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above 0.3 are likely to already be
treating to remove or sequester these
metals. Therefore, costs of adding Fe/
Mn treatment to radon removal systems
are not included in the HRRCA.

Preliminary EPA estimates suggest that
inclusion of Fe/Mn treatment costs will
not significantly effect overall cost
estimates for radon removal. More
detailed analysis will be presented

when the proposed NPDWR is
published.
BILLING CODE 6560–50–P
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5.1.7 Post-Treatment—Disinfection

In addition to pre-treatment
requirements, the installation of some
radon reduction technology may also
require post-treatment, primarily to
reduce microbial contamination. Both
aeration and GAC treatment may
introduce potentially infectious
particulate contamination, which must
be addressed before the water can enter
the distribution system. The treatment
of water for other contaminants may
also introduce microbial contamination.
This is one reason why the majority of
systems already use disinfection
technologies. As will be discussed in
more detail below, a substantial
proportion of ground water systems
(ranging from 50 percent in the smallest
size category, to about 68 percent of the
largest systems) already disinfect. Costs
of disinfection are only attributed to the
radon rule only for that proportion of
systems not already having disinfection
systems in place. For systems that do
not already disinfect, chlorination is
assumed to be the treatment of choice.
Alternative technologies are available,
for example UV disinfection, but
chlorination is widely used in all size
classes of water supply systems, and the
chlorination is considered to provide a
reasonable basis for estimating
disinfection costs.

5.2 Monitoring Costs

While not strictly speaking a water
treatment technology, ground water
monitoring will play an important role
in any strategy to reduce radon
exposures. Therefore, monitoring costs
have been included as a cost element in
the cost analysis. Although EPA has not
yet defined a monitoring strategy for the
proposed NPDWR, it is clear that
systems will, first, have to sample
influent water to determine the need for
treatment, and second, continue to
monitor after treatment (or after a
decision is made not to mitigate). For
the purpose of developing national cost
estimates, it has been assumed that all

systems will have to conduct initial
quarterly monitoring of all sources, and
continue to conduct radon monitoring
and analysis indefinitely after the rule is
implemented. This is a conservative
assumption (likely to overstate
monitoring costs) because in reality a
large proportion of systems with radon
levels below the MCL will probably be
allowed to monitor less frequently after
the initial monitoring period.

Monitoring costs are simply the unit
costs of radon analyses times the
number of samples analyzed. The
number of intake sites per system is
estimated from SDWIS data, as
discussed in Section 5.7. The cost of
analyzing each sample is estimated to be
between $40 and $75, with an
representative cost of $50 per sample
used for the national cost estimate (US
EPA 1998K).

5.3 Water Treatment Technologies
Currently In Use

EPA has conducted an extensive
analysis of water treatment technologies
currently in use by ground water supply
systems (Table 5–2). This table shows
the proportions of ground water systems
with specific technologies already in
place broken down by system size
(population served). Many ground water
systems currently employ disinfection,
aeration, or Fe/Mn removal
technologies. This distribution of pre-
existing technologies serves as the
baseline against which water treatment
costs are measured. For example, costs
of disinfection are attributed to the
radon rule only for the estimated
proportion of systems that would have
to install disinfection as a post-
treatment because they do not already
disinfect.

Within current EPA cost models, the
estimate of the number of sites (entry
points into the distribution system) is
ideally broken down into three parts:
estimates of the average national
occurrence of the contaminant in
drinking water systems, the intra-system
variability of the contaminant

concentration, and the typical number
of sites within system size categories. In
prior RIAs, EPA modeled all drinking
water systems requiring treatment as
installing centralized treatment, which
assumes that there is one point of
treatment within a system. A more
accurate estimate of treatment would be
to calculate costs according to treatment
installed at each well site that is
predicted to be above the target radon
level within a water system. This intra-
system variability analysis accounts for
the fact that, in reality, multi-site water
systems do not necessarily have the
same radon level at each site. However,
because the analysis of intra-system
variability for radon occurrence is not
yet complete, it is not possible to use
this approach to calculate treatment
costs. For future rules, including the
proposed rule for radon, EPA will
calculate national cost estimates based
on the number of sites rather than by the
system as a whole. These estimates will
more accurately reflect the percentage of
the population receiving drinking water
that has been treated in some way and
will result in more accurate national
compliance cost estimates.

The cost analysis assumes that any
system affected by the rule will
continue to employ pre-existing radon
treatment technology and pre-and post-
treatments in their efforts to comply
with the rule. Where pre-or post-
treatments are already in place, but
radon treatment is currently not taking
place, it is assumed that compliance
with the radon rule will not require any
upgrade or change in the pre-or post-
treatments. Therefore, no incremental
cost is attributed to pre-or post-
treatment technologies. This may
underestimate costs if pre-or post-
treatments need to be changed (e.g., a
need for additional chlorination after
the installation of packed tower
aeration). The potential magnitude of
this cost underestimation is not known,
but is likely to be a very small fraction
of total treatment costs.

TABLE 5–2.—ESTIMATED PROPORTIONS OF GROUND WATER SYSTEMS WITH WATER TREATMENT TECHNOLOGIES
ALREADY IN PLACE (PERCENT) 1

Water treatment technologies in place

System size (population served)

25–100 101–500 501–1K 1K–3.3K 3.3K–
10K

10K–
50K

50K–
100K

100K–
1M

Fe/Mn Removal & Aeration & Disinfection ...................... 0.4 0.2 1.2 0.6 2.9 2.2 3.1 2.0
Fe/Mn Removal & Aeration .............................................. 0.0 0.1 0.2 0.1 0.4 0.1 0.4 0.1
Fe/Mn Removal & Disinfection ........................................ 2.1 5.1 8.3 3.0 7.8 7.4 9.7 6.8
Fe/Mn Removal ................................................................ 1.9 1.5 1.5 1.0 1.1 0.4 1.1 0.2
Aeration & Disinfection Only ............................................ 0.9 3.2 9.8 13.7 20.9 19.7 18.6 19.9
Aeration Only ................................................................... 0.8 1.0 1.8 2.9 2.9 1.0 2.1 0.6
Disinfection Only .............................................................. 49.6 68.2 65.0 65.0 56.3 66.0 58.3 68.3
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TABLE 5–2.—ESTIMATED PROPORTIONS OF GROUND WATER SYSTEMS WITH WATER TREATMENT TECHNOLOGIES
ALREADY IN PLACE (PERCENT) 1—Continued

Water treatment technologies in place

System size (population served)

25–100 101–500 501–1K 1K–3.3K 3.3K–
10K

10K–
50K

50K–
100K

100K–
1M

None ................................................................................. 44.3 20.7 12.2 13.7 7.7 3.2 6.7 2.1

1 Source: EPA analysis of data from the Community Water System Survey (CWSS), 1997, and Safe Drinking Water Information System
(SDWIS), 1998.

5.4 Cost of Technologies as a Function
of Flow Rates and Radon Removal
Efficiency

EPA has developed a set of cost
curves that describe the relationships
between the capital and operating and
maintenance costs of the various
treatment technologies, flow rates, and
the degree of radon removal that is
required (US EPA 1998A, 1998O). Cost
curves were developed using the most
recent available data and standard cost
estimation methodologies. Separate
functions for capital and operation and
maintenance (O&M) costs have been
developed for each technology and
radon removal rate. For all of the
technologies except regionalization,
both the capital and O&M cost curves
are functions of flow rates. Capital costs
are estimated as a function of the design
flow (DF) of the technology. The DF for
a technology is equal to a technology’s
maximum flow capacity, or the largest
amount of water that can be processed
per unit time. The DF is typically two
to three times greater than the average
amount of water treated by a given
system. O&M costs are functions of the
average flow (AF) through the system.
Labor, treatment chemicals and
materials, periodic structure
maintenance, and water stewardship
expenses are estimated based on daily
average flows. The cost curves
developed by OGWDW for the various
radon removal technologies are
provided in Appendix B.

