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SUMMARY 

() Draft 
(X) Final Environmental Statement 

Environmental Protection Agency 
Office of Radiation Programs 

1. This action is administrative. 

2. The Environmental Protection Agency is promulgating standards to 
limit radiation doses to the general public and quantities of long­
lived radioactive materials in the general environment attributable 
to planned releases from operations contributing to the generation 
of electrical power through the uranium fuel cycle. These 
standards apply to most o~erations within the fuel cycle, including 
the operations of milling, conversion, enrichment, fuel 
fabrication, light-water-cooled reactors, and fuel reprocessing, 
but exclude mining, the transportation of radioactive materials in 
connection with any of these operations, and waste management 
operations. covered operations may occur in any State, although 
milling Oferations are expected to.occur primarily in Wyoming, New 
Mexico, Texas, Colorado, Utah, and Washington. 

3. Summary of environmental impact and adverse effects: 

a. The standards limit irreversitle contamination of the local, 
national and global environment due to releases of radioactive 
krypton-85 (half-life 10.7 years), iodine-129 (half-life 17 
million years), and alpha-emitting transuranics (half-lives 18 
years to 2 million years). !he total reduction in potential 
health impact attributable to operations through the year 2000 
is estimated to be in excess of 1000 cases of cancer, leukemia, 
and serious genetic effects in human populations, based upon 
the assumed achievement of an annual nuclear production of 1000 
GW(e)-yr of electrical power by that year. 

b. Maximum annual radiation doses to individual merr~ers of the 
public resulting from fuel cycle operations are limited to 25 
millirems to the whole body and all other organs except 
thyroid, which would be limited to 75 millirems. Previously 
applicable Federal Radiation Protection Guides for maximum 
annual dose to individual members of the public are 500 
millirems to the whole body and 1500 millirems to the thyroid 
from all sources of exposure except those due to medical use 
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and natural background. However, most fuel cycle o~erations 
are now conducted well within these guides, and the principal 
impact of the new individual dose limits will be limited to the 
relatively small populations in the vicinity of mills, 
conversion, and fatrication facilities. 

c. There are no anticipated adverse environmental effects of these 
standards. 

4. The following alternatives were considered: 

a. No standards. 

b. Modification of the Federal Radiation Protection Guides for 
maximum annual exposure of memters of the public. 

c. Standards for fuel reprocessing operations only. 

d. Standards without a variance for unusual operating situations, 
and incorporating standards for annual population dose to limit 
environmental turdens of long-lived radionuclides, instead of 
limits on the quantities entering the environment. 

e. The proposed standards. 

f. Standards based on a lower level of cost-effectiveness than 
those IJroposed. 

g. Standards based on use of "best available" effluent controls. 

5. The follo~ing Federal agencies have commented on the Draft 
Environmental Statement: 

Department of commerce 
Department of Interior 
Energy Research and Development Administration 
Federal Energy Administration 
Nuclear Regulatory Commission 
Tennessee Valley Authority 

6. This Final Environmental Statement was made available to the public 
and the council on Environmental Quality in November 1976; single 
copies are available from the Director, Criteria and Standards 
Division (AW-460), Office of Radiation Programs, U.S. Environmental 
Protection Agency, 401 M Street, s.w., Washington, D.C. 20460. 

vi 



I. 

II. 

III. 

IV. 

v. 

VI. 

CON'IEN'IS 

VOLUlv1E ONE 

SUMMARY 

INTRODUC'IION 

'IHE PROPOSED ACTION 

THE S'IA'IUTOI<.Y BASIS FOR ENVIRONl-'lEN'IAL RADIATION 
STANDARDS 

RATIONALE FOR THE DERIVATION OF ENVIRONMENTAL 
RADIA'IION STANDARDS 

TECHNICAL CONSICERATIONS FOR 'IHE PROPOSED STANDARDS 

A. 

B. 

c. 

D. 

Model Projections of Fuel Cycle Environmental 
Impacts ....................•...•.......•................. 

Results from Environmental Assessments under NEPA 

Field Measurements of Environmental Impact 

The Proposed Standards 

ANTICIPATED IMPAC'I OF THE PROPOSED STANDARDS . ............... . 
A. 

