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IX. RESPONSE TO COMMENTS 

This Chapter of the Final Environmental Statement addresses all 

comment letters submitted on the Draft Environmental Statement. Notice 

of availability of the draft statement was published May 29, 1975, and 

the comment period expired on September 15, 1975. Testimony, both 

written and oral, received in connection with the public hearing on 

these standards held on March 8-10, 1976, and letters related to that 

hearing are not included here. These are addressed in other material 

issued by the Agency concerning this rulemaking. However, those 

materials were considered in framing the responses to comments contained 

herein. 

Specific items of common concern to a number of commenters have 

been consolidated so that they could be addressed by a single response. 

Each comment is followed by code numbers to identify each of the letters 

which raised the issue covered by the comment. All of the comment 

letters are reproduced in the Appendix, together with an index which 

provides a guide to locating the comment letters by code number. A few 

very general comments which indicated only general agreement or 

disagreement with the draft statement or that were not accompanied by 

any supporting data or other arguments were not included. In addition, 



minor comments that address editorial errors and the like have been 

reflected in the final statement, but are not addressed here. 

The comments are grouped by subject matter into several general 

areas of concern, which generally correspond to the organization of 

material in Volume I. The responses are intentionally brief, and make 

reference to Volume I and its supporting documents when more detailed 

technical information is appropriate. 

A. SCOPE OF THE RULE OR THE ENVIRONMENTAL STATEMENT 

COMMENT 1: The Environmental Statement should address the 
total potential im~act of radioactive materials from the 
nuclear power industry, and describe EPA's total program for 
protection of the public from radioactivity from the entire 
fuel cycle. EPA cannot restrict the scope of its analysis 
because it does not believe its authority extends to all 
sources of potential radiation doses from the fuel cycle. 
(P-25) 

RESPONSE: It is true that this environmental statement applies 
neither to the total potential impact of radioactive materials 
from nuclear power, per se, nor to EPA's radiation program as a 
whole, but rather to a specific proposed regulation limiting 
the public health and environmental impact of normal operations 
of the uranium fuel cycle only. The Agency believes that it is 
appropriate to address this voluntary environmental statement 
to the limited scope addressed by the proposed regulation. To 
do otherwise would be to imply decisions and judgments that are 
not being made by the Agency as a part of this proposed 
regulation. 

COMMENT 2: EPA has not justified singling out the uranium fuel 
cycle for the establishment of generally applicable standards. 
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The standard should also address contributions to exposure from 
other fuel cycles, noncommercial fuel cycle use, non-u.s. fuel 
cycle use, atmospheric weapons testing by other countries, 
and/or research applications. (P-25,I-4,I-25,S-15) 

RESPONSE: The standard addresses the uranium fuel cycle 
because this cycle comprises the overwhelming majority of 
current commercial nuclear power production activity in the 
u.s. Since the standard is based upon an analysis of the costs 
and benefits of exposure reduction for a specific set of 
related operations, those comprising the uranium fue·l cycle, 
contributions to public exposure from other miscella.neous u.s. 
and foreign sources are not germane to that analysis. Other 
U.S. sources will be addressed by the Agency, to the extent 
that its authority permits, when and if they become significant 
sources of public exposure. 

COMMENT 3: The standard should address the plutonium fuel 
cycle, since fuel reprocessing is unlikely to occur in the 
absence of use of recycled plutonium, and/or because of the 
urgency that this toxic materi.al be addressed by environmental 
standards. (P-23, P-25, I-25, S-11) 

RESPONSE: The Agency will consider modification and/or 
additions to these standards for nuclear power operations to 
cover the plutonium fuel cycle when and if that cycle is 
approved for commercial use by the NRC. A recent analysis (1) 
of the economics of the tail end of the fuel cycle by the 
industry indicates that recovery of uranium alone, without 
recycle of plutonium, is sufficient justification for the 
reprocessing of spent fuel. To the extent that plutonium 
exists as a part of the uranium fuel cycle, environmental 
releases of this material would be limited by the standard for 
transuranics. 

COMMENT 4: The standards should include effluents from mining 
o~erations. It is not necessary for EPA to interpret the 
Atomic Energy Act in the same restrictive manner as has the 
AEC. (P-7,P-23,P-25,S-18) 

RESPONSE: Liquid effluents from mining operations are covered 
under the Federal Water Pollution Control Act Amendments of 
1972 (P.L. 92-500). Interim effluent limitation guidelines for 
uranium mines (40 CFR Part 440.53) were published on November 
6, 1975 (40FR51722). Reinterpretation of the Atomic Energy Act 
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to include mines would require redefinition of source materials 
to encompass lower concentrations of uranium and thorium than 
those presently covered. Such reinterpretation would then 
require licensing of mines by NRC or Agreement States, and 
through this mechanism EPA standards could be enforced. The 
Agency has determined that, for the present, to seek such a 
major change is not warranted. This situation will be reviewed 
when the need for future control of radon-222, the principal 
airborne effluent from mining, is considered by the Agency. 

COMMENT 5: The final statement should include a discussion of 
EPA's views on whether a variance is being considered to 
"grandfather" mills which are presently not operating within 
the limits of the standard. (S-15) 

RESPONSE: The standards apply only to doses delivered as the 
result of discharges of radioactive materials from licensed 
sites beginning two years following the promulgation date. 
Inactive tailings piles that are not on the site of active 
milling operations and therefore included in an active license 
for a uranium fuel cycle operation are therefore exempted from 
the standard. 

Inactive mill tailings piles are the subject of joint 
investigation by the EPA and ERDA to determine the appropriate 
handling of these piles. This effort will determine the 
current condition of all inactive sites in order to provide the 
basis for recommendations to the Joint committee on Atomic 
Energy with regard to legislation for remedial measures at 
these sites. The Agency anticipates that this program will 
adequately respond to the hazards presented by these inactive 
tailings piles. Further, these tailings piles are not covered 
under present licensing regulations of NRC. In order to 
include them under the standard, it would be necessary for NRC 
regulations concerning the definition of source material to be 
revised. Since we believe that the problems are currently 
being adequately addressed, we do not find that it is 
reasonable to try to have existing NRC regulations modified. 

COMMENT 6: Effluents from low-level waste disposal sites 
should be included within the scope of the standard, since some 
sites have experienced releases beyond their boundaries, or 
plan release of radioactive materials as a part of their normal 
operation. (P-7,P-ll,P-25,S-6,S-ll) 
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RESPONSE: A basic goal for shallow land burial of radioactive 
waste is that the waste will not migrate from the burial site 
to the general environment. Thus, there should be no planned 
releases to be subject to the standard. 

COMMENT 7: The effects of waste disposal cannot be ignored for 
long-lived radionuclides, such as iodine-129 and plutonium. 
These materials once separated cannot be just buried and 
forgotten. (P-1) 

RESPONSE: It is true that some long-lived radioactive wastes 
will require management for extremely long periods of time. It 
is clear, however, that such management, even though it carries 
some possibility of failure, represents a major improvement 
over direct dispersal into the environment. The Agency is 
actively working with the council on Environmental Quality, the 
u.s. Geological survey, the u.s. Nuclear Regulatory commission, 
and the U.S. Energy Research and Development Administration to 
achieve an optimum solution for the ultimate disposal of long­
lived radioactive wastes. 

COMMENT 8: The standard should include radiation exposures of 
the public due to non-operating fa.cilities and due to the 
decommissioning of facilities. (P-25) 

RESPONSE: The standard applies to normal operations of NRC and 
Agreement State licensees. This includes periods when 
facilities under an active license are not actually operating. 
It is the responsibility of the licensor to require measures to 
be taken that will provide assurance that exposure of the 
public will be minimal following decommissioning, before 
allowing a license to lapse. It is the Agency's expectation 
that such exposures should be well below those established for 
operating facilities by these standards.· It would, therefore, 
be inappropriate to condone doses to the public at the level of 
these standards by including decommissioned facilities within 
the scope of these standards for normal operations of active 
facilities. The Agency will maintain cognizance of this issue 
and take appropriate action, if it appears necessary in the 
future, to insure that doses from inactive facilities are 
minimal. 
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COMMENT 9: The restriction of the standard to facilities only 
to the extent that they support commercial electrical power 
production could unnecessarily restrict its applicability. 
(P-25) 

RESPONSE: The Agency believes the wording is clear. 
"Commercial electric power production" is simply electric power 
generated for commercial use. Any facility in the United 
States that generates or supports the generation of electric 
power for commercial use by means of the uranium fuel cycle 
would be subject to the standard, regardless of its owner or 
the nationality of its customers. The Agency does not believe 
that it is either appropriate or necessary to include research 
facilities within the scope of these standards, because the 
impact of these activities is minimal and an adequate basis for 
determination of appropriate operating levels does not exist. 

COMMENT 10: The standard excludes milling of uranium bearing 
ores containing less than 0.05~ uranium without justification. 
Future demand may require the use of such ore. (P-25) 

RESPONSE: The comment is correct, and the restriction has been 
removed from the standard. 

COMMENT 11: The standard should include limits on the release 
of carbon-14 and/or tritium. such limits could easily be 
scheduled in advance of their actual implementation, as are the 
limits for iodine-129 and krypton-85. The final statement 
should also provide a thorough discussion of control technology 
for long-lived radionuclides, including carbon-14 and tritium. 
(P-14,P-18,P-25,S-2,S-4,S-6,S-15) 

RESPONSE: The knowledge base is not yet adequate for the 
assessment of tritium and carbon-14 control technology that is 
required in order to establish equitable limits on the release 
of these materials. The Agency has studies of controls for 
both of these materials underway and expects to be able to make 
proposals regarding carbon-14 promptly, with consideration of 
proposals for tritium following at a later date. Control 
technology for those long-lived radionuclides covered by the 
standard is discussed in references 4 and 5, and a detailed 
discussion of krypton-85 has been added to this final statement 
(Section VIII-B). Control technology for tritium and carbon-14 
will be discussed when standards are proposed for these 
materials. 
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COMMENT 12: Carbon-14 should be studied, but it is misleading 
to show potential health effects until more detail is known. 
It is recommended that consideration of health effects due to 
carbon-14 be deleted fr_om the FES. (I-4,I-12) 

RESPONSE: The assessment of carbon-14 pathways leading to 
exposure of human populations has been carried out at a 
relatively sophisticated level using a multicompartmental 
worldwide model (6). The principle area of current lack of 
knowledge regarding establishment of standards for this 
radionuclide is control technology, not potential hE!alth 
impact. The assessment of potential health effects is included 
in order to provide the basis for the Agency's commitment to 
future consideration of a standard for this long-lived 
radionuclide. 

COMMENT 13: The standard should include a limit on the release 
of strontium-90, cesium-137, and/or radon-222. The present 
level of knowledge for control of these radionuclides is at 
least as great as that for krypton-BS and iodine-129. (P-1, 
P-13,P-25,P-27,F-2) 

RESPONSE: The standard does not include specific limits on the 
quantities of strontium-90 (half-life 28 years) or cesium-137 
(half-life 30 years) released to the environment because they 
are expected to be adequately limited by the dose limits for 
individuals. These radionuclides typically comprisei only 10% 
or less of the total activity released in liquid effluents from 
reactors (no releases of these radionuclides are expected to 
occur from other operations). However, in light of the 
deletion of curie limits from Appendix I (in contrast to 
Appendix I as it was originally proposed) the Agency will 
maintain continuing cognizance of releases and environmental 
behavior of these radionuclides. If operational experience 
indicates that the releases of these radionuclides are higher 
than anticipated or that there is a buildup in the environment, 
the Agency will consider these facts during periodic review of 
the adequacy of the standard. 

As discussed in the notice of proposed rulemaking for these 
standards (40FR23420), sufficient uncertainties are associated 
with our knowledge of both the health impact and costs and 
efficacy of control measures for radon-222 that the Agency does 
not consider it advisable to propose standards for this 
radioisotope as part of this rulemaking. The Agency has this 
problem under continuing study. 
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COMMENT 14: The standard should address accidental releases, 
as wel.l as planned releases, since the former may have the 
largest public health impact and cannot be distinguished from 
normal releases after they have entered the environment. 
(P-ll,P-13,P-19,P-24,P-25,S-15) 

RESPONSE: Although accidental releases could have a 
significant public health impact and may, in some cases, not be 
distinguishable from normal releases, it is not feasible to 
include accidents within the scope of this standard, which has 
been derived out of a consideration of the costs and associated 
health benefits of controls over planned releases. Such an 
analysis of accidental releases has not been made. Protection 
against the consequences of accidents is provided by emergency 
response plans based, in part, upon Radiation Protective Action 
Guides recommended by this Agency. 

COMMENT 15: Implicit in the duty to establish standards is the 
responsibility to monitor implementation and ensure compliance. 
The standards should address these aspects of EPA's 
responsibility for radiation protection of the public from 
nuclear power operations. (P-25) 

RESPONSE: The Agency will review the implementation of these 
standards through review of NRC's implementing regulations and 
normally reported monitoring data, and by occasional EPA field 
studies at selected facilities. It would not, however, be 
appropriate to incorporate these functions into the standards 
themselves, since the responsibility for implementing EPA's 
standards rests with the NRC, not EPA. The Agency believes 
that the above procedures will adequately insure satisfactory 
implementation of these standards. (See, also, comments 91, 
94, 103, 104, and 107.) 

COMl"lENT 16: The standard and the Final Environmental Statement 
should be modified to include ~rovision for and analysis of 
nuclear energy parks. (P-14,I-6,I-13,I-14,I-22,I-26,F-5) 

RESPONSE: An extended discussion of the relation of the 
standard to the nuclear energy center concept has been added to 
this statement (see Section VI-F). The recent NRC study 
"Nuclear Energy Center Site Survey" (NUREG-0001) implies that, 
based upon use of current LWR effluent control technology and 
projected energy center siting practices, the standard will be 
satisfied. However, the Agency recognizes that uncertainty 
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must remain regarding any such proposals for the distant 
future, and will review any specific proposals that may be made 
and consider the need for revision of the standards in the 
future, if this appears to be necessary. 