5.5 Choice of Treatment Responses
The Agency has developed a set of

assumptions regarding the choices that

CWSs will make in deciding how to
mitigate water radon levels to meet
specific exposure reduction
requirements. These assumptions have
been developed taking into account the
expected influent radon levels, the
degree of radon removal needed to reach
specified levels, the types of
technologies that would be technically
feasible and cost-effective for systems of
a given size, and the distribution of pre-
existing technologies shown in Table 5–
2. Generally, it is assumed that a system
will choose the least-cost alternative
technology to achieve a given radon
level. For example, to achieve a radon
level of 100 pCi/l, all systems with
average influent levels below 100 would
not need to mitigate, systems with
influent radon levels between 100 and
200 pCi/l would need to employ
technologies that achieve 50 percent
reduction, systems with influent levels
between 200 and 500 pCi/l would
employ technologies capable of 80
percent radon removal, and systems
with influent radon above 500 pCi
would employ technologies with
removal efficiencies of 99 percent. In
actuality, removal efficiencies would be
more variable; e.g., a removal efficiency
of 90 percent, rather than 99 percent,
could be employed for radon levels
between 500 and 1,000 pCi/l. However,
this cost analysis has been limited to
three removal efficiencies to simplify
the analysis. EPA does not believe that
this has introduced any significant bias
into the assessment.

Table 5–3 presents the estimated
proportions of systems of given sizes
that are expected to choose specified

radon reduction technologies for given
degrees of radon removal. Most systems
in most size classes are assumed to
choose aeration as the preferred radon
reduction technology with or without
disinfection, depending on the
proportion of systems in that size
stratum already disinfecting. This is
because some form of aeration is
generally the most cost-effective option
for a given degree of radon reduction.
For small systems and low required
removal efficiencies, multistage fixed-
bed (MSBA) and diffused bubble
aeration (DA) tend to be the most cost-
effective. For large systems and high
removal efficiencies, packed tower
aeration (PTA) is the only feasible
aeration technology.

Small proportions of the smallest
system size categories (less than 5
percent in all cases) are assumed to
choose central GAC with or without
disinfection. A few percent of the
smallest systems are also assumed to
choose POE GAC. Storage is assumed to
be a viable option for two percent of
small systems where radon reduction of
50 percent or less is required, and
regionalization is assumed to be feasible
for one percent of the smallest systems.
EPA has assumed in this HRRCA that no
systems would choose spray aeration or
alternative source technologies. It is
believed that these technologies would
be chosen only rarely, and their
omission has not biased the compliance
cost estimates. This issue will be
addressed in more detail in the
proposed NPDWR.

TABLE 5–3.—DECISION MATRIX FOR SELECTION OF TREATMENT TECHNOLOGY OPTIONS: UP TO 50 PERCENT REMOVAL

Treatment technology option

Percent of system size category (population served) choosing treatment technology

<100 101–500 501–1000 1001–3.3K 3301–10K 10–50K 50–100K 100–
1000K

PTA (80) ........................................... 2.6 7.8 16.8 31.9 60.8 86.9 86.3 96.4
PTA (80) + disinfection .................... 2.4 2.2 3.2 8.1 9.2 3.2 13.7 3.6
MSBA/STA (80) ............................... 13.2 21.8 22.7 15.9 8.7 0.0 0.0 0.0
MSBA/STA (80) + disinfection ......... 11.8 6.2 4.3 4.1 1.3 0.0 0.0 0.0
DA (80) ............................................. 31.7 43.4 42.7 31.9 17.4 9.7 0.0 0.0
DA (80) + disinfection ...................... 28.3 12.6 8.3 8.1 2.6 0.4 0.0 0.0
Retrofit Spray ................................... 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
GAC (50) .......................................... 2.6 2.3 0.8 0.0 0.0 0.0 0.0 0.0

VerDate 20-FEB-99 14:46 Feb 25, 1999 Jkt 183247 PO 00000 Frm 00025 Fmt 4701 Sfmt 4703 E:\FR\FM\26FEN2.XXX pfrm04 PsN: 26FEN2



9584 Federal Register / Vol. 64, No. 38 / Friday, February 26, 1999 / Notices

TABLE 5–3.—DECISION MATRIX FOR SELECTION OF TREATMENT TECHNOLOGY OPTIONS: UP TO 50 PERCENT REMOVAL—
Continued

Treatment technology option

Percent of system size category (population served) choosing treatment technology

<100 101–500 501–1000 1001–3.3K 3301–10K 10–50K 50–100K 100–
1000K

GAC (50) + disinfection ................... 2.4 0.7 0.2 0.0 0.0 0.0 0.0 0.0
POE GAC (99) ................................. 2.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Storage (50) ..................................... 2.0 2.0 1.0 0.0 0.0 0.0 0.0 0.0
Regionalization (99) ......................... 1.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0
Alternate source (99) ....................... 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
All Systems ...................................... 100 100 100 100 100 100 100 100
PTA (80) ........................................... 4.2 10.9 20.2 31.9 60.8 96.5 86.3 96.4
PTA (80) + disinfection .................... 3.8 3.1 3.8 8.1 9.2 3.5 13.7 3.6
MSBA/STA (80) ............................... 14.8 21.0 21.0 15.9 8.7 0.0 0.0 0.0
MSBA/STA (80) + disinfection ......... 13.2 6.0 4.0 4.1 1.3 0.0 0.0 0.0
DA (80) ............................................. 29.6 42.8 42.0 31.9 17.4 0.0 0.0 0.0
DA (80) + disinfection ...................... 26.4 12.2 8.0 8.1 2.6 0.0 0.0 0.0
Retrofit Spray ................................... 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
GAC (80) .......................................... 2.6 2.3 0.8 0.0 0.0 0.0 0.0 0.0
GAC (80) + disinfection ................... 2.4 0.7 0.2 0.0 0.0 0.0 0.0 0.0
POE GAC (99) ................................. 2.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Regionalization (99) ......................... 1.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0
Alternate source (99) ....................... 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
All Systems ...................................... 100 100 100 100 100 100 100 100
PTA (99) ........................................... 15.3 26.5 35.3 47.8 69.4 96.5 86.3 96.4
PTA (99) + disinfection .................... 13.7 7.5 6.7 12.2 10.6 3.5 13.7 3.6
MSBA/STA (99) ............................... 34.3 49.1 48.7 31.9 17.4 0.0 0.0 0.0
MSBA/STA (99) + disinfection ......... 30.7 13.9 9.3 8.1 2.6 0.0 0.0 0.0
GAC (99) .......................................... 1.6 1.6 0.0 0.0 0.0 0.0 0.0 0.0
GAC (99) + disinfection ................... 1.4 0.4 0.0 0.0 0.0 0.0 0.0 0.0
POE GAC (99) ................................. 2.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Regionalization (99) ......................... 1.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0
Alternate source (99) ....................... 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Totals ..................................... 100 100 100 100 100 100 100 100

Notes:
1. Technology abbreviations: PTA = packed tower aeration, MSBA/STA = multi-stage bubble aeration, GAC = granular activated carbon, POE

GAC = point of entry granular activated carbon. Numbers in parentheses indicate removal efficiencies.
2. Capital costs for small systems include land costs. For large systems, it is assumed that additional land is not required.
3. Sequestration costs are included in PTA and MSBA/STA capital costs.
4. Additional housing costs are included in PTA, MSBA/STA, and GAC capital costs and are weighted under the assumption that 50% of small

systems will require additional housing, 100% of large systems will require additional housing.
5. Permitting costs are included and are assumed to be 3% of capital costs, with a minimum of $2500.
6. Pump and blower redundancies are included in capital costs.

