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National Emission Standards for
Hazardous Air Pollutants:
Radionuclides

AGENCY: Environmental Protection
Agency [EPA]

ACTION: Final rule and notice of
reconsideration.

sumMmARy: This final rule announces the
Administrator’s final decisions on
National Emission Standards for
Hazardous Air Pollutanta (NESHAPs)
under section 112 of the Clean Air Act
for emissions of radionuclides from the
following source categories: DOE
Facilities, Licensees of the Nuclear
Regulatory Commission and Non-DOE
Federa} Facilities, Uranium Fuel Cycle
Facilities, Elemental Phosphorus Plants,
Coal-Fired Boilers, High-level Nuclear
Waste Disposal Facilities,
Phosphogypsum Stacks, Underground
and Surface Uranium Mines, and the
operation and disposal of Uranium Mill
Tailings Piles. The final rule also
responds to the major public comments
on the March 7, 1888 proposed decisions
for these categories (54 FR 9612). EPA is
conducting this relemaking pursuant to a
voluntary remand and a schedule Issued
by the U.S. Court of Appeals for the D.C.
Circuit which requires final action by
October 31, 1989, In addition EPA is
granting e reconsideration of the
standards of 40 CFR part 61, subpart I
concerning emissions from facilities
licensed by the Nuclear Regulatory
Commisgion, with respect to the issues
of duplicative regulation and poasible
effects on medical treatment.

DATES: Effective Date: December 15,
1989, Subpart I is stayed until March 15,
1900. Comments on subpart I may be
submitted on or before February 13,
1990. The incorporation by reference of
certain publications listed in the
regulations is approved by the Director
of the Federal Register as of Decembey
15, 1989. Under section 307{b){1) of the
CAA, judicial review of decisions under
section 112 is aveilable only by filing a
petition for review in the United States
Court of Appeals for the District of
Columbia Circuit within 60 days of
today's publication of these rules. Under
saction 307(b}{2) of the CAA, the

to: Central Docket (A-130},
Environmental Protection Agency, Attn:
Docket No. A-78-11, Washington, DC
20460.

FOR FURTHER INFORMATION CONTACT:
James M. Hardin, Environmental
Standarda Branch, Criteria and
Standards Divisian {ANR~460), Office of
Radiation Progrems, Environmental
Protection Agency, Washington DC
20460, (202) 4759610,

BUPPLEMENTARY INFORMATION:
Motion for Reconsideration

For any party who wishes to present
new information to EPA, regarding the
appropriateness of these rules, a Petition
for Reconsideration may be filed under
section 307(d){7)(B).

Docket

The rutemaking record is contained in
Docket No, A-79-11 and contains
information considered in determining
health effects, listing radionuclides as
hazardous air pollutants, and setting
standards. It also contains all comments
received from the public during the
comment period. This docket is
available for public inspection and
copying between 8:00 a.m. and 3:00 p.m.
on weekdays. A reasonable fee may be
charged for copying.

A single copy of the Background
Information Document and Economic
Asgesament (which, combined, form the
final Envirenmental Impact Statement
{E1S)) have been placed in the docket.
Other documenta available include: A
Guide for Determining Compliance with
the Clean Air Act Standards for
Radionuclide Emissions from NRC-
Licensed and Non-DOE Federal
Facilities (October 1989); Procedures
Approved for Demonstrating
Compliance with 40 CFR part 81,
subpart I (October 1889); and User’s
Guide for the COMPLY Code {October
1989}, Copies of these documents may
be obtained by writing to: Director,
Criteria and Standards Division {ANR-
460), Office of Radiation Programs,
Environmental Protection Agency,
Washington, DC 20460. .
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I. Definitions
A. Terms

Activity--The amount of a radioactive
material. It is a measure of the
transformation rate of radioactive nuclei
at a given time. The customary unit of
activity, the curie, is 3.7 X 10" nuclear
transformations pet second.

Agreement State——Any state with
which the Nuclear Regulatory
Commission or the former Atomic
Energy Comrnisaion has entered into an
effective agreement under subsection
274(b} of the Atomic Energy Act,

Annnalized Cost—A stream of apnual
payments for a determined time period,
equal in value to a one-time payment
based on a selected rate of interest.

By-product Material-~Any radioactive
material {except source material and
special nuclear material} yielded in or
made radicactive by exposure to the
radiation incident to the process of
producing or utilizing special nuclear
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material and wastes from the processing
of ores primarily o recover their source
maferial content.

Dose Standard-—A regulatory
standard that requives a regulated
facility to limit its emissions to the level
hecessary to ensure that no individunal
receives an effective dose equivalent
greater than the specified level.

Effective Dose Equivalent (EDE}—The
sum of the risk-weighted organ dose
equivalent commitments. The effective
dose equivelent has the same risk ffor
the modet used to derive the weighting
factors) as a uniform dose equivalent to
all organs and tissues, For the purposes
of these standards, “effective dose
equivalent” means the result of the
calculation used to determine the dose
equivalent to the whole body, by taking
into account the specific organs
receiving radiation, the dose each organ
receives, and the risk per unit dose to
that organ. A description of the
weighting factors used in the calculation
of the EDE is described in detail in the
International Commmission an
Radiological Protection's Publication
No. 26, Pergamon Press, New York
(1982}

Flux standard—A regulatory standard
that limits the amount of radon that can
emanate per square meter of regulated
. material per secand, averaged over &
single source.

Half-Life—The time in which half the
atomas of a particular radicactive
substance transform, or decay, to
another noclear form.

Incidence—This term denotes the
predicted number of fatal cancers in a
population from exposure to a pollutant.
Other health effects (non-fatal cancers,
genetic, and developmental} are noted
separately.

Maximam Individual Risk—The
maximum additional cancer risk of a
person due to exposure to an emitted
pollutant for a 70-year lifetime.

Pathway—A way that radionuclides
might contaminate the environment or
reach people, e.g. air, water, food.

Radionuclide—A type of atom which
spontaneously undergoes radioactive
decay. ' ’

Source Term-~-The amoont of
radicactive material emiited to the
atmosphere from a source, aither
estimated, measured or reported, that is
used in the risk assessment,

Transuranic—An element with an
atomic numher greater than the atomic
number of uranium,

Uranium Puel Cycle—The operations
of milling of uranium ore, chemical
conversion.of wranium, isotopic
enrichment of uraniumy, fabrication of
uranium fuel, generation of electricity by
a light-water-coaled nuclear power plant
using uranium fuel, and reprocessing of

spent urankim feel, lo the extent that
these directly support the production of
elecirical power for public use wlizing
nuclesr energy. This definition does not
incinde mining operations, operations a4
waste disposal sites, iransportation of
any radioactive material in support of
these operations, or the reuse of
recovered pon-uranium special noclear
and by-prodact materials from the cydle.

B. Acronyms

AEA—Atomic Energy Act, 42 US.C.
2011 ef seq.

" ALARA--As low as reasonably

achievable
AMC—American Mining Congress
ANPR—Advanced Notice of Proposed
Rulemaking
CAA-—The Clean Air Act, 42 US.C. 7401

ef seq.
CAP-88—Clean Air Act Assessment
Package-1988
CERCLA—{Comprehensive
Environmental Response
Compensation and Liability Act, 42
U.S.C. 9601 ef seq. .
CFR—Code of Federa! Regulations
BID—The Background Information
Document prepared in support of this
rulemaking (Volume 1 of the EIS)
EIA—The Economic Impact Assessment
prepared in support of this rulemaking
(Vglume 2 of the EIS})
EIS—Environmenta! Impact Slatement
DOE—United States Department of
Energy .
EDF—Environmental Defense Fund
EPA-—-{Inited States Eavironmental
Protection Agency .
HLW--High-Level Radioactive Waste
ICRP—International Commission on .
Radialogical Protection .
MSHA—Mine Safety and Health
Administration
mrem—millirem, 110" *rem
NAAQS—National Amtbient Air Quality
Standards
NESHAP--National Emission Standard
for Hazardous Air Pollutants
NCRP—National Council on Radiation
Protection and Measurements
NRC—United States Nuclear Regnlatory
Commission
NRDC—Nauatural Resources Defence
Councit, Inc.
pCi~picocurie, 1 X107 curie
UFC—Uranium Fuel Cycle
UMTRCA—~Uraniem Mill Tailings
Radiation Control Act of 1978, 42
US.C. 790, et seq.

IL EPA NESHA#s Ralicy _
This section provides = description of

the EPA’s epproach for the protection of

public health ander section 112. In
protecting publie health with an ample
margin of safety mnder section 112, EPA
strives to provide maximum feasible
protection against risks to health from
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protecting the greatest number of
persone possible to an individual
lifetime rigk level no higher than
approximately 1 in 1 miltion and {2}
limiting to no higher than approximateiy
1 in 10 thousand the maximum
estimated risk that a person living near
a plant woald have if he or she were
exposed to the emitted pollutant for 70
years. Implementation of these goals is
by means of a two-step standard-setting
approach, with an analytical first step to
determine an “acceptable risk” that
considers all health information,
including risk estimation uncertainty.
and includes & presumptive limit on
maximurm individual lifetime risk (MIR)
of approximately 1 in 10 thousand. A
second atep follows in which the actual
standard is set at g level that provides
“an ample margin of safety” in
consideration of all health information,
including the number of persons at risk
levels higher than approximately 1 in 1
million, as well as other relevant factors
including costs and economic impacts,
technological feasibility, and other
factors relevant to each particular
decision. Applying this approach to the
radionuclide source categories in
today's notice results in controls that
protect over 80 percent of the persons
within 80 kilometers (km} of these
sources al risk levels no higher than
approximately 1 in 1 million.

A prineiple that accompanies these
numerical goals is that the state of the
art of risk aasessment does not enable
numericad risk estimates to be made
with comparabie confidence, Therefors,
judgment must be vsed in deciding how
nunterical risk estimates are considered
with respect to these goals. As
discussed below, uncertainties arising
from such factors as the lack of
knowledge about the biology of cancer
causation and gaps in data must be
weighed along with other public health
considerations, Many of the factors are
not the same for different pollutants, or
for different source categories.

A. Background

On March 7, 1988, EPA proposed
decisions on standards under section
112 for twelve sgurce categories of
radiomuclides. A principal aspect of the
proposal, and the basia for the proposed
decisions on the soutce categories, were
four proposed approaches for decisions
under section 112 as mandated by the
D.C, Cireuit's decision in NRDC v. EPA,
824 F.2d at 1146 {1987] (the Viny/
Chloride decision). The Viny! Chloride
decision required the Administrator to
exercise his judgment nder section 112
in two steps: first, a determination of a
“pafe” or “acceptable” level of risk
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considering enly health-fectors; followed-  but alse incorporeting considerstinn of -

by 2 second step to set & stendard that
provides an “ample margin of safety”, i
which costs, fegsibility, end other
relevant factors in addition to health
may be considered.

The four proposed approaches were
designed to provide for consideration of
a variety of health risk measures and
information in the first step analysis
under the Viny! Chloride decision—the
determination of “acceptable risk.”
Included in the alternative approaches
were three that consider only a single
bealth risk measure in the first step: (1}
Approach B, which considera only total
cancer incidence with 1 case per year as
the limit for acceptability; {2) Approach
C, which considers only the maximum
individual risk (“MIR"} with a limit of 1
in 10 thousand for acceptability; and (3)
Approach D, which considers only the
maximum individual risk with 1in 1
million as the limit. The fourth approach,
Approach A, was a case-by-case
approach that considers sll health risk
measures, the uncertainties associated
with them, and other health information,

In the second step, setting an “ample
margin of safety”, each of the four
approaches considers all health risk and
other information, uncertainties
associated with the health estimates, as

- well as costs, feasibility, and other
factors which may be relevant in
particular cases. The proposal solicited
comment on each of the approaches for
implementing the Viny/ Chloride
decision. The Agency received many
public comments on the epproaches
from citizen's groups, companies and
industry trade groups, state and local
governments, and individuals.

B, Genera! NESHAP Policy
Considerations

The purpose of this section is to
discuas the appropriate criteria for
determining an “acceptable riak” and an
“ample margin of safety”. In its
* determination, EPA will consider
measures of health risk, and limitations
and uncertainties of the risk estimation
methods and basic data, A discussion of
these factors follows. The framework
adopted in this proceeding has already
been selected in the Benzens NESHAP
and will also become the policies for
decisions on future NESHAPs but will
not apply to other Agency programs or
other sections of the Clean Air Act,

1. Selection of Approach

Based on the comments and the
record developed in the rulemaking,
EPA selected an approach announced in
the notice on benzene standards
published on September 14, 1980 {54 FR
38044}, base on Approaches A and C

:

-

Y

incidence from Approach Band-
consideration of health protecton for
the general population on the order of 1
in 1 million from Appreach I. Thus, in
the first step of the Viny/ Chioride
inquiry, EPA will consider the extent of
thie estimated risk were an individual
exposed to the maximum level of 2
poliutant for a lifetime. The EPA will
generglly presume that if the risk to that
individual is no higher than .
approximately 1 in 10 thousand, that
risk level is considered acceptable and
EPA then considers the other health and
risk factors to complete an overall
judgment on acceptability. The
presumptive level provides a benchmark

_ for judging the acceptability of

maximum individual risk, but does not
constitute a rigid line for making that
determination.

The Agency recognizes that
consgideration of maximum individual
risk—the maximum estimated risk of
contracting cgncer following a lifetime
of exposure to the emitted pollutant—

must take into account the strengths and

weaknesses of this measure of risk. It is
estimated based on the assumption of
continuous exposure for 24 hours per
day for 70 years. As such, it does not
necessarily reflect the true risk, but
displays a conservative risk level which
is an upperbound that is unlikely to be
exceeded. The Administrator believes
that an MIR of approximately 1 in 10
thousand should ordinarily be the upper
end of the range of acceptability. As
risks increase above this benchmark,
they become presumptively less
acceptable under section 112, They then
would be weighed with the other health
risk measures and information in
making an overall judgment on
acceptability, Or, the Agency may find,
in a particular case, that a risk that
includes MIR less than the
presumptively acceptable level is
unacceptable in the light of other health
risk factors.