B. STATUTORY BASIS 

COMMENT 17: The standards should be expressed in terms of 
population dose, or dose to suitable samples of the public, 
since this is properly the domain of EPA's authority, not 
individual doses, which are the responsibility of NRC. 
(P-22,I-4,I-9) 

RESPONSE: There is no such limitation on EPA's authority. 
Reorganization Plan No. 3 of 1970, which transferred to EPA the 
authority formerly exercised by the AEC to set environmental 
radiation standards, specifically provides for " ••• limits on 
radiation exposures ••• " without qualification. In addition, 
this same authority was used by AF.c, before it was transferred 
to EPA, to establish all of the 10CFR20 limits on individual 
doses. 

COMMENT 18: The standards limiting the total quantity of 
specific long-lived radioactive materials entering the 
environment are not "generally applicable standards," since the 
designated isotopes are released principally from one type of 
operation only (fuel reprocessing), and because these limits 
depend upon the amount .. of power produced. EPA should, instead, 
limit the concentration of these materials in the environment. 
(I-19, F-4, F-5) 

RESPONSE: The transfer to EPA of authority to establish 
generally applicable environmental radiation standards 
specifically provides for •• ••• limits on ••• quantities of 
radioactive materials •••• " This authority does not require 
that a limited radioisotope be released from m~re than one type 
of operation or that the amount permitted be independent of the 
size of the operation. It should also be noted that several 
long-lived materials released from the fuel cycle are emitted 
from a variety of fuel cycle operations in any case (e.g., 
tritium and carbon-14). Limits on concentration would not 
provide adequate environmental protectiol1, since they would not 
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limit the quantity released and, therefore, the total impact of 
these materials. 

COMMENT 19: The environmental analysis should include the 
impact on occupational workers and their progeny. (P-25,S-15, 
F-6) 

RESPONSE: EPA's authority to establish environmental standards 
is limited to " ••• the general environment outside the 
boundaries of locations under the control of persons possessing 
or using radioactive material. •• " and, therefore, does not 
include occupational workers. However, the Agency is presently 
reviewing the adequacy of Federal Radiation Guides and guidance 
for occupational exposure under its more general Federal 
radiation guidance authority. (See, also, comment 85.) 

C. RATIONALE FOR THE STANDARDS 

COMMENT 20: Cost-effectiveness is useful for determining the 
most effective alternative to achieve an objective. However, a 
cost-benefit analysis is needed to justify the reasonableness 
of the objective. (I-24,I-3,S-15) 

RESPONSE: The standard has as its objective the reduction of 
the potential public health impact of radioactive effluents 
from the uranium fuel cycle. The cost-effectiveness of various 
options to achieve this end were examined, and a judgment made 
that the limiting rate of spending appropriate to achieve this 
objective was in the range of 100 to 500 thousand dollars per 
health effect averted. Such a procedure will insure that the 
total (internal plus external) environmental and public health 
cost of the activity is minimized. A cost-benefit analysis has 
a different purpose. such an analysis would attempt to 
determine the net benefit of the activity (production of 
electrical power by use of the uranium fuel cycle) by 
accounting for all costs, including residual external 
environmental and public health costs (at some level of 
control, such as that required by the standard). This net 
benefit could then be examined: a) to determine if it is 
negative or positive (in the former case the activity should be 
abandoned), and b) in comparison with the net benefits of 
alternative rtleans (solar, fossil, or other nuclear fuel cycles) 
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to achieve the same end (electrical power), so as to form a 
judgment on the most beneficial alternative. However desirable 
such an analysis might be, it is not germane to the~ process of 

·choosing the appropriate level for standards to limit normal 
releases of effluents from a particular fuel cycle, a process 
which is merely one of the preliminary judgments re~quired as an 
input to an overall cost-benefit analysis. 

COMMENT 21: EPA should await the results of the EPA-sponsored 
National Academy of Sciences• study on cost-effectiveness 
methodology before proceeding. EPA should also await the 
promised NRC rulemaking to determine a cost per dose commitment 
standard for use in cost-benefit applications. Finally, EPA 
should join with NRC in this rulemaking ·to establish 
appropriate monetary values for reduction of radiation doses to 
the population. (I-4, I-13, I-25, S-15) 

RESPONSE: The National Academy of Sciences• study is directed 
toward assessment of the benefits of radiation, not the cost­
effectiveness of exposure reduction. It is therefore not 
germane to this rulemaking. The NRC interim assessment of a 
limiting value to be placed on partial assessments of 
population dose reduction within a SO-mile radius of a light­
water-cooled reactor has not been reviewed or accepted by EPA 
as an appropriate measure of the value to be placed on total 
population exposures from the entire fuel cycle, or from 
radiation exposures in general. EPA and NRC are considering 
the feasibility and appropriateness of a joint effort to 
consider this or equivalent <-1uantitative measures of the value 
of po~ulation dose reduction, but unless and until both the 
scope and timetable for such an effort are mutually agreed upon 
the applicability to this or future EPA and NRC rulemakings 
must remain speculative. 

COMMENT 22: Appendix I uses $1000 as a reasonable dollar 
expenditure per man-rem for population exposure reduction. 
This would have been a better technical basis for e~stablishing 
the standards. (I-14) 

RESPONSE: EPA believes that placing a limiting dollar value on 
spending for the avoidance of health effects in large 
populations provides a more meaningful basis for de~ri ving 
standards to protect public health than establishing a dollar 
value for a unit of dose. In addition, when translated into 
dollars per health effect avoided, $1000 per man-re~m to the 
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whole body yields a rather high value - $1,400,000 per health 
effect. It is not clear that this interim NRC value, which is 
higher by a factor of 3-14 than that used by EPA, is an 
appropriate limiting value for such spending. (See, also, 
Comment 20.) 

COMMENT 23: The standards, in effect, represent an application 
of "as low as practicable." This principle was never intended 
to apply to the establishment of standards, but was intended, 
rather, as guidance to " ••• those responsible for irradiation 
of ••• members of the public." (P-15) 

RESPONSE: A distinction must be made between numerical 
criteria intended for use as general guidance, such as the 
Federal Radiation Guides or the recommendations of various 
bodies associated with the scientific community and/or 
professional groups, and standards·established by the Federal 
government for the regulation of an industry much of which is, 
as it should be in our free enterprise system, subject to the 
profit motive. The standards are not general radiation 
guidance; they are, instead, the doses to members of the 
general public which the Agency has concluded are appropriate 
maxima specifically for operations of the commercial nuclear 
power industry as it exists today. It would not be either fair 
or appropriate to leave such decisions to the managers of 
individual facilities. Operational use of the "as low as 
practicable" principle, although it is essential for 
encouraging good day-to-day health physics practice, provides 
no criteria for how "low" is "practicable," and does not 
adequately address environmental contamination by long-lived 
radionuclides. 

COMMENT 24: The standards and their cost-effectiveness are not 
supported by the data and information in the draft statement. 
The maximum annual dose limits appear to be based on an 
analysis of the best performance capability of fuel cycle 
facilities. This is likely to be not cost-effective. (I-14, 
F-5) 

RESPONSE: Data on the cost-effectiveness of typical controls 
required to satisfy the standards are provided in Section V-A 
and its associated references. Best performance capability is 
considerably better than these control levels (usually at least 
an order of magnitude better) and was not used as a basis for 
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the standards, since it is generally not cost-effective, as the 
comment suggests. 

COMMENT 25: EPA appears to be lowering environmental limits 
because the industry has demonstrated the capability to operate 
below present limits, rather than out of a need to provide 
public health protection beyond that now achieved by the 
industry. ( I -16 , I -1 7 , F- 5) 

RESPONSE: The limits have been justified specifically upon the 
basis of the additional public health protection they would 
provide, and not on the basis of using best current technology 
regardless of the cost or the benefit derived. 

COMMENT 26: Current Federal Radiation Guides coupled with 
existing NRC regulations are adequate to protect the public. 
There is therefore no need for the standards. 
(I-24,I-25,I-26,F-4,F-5) 

RESPONSE: The Agency does not believe that the Federal 
Radiation Guides alone are adequate as standards for regulation 
of a major source such as the uranium fuel cycle. The reasons 
have been set forth in Section II of this statement. NRC 
regulations, such as Appendix I, in addition to not being 
standards, exist in the form of so-called "ALAP" d 1esign 
guidance only for light-water-cooled reactors, provide no upper 
limits on public exposure from reactor or any other fuel cycle 
sites, other than the unnecessarily permissive Fe ~ral 
Radiation Guides, and do not address long-lived r~dioactive 
materials. 

COMMENT 27: The draft statement has not justified the maximum 
dose levels, since it is not shown how the information in the 
draft statement and supporting documents was used to arrive at 
the standards. (I-14,I-17 ,I-19,I-25,F-5) 

RESPONSE: The Final Environmental Statement has been expanded 
to provide a more extended exposition of the relation between 
the capabilities of control technology, the benefits of reduced 
dose to individuals and populations, the costs of achieving 
these benefits, and the standards (see Section V.D.). In 
general, however, Table 3 of the statement specifies the dose 
levels attainable using typical cost-effective levels of 
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control, and the standards in most cases simply reflect these 
levels plus consideration of the need for a margin of operating 
flexibility. 

COMMENT 28: The objective of the standard is to 11 ••• assure 
protection of the general public from unnecessary radiation 
exposures ••• in the general environment." EPA should establish 
the standard to apply to a suitable sample of the population 
rather than to any member of the public. (I-4) 

RESPONSE: These standards are not Federal Radiation Guides, 
which, in any case, also include numerical guides for 
individuals in order to provide protection to the general 
public. The definition of "a suitable sample of the public" is 
too difficult a problem for regulatory application in a 
standard of the kind proposed. Protection of the general 
public is believed to be quite adequately provided for, in any 
case, by the combination of individual dose limits and limits 
on quantities of long-lived radioactive materials to be 
released to the general environment. 

COMMENT 29: The quantity of health effects potentially 
produced, whether Appendix I or EPA's standard is in force, is 
essentially equivalent. Therefore, the standard is not needed. 
(P-12, P-14, P-20) 

RESPONSE: The potential health impacts of Appendix I and the 
standard are not the same (see Table 10). In addition, it is 
important to make a distinction between the guidance provided 
by Appendix I and the uranium fuel cycle standard. The former 
provides design objectives for radioactive material in light­
water-cooled nuclear power reactors and specifies levels at 
which reporting and corrective action is required during 
operation, while the latter provides a standard for the entire 
uranium fuel cycle (excluding mines, transportation, and waste 
management). In addition, the standard limits the release of 
long-lived materials (Appendix I does not), which are 
responsible for the majority of the potential health impact of 
the fuel cycle. 

COMMENT 30: The model used to determine the total population 
dose should have a cutoff point (generally considered to be 
less than 1 mrem/yr) below which the radiation dose to 
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individuals is small enough to be ignored. For example, doses 
to populations beyond 80 km from the source, or beyond the time 
of plant shutdown should not be considered. In particular, 
holdu~ of krypton-85 is not justified since the averag~ total 
body dose rate by the year 2000 is expected to be only 0.04 
mrem/yr. (I-15,I-25) 

RESPONSE: Radiation doses caused by man's activities are 
additive to the natural radiation background of about 80-100 
mrem/yr whole-body dose to which everyone is exposE~d. It is 
extremely unlikely that there is the abrupt discontinuity in 
the dose-effect relationship, whatever its shape or slope, at 
the dose level represented by the natural radiation background 
that would be required to justify a conclusion that some small 
additional radiation dose caused by man's activiti ◄~s can be 
considered harmless and may reasonably be ignored. 

For this reason, it is appropriate to sum small doses 
delivered to large population groups to determine the 
integrated population dose. The integrated population dose may 
then be used to calculate potential health effects to assist in 
making judgments on the risks resulting from radioactive 
effluent releases from uranium fuel cycle facilities, and the 
reasonableness of costs that would be incurred to mitigate 
these risks. 

COMMENT 31: EPA used worldwide populations in deriving the 
health benefits of krypton control. Only United States 
population exposure should be used until there are 
international agreements on krypton standards. United States 
industry could be placed in an adverse marketing position 
because of the added cost of controls. (I-5,I-17,I-26,F-4) 

RESPONSE: The Agency does not believe that domestic industry 
should obtain an improved marketing position at th•e expense of 
subjecting the world's population to a potential adverse health 
impact through the unrestricted release of a radioactive gas to 
the world's atmosphere. It is also not logical to limit the 
calculation of the health benefit of krypton-85 control to the 
u.s., or any other limited population, since the environmental 
distribution of krypton-85 cannot be similarly limited. 

COMMENT 32: The standard requires the scheduled application of 
control technology on a commercial scale prior to a 
demonstration that the technology can limit releases to levels 

15 



required by the standard. EPA should delay the standards on 
iodine, krypton, and mill tailings until the control technology 
has been shown to be effective or provide additional 
information to justify its conclusion that such systems will be 
available by 1983. (I-l,I-4,I-ll,I-17,I-25, S-18,F-1,F-6) 

RESPONSE: EPA has determined to its satisfaction that the 
required technology is either now available or has a high 
probability of being available well before the effective date 
of the applicable portion of the standard. Additional 
information on these points is presented in Section VIII-Band 
in reference 5. Furthermore, it is the policy of the Agency to 
provide as much advance notice of new requirements as possible, 
so that industry may have adequate time for advanced planning 
in order to minimize difficult and expensive retrofit 
situations. If it should develop that any of the controls 
required to implement the standard does not achieve expected 
performance capability at reasonable cost and in a timely 
manner, the Agency will take this into account in its periodic 
review of the standards and make any adjustment that appears 
warr~nted at that time. 