5.6 Cost Estimation

5.6.1 Site and System Costs

The costs of reducing radon in ground
water to specific radon levels was
calculated using the cost curves
discussed in Section 5.4 and the matrix
of treatment options presented in
Section 5.5. For each radon level and
system size stratum, the number of
systems required to reduce radon levels
by up to 50 percent, 80 percent and 99
percent were calculated. Then, the cost
curves for the distributions of
technologies dictated by the treatment
matrix were applied to the appropriate
proportions of the systems. Capital and
O&M costs were then calculated for
each system, based on typical estimated
design and average flow rates. These
flow rates were calculated on
spreadsheets using equations from
EPA’s Safe Drinking Water Suite Model
(US EPA 1998N). The equations and

parameter values relating system size to
flow rates are presented in Appendix C.

The distributions of influent radon
levels in the various system size
categories were calculated using the
results of EPA’s updated radon
occurrence analysis (exceedance
proportions calculated from data in US
EPA 1998L).

Capital and O&M costs were
estimated separately for each ‘‘site’’ (a
separate water source, usually a well)
within systems. Where systems obtained
water from only one site, costs are
calculated by applying the entire system
flow rate to the appropriate cost curves.
Where systems consisted of more than
one site, the total system flow rate was
divided by the number of sites, capital
and O&M costs were then calculated for
the resulting flow rate, and the total
system cost was obtained by
multiplying this result by the number of
sites in the system. This approach
provides conservative cost estimates,

because it assumes that separate
treatment systems would be built at
each site. This approach also obscures
some of the effects of variability in
system sizes on costs, because each
system in a given size category is
assumed to have the same flow rate.

Table 5–4 summarizes the numbers of
sites per system for the various size
categories of combined public and
private community ground water
systems. The average ranges from 1.1
site per system serving less than 100
people to almost nine sites per system
serving greater than 100,000 people. The
distributions of the numbers of sites per
systems are very skewed, with
ninetieth-percentile values ranging from
2 to 20 sites per system for the smallest
and largest size categories, respectively.
A large proportion of the systems
serving 10,000 people or less obtain
water from only one site. Public and
private water systems differ with regard
to system design and average flows. For
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this reason, separate cost estimates have
been developed for the public and
private community ground water
systems.

TABLE 5–4.—NUMBERS OF SITES PER
GROUND WATER SYSTEM BY SYS-
TEM SIZE

System size
(population

served)

Average
sites per
system

90th per-
centile sites
per system

25–100 .............. 1.1 2
101–500 ............ 1.2 2
501–1,000 ......... 1.4 3
1,001–3,300 ...... 1.7 4
3,301–10,000 .... 2.3 4
10,001–50,000 .. 3.9 10
50,000–100,000 8.7 20
>100,000 ........... 8.8 20

Source: EPA analysis of CWSS data, 1998.

In addition to the costs of radon
treatment and disinfection, monitoring
costs were also calculated for each
system. As noted previously, the
average cost of monitoring was
estimated to be $50 per sample, and it
was assumed that each site in a system
would need to be monitored quarterly.
Monitoring costs were added as an
ongoing cost stream to the O&M costs.

5.6.2 Aggregated National Costs
The estimated costs of reducing radon

levels to meet different radon levels
were estimated by summing the costs
for the individual sites and systems in
each size category and influent range.
Separate totals were compiled for
capital and O&M costs. Capital costs
were annualized (over 20 years at a
seven per cent discount rate) and added
to the annual O&M costs to provide
single aggregate estimates of national
costs for each radon level. This
approach implicitly assumes that
treatment devices have useful lives that
are identical to the period of financing.
In reality, the useful life and period of
financing are not necessarily the same.
The aggregate cost estimates are
presented in Section 6. As will be
discussed in more detail below, separate
cost estimates were developed for
implementation options involving
MMM programs and are presented in
Section 7. Summary outputs of the
spreadsheet models used to estimate
costs are provided in Appendix D.

5.6.3 Costs to Community Water
Supply Systems

As noted above, costs were estimated
separately for public and private ground
water systems. Costs per system were
calculated by dividing total costs for a
given size category of public or private
system by the total number of systems

needing to mitigate radon. The results of
these assessments are presented in
Section 6.

5.6.4 Costs to Consumers/Households
Costs to households have also been

calculated for public and private ground
water systems. Costs are calculated by
multiplying the average annual
treatment costs per thousand gallons by
the estimated average household
consumption (83,000 gal/year). This
approach assumes that all water systems
pass incremental costs attributable to
the radon rule on to system’s residential
customers and that the residential
customers will pay the same proportion
of costs as other users. Average
household costs are calculated
separately for public and private
community water systems across
various system-size categories. Per
household costs are then compared to
median household income data (US
EPA 1998H) for the same system-size
categories. These impacts are discussed
in Section 6.

5.6.5 Costs of Radon Treatment by
Non-Transient Non-Community
Systems

Very little data are available that will
support the development of detailed
estimates of radon treatment costs for
the NTNCWS that could be affected by
a radon NPDWR. EPA is currently
conducting a more detailed evaluation
of the characteristics of NTNCWSs that
will be completed in time for the
proposed rule.

5.7 Application of Radon Related
Costs to Other Rules

The baseline for the radon rule
compliance cost estimates presented in
this draft HRRCA consists of the pre-
existing treatment technology
distribution shown in Table 5–2. As the
radon rule is implemented, however,
other rules may also require additional
systems to install new technologies (e.g.,
disinfection). Thus, attributing all costs
of increased use of disinfection at
systems with high radon levels to the
radon rule would overstate its cost. At
the present time, EPA has not quantified
the potential degree to which the costs
of the radon rule may be overstated.

6. Results: Costs and Benefits of
Reducing Radon in Drinking Water

This section presents benefit, cost,
and impact estimates for the various
radon levels. Section 6.1 provides an
overview of the analytical approach.
Sections 6.2 and 6.3 present the
monetized benefit and cost estimates for
the various radon levels evaluated.
Section 6.3 summarizes the economic

impacts on the various affected entities.
Section 6.5 compares the costs and
benefits of the radon levels evaluated.
Section 6.6 presents a brief summary of
the major uncertainties in the cost,
benefit, and impact estimates.

The presentation of costs and benefits
in this Section is based on analysis of
radon levels of 100, 300, 500, 700,
1,000, 2,000, and 4,000 pCi/l in CWSs
served by ground water.

6.1 Overview of Analytical Approach
The analysis of benefits quantifies the

reduction in health risks/impacts to the
general population and considers the
risks to potentially sensitive
subpopulations (qualitatively). The
evaluated health benefits of the rule
consist of reduced fatal and non-fatal
cancer risks, and the monetary
surrogates for these benefits have been
estimated, as described in Section 4.0.
The national cost estimates developed
include the capital and O&M costs to
reduce radon, along with pre- and post-
treatment costs where appropriate, as
well as monitoring costs. Record
keeping and reporting costs and
implementation costs to States and
government entities will be addressed in
the RIA prepared for the proposed rule.

The costs and benefits of a radon
NPDWR will result in economic impacts
on affected individuals, corporate
entities, and government entities. In this
analysis, the impacts on water systems
and households have been evaluated.
These include: (1) the cost to systems of
different sizes and ownership types, and
(2) changes in water costs to households
as a proportion of income. Public
systems include those owned by
government entities. Private systems
consist of investor-owned entities that
provide drinking water as their primary
line of business. Ancillary systems
include drinking water systems that are
operated incidentally to another
business. The vast majority of ancillary
systems are mobile home parks, but
some are schools, hospitals, and other
entities. The economic impacts of the
MMM programs on systems or
households have not been calculated,
because there is no information at
present as to how these programs would
be funded or upon whom the costs
would fall.