In establishing a presumption for MIR,
rather than a rigid line for acceptability,
the Agency intends to weigh it with a
series of other health measures and
factors. Thess include the overall
incidence of cancer or other serious
health effects within the exposed
population, the numbers of persons -
exposed within each individual lifetime
risk range and assoclated incidence
within a radius around facilities, the
science policy assumptions and
estimation uncertainties associated with
the risk measures, weight of the
scientific evidence for human health
effects, and other quantified or
unguantified health effects.

The BPA alse considers incidence to
be an important messure of the heaith
risk to the exposed population;
Incidence measures the extent of health
risk to the exposed population as a
whole, by providing an estimate of the
occurrence of cancer or other serious
health effects in the exposed population.
The EPA believes that even if the MIR is
low, the overall risk may be
unaccepiable if significant numbers of
persons are exposed to a hazardous air
pollutant, resulting in a significant
estimated incidence. Consideration of
this factor would not be reduced to &
specific limit or range, such as the 1 case
per year limit included in proposed
Approach B, but estimated incidence
would be weighed along with other .
health risk information in judging
acceptability.

‘The limitation of MIR and incidence
are put into perspective by considering
how these risks are distributed within
the exposed population. This
information includes both individual
risk, including the number of persons
exposed within each risk range, ag well
as the incidence associated with the
persons exposed within each risk range.
In this manner, the distribution provides
an array of information on individual
risk and incidence for the exposed
population.

Particular attention will elso be
accorded to the weight of evidence
presented in the risk assessment of
potential human carcinogenicity or other
health effects of a pollutant. While the
same numerical risk may be estimated
for an exposure to a pollutdant judged to
be a known human carcinogen, and to a
pollutant considered a possible human
carcinogen based on limited animal test
data, the same weight cannot be
accorded to both estimates. In
considering the potential public health
effects of the two pollutants, the
Agency's judgment on acceptability,
including the MIR, wili be influenced by
the greater weight of evidence for the
known human carcinogen.

In the Viny! Chloride decision, the
Administrator is directed to determine a
“gafe” or “acceptable” risk level, baged
on a judgment of “what risks are
acceptsble in the world in which we

- live.” 824 P.2d at 1185, To aid in this

inquiry, the Agency compiled and
presented a “Survey of Societal Risk" in
its March 1989 proposal (54 FR 0621-22).
As described there, the survey
developed information to place risk
estimates in perspective and to provide
background and context for the
Administrator's judgment on the
acceptability of risks “in the world in
which we live.” Individual risk levels in
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the survey ranged from 107" to 1077 (that
is, the lifetime risk of premature death
ranged from 1 i8 10 to 1 in 16 million),
and incidence levels ranged from leas
than 1 case per year to eslimates as high
as 5,000 to 20,000 cases/year. Everyday
risks include risks from naturai
background radiation as well as risks
from home accidents. Natural
background radiation {excluding radon)
at sea level creates individual lifetime
cancer risks in the range of 3 in 1,000
and an estimated 10,000 cancer cases
per year. Natorally occurring radon in
homes poses an additional source of
radiation risk, and these risks can be as
high as 1 in 100 to 1 in 10. EPA estimates
that this causes an estimated 8,000 to
40,000 cancer cases per year. In the US,,
accidents, natural disasters, and rare
diseasea pose individual risks of death
from 1 in 10,000 {e.g., tripping and falling
- which gause approximately 470 deaths
per year) to 1 in 10,000,000 {e.g., rabies,
which causes an average of 1.5 deaths
per year).

Judgments on risks have also sparmed
a broad range of risk levels. The NCRP,
following recommendations of the
International Commission on
Radioclogical Protection, has
recommended that maxirom individual
exposures from non-medical, manmade
radiation be limited to an amount
corresponding to risks of 3 in 1,000. It is
important to note that the
recommendations of national and
internationat bodies are coupled with
recommendations that radiation doses
should be "as low as reasonably
achievable” (ALARAY}. The
implementation of ALARA requires a
site-gpecific consideration of the cosl
effectiveness of controls that could be
added Yo reduce radiation doses,

The EPA concluded from the sorvey
that no specific factor in isoiation could
be identified ag defining acceptability
under all circumstances, and that the
acceptability of a risk depends on
consideration of a variety of factors end
conditions. However, the presumptive
level established for MIR of
approximately 1 in 10 thoasand is within
the range for individual risk in the
survey, and provides bealth protection
at a level lower than many other risks
common “in the world in which we
live.” And, this presumptive level alsc
comperts with many previcua health
risk decisions by EPA premised on
controiling maximum individual risks to
approximately 1 in 10 thousand and
below,

In today’s decisions, EPA is using this
approsch based on the fudgment that
the first step jodament on acceptability
cannot be reduced to any single factor.

The EPA believes that the level of the
MIR, the distribution of risks in the
exposed population, incidenice, the
science pelicy assumptions and
uncertainties associated with the risk
measures, and the weight of evidence
that a pollntant is harmful to health are
all important factors to be considered in
the acceptability judgment. The EPA
concluded that this approach best
incorporates all vital health information
and enables the Agency to weigh it
appropriately in making a judgment. In
contrast, the single measure Approaches
B, C, and D, while providing simple
decisionmaking criteria, provide an
incomplete set of health information for
decisions under section 112. The
Administrator believes that the
acceptability of risk under section 112 is
best judged on the basis of a broad set
of health risk measures and information.
Aa applied in practice, the EPA's
approach is more protective of public
health than any single factor approach.
In the case of the radionuclide eources
regulated here, more than 90 percent of
the population living within 80 km
would be exposed to risks no greater
than approximately 1 in 1 million and,
the total number of cases of death or
disease estimated to result would be
kept low.

Under the two-step pracess specified
in the Vinyl Chloride decision, the
second step determines an “ample
margin of safety,” the level at which the
standard is set. Thia is the important
step of the standard-setting process at
which the actual level of public health
protection is established. The first step
consideration of acceptability is only a
starting point for the analysis, in which

a ceiling for the ultimate standard is sst.
The standard set at the second step is
the legalfy enforceable limit that must
he met by & regulated facility.

Even though the risks judged
“acceptable” by EPA i the firsi step of
the Yiny! Chioride inquiry are already
low, the second step of the inquiry,
determining an “ample margin of
safety,” again inclades consideration of
all of the heaith factors, and whether to
reduce the risks even further. In the
second step, EPA strives to provide
protection to the greatesi number of
persons possible to an individual
lifetime risk level no higher than
approximately 1 in 1 million. In the
ample margin decision, the Agency
again considers all of the health risk and

other health information considered im

the first step. Beyond that information,
additional factors relating to the
appropriate level of conirol will alve be
considered, including cosis and
economic impacts of controls,

technologicel feasilvility, wncertainies,
and any other relevant factors. After
considering aH of these factors, te
Agency will establish the standard at a
tevel that provides an ample margin of
safety to protect the public health, as
required by section 112, The Agency
termas ite approach the “multifactor
approach.”

2. Format of Standards '

The format of the stendards for the
various source categories varies
because of the differing properties of the
sources and the radionuclides they emit.
Area sources emitting radon are best
monitored by flux measurements. Thus,
flux standards are most appropriate. For
other categories, mixiures of
radionuclides are best related to public
health through the use of the concept of
dose. EPA has promulgated dose
standards to limit emissions in these
cases where it is appropriate. Where a
single radionuclide is emitted or a single
radionuclide emission limit would serve
to limit ail others, EPA has promulgated
an emission limit for that radiamuclide.
All standards inclode releases from
accidents and accidental releases can
result in a violation of the standard.
However, releases from accidents shall
not be considered when determining
whether or not a facility should be
granted permission to construct or
modify under §§ 61.07 and 61.08.
Releases that are not routine but are
more likely than not to occur are
included in determining whether such
approval shall be granted.

Plants are required to monitor their
operations continuously and keep
records of the reeults of their monitering
onsite for five years. Plant owners will
have to certify on a semiannmal basis
that no changes in operations that
would require new testing have
occurred. Althongh the report is based
on a calendar year, the emission limit
applies to any yesr, i.e. any period of 12
consecutive months.

L Historical Background of
Radicnuclide NESHAPs

On December 27, 1979, FPA listed
radionuclides as & hazardous air ~
poilutant under section 112 of the CAA
{44 FR 76738, December 27, 1979). EPA
determined that radionuclides are a
known cause of cancer and genetic
damage and that radionclides cause or
contribute to air poliation that may
reasonably be anticipeted to result in an
increase in mortality or an increase in
serious irreversible or incapacifating
reversible illness, and therelors
constituté a kazardows air pollutant
within the meaning of section 112{a}{1}.
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EPA then detsrmined that radionuclides
presented a risk warranting regulation
under Section 112, and listed the
pellutant under that section. Once listed,
radionuclides became subject to the
requirement of section 112(b}{1)(B) that
EPA establish National Emission
Standards for Hazardous Air Pollutents
{NESHAPs) at a “level which {in the
judgment of the Administrator) provides
an ample margin of safety to protect the
public health from such hazardous air
pollutant,” or find that they are not
hazardous and delist them.

On April 8, 1983, EPA proposed
standards regulating radionuclide
emissions from four source categories:
{1) Elemental phosphorus plants, (2)
DOE facilities, (3) NRC-licensed
facilities and non-DOE federal facilities
(NRC-licensees), and (4] underground
uranium mines. The Agency
simultaneously proposed decisions not
to regulate several other categories: {1}
Coal-fired boilers, {2) the phosphate
industry, (3) other extraction Industries,
(4) uranium fuel cycle facilities, (5)
uranium mil] tailings, (6) high level
radioactive waste facilities, and {7} low
energy accelerators (48 FR 15078, April
8, 1983). In February 1884, the Sierra
Club filed suit in the U.8, District Court
for the Northern District of California to
compel EPA to take final action on the
proposed stendards. Sierra Club v.
Ruckelshaus, No. 84-0656, EPA was
subsequently ordered by the Court to
promulgate final standards or make a
finding that radionuclides are not
hazardous air pollutants and delist
them, .

In October 1984, EPA withdrew the
proposed emission standards for
elemental phosphorus plants, DOE
facilities, and NRC licensees, finding
that the confrol practices aiready in
effect for those categories protected the
public from exposure to radionuclides
with an ample margin of safety. EPA,
therefore, concluded that no additional
requirements were necessary (48 FR
43908, October 31, 1584). In the notice,

EPA also withdrew proposed standards

for underground uranium mines but
stated its intention to promulgate a
different standard for that category and
simultaneously published an Advance
Notice of Proposed Rulemaking (ANPR)
for radon-222 emissions from
underground uranium mines to solicit
additional information on control
methods. EPA also published an ANPR.
for radon-222 emissions from licensed
uranium mills. EPA affirmed its decision
not to regulate the other categories: .
coal-fired boilers, the phosphate
industry, other extraction industries,
uranium fuel cycle facilities. and high

level radioactive wasts. The Agency
also decided to study further the-
category of phosphogypsum stacks to
determine the need for s standard.

On December 11, 1984, the U.S.
District Court for the Northern District
of California found EPA in contempt of
its order to promulgate final standards
and again directed that EPA issue final
radionuclide emisaion standards for the
original four categories or make a
finding that radionuclides are not
hazardous air pollutanta. EPA complied
with the court order by promulgating
standards for radionuclides emissions
from elemental phosphorus plants, DOE
facilittes, and NRC-licensees (50 FR
7280, February 6, 1985) and a work
practice standard for radon-222
emissions from underground uranium
maines {50 FR 15385, April 17, 1865). On
September 24, 1986, EPA promulgated a
final rule regulating radon-222 emissions
from licensed uranium mill processing
sites by establishing work practices for

new tailings (51 FR 34058, September 24, -

1886),

The Environmental Defense Fund
(EDF), the Natural Resources Defense
Council (NRDC), and the Sierra Club
filed petitions for review of the October
1984 withdrawals and final decisions
not to regulate, the February 1986
standards for the three source categories
and the April 1985 standard for
underground uranium minea: The April
1985 standard for underground uranium
mines wag alge challenged by the
American Mining Congress (AMC). In
November 1986, AMC and EDF filed
petitions challenging the standard for
licensed uranium mill processing sites:

O july 28, 1887, the U.8. Court of
Appeals for the D.C. Circuit remanded
to the Agency an emissions standard for
vinyi chloride which had also been
promulgated under Section 112 of the
CAA. Natural Resources Defense
Council, Inc, v. EPA, 824 F.2d 1146 (D.C.
Cir. 1987) { Vinyl Chloride). The Court in

“Vinyl Chloride concluded that the

Agency improperly considered cost and
technological feasibility without first
making a determination based
exchisively on risk to health,

In light of that decision, EPA
concluded that the standards for
elemental phosphorus plants, DOE
facilities, NRC-licensees, and
underground uraninm mines should be-
reconsidered and on November 18, 1987,
moved the D.C. Circuit Court for a
voluntary remand of the challenged
decisions, EPA also agreed to reexamine
all issues raised by the parties to the
litigation. On December 8, 1987, the
Court granted EPA’'s motion for
voluntary remand and established a

tizne schedube for EP% to proposy
regulajory decisions for all radionuclide
source cetegories within 180 days and
finalize them within 380 days, On March
17, 1988, the Court granted & subsequent
EPA motion and modified the order to
require proposed regulatory decisions
by February 28, 198¢ and final action by
August 31, 1988,

On April 1, 1988, EPA salso requested a
remand for its standard for licensed
uranium mill tailings. On August 3, 1988
the Court granted EPA’s motion and put
the uranium mill tailings NESHAP on
the same schedule as the other
radionuclide NESHAPs.

On March 7, 1889, EPA published a
proposed NESHAP which described four
possible policy approaches for
regulating emissions of radionuclides.
Public hearings were held on April 10,
11, 13, and 14, 1988.

- On July 14, 1988, the court granted
EPA’a request for an extension until
October 3, 1989 for final action.

IV. Characterization of the Risks of
Radiation:

A. Scurces of Raa‘z’&tion

Every day each person is exposed to
radiation from a variety of natural and
manmade sources. Natural sources of
radiation include cosmic rays, radon,
and other terrestrial sources. Manmade
radiation includes medical and dental X-
rays, fallout from above ground nuclear
weapons testing and industrial sources.

