defect 3%
System Costs (Annual) $33.1 $45 $19.2 $56.8
State Costs (Annual) $2.8 $0.9 $4.0 $17.5
Total Costs (Annual) $35.9 $5.4 $23.1 $74.3
High Corrective Action / High
Sianificant Defect 3%
System Costs (Annual) $33.1 $45 $19.2 $56.8
State Costs (Annual) $2.8 $0.9 $4.0 $17.5
Total Costs (Annual) $35.9 $5.4 $23.1 $74.3
Low Corrective Action / Low
Sianificant Defect 7%
Svystem Costs (Annual) $34.3 $4.0 $17.9 $56.2
State Costs (Annual) $3.0 $0.9 $4.2 $18.2
Total Costs (Annual) $37.3 $5.0 $22.1 $74.4
High Corrective Action / Low
Significant Defect 7%
Svstem Costs (Annual) $34.3 $4.0 $17.9 $56.2
State Costs (Annual) $3.0 $0.9 $4.2 $18.2
Total Costs (Annual) $37.3 $5.0 $22.1 $74.4
Low Caorrective Action / High
Sianificant Defect 7%
System Costs (Annual) $34.5 $4.8 $20.2 $59.5
State Costs (Annual) $2.9 $0.9 $4.1 $18.1
Total Costs (Annual) $37.5 $5.7 $24.3 $77.6
High Corrective Action / High
Significant Defect %
System Costs (Annual) $34.5 $4.8 $20.2 $59.5
State Costs (Annual) $2.9 $0.9 $4.1 $18.1
Total Costs (Annual) $37.47 $5.71 $24.32 $7761
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Exhibit D—4. Total Costs for Option 2: Sanitary Survey and Triggered Monitoring

TOTAL NATIONAL COSTS DISCOUNT RATE
3% 7%

Annual System Costs:
Annual Cost (Low CA/Low SD) $133.9 $143.2
Annual Cost (Low CA/High SD) $140.0 $149.5
Annual Cost (High CA/Low SD) $137.4 $148.0
Annual Cost (High CA/High SD) $143.5 $154.3)

Annual State Costs:
Annual Cost (Low CA/Low SD) $18.9 $19.8]
Annual Cost (Low CA/High SD) $18.8 $19.7]
Annual Cost (High CA/Low SD) $18.9 $19.8]
Annual Cost (High CA/High SD) $18.8 $19.7

Present Value of System Costs:
PV Cost (Low CA/Low SD) $1,992.8 $1,517.5
PV Cost (Low CA/High SD) $2,083.0 $1,584.3
PV Cost (High CA/Low SD) $2,044.3 $1,567.4
PV Cost (High CA/High SD) $2,134.6 $1,634.1

Present Value of State Costs:
PV Cost (Low CA/Low SD) $280.8 $209.5
PV Cost (Low CA/High SD) $280.3 $209.1
PV Cost (High CA/Low SD) $280.8 $209.5
PV Cost (High CA/High SD) $280.3 $209.1]

Notes:

Low CA = Low Cost Corrective Action Scenario

High CA = High Cost Corrective Action Scenario

Low SD = Low Cost Significant Defect Scenario

High SD = Hiagh Cost Sianificant Defect Scenario
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Exhibit D-5. Total Costs by PWS Size Option 2: Sanitary Survey and