COMMENT 33: EPA should not adopt regulations requiring krypton 
effluent controls not yet successfully demonstrated or 
commercially available. (I-1, I-4, I-11, I-15, I-17, I-25, S-18, F'-1) 

RESPONSE: Cryogenic distillation systems are presently being 
offered commercially for both light-water reactors and fuel 
reprocessing plants. The Brunswick boiling water reactor is 
using or about to use a cryogenic distillation system to treat 
its condenser air ejector offgas, while the Japanese are 
installing the same type of system on the Tokai-Mura fuel 
reprocessing plant. Exxon's Nuclear Fuel Recovery and 
Recycling center will also incorporate a cryogenic distillation 
system as a prototype facility on an "as low as reasonably 
achievable basis." Therefore, it would appear that cryogenic 
distillation systems are now commercially available. With 
further development, selective adsorption systems could also be 
made available for fuel reprocessing plants. Thus, there is 
enough time tefore 1983 to determine whether or not these 
systems, which are being used or are about the be used, will be 
successful. 

COMMENT 34: EPA should justify the statement that waste 
management is an improvement over dispersal. (S-15) 
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RESPONSE: This matter is discussed in Section VI-E. It is 
believed to be self-evident that containment and removal from 
the biosphere, with only a small possibility of accidental 
release, represents an improvement over unrestricted dispersal 
into the biosphere. 

D. TECHNICAL ISSUES 

1. Environmental Pathways 

COMMENT 35: EPA environmental transport models are 
inadequately documented or of questionable validity. 
(I-4,I-5,I-15,I-23,I-25,I-27,F-5) 

RESPONSE: The Agency believes that the models used in the 
analysis which supports the standard are valid and adequate for 
that purpose. These models are documented in the supporting 
documents entitled, "Environmental Analysis of the Uranium Fuel 
Cycle" (2-5) and are not, therefore, discussed in the statement 
itself. In instances where commenters have identified specific 
cases of alleged lack of documentation or validity, these are 
addressed in subsequent comments. However, the Agency believes 
that the documentation of models provided is adequately 
detailed to assess the validity of these results, which, in any 
case, can also be directly compared to other findings using 
alternative models, effluent measurements at operating 
facilities, and environmental measurements. While some 
individual parameters in EPA models may vary somewhat from 
certain parameters in other models, the overall results do not 
vary substantially in most cases. 

In general EPA has used standard models in deriving its 
conclusions for these standards. They are not intended to be 
either overly conservative or liberal, but to be as 
representative as possible of actual practice and conditions. 
The Agency did not feel constrained to use models based on past 
practices if more recent information indicated that changes 
were justified. This was particularly true regarding dose 
conversion factors (i.e., for plutonium and uranium 
particulates} where basic data compiled by the ICRP in 1959 (7) 
has been superseded by more recent material. These departures 
from "standard" practice are noted in the supporting, documents 
referenced above. 
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The Agency, of necessity, used generic models for each class 
of facility in the uranium fuel cycle to achieve a common base 
for the consideration of radiation doses and the capabilities 
of radioactive effluent control technology. Generic models are 
expected to provide a reasonable approximation to conditions at 
actual plant sites, but will not be valid for particular sites 
in the sense that if site-specific meteorological conditions, 
distance to nearest residence, local food pathways, etc. are 
substituted for model site parameters, then the projected doses 
are likely to be somewhat different from those calculated for a 
generic facility. Such differences may slightly alter the 
level of control technology required. 

COMMENT 36: The validity of EPA environmental transport models 
is questionable because these models differ between various EPA 
documents, as well as with NRC models, such as those used to 
derive Appendix I values. (I-2~1-4,I-10,I-23) 

RESPONSE: The Agency agrees that it would be desirable for the 
models used by the Agency in its analyses to be consistent in 
all documents. However, when documents are prepared at 
different times and advances in knowledge of parameters take 
place in the meantime, differences are inevitable. Two 
examples of inconsistencies in supporting documents (2-5) have 
been identified: 1) uranium dose conversion factors differ 
between references 2 and 5, and 2) iodine pathway and dose 
conversion factors differ between references 3, 4, and 5. 
These differences are discussed below in Comments 37 and 38. 

The Agency does not believe that EPA and NRC models need be 
consistent for the purposes of justifying the standard. While 
use has been made of many of the source terms, diffusion 
equations, pathway models, and dose conversion factors used by 
the NRC, the Agency does not use these values when it believes 
that more accurate and recent information is available or when 
the use of more simplified models is, in its opinion, 
justified. For certain types of facilities, such as 
conversion, enrichment, and fuel fabrication facilities, and 
for calculation of the environmental dose commitment of long­
lived materials, no NRC models are currently available. 

COMMENT 37: The dose conversion factor for lung doses due to 
aerosols containing alpha-emitters is not consistent with the 
ICRP II and differs by a factor of two in different EPA 
publications. (I-23) 
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RESPONSE: In recent Agency analyses of doses from mills (5), 
the dose conversion factors for insoluble alpha-emitting 
aerosols in the lung have been reduced by a factor of two 
compared to previous analyses, because the effective half-life 
for such particles in the lung was reduced from 1,000 days to 
500 days in accordance with what is becoming accepted practice. 
Accordingly, previous calculations (2) concerning the dose to 
the lung from the inhalation of insoluble particulate matter 
should be reduced by a factor of two. In addition to the 
changes noted above for mills, this change is also significant 
in the analysis of doses from conversion facilities (ref. 2, 
Section 3). The maximum dose to the lung of an individual 
living near a conversion plant using the wet solvent extraction 
process is now estimated to be 15 mrem/yr; and for a plant 
using the hydrofluor process, 35 mrem/yr. This class of 
facility is now likely to satisfy the standard with little or 
no additional control, depending on the exact parameters of the 
specific plant and plant site. 

COMMENT 38: Iodine pathway and dose assumptions vary widely 
between different EPA reports, and are not consisb~nt with NRC 
models. (I-23) 

RESPONSE: Changes in many oft~ various iodine-131 milk 
ingestion pathway model para~ ~ers have occurred over the years 
for a variety of reasons. We discuss, as a typical example, 
those for an average infant. The ratio of iodine concentration 
in milk to that in pasture air has increased from 620 to 1200 
pCi/liter per pCi/m3 because the surface specific deposition 
velocity of 0.5 cm/sec initially used was found to be in error, 
and has been changed to 1.0 cm/sec. The grazing factor was 
changed from 1 to 0.5 because it is considered morE~ realistic 
to assume cows are fed for half a year on stored feed. The 
milk consumption rate for an infant was reduced from 277 to 183 
liters per year to account for the 38% of infants who do not 
consume cow's milk. The dose conversion factor has been 
.increased from 0.015 to 0.020 mrem per pCi ingested due to 
updating of internal dosimetry assumptions, principally 
regarding the energy of the radiation emissions. ~rhe overall 
result of these changes has been to decrease the value of the 
dose equivalent rate conversion factor from 2700 to 1700 
mrem/yr to an average infant ~er pCi/m3 of iodine-131 in 
pasture air. 

Similar changes have occurred in iodine-129 milk ingestion 
pathway model parameters. However, since the half-·life of 
iodine-129 is extremely long, there is no decay of iodine-129 
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on stored feed and the correct value for the grazing factor for 
iodine-129 is unchanged at one. In addition, the dose 
conversion factor for iodine-129 changed from 0.023 to 0.026 
mrem per pCi ingested due to updating of internal dosimetry 
assumftions. The overall result of the changes has been to 
increase the value of the dose equivalent rate conversion 
factor from 15,000 to 23,000 mrem/yr to an average infant per 
pCi/m3 of iodine-129 in pasture air. None of these changes are 
large enough to significantly affect the conclusions upon which 
the standards are based. 

COMMENT 39: The expected I-131 doses in the vicinity of a 
reactor have been found to be an order of magnitude lower than 
those calculated by models used in the Draft Environmental 
Statement, but the draft statement ignores this fact when 
estimating I-131 impact. (I-15) 

RESPONSE: The Agency is well aware of recent field studies of 
iodine pathways and potential thyroid doses, having taken part 
in them jointly with the AEC (now NRC). Results of these 
studies at four reactor sites indicate that actual iodine 
concentrations in milk are at least an order of magnitude lower 
than those projected by previously used models for the milk 
pathway. The exact reason for this difference is not yet 
known; however, past models probably overestimated radioiodine 
milk concentrations because adequate attention was not given to 
the chemical form of the radioiodine (e.g., elemental versus 
nonelemental) and site-specific dispersion characteristics 
(e.g., flume rise and deposition rate). Realistic treatment of 
these parameters is expected to more accurately estimate 
radioiodine concentrations in milk in the future. Federal 
agencies are presently incorporating some of these changes into 
radioiodine-milk pathway models. Furthermore, the results of 
these field studies are taken into consideration qualitatively 
in the Final Environmental Statement (Section V-C) with respect 
to the environmental impact of iodine-131 discharges from 
reactors. 

Conclusions leading to the values for the standards would 
not be altered by the use of a more liberal milk pathway model. 
Should present estimates of maximum thyroid dose prove to be 
conservative because of future changes in milk pathway models, 
then less, not more, control equipment will be necessary to 
meet the standard. 

It should also be noted that results of these field studies 
may not apply to other facilities in the fuel cycle, because 
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the results are a function of the chemical state of the 
radioiodine at the time of its discharge, which in turn is 
likely to be influenced by inplant conditions that are 
different in other fuel cycle facilities. 

COMMENT 40: The environmental dose commitment estimates made 
by EPA should be clarified and more fully defined. (I-25,F-5) 

RESPONSE: The environmental dose commitment has beien 
previously defined in detail in reference 8 (Appendix A) and 
pathway assumptions described in reference 4, as we,11 as in 
reference 8 (Section III-B, and Appendices B, c, and D). As 
more information becomes available concerning environmental 
pathways of long-lived radioactive materials and dose modeling 
the Agency will, if it is appropriate, revise its emvironmental 
dose commitment estimates. Until such time, however, the 
Agency believes that the present estimates, which use the best 
information currently available,· are quite adequatE~ for the 
assessments needed to provide the basis for these standards. 

COMMENT 41: The analysis of the impact of long-lived materials 
is inadequate, since it omits all exposures of human 
populations beyond 100 years following release to the 
environment. (P-l,P-14,P-25,P-27,I-13,F-5) 

RESPONSE: It does not appear to be feasible to calculate 
exposures for periods greater than 100 years, given the present 
state of knowledge of environmental pathways of most 
radioactive materials. In some cases, such as for tritium or 
krypton-85, there is a negligible possibility for additional 
impact on decisions for the appropriate levels of E~nvironmental 
releases, since almost all of the environmental dose commitment 
has been delivered in 100 years. In others there could be an 
impact on such decisions because of the extremely long half­
lives of some radioactive materials. However, in all cases 
where knowledgeable judgment is possible for these 
radionuclides, the impact during the first 100 years exceeds 
that in any suceeding century. It should also be noted that in 
the case of the longest-lived materials covered by the 
standards (iodine-129 and the transuranics) the required level 
of effluent control is that achievable by the best available 
technology - i.e., further analysis could not reasonably result 
in a more restrictive standard in the near future. (See, also, 
Comment 79.) 
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COMMENT 42: Environmental transport models that consider very 
large areas, such as the eastern U.S., are not justified. Most 
of I-129 and transuranic releases deposit within a few hundred 
miles of the source because such particulate material is 
removed from the air by settling and rain-out. These effects 
are particularly effective when particulate materials are 
released at low elevations. (I-15) 

RESPONSE: The Agency's environmental transport models for 
airborne releases of I-129 and the transuranics consider both 
regional deposition of these radionuclides (within 80 km of the 
point of release) and deposition upon the eastern half of the 
United States. While most of the radioactive material does 
deposit within 80 kms of the release point, the Agency believes 
it realistic to assume that a significant fraction of the 
material may remain airborne for considerably longer distances. 
The total population exposure is related directly to the 
product of the soil surface concentration and the population 
density, and increasing the assumed deposition area will 
decrease the soil surface concentration, but at the same time 
increases the number of persons exposed. As a result, the 
total population dose will remain approximately the same. In 
fact, the regional population density used in the Agency's 
model is slightly higher than the population density of the 
eastern United States. Thus, limiting the area of deposition 
to 80 km would increase the projected population dose, not 
reduce it. However, the calculation of total population 
exposure is relatively insensitive to the choice of deposition 
area, and the model used is judged to provide a reasonable 
representation of the actual situation. 

COMMENT 43: The draft statement fails to take into 
consideration the experience at the Nuclear Fuel Services• 
reprocessing facility cited in BNWL-1783 which reports a 200-
fold decline in I-129 content of milk samples in the year 
following cessation of operations. EPA, therefore, also 
assumes that I-129 is available for longer than 100 years 
without adequate reasons. (I-4,I-15) 

RESPONSE: The Agency's calculation of the 100-year 
environmental dose commitment for I-129 uses a short-term first 
pass pathway containing air-deposition-milk compartments and a 
long-term pathway consisting only of plant uptake from the 
soil. These two pathways result in different milk 
concentrations of I-129. The difference, which is on the order 
of a factor of 200, accounts for the experience at NFS. 
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over the long term, I-129 becomes available in all food 
products, not just in milk, because of its long half-life and 
measurable uptake in plants. It is expected that most 
environmental I-129 will not be available to plants for periods 
comparable to its 17-million-year half-life, because it will 
gradually be removed from the root-zone of soil by water runoff 
and further penetration into the soil. At a removal rate of 1% 
to 5% per year little I-129 will remain in the root zone after 
100 years. Although some I-129 may remain available in the 
biosphere for exposure of populations beyond 100 years, because 
iodine is a readily soluble element, the population dose is 
expected to be much lower than that during the first 100 years. 
EPA did not base its calculations of the impact of I-129 on any 
doses that would occur more than 100 years following its 
release to the environment. 