The earth’s atmosphere acis as a
shield to cosmic rays, absorbing much of
the radiation. People receive a higher
dose of cosmic rays at higher altitudes
because there is less atmosphere to
shield them from cosmic rays. For
example, people living in the mountains
receive & higher dosa than peopfe living
at sea level, and pecple are exposed to
even higher levels when flying in an
airplane, Terrestrial radiation comes
from the small amount of radionuclides
that are naturally present in all matter:
soil, air, food, clothes, and even our
bodies.

Radon is a radionuclide that is
produced as a radioactive decay product
of the radium which is naturally found
in soil. Radon is always present in the
ambient air at levels which are
eatimated to pose some health risk. In
addition, radon often gets trapped in
homes, leading to even higher estimated
health risks. EPA has issued
recommendations to homeowners for
reducing these risks.

This rulemaking deals with sources of
radionuclide emisgions, including radon,
from industrial sources. Although the
amount of radiation dose that most
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paople receive as a result of thesw
emissions i& typically lower than their
natural background dose, the resulting
risk can still be significant. A source
does not present an acceptable risk
simply by being less than natural
background. It is important to note that
total background radiation from al}
gources, including naturally ocourring
raden, results in a calculated individoat
lifetime risk of fatal cancer of
‘approximately one in one hundred. In
most cases, little can be done to reduce
most of this radiation exposure which
people receive from naturai background.
Industrial sources of radionuclide

emissions in the air include a wide
variety of facilities, ranging from nuclear
power facilities to hospitals to uranium
miil tailing piles. Industry uses hundreds
of different radionuclides in solid, liguid,
end gaseous forms, emitting different
types of radiation (alpha, beta, gamma)
at various energy levels. Industrial
sources of radionuclide emissions fall
into two major categories. The first
include industries that use radicactive
materials and have emissions as a result
of an inability to completely contain the
materials they use. For example,
hospitals use radionuclides as part of
their radiclogy departmenis. Since many
of the radionuclides they use are gases,
liquids capable of evaporation, or solid-
capable of sublimation, some '
radionuclides inevitably are released
into the environment, The other type of
source is that which releases
radionuclides {usually radon) as an
unintended conseguence of another
activity, such as mining or milling. An
example of this is phosphogypsum
stacks (piles). These piles of waste
material emit radon because radium
{(from which radon is produced by
radioactive decay} is found naturally in
the same soils that are the source of
phosphate rock.

B. Health Effects of Radiation

The level and type of hazard posed by
radionuclides vary, depending on such
characteristics as the radionuclide’s
radioactive half-life, the type of
radiation it emits, the ewergy leve! of the
emission(s}, and its ability to -
concentrate in the body, Different
radionuclides will irradiate different
parts of the body causing different types
of cancers. .

There are three major types of long-
term health impacts from exposure to
radiation: Cancer, hereditary effects,
and developmental effects on fetuses
guch as mental retardation. Since there
is such a strong foundation for
quantifying the risk of fatal cancer,
EPA's consideration of fatal cancers is
the principa! health consideration in this

rulemalking. However, it {s important jo
note that other health effects have alse
been considered in the ralemaking. The
other effects are not epecifically
addressed in this discussion because
none of them pose & more severe risk to
health. In addition, risk distribution of
health effecis from rediation from most
of the sources considered for regulation
show that fatal cancers occur much
more frequently than non-fatal cancers
and cancers generally occur more often
than genetic or developmental effects.
For sources that emit radon, no genetic
or developmental effects, and very few
non-fatal cancers are expected.
Numerous studies have demonstrated
that radiation is a carcinogen. It is
assumed that there is no completely
risk-free level of exposure to radiation
to cause cancer. Health effacts from
radiation have been observed in studies
of occupationally exposed workers and
of the survivors of the Hiroshima and
Nagasaki atomic bombs, This
information has been verified with
studies of animals in laboratories.
However, the effects of radiation doses
at low levels of exposure can only be
predicted by extrapolating from the
observed effects at higher doses since

- we do not have direct evidence of

cancer causation at low exposure levels,
Some pollutants cause diseases that are
unigue to the pollutant; for example,
asbestos causes asbestosis. Radiation,
however, causes some of the same fypes
of cancers, e.g. levkemia and lung and
liver cancer, that are caused by other
factors. Since these cancers are not
uniquely associated with radiation, it ia
not poessible te differentiate cancers
caused by radiatios from other cancers,

The second type of effect ie the
induction of hereditary effects in
descendants of exposed persons, which
vary in degree and effect and may even
be fatak It is assumed that there is no
compietely rigk-free level of exposure
for hereditary effects. Although
heredjtary effects bave been abgerved in
experimental animals at high doses,
they have not been confirmed at low’
doses n studies of humans,

Based on extensive scientific

" evidence; EPA believes it prudent te

assume that carcinegens, including
radiomuclides, pose a risk of health
effects even at low levels of expasure.
Based on this science policy judgment,
EPA calculates health risk estimates
agsuming that the risk of incurring either
cancer or hereditary effects is linearly
proportional to the dose received in the
relevant tissue. However, the severity of
either effect 12 not related to the amount
of dose received. That is, once & cancer
or an hereditary effect has been

Induced, its severity is independent of
the dose.

Regarding cancer, there continues to
be divided opinion on how ¢ interpolate
between the absence of radiation effect
at zero dose and the observed effects of
radiation {mostly at high doses) in order
to estimate the most probable effects at
doses that represent small increases
above natural background radiation.
Most scientists believe that available
data best support use of a linear model
for estimating such effects. Others,
however, believe that other models,
which nsually predict sormewhat lower
risk, provide better estimates. Thess
differences of opinion have not been
resolved to date by studies of the effects
of radiation in humans, the most
important of which are those of the
survivors of the Hiroghima and
Nagasaki atomic bomba.

Some studies have recently been
completed, and others are now
underway to reassess radiation dose
calculations for the survivors of the
Hiroshima and Nagasaki atomic bombs
and to provide improved estimates of
risk. These studies may reduce the
uncertainty associated with
extrapolation from high doses to low
doses. These studies may also result in
an increase of the estimated risk per
unit dose. But they will not address the
guestion of whether a threshold exists.
EPA is monitoring the progress of this
work and will initiate reviews of the
risks of exposure to low levels of
radiation upon its completion.

C. Risk Assessment

1. Risk Measures Considered in
NESHAP Policy

In decisions on cancer rigks from
stationary scurces of hazardous air
pollutants, the Agency has estimated
three measures of health risk. These are
termed “maximum individual risk”, “risk
distribution”, and “incidence"”. Each of
these combines an estimate of the dose/
responsa for a pollutant with estimates
of exposure to the poilutant. The
response estimated is the pollutant-
related increase in the probability that
an individual will contract fatal cancer
in his or her lifetime. The exposure
estimated is the average daily exposure
assuming exposure for 70 years.

a. Maximum Individoal Risk.
Individual risk ie expressed as an
estimated probability, e.g., 1 in 100
{1679, 1 in 1,000 {16~%, 1 in 12,000 (10™).
Thus, a 1x10™? individeal risk is an
added “chance” of 1 In 1,000 of
contracting fatal cancer sometime in the
individual’s lifetime.

bt
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In: this discussion, the maximum
individusl lifetime rigk is the maximom
additional cancer risk of any person due
to exposure to an emitted pollutant for a
70-year lifetime. The maximum
individual risk is sometimes called the
maximum exposed individual risk. This
estimate is based on the fact that the
concentration of an emission, and the
consequent risk, diminishes with
distance from its source, For
radionuclide NESHAP decisions, the
practice has been to estimate exposure
according to census data on residence
locations. It has also been estimated in
some other Agency decisions as the
maximum at the source perimeter.

The maximum individual lifetime risk
is different from average individual risk
which is sometimes estimated for
sources like public drinking water
systems or food in which the
concentration of & poHutant and other
factors are assumed to be equal at ali
distribution locations, This distinction is
particularly relevant when considering
' the maximum risk one might find -
acceptable fraom different sources. In
using the maximum individual risk in
acceptable risk decisions.for hazardous -
air pollutants, its limitationa should be
considered. Used alone, the measure
does not tell how many people may be
80 affected; it relates only fo the risk to
the most exposed individual[s).

b. Risk Distribution. A risk
distribution estimates how many
persons within a certain distance (e.g. 80
km} of a source of pollutant emissions
are at what level of individual risk.
Typically, the distribution ia given for
10-fold increments of individual risk.
Such a distribution provides the .
decisionmaker with information on both
the individual risk level for those
exposed and the number of persons

exposed at each level. For NESHAP and

other decisions, thé Ageney has
examined risk distributiong hoth as
measures of risk and to conipare the
effects of various strategies for risk
reductions atross & source catégory.
In making an acceptable rigk’ decision.

one relevant consideration is-how many - ¢

people are exposed at eaeh risk level,
e.g. a 16™2risk might be acceptable if
only one person were at thatlavel, but
not if 1 000 peopie were subject to it.
Similarly, the numbers of persons

exposed at various individual risk levels.

could be an important element in.
deciding on acceptable.risk. The risk. .
distrib ition could be used in similar
ways to-consider whether an- ample
margin of safety exists,

¢. Incidence. Incidence. is an estimate .

of population, rather than individual,
risk. It is derived by multiplying
individual risk by the estimafe of the”

ﬂumber of persons at that level of rigk
and summing the resuits over all risk
levels, This number, which provides a
lifetime population risk figure, is then
divided by 70 (years) to give an annual
fatal cancer incidence estimate. The
incidence parameter can be used as an
estimate of impact on the entire exposed
population within a given area by
totalling the incidence associated with
each increment of individual risk.
Incidence can also be portrayed along
with individual risk and population
numbers in a risk distribution. Typically,
the Agency weighs incidence estimates
in conjunction with maximum individual
risk or average individual risk estimates.
Estimated incidence generally is a
particularly informative parameter when
looking at aggregate risk from a category
of like sources. One feature to take info
account whenever:it is used is its
dependence on the size of the source
calegory.

2, Uncertainties in Risk Meagures

Each of the three risk parameters
defined above has three elements, These
are the estimated response per unit of
pollutant concentration {e.g. pCi/! in
air), the estimated exposure
concentration, and the estimation of the
number and location of the population
residing in'the area of the sources ’
(usually taken from census data).

. Uncertainties exist in estimating each
of these elements for a variety of
reasons including the fact that the
relevant data and our understanding of
the biclogical events involved are not
complete, Where data gaps exist,
qualitative and quantitative
assumptions are made based on our
present understanding of the biclogical
mechanisms of cancer causation,
estimates of air dispersion, engineering .
estimates, and other factors, Selection of
~ertain assumptions to-bensed is a-
policy-decision. The Agency has
published guidelines covering many of
these for both cancer risk asaessment

d exposure asgessment ("Final

nidelines for Carcinogen: Risk* .

essment,” (51 FR 33092, September

. 1988) and "Final Guidelines for

“Estimating Exposures,” (51 FR 33042,

September 24, 1868}}.

The following is a discussion of
mathods used to calculate the three
parameters, together with a few
examples of the uncertaintios.

Risk assesgment, under EPA .
gmdeﬂneu. takes.inte account the nature
and amount of avidaneq that the agent. '
will cause the effect of congern in_
humans as well as the uncertainties of
interpretation of data and its, . .
quantification, When the taximty data _
from human studies are available, as in

the case of radionuclides (which is 2
known human carcinogen), there is less
uncertainty ebout the hezard of dose/
response than when the data is solely
from animal studies. Nevertheless,
important uncertainties enter into the
analysis even when human data is
available, Examples include the fact that
human epidemiological studies are often
retrospective and measure effects of
exposure that occurred many years in
the past. The level of exposure ta the
agent at that time ugually must be
estimated and cannot be verified. Also,
in certain categories of human studies,
the studies are often of workers exposed
to the pollutant, Worker populations are
not representative of the general
population with respect to age or sex.
Workers are also generally the healthier
segment of the population. These factors
can lead to over- or underestimation of
risk.

When data from animal studies are
used, uncertainties about exposure can
be expenmentaliy controlled, but other
uncertainties arise. Many of these
concern the extrapolation from data
collected in animal tests to estimate
effécts on humans. The extrapolation

‘has to try to account for many factors,

such as the equivalent dose for humans
and laboratory animals given the size
differences and the potential differences
in metabolism and excretion of a
chemical pollutant.

In addition, uncertainties arise in
extrapolating the observed dose/
response relationship from either
workplace or animal test exposures to
the usually lower dose levels of the
general population.

In estimating exposure, the dispersion
of a pollutant from a source is usually |
quantified by a predictive mathematical
model using a known or model source

" emission rate, temperature and velocity

characteristics, and weather patterns at
a nearby recording weather station. The
model predicts the concentratiqn of the
dispersed pollutant at various distances.
from the source, Standard assumptions
are that the population around the
source resides there for a 70-year
lifetime and is continuously exposed to
the modeled concentrations. The amount
of emissions can be derived from :
sampling and analysis of emissions at
the source or from angineering
estimates, with more or less ungertainty.
associated with esch method sccording
to the type of emission. There are
varying deprees of accuracy and .* . |
precision’in sampling, analysis. oz
estimates of emissions, Therefore, the .
uncertainties involved in the method of
estimacm.? individual exposure and the™
namb individuals exposed are
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numerous. Thus, it s evident that
uncertainty is difficult to quantify.
However, the Agency has completad a
preliminary uncertainty analysis of risk
from radionuclide emiseions from a
limited number of facilities using Monte
Carlo simulation techniques. Instead of
discreet vaiues, distributions were used
for factors having a significant effect oa
cutcome. The results suggest that the
risks calculated represent essentially
median values if the receptor remaing a
that location for 70 years.

3. Methodology

To take into account the buildup of
radioactivity in the body and the
environment, the risk assessment
models incorporate the concepts of
committed dose and the dose committed
by an annual release into the
environment or, equivalently, the annual
dose received at equilibrium as a result
of constant annual releases over long
periods of time.