Triggered Monitoring

SYSTEM SIZE CATEGORIES
<100 101-500 501-1,000 1,001-3,300 3,301-10,000
DISCOUNT
RATE
Low Corrective Action / Low
Significant Defect 3%
System Costs (Annual) $66.6 $31.4 $8.4 $10.2 $6.9)
State Costs (Annual) $4.6 $23 $0.7 $0.7 $0.4
Total Costs (Annual) $71.2 $33.7 $9.1 $109 $7.2
High Corrective Action / Low
Sianificant Defect 3%
System Costs (Annual) $68.6 $31.7 $9.9 $11.3 $6.9)
State Costs (Annual) $4.6 $2.3 $0.7 $0.7 $0.4
Total Costs (Annual) $732 $34.0 $10.6 $12.0 $7.3
Low Corrective Action / High
Significant Defect 3%
System Costs (Annual) $69.2 $32.7 $9.1 $11.0 $74
State Costs (Annual) $4.6 $23 $0.7 $0.7 $0.4]
Total Costs (Annual) $738 $34.9 $9.8 $11.7 $7.7
High Corrective Action / High
Significant Defect 3%
System Costs (Annual) $71.2 $33.0 $10.6 $12.1 $7.4
State Costs (Annual) $4.6 $23 $0.7 $0.7 $0.4
Total Costs (Annual) $75.7 $35.3 $11.3 $12.9 $7.8]
Low Corrective Action / Low
Sianificant Defect %
System Costs (Annual) $70.9 $335 $9.0 $10.9 $7.4
State Costs (Annual) $4.9 $24 $0.7 $0.8 $0.4
Total Costs (Annual) $75.9 $36.0 $9.8 $11.7 $7.8]
High Corrective Action / Low
Significant Defect %
System Costs (Annual) $738 $34.1 $10.7 $12.2 $7.5
State Costs (Annual) $4.9 $24 $0.7 $0.8 $0.4
Total Costs (Annual) $78.7 $36.5 $114 $12.9 $7.9
Low Corrective Action / High
Significant Defect 7%
System Costs (Annual) $73.6 $34.9 $9.7 $11.8 $7.9
State Costs (Annual) $4.9 $24 $0.7 $0.8 $0.4]
Total Costs (Annual) $785 $37.3 $104 $125 $8.3
High Corrective Action / High
Sianificant Defect %
System Costs (Annual) $76.4 $35.4 $11.4 $13.0 $3.0
State Costs (Annual) $4.9 $24 $0.7 $0.8 $0.4
Total Costs (Annual) $81.3 $37.8 $12.1 $13.8 $84
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Exhibit D-5. Total Costs by PWS Size Option 2: Sanitary Survey and

Triggered Monitoring (continued)

SYSTEM SIZE CATEGORIES

10,001-50,000 50,001-100,000 100,001-1,000,000 TOTAL
DISCOUNT
RATE
Low Corrective Action / Low
Significant Defect 3%
System Costs (Annual) $5.7 $3.7 $1.0 $133.9
State Costs (Annual) $0.3 $0.1 $0.0 $18.9
Total Costs (Annual) $6.1 $3.7 $1.1 $152.8
High Corrective Action / Low
Sianificant Defect 3%
System Costs (Annual) $5.6 $2.3 $1.0 $137.4
State Costs (Annual) $0.3 $0.1 $0.0 $18.9
Total Costs (Annual) $5.9 $2.3 $1.1 $156.3
Low Corrective Action / High
Significant Defect 3%
System Costs (Annual) $6.0 $3.7 $1.1 $140.0
State Costs (Annual) $0.3 $0.1 $0.0 $18.8
Total Costs (Annual) $6.3 $3.8 $1.1 $158.9
High Corrective Action / High
Sianificant Defect 3%
System Costs (Annual) $5.8 $2.3 $1.1 $143.5
State Costs (Annual) $0.3 $0.1 $0.0 $18.8
Total Costs (Annual) $6.1 $2.4 $1.1 $162.3
Low Corrective Action / Low
Significant Defect 7%
System Costs (Annual) $6.2 $4.0 $1.1 $143.2
State Costs (Annual) $0.3 $0.1 $0.0 $19.8
Total Costs (Annual) $6.6 $4.0 $1.2 $163.0
High Corrective Action / Low
Sianificant Defect 7%
System Costs (Annual) $6.1 $2.5 $1.2 $148.0
State Costs (Annual) $0.3 $0.1 $0.0 $19.9
Total Costs (Annual) $6.4 $2.5 $1.2 $167.7]
Low Corrective Action / High
Significant Defect %
System Costs (Annual) $6.5 $4.0 $1.2 $149.5
State Costs (Annual) $0.3 $0.1 $0.0 $19.7
Total Costs (Annual) $6.8 $4.1 $1.2 $169.3
High Corrective Action / High
Significant Defect 7%
System Costs (Annual) $6.3 $2.5 $1.2 $154.3
State Costs (Annual) $0.3 $0.1 $0.0 $19.7
Total Costs (Annual) $6.6 $2.6 $1.2 $174.0
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Exhibit D-6. Total Costs by PWS Type Option 2: Sanitary Survey and
Triggered Monitoring