2. Health Effects and Dosimetry 

COMMENT 44: EPA dose calculations for tritium should be 
lowered by a factor of three through the use of more reasonable 
assumptions as to humidity and atmospheric dispersion. (F-5) 

RESPONSE: The Agency has carefully reviewed its tritium dose 
calculations and believes them to be correct. It should be 
noted that EPA's tritium model considers the dose resulting 
from absorption of tritium through the skin, in addition to 
that resulting from inhalation, which doubles the: equilibrium 
amount of tritium in the body. Also, under chronic conditions, 
tritium will be incorporated into body tissue, as well as in 
body water; this will increase the whole-body dose by a factor 
of 1.5. The combination of these factors increases the total 
dose to three times that computed using incomplete simpler 
models that only consider the inhalation of tritium and its 
incor~oration into body water. 

COMMENT 45: Table 2 does not adequately present principle 
critical organs by radionuclide (e.g., carbon-14 bone dose 
exceeds whole body dose; bone, liver, and lymph are critical 
organs, as well as the lung for plutonium, as is skin for noble 
gases in addition to whole body). (F-5) 

RESPONSE: The comment appears to be based on obsolete 
information. The criterion for inclusion in Table 2 was not 
organs selected as critical by the ICRP and NCRP in the 1950 1 s, 
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but rather the risk to humans as estimated from the 1972 NAS­
BEIR report. Since man is 23% carbon and bone is less than 15% 
carbon, it is unlikely that the carbon-14 dose will be higher 
to bone than the total body under equilibrium conditions. Even 
if these doses were comparable, the number of health effects 
due to total body irradiation are a factor of 30 greater (per 
rem) than those due to bone irradiation. For inhaled 
plutonium, which is assumed to be released as an insoluble 
particulate effluent, the principal organ at risk is the lung, 
not bone or liver. Lymph nodes, though they receive a high 
dose, are not considered an organ at risk and have recently 
been specifically excluded by the ICRP as a critical organ. 
EPA agrees at present with this reasoning, since animal studies 
with inhaled particles do not indicate that radiogenic cancers 
originate in lymph nodes. Finally, the principal risk due to 
krypton-85 exposure results from dose to the whole body. As 
shown in the supporting documents (4), the skin cancer risk is 
small compared to the whole body cancer risk. 

COMMENT 46: The environmental statement should include an 
analysis of doses to all types of biota, not just humans. 
(P-18,P-25,P-26) 

RESPONSE: The Agency has followed the BEIR Committee reasoning 
that if individual humans are adequately protected, it is 
highly unlikely that any biological population in the 
environment will be adversely affected. Such strict criteria 
are not applicable to other biota where protection of 
populations, not individual members, is the chief concern. 

COMMENT 47: The linear dose-effect relationship does not 
provide an adequate scientific basis for estimating the health 
impact of the standards. Without such a scientific basis the 
standard is not justified. (P-ll,P-12,P-14,P-15,I-7,I-9, 
I-ll,I-15,I-16,I-19,I-3,I-25,I-26,I-28) 

RESPONSE: Estimates of health risk due to radiation exposure 
were established on the basis of the best scientific data and 
judgments available. In 1970, at the request of the former 
Federal Radiation Council, the National Academy of Sciences­
National Research council established the Biological Effects of 
Ionizing Radiation (BEIR) Committee. The committee consisted 
of five subcommittees which examined~ (1) general and societal 
considerations, (2) environmental effects, (3) genetic effects, 
(4) somatic effects, and (5) effects on growth and development. 
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In its report, submitted to the Agency in 1972, thei Committee 
reviewed the available scientific data on risks at low levels 
of exposure to ionizing radiations; selected the scientific 
basis it recommends that the Agency use for establishing 
radiation standards; provided quantitative estimateis of the 
risk to human health of low doses of ionizing radia.tion; and 
clearly delineated the interpretations and meaning that should 
be attributed to these recommended estimates of hea.lth risk. 
The Committee considered a broad spectrum of somatic, genetic, 
and growth and development bioeffects. These recommendations 
of the BEIR Committee were used to establish the health risk 
estimates presented in the draft statement. As recommended by 
the Committee, the linear, nonthreshold assumption was made for 
the relationship between doses at these levels of eixposure and 
potential health impact. The Agency has also reviewed the 
subsequent radiation dose-effect literature and sees no reason 
at this time to depart from the recommendations made by the 
BEIR Cammi ttee in 197 2. (See, also, Section VIII-C.) 

COMMENT 48: The BEIR report extrapolates, by a factor of 
greater than 1000 in dose and by factors from 100 million to a 
billion in dose rate, from the level of observed effects to the 
levels encountered by the general population. However, no 
studies have demonstrated deleterious effects at these levels 
of naturally-occurri~g radiation, even in areas of high-level 
background. (P-12,P-15,I-2,I-ll,I-19,I-25,I-26) 

RESPONSE: The BEIR report acknowledges and discusses these 
factors, particularly in regard to low-LET radiation and dose­
rate aspects. The Agency, at present, sees no valid reason to 
depart from the BEIR report estimates. It should be pointed 
out that radiation effects, including carcinogenesis, have been 
reported at doses 2 to 100 times the annual background dose for 
both high- and low-LET radiation. Chromosome abberations and 
other radiation effects which, if not health effects per~, 
are closely related, have also been reported at dose-rates 
slightly above background and in areas of high-levr~l background 
for high- and low-LET radiations. 

COMMENT 49: The data-base for estimating health effects should 
include animal as well as human data, and not be restricted to 
information considered in the BEIR Report. (I-ll,I-13,I-17) 

RESPONSE: Although the BEIR Report emphasized human data, it 
also considered relevant animal data. The primary reason for 
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using human rather than animal data is that the former is 
considered to provide the most reliable information on 
carcinogenesis in humans due to ionizing radiation. The Agency 
believes that conjectures about the radiation dose-response 
relationship based upon experimental results for carcinogenesis 
in animals, and the extrapolation of such data to man for the 
purpose of making estimates of carcinogenesis in humans is 
subject to many uncertainties. These include the short life 
span of animals compared to man and differences in the 
specificity of animal and human cancers and, possibly, 
mechanisms of induction. 

COMMENT 50: Estimates of health risk to non-u.s. populations, 
especially in underdeveloped countries, are grossly exaggerated 
because they are based on u.s. life expectancy. In a country 
where life expectance is 45 years, the risk is probably three 
times smaller. (P-16,S-18) 

RESPONSE: The point is well taken, although we do not agree 
with the quantitative evaluation. The NAS-BEIR estimates of 
risk are based on u.s. vital statistics for 1967. Similar data 
are not available for developing countri~s. However, it is not 
clear that the error introduced by using U.S. data is very 
large. The relative risk of certain cancers is higher in some 
developing countries, which tends to counteft"balance the effect 
of shorter life expectancy. It also cannot be assumed that 
life expectancy will not increase in the developing countries 
over the effective lifetime in the biosphere of some of the 
more significant radionuclides released from the fuel cycle. 
Much of the world's population already has a life expectancy 
comparable to that in the U.S. Therefore, in the Agency's 
judgment, the use of U.S. risk estimates is not unduly 
conservative for the purpose of estimating the long-term impact 
of radionuclides. 

COMMENT 51: The linear hypothesis is not necessarily 
conservative or always prudent; several scientists have 
considered convex dose-responst relationships which project 
more risk per rad at low doses. All identifiable and estimable 
uncertainties should be factored explicitly into the cost­
benefit analysis in the final statement. (P-25,P-26) 

RESPONSE: The Agency is aware that some scientists have 
proposed a convex dose response relationship and the Agency is 
closely following these studies. The Agency notes that 
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currently none of the proposed convex relationships have been 
developed to the point of quantitative description that would 
permit risk estimation. Additional reasons for preferring to 
use a linear dose-response function are discussed in the 
Agency's Policy Statement on the relationship between radiation 
dose and effect (see Appendix B of Volume I). It is the 
Agency's judgment that neither upper nor lower bounds of risk 
can usefully be used in the cost-benefit balancing, since these 
span such a wide range, and, in any case, it is not possible to 
assign to them quantitative estimates of confidence .. The risk 
estimates used are those judged to be most likely to be 
accurate on the basis of existing scientific knowledge. 

COMMENT 52: The analysis of health impact should~~ revised to 
reflect a report by Dr. John Gofman, "The Cancer Ha4~ard from 
Inhaled Plutonium," which predicts a much larger health impact 
than the health-effects estimates prepared by EPA. In 
addition, if Dr. Edward Martel's paper on "Tobacco 
Radioactivity and Cancer in Smokers," were properly considered, 
it might significantly alter cost-benefit ratios of the 
standards. (P-11) 

RESPONSE: The Agency has carefully reviewed the health effects 
estimates of Dr. Gofman and believe that he has mad~~ errors in 
developing his estimates. Dr. Gofman takes, as a starting 
point, BEIR Committee results for lung cancer and assumes their 
estimate is based on the average lung dose, rather than the 
dose to the bronchial epithelium, as clearly stated in the BEIR 
report. This error leads to invalid conclusions. ~rhe Agency 
is aware of Dr. Martel's hypothesis and follows the results of 
his studies closely. His investigations are still in an early 
stage and information that would allow quantitative risk 
estimates, as are needed for cost-benefit balancing, is 
unlikely to be available for several years. 

COMMENT 53: The estimates of health risk due to plutonium do 
not consider the hot particle problem or other recent analyses 
of the hazards of plutonium. (P-25) 

RESPONSE: Estimates of health risks due to plutonium have been 
re-evaluated in view of recent controversy concerning the 
radiocarcinogenicity of inhaled plutonium. The Agency's 
initial judgment that the present practice of avera9ing the 
dose over the whole lung is sufficiently conservative has been 
upheld by a recent NAS study of the hot particle problem (9). 
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As noted in that report, it is current practice to evaluate 
risk of lung cancer.in terms of observed human cancers in the 
bronchial epitbelium following radiation exposure. However, 
inhaled particles give higher doses to the pulmonary region 
where the cancer risk in humans is less. Therefore, use of the 
average lung dose to evaluate lung cancer risks is considered 
to be conservative. 

COMMENT 54: The radiation dose-effect relationship is probably 
concave in nature; and thus, the linear, nonthreshold 
hypothesis overestimates the health risks. Furthermore, the 
linear hypothesis is an oversimplification of more complex 
responses especially at low doses and dose rates. These 
considerations may make it inappropriate to base health risk 
estimates on assessments of pofulation dose. (P-10,P-12, 
P-15,P-16,P-22,I-2,I-ll,I-15,I-19,I-25,I-26,F-4,F-5) 

RESPONSE: While some scientists believe that concave upwards 
dose-effect models (such as the sigmoidal, quasi-threshold, 
quadratic and dose-squared models) prevail due to repair 
processes or for other reasons, especially at low doses and 
dose rates where low-LET radiation is involved, this hypothesis 
has not been generally accepted, particularly for 
radiocarcinogenesis. Caution should be taken not to confuse 
and translate many of the well-known radiation injury studies, 
where cellular, organ depletion and survival experiments 
demonstrate clearly that biological repair occurs, to the case 
of radiation carcinogenesis, because of the lack of knowledge 
of whether the same mechanisms apply. (See, also, 
Section VIII-C.) 

It may be the case that an overall dose-response model 
should contain some degree of a dose-rate effectiveness factor 
(DREF) for low-LET radiation, as asserted, for example, in the 
Reactor Safety Study (10). However, introduction of a 
speculative and uncertain DREF before it is more fully 
comprehended and validated is, in the view of the Agency, not 
warranted by the evidence available at this time for the 
prupose of risk estimation for the establishment of standards 
to protect public health. As additional research is conducted 
and evaluated, however, perhaps use of a DREF to reduce 
estimates of health impact may prove to be appropriate, just as 
use of a multifle stress effectiveness factor to increase 
estimates of health impact due to synergistic bioeffects may be 
found necessary to fully describe the overall health hazards· 
associated with radiation in the environment. The Agency will 
maintain cognizance of developments in these areas and, if it 
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appears appropriate, will, in the future, propose any changes 
in these standards that would be justified by new scientific 
information. 

COMMENT 55: Dose rate plays an important role in the 
evaluation of health risks, and has not been adequately 
considered in the analysis. (P-4,P-12,P-15,P-22,I-ll,I-13, 
I-25,F-4) 

RESPONSE: The Agency is aware that the variation of radiation 
health effects with dose rate is an active area of theoretical 
analysis and experimental investigation. However, as discussed 
at length in Section VIII-C, the Agency does not believe that 
current arguments to the effect that low dose rates will 
increase or decrease the NAS-BEIR risk coefficients are 
persuasive. 

COMMENT 56: EPA did not include the "genetically-related 
com~onent of diseases, such as heart diseases, ulcers, and 
cancer, as well as more general increases in the level of ill­
health in its estimates of genetic effects." These effects are 
important and should be included in the analysis. (P-ll,S-15) 

RESPONSE: The NAS-BEIR report estimate of genetic effects 
employed by EPA includes many constitutional and degenerative 
diseases, as well as other diseases of complex etiology, 
although it is true that the genetic component of certain 
common diseases is not. A specific estimate of increase in 
general ill-health was not made, since the basis for a 
quantitative estimate of ill-health is tenuous. A substantial 
fraction of the actual risk due to genetically related ill­
health is encompassed in the NAS-BEIR estimates of diseases due 
to complex etiology mentioned above, and is in any case judged 
most likely not to be so large as to affect the conclusions of 
the analysis. 