In attempting to make these estimates,
EPA has tried at all times to give “best
estimates” of the radionuclide
concentrations in the environment and
Individual and population risks.
Wherever possible, measured or
reported data of emissions, meteorology
and population were used. Where
estimates were used, EPA has tried to -
use the most likely numbers in its
assessments. When model facifities -
were used, they were designed 1o be
- representative of actual facilities. EPA's
risk agsessments are based on & current
“snapshot” of each industrial source
category as it now stands. EPA hae not
estimated the maximum conceivable
risks that may result from the facilities
analyzed at some point in the futurse.
Future ricks may be higher or lower
depending on whether people move-
closer to, or further away from, the
facilities stedied and whether the
emissions from those facilities increass
ot decrease. This ia not to say that there
ia little or no uncertainty in the fina}
resalts, As In all such assessments, the.

analyses have considerabls uncertainty. .

'‘A's analyses are pot :tnigmd»to
consiatently everesﬁmta ar: .
underestimate risks, -

" The level of uncer!niniy h gregiter tir

the'éstimate of the maximym individwal"

 ridk than i the estimate of poy utaﬂon
risk. Many possibla errors in
analysis can cancel out in useasmants
of populations. For example, local
meteorelogical conditians may cause
more tadionuclides ta go in one
direction than another. This effect mey

caunse ap overestimate or nnderestimate ,

. of the maximum mdlvidual risk, .

depending on where the most exposed
individual is located. However, this
gource of error tends to be legs
important fit population estimates, gince
the analysis integrates individual doses
tn a large number of people. If one
person gets a larger risk due to local
dispersion effects, it means that another
person is getting less. Consequently,
when the individual risks are summed,
local conditions will not cause a gerious
error in the value for total population
risk. :

In estimating the radiation exposure
to the most exposed Individual, EPA
assumes that the person receiving the
maximum individual risk tves for a 70-
year lifetime at the same site. EPA then
makes its best estimate of the risks to
that individual.

EPA recognizes that most people will
net actually live their entire life in the
same location. Nevertheless, EPA makes
this assumption as a matter of policy
and does not believe that it diminishes
the validity of its risk assessments, EPA
has made this assumption for several
reasons. First, EPA is attempting to
estimate the maximum individual risk,
and it is completely possible that an
individual could live in the same place
for his or her entire life. Use of different
assumptions could lead, in some cases,
to :nderesﬁmaﬁng the actual maximum
risk,

Second, a large fraction of the risk cen
occur in less than the same fraction of .
the 70 years: Risk is not independent of
age, Children appesar to be more:
susceptible to the effects of radiation -
than adults. In addition, due fo their

youth, they generally have & longer time
in which to develop ths cancer caunsed
by the radiation {and they are less Kkely
ta die of eomething else before they.
contract and die of the cancer}. Bue to

‘these two factors, younger people are at

& greaterrisk from the asme dose than

‘older people, {See Table 1}. L EPA were

to reduce the number of years of
assumed exposure {o less than s~ -
lifetime,. it is unclear what number of -
yenars should be used or where to place
those years within s lifetines. For .-
cxumple. should EPA assume that -

- person lives in the namcplamkombirﬁu -
" to age 19 or from age 35.to 50T ‘
;Generaﬂy,indubﬂmmiherfakhe -

times greater than in the second case.
Firially, the difference that would be -
caused by assuming & shortef period of

. exposure is not very significant. For en

assumed constant rate of exposure; -
peaple receive over 8% of theirtotel

" lfetime risk during their first nineteen:
* years. To chiange the period of exposure:

from 70 years to the fHest 10 years of life
would change the final result by less
than a factor of 2.

Many commenters, including the SAB.
digsagreed with EPA's decision to use 7¢
year exposures in calculating maximum
individual risk. However, as stated
above, EPA believes that thie is the
correct method for doing risk
assessments for NESHAPs, Had EPA
used encther method of calculating the
maximum individual risk, it might have
found it necessary to find & different,
possibly more stringent benchmark for
determining acceptable risk.

Third, the conservatism of this
assumption counters two important and
unknown uncertainties that can lead to
an underestimation of risk, The first is
the susceptibility of some members of
the population to radiation. Sclentific
studies have shown that not all people
respond in the same way tc the same
biclogical insult; some members of the
population are more susceptible than the
population as a whole, This problem is
especially acute for the radon sources.
Estimates of the rigk of exposure to
radon are largely based on
epidemiological studies of miners, Le.
adult males. It {s known that children
seem to be more susceptible to radiation

- than adults. In addition, for some

cancers, women &re more susceptible
than | men. this may be true for lung
cances, .

The second factor that EPA hes been
unable 10 quantify, but which would
lead to an underestimation of the risk, is

" the synergistic affects of radiation with
“other poilutants. Redistion is not the

only carcinogen in the environment.
There dre large numbers of carcinogens
and potential carcinogens in the
environment, Radionuclides are oot the
only carcinogens that cause cancer by

- first causing genetic damage. In

addition, eome chemicals may disrupt or
stop the body’s natursl repair
mechaniams. It 18 possible that some of

B _thess pollutanty work synergistically

with radiation fo increase the effact of

. radistion ghove what it would be

otherwise, Whils EPA’s relative risk
model takew into account the effeat of -
chemicals that are widely distributed In

‘tha environment, thers ate hundreds of

chemicals that are concentrated in local
areas; and tha sffects of these chemicals
are not and tan not be taken into .
account. However, EPA'e inability tc
quanhfy this potential increass In risk

" does not ‘mean that this effect does not

exist or that it should not be considered.
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TABLE {— AGE DEPENDENCE OF FIsK
DUE 7O WHOLE Bopy FapiaTion
Assumed Percenfage of Total Lifetime Rigk Az A

Function Of Ages Al Which Rediation Exposure
Qcturg !

Cumulative
; Parcenta
Qmwtgm i I "*.‘*“"‘%a o it
risk risk

30 30

3 60

20 B0

i a0

10 100

' Exposure is At & constart rata for a lifebme,

4. Technology Availability and Plant
Clogure Considerations

In the benzene NESHAP, as well as in
this. NESHAP for radionuclides, EPA has
considered only factors relating to risks
to public health in deriving alternative
“acceptable” levels of risk. However, in
evaluating whether to further reduce the
risk to provide for an ampie margin of
safety, EPA has also considered the
extent to which plants would be forced
to: (a) Install control technologias which
are not cost effective or fully
demonstrated and/or {b} curtail ar stop
production. These considerations are
reflected in today’s proposal to the
extent that they apply to affected
radionuclide sources,

With regard to the availability of
technology to control air pollutants, EPA
has in this case considered a technelogy
available if it has been installed on a
commercial scale in the United States
and adequate data have been collected
an plant and control equipment '
characteristics and performance.
However, at various times in the past,
EPA has considered emission standards
which force plants to install
technologies which do not meet these
current “availability” criteria or cause
facilities to curtail production or shut
down. For example, EPA has in the past
considered a technology “available" if it
has been commercially demonstrated in
other countries, even if no unita have _
been installed in the United States.
Also, EPA has considered bench- or
pilot-scale demonstrations in order to
judge reasonableness of expenditurea
for commercial demonstration of a given
technology.

D. Effective Dose Equi valent

Since 1985, when EPA proposed dose
standards regulating NRC-licengees and
DOE facilities, a diiferent methodology
for calculating dose has come inta
widespread use, the effective dose
equivaleni (EDE). In 1987, EPA. in
recommending to the President new’

guidanee for workers occupationally
exposed to radiation, accepted this
methedology for the regulation of riska
from radiation. This method, which wes
originally developed by the .
International Commission on
Radiological Protection, will be used in
all the dose standards promulgated by
EPA in this notice. In the past, EPA dose
standards were specified in terms of
limits for specific organ doses and the
“whole body dose”, a methodology
which s no Jonger consistent with
current practices of radiation protection.

The EDE is simple, ia more closely
related to risk, and is recommended by
the leading national and international
advigory bodiea. By changing te this
new methodology, EPA will be
converting to the commonly accepted
international method for calculating
dose. This will make it easier for the
regulated community to understand and
comply with our standards.

The EDE is the weighted sum of the
doses to the individual organs of the
body. The dose to each organ is
weighted accerding to the risk that dose
represents, These organ doses are then
added together, and that total is the
effective dose equivalent, In this
manner, the risk from different sources
of radiation can be controiled by a
single standard. The weighting factors
for the individnal organs are listed in
Table 2.

TABLE 2—-WEIGHTING FACTORS FOR

INDIVIDUAL ORGANS
Crgan Famtor
Lung 12
Broast ; A8
Thyroid. 03
Gonads 25
Bone Surface. .03
Rad Bone Marmow. 12
Remaindar 30

EPA’s risk models differ from those
underlying the ICRP recommendations,
primarily due to advances in the field of
radiation risk estimation since the ICRP
recommendations were published, As a
result, the risks calculated by EPA are
nat strictly proportional to the EDE
derived using ICRP quality factors end
organ weighting factors. While the risk
methodology underlying the ICRP EDE
differs from that used by EPA, the
widespread acceptance of the EDE
approach make it & reasonable basis for
regulation under the CAA.

E. Science Advisory Board Review

Beginning in 1064, EPA’s Science
Advisory Board {SAR) has conductad
reviews of the risk assessment methods

used in this rulemelking, EPA has
worked elogely with the SAB with
respect to their comments and findings
and believes it has been responsive {o
them. )

In 1984, the SAB recommended that
available scientific information be
integrated into an assessment document
that would lead from identification of
emission sources through calculation of
radiation dose and health risk and the
agsociated degrees of uncertainty. This
has been done in the Environmental
Impact Statement accompanying this
rulemaking.

In 1988 and again in 1989, the SAB
considered the scientific merits of the
EIS prepared by the Agency in support
of this rulemaking. Estimates of health
risk factors were found to be acceptable.
Given below are some important
specific SAB comments and the
Agency’s responses.

548 Comment: EPA should use the
effective dose equivalent concept for
regulations protecting people from
exposure to radiation.

EPA Response: This haa been done in
the final rules.

SAB Comment: EPA should use simple
screening methods in implementation
procedures guch that only the largest
users of radionuclides are required to
report annually ta EPA.

EPA Regponse: A simple screening
procedure has been made part of the
final rule.

SAB Comment: EPA ghould be certain
that the data used to derive its estimates
of risk are the most current available,
and wherever practicable to base their
agssesaments on consensus documents.

EPA Responge: EPA agrees. The 8AB
has given apecific advice on risk lactors
for low-LET radiation and for radon.
The SAB approaches to these risk
factors have been used in the risk
assessments supporting this rulemaking.
The Agency scknowledges that the
BEIR-II report on which some of the
risk factors are based may become out
of date dua to new data that are

. becoming availabie. EPA's risk factors

will be revised to reflect these recent
developments and to incorporate this
newer data as soon as if is practical to
do so. Preliminary information indicates
that the most probable effect of this new
information will be to increase
somewhat the estimate of the number of
health effects due to a unit dose of
radiation. The size of this increase is not
likely to be large enough to affect the
decisions made under this rulemaking.

SAB Comment: The actual objective
of the risk assesament should he made
clear,
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EPA Responge: EPA has nnpmved the
pregentation of risk in the EIS by mors
clearly stating overall assessment
objectives. In particular, aasessment
objectives are carefully defined in terms
of the individual end populations at risk.
The number of pecple at risk and
incidence is presented by range of risk.
Radiation risks are compared with other
risks and other radiation control
recommendations. The objective of
obtaining a best estimate of the dose
and health implications for real persons
and for populations is now explained in
more detail together with explanations
of how these groups are to be defined,

SAB Comment: EPA should use best
estimates and ranges in the specificatien
of risk and provide a detailed
explanation of the uncertainties in the
estimates themselves,

EPA Response: EPA agrees, but this is
a large task. For the short term, we have
performed a sensitivity analysis of the
most important parameters using
simplifying assumptions and have
performed preliminary uncertainty
analyses using a Monte Carlo
simulation. These dnalyses have been
presented in support of the final rule.
For the long term, an Agency task group
has been formed to plan end conduct
more complete studies of the uncertainty
question. This longer term effort will
take a number of years to complete and
will be dependent on the resources
available.

EPA acknowledges the uncertainty in
risk estimates, considers them when
making risk management decisions and
recognizes that a more complete -
quantitative analysis of uncertainty
would be an improvement. However, it
does not believe that such a complete
analysis would change the decisiong
made in this rulemaking. A more
complete discussion of uncertainty is.to
létla Sfmmd in chapter 7, volume 1 of the

V. Decision to List Under Saction 112

Section 122(a) of the CAA required
EPA to determine whether or not
"emigsions of radicactive
pollutants * * * will cause, or
contribute to, aii poilution which may
reasonably be anticipated to endanger
public¢ health.” Once an affirmative
determination is made, that section
requires EPA to list the substance under
section 108{a)(1), governing Nationa)
Ambient Air Quality Standards
INAAQS], 111{b){1)}{A), governing New
Source Performance Standards, or
112(b){1}(A), governing NESHAPs. The
initial decision to list a substance does
not constitute a decision to regulate sny
particular source category. EPA
analyzed numerous studies which

mdmated that exposare to radwnuchsiw
can cause three major types of health
effects: cancer, genetic damage, and
developmental effects. After considering
these health effects, EPA judged that
radionuclides cause or contribute to air
pollution which “may reasonably be
anticipated to endanger public health”
and that they should be listed under
section 112(b){1){A) {44 FR 76733, Dec.
27, 1979). That decision was the first
step in the regulatory process, and if
wag challenged in the current litigation
As a result, EPA hag reevaluated the
decision and the comments from the
public during this rulemaking and has
come to the conclusion that the original
listing under section 112 is correct.

The first part of the listing decision,
the “hazardousness" of radionuclides, is
unchallenged. The evidence that
radionuclides can cause cancer has, if
anything, increased since 1979; see
Volume 1 of the BID. The evidence now
suggests that the risks from radiation
exposurs are higher than was believed
at that time. While some people have
expressed the view that, even though -
radiation can cause cancer, the amount
of radionuclides that are released from a
given source or industry is insignificant
and do not present a risk, EPA believes
that the results of the risk assessmenis
for the source categories demonstrate
the risk to public health that resulis from
radionuclide emissions from industrial
sources. Furthermore, as already
discussed, EPA assumes radiation to be
a non-threshold pollutant, This
assumption, and EPA's risk
assessments, support the listing
decision.