SYSTEM TYPE
Non-Transient/Non- Transient/Non-
Community Water Community Water Community
Systems Systems Water Systems TOTAL
DISCOUNT
RATE
Low Corrective Action / Low
Significant Defect 3%
System Costs (Annual) $50.6 $13.3 $70.0 $133.9
State Costs (Annual) $3.6 $1.0 $4.5 $18.9
Total Costs (Annual) $54.2 $14.4 $74.5 $152.8
High Corrective Action / Low
Sianificant Defect 3%
System Costs (Annual) $52.3 $13.1 $72.0 $137.4
State Costs (Annual) $3.6 $1.0 $4.5 $18.9
Total Costs (Annual) $55.9 $14.1 $76.5 $156.3
Low Corrective Action / High
Significant Defect 3%
System Costs (Annual) $53.5 $14.0 $725 $140.0
State Costs (Annual) $3.6 $1.0 $4.5 $18.8
Total Costs (Annual) $57.1 $15.1 $76.9 $158.9
High Corrective Action / High
Significant Defect 3%
System Costs (Annual) $55.2 $13.8 $74.4 $143.5
State Costs (Annual) $3.6 $1.0 $4.5 $18.8
Total Costs (Annual) $58.8 $14.8 $78.9 $162.3
Low Corrective Action / Low
Sianificant Defect 7%
System Costs (Annual) $54.1 $14.4 $74.8 $143.2
State Costs (Annual) $3.8 $1.1 $4.8 $19.8
Total Costs (Annual) $57.9 $15.4 $79.6 $163.0,
High Corrective Action / Low
Significant Defect 7%
System Costs (Annual) $56.1 $14.2 $77.6 $148.0,
State Costs (Annual) $3.8 $1.1 $4.8 $19.8
Total Costs (Annual) $59.9 $15.3 $82.5 $167.7
Low Corrective Action / High
Significant Defect 7%
System Costs (Annual) $57.2 $15.1 $77.3 $149.5
State Costs (Annual) $3.8 $1.1 $4.8 $19.7
Total Costs (Annual) $60.9 $16.2 $82.1 $169.3
High Corrective Action / High
Significant Defect 7%
System Costs (Annual) $59.2 $14.9 $80.2 $154.3
State Costs (Annual) $3.8 $1.1 $4.8 $19.7
Total Costs (Annual) $62.9 $16.0 $85.0 $174.0
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Exhibit D-7. Total Costs for Option 3: Multiple Barrier Approach

TOTAL NATIONAL COSTS DISCOUNT RATE
3% 7%

Annual System Costs:
Annual Cost (Low CA/Low SD) $156.4 $169.6
Annual Cost (Low CA/High SD) $162.7 $176.1
Annual Cost (High CA/Low SD) $161.6 $176.8]
Annual Cost (High CA/High SD) $167.9 $183.4

Annual State Costs:
Annual Cost (Low CA/Low SD) $20.6 $22.
Annual Cost (Low CA/High SD) $20.6 $22.
Annual Cost (High CA/Low SD) $20.6 $22.
Annual Cost (High CA/High SD) $20.6 $22.

Present Value of System Costs:
PV Cost (Low CA/Low SD) $2,327.3 $1,796.3
PV Cost (Low CA/High SD) $2,421.0 $1,865.6
PV Cost (High CA/Low SD) $2,403.8 $1,873.3
PV Cost (High CA/High SD) $2,497.5 $1,942.7

Present Value of State Costs:
PV Cost (Low CA/Low SD) $306.0 $234.4
PV Cost (Low CA/High SD) $306.0 $234.4
PV Cost (High CA/Low SD) $306.0 $234.4
PV Cost (High CA/High SD) $306.0 $234.4

Notes:

Low CA = Low Cost Corrective Action Scenario

High CA = High Cost Corrective Action Scenario

Low SD = Low Cost Significant Defect Scenario

Hiagh SD = Hiah Cost Sianificant Defect Scenario
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Exhibit D—8. Total Costs by PWS Size for Option 3: Multiple Barrier Approach