6.2 Health Risk Reduction and
Monetized Health Benefits

The probabilistic risk model was used
to calculate the cancer risk reduction
benefits of the various levels. Risk
reduction benefits were calculated by
subtracting the estimated population
risk (number of fatal cancers per year at
a particular radon level) from the

VerDate 20-FEB-99 14:46 Feb 25, 1999 Jkt 183247 PO 00000 Frm 00027 Fmt 4701 Sfmt 4703 E:\FR\FM\26FEN2.XXX pfrm04 PsN: 26FEN2



9586 Federal Register / Vol. 64, No. 38 / Friday, February 26, 1999 / Notices

baseline (pre-regulation) population
cancer risk due to radon exposure.
Estimates of the number of non-fatal
cancers avoided were developed as
described in Section 4.2.1. The results
of this analysis are summarized in Table
6–1. Under the baseline scenario, the
estimated number of fatal cancers per

year caused by radon exposures in
domestic water supplies is 160, and the
number of non-fatal cancers is 9.2. As
radon levels decrease, residual risks
decrease, and the risk reduction benefits
increase. Since very few people are
exposed at levels above 2,000 pCi/l, the
benefit of controls in this range is

relatively small (fewer than 7 cancers
prevented per year). The health risk
reduction benefits then increase rapidly
as radon levels decrease because
progressively larger populations are
affected as more and more systems are
required to mitigate exposures.

TABLE 6–1.—RESIDUAL CANCER RISK AND RISK REDUCTION FROM REDUCING RADON IN DRINKING WATER

Radon level (pCi/l in water)

Residual fatal
cancer risk
(cases per

year)

Residual non-
fatal cancer

risk (cases per
year)

Risk reduction
(fatal cancers
avoided per

year) 1

Risk reduction
(non-fatal can-
cers avoided
per year) 1

(Baseline) ................................................................................................... 160 9.2 0 0
4,000 2 ........................................................................................................ 158 9.1 2.2 0.1
2,000 .......................................................................................................... 153 8.8 6.5 0.4
1,000 .......................................................................................................... 143 8.2 16 0.9
700 ............................................................................................................. 135 7.8 25 1.4
500 ............................................................................................................. 124 7.1 36 2.1
300 ............................................................................................................. 101 5.8 58 3.4
100 ............................................................................................................. 44.8 2.6 115 6.6

1 Risk reductions and residual risk estimates are slightly inconsistent due to rounding.
2 4000 pCi/l is equivalent to the AMCL estimated by the NAS based on SDWA provisions of Section 1412(b)(13).

At the lowest level (100 pCi/l)
analyzed, the residual cancer risk (the
cancer risk occurring after controls are
installed) is approximately 45 fatal
cancers per year. The risk reduction
from this radon level is 115 fatalities per
year, a reduction of approximately 72
percent from the baseline of 160 per
year. A similar proportional reduction
in non-fatal cancers is seen with
decreasing radon levels.

The monetary valuation methods
discussed in Section 4 were applied to
these risk reductions, as shown in Table
6–2. The central tendency benefits
estimates are based on a VSL of $5.8
million (1997$) and a WTP to avoid
fatal cancers of $536,00 (1997$). The
ranges of benefits estimated using the
upper and lower bound estimates of the
VSL and WTP to avoid non-fatal cancers
are also provided in the table.

TABLE 6–2.—ESTIMATED MONETIZED
HEALTH BENEFITS FROM REDUCING
RADON IN DRINKING WATER

Radon Level
(pCi/l)

Monetized
health bene-
fits, central
tendency

(annualized,
$millions,
1997) 1

Range of
monetized

health bene-
fits

(annualized,
$millions,
1997) 2

4,000 3 ............... 13 2–35
2,000 ................. 38 5–106
1,000 ................. 96 12–268
700 .................... 145 18–403
500 .................... 212 26–591
300 .................... 343 43–955
100 .................... 673 84–1875

1 Includes contributions from fatal and non-
fatal cancers, estimated using central tend-
ency estimates of the VSL of $5.8 million
(1997$), and a WTP to avoid non-fatal can-
cers of $536,000 (1997$).

2 Estimates the range of VSL between $0.7
and $16.3 million (1997$), and a range of
WTP to avoid non-fatal cancers between
$169,000 (1997$) and $1.05 million (1997$).

3 4,000 pCi/l is equivalent to the AMCL esti-
mated by the NAS based on SDWA provisions
of Section 1412(b)(13).

Using central tendency estimates for
each of the monetary equivalents, the
baseline health costs of fatal and non-

fatal cancers associated with household
radon exposures from CWSs are
estimated to be $933 million per year.
Central tendency estimates of monetized
benefits range from $13 million per year
for a level of 4,000 pCi/l up to $673
million for the most stringent level of
100 pCi/l. When different values for the
VSL are used, the benefits estimates
change significantly. Using a lower
bound VSL of $0.7 million, the benefits
estimates are reduced approximately 9-
fold compared to the central tendency
estimates. Using an upper bound VSL of
16.3 million increases the benefits
estimates by approximately 3-fold
relative to the central tendency estimate.
Variations in the estimated WTP to
avoid non-fatal cancers affect benefit
total estimates only slightly (i.e., less
than 1 percent), since non-fatal cancers
represent a very small proportion of
estimated radon cancer cases.

A more detailed breakout of the risk
reduction, monetized benefits estimates,
and the total cost per fatal cancer case
avoided for ever-smokers and never-
smokers is provided in Tables 6–3 and
6–4.

TABLE 6–3.—RISK REDUCTION AND MONETIZED BENEFITS ESTIMATES FOR EVER-SMOKERS1

Radon level, pCi/l

40003 2000 1000 700 500 300 100

Fatal Cancers Avoided Per Year ....................................................... 1.7 5.2 13.2 19.9 29.2 47.1 92.5
Non-Fatal Cancers Avoided Per Year ............................................... 0.1 0.3 0.8 1.1 1.7 2.7 5.2
Annual Monetized Health Benefits ($Millions, 1997)—Central Tend-

ency ................................................................................................ 10.2 30.6 77.1 115.8 170.0 274.7 539.3
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TABLE 6–3.—RISK REDUCTION AND MONETIZED BENEFITS ESTIMATES FOR EVER-SMOKERS1—Continued

Radon level, pCi/l

40003 2000 1000 700 500 300 100

Annual Incremental Health Benefits ($Millions/year)—Central Tend-
ency ................................................................................................ 10.2 20.4 46.5 38.7 54.2 104.7 264.6

Annual Cost Per Fatal Cancer Avoided ($Millions, 1997) 2 ............... 7.0 4.4 3.7 3.7 3.7 4.0 4.3

1 Risk reductions for ever- and never-smokers were estimated using the NAS unit risk estimates summarized in Table 3–4, an ever-smoking
prevalence of 58% males and 42% females, a central VSL estimate of $5.8 million (1997$), and central WTP estimate to avoid non-fatal cancer
of $536,000 (1997$).

2 Total cost estimates come from Table 6–5. The cost per fatal cancer case avoided is calculated by dividing the estimates of fatal cancers
avoided per year by the annualized mitigation costs for each population. For purposes of this analysis, it was assumed that the mitigation costs
(for both water and MMM programs) would be allocated equally to smoking and non-smoking populations.

3 4000 pCi/l is equivalent to the AMCL estimated by the NAS based on the SDWA provisions of Section 1412(b)(13).