COMMENT 57: Reference to "nonspecific life shortening" is 
inappropriate, since it is not included in the analysis and its 
significance at low doses is questionable. (F-5) 

RESPONSE: The Agency agrees and this statement has been 
deleted from the final statement. 
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COMMENT 58: EPA estimates the cost of implementing the 
standard to be less than $100,000 per potential case of cancer, 
leukemia, or serious genetic effect averted, or $75 per man­
rem. This translates to 750 cases per million man-rem, which 
would be viewed by many radiobiologists as a very high 
estimate. (P-21,I-2) 

RESPONSE: The values quoted have been rounded, and were 
calculated based on 400 cases of cancer, plus 300 serious 
genetic effects or 700 cases per million man-rem (see reference 
4, Appendix C). These are median values derived directly from 
the report of the National Academy of Sciences (11). 

COMMENT 59: The EPA risk estimates are derived solely from the 
NAS-BEIR report and do not take into account other evaluations 
of risk, such as the 1972 UNSCEAR report, NCRP-43, WASH-1400, 
and draft documents which may te published by ICRP and NCRP. 
(P-14,I-4,I-6,I-9,I-ll,I-13,I-15,I-17,I-i9,I-20,I-21,I-23,I-3, 
I-25,I-26,F-3,F-5) 

RESPONSE: The Agency has reviewed and considered all the 
published documents cited in the development of these 
standards, including NCRP Report No. 43 (12) and the 1972 
UNSCEAR report (13). As outlined in the discussion of health 
risk (Section VIII-C), the Agency does not concur with all of 
the conclusions and inferences of NCRP #43. The Reactor Safety 
Study (WASH-1400) (10) had not been published at the time the 
standard was proposed. The scientific data used in WASH-1400, 
however, was not new, and thus was considered in developing the 
standard. The Agency has recently published a review of that 
study (14). The Agency's staff has not had access to ICRP and 
NCRP draft publications. However, the Agency believes it is 
not desirable to base Federal regulations on unpublished 
materials, which are not available to the general public and 
which have not withstood the test of peer review and analysis. 
The Agency also notes that risk estimates prepared by the 
UNSCEAR generally agree with those prepared independently by 
the BEIR committee. While UNSCEAR did not advocate the use of 
their estimates at low doses and dose rates, they applied them 
in their own report to some of the effluent releases from the 
uranium fuel cycle. 

COMMENT 60: EPA should use the "upper," "central," and "lower" 
bound estimates set forth in WASH-1400 for assessing health 
risks, including use of a dose-rate effectiveness factor. 
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Alternatively, the statement should indicate that its risk 
estimates are upper bounds, and that the true risk falls 
somewhere between zero and the values given in the draft 
statement. (I-15, F-4) 

RESPONSE: The Agency has carefully reviewed the Reactor Safety 
Study and published its findings in reference 14 (see Comment 
59) • The estimates characterized as "upper bound, 111 "central 
bound," and "lower bound" in that report are not supported by 
this Agency; the upper bound estimate refers to the~ lower range 
of estimates for the linear, non threshold dose-effe~ct model; 
the central bound estimate is calculated using a dose-rate 
effectiveness factor, and the lower bound estimate assumes that 
a threshold dose for radiocarcinogenesis exists. 

The Agency believes that a more balanced consideration 
should have been provided. This would have been accomplished 
if the upper, central and lower bound risk estimates were 
defined in terms that truly reflect the several dose-response 
concepts that have been proposed by the scientific community, 
namely: a) the convex upwards response, b) the line~ar response, 
and c) concave upwards resIJonses. Since the report did not use 
such a balanced definition for each category, the E?stimates of 
heal th risks given are unduly biased toward lower E~stimates of 
risk. 

The use of a dose-rate effectiveness factor for cancer 
induction in humans is not believed to be justified by 
presently available data; and thus the reduction in the 
estimated number of cancers by a factor of five, as compared to 
linear estimates, by the report is not justified. (See, also, 
Section VIII-C). 

COMMENT 61: EPA should wait until the findings of several 
ongoing reviews of radiation risk are completed, including 
those of the NCRP and ICRP on dose-rate effectivene~ss and organ 
dose allocation. (I-ll,I-13) 

RESPONSE: Radiation risk estimation is an area in which 
considerable experimental and theoretical activity exists, and 
no final results can be expected in the foreseeable future. 
Awaiting the completion of any particular study would not, in 
the view of the Agency, be in the public interest if further 
delay in the promulgation of regulations would result. Such a 
policy could easily result in indefinite protraction of action, 
and is not necessary in view of the Agency's commitment to 
review its regulations at regular intervals. The Jl1.gency 
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expects that future ICRP organ dose allocation recommendations 
will be in reasonable agreement with BEIR Committee results, 
although such allocation schemes are not appropriate to the 
problems addressed by these standards. The NAS has recently 
undertaken a review of the plausibility of dose-rate effects 
for radiocarcinogenesis for the Agency, but this study will not 
be completed until 1978. 

3. control Technology Capability, costs, and Availability 

a. General 

COMMENT 62: EPA should solicit cost information from industry 
to establish realistic costs for use in the cost-effectiveness 
evaluation. Generally the costs used were underestimated and 
an incorrect factor for transforming equipment cost to 
installed cost was used. (I-4,I-5,I-15,I-16,I-25,S-18,F-6) 

RESPONSE: The cost information used was derived from a number 
of sources, including industry sources, and is considered to 
represent costs typical for the dates the specific documents 
were prepared during the period 1972 to 1976. The factor used 
by the Agency to transform equipment cost to installed cost is 
the same as that used by the NRC in the Draft Environmental 
Statement for Appendix I (15) and currently recommended for use 
by industry in NRC's Regulatory Guide 1.110 (16). (Se 
however, Comments 67 and 68.) 

b. Mills 

COMMENT 63: Although mills can meet the standards based on 
consideration of mill stack discharges and available control 
systems for particulate materials, based on data from operating 
mills, the standards cannot be met for tailings. More 
information is needed in the Final Environmental Statement 
concerning the control of windblown releases from tailings 
piles. (S-15,F-l,F-4) 

RESPONSE: EPA has reviewed the available literature concerning 
the 17 uranium mills operational in 1975. Based on this survey 
it is concluded that seven mills are already in compliance with 
the standard, while ten would require remedial measures of 
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	IX. RESPONSE TO COMMENTS 
	This Chapter of the Final Environmental Statement addresses all comment letters submitted on the Draft Environmental Statement. Notice of availability of the draft statement was published May 29, 1975, and the comment period expired on September 15, 1975. Testimony, both written and oral, received in connection with the public hearing on these standards held on March 8-10, 1976, and letters related to that hearing are not included here. These are addressed in other material issued by the Agency concerning t
	Specific items of common concern to a number of commenters have been consolidated so that they could be addressed by a single response. Each comment is followed by code numbers to identify each of the letters which raised the issue covered by the comment. All of the comment letters are reproduced in the Appendix, together with an index which provides a guide to locating the comment letters by code number. A few very general comments which indicated only general agreement or disagreement with the draft state
	minor comments that address editorial errors and the like have been reflected in the final statement, but are not addressed here. 
	The comments are grouped by subject matter into several general 
	areas of concern, which generally correspond to the organization of 
	material in Volume I. The responses are intentionally brief, and make 
	reference to Volume I and its supporting documents when more detailed 
	technical information is appropriate. 
	A. SCOPE OF THE RULE OR THE ENVIRONMENTAL STATEMENT 
	COMMENT 1: The Environmental Statement should address the total potential im~act of radioactive materials from the nuclear power industry, and describe EPA's total program for protection of the public from radioactivity from the entire fuel cycle. EPA cannot restrict the scope of its analysis because it does not believe its authority extends to all sources of potential radiation doses from the fuel cycle. 
	(P-25) 
	RESPONSE: It is true that this environmental statement applies neither to the total potential impact of radioactive materials from nuclear power, per se, nor to EPA's radiation program as a whole, but rather to a specific proposed regulation limiting the public health and environmental impact of normal operations of the uranium fuel cycle only. The Agency believes that it is appropriate to address this voluntary environmental statement to the limited scope addressed by the proposed regulation. To do otherwi
	COMMENT 2: EPA has not justified singling out the uranium fuel cycle for the establishment of generally applicable standards. 
	2 
	The standard should also address contributions to exposure from other fuel cycles, noncommercial fuel cycle use, non-u.s. fuel cycle use, atmospheric weapons testing by other countries, and/or research applications. (P-25,I-4,I-25,S-15) 
	RESPONSE: The standard addresses the uranium fuel cycle because this cycle comprises the overwhelming majority of current commercial nuclear power production activity in the 
	u.s. Since the standard is based upon an analysis of the costs and benefits of exposure reduction for a specific set of related operations, those comprising the uranium fue·l cycle, contributions to public exposure from other miscella.neous u.s. and foreign sources are not germane to that analysis. Other 
	U.S. sources will be addressed by the Agency, to the extent that its authority permits, when and if they become significant sources of public exposure. 
	COMMENT 3: The standard should address the plutonium fuel cycle, since fuel reprocessing is unlikely to occur in the absence of use of recycled plutonium, and/or because of the urgency that this toxic be addressed by environmental standards. (P-23, P-25, I-25, S-11) 
	materi.al 