SYSTEM SIZE CATEGORIES
<100 501-1,000 1,001-3,300 3,301-10,000
DISCOUNT
RATE
Low Corrective Action / Low
Significant Defect 3%
System Costs (Annual) $70.8 $39.1 $12.1 $13.5 $10.3
State Costs (Annual) $5.6 $2.7 $0.8 $0.8 $0.4
Total Costs (Annual) $76.4 $41.8 $12.8 $14.3 $10.9
High Corrective Action / Low
Significant Defect 3%
System Costs (Annual) $74.3 $39.2 $11.2 $13.8 $12.3
State Costs (Annual) $5.6 $2.7 $0.8 $0.8 $0.4
Total Costs (Annual) $80.0 $41.9 $12.0 $14.6 $12.4
Low Corrective Action / High
Significant Defect 3%
System Costs (Annual) $73.4 $40.7 $12.7 $14.3 $10.4
State Costs (Annual) $5.6 $2.7 $0.8 $0.8 $0.4
Total Costs (Annual) $79.0 $43.4 $13.5 $15.1 $11.4
High Corrective Action / High
Sianificant Defect 3%
System Costs (Annual) $76.9 $40.8 $11.9 $14.6 $12.9
State Costs (Annual) $5.6 $2.7 $0.8 $0.8 $0.4
Total Costs (Annual) $82.5 $43.5 $12.6 $15.4 $13.9
Low Corrective Action / Low
Significant Defect 7%
System Costs (Annual) $76.5 $42.4 $13.0 $14.7 $11.9
State Costs (Annual) $6.3 $3.0 $0.9 $0.9 $0.4
Total Costs (Annual) $82.9 $45.4 $13.9 $15.5 $11.5
High Corrective Action / Low
Sianificant Defect 7%
System Costs (Annual) $81.6 $42.9 $12.2 $15.0 $13.3
State Costs (Annual) $6.3 $3.0 $0.9 $0.9 $0.4
Total Costs (Annual) $87.9 $45.9 $13.1 $15.9 $13.7
Low Corrective Action / High
Significant Defect 7%
System Costs (Annual) $79.2 $44.1 $13.7 $15.5 $11.5
State Costs (Annual) $6.3 $3.0 $0.9 $0.9 $0.4
Total Costs (Annual) $85.5 $47.1 $14.5 $16.3 $12.0
High Corrective Action / High
Significant Defect 7%
System Costs (Annual) $84.2 $44.6 $12.9 $15.8 $13.7
State Costs (Annual) $6.3 $3.0 $0.9 $0.9 $0.4
Total Costs (Annual) $90.6 $47.6 $13.7 $16.7 $14.7
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Exhibit D—8. Total Costs by PWS Size for Option 3: Multiple Barrier Approach

(continued)

SYSTEM SIZE CATEGORIES
10,001-50,000 50,001-100,000 100,001-1,000,000 TOTAL
DISCOUNT
RATE
Low Corrective Action / Low
Sianificant Defect 3%
System Costs (Annual) $5.3 $3.9 $1.6 $156.4
State Costs (Annual) $0.3 $0.1 $0.1 $20.6
Total Costs (Annual) $5.7 $3.9 $1.6 $177.0
High Corrective Action / Low
Sianificant Defect 3%
System Costs (Annual) $5.9 $3.3 $1.5 $161.6
State Costs (Annual) $0.3 $0.1 $0.1 $20.6
Total Costs (Annual) $6.3 $3.4 $1.6 $182.1
Low Corrective Action / High
Sianificant Defect 3%
System Costs (Annual) $5.6 $3.9 $1.6 $162.7
State Costs (Annual) $0.3 $0.1 $0.1 $20.6]
Total Costs (Annual) $5.9 $4.0 $1.7 $183.3
High Corrective Action / High
Significant Defect 3%
System Costs (Annual) $6.2 $3.4 $1.6 $167.9
State Costs (Annual) $0.3 $0.1 $0.1 $20.6
Total Costs (Annual) $6.5 $3.4 $1.6 $188.4
Low Corrective Action / Low
Sianificant Defect 7%
System Costs (Annual) $5.8 $4.2 $1.8 $169.6
State Costs (Annual) $0.4 $0.1 $0.1 $22.1
Total Costs (Annual) $6.2 $4.3 $1.8 $191.7
High Corrective Action / Low
Sianificant Defect 7%
System Costs (Annual) $6.5 $3.6 $1.7 $176.8
State Costs (Annual) $0.4 $0.1 $0.1 $22.1]
Total Costs (Annual) $6.8 $3.7 $1.8 $199.0
Low Corrective Action / High
Sianificant Defect 7%
System Costs (Annual) $6.1 $4.3 $1.8 $176.1
State Costs (Annual) $0.4 $0.1 $0.1 $22.1]
Total Costs (Annual) $6.5 $4.3 $1.9 $198.2
High Corrective Action / High
Sianificant Defect 7%
System Costs (Annual) $6.8 $3.7 $1.7 $183.4
State Costs (Annual) $0.4 $0.1 $0.1 $22.1
Total Costs (Annual) $7.1 $3.7 $1.8 $205.5
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Exhibit D-9. Total Costs by PWS Type for Option 3: Multiple Barrier Approach