TABLE 6–4.—RISK REDUCTION AND MONETIZED BENEFITS ESTIMATES FOR NEVER-SMOKERS

Radon Level, pCi/l

4000 * 2000 1000 700 500 300 100

Fatal Cancers Avoided Per Year ......................................... 0.4 1.3 3.2 4.8 7.0 11.4 22.3
Non-Fatal Cancers Avoided Per Year ................................. 0.03 0.09 0.22 0.33 0.48 0.78 1.54
Annual Monetized Health Benefits ($Millions, 1997)—Cen-

tral Tendency .................................................................... 2.4 7.4 18.6 27.9 41.0 66.3 130.2
Annual Incremental Health Benefits ($Millions/year)—Cen-

tral Tendency .................................................................... 2.4 5 11.2 9.3 13.1 25.3 63.9
Annual Cost Per Fatal Cancer Avoided ($Millions, 1997) ... 29.2 18.3 15.3 15.4 15.5 16.4 17.8

*4000 pCi/l is equivalent to the AMCL estimated by the NAS based on SDWA requirements of Section 1412(b)(13).

6.3 Costs of Radon Mitigation

This section describes the incremental
costs associated with each of the radon
levels. Discussion of the cost results
includes: the total nationally aggregated
cost to all water systems that must
comply with the target radon levels.
These include capital and O&M costs;
the average annualized cost per system
exceeding the applicable radon level;
the average annualized costs per system
and incremental costs per household,

broken out by public and private water
system; and costs and impacts to
households under each radon level. All
costs are incremental costs stated in
1997 dollars. Capital costs were
annualized using a seven percent
discount rate and a 20-year amortization
period.

6.3.1 Aggregate Costs of Water
Treatment

The total annual nationally aggregated
cost varies significantly by the specific
radon level. Total national cost
estimates for CWSs are presented in
Table 6–5. As demonstrated by the
exhibit, water mitigation costs increase
substantially from the highest radon
level analyzed ($24 million at 4000 pCi/
l) to the lowest level analyzed ($795
million at 100 pCi/l).

TABLE 6–5.—ESTIMATED ANNUALIZED NATIONAL COSTS OF REDUCING RADON EXPOSURES

[$Million, 1997]

Radon level (pCi/l)

Central tend-
ency estimate
of annualized

costs

Range of
annualized

costs (+/¥50%)

Cost per fatal
cancer case

avoided

4000* .......................................................................................................................................... 24 12–36 11.3
2000 ........................................................................................................................................... 46 23–70 7.1
1000 ........................................................................................................................................... 98 49–146 5.9
700 ............................................................................................................................................. 148 75–223 6.0
500 ............................................................................................................................................. 218 109–327 6.0
300 ............................................................................................................................................. 373 187–560 6.4
100 ............................................................................................................................................. 795 398–1193 6.9

*4000 pCi/l is equivalent to the AMCL estimated by the NAS based on SDWA requirements of Section 1412(b)(13).

The costs borne by water systems are
made up of annualized capital, O&M,
and monitoring costs. The contributions

of these cost elements are broken out in
Table 6–6. As the radon level increases
(i.e., is made less stringent), the

proportion of costs due to monitoring
increases relative to capital and O&M
costs.
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TABLE 6–6.—CAPITAL AND O&M COSTS OF MITIGATING RADON IN DRINKING WATER

[$Million, 1997]

Radon levels (pCi/l) Annual capital
cost

Annual O&M
cost

Annual mon-
itoring costs Total costs

4000 * ........................................................................................................... 8.0 5.2 11.4 25
2000 ............................................................................................................. 19.8 15.3 11.4 46
1000 ............................................................................................................. 48.9 37.4 11.4 98
700 ............................................................................................................... 77.9 58.5 11.4 148
500 ............................................................................................................... 119 87.7 11.4 218
300 ............................................................................................................... 210 124 11.4 373
100 ............................................................................................................... 460. 324 11.4 795

* 4000 pCi/l is equivalent to the AMCL estimated by the NAS based on SDWA requirements of Section 1412(b)(13).

6.4 Incremental Costs and Benefits of
Radon Removal

Table 6–7 summarizes the central
tendency and the upper and lower
bound estimates of the incremental
costs and benefits of radon exposure

reduction. Both the annual incremental
costs and benefits increase as the radon
level is incrementally decreased from
2000 pCi/l down to 100 pCi/l. The
exhibit also illustrates the wide ranges
of potential incremental costs and
benefits due to the uncertainty inherent

in the estimates. Incremental costs and
benefits are within 10 percent of each
other at radon levels of 1000, 700, and
500 pCi/l. There is substantial overlap
between the incremental costs and
benefits at each radon level.

Table 6–7.—Estimates of the Annual Incremental Costs and Benefits of Reducing Radon in Drinking Water
[$Millions, 1997]

Radon Level, pCi/l

4000 * 2,000 1,000 700 500 300 100

Annual Incremental Cost ......................... 24 46 52 50 70 156 422
Range of Annual Incremental Costs ........ 12–36 11–34 26–76 26–77 34–104 78–233 211–633
Annual Incremental Monetized Benefits .. 13 25 58 48 67 130 329
Range of Incremental Monetized Benefits 2–35 3–71 7–162 6–135 8–188 17–364 41–920
Incremental Cost Per Fatal Cancer Case

Avoided ................................................. 11.3 5.0 5.2 6.1 6.1 7.0 7.5

* 4000 pCi/l is equivalent to the AMCL estimated by the NAS based on SDWA requirements of Section 1412(b)(13).

6.5 Costs to Community Water Systems

This section examines the regulatory
costs that will be incurred by individual
CWSs at the various radon levels
analyzed. Systems above the target
radon level will incur monitoring costs

and treatment costs. Systems below the
target radon level will incur only
monitoring costs.

The number of CWSs exceeding the
applicable radon level increases
considerably with each decrease in the
radon level analyzed as shown Table 6–

8. The table also shows that the vast
majority (90 percent or more) of affected
systems, regardless of radon level, are
very, very small (serving 25–500 people)
or very small (serving 501–3,300
people).

TABLE 6–8.—NUMBER OF COMMUNITY GROUND WATER SYSTEMS EXCEEDING VARIOUS RADON LEVELS

Exposure level (pCi/l)

VVSVS VS
(501–
3,000)

S
(3,301–
10,000)

M
(10,000–
100,000)

L
(>100K) Total(25–

100)
(101–
500)

4000 1 ................................................................................................ 364 759 60 5 1 0 1,190
2000 .................................................................................................. 949 1448 205 19 8 0 2,630
1000 .................................................................................................. 2149 2613 668 75 44 2 5,552
700 .................................................................................................... 3090 3459 1,153 151 94 5 7,951
500 .................................................................................................... 4201 4434 1,796 287 177 9 10,904
300 .................................................................................................... 6302 6233 3,059 657 387 19 16,657
100 .................................................................................................... 10,922 10,349 6,077 1,707 995 48 30,098

1 4000 pCi/l is equivalent to the AMCL estimated by the NAS based on SDWA requirements of Section 1412(b)(13).
Source: (USEPA 19989L).

For CWSs that have radon in excess
of a given level within each size
category, the average cost per system to
reach the target level varies little as the
radon levels decrease. This is shown in

Table 6–9, which presents the average
annualized cost per public and private
CWS by system size category. This
pattern is due in large part to the limited
number of treatment options assumed to

be available to systems that may (in
aggregate) be encountering a relatively
wide range of radon levels. In some
cases (e.g., for very very small systems),
the average cost per system for a given
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system size increases as the radon level
decreases. In other cases, the average
cost per system remains virtually
constant as the radon level decreases.
These inconsistent patterns are due to
two competing effects: (1) The average
cost will tend to increase because some
systems must select a more costly
treatment option; yet (2) the average cost
will also tend to decrease with the
inclusion of previously unaffected
systems (those with lower radon levels)
that are most likely to use lower-cost

treatments. The cases where average
costs decrease with decreasing radon
levels are due to the latter effect.