	RESPONSE: The Agency will consider modification and/or additions to these standards for nuclear power operations to cover the plutonium fuel cycle when and if that cycle is approved for commercial use by the NRC. A recent analysis (1) of the economics of the tail end of the fuel cycle by the industry indicates that recovery of uranium alone, without recycle of plutonium, is sufficient justification for the reprocessing of spent fuel. To the extent that plutonium exists as a part of the uranium fuel cycle, e
	COMMENT 4: The standards should include effluents from mining o~erations. It is not necessary for EPA to interpret the Atomic Energy Act in the same restrictive manner as has the AEC. (P-7,P-23,P-25,S-18) 
	RESPONSE: Liquid effluents from mining operations are covered under the Federal Water Pollution Control Act Amendments of 1972 (P.L. 92-500). Interim effluent limitation guidelines for uranium mines (40 CFR Part 440.53) were published on November 6, 1975 (40FR51722). Reinterpretation of the Atomic Energy Act 
	3 
	to include mines would require redefinition of source materials to encompass lower concentrations of uranium and thorium than those presently covered. Such reinterpretation would then require licensing of mines by NRC or Agreement States, and through this mechanism EPA standards could be enforced. The Agency has determined that, for the present, to seek such a major change is not warranted. This situation will be reviewed when the need for future control of radon-222, the principal airborne effluent from mi
	COMMENT 5: The final statement should include a discussion of EPA's views on whether a variance is being considered to "grandfather" mills which are presently not operating within the limits of the standard. (S-15) 
	RESPONSE: The standards apply only to doses delivered as the 
	result of discharges of radioactive materials from licensed sites beginning two years following the promulgation date. Inactive tailings piles that are not on the site of active 
	milling operations and therefore included in an active license for a uranium fuel cycle operation are therefore exempted from 
	the standard. 
	Inactive mill tailings piles are the subject of joint investigation by the EPA and ERDA to determine the appropriate handling of these piles. This effort will determine the current condition of all inactive sites in order to provide the basis for recommendations to the Joint committee on Atomic Energy with regard to legislation for remedial measures at these sites. The Agency anticipates that this program will adequately respond to the hazards presented by these inactive tailings piles. Further, these taili
	COMMENT 6: Effluents from low-level waste disposal sites should be included within the scope of the standard, since some sites have experienced releases beyond their boundaries, or plan release of radioactive materials as a part of their normal operation. (P-7,P-ll,P-25,S-6,S-ll) 
	4 
	RESPONSE: A basic goal for shallow land burial of radioactive waste is that the waste will not migrate from the burial site to the general environment. Thus, there should be no planned releases to be subject to the standard. 
	COMMENT 7: The effects of waste disposal cannot be ignored for long-lived radionuclides, such as iodine-129 and plutonium. These materials once separated cannot be just buried and forgotten. (P-1) 
	RESPONSE: It is true that some long-lived radioactive wastes will require management for extremely long periods of time. It is clear, however, that such management, even though it carries some possibility of failure, represents a major improvement over direct dispersal into the environment. The Agency is actively working with the council on Environmental Quality, the 
	u.s. Geological survey, the u.s. Nuclear Regulatory commission, and the U.S. Energy Research and Development Administration to achieve an optimum solution for the ultimate disposal of long­lived radioactive wastes. 
	COMMENT 8: The standard should include radiation exposures of the public due to non-operating fa.cilities and due to the decommissioning of facilities. (P-25) 
	RESPONSE: The standard applies to normal operations of NRC and Agreement State licensees. This includes periods when facilities under an active license are not actually operating. It is the responsibility of the licensor to require measures to be taken that will provide assurance that exposure of the public will be minimal following decommissioning, before allowing a license to lapse. It is the Agency's expectation that such exposures should be well below those established for operating facilities by these 
	5 
	COMMENT 9: The restriction of the standard to facilities only to the extent that they support commercial electrical power production could unnecessarily restrict its applicability. 
	(P-25) 
	RESPONSE: The Agency believes the wording is clear. "Commercial electric power production" is simply electric power generated for commercial use. Any facility in the United States that generates or supports the generation of electric power for commercial use by means of the uranium fuel cycle would be subject to the standard, regardless of its owner or the nationality of its customers. The Agency does not believe that it is either appropriate or necessary to include research facilities within the scope of t
	COMMENT 10: The standard excludes milling of uranium bearing 
	ores containing less than 0.05~ uranium without justification. Future demand may require the use of such ore. (P-25) 
	RESPONSE: The comment is correct, and the restriction has been removed from the standard. 
	COMMENT 11: The standard should include limits on the release of carbon-14 and/or tritium. such limits could easily be scheduled in advance of their actual implementation, as are the limits for iodine-129 and krypton-85. The final statement should also provide a thorough discussion of control technology for long-lived radionuclides, including carbon-14 and tritium. 
	(P-14,P-18,P-25,S-2,S-4,S-6,S-15) 
	RESPONSE: The knowledge base is not yet adequate for the assessment of tritium and carbon-14 control technology that is required in order to establish equitable limits on the release of these materials. The Agency has studies of controls for both of these materials underway and expects to be able to make proposals regarding carbon-14 promptly, with consideration of proposals for tritium following at a later date. Control technology for those long-lived radionuclides covered by the standard is discussed in r
	(Section VIII-B). Control technology for tritium and carbon-14 will be discussed when standards are proposed for these materials. 
	6 
	COMMENT 12: Carbon-14 should be studied, but it is misleading to show potential health effects until more detail is known. It is recommended that consideration of health effects due to carbon-14 be deleted fr_om the FES. (I-4,I-12) 
	RESPONSE: The assessment of carbon-14 pathways leading to exposure of human populations has been carried out at a relatively sophisticated level using a multicompartmental worldwide model (6). The principle area of current lack of knowledge regarding establishment of standards for this radionuclide is control technology, not potential hE!alth impact. The assessment of potential health effects is included in order to provide the basis for the Agency's commitment to future consideration of a standard for this
	COMMENT 13: The standard should include a limit on the release of strontium-90, cesium-137, and/or radon-222. The present level of knowledge for control of these radionuclides is at least as great as that for krypton-BS and iodine-129. (P-1, P-13,P-25,P-27,F-2) 
	RESPONSE: The standard does not include specific limits on the 
	quantities of strontium-90 (half-life 28 years) or cesium-137 (half-life 30 years) released to the environment because they are expected to be adequately limited by the dose limits for individuals. These radionuclides typically comprisei only 10% or less of the total activity released in liquid effluents from reactors (no releases of these radionuclides are expected to occur from other operations). However, in light of the deletion of curie limits from Appendix I (in contrast to Appendix I as it was origina
	As discussed in the notice of proposed rulemaking for these standards (40FR23420), sufficient uncertainties are associated with our knowledge of both the health impact and costs and efficacy of control measures for radon-222 that the Agency does not consider it advisable to propose standards for this radioisotope as part of this rulemaking. The Agency has this problem under continuing study. 
	7 
	COMMENT 14: The standard should address accidental releases, as wel.l as planned releases, since the former may have the largest public health impact and cannot be distinguished from normal releases after they have entered the environment. 
	(P-ll,P-13,P-19,P-24,P-25,S-15) 
	RESPONSE: Although accidental releases could have a significant public health impact and may, in some cases, not be distinguishable from normal releases, it is not feasible to include accidents within the scope of this standard, which has been derived out of a consideration of the costs and associated health benefits of controls over planned releases. Such an analysis of accidental releases has not been made. Protection against the consequences of accidents is provided by emergency response plans based, in 
	COMMENT 15: Implicit in the duty to establish standards is the responsibility to monitor implementation and ensure compliance. The standards should address these aspects of EPA's responsibility for radiation protection of the public from nuclear power operations. (P-25) 
	RESPONSE: The Agency will review the implementation of these 
	standards through review of NRC's implementing regulations and 
	normally reported monitoring data, and by occasional EPA field 
	studies at selected facilities. It would not, however, be 
	appropriate to incorporate these functions into the standards 
	themselves, since the responsibility for implementing EPA's 
	standards rests with the NRC, not EPA. The Agency believes 
	that the above procedures will adequately insure satisfactory 
	implementation of these standards. (See, also, comments 91, 
	94, 103, 104, and 107.) 
	COMl"lENT 16: The standard and the Final Environmental Statement should be modified to include ~rovision for and analysis of nuclear energy parks. (P-14,I-6,I-13,I-14,I-22,I-26,F-5) 
	RESPONSE: An extended discussion of the relation of the standard to the nuclear energy center concept has been added to this statement (see Section VI-F). The recent NRC study "Nuclear Energy Center Site Survey" (NUREG-0001) implies that, based upon use of current LWR effluent control technology and projected energy center siting practices, the standard will be satisfied. However, the Agency recognizes that uncertainty 
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	must remain regarding any such proposals for the distant future, and will review any specific proposals that may be made and consider the need for revision of the standards in the future, if this appears to be necessary. 
	B. STATUTORY BASIS 
	COMMENT 17: The standards should be expressed in terms of 
	population dose, or dose to suitable samples of the public, 
	since this is properly the domain of EPA's authority, not 
	individual doses, which are the responsibility of NRC. 
	(P-22,I-4,I-9) 
	RESPONSE: There is no such limitation on EPA's authority. Reorganization Plan No. 3 of 1970, which transferred to EPA the authority formerly exercised by the AEC to set environmental radiation standards, specifically provides for " ••• limits on radiation exposures ••• " without qualification. In addition, this same authority was used by AF.c, before it was transferred to EPA, to establish all of the 10CFR20 limits on individual doses. 
	COMMENT 18: The standards limiting the total quantity of specific long-lived radioactive materials entering the environment are not "generally applicable standards," since the designated isotopes are released principally from one type of operation only (fuel reprocessing), and because these limits depend upon the amount .. of power produced. EPA should, instead, limit the concentration of these materials in the environment. 
	(I-19, F-4, F-5) 
	RESPONSE: The transfer to EPA of authority to establish generally applicable environmental radiation standards specifically provides for •• ••• limits on ••• quantities of radioactive materials •••• " This authority does not require that a limited radioisotope be released from m~re than one type of operation or that the amount permitted be independent of the size of the operation. It should also be noted that several long-lived materials released from the fuel cycle are emitted from a variety of fuel cycle 
	9 
	limit the quantity released and, therefore, the total impact of these materials. 
	COMMENT 19: The environmental analysis should include the impact on occupational workers and their progeny. (P-25,S-15, 
	F-6) 
	RESPONSE: EPA's authority to establish environmental standards is limited to " ••• the general environment outside the boundaries of locations under the control of persons possessing or using radioactive material. •• " and, therefore, does not include occupational workers. However, the Agency is presently reviewing the adequacy of Federal Radiation Guides and guidance for occupational exposure under its more general Federal radiation guidance authority. (See, also, comment 85.) 
	C. RATIONALE FOR THE STANDARDS 
	COMMENT 20: Cost-effectiveness is useful for determining the most effective alternative to achieve an objective. However, a cost-benefit analysis is needed to justify the reasonableness of the objective. (I-24,I-3,S-15) 
	RESPONSE: The standard has as its objective the reduction of the potential public health impact of radioactive effluents from the uranium fuel cycle. The cost-effectiveness of various options to achieve this end were examined, and a judgment made that the limiting rate of spending appropriate to achieve this objective was in the range of 100 to 500 thousand dollars per health effect averted. Such a procedure will insure that the total (internal plus external) environmental and public health cost of the acti
	10 
	to achieve the same end (electrical power), so as to form a judgment on the most beneficial alternative. However desirable such an analysis might be, it is not germane to the~ process of 
	·choosing the appropriate level for standards to limit normal releases of effluents from a particular fuel cycle, a process which is merely one of the preliminary judgments re~quired as an input to an overall cost-benefit analysis. 
	COMMENT 21: EPA should await the results of the EPA-sponsored National Academy of Sciences• study on cost-effectiveness methodology before proceeding. EPA should also await the promised NRC rulemaking to determine a cost per dose commitment standard for use in cost-benefit applications. Finally, EPA should join with NRC in this rulemaking ·to establish appropriate monetary values for reduction of radiation doses to the population. (I-4, I-13, I-25, S-15) 
	RESPONSE: The National Academy of Sciences• study is directed toward assessment of the benefits of radiation, not the cost­effectiveness of exposure reduction. It is therefore not germane to this rulemaking. The NRC interim assessment of a limiting value to be placed on partial assessments of population dose reduction within a SO-mile radius of a light­water-cooled reactor has not been reviewed or accepted by EPA as an appropriate measure of the value to be placed on total population exposures from the enti
	COMMENT 22: Appendix I uses $1000 as a reasonable dollar expenditure per man-rem for population exposure reduction. This would have been a better technical basis for e~stablishing the standards. (I-14) 
	RESPONSE: EPA believes that placing a limiting dollar value on spending for the avoidance of health effects in large populations provides a more meaningful basis for de~ri ving standards to protect public health than establishing a dollar value for a unit of dose. In addition, when translated into dollars per health effect avoided, $1000 per man-re~m to the 
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	whole body yields a rather high value -$1,400,000 per health effect. It is not clear that this interim NRC value, which is higher by a factor of 3-14 than that used by EPA, is an appropriate limiting value for such spending. (See, also, Comment 20.) 
	COMMENT 23: The standards, in effect, represent an application of "as low as practicable." This principle was never intended to apply to the establishment of standards, but was intended, rather, as guidance to " ••• those responsible for irradiation of ••• members of the public." (P-15) 
	RESPONSE: A distinction must be made between numerical criteria intended for use as general guidance, such as the Federal Radiation Guides or the recommendations of various bodies associated with the scientific community and/or professional groups, and standards·established by the Federal government for the regulation of an industry much of which is, as it should be in our free enterprise system, subject to the profit motive. The standards are not general radiation guidance; they are, instead, the doses to 
	COMMENT 24: The standards and their cost-effectiveness are not supported by the data and information in the draft statement. The maximum annual dose limits appear to be based on an analysis of the best performance capability of fuel cycle facilities. This is likely to be not cost-effective. (I-14, 
	F-5) 
	RESPONSE: Data on the cost-effectiveness of typical controls required to satisfy the standards are provided in Section V-A and its associated references. Best performance capability is considerably better than these control levels (usually at least an order of magnitude better) and was not used as a basis for 
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	the standards, since it is generally not cost-effective, as the comment suggests. 
	COMMENT 25: EPA appears to be lowering environmental limits because the industry has demonstrated the capability to operate below present limits, rather than out of a need to provide public health protection beyond that now achieved by the industry. ( I -16 , I -1 7 , F-5) 
	RESPONSE: The limits have been justified specifically upon the basis of the additional public health protection they would provide, and not on the basis of using best current technology regardless of the cost or the benefit derived. 
	COMMENT 26: Current Federal Radiation Guides coupled with 
	existing NRC regulations are adequate to protect the public. 
	There is therefore no need for the standards. 
	(I-24,I-25,I-26,F-4,F-5) 
	RESPONSE: The Agency does not believe that the Federal Radiation Guides alone are adequate as standards for regulation of a major source such as the uranium fuel cycle. The reasons have been set forth in Section II of this statement. NRC regulations, such as Appendix I, in addition to not being 1esign guidance only for light-water-cooled reactors, provide no upper limits on public exposure from reactor or any other fuel cycle sites, other than the unnecessarily permissive Fe ~ral Radiation Guides, and do no
	standards, exist in the form of so-called "ALAP" d