SYSTEM TYPE
Non-Transient/Non- Transient/Non-
Community Water Community Water Community
Systems Systems Water Systems TOTAL
DISCOUNT
RATE
Low Corrective Action / Low
Significant Defect 3%
System Costs (Annual) $60.6 $15.6 $80.2 $156.4
State Costs (Annual) $3.9 $1.2 $5.6 $20.6]
Total Costs (Annual) $64.6 $16.8 $85.8 $177.0
High Corrective Action / Low
Significant Defect 3%
System Costs (Annual) $62.1 $15.8 $83.6 $161.6
State Costs (Annual) $3.9 $1.2 $5.6 $20.6
Total Costs (Annual) $66.0 $17.1 $89.3 $182.1
Low Corrective Action / High
Significant Defect 3%
System Costs (Annual) $63.7 $16.3 $82.7 $162.7
State Costs (Annual) $3.9 $1.2 $5.6 $20.6
Total Costs (Annual) $67.7 $17.6 $88.3 $183.3
High Corrective Action / High
Significant Defect 3%
System Costs (Annual) $65.2 $16.6 $86.1 $167.9
State Costs (Annual) $3.9 $1.2 $5.6 $20.6
Total Costs (Annual) $69.1 $17.8 $91.8 $188.4
Low Corrective Action / Low
Significant Defect 7%
System Costs (Annual) $65.6 $17.0 $87.0 $169.6
State Costs (Annual) $4.2 $14 $6.4 $22.1
Total Costs (Annual) $69.8 $18.4 $93.4 $191.7
High Corrective Action / Low
Sianificant Defect 7%
System Costs (Annual) $67.2 $17.4 $92.2 $176.8
State Costs (Annual) $4.2 $14 $6.4 $22.1
Total Costs (Annual) $71.5 $18.8 $98.6 $199.0
Low Corrective Action / High
Significant Defect 7%
System Costs (Annual) $68.8 $17.8 $89.6 $176.1
State Costs (Annual) $4.2 $1.4 $6.4 $22.1
Total Costs (Annual) $73.0 $19.1 $96.0 $198.2
High Corrective Action / High
Significant Defect 7%
System Costs (Annual) $70.4 $18.1 $94.8 $183.4
State Costs (Annual) $4.2 $1.4 $6.4 $22.1
Total Costs (Annual) $74.7 $19.5 $101.2 $205.5]
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Exhibit D-10. Total Costs for Option 4: Across-the-Board Disinfection

TOTAL NATIONAL COSTS DISCOUNT RATE
3% 7%
Annual System Costs:
Annual Cost (Low CA/Low SD) $718.7 $794.1
Annual Cost (Low CA/High SD) $723.9 $799.6
Annual Cost (High CA/Low SD) $779.8 $875.3|
Annual Cost (High CA/High SD) $785.0 $880.7
Annual State Costs:
Annual Cost (Low CA/Low SD) $25.2 $28.6)
Annual Cost (Low CA/High SD) $25.2 $28.6)
Annual Cost (High CA/Low SD) $25.2 $28.6)
Annual Cost (High CA/High SD) $25.2 $28.6
Present Value of System Costs:
PV Cost (Low CA/Low SD) $10,691.7 $8,412.9
PV Cost (Low CA/High SD) $10,769.9 $8,470.7
PV Cost (High CA/Low SD) $11,601.0 $9,272.7
PV Cost (High CA/High SD) $11,679.2 $9,330.5
Present Value of State Costs:
PV Cost (Low CA/Low SD) $375.5 $303.2
PV Cost (Low CA/High SD) $375.0 $302.9|
PV Cost (High CA/Low SD) $375.5 $303.2
PV Cost (High CA/High SD) $375.0 $302.9
Notes:
Low CA = Low Cost Corrective Action Scenario
High CA = High Cost Corrective Action Scenario
Low SD = Low Cost Significant Defect Scenario
High SD = Hiah Cost Sianificant Defect Scenario
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Exhibit D-11. Total Costs by PWS Size for Option 4: Across-the-Board