These results show that changing the
radon level affects the number of CWSs
that must treat for radon, but generally
does not significantly alter the cost per
system for those systems above the
target level. Moreover, while large
systems bear the greatest burden in
terms of cost per system, there are
relatively few large systems with radon
levels above the exposure scenarios

analyzed. The cost per system for CWSs
with a radon concentration below a
target radon level will be the same
because monitoring costs are dependent
on system size and not on
concentration. Monitoring costs range
from less than $250 for the very very
small systems to almost $2,000 for large
systems, again due to the larger number
of sites requiring monitoring.

BILLING CODE 6560–50–P

BILLING CODE 6560–50–C

6.6 Costs and Impacts to Households

This section reports incremental
household costs and impacts associated
with each radon level, assuming that
costs incurred by systems above the
target radon levels are passed on to the
systems’ customers (i.e., households).
Costs per household reflects only
monitoring and treatment costs to CWSs
above the target level. In addition,
households served by CWSs falling
under the target radon level also will
incur monitoring costs, but no treatment
costs. Costs for these CWSs are
relatively low, however, and are not
evaluated at the household level. As

with per system costs, the results are
presented separately for public and for
private CWSs. This is important in
considering impacts on households not
only because the costs per system are
different for public versus private
systems, but also because the smallest
private systems tend to serve fewer
households than do the smallest public
systems. Therefore, the average
household served by a private system
must bear a greater percentage of the
CWS’s cost than does the average
household served by a public CWS. This
is particularly important where capital
costs make up a large portion of total
radon mitigation costs.

The annual cost per household is
presented in Table 6–10 for households
served by public and private CWSs. As
expected, costs per household increase
as system size decreases. Costs per
household is higher for households
served by smaller systems than larger
systems for two reasons. First, smaller
systems serve far fewer households than
larger systems and, consequently, each
household must bear a greater
percentage share of the CWS’s costs.
Second, smaller systems tend to have
higher influent radon concentrations
that, on a per-capita or per-household
basis, require more expensive treatment
methods (e.g., one that has an 85
percent removal efficiency rather than
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50 percent) to achieve the target radon
level.

Another significant finding regarding
annual cost per household is that, like
the per-system costs, household costs
(which are a function of per system
costs) are relatively constant across
different radon levels within each
system size category. For example, there
is less than $1 dollar per year variation
in cost per household, regardless of the
radon level being considered for
households served by large public or
private systems (between $6 and $7 per
year), by medium public or private
systems (between $10 and $11 per year,
and by small public or private systems
(between $19 and $20 per year).

Similarly, for very small systems, the
costs per household is consistently
about $34 per year for public systems
and consistently about $40 per year for
private systems, varying little across
radon level. Only for very very small
systems is there a modest variation in
household costs. The range for per
household costs for public systems
serving 25–500 people is $87 per year
(at 4000 pCi/l) to $135 per year (at 100
pCi/l). The corresponding range for
private systems is $139 to $238 per year.
For households served by the smallest
public system (25–100 people), the
range of cost per household ranges from
$292 per year at 4000 pCi/l to $398 per

year at 100 pCi/l. For private systems,
the range is $364 to $489 per year,
respectively. Costs per household for
very very small systems differ more than
do household costs for other system size
categories because very very small
systems serve only between 25 and 500
people and, consequently, serve fewer
households. Therefore, even though per
system costs show little difference for
any system size category, all system size
categories (other than for very very
small systems) spread the small
difference out among many more
households such that the difference is
indistinguishable.

BILLING CODE 6560–50–P

BILLING CODE 6560–50–C

To further evaluate the impacts of
these household costs on the
households that must bear them, the
costs per household were compared to
median household income data for
households in each system-size
category. The result of this calculation
indicates a household’s likely share of
incremental costs in terms of its
household income. The analysis
considers only households served by

CWSs with influent radon levels that are
above the target radon level. Households
served by CWSs with lower radon levels
may incur incremental costs due to new
monitoring requirements, but these
costs are not significant at the
household level.

Results are presented in Table 6–11
for public and private CWSs,
respectively. For all system sizes but
one (very very small private systems),
household costs as a percentage of

median household income are less than
one percent. Impacts exceed one percent
only for households served by very very
small private systems, which are
expected to face impacts of just under
1.1 percent. Similar to the cost per
household results on which they are
based, household impacts exhibit little
variability across radon levels.

BILLING CODE 6560–50–P
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BILLING CODE 6560–50–C

6.7 Summary of Costs and Benefits

Table 6–12 summarizes the central
tendency estimates of annual monetized
benefits and annualized costs of the
various regulatory alternatives. The

central tendency national cost estimates
are greater than the monetized benefits
estimates for all radon levels evaluated,
although they are within 10 percent at
levels of 1000, 700, 500, and 300 pCi/
l. Mitigation costs increase more rapidly
than the monetized benefits as radon

levels decrease. However, it is important
to recognize that due to the uncertainty
in the costs and benefits estimates, there
is a very broad possible range of
potential costs and benefits that overlap
across all of the radon levels evaluated.

TABLE 6–12.—ESTIMATED NATIONAL ANNUAL COSTS AND BENEFITS OF REDUCING RADON EXPOSURES—CENTRAL
TENDENCY ESTIMATE

[$Millions, 1997]

Radon level (pCi/l) Annualized
costs

Cost per fatal
cancer avoid-

ed

Annual mone-
tized benefits

4000 3 ........................................................................................................................................... 25 11.3 13
2000 ............................................................................................................................................. 46 7.1 38
1000 ............................................................................................................................................. 98 5.9 96
700 ............................................................................................................................................... 148 6.0 145
500 ............................................................................................................................................... 218 6.0 212
300 ............................................................................................................................................... 373 6.4 343
100 ............................................................................................................................................... 795 6.9 673

Notes: 1. Benefits are calculated for stomach and lung cancer assuming that risk reduction begins immediately. Estimates assume a $5.8 mil-
lion value of a statistical life and willingness to pay of $536,000 for non-fatal cancers.

2. Costs are annualized over twenty years using a discount rate of seven percent.
3. 4000 pCi/l is equivalent to the AMCL estimated by the NAS based on SDWA requirements of Section 1412(b)(13).

The total annualized cost per fatal
cancer case avoided is $11.3 million at
a radon level of 4,000 pCi/l, drops to

around $6.0 million for radon levels in
the range of 1,000 to 500 pCi/l, and
increase again back to $6.9 million per

life saved at the lowest level of 100 pCi/
l.
BILLING CODE 6560–50–P
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6.8 Sensitivities and Uncertainties

6.8.1 Uncertainties in Risk Reduction
and Health Benefits Calculations

The estimates of risk and risk
reduction are derived based on models
which incorporate a number of
parameters whose values are both
uncertain and highly variable. Thus, the
estimates of health risks and risk
reduction are uncertain. In addition, to
the extent that age-specific smoking
prevalence rates change, the risk from
radon in drinking water will change.

The cost of fatal cancers tend to
dominate the monetized benefits
estimates. Approximately 94 percent of
the cancers associated with radon
exposure and prevented by exposure
reduction are fatal cancers of the lung
and stomach. In addition, the estimated
value of statistical life ($0.7 to 16.3
million dollars, with a central tendency
estimate of $5.8 million, 1997$) is much
greater than the estimated willingness-
to-pay to avoid non-fatal cancers
($169,000 to $1.05 million, with a
central tendency estimate of $536,000,
1997$). If the COI measures are used,
non-fatal cancers account for an even
smaller proportion of the total
monetized costs of cancers, since the
medical care and lost-times costs for
lung and stomach cancer are on the
order of $108,000 and $114,000,
respectively (1997$).