	COMMENT 27: The draft statement has not justified the maximum 
	dose levels, since it is not shown how the information in the 
	draft statement and supporting documents was used to arrive at 
	the standards. (I-14,I-17 ,I-19,I-25,F-5) 
	RESPONSE: The Final Environmental Statement has been expanded to provide a more extended exposition of the relation between the capabilities of control technology, the benefits of reduced dose to individuals and populations, the costs of achieving these benefits, and the standards (see Section V.D.). In general, however, Table 3 of the statement specifies the dose levels attainable using typical cost-effective levels of 
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	control, and the standards in most cases simply reflect these levels plus consideration of the need for a margin of operating flexibility. 
	COMMENT 28: The objective of the standard is to ••• assure protection of the general public from unnecessary radiation exposures ••• in the general environment." EPA should establish the standard to apply to a suitable sample of the population rather than to any member of the public. (I-4) 
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	RESPONSE: These standards are not Federal Radiation Guides, which, in any case, also include numerical guides for individuals in order to provide protection to the general public. The definition of "a suitable sample of the public" is too difficult a problem for regulatory application in a standard of the kind proposed. Protection of the general public is believed to be quite adequately provided for, in any case, by the combination of individual dose limits and limits on quantities of long-lived radioactive
	COMMENT 29: The quantity of health effects potentially 
	produced, whether Appendix I or EPA's standard is in force, is 
	essentially equivalent. Therefore, the standard is not needed. 
	(P-12, P-14, P-20) 
	RESPONSE: The potential health impacts of Appendix I and the standard are not the same (see Table 10). In addition, it is important to make a distinction between the guidance provided by Appendix I and the uranium fuel cycle standard. The former 
	provides design objectives for radioactive material in light­water-cooled nuclear power reactors and specifies levels at which reporting and corrective action is required during operation, while the latter provides a standard for the entire uranium fuel cycle (excluding mines, transportation, and waste management). In addition, the standard limits the release of 
	long-lived materials (Appendix I does not), which are responsible for the majority of the potential health impact of the fuel cycle. 
	COMMENT 30: The model used to determine the total population 
	dose should have a cutoff point (generally considered to be 
	less than 1 mrem/yr) below which the radiation dose to 
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	individuals is small enough to be ignored. For example, doses to populations beyond 80 km from the source, or beyond the time of plant shutdown should not be considered. In particular, holdu~ of krypton-85 is not justified since the averag~ total body dose rate by the year 2000 is expected to be only 0.04 mrem/yr. (I-15,I-25) 
	RESPONSE: Radiation doses caused by man's activities are additive to the natural radiation background of about 80-100 mrem/yr whole-body dose to which everyone is exposE~d. It is extremely unlikely that there is the abrupt discontinuity in the dose-effect relationship, whatever its shape or slope, at the dose level represented by the natural radiation background that would be required to justify a conclusion that some small additional radiation dose caused by man's activiti ◄~s can be considered harmless an
	For this reason, it is appropriate to sum small doses delivered to large population groups to determine the integrated population dose. The integrated population dose may then be used to calculate potential health effects to assist in making judgments on the risks resulting from radioactive effluent releases from uranium fuel cycle facilities, and the reasonableness of costs that would be incurred to mitigate these risks. 
	COMMENT 31: EPA used worldwide populations in deriving the health benefits of krypton control. Only United States 
	population exposure should be used until there are 
	international agreements on krypton standards. United States 
	industry could be placed in an adverse marketing position 
	because of the added cost of controls. (I-5,I-17,I-26,F-4) 
	RESPONSE: The Agency does not believe that domestic industry should obtain an improved marketing position at th•e expense of subjecting the world's population to a potential adverse health impact through the unrestricted release of a radioactive gas to the world's atmosphere. It is also not logical to limit the calculation of the health benefit of krypton-85 control to the u.s., or any other limited population, since the environmental distribution of krypton-85 cannot be similarly limited. 
	COMMENT 32: The standard requires the scheduled application of control technology on a commercial scale prior to a demonstration that the technology can limit releases to levels 
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	required by the standard. EPA should delay the standards on iodine, krypton, and mill tailings until the control technology has been shown to be effective or provide additional information to justify its conclusion that such systems will be available by 1983. (I-l,I-4,I-ll,I-17,I-25, S-18,F-1,F-6) 
	RESPONSE: EPA has determined to its satisfaction that the required technology is either now available or has a high probability of being available well before the effective date of the applicable portion of the standard. Additional information on these points is presented in Section VIII-Band in reference 5. Furthermore, it is the policy of the Agency to provide as much advance notice of new requirements as possible, so that industry may have adequate time for advanced planning in order to minimize difficul
	COMMENT 33: EPA should not adopt regulations requiring krypton effluent controls not yet successfully demonstrated or commercially available. (I-1, I-4, I-11, I-15, I-17, I-25, S-18, F'-1) 
	RESPONSE: Cryogenic distillation systems are presently being offered commercially for both light-water reactors and fuel reprocessing plants. The Brunswick boiling water reactor is using or about to use a cryogenic distillation system to treat its condenser air ejector offgas, while the Japanese are installing the same type of system on the Tokai-Mura fuel reprocessing plant. Exxon's Nuclear Fuel Recovery and Recycling center will also incorporate a cryogenic distillation system as a prototype facility on a
	COMMENT 34: EPA should justify the statement that waste management is an improvement over dispersal. (S-15) 
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	RESPONSE: This matter is discussed in Section VI-E. It is 
	believed to be self-evident that containment and removal from 
	the biosphere, with only a small possibility of accidental 
	release, represents an improvement over unrestricted dispersal 
	into the biosphere. 
	D. TECHNICAL ISSUES 
	1. Environmental Pathways 
	COMMENT 35: EPA environmental transport models are inadequately documented or of questionable validity. (I-4,I-5,I-15,I-23,I-25,I-27,F-5) 
	RESPONSE: The Agency believes that the models used in the analysis which supports the standard are valid and adequate for that purpose. These models are documented in the supporting documents entitled, "Environmental Analysis of the Uranium Fuel Cycle" (2-5) and are not, therefore, discussed in the statement itself. In instances where commenters have identified specific cases of alleged lack of documentation or validity, these are addressed in subsequent comments. However, the Agency believes that the docum
	In general EPA has used standard models in deriving its conclusions for these standards. They are not intended to be either overly conservative or liberal, but to be as representative as possible of actual practice and conditions. The Agency did not feel constrained to use models based on past practices if more recent information indicated that changes were justified. This was particularly true regarding dose conversion factors (i.e., for plutonium and uranium particulates} where basic data compiled by the 
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	The Agency, of necessity, used generic models for each class of facility in the uranium fuel cycle to achieve a common base for the consideration of radiation doses and the capabilities of radioactive effluent control technology. Generic models are expected to provide a reasonable approximation to conditions at actual plant sites, but will not be valid for particular sites in the sense that if site-specific meteorological conditions, distance to nearest residence, local food pathways, etc. are substituted f
	COMMENT 36: The validity of EPA environmental transport models is questionable because these models differ between various EPA documents, as well as with NRC models, such as those used to derive Appendix I values. (I-2~1-4,I-10,I-23) 
	RESPONSE: The Agency agrees that it would be desirable for the models used by the Agency in its analyses to be consistent in all documents. However, when documents are prepared at different times and advances in knowledge of parameters take place in the meantime, differences are inevitable. Two examples of inconsistencies in supporting documents (2-5) have been identified: 1) uranium dose conversion factors differ between references 2 and 5, and 2) iodine pathway and dose conversion factors differ between r
	The Agency does not believe that EPA and NRC models need be consistent for the purposes of justifying the standard. While use has been made of many of the source terms, diffusion equations, pathway models, and dose conversion factors used by the NRC, the Agency does not use these values when it believes that more accurate and recent information is available or when the use of more simplified models is, in its opinion, justified. For certain types of facilities, such as conversion, enrichment, and fuel fabri
	COMMENT 37: The dose conversion factor for lung doses due to 
	aerosols containing alpha-emitters is not consistent with the 
	ICRP II and differs by a factor of two in different EPA 
	publications. (I-23) 
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	RESPONSE: In recent Agency analyses of doses from mills (5), the dose conversion factors for insoluble alpha-emitting aerosols in the lung have been reduced by a factor of two compared to previous analyses, because the effective half-life for such particles in the lung was reduced from 1,000 days to 500 days in accordance with what is becoming accepted practice. Accordingly, previous calculations (2) concerning the dose to the lung from the inhalation of insoluble particulate matter should be reduced by a f
	COMMENT 38: Iodine pathway and dose assumptions vary widely 
	between different EPA reports, and are not consisb~nt with NRC 
	models. (I-23) 
	RESPONSE: Changes in many oft~ various iodine-131 milk 
	ingestion pathway model para~ ~ers have occurred over the years 
	for a variety of reasons. We discuss, as a typical example, 
	those for an average infant. The ratio of iodine concentration 
	in milk to that in pasture air has increased from 620 to 1200 
	pCi/liter per pCi/mbecause the surface specific deposition 
	3 

	velocity of 0.5 cm/sec initially used was found to be in error, 
	and has been changed to 1.0 cm/sec. The grazing factor was 
	changed from 1 to 0.5 because it is considered morE~ realistic 
	to assume cows are fed for half a year on stored feed. The 
	milk consumption rate for an infant was reduced from 277 to 183 
	liters per year to account for the 38% of infants who do not 
	consume cow's milk. The dose conversion factor has been .increased from 0.015 to 0.020 mrem per pCi ingested due to 
	updating of internal dosimetry assumptions, principally 
	regarding the energy of the radiation emissions. ~rhe overall 
	result of these changes has been to decrease the value of the 
	dose equivalent rate conversion factor from 2700 to 1700 
	mrem/yr to an average infant ~er pCi/m3 of iodine-131 in 
	pasture air. 
	Similar changes have occurred in iodine-129 milk ingestion pathway model parameters. However, since the half-·life of iodine-129 is extremely long, there is no decay of iodine-129 
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	on stored feed and the correct value for the grazing factor for iodine-129 is unchanged at one. In addition, the dose conversion factor for iodine-129 changed from 0.023 to 0.026 mrem per pCi ingested due to updating of internal dosimetry assumftions. The overall result of the changes has been to increase the value of the dose equivalent rate conversion factor from 15,000 to 23,000 mrem/yr to an average infant per pCi/m3 of iodine-129 in pasture air. None of these changes are large enough to significantly a
	COMMENT 39: The expected I-131 doses in the vicinity of a 
	reactor have been found to be an order of magnitude lower than those calculated by models used in the Draft Environmental Statement, but the draft statement ignores this fact when estimating I-131 impact. (I-15) 
	RESPONSE: The Agency is well aware of recent field studies of iodine pathways and potential thyroid doses, having taken part in them jointly with the AEC (now NRC). Results of these studies at four reactor sites indicate that actual iodine concentrations in milk are at least an order of magnitude lower than those projected by previously used models for the milk pathway. The exact reason for this difference is not yet known; however, past models probably overestimated radioiodine milk concentrations because 
	(e.g., flume rise and deposition rate). Realistic treatment of these parameters is expected to more accurately estimate radioiodine concentrations in milk in the future. Federal agencies are presently incorporating some of these changes into radioiodine-milk pathway models. Furthermore, the results of these field studies are taken into consideration qualitatively in the Final Environmental Statement (Section V-C) with respect to the environmental impact of iodine-131 discharges from reactors. 
	Conclusions leading to the values for the standards would not be altered by the use of a more liberal milk pathway model. Should present estimates of maximum thyroid dose prove to be conservative because of future changes in milk pathway models, then less, not more, control equipment will be necessary to meet the standard. 
	It should also be noted that results of these field studies may not apply to other facilities in the fuel cycle, because 
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	the results are a function of the chemical state of the radioiodine at the time of its discharge, which in turn is likely to be influenced by inplant conditions that are different in other fuel cycle facilities. 
	COMMENT 40: The environmental dose commitment estimates made by EPA should be clarified and more fully defined. (I-25,F-5) 
	RESPONSE: The environmental dose commitment has beien previously defined in detail in reference 8 (Appendix A) and pathway assumptions described in reference 4, as we,11 as in reference 8 (Section III-B, and Appendices B, c, and D). As more information becomes available concerning environmental pathways of long-lived radioactive materials and dose modeling the Agency will, if it is appropriate, revise its emvironmental dose commitment estimates. Until such time, however, the Agency believes that the present
	COMMENT 41: The analysis of the impact of long-lived materials is inadequate, since it omits all exposures of human populations beyond 100 years following release to the environment. (P-l,P-14,P-25,P-27,I-13,F-5) 
	RESPONSE: It does not appear to be feasible to calculate exposures for periods greater than 100 years, given the present state of knowledge of environmental pathways of most radioactive materials. In some cases, such as for tritium or krypton-85, there is a negligible possibility for additional impact on decisions for the appropriate levels of E~nvironmental releases, since almost all of the environmental dose commitment has been delivered in 100 years. In others there could be an impact on such decisions b
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	COMMENT 42: Environmental transport models that consider very large areas, such as the eastern U.S., are not justified. Most of I-129 and transuranic releases deposit within a few hundred miles of the source because such particulate material is removed from the air by settling and rain-out. These effects are particularly effective when particulate materials are released at low elevations. (I-15) 
	RESPONSE: The Agency's environmental transport models for airborne releases of I-129 and the transuranics consider both regional deposition of these radionuclides (within 80 km of the point of release) and deposition upon the eastern half of the United States. While most of the radioactive material does deposit within 80 kms of the release point, the Agency believes it realistic to assume that a significant fraction of the material may remain airborne for considerably longer distances. The total population 
	COMMENT 43: The draft statement fails to take into 
	consideration the experience at the Nuclear Fuel Services• reprocessing facility cited in BNWL-1783 which reports a 200
	-