Disinfection
SYSTEM SIZE CATEGORIES
<100 101-500 501-1,000 1,001-3,300 3,301-10,000
DISCOUNT
RATE
Low Corrective Action / Low
Sianificant Defect 3%
System Costs (Annual) $169.8 $186.8 $74.1 $1034 $84.7
State Costs (Annual) $9.0 $4.0 $0.9 $0.8 $0.44
Total Costs (Annual) $178.8 $190.8 $75.0 $104.2 $85.0
High Corrective Action / Low
Significant Defect 3%
System Costs (Annual) $206.1 $198.2 $76.6 $106.6 $93.9
State Costs (Annual) $9.0 $4.0 $0.9 $0.8 $0.44
Total Costs (Annual) $215.1 $202.2 $775 $107.4 $94.3]
Low Corrective Action / High
Significant Defect 3%
System Costs (Annual) $172.0 $187.8 $74.8 $104.0 $85.1]
State Costs (Annual) $9.0 $4.0 $0.9 $0.8 $0.44
Total Costs (Annual) $181.0 $191.8 $75.7 $104.8 $85.5
High Corrective Action / High
Significant Defect 3%
System Costs (Annual) $208.2 $199.3 $77.3 $107.3 $94.4]
State Costs (Annual) $9.0 $4.0 $0.9 $0.8 $0.44
Total Costs (Annual) $217.2 $203.3 $78.2 $108.0 $94.9]
Low Corrective Action / Low
Sianificant Defect 7%
System Costs (Annual) $190.7 $204.3 $81.4 $113.7 $93.3]
State Costs (Annual) $10.8 $4.8 $1.0 $0.9 $0.44
Total Costs (Annual) $201.5 $209.1 $824 $114.6 $93.7
High Corrective Action / Low
Significant Defect 7%
Svystem Costs (Annual) $241.7 $220.4 $84.4 $117.1 $102.9|
State Costs (Annual) $10.8 $4.8 $1.0 $0.9 $0.44
Total Costs (Annual) $252.5 $225.2 $85.4 $118.0 $103.3}
Low Corrective Action / High
Sianificant Defect 7%
System Costs (Annual) $192.9 $205.4 $82.0 $114.3 $93.8
State Costs (Annual) $10.8 $4.8 $1.0 $0.9 $0.44
Total Costs (Annual) $203.7 $210.2 $83.1 $115.2 $94.2
High Corrective Action / High
Sianificant Defect %
System Costs (Annual) $243.9 $221.6 $85.0 $117.7 $103.4
State Costs (Annual) $10.8 $4.8 $1.0 $0.9 $0.44
Total Costs (Annual) $254.7 $226.3 $86.1 $118.6 $103.8
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Exhibit D-11.

Total Costs by PWS Size for Option 4: Across-the-Board
Disinfection (continued)

SYSTEM SIZE CATEGORIES
10,001-50,000 50,001-100,000 100,001-1,000,000 TOTAL
DISCOUNT
RATE
Low Corrective Action / Low
Significant Defect 3%
System Costs (Annual) $45.2 $43.7 $10.9 $718.7
State Costs (Annual) $0.3 $0.1 $0.0 $25.2
Total Costs (Annual) $45.5 $43.8 $11.0 $743.9
High Corrective Action / Low
Significant Defect 3%
System Costs (Annual) $42.7 $44.0 $115 $779.8
State Costs (Annual) $0.3 $0.1 $0.0 $25.2
Total Costs (Annual) $43.1 $44.1 $11.6 $805.0
Low Corrective Action / High
Significant Defect 3%
System Costs (Annual) $45.4 $43.8 $11.0 $723.9
State Costs (Annual) $0.3 $0.1 $0.0 $25.2
Total Costs (Annual) $45.7 $43.8 $11.0 $749.1
High Corrective Action / High
Significant Defect 3%
System Costs (Annual) $43.0 $44.1 $115 $785.0
State Costs (Annual) $0.3 $0.1 $0.0 $25.2
Total Costs (Annual) $43.3 $44.1 $11.6 $810.2
Low Corrective Action / Low
Significant Defect 7%
System Costs (Annual) $50.2 $48.0 $12.6 $794.1
State Costs (Annual) $0.4 $0.1 $0.1 $28.6]
Total Costs (Annual) $50.6 $48.1 $12.7 $822.7
High Corrective Action / Low
Significant Defect 7%
System Costs (Annual) $47.5 $48.2 $13.2 $875.3
State Costs (Annual) $0.4 $0.1 $0.1 $28.6
Total Costs (Annual) $47.9 $48.3 $13.2 $903.9
Low Corrective Action / High
Significant Defect 7%
System Costs (Annual) $50.4 $48.1 $12.6 $799.6
State Costs (Annual) $0.4 $0.1 $0.1 $28.6
Total Costs (Annual) $50.8 $48.2 $12.7 $828.2
High Corrective Action / High
Significant Defect 7%
System Costs (Annual) $47.7 $48.2 $13.2 $880.7
State Costs (Annual) $0.4 $0.1 $0.1 $28.6
Total Costs (Annual) $48.1 $48.3 $13.3 $909.3
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Exhibit D-12. Total Costs by PWS Type for Option 4:
Across-the-Board Disinfection