Unless the VSL is assumed to be near
the lower end of its range, the
assumptions made regarding the
monetary value of non-fatal cancers are
not a major source of uncertainty in the
estimates of total monetary benefits. For
most reasonable combinations of values,
the VSL is the major contributor to the
overall uncertainty in monetized values
of health benefits. As shown in Table
6–2, the upper and lower estimates of
the monetary benefits for a given radon
level vary by a factor of approximately
23, corresponding to the ratios of the
lower- and upper-bound estimates of the
VSL.

6.8.2 Uncertainty in Cost and Impact
Calculations

The results of the cost and impact
analysis are subject to a variety of
qualifications. As discussed in Section
5, the analysis is subject to a variety of
uncertainties in the models and
assumptions made in developing cost
estimates. One important assumption is
that for all CWSs for which the
estimated average radon level exceeds a
given level, treatment will be necessary
at all sites. This is a very important
assumption, because if systems in
reality have only a portion of sites above
the target level, then mitigation costs
could be much lower. EPA is currently
evaluating intra-system variability in
radon levels, and will address this issue
in more detail in the proposal.

In addition, CWSs are assumed to
select from only a relatively small
number of treatment methods, and to do
so in known, constant, proportions. In
actuality, systems could select
technologies that best fit their needs and
optimize operating conditions to reduce
costs. The analysis also relies on various
cost-related input data that are both
uncertain and variable. Some of these
variables are entered as constants,
others as deterministic functions. For
example: treatment technology cost
functions are based on EPA cost curves
derived for generic systems; households
are assumed to use a uniform quantity
of 83,000 gallons/year of drinking water,
regardless of geographical location,
system size, or other factors; MMM
program costs are assumed to cost
$700,000 per fatal cancer case avoided,
regardless of the specific types or
efficiencies of activities undertaken by
the mitigation programs. One factor that
may contribute significantly to the
overall uncertainty in cost estimates is
the set of the nonlinear equations
(Appendix C) used to convert
population served data to estimates of
average and design flow rates for ground
water systems. Relatively small errors in
the specification of this model could

result in disproportionately large
impacts on the cost estimates. Similarly,
the cost curves for some of the
technologies are highly nonlinear
function of flow, adding another level of
uncertainty to the cost estimates.

Because of the complexity of the
various cost models, EPA has not
conducted a detailed analysis of the
uncertainty associated with the various
models and parameter values. Limited
uncertainty analyses have been
performed, however, to estimate the
impact of a few major assumptions and
models on the overall estimates of
mitigation costs. First, EPA has
analyzed the impacts of errors of plus or
minus 50 percent in the cost curves for
the various radon treatment
technologies. The results of this analysis
are shown in Figure 6–1. Since water
mitigation costs make up the bulk of the
total costs of meeting radon levels in the
absence of MMM programs, the effect of
these changes is generally to increase or
decrease the costs of achieving the
various levels by slightly less than 50
percent. It can be seen from these results
that the assumptions regarding costs can
affect the relationship between costs
and monetized benefits. A relatively
small systematic change in water
mitigation costs could result in benefit
estimates that either exceed, or are less
than, a wide range of radon levels.

In addition to assuming across-the
board changes in radon mitigation costs,
EPA also examined the extreme
situation in which none of the water
systems would adopt GAC treatment.
Since the GAC technologies are the most
expensive treatments evaluated, the
costs of meeting the various radon levels
are reduced if GAC is eliminated and
systems are assumed to employ aeration
instead (Figure 6–1). Since, however, so
few systems are assumed to elect GAC
in the first place (five percent or less of
the smallest systems) the cost decrease
of eliminating GAC is quite small.

BILLING CODE 6560–50–P

VerDate 20-FEB-99 14:46 Feb 25, 1999 Jkt 183247 PO 00000 Frm 00036 Fmt 4701 Sfmt 4703 E:\FR\FM\26FEN2.XXX pfrm04 PsN: 26FEN2



9595Federal Register / Vol. 64, No. 38 / Friday, February 26, 1999 / Notices

BILLING CODE 6560–50–C

7. Implementation Scenarios—
Multimedia Mitigation Programs
Option

This Section presents a preliminary
analysis of the likely costs and benefits
under two different implementation
scenarios in which States choose to
develop and implement multimedia
mitigation (MMM) programs to comply
with the radon NPDWR.

7.1 Multimedia Mitigation Programs
The SDWA, as amended, provides for

development of an Alternative
Maximum Contaminant Level (AMCL),
which public water systems may
comply with if their State has an EPA
approved MMM program to reduce
radon in indoor air. The idea behind the
AMCL and MMM option is to reduce
radon health risks by addressing the
larger source of exposure (air levels in
homes) compared to drinking water. If
a State chooses to employ a MMM
program to reduce radon risk, it would
implement a State program to reduce
indoor air levels and require public
water systems to control water radon
levels to the AMCL, which is
anticipated to be set at 4000 pCi/l based
on NAS’s re-evaluation of the radon
water to air transfer factor. If a State

does not choose a MMM program
option, a public water system may
propose a MMM program for EPA
approval.

The Agency is currently developing
guidelines for MMM programs, which
will be published for public comment
along with the proposed NPDWR for
radon in August 1999. For the purpose
of this analysis, the MMM
implementation scenarios are assumed
to generate the same degree of risk
reduction as achieved by mitigating
water alone. For example, a MMM
scenario which includes the AMCL of
4,000 pCi/l and a target water level of
100 pCi/l is assumed to generate the
same degree of risk reduction as the 100
pCi/l level alone. Thus, the HRRCA
estimates the health risk reduction
benefits of MMM implementation
options to be the same as the benefit
that would be achieved reducing radon
in drinking water supplies alone.

7.2 Implementation Scenarios
Evaluated

EPA has evaluated the annual costs
and benefits of two MMM
implementation assuming (1) all States
(and all water systems) would adopt
MMM programs and comply with the
AMCL, and (2) half of the States (and

half of the water systems) adopt the
MMM/AMCL option. These scenarios
were analyzed in the absence of specific
data on States’ intentions to develop
MMM programs. The two scenarios,
along with the case where the MMM
option is not selected by any States or
water systems (presented in Section 6),
span the range of participation in MMM
programs that might occur when a radon
NPDWR is implemented. At this point,
however, it is not possible to estimate
the actual degree of State participation.
The economic impacts of the MMM
programs at the system or household
level have not been calculated, because
there is no information at present as to
how these programs would be funded or
upon who the costs would fall.

The presentation of costs and benefits
is based on analysis of radon levels of
100, 300, 500, 700, 1,000, 2,000, and
4,000 pCi/l in public domestic water
supplies, supplemented by States (50 or
100 percent participation) implementing
MMM programs and complying with an
AMCL of 4,000 pCi/l.

For the scenario evaluated in which
one-half of the States (estimated to
include 50 percent of all CWSs) were
assumed to implement a MMM program
and comply with an AMCL of 4000 pCi/
l option, while the other half mitigated
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radon in water to the target radon levels
without MMM programs. In the other
scenario, all of the States (and 100
percent of the CWSs) were assumed to
adopt MMM programs and comply with
the AMCL.