Section 112(b}{1)(A} applies not
merely to any “air pollutant” ac do
sections 108 and 111, but to a
“hazardous air pollutant” that is defined
a6 a pollutant that “causes or
contributes to air pollution which may

reasonably be anticipated to result in an _

Increase in mortality or an increase in
seripus irreversible or incapacitating
reversible illness.” Once a pollutant ig
determined to be a hazardous air
polluiant, the only remaining step is for
the Administrator to determine whether
emissions of the pollutant present a risk
warranting regulation under section
112-~-that is, whether it is a azardous
air pollutant “for which he intends to
establish an emission standard” under
that section. EPA has determined that
radionuclides not only pose a risk of
carcinogenicity and mutagenicity when
emitted into the air {see, National
Academy of Sciences, Commission on
Biological Effects of [onizing Radiation,
Reports Number 3 and 4) but also are
emitted in sufficient quantities as to
create a risk warranting listing under

section 132, Therefm EPA reaffirms lig
prior conclusion that radionuclides
should be listed for regulation under
section 112,

EPA notes that several sources -
included among the source categories
addressed by this rulemaking present
very small risks when viewed
individually. Several are predicted to
emit a level resulting in an incidence of .
lags than one case of cancer every 1000
years, and an associated MIR well
below 1 X104 or even 1xX10™% Based
on this, it has been suggested that EPA
should apply a significance test to these
sgurces, and determine that they do not
warrant regulation based on the
insignificance of the risks presented.

EPA considers it unnecessary to reach
that argument here, EPA applied the
significance test of the Supreme Court's
OSHA benzene opinion in its prior
rulemakings on radicnnclides to
determine whether each source category
warranted regulation. See Industrial
Union Dept., AFL-CIO v, American
Petroleum Institute, 438 U.S, 607 (1980}

* {interpreting the Occupational Safety

and Health Act of 1870 as requiring that
benzene sources be regulated only if
they present “significant” risks}); see
also 50 FR 5189-5184 (Feb. 6, 1985), 49
FR 43905-43915 {Oct, 31, 1984}
{discussing the requirement that risks
from radionuclide air emission sources
be significant in order to be regulated
under Clean Air Act Section 112};
Memorandum of A. James Barnes,
General Counsel, to the Administrator ef
EPA entitled “Final Action on
Radionuclides” (Oct. 23, 1984} (same);
but see Sierra Club v. Rucke/shaus, 802
F. Supp. 892 {N.D. Cal. 1984}. However,
EPA believes it e unnecessary to reach
this issue at this time since EPA believes
that its standards should have no
practical effect on the facilities to which
guch a test might have applicability. But
see CAA section 307{d}(7}{B). Based on
the record, EPA-judges that the facilities
that might be deemed io pose
insignificant risks individually aiready
emit radionuclides at levels well below
the final standard. And, implementation
of a significence test to each individual
source would, for some source
categories such as the NRC licensee
category which contains several
thousand sources, present huge
implementation and resource problems
for the Agency to examine each source
individually,

The standards would have no
practical impact on cperations of
sources that might be deemed to pose
Insignificant risks, other than to assure
that emissions from these sources could
not increase so as o exceed the
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standard. Moreover, impoaition of |
slandards assure that EPA woold be
notified of significant incresses in
emissions at these sources, or other
relevant changes in circumstances, such
a8 changes in the location or expesurg
of the most exposed individual, that
might require additional regulatory
attention.

V1. Discussion of Source Categories

The regulatory decisions reached
today are based on the risk assessments
and other factors aveilable in the
rulemaking record. This rule is also
based on consideration of information
received during the comment period to
the rulemaking.

A. Department of Energy Facilities
1. introduction

The DOE administers many facilities,
including government-owned,
coniractor-operated facilities across the
country. Some facilities conduct nuclear
energy and weapons research and

development, some enrich uranium and

produce plutonium for nuclear weapons
and reactors, and some process, store
and dispose of radioactive wastes.
These facilitiea contain significant
amounts of radicactive material and
emit radionuclides into the air. Other
fecilities contain large stockpiles of
waste ore which emit large quantities of
radon. A discussion of those DOE
faciliies appears as a separate section
later in this Preamble. EPA is
considering the two categories
separately in thia rulemaking because
the two categories employ different
control methods, Some of the DOE
facilities emitting radionuclides are on
large sites covering hundreds of square
miles in remote locations. Some of tha
smaller sites resemble typical industrial
facilities and are located in suburban
greas. ) '

In total, DOE has approximately 30
major sites that emit radionuclides.
These facilities emit a wide variety of
radionuclides in various physical and
chemical states. Emissions from various
DOE facilities represent many types of
radionuclides and both internal and
external dose pathways (although
specific facilities may emit only one or
two radionuclides affecting only one

rathwayl. .

DOE facilitien are presently covered
by a radionuclide NESHAP which Hmits
emissions such that no individual
receives a whele body doae of 25 mrem/
y or receives a dose of 75 mrem/y to any
organ. DOE also controls releasas from

these faciliies under DOE orders which
limit caleulated doses to the general
public to less than 1007 mrem/y from all
sources and pathways. By incorporating
the ALARA concept inte its Orders,
DOE has kept the dose to the public well
below 100 mrem/y. The NESHAP also
mandates that DOE send annual reports
of emissions to EPA. The information
gathered from these reports contributed
to EPA's risk assessment of DOE
facilities,

2. Egtimates of i:'!xposure and Risk

EPA's risk agsessment of DOE
facilities is a site-by-site assessment.
Emissions are based on DOE's 1988
report of emissions, meteorological data
are from on-site towers or from nearby
weather stations, and population
distributions within 80 km are based on
U.S. census tract data. EPA has updated
its 1isk assessment with information
received during the comment period.
EPA has a high degree of confidence in
the results of this risk assessment.

According to EPA’s analysis, all DOE
facilities are in compliance with the
current NESHAP. The risk to the most
exposed individual is approximately
2.0x107% DOE [acilities are estimated
to cause 0.28 fatal cancers per yesr to
the exposed populations within 80 km of
all DOE facilities. Most of the exposed
population has a lifetime fatal can
risk of less than 1Xx107% :

Table 3 presents example acenarios to
show how different emission levels
would result in different health risk
profiles. The table presents the risk
estimates at baseline in terms of
estimated annual fatal cancer incidence,
maximum individzal lifetime risk, total
population exposed at or ebove
particular risk levels (Le., risk
distribution}, and annuai incidence
attributable to the population exposed
at each risk level. The table also

.presents available estimates of annmal
incidence and maximum individual
lifetime risk for a.lower emission level.

3. Application of Decision Methodology
to the DOE Facilities Source Category

The decision that resuite from the
application of the multifactor policy
approach to the DOE source category iz
described below.

Decision on Acceptable Risk. As
stated earlier, the maximum individual
risk to any individual is 2.0107% In
establishing the policy for setting
NESHAPs in the context of benzens, the
Agency determined that emissions
resulting in a lifetime MIR nn greater
than approximately 11074 are

presumptively scceptable, In light of the
numerous uncertainties in both
egtablishing the parameters for the risk
assessment and in modelling actual
emissions and exposure, as well as the
recognition that in achieving
compliance, sources will generally
control 80 as to ensure that a buffer
exists helow the actual level of &
standard, EPA judges that the MIR of
2.0 107 *is essentially equivalent to the
presumptively safe level of
approximately 11074, EPA then
considered the other risk factors in
order to determine whether the baseline
level is acceptable.

The estimated annual incidence is 6.28
fatal cancers per year, or 1 case every 4
years; in addition, there would be an
approximately equal number of non-
fatal cancers per year, Very few people
are at risks greater than 1.0x 1074, and
approximately 88% of people within 80
km of DCE facilities receive risks of less
than 1x107%

After examining these factors, the
Administrator has determined that the
baseline emission levels and risks from
DOE {facilities are acceptable.

Decision on Ample Margin of Safety. -
In addition to reexamining all the
health-related factors discussed above,
EPA haa also examined the cost,
scientific certainty, and technological
feasibility of control technology
necessary to lower emissions from DOE
facilities. The results of this analysis
may be seen in Table 4. Alternalive |, a
standard of 10 mrem/y, representing the
current baseline emissiona, was
compared with alternative IL, a standard
of 3 mrem/y a standard, equivalent to
IX1674 ’

A comparison of the two alternatives
indicates that only a very small .
reduction in incidence would occus,
from 0.28 1 0.25, or 1 case every 33
years, with 8 concommitant reduction in

" MIR from 2x107*ta 1X10"* Based on

this very small reduction in incidence,
the small decrease in individual risk that
would result, and on thé costs of
achieving Alternative If, EPA has
determined that a 10 mrem standard
provides an ample margin of safety by
continuing regulation of this category to
insure that the current levels of
emissions are not increased.
Requirements of the rule, such as the
submission of yearly reports and
obtaining prior approval of new
construction or modification, assure that
DOE facilities will keep emissions at ot
below an acceptable level insuring an

ample margin of safety. Moreover,
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because each facility subject to this rule
must demonstrate compliance with the
10 mrem/y ede emissions standard, it ia
likely that most, if not all, exposed
individuals will receive a dose
significantly less than 10 mrem/y eds.
Therefore, EPA believes that limiting
emissions to their current level by
imposition of a atandard of 10 mrem/y
EDE to replace the previous standard,
will pretect public health with an ample
margin of safety. EPA is promulgating &
NESHAP meandating that radionuclide
emissions from DOE facilities shall not
cause any individual to receive a dose
of greater than 10 mrem/y ede.

TaBLE 3.--D0E Facmimes

Emmmmmwmqummw !
prodt.sctiomi

DOE. These mciude nuclesl weapons

tegting &nd ressarch faciliies and other nucleer

resaarch end produciion feciiies. There are 30

m:;oq i%OE faciities thut releass radionuclices imo
air.

A(’mm I | Atemative 1
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individual risk

R S— 20x1omel 107
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Risk individual

E-2 10 E-1........] 4 G

E-3 t0 £-2 .o 1] ¢
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TaBLE 4.—DOE FacILIMES
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L1 0 J B5h4 a5
Rigk incidence |
E-2 to E-1 ...} & G
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E-4 to E-3 ......... ) )
E-510 E4 .........| 0.23 0.22
E8t0ES..... 0.032 0.0074
[:5 48 - S 0.010 0.014

Other Health impacts: Total cancars no more than
twica fatal cancers.
‘Theromfmmzslaeophntﬂ\bwt.

Hm,wwmolmtmm because
detaied damographics not bean obtained.

incremant Total Incremant Incremant Total
Alternative MIR Incidence Incidence Incidence capitel cost shnuaized | annualized
raduction recuction cost cost
| (Baselina} .... 20107 0.28
H 1.0x107* 0.25 0.03 0.03 $59M $0.2M $ 0.2M
Comments: Alternative I: Baselina rule, smission kmit of 10 mrem/y ade—highest mmmmmmmmnm
Alternative I Enmnonhmtoiamnty oqdvalem:oaMlﬂuHxW"}—hefoiMngmﬂsmm Alsmos—beam stops and delay ¥nes; Oak

Ridge—HEPA filters, particulate scrubbers, and tritiated water capture.

4. Implementation

a. Introduction. QRP's experience in
implementing the existing radionuclide
NESHAP govering DOE facilities has
shown that implementation of the
current standard has several problems.
EPA has developed a new system for
implementing the NESHAP designed to
overcome the limitations in the present
standard.

b. Yearly Reports. The
implementation system for the NESHAP
is designed to provide EPA with yearly
reports on the leveis of emissions from
regulated facilities and resuiting doses.
Presently, DOE facilities monitor their
emissions and make annual reports to-
EPA. These reports shall continue under
the new NESHAP. Although the report is
based on a calendar year the dose
standard applies to any year, i.e. any
period of 12 consecutive months, Since
these reports provide EPA with the
information it needs, DOR facilities are
exempted from the reqmrements of
61.10.

c. Methods of Measurement. Because _

the thresholds for measurement are
much lower than the standard; under
certain circumstances the concentration
and potential doses assaciated with
release points that are above the
threshold may be so low that direct
measurement may not be practical, With

prior EPA approval, DOE may determina

these emissgions through alternate
procedures.

d. Definition of a Facility. A problem
in implementing the current standard is
the ambiguity associated with the -
present definition of a facility. To
resolve this ambiguity, the new rule
specifies that all the buildings,
structures and operations within one
contiguous site shall be considered a
single facility. For example, the entire
DOE facility at Oak Ridge, Tennessee
must meet the current standard of 10
mrem/y ede, instead of each individual
building meeting the 10 mrem/y ede
standard, :

8. Distinction Between Construction
and Modification. A potential problem
resuliing from EPA’s definition of &
facility as all the buildings, structures
and operations within a given plant site,
is confusion pver whether the
construction of a new building is part of
an existing facility, s new construction,
or is a modification of an existing
facility. This rule specifiea that the
construction of a new building is new
construction at the facility and nota
modification of the facility. This
distinction is important because all new
construction needs to be checked to see
whether or not it needs prior approval
but modifications which do not cause &
net increase in the rate of emissions
from the facility do not need prior
approval,

f. Prior Approval of New Construction
or Modification. EPA will not change
the basic definition of modification that
exists at 40 CFR 61.15. A change that
will result in any increase in the rate of
emisgions is a modification, no matter
how small that increase is. This includes
cases where the modification has the
potential to increase emissions above
prior actual emissions. However, to
reduce unnecessary paperwork, it is
appropriate to avoid applications for
approval in cases of smal} changes.

Therefore, EPA is promulgating a
system under which DOE facilities will
use CAP-88 to determine the dose to the
most exposed individual due to the
modification or new construction. If the
estimated maximum individual dose
added by the new construction or
modification is less than 1% of the
standard, then the modification cr new
construction does not need prior
approval,

In making the determination of dose

~ for this purpose, DOE must use the

emission factors and source term
determination from “BID: Procedures
Approved for Demonstrating
Compliance with the Dose Limits
Established by 40 CFR part 61, subpart
L" (BID: Compliance} or other
procedures for which EPA has granted
prior approval.
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B. Nuclear Regulatory Commission -
Licensed and Non-DOE Federal
Facilities

1. Introduction

NRC-licensed, Agreement state-
licensed, and non-DOE federal facilities
include over 8,000 different facilities,
These facilities include research and
test reactors, hospitais, clinics, the
radiopharmaceutical industry, low level
nuclear waste disposal facilities, and
other research and industrial facilities.
These facilities are located in all {ifty
states. EPA estimates that virtually
every American lives within 80 km of an
NRC licensee.