SYSTEM TYPE
Non-Transient/Non- Transient/Non-
Community Water Community Water Community
Systems Systems Water Systems TOTAL
DISCOUNT
RATE
Low Corrective Action / Low
Significant Defect 3%
System Costs (Annual) $376.3 $81.5 $260.9 $718.7
State Costs (Annual) $3.6 $2.1 $9.8 $25.2
Total Costs (Annual) $379.9 $83.5 $270.7 $743.9
High Corrective Action / Low
Significant Defect 3%
System Costs (Annual) $397.0 $85.5 $297.3 $779.8
State Costs (Annual) $3.6 $2.1 $9.8 $25.2
Total Costs (Annual) $400.6 $87.5 $307.1 $805.0
Low Corrective Action / High
Sianificant Defect 3%
System Costs (Annual) $378.8 $82.0 $263.1 $723.9
State Costs (Annual) $3.6 $2.1 $9.8 $25.2
Total Costs (Annual) $382.5 $84.0 $272.8 $749.1
High Corrective Action / High
Significant Defect 3%
System Costs (Annual) $399.5 $86.0 $299.5 $785.0
State Costs (Annual) $3.6 $2.1 $9.8 $25.2
Total Costs (Annual) $403.2 $88.1 $309.2 $810.2
Low Corrective Action / Low
Significant Defect 7%
System Costs (Annual) $414.8 $89.6 $289.7 $794.1
State Costs (Annual) $4.3 $2.5 $11.8 $28.6
Total Costs (Annual) $419.0 $92.1 $301.5 $822.7
High Corrective Action / Low
Significant Defect 7%
System Costs (Annual) $438.1 $96.1 $341.0 $875.3
State Costs (Annual) $4.3 $2.5 $11.8 $28.6
Total Costs (Annual) $442.4 $98.6 $352.8 $903.9
Low Corrective Action / High
Significant Defect 7%
Svstem Costs (Annual) $417.4 $90.2 $292.0 $799.6
State Costs (Annual) $4.3 $2.5 $11.8 $28.6
Total Costs (Annual) $421.7 $92.6 $303.8 $828.2
High Corrective Action / High
Sianificant Defect 7%
System Costs (Annual) $440.8 $96.7 $343.3 $880.7
State Costs (Annual) $4.3 $2.5 $11.8 $28.6
Total Costs (Annual) $445.0 $99.1 $355.1 $909.3
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Percent of Households

(High Corrective Action/Low Significant Defect Scenario)
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Exhibit D-13.
Household Costs of the GWR

Option 1: Sanitary Survey Only
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Percent of Households

Exhibit D-14.
Household Costs of the GWR
(High Corrective Action/Low Significant Defect Scenario)

Option 2: Sanitary Survey and Triggered Monitoring
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(High Corrective Action/Low Significant Defect Scenario)

Exhibit D-15.
Household Costs of the GWR

Option 3: Multi Barrier Approach
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(High Corrective Action/Low Significant Defect Scenario)

Exhibit D-16.
Household Costs of the GWR

Option 4: Across-the-Board Disinfection
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Comparative Household Costs of the GWR Across Regulatory Options
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Exhibit D-17.

For Systems Serving 0-500 People
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Exhibit D-18.

Comparative Household Costs of the GWR Across Regulatory Options
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