7.3 Multimedia Mitigation Cost and
Benefit Assumptions

For the HRRCA, a simplified
approach to estimating the costs of
mitigating indoor air radon risks was
used. Based on analyses conducted by
EPA (US EPA 1992B, 1994C) a point
estimate of the average cost per life
saved of the current national voluntary
radon mitigation program was used as
the basis for the cost estimate of risk
reduction for the MMM option. In the
previous analysis, the Agency estimated
that the average cost per fatal lung
cancer avoided from testing all existing
homes in the United States and
mitigating all those homes at or above
EPA’s voluntary action level of 4 pCi/l
is approximately $700,000 (US EPA
1992B). This value was originally
estimated by EPA in 1991. The same
nominal value is used in the HRRCA
based on to anecdotal evidence from
EPA’s Office of Radiation and Indoor
Air that there has been an equivalent
offset between a decrease in testing and
mitigation costs since 1992 and the
expected increase due to inflation in the
years 1992–1997. This dollar amount
reflects that real testing and mitigation
costs have decreased, while nominal
costs have remained relatively constant.
The estimated cost per fatal cancer case
avoided by building new homes radon-

resistant is far lower (Marcinowski
1993). For the purposes of this analysis,
only the cost per fatal cancer case
avoided from mitigation of existing
homes is used.

To estimate the national cost of the
MMM program’s air mitigation
component, MMM costs were estimated
by multiplying the cost per fatal cancer
case avoided by the number of fatal
cases avoided in going from a water
radon level equal to the AMCL (4,000
pCi/l) to a water level equal to various
radon levels analyzed in the HRRCA.
The number of fatal cancer cases
avoided was estimated using the risk
reduction model described in Section 3.

7.4 Annual Costs and Benefits of
Multimedia Mitigation Program
Implementation

The total annual cost of the radon
levels analyzed varies significantly
depending on assumptions regarding
the number of States implementing
MMM programs. This variation can be
seen in Tables 7–1 and 7–2. Under an
assumption that 50 percent of States
choose to implement MMM programs,
the cost of the rule varies from about
$38 million per year to achieve a radon
level in water of 2,000 pCi/l to about
$450 million per year to achieve an
level of 100 pCi/l. Assuming that 100
percent of States implement MMM
programs, the cost of the rule varies
from about $29 million per year to
achieve an radon level of 2,000 pCi/l to
about $106 million per year to achieve
an level of 100 pCi/l.

The monetized benefits of both MMM
implementation scenarios exceed the

estimated mitigation costs across all
radon levels. When the 50 percent
MMM participation scenario is
evaluated, the mitigation costs at 2,000
pCi/l are just less than the estimated
benefits ($38 million versus $39.6
million, respectively). In the case of 100
percent multimedia participation,
mitigation costs begin at about 65
percent of the benefits at a radon level
of 2,000 pCi/l, and decrease rapidly so
that at 100 pCi/l the monetized benefits
of radon reduction exceed the
mitigation costs by almost 7-fold.

Assuming 50 percent MMM
participation, the total cost per fatal
cancer case avoided is $5.8 million at a
radon level of 2,000 pCi/l, dropping to
around $3.7 million at a level of 500
pCi/l, and increasing slightly to about
$3.9 at 100, pCi/l (Table 7–1). As
expected, the cost per fatal cancer case
avoided is lowest for the 100 percent
MMM participation option, ranging
from from $4.5 at a radon level of 2,000
pCi/l to about $900,000 at a level of 100
pCi/l.

For the 50 percent MMM
participation, the incremental cost per
fatal cancer case avoided decreases from
2000 pCi/l to 500 pCi/l ($8.7 million to
$3.4 million, respectively), then
increases to $4.1 million at 100 pCi/l. In
the case of the 100 percent MMM
participation, the incremental cost per
life saved starts at about $4.3 million for
the maximum target levels of 2,000 pCi/
l, and then drops sharply to about
700,000 per life saved for the other
radon.

TABLE 7–1.—CENTRAL TENDENCY ESTIMATES OF ANNUALIZED COSTS AND BENEFITS OF REDUCING RADON EXPOSURES
WITH 50% OF STATES SELECTING THE MMM/AMCL OPTION

[$million, 1997]

Radon level (pCi/l)

Water mitigation component Multimedia mitigation component

Annual
costs 2

Annual
benefits

Fatal can-
cer cases
avoided

Cost per
fatal

cancer
case

avoided

Annual
costs

Annual
benefits

Fatal can-
cer cases
avoided

Cost per
fatal can-
cer case
avoided

Baseline ................................................................... 0 0 0 .............. 0 0 0 0
4000 ......................................................................... 25 13 2.2 11.3 0 0 0 0
2000 ......................................................................... 35 25 4.3 8.2 2.3 13 2.2 1.1
1000 ......................................................................... 61 54 9.0 6.6 5.8 42 7.1 0.81
700 ........................................................................... 86 78 13 6.4 8.6 66 11 0.77
500 ........................................................................... 121 112 19 6.3 12.7 99 17 0.74
300 ........................................................................... 199 177 30 6.6 20 164 28 0.73
100 ........................................................................... 410 341 58 7.0 40 328 56 0.71

1 Equivalent to the cost of complying with an AMCL of 4000 pCi/l.
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TABLE 7–2.—CENTRAL TENDENCY ESTIMATES OF ANNUALIZED COSTS AND BENEFITS OF REDUCING RADON EXPOSURES
WITH 100% OF STATES SELECTING THE MMM/AMCL OPTION

[$million, 1997]

Radon level (pCi/l)

Water mitigation component Multimedia mitigation component

Annual
costs1

Annual
benefits

Fatal
cancer
cases

avoided

Cost per
fatal

cancer
case

avoided

Annual
costs

Annual
benefits

Fatal can-
cer cases
avoided

Cost per
fatal cancer
case avoid-

ed

Baseline ............................................................... 0 0 0.0 .............. 0.0 0.0 0.0 0.0
4000 ..................................................................... 25 13 2.2 11.3 0.0 0.0 0.0 0.0
2000 ..................................................................... 25 13 2.2 11.3 4.6 25 4.4 1.1
1000 ..................................................................... 25 13 2.2 11.3 12 83 14 0.81
700 ....................................................................... 25 13 2.2 11.3 17 131 23 0.77
500 ....................................................................... 25 13 2.2 11.3 25 198 34 0.74

300 ................................................................ 25 13 2.2 11.3 41 328 56 0.73
100 ....................................................................... 25 13 2.2 11.3 80 654 112 0.71

1 Equivalent to the cost of complying with an AMCL of 4000 pCi/l.

7.6 Sensitivities and Uncertainties
EPA conducted a sensitivity analysis

associated with potential uncertainty in
the cost-effectiveness of MMM
programs. Since the value used is a
point estimate ($700,000 per life saved),
and since the ability to employ MMM
programs results in substantial
decreases in estimated costs, it might be
expected that changes in the cost-
effectiveness value would affect the cost
estimates for these options substantially.
Figure 7–1 summarizes the impact of
different estimates of the cost of MMM

programs on the total cost of radon
mitigation. Costs are graphed for the 50
percent and 100 percent participation
options for radon level. Costs were
estimated for a high-end case (assuming
a MMM cost 50 percent above the
central tendency value), a low-end case
(50 percent below the central tendency),
and for a central tendency case that
assumes the current $700,000 per life
saved as the MMM cost.

The relative impacts of changing
MMM costs on the total costs of
reducing radon exposure can also be

seen in Figure 7–1. The figure illustrates
that the central tendency estimate of
monetized benefits is e well above the
estimated costs for all ranges except for
the high-end estimate of the 50 percent
MMM participation scenario. This is
due to the greater impact of water
mitigation costs relative to the MMM
cost component to total costs compared
to the 100 MMM scenario, where the
MMM component contributes the
largest share to total costs.
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