The facilities in this category emit a
large number of radignuclides, These
radionuclides affect individuals by
inhalation, ingestion, ground deposition
and immersion pathways. Individual
facilitiea may emit only one or two
radionuclides affecting only one or two
pathways.

Emissions from this source category
are presently covered by a radionuclide
NESHAP which mandates that .
emissions do not cause any individual to
receive a whole body dose of more than
25 mrem/y or receive a dose of 75
mrem/y to any organ. Two categories of
NRC-licensees have been exempted
from coverage by the existing NESHAP:
High-level nuclear waste (HLW)
facilities and uranium fuel cycle (UFC)
facilities. There are two types of HLW
facilities, management and disposal
facilities. The disposal of HLW, which
occurs at a few unique facilities, is-
considered as a separate source
category. The management, processing
and storage of HLW that occors at &
NRC-licensee is included in the estimaie
of emissions of the licensee used in the
analysis that underlies the rule for this.
category. UFC facilities, which are
distinctly different facilities, are being
analyzed ae a separate source category.

2. Estimates of Exposure and Risk

EPA's risk assessment of this category -
combined an analysis of the nine sub- .
categories that make up this category.
Due to the wide scope of this categary.
EPA's risk assessment of this sonrce
category includes both the largest
known emitters and model facilities -
with model populations. The estimates
of maximum individual risk are based
on the assessment of the Jargest known
emitters.

The analysis of the largeat sourcea
was based on information compiled
from previously existing databases and
information received from some of the
sources themselves. The model facilities
were developed after reviewing data
from surveys conducted by the NRC and

: deacribed below.

“the Conference of Radiation Control

Program Directors. The use of model
facilities increases the uncertainty of the
risk assessment. Espacially uncertain
are estimates of the population within
given risk ranges.

The estimates of population risks are
based on extrapolations from model
facilities using census tract data.
Frequency distributions do not take into
account overlapping sources.

The results of this analysis show a
maximum individual risk of 1.8 1074
EPA estimates that this category results
in 0.18 fatal cancers per year. Although
virtually the entire U.S. population is
exposed to emissions from this category,
EPA's analysis shows that less than
0.5% of the U.S. population receives a
lifetime fatal cancer risk greater than
1x107% Some of the larger NRC- :
licensees release small amounts of
jodine-i25 and iodine-131; these
radionuciides can cause thyroid cancer,
which is usually non-fatal.

Table 5 presents example scenarios to
show how different emission levels
would result in different health risk
profiles. The table presents the risk
estimates at baseline in terms of
estimated annual fatal cancer incidence,
maximum individual lifetime risk, total
population exposed at or sbove
particular risk levels {i.e., risk
distribution), and annual incidence
attributahle to the popalation expused
at each risk level. The table also
presents available estimates of annual
incidence end maximum individual
lifetime risk for a lower emission level.

3. Application of the Decision
Methedology to the NRC Licensees and
non-DOE Federal Facilities Soures
Category

The decision that results from the
application of the multifactor approach
to the NRC-licensees and non-DOE
Federal facilities source category is

Decision on Acceptable Risk. As
stated earlier, the maximum individual
risk to any individual is 1.6107% In
establishing the policy for setting
NESHAPs in the context of benzene, the
Agency determined that emissions
resulting in a ifetime MIR no greater
than approximately 1x10™*are
presumptively acceptable. In light of the
numerous uncertainties in both
establishing the parameters for the risk
assessment and in modelling actual
emissions and exposure, as well as the
recognition that in achieving compliance
sources will generally control so as to

ensure & buffer exists helow the actual -

leve! of a standard, EPA judges that the
MIR of 1.8 107 * is essentially
equivalent to the presumptively safe

level of appreximately 11074 EPA
then considered the other risk factors in
order to make an overall determination
on acceptability,

Very few people are at risks greater
than 1.0 x10™* and approximately 99% of
people within 80 km of NRC licensees
are at risk levels of less than 1107
The estimated annnal incidence is 0.16
fatal cancersper year, or 1 case every
years, In addition, there would be an
estimated annual incidence of
approximately 0.8 non-fatal cancers per
year, most of which is attributable to
thyroid cancer caused by emissions of
radioactive iodine from hospitais and
radiopharmaceutical manufacturers
(thyroid cancer is aiso treated with
iodine treatments),

After examining these factois, the
Administrator concludes that baseline
emissions are acceptable for this source
category.

Decision on Ample Margin of Safety.
In addition to re-examining all the
health-related factors discussed above,
EPA has also examined the cost,
scientific certainty, and technological
feasibility of control technology
necessary to lower emission from NRC.
facilities, The results of this analysis
may be seen in Table 8. Due to a lack of
detailed information on all NRC
licensees, EPA has analyzed model
facilities. Alternative |, a standard of 10
mrem/y representing the current
baseline emissions, was compared with
Alternative II, a standard of 3 mrem/y, &
standard equivalent to 1x107*

EPA's risk essessment indicates that
no reduction in incidence would oceur
and only a small reduction of the MIR
would occur if reduction of current
emisgions to Alternative II levels were
required, In this source category almost
all the incidence comes from people
whose risk level is less than 1x107%
This means that small reductions in the
emissiona of a few licensees kave little,

. _ if any, effect on the number of health

effects, both fatal and non-fatal, in the
population. The costs associated with
these reductions are $5,000.000 with an
annualized cost of $2,400,000 for
compliance with Alternative i Based
on the very small reductions in the risks
to public health and the costs of
achieving Alternative II, EPA has
determined that Alternative I protects
the public health with an ample margin
of safety.

EPA has decided to continue
regulation of this category to insure that
the current levels of emissions are not
increased. Requirements of the rule,
such as the submigsion of yearly reports
and obtaining prior approval of new
construction-or madification, will assure
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emissions from NRC licensees shall not E-6 to E-§ 780,000 ?aoooo nately by iotine which causes thyroid cancer.
TasLE 6—NRC LICENSEES
Increment, Total Increment | nerement " Total
Altermative- MIR Incidence incidence incidence capital cost annualized annualized
reduction teduction cost coat
| {Bassline} 1.8x1074 0.18
¢ 1.0x10-4 0.18 <0.01 <0.01 $EM $2.4M $2.4M
¢ - Comments: For this category, non-fatal cancer risk i appreciably higher than the fatal cancer risk bacause most of the risk it dus o 131 and 125 exposure

Altomative | Basellne niis, 10 mrem/y ede-—As a

practical
Akamauvcu:Emmmofammiym(ethmwlmno!fxw
. Thousands would

conirols oF measure emissions to demonsirate compiiance.

‘4. Implementation

a. Introduction, The system for
implementing this NESHAP is described
in “A Guide for Determining Compliance
with Clean Air Act Standards for
Radionuclide Emissions From NRC-
Licensed and Nod-DOE Feders}
Facilities." The Agency has also
developed the COMPLY Computer
Code, for use with “MS-DOS" or “PC~
DOS,” computers to assist the regulated
community in determining compliance
with the standard. For more information,
see “Draft User's Guide for the
COMPLY Code” and “Background
Information Document—Procedures
Approved for Demonstrating
Compliance with 40 CFRpm 61,
subpart L”

b. Yearly Reports. The
implementation syatem for the NESHAP
is designed to provide EPA with yesrly
reports on the levels of emissions and
the dose caused by those emissions from
regulated facilities. There are over 8,000
NRC-licensees, many of which possess
very small amounts of radionuclides.
EPA considers that the emissions from
most sources in this category are so low
that reporting should not be necessary.
EPA has developed & system to

mattar, this atermative i3 the same as the curent NESHAP.

have to report 1o EPA,

determine whether or not reporting is
required by estimating the dose caused
by a facility's emissions. As long as the
dose to the maximum individual is 10%
of the standard or less, the facility does
not have to report. With this provision,
EPA ciirrently estimates that less than
300 facilides would have to report to
EPA.

The Agency has developed a system
for dose determination that is based on
screening models originally developed
by the NCRP, This system is a series of
screening tests each more complicated
and more realistic than the previous
one. Using this system, each affected
facility will, annually, have to check to
see whether or not it needs to report to
EPA. Even if it does not have to report, it
must keep records of the results for 5
years to demonstrats that it has checked
to see whether or not it needs to report,
Although the report ia based on a
calendar year, the dose standard applies
{o any year, i.8. any period of 12
consecutive months.

In order to simplify caloulation of the
gource term, the Agency will allow the
use of EPA-approved emission factors.
The derivation of these emission factors.
is explained in “BID: Compliance.”

‘These factors are applied to the quantity
of radionuclides used annually at the
facility. Radiomuclides in sealed
containers are excluded. The results of
these calculations are used as the input
of emiasions for the screening model
mentoned above,

For the calculation of dose from low
level radioactive waste, facilities must
use CAPP-88 or another model which
has prior approval from EPA.

Since these reports will provide EPA
with the information ii needs, NRC-
licensees are exempted from the
requirements of § 63.10.

c. Prior Approveal for Modification or
New Construction, EPA has decided that
the system discussed for DOE facilities
also be used for this source category
except that the sourcea will not use
CAP-88 to calculate the doses. Instead
they will use the screening models
(COMPLY code) described in the BID.

5. Reconsideration of NRC Licensee
Category

Late in the rulemaking, issues related
to the application of the standard in
Subpart I to NRC licensees were
presentaed io EPA which raised serious
concerns about possible effects of

+
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duplicative, and perhape conflicting,
standards on NRC-licensees, including,
for examiple, the use of radicisotope
therapies by the National Institutes of
Health {NIH) and other medical
facilities. The concerns arise from the
fact that these licensees would be
regulated by both a Clean Air Act
standard under Subpart | and an
existing NRC standard under 18 CFR
part 20. While the level of health
protection achieved under the NRC
standard is generally comparable to that
required by EPA's rule, the two
standards are very different in form, and
the means of demonstrating compliance
with each standard impose significantly
different regulatory requirements. The
basic issue is whether these different
regulatory requirements will discourage
the use of radioisotopes in medical and
experimental therapies. In addition,
NRC has raised the issue of whether
regulation of its licenseea under a Clean
Alir Act standard provides any
additional public heaith benefits.

EPA has expressed similar concerns
in past proceedings on this regulation. In
its Federal Register notice of October 31,
1984, EPA stated, with respect to NRC-
licensed facilities, that the record “does
not support the conclusion that
regulation of {these) * * * facilities is
necessary to protect public health with
an ample margin of safety.” 49 Federal
Register at 43012, In its Federal Register
notice of February 8§, 1985 (50 FR 5190}
EPA stated that;

EPA continzes to believe existing
emissions from these sources are slready so
low that the public health is already
protescted with an ample margin of
safety * * *

Nevertheless, due to the court-ordered
deadline for completion of the
rulemaking by October 31, EPA has
determined that it must promulgate tha
final standard under Subpart I at this
time. However, in recognition of the
serious nature of these concerns, and
the need to further investigate and
. resolve these matters, EPA has
concluded that it should treat the
comments and information filed by NTH
and NRC ag petitions for
reconsideration of the standard with
respect to the range of iasues raised by
NRC and NIH, and EPA is grenting
reconsideration. For this purpose, a
comment period of 60 days from the
date of publication of thig notice is
hereby established for the purpose of
receiving further information and
comments on these issues, and a 3 '
month stay of subpart I, as provided for
under 307{d)(7}B), shall commence o
the [date of publication). Comments
should be submitted (in duplicate if

possible] to: Centrel Docket {A~130},
Environmental Protection Agency, Attn:
Docket No. A-79-11, Washington, DC
20480, After considering the information
received, and other available
information pertaining to these issues,
EPA will issue a decision on the need
far further rulemaldng on the standard
in subpart L

C. Uranium Fuel Cycle Facilities
1. Introduction

Uranium Fuel Cycle (UFC) facilities
are the facilities used in the conversion
of uranium ore to electric power. They

.include uranium mills and tailings (non-

radon emissions}, uranium hexafloride
conversion plants, light-water uranium
fuel fabrication plants, commercial light-
water nuclear power plants, and fuel
reprocessing plants. These facilities are
licensed by the NRC. (Uranium fuel
enrichment facilities are not included in
this category because they are included
in the DOE facilities source category.
Reprocessing plants are not included
since the only one ever operated is
being decommissioned and no
reprocessing can occur under current
policies. If a new one were to be opened
in the future, it would be covered by the

- rule.) These facilities involve operations

with the potential for large relenses of
radionuclides.

These facilities are not currently
covered by a NESHAP. However, all
releases from these [acilities (air, water
and direct gamma radiation) are covered
under the Uranium Fuel Cycle Standard,
40 CFR part 190, This standard wes
promulgated by EPA under the authority
of the AEA and is implemented and
enforced by NRC. Under the standard,
the combined releases of all UFC
facilities must not cause any member of
the public to receive a dose of more then
25 mrem/y to the whole body or to any
organ except the thyraid (which can
receive 75 mrem/y). In the past, the
Administrator decided not to regulate
this category under section 112, because
he determined that the AEA standard
protected public health with an ample
margin of safety. EPA's decision not to
regulate this category is one of the
issues in the current litigation.

2. Estimates of Exposure and Risk

EPA's risk assessment for this
category is the combination of the
results of the assessments of the
different types of facilities includew in -
thia category. The source term for
emissions from uranium mill tailing piles
i estimated for operable mills veing
NRC’s methodology. Fugitive dust
emissions from a tailing pile are
assumed o be & fumction of

mber 15, 1968 [ Rules end Regula

meteorclogice! conditions {wind,
rainfall, temperature}, ore compoygition,
particle size and other factors. The
estimate does not include radon releases
which are covered by & separate
NESHAP. Meteorological and
population data are based on actuai mill
sites. The assessment of the two
uranium hexafluoride conversion plants
is based on reported emissions and
census population distributions and
meteorological data from nearby
airports.