	fold decline in I-129 content of milk samples in the year 
	following cessation of operations. EPA, therefore, also 
	assumes that I-129 is available for longer than 100 years 
	without adequate reasons. (I-4,I-15) 
	RESPONSE: The Agency's calculation of the 100-year environmental dose commitment for I-129 uses a short-term first pass pathway containing air-deposition-milk compartments and a long-term pathway consisting only of plant uptake from the soil. These two pathways result in different milk concentrations of I-129. The difference, which is on the order of a factor of 200, accounts for the experience at NFS. 
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	over the long term, I-129 becomes available in all food products, not just in milk, because of its long half-life and measurable uptake in plants. It is expected that most environmental I-129 will not be available to plants for periods comparable to its 17-million-year half-life, because it will gradually be removed from the root-zone of soil by water runoff and further penetration into the soil. At a removal rate of 1% to 5% per year little I-129 will remain in the root zone after 100 years. Although some 
	2. Health Effects and Dosimetry 
	COMMENT 44: EPA dose calculations for tritium should be lowered by a factor of three through the use of more reasonable assumptions as to humidity and atmospheric dispersion. (F-5) 
	RESPONSE: The Agency has carefully reviewed its tritium dose calculations and believes them to be correct. It should be noted that EPA's tritium model considers the dose resulting from absorption of tritium through the skin, in addition to that resulting from inhalation, which doubles the: equilibrium amount of tritium in the body. Also, under chronic conditions, tritium will be incorporated into body tissue, as well as in body water; this will increase the whole-body dose by a factor of 1.5. The combinatio
	COMMENT 45: Table 2 does not adequately present principle critical organs by radionuclide (e.g., carbon-14 bone dose exceeds whole body dose; bone, liver, and lymph are critical organs, as well as the lung for plutonium, as is skin for noble gases in addition to whole body). (F-5) 
	RESPONSE: The comment appears to be based on obsolete information. The criterion for inclusion in Table 2 was not organs selected as critical by the ICRP and NCRP in the 1950 s, 
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	but rather the risk to humans as estimated from the 1972 NAS­BEIR report. Since man is 23% carbon and bone is less than 15% carbon, it is unlikely that the carbon-14 dose will be higher to bone than the total body under equilibrium conditions. Even if these doses were comparable, the number of health effects due to total body irradiation are a factor of 30 greater (per rem) than those due to bone irradiation. For inhaled plutonium, which is assumed to be released as an insoluble particulate effluent, the pr
	small compared to the whole body cancer risk. 
	COMMENT 46: The environmental statement should include an analysis of doses to all types of biota, not just humans. (P-18,P-25,P-26) 
	RESPONSE: The Agency has followed the BEIR Committee reasoning that if individual humans are adequately protected, it is highly unlikely that any biological population in the environment will be adversely affected. Such strict criteria are not applicable to other biota where protection of populations, not individual members, is the chief concern. 
	COMMENT 47: The linear dose-effect relationship does not 
	provide an adequate scientific basis for estimating the health 
	impact of the standards. Without such a scientific basis the 
	standard is not justified. (P-ll,P-12,P-14,P-15,I-7,I-9, 
	I-ll,I-15,I-16,I-19,I-3,I-25,I-26,I-28) 
	RESPONSE: Estimates of health risk due to radiation exposure were established on the basis of the best scientific data and judgments available. In 1970, at the request of the former Federal Radiation Council, the National Academy of Sciences­National Research council established the Biological Effects of Ionizing Radiation (BEIR) Committee. The committee consisted of five subcommittees which examined~ (1) general and societal considerations, (2) environmental effects, (3) genetic effects, 
	(4) somatic effects, and (5) effects on growth and development. 
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	In its report, submitted to the Agency in 1972, thei Committee reviewed the available scientific data on risks at low levels of exposure to ionizing radiations; selected the scientific basis it recommends that the Agency use for establishing radiation standards; provided quantitative estimateis of the risk to human health of low doses of ionizing radia.tion; and clearly delineated the interpretations and meaning that should be attributed to these recommended estimates of hea.lth risk. The Committee consider
	subsequent radiation dose-effect literature and sees no reason at this time to depart from the recommendations made by the BEIR Cammi ttee in 197 2. (See, also, Section VIII-C.) 
	COMMENT 48: The BEIR report extrapolates, by a factor of greater than 1000 in dose and by factors from 100 million to a billion in dose rate, from the level of observed effects to the levels encountered by the general population. However, no studies have demonstrated deleterious effects at these levels of naturally-occurri~g radiation, even in areas of high-level background. (P-12,P-15,I-2,I-ll,I-19,I-25,I-26) 
	RESPONSE: The BEIR report acknowledges and discusses these factors, particularly in regard to low-LET radiation and dose­rate aspects. The Agency, at present, sees no valid reason to depart from the BEIR report estimates. It should be pointed out that radiation effects, including carcinogenesis, have been reported at doses 2 to 100 times the annual background dose for both high-and low-LET radiation. Chromosome abberations and other radiation effects which, if not health effects per~, are closely related, h
	COMMENT 49: The data-base for estimating health effects should include animal as well as human data, and not be restricted to information considered in the BEIR Report. (I-ll,I-13,I-17) 
	RESPONSE: Although the BEIR Report emphasized human data, it also considered relevant animal data. The primary reason for 
	25 
	using human rather than animal data is that the former is considered to provide the most reliable information on carcinogenesis in humans due to ionizing radiation. The Agency believes that conjectures about the radiation dose-response relationship based upon experimental results for carcinogenesis in animals, and the extrapolation of such data to man for the purpose of making estimates of carcinogenesis in humans is subject to many uncertainties. These include the short life span of animals compared to man
	COMMENT 50: Estimates of health risk to non-u.s. populations, especially in underdeveloped countries, are grossly exaggerated because they are based on u.s. life expectancy. In a country where life expectance is 45 years, the risk is probably three times smaller. (P-16,S-18) 
	RESPONSE: The point is well taken, although we do not agree with the quantitative evaluation. The NAS-BEIR estimates of risk are based on u.s. vital statistics for 1967. Similar data are not available for developing countri~s. However, it is not clear that the error introduced by using U.S. data is very large. The relative risk of certain cancers is higher in some developing countries, which tends to counteft"balance the effect of shorter life expectancy. It also cannot be assumed that life expectancy will 
	COMMENT 51: The linear hypothesis is not necessarily conservative or always prudent; several scientists have considered convex dose-responst relationships which project more risk per rad at low doses. All identifiable and estimable uncertainties should be factored explicitly into the cost­benefit analysis in the final statement. (P-25,P-26) 
	RESPONSE: The Agency is aware that some scientists have 
	proposed a convex dose response relationship and the Agency is 
	closely following these studies. The Agency notes that 
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	currently none of the proposed convex relationships have been developed to the point of quantitative description that would permit risk estimation. Additional reasons for preferring to use a linear dose-response function are discussed in the Agency's Policy Statement on the relationship between radiation dose and effect (see Appendix B of Volume I). It is the Agency's judgment that neither upper nor lower bounds of risk can usefully be used in the cost-benefit balancing, since these 
	span such a wide range, and, in any case, it is not possible to assign to them quantitative estimates of confidence .. The risk estimates used are those judged to be most likely to be accurate on the basis of existing scientific knowledge. 
	COMMENT 52: The analysis of health impact should~~ revised to reflect a report by Dr. John Gofman, "The Cancer Ha4~ard from Inhaled Plutonium," which predicts a much larger health impact than the health-effects estimates prepared by EPA. In addition, if Dr. Edward Martel's paper on "Tobacco Radioactivity and Cancer in Smokers," were properly considered, it might significantly alter cost-benefit ratios of the standards. (P-11) 
	RESPONSE: The Agency has carefully reviewed the health effects estimates of Dr. Gofman and believe that he has mad~~ errors in developing his estimates. Dr. Gofman takes, as a starting point, BEIR Committee results for lung cancer and assumes their estimate is based on the average lung dose, rather than the dose to the bronchial epithelium, as clearly stated in the BEIR report. This error leads to invalid conclusions. ~rhe Agency is aware of Dr. Martel's hypothesis and follows the results of his studies clo
	COMMENT 53: The estimates of health risk due to plutonium do 
	not consider the hot particle problem or other recent analyses 
	of the hazards of plutonium. (P-25) 
	RESPONSE: Estimates of health risks due to plutonium have been re-evaluated in view of recent controversy concerning the radiocarcinogenicity of inhaled plutonium. The Agency's initial judgment that the present practice of avera9ing the dose over the whole lung is sufficiently conservative has been upheld by a recent NAS study of the hot particle problem (9). 
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	As noted in that report, it is current practice to evaluate risk of lung terms of observed human cancers in the bronchial epitbelium following radiation exposure. However, inhaled particles give higher doses to the pulmonary region where the cancer risk in humans is less. Therefore, use of the average lung dose to evaluate lung cancer risks is considered to be conservative. 
	cancer.in 

	COMMENT 54: The radiation dose-effect relationship is probably concave in nature; and thus, the linear, nonthreshold hypothesis overestimates the health risks. Furthermore, the linear hypothesis is an oversimplification of more complex responses especially at low doses and dose rates. These considerations may make it inappropriate to base health risk estimates on assessments of pofulation dose. (P-10,P-12, P-15,P-16,P-22,I-2,I-ll,I-15,I-19,I-25,I-26,F-4,F-5) 
	RESPONSE: While some scientists believe that concave upwards dose-effect models (such as the sigmoidal, quasi-threshold, quadratic and dose-squared models) prevail due to repair processes or for other reasons, especially at low doses and dose rates where low-LET radiation is involved, this hypothesis has not been generally accepted, particularly for radiocarcinogenesis. Caution should be taken not to confuse and translate many of the well-known radiation injury studies, where cellular, organ depletion and s
	It may be the case that an overall dose-response model should contain some degree of a dose-rate effectiveness factor (DREF) for low-LET radiation, as asserted, for example, in the Reactor Safety Study (10). However, introduction of a speculative and uncertain DREF before it is more fully comprehended and validated is, in the view of the Agency, not warranted by the evidence available at this time for the prupose of risk estimation for the establishment of standards to protect public health. As additional r
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	appears appropriate, will, in the future, propose any changes in these standards that would be justified by new scientific information. 
	COMMENT 55: Dose rate plays an important role in the evaluation of health risks, and has not been adequately considered in the analysis. (P-4,P-12,P-15,P-22,I-ll,I-13, I-25,F-4) 
	RESPONSE: The Agency is aware that the variation of radiation health effects with dose rate is an active area of theoretical analysis and experimental investigation. However, as discussed at length in Section VIII-C, the Agency does not believe that current arguments to the effect that low dose rates will increase or decrease the NAS-BEIR risk coefficients are persuasive. 
	COMMENT 56: EPA did not include the "genetically-related com~onent of diseases, such as heart diseases, ulcers, and cancer, as well as more general increases in the level of ill­health in its estimates of genetic effects." These effects are important and should be included in the analysis. (P-ll,S-15) 
	RESPONSE: The NAS-BEIR report estimate of genetic effects employed by EPA includes many constitutional and degenerative diseases, as well as other diseases of complex etiology, although it is true that the genetic component of certain common diseases is not. A specific estimate of increase in general ill-health was not made, since the basis for a quantitative estimate of ill-health is tenuous. A substantial fraction of the actual risk due to genetically related ill­health is encompassed in the NAS-BEIR esti
	COMMENT 57: Reference to "nonspecific life shortening" is inappropriate, since it is not included in the analysis and its significance at low doses is questionable. (F-5) 
	RESPONSE: The Agency agrees and this statement has been deleted from the final statement. 
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	COMMENT 58: EPA estimates the cost of implementing the standard to be less than $100,000 per potential case of cancer, 
	leukemia, or serious genetic effect averted, or $75 per man­rem. This translates to 750 cases per million man-rem, which would be viewed by many radiobiologists as a very high estimate. (P-21,I-2) 
	RESPONSE: The values quoted have been rounded, and were calculated based on 400 cases of cancer, plus 300 serious genetic effects or 700 cases per million man-rem (see reference 4, Appendix C). These are median values derived directly from the report of the National Academy of Sciences (11). 
	COMMENT 59: The EPA risk estimates are derived solely from the NAS-BEIR report and do not take into account other evaluations of risk, such as the 1972 UNSCEAR report, NCRP-43, WASH-1400, and draft documents which may te published by ICRP and NCRP. 
	(P-14,I-4,I-6,I-9,I-ll,I-13,I-15,I-17,I-i9,I-20,I-21,I-23,I-3, 
	I-25,I-26,F-3,F-5) 
	RESPONSE: The Agency has reviewed and considered all the published documents cited in the development of these standards, including NCRP Report No. 43 (12) and the 1972 UNSCEAR report (13). As outlined in the discussion of health risk (Section VIII-C), the Agency does not concur with all of the conclusions and inferences of NCRP #43. The Reactor Safety Study (WASH-1400) (10) had not been published at the time the standard was proposed. The scientific data used in WASH-1400, however, was not new, and thus wa
	COMMENT 60: EPA should use the "upper," "central," and "lower" bound estimates set forth in WASH-1400 for assessing health risks, including use of a dose-rate effectiveness factor. 
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	Alternatively, the statement should indicate that its risk estimates are upper bounds, and that the true risk falls somewhere between zero and the values given in the draft statement. (I-15, F-4) 
	RESPONSE: The Agency has carefully reviewed the Reactor Safety Study and published its findings in reference 14 (see Comment 
	59) • The estimates characterized as "upper bound, "central bound," and "lower bound" in that report are not supported by this Agency; the upper bound estimate refers to the~ lower range of estimates for the linear, non threshold dose-effe~ct model; the central bound estimate is calculated using a dose-rate effectiveness factor, and the lower bound estimate assumes that a threshold dose for radiocarcinogenesis exists. 
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	The Agency believes that a more balanced consideration should have been provided. This would have been accomplished if the upper, central and lower bound risk estimates were defined in terms that truly reflect the several dose-response concepts that have been proposed by the scientific community, namely: a) the convex upwards response, b) the line~ar response, and c) concave upwards resIJonses. Since the report did not use such a balanced definition for each category, the E?stimates of heal th risks given a

	risk. 
	risk. 
	The use of a dose-rate effectiveness factor for cancer induction in humans is not believed to be justified by presently available data; and thus the reduction in the estimated number of cancers by a factor of five, as compared to linear estimates, by the report is not justified. (See, also, Section VIII-C). 
	COMMENT 61: EPA should wait until the findings of several ongoing reviews of radiation risk are completed, including those of the NCRP and ICRP on dose-rate effectivene~ss and organ dose allocation. (I-ll,I-13) 
	RESPONSE: Radiation risk estimation is an area in which considerable experimental and theoretical activity exists, and no final results can be expected in the foreseeable future. Awaiting the completion of any particular study would not, in the view of the Agency, be in the public interest if further delay in the promulgation of regulations would result. Such a policy could easily result in indefinite protraction of action, and is not necessary in view of the Agency's commitment to review its regulations at
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	expects that future ICRP organ dose allocation recommendations 
	will be in reasonable agreement with BEIR Committee results, 
	although such allocation schemes are not appropriate to the 
	problems addressed by these standards. The NAS has recently 
	undertaken a review of the plausibility of dose-rate effects 
	for radiocarcinogenesis for the Agency, but this study will not 
	be completed until 1978. 
	3. control Technology Capability, costs, and Availability 
	a. General 
	COMMENT 62: EPA should solicit cost information from industry to establish realistic costs for use in the cost-effectiveness evaluation. Generally the costs used were underestimated and 
	an incorrect factor for transforming equipment cost to 
	installed cost was used. (I-4,I-5,I-15,I-16,I-25,S-18,F-6) 
	RESPONSE: The cost information used was derived from a number of sources, including industry sources, and is considered to represent costs typical for the dates the specific documents were prepared during the period 1972 to 1976. The factor used by the Agency to transform equipment cost to installed cost is the same as that used by the NRC in the Draft Environmental Statement for Appendix I (15) and currently recommended for use by industry in NRC's Regulatory Guide 1.110 (16). (Se however, Comments 67 and 
	b. Mills 
	COMMENT 63: Although mills can meet the standards based on consideration of mill stack discharges and available control systems for particulate materials, based on data from operating mills, the standards cannot be met for tailings. More information is needed in the Final Environmental Statement concerning the control of windblown releases from tailings piles. (S-15,F-l,F-4) 
	RESPONSE: EPA has reviewed the available literature concerning the 17 uranium mills operational in 1975. Based on this survey it is concluded that seven mills are already in compliance with the standard, while ten would require remedial measures of 
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