The assessment for fuel fabrication
plants is based on reported emissions
and census population distributions
from the largest facility. The emission
estimate for nuclear power plants is
based on actual releases from operating
plants. Population data is taken from
NRC reference populations. .
Assessments consider effects of multiple
reactors at & site, but not the overlap of
muitiple sites. The results of the analysis
show that the most exposed individual
receives a dose associated with an
increased risk of fatal cancer of
1.5x%10"% There is a predicted incidence
of 0.1 fatal cancer per year in the
population; with aimost all the
population risk received by people with
a lifetime risk of less than 11078,
Virtually the entire U1.S. population lives
within 80 km of at least one UFC facility.

Table 7 presents example scenarios to
show how different emission levels
would result in different health risk
profiles, The table presenta the risk
estimates at baseline in terms of
estimated annual fatal cancer incidence,
maximum individual lifetime risk, total
population exposed at or above
particular risk levels {Le., risk
distribution), and anmeal incidence
attributable to the population exposed
at each risk level. The table also
presents available estimates of annual
incidence and maximum individual
lifetime risk for 8 lower emission level

3. Application of Decision Methodology
to the Uranium Fuel Cydle Source
Category.

The decision that results from the
application of the multifactor approach
to the UFC facilities source category is
described below.

Decision on Acceptable Risk. As
stated earlier, the maximum individual
risk to any individual is approximately
1.5% 1874 In establishing the palicy for
setting NESHAPs in the context of
benzene, the Agency determined that
emissions resulting in & lifetime MIR no
greater thar approximately 110 *are
presumptively acceptable. In light of the
numerous uncertainties in both
establishing the parameters for the risk
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atmosphem 'I'here ars exght (5 :
operational, 3 standby) elemental
phosphorus plants located in four
different states. However, most of the
emisgions come from two plants in
Idaho.

Due to the types of radionuclides
emitted by these plants, virtually sl} the
dose is received by the lung through the
inhalation pathway causing an
increased risk of lung cancer. This risk
can be controlled through the use of a
standard which directly limits emissions
of polonium-210 (control measures
which limit polonium-210 also limit
emissiona of lead-210). There is no need
to write dose standards.

Elemental phosphorus plants are
currently regulated by a NESHAP that
limits their emissions to no more than 21
curies of polonium-210 annually.

2. Estimates of Exposure and Risk

EPA's risk assessment of elemental
phosphorus plants is a site-by-site
agsessment of operating and standby
plants, based on monitored data and
throughput. Changes in the risk -
assessment since the proposal are the
result of corrected meteorological data.
Maximum individual risks were -
assessed at actual residences or at a .
location 1500 m in the predominant wind

dtrecbon. 'l'he lma&on of nearby

populations was taken from census tract

data.

According to the assessment, EPA
estimates that the most exposed
individual recelves a lifetime fatal
cancer risk of 5.7 X 1074 There is an
increased incidence of 0.072 fatal cancer
per year in the nearby {within 80 km)
population, or 1 case every 14 years.
Over 75% of the exposed population
receives risks of less than 1 10°%

Table 9 presents example scenarios to
show how different emission levels
would result in different health risk
profiles. The table presents the risk
estimates at baseline in terma of
estimated annual fatal cancer incidence,
maximum individual lifetime risk, total
population exposed at or above
particular risk levels (i.e,, risk
distribution}, and annual incidence
attributable to the population exposed
at each risk level. The table also
presents available estimates of annual
incidence and maximum individual
lifetime risk for a lower emission level.

3, Application of Decision Methodology
to the Elemental Phosphorus Plants
Source Category

The decisicn that results from the
application of the multifactor approach

1 th&alemental phosphorus planty
source category is described below.
Decision on Acceptable Risk. Az
stated earlier, the maximum individual
risk to any individual is 5.7 x107¢ This
is higher than the presumptively safe
level. The estimated annual incidence is

_0.072 fatal cancer per year. There are an

estimated 5000 people that are exposed .
to risk levels greater than 11074 and
an estimated 365,000 people that are
exposed to risk levels greater than

1% 107% After examining these factors,
the Administrator has determined that
the risk level represented by the
baseline is unacceptable. EPA then
considered Alternatives I and Il to
determine an acceptable risk level. A
reduction in emissions to 2 curies/y Po-
210 would reduee the incidence 1o 0.024,
or 1 case every 40 yeara and expose no
one to a risk level greater than 1x107*
This equals the level that is.
presumptively safe. Therefore, the
acceptable level of emissions of
polonium-210 is a level that limits the
maximum individual risk to any
individual of 1X 1074 represented by an
emissions level of 2 curies/y Po-210:.

TABLE 3—ELEMENTAL PHOSPHORUS PLANTS
{Dmmmmﬁmmmmpmpmmwmmmm pobrmmmmmm_mmm“prmﬂ
b <L R - phosphorus plants,

phosphate ore and ars vaporized by the high temperature in pmm‘fhanana of which 5 are turently operating. Tha
nwydm‘mngmhIMJ
. "m‘ Altornative | Altemative Il
FMaxionum individual risk (lifetime) 57x107¢ 1x 04 1107
Incidence within B9 km (death/y} 4073 o024 B.0022
Aisk individust: N
E-2 %o E~t . 2 1] [« R o
E-3 to E-2 ) o ] 0
E-4 to E-3 5,000 0 0
E-5 to E~4 110,000 20,000 0
E-8 to E-5 250,000 330,000 17,000
jesa E-8. 1.5M 1.5 1.8M
Risk incidencs:
E-2 0 E~1 0 . 1}
E-3 0 E-2 : S 0 ¢ b}
E-4 16 E-3 : . 0.010 [+ Q
E-5 to E-4 0.040 0.0051 1}
E-6 {0 E-8 0.018 0.013 0.00040
iosa E-8 0.0058 0.0058 | ¢.0018
Other Health Impacts: Wmmmmzmddum
- TA.BLE 10"*-ELEMENTAL PHOSPH)RUS PLAN?S R
Sl ] morement | Tote | Lo L | orement | Total
| (Baseiine) ‘BIx0-+| 7 0072
[ 1x 1074 0.024 0.04% 0.048 . SA5M . 24N $2.4M
(3] - i1 10.0022 .02 ) LT A 835“ 318M 5200
fuke, evnistion kmi of 10 Cify Po-Z1 “ eminsion rate is 10 cunieely Po-210. ..
on /

Advarrwiiive | Dagetne
Allemative ii: Emh-onhﬁtof:&lymm;wum

M
Atternative i Fabric fitters on the two ofver. plava..
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Decision on Ample Margin of Safety.
In addition to reexamining all the
health-related factors discussed above,
EPA has slso examined the cost,
scientific certainty, and technological
feasibility of control technology
necessary io lower emissions from
elemental phosphorus plants. The
results of this analysis may be seen in
Table 10, Alternative I, a standard of 2
curies/y of polanium-210 representing
the acceptable level, was compared with
Alternative III, which would require a
collection of work practices.

A comparison of the two alternatives
indicates that in absolute termas, a very
small reduction in incidence would
occur, from 0.024 to 8.0022, representing
an estimated savings of 1 life every 45
years. Level II would alsc lower the
MIR by one order of magnitude to
1107% EPA examined these very small
reductions in risks, and the relatively
large costs of achieving Alternative I,
and has determined that Alternative I
protects the public health with an ample
margin of safety. Therefore, EPA is
establishing a NESHAP limiting
emissiong from elemental phosphorus
planta to 2 curies/y of polonium-210, as
compared o the existing standard of 21
curies/y.

4. Implementation

. The current NESHAP for elemental

phosphorus plants required each plant
to either conduct an initial test on its
emissions or get a waiver from testing,
After this original report no further
testing was required, unless plant
operationg were changed significantiy.
EPA plans to continue this system,
without the waiver provisions. Tests
conducted under the current NESHAP
are still valid if conditions have not
changed.

Plants will be required to monitor.
their operations continuously and keep
records of the results of their menitoring
onsite for five years. Plant owners will
have to certify on & semiannual basis
that no changes in operationa that
would require new testing have
occurred. Although the report is based
on a caiendar year the emission Hmit
applieg to-any year, Le. any period of 12
consecutive months.

Since the reports provide EPA with
the information it needs, elemental

phosphorous plants are exempted from
the requirements of § 61.10.

E. Coal-Fired Utility and Industrial
Boilers

1. Intreduction

This category covers electrical utility
and industrial boilers which emit the
radionuclides naturally present in coel.
Coal contains only minute amounts of
radionuclides. This category is being
considered because large boilers bum
large quantities of coal and are so
widely dispersed thmughout the nation
that the radionuclide emissions are
estimated to cause 0.8 fatal cancer a
year among the U.5. population.

Emissions from coal-fired boilers are
presently regulated under National
Ambient Air Quality Standards for
particulate matter, In addition, the larger
new coal-fired boilers have to meet New
Source Performance Standards (NSPS).
Coal-fired boilers are regulated for the
other pollutants they emit including 50,
and particulates.

2. Eutimates of Exposure and Risk

EPA's risk assessment of coal-fired
boilers is based on extrapolations of
estimated radionnclide emissions based
on actual particulate emissions with
model populations. Estimates of
emissions are from the reference
facilities with the largest emissions.
Population riske are based on emissions
from typical plants. These emissions
were analyzed on four sites: urban,
suburban, rural and remote. Further
information was received from a recent
study of emissions from.coal-fired
boilers done by the Office of Air
Quality, Planning and Standarda. EPA
assumed that the entire 1.8, population
lives within 80 km of at least one coal
fired boiler,

EPA estimates that the maximum
individaal risk is 2.5 10" %and that
there are 0.8 fatal cancer a year caused
by radionuclide emissions from both
utility and industrial coal fired boilers.
Virinally all the fatal cancer risk is
bome by individuals whose lifetime
fatal cancer risk s less than 1104

Table 11 presents example scenarics
to show how different emigsion levels
would result in different health risk
profiles. The table presents the risk
estimates 2t baseline in terms of

TaBLE 12—LOAL-FIRED BOLERS

estimated annusl fatal cancer incidence,
maximum individual hfetime risk, total
population exposed at or above
particular risk levels {i.e., risk
distribution}, and annua!l incidence
attributable to the population exposed
at each risk level. The table also
presents available estimates of annual
incidence and maximum individual -
lifetime risk for a lower emission level.

3. Application of Decision Methodology
to Coal-Fired Boilers Source Category

The decision that results from the
application of the multifactor approach
to the coal-fired boilers source category
is described below.

Decision on Acceptable Risk. As
stated earlier, the maximum individual
risk to any individual is 2.5 107* which
is below the presumptively safe level.
The estimated annual incidence within
80 km is 0.8 fatal cancer per year, Over
99% of the incidence comes from people
whose individual risk is less than
1x107% Almost everyone in the U.S,
lives within 80 kilometers of a-coal-fired
boiler, which results in a risk which is
very evenly and equitably distributed.
Therefore, EPA concludes that the
baseline riak level is acceptable.

TasLE 11-—~COAL-FIRED BOKERS
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Incrament Totad ‘ncrement | Icrement Total
Altemative WA incidence incidence incidence capital cost ennuslized anmualized
feguction reduction cost cost
(inds} *Tx e 0.4 .
Alternative II:
(utif) 1%10°7 0.2 0.2 0.2 $13B $4.48 $4.48
(inds} *1x 10"+ 0.2 0.2 *0.2 *$1.78 *$1.78

*Office of Air Quality Planning and Standards values (Draft—Coal and Ol Combustion Study, 1988).

Comments:
Alternative i Basaline, no rule——tility boilers: current emiasions as controlled by NSPS, PSD, and SIP‘ industrial boilers:

Alternative 1k Utility boalem. retrofit of alt sourcas to meat NSPS (particulate standard).

(NSPS rovtsed] Retrofit would
ustrial boilers: retrofit

Decision on Ample Margin of Safety.
In addition to reexamining all the
health-related factors discussed above,
EPA has also examined the cost,
scientific certainty, and technological
feasibility of control technology.
necessary to lower emissions from coal-
fired boilera. The results of this analysis
may be seen in Table 12. Alternative I,
baseline emissions, was compared with
Alternative II, which would require
retrofitting existing sources to meet the
INSPS. EPA's risk assessment indicates
that the baseline MIR from coal-fired
boilers, 2.5 1078 is very low, well
below the presumptively safe level of
approximately 1x107% The risk is very
evenly distributed among the
population, The costs of Alternative II
are extremely large. EPA examined the
small risks presented by coal-fired
boilers and the very large costs of
achieving Alternative II, and determined
that the current level of emiasions
represents an ample margin of safety. In
~ addition, since all new facilities will

have to meet NSPS, the effect of the
NESHAP would solely be to require-

retrofifting of existing boilers, The NSPS'

provides agsurance that the risks from
coal-fired boilers will be reduced over
time,

Therefore, EPA has determined that
current levels of radionuclide emissions.
from coal-fired boilers represent a lavel
of risk that protects the public health
with an ample margin of safety.

F. High-Level Nuclear Waste Disposal
Facilities

1. Introduction

Management and storage operations
for high-tevel nuclear waste, spent fuel
and transuranic waste are addressed in
the categories for DOE facilities and
NRC-licensed and non-DOE Federal
facilities described ebove. This category
addresses facilities constructed and -
dedicated to long term dispoaal of such
materials pursuant to regulations to be
promuigated at 40 CFR 161. Site
characterization studies for the first

additional health banefits due t¢ reductions in particulate am;sm
units > 2MM Btu/h with ESPs.

such repository are being conducted by
DOE and currently center on Yucca
Mountain, Nevada. In addition, DOE is
constructing an experimental Waste
Isolation Pilot Plant (WIPP} which may
be dedicated as a disposal facility.

2. Egtimates of Exposure and Risk

EPA's risk agsessment of HLW
disposal facilities is based upon DOE

- engineering estimates for conceptual

designs for the WIPP in New Mexico,
and a permanent repository at Yucca
Mountain, They were analyzed by EPA
and are believed to be reasonable.
Population data was taken from U.8.
census data at these gites. Although the
decision on Yucca Mountain's
acceptability as a disposal site has not
yet been made, EPA has analyzed the
Yucca Mountain site in order to
incorporate site specific information into
the analysis. .

EPA estimates that the maximum
individual risk is 7 10 % and that there
would be 0.0000043 fatal cancets & year
caused by radionuclide emissions from
HLW disposal facilities to less than 1
million people within 80 km of these
facilities. All the fatal cancer risk is
borne by individuals whose total fatal
cancer risk is leas than 1x107% "

The reason that the emissions and
risks ara 50 low is the nature of the
disposel operations. Most meterial will
be brought to the site already sealed and
buried below ground. Normal operations
preclude any significant air emissions.

Table 14 presents the risk estimates at
baseline in terms of estimated annual
fatal cancer incidence, maximum
individual lifetime risk, total population
exposed at or above particular risk
levels (f.e., risk distribution}, and annual
incidence attributable to the population
exposed at each risk level.

3. Application of Decision Methodology
to the High Level Waste Source
Category

The decision that results from the
application of the multifactor approach

are used to ratro!

to the HLW disposal facilities source
category is described below.

Decision on Safe With an Ample
Margin of Safety. As stated above, the
individual risks from HLW disposal
facilities are very small, 7x10°% much
less than the 110 *benchmark. In
addifion, there would be 0.0000043 fatal

. cancer g year from radionuclide

emissions from disposal of HLW, see
Tahle 13. The emissions and risk levels
are 8o low that it was not necessary to
evaluate any aiternatives. The
Administrator determines that the
estimate of emissions from disposal of
HLW represents a level that will protect
pubtic health with an ample margin of
safety.

Operations inveolving the
management, processing or storage of
high-level waste, the operations from -
which an increase in emissions are more
likely to occur, are regulated ander
NESHAPS controlling emissiona from
NRC-licensees, uranium fuel cycle
facilities and DOE facilities. Disposal
operations involve burying sealed
containers of radioactive material,
operations from which emissions are
unlikely to ocour. Therefore, EPA
believes that there is no reason to
expect that emissions to air would
significantly increase, and, since the
expected emissions are so low, no

NESHAP is needed.
TABLE 13—HiGH LEVEL NUCLEAR WASTE
. EnsposaL FACIUTIES
Ducrlpﬂon. Facikties duig'nd to dispose of high
h lavel nuciear waste. A are no om'eﬂﬂy gp:t:éi
i for Yucca Moumntsin, Neud-. The

Basofine ore eatimatee of expacted
omissions. No allemnatives & due to ex:
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{Basatine)
Maximurn individual risk (ifetime) ... 7.0%107%
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TasLg 17-—NSPOSAL OF PHOSPHOGYPSUM STACKS

. Incremtant Total Increment Increment T sat
Allernative MIR incidance widence : el oot annuaiized annualized
radustion reduction capital oot coat
| (Basslina) 21107 0.95
L B.2x107¢ 0.7% c.16 0.18 $4508 $43M $43M

Comments:
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o the ste.

tailings.

/mi-g-—Siacks have emissions of 4 1o 15 pCi/m%-s; no cover would be needed, This rula

Allarnative {I: Cover sowrce to limit emmsoomto&plem’-&—SlacksurecoveredwrthOSnmterso!d‘ﬂ.Usualtydirthnotkoosiryavaﬂab\taandmusibehaubd

1 Underground Uranium Mines
1. Introduction

When these mines are operating, their
ventilation systems emit Jarge amounts
of radon into the atmosphere. The levels
of radon in an unventilated mine are a
hazard to the miners. Ventilating to
reduce radon exposure to the miners
increages exposure to the general
population.

Underground uranium mines are
regulated by an existing NESHAP. This
NESHAP requires bulkheading of
unused portions of the mines in an effort
to reduce the internal wall surface area
of the mine and thereby reduce radon
emissions into the mine air. EPA has
found that this system is unworkable for
existing mines, and it is unproven for
new mines, The interiors of exiating
mines are 80 extensively interconnected
that any attempt at bulkheading either
produces no results or prevents fresh air
from getting to the mine.s.

2, Estimates of Exposure and Risk

EPA's risk assessment of underground -

uranium mines is a site-by-site
assessment of ali operating or operable
mines, Emission estimates were based
on raden concentration or working level
measurements and ventilation rites
provided by mine operators. The
meteorologival data were taken from

nearby stations and populationa from 5

" to BO km are based on U.8. census tract

data. Population distributions within 5
km were taken from site visils or
obtained from mine owners.

The maximum individual risk of fatal
cancer from raden emissions from
underground uranium mines is 4107
The raden emissions are estimated to
cause (.79 fatal cancers per year to the
population within 80 km.,

Table 18 presents example scenarios
““to show how different emission levels
would result in different health risk
profiles. The table presents the risk
estimates at baseline in terms of
estimated annua} fatal cancer incidence,
maximum individual lifetime risk, total
population exposed at or above
particular risk levels (i.e., risk

* distribution), and annual inmdende

attributable to the population exposed
at each risk level. The table also
presents availabie estimates of annual
incidence and maximum individual
lifetime risk for lower emission levels
identified as alternatives I and IIL.
Unlike other tables in this notice,
Table 18 includes two different
estimates of risks for each option. Tha
reason for the two calculations is the
large uncertainty of how the regulated
community would comply with a '
standard at the ievel represented by the

- alternativa. Options available include

bulkheading, reducing their hours of
operation, or shutting down. The wide

TasLE 18«»UNDERGROUND UFIANIUM MINES

range of optiona available to mine
owners greatly increases the difficulty of
predicting what will be the impacts of
the various regulatory options.

EPA has calculated the possible risks
resulting from the regulatory optiona
using two different methods, The first
method assumes that all mines whose
emissions result in doses higher than the
standard will reduce their emissions
sufficiently to meet the standard. EPA -

. then uses these reduced emissions to

calculate the new health impacts. This
method creates what EPA considers to
be the expected risks associated with
that option.

However, to achieve the standard by

. reducing emissions, some mines wiil

have to make very dramatic reductions
in emissions, reductiona that may be too
costly for the mine to remain in
operation. The second method used to
calculate risks (marked with a + on the
tables) assumes that all mines causing
doses in excess of the standard simply
shut down, except in those casea where
the mine owner could meet the standard

by reducing their emissions by less than

25%., EPA, believes that this method will
calculate the maximum health benefit
that could occur as & result of this

" rulemaking. This second method of

calculating risks shows a lower figure
for the total population exposed because
the mines which are assumed to be shut
down would expose no one. -

Enmmumowmmnmm“mwmmmm Enﬂssiommﬁmnopemﬂommmmmmhdmm
Rdon exposure 10

Faraien V.| Atematve i | Attomative i1+ | Atemative 1 | AlSaive
Maxdmum Individuai risk (ietime) 44x107? %10 axiod] . #x107t 1x 10~
incidence within 80 km (desth/y) o 024 0.08. 0.00 0.009
E-2 10 E-1......... (] - N 1 A
E-310 E-2..0 ™ ol ol ol ..
E-4 to E-3 £0,000. 2,500 - 3500 [ - - S = o
E-5 o E~4., 1.6M - 530,000 . 7m008 - 1zom : 11,008
E-8%E-5 4so.eoo ! 260,000°F T . tEM | 110,000

tere E-8 100,000 )







































































































51710

Fedesal Rugister [ Vol 54, No. 246 |/ Friday, December 15, 198¢ / Rules and Reguletions

carefully positioned on & flat sorface with
soil or tailings used to seal the 2dge.

2.1.7 Calculations. The mean radon fux
for each region of the pile ard for the total
pile shall be calculated and reported as
follows:

(a) The individua] radon flux calculations
shall be made as provided in Appendix
A EPA 86 (1). The mean redon flux for
each region of the pile shall be calculated
by summing all individual flux
measurements for the region and
dividing by the total number of flux
measurements for the region.

(b) The mean radon flux for the total
uranium mill tailings pile shall be
calculated as follows, -

A+ .. A TA

A

Where:

Js=Mean fux for the total pile ([pCi/m*s}
Ji=Mean flux measured in region i {pCi/m2s)
A;=Area of region i (m?

A,=Total area of the pile (m¥)

2.1.8 Reporting. The results of individual
flux measurements, the approximate
locations on the pile, and the mean radon flux
for each region and the mean radon flux for
the total stack shall be included in the -
emission test report. Any condition or
unusual event that eccurred during the
mesasurements that could significantly affect
the results should be reported.

3.0 Radon-222 Emissions from
Phosphogypsum Stacks.

3.1 Measurement and Calculation of the
Mean Radon Flux. Radon flux measurements
shali be mads on phosphogypsum stacks as
described below:

3.11 Frequency of Measurements. A
single set of radon flux measurements may be
made after the phosphogypsum stack
becomes inactive, or if the owner or operator
chaoses, more frequent measurements may
be made over a one year period. These
measurements may involve quarterly,
monthly or weekly intervals. All radon
measurements shall be made as described in
paragraphs 3.1.2 through 3.1.6 except that for
measurements made over a one year period,
the requirement of paragraph 3.1.4{c) shall
not apply. For measurements made over a
one year period, the radon flux shall be the
arithmetic mean of the mean radon flux for
each measurement period.

3.1.2 Distribution and Number of Flux
Measurements. The distribution and number
of radon flux measurements required on a
stack will depend on clearly defined areas of
the stack {called regions) that can have
significantly different radon fluxes due to
surface conditions, The mean radon flux shall
be determined for each individual region of
the stack. Regions that shall be considered
ares

fa) Water covered areas,

{b} Water saturated areas (beaches),

{c) Loose rnd dry top surface areas,

{d) Hard-packed roadways, and

(e} Sides.

9.1.3 Number of Flux Measurements,
Radon flux measurements shall be mada

within each regicn on the phosphogypsum
stack, except for those aress covered with
water. Measurements shall be made at
regularly spaced locations across the surface
of the region, realizing that sarface roughness
will prohibit measurements in some areas of
a region. The minimum number of flux
measurements considered necessary to
determine a representative mean radon flux
value for each type of region is:

(a) Water covered area—no measuremenis
required as radon flux is assumed to be
zero,

(b) Water saturated beaches—50 radon
flux measurements,

{c) Loose and dry top surface—10G radon
flux measurements,

(d) Hard-packed roadways—-50 radon flux
measurements, and

(] Sides—100 radon flux measurementa.

A minimum of 300 measurementy are
required. A stack that has no water cover can
be considered to consist of two regions, top
and sides, and wiil require a minimum of only
200 measurements.

3.1.4 Restrictions to Raden Flux
Measurements. The following restrictions are
placed on making radon flux measuremnents:

(a) Measurements shall not be initiated
within 24 hours of a rainfall.

(b} If a rainfall cecurs during the 24 hour
measurement period, the measurement is
invalid if the seal around the lip of the
collector has washed away or if the
collector is surrcunded by water.

{c) Meagurements shall not be performed if
the ambient temperature is below 35 °F
or if the ground is frozer.

315 Areas of Stack Regions. The
approximate area of each region of the stack
shall be determined in units of square metars.

318 Radon Flux Measurementa,
Measuring radon flux involves the adsorption
of radon on activated charcoal ip a large-area
collector. The redon collector is placed on the
sutface of the stack ares to be measured and
sllowed to collect radon for a time period of
24 hours, The raden collected on the charcoal
is measured by gamma-ray spectroscopy. The
detailed measurement procedure provided in
Appendix A of EPA 520/5-85-0029(1) shall be
used to measure the radon flux on
phasphogypsum stacks, except the surface of
the phosphogypsum shall not be penetrated
by the lip of the radon collector as directed in
the procedure, rather the collector shall be
cerefully positioned on a flat warface with
scil or phosphogypsum used to seal the edge.

3.1.7 Calculations. The mean radon flux
for each region of the phosphogypsum stack
and for the total stack shall be calculated and
reported as follows:

{a} The individual yadon fux caleutations

shall be made as provided in Appendix
A EPA 88 (1]. The mean radon flux for
each region of the stack shall be
calculated by summing all individual fiux
measurements for the region and
dividing by the total number of flux
measurementa for the region.

(b} The mean redon fux for the totel
phosphogypsum stack shali be calculated
as follows.

A +hba+ oo LA
Ay

Jo=

Where:
Jo=Mean flux for the total stack {pCi/m*s)
Ji=Mean flux measured in region i (pCi/m s}
A= Area of region i (m7
A¢=Total area of the stack

3.1.8 Reporting. The resuits of individual
flux measurements, the approximate
lacations on the stack, and the mean raden
flux for each region and the mean radon fux
for the tota] stack shall be included in the
emission test report. Any condition or
unusual event that occurred during the
measurements that could significantly affect
the results should be reported.

4.0 Quality Assurance Procedures for
Measuring Rn—222 Flux

A. Bampling Procedures

Records of field activities and laboratory
measurements shall be maintained. The
following information shall be recorded for
each charcoal canister measurement:

{a) Site

(b} Name of pile

{c} Sample location

{d} Sample ID nomber

{e) Data and time on

([} Date and time off

£g) Observations of metecrological eonditions
and comments

Records shall include all applicable
information associated with determining the
sample measurement, calculationa,
observations, and comments.

B. Sample Custody

Custodial control of e} charcoal samples
exposed in the field shall be maintained in
accordance with EPA chain-of-custody field
procedures. A control record shall document
all custedy changes that occur between the
field and laboratory personnel.

C. Calibration Procedures and Frequency

The radicactivity of two standard charcoal
sources, each containing a carefully
determined guantity of redium-228 uniformly
diatributed through 180g of activated
charcoal, shall be measured. An efficiency
fagtor is computed by dividing the average
measured radicactivity of the two standard
charcoal sources, minus the background, tn
cpm by the known radicactivity of the
charcoal sources in dpm. The same two
standard charcoal sources shall be counted at
the beginning and at the end of each day’s
counting as 8 check of the radioactivity
counting equipment. A background count
using unexposed charcoal should aiso be
mada at the beginning and at the end of each
counting day to check for inadvertent
contamination of the detector or other
changes affecting the background. The
unexposed charcoal comprising the blank s
changed with eack new balch of charcoal
used.

D. Interne! Quality Control Checks and
Frequency

The charcoal from every tenth exposed
canister shall be recounted. Five percent of
the samples analyzad shall be either bianks
(charcoat having no redioactivity added) or


