B. 

c. 

D. 

E. 

Environmental Impact 

Health Impact 

Economic Impact . ........................................ . 
Administrative Impact 

Intermedia Effects 

F. Impact on Facility Distribution and Reactor 

V 

1 

8 

18 

21 

29 

37 

52 

61 

68 

78 

79 

87 

93 

96 

100 

Mix • • • • • • • • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 102 

vii 



VII. ALTERNATIVES 110 THE PROPOSED ACTION • • • • • • • • • • • • • • • • • • • • • • • • • • 125 

VIII. MAJOR ISSUES RAISED DURING REVIEW•••••••••••••••••••••••••••• 140 

A. 

B. 

Im~lementation of the 

Control of Krypton-85 

Standards •••••••••••••••••••••••••• 

. .................................. . 
140 

166 

c. Health Effects Estimates ••••••••••••••••••••••••••••••••• 177 

REFERENCES • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 189 

APPENDIX A: The Proposed Rule 

APPENDIX E: Folicy Statement - Relationship 
Between Radiation Dose and Effect 

VOLUME TWO 

IX. RESPONSE TO COMMENTS 

APPENDIX: Comments on the Draft Statement 

viii 



Table l. 

Table 2. 

Table 3 

Table 4. 

Table 5. 

Table 6. 

Table 7. 

Table 8. 

Table 9. 

Table 10. 

Table 11. 

Table 12. 

Table 13. 

TABLES 

Characteristics of Model Fuel cycle Facilities •••••••••• 32 

Principal Radioactive Effluents from the Uranium 
Fuel Cycle and their Associated Critical Target 
Organs •••••••••••••••••••••••••••••••••••••••••••••••••• 36 

Dose and Quantity Levels Implied by Model 
Projections ••••••••••••••••••••••••••••••••••••••••••••• 41 

Environmental Impacts of Normal Releases from 
Pressurized water Reactors •••••••••••••••••••••••••••••• 54 

Environmental Impacts of Normal Releases from 
Boiling Water Reactors •••••••••••••••••••••••••••••••••• 56 

Environmental Impacts of Normal Releases from 
Other Fuel Cycle Facilities ••••••••••••••••••••••••••••• 58 

Calculated Doses from Noble Gas Releases at 
Operating Plants (1972-1974) •••••••••••••••••••••••••••• 63 

The Proposed Standards •••••••••••••••••••••••••••••••••• 70 

Potential Incremental Whole Body Doses Due to 
overlap of Exposures from Airborne Effluents at 
Closest Presently Projected Nuclear Facility 
Sites . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76 

Potential Health Effects Attributable to Operation 
of the Nuclear Fuel Cycle Through the Year 2000 at 
Various Environmental Radiation Protection Levels ••••••• 88 

Environmental Impacts of 1hree- and Four-Unit Sites 107 

comparison of the Proposed Standards and Alterna-
tive Levels of Control for Environmental Releases ••••••• 138 

cost-Effectiveness of Krypton control at Fuel 
Reprocessing Plants ••••••••••••••••••••••••••••••••••••• 171 

ix 



Figure 1. 

Figure 2. 

Figure 3. 

Figure 4. 

Figure 5. 

Figure 6. 

Figure 7. 

Figure 8. 

Figure 9. 

Figure 10. 

Figure 11. 

Figure 12. 

FIGURES 

Uranium Fuel Cycle Facility Relationships ••••••••••••••• 30 

Frojected Nuclear Fuel Cycle Facility Needs 

Risk Reduction vs cost for the Uranium Fuel Cycle 

Cost-effectiveness of Risk Reduction for the 

33 

39 

Uranium Fuel Cycle •••••••••••••••••••••••••••••••••••••• 49 

Distribution of Noble Gas Releases from 
Boiling Water Reactors in 1961-1973 ••••••••••••••••••••• 65 

Frojected Environmental Burden of Tritium from 
the u.s. Nuclear Power Industry ••••••••••••••••••••••••• 81 

Projected Environmental Burden of Carbon-14 
from the U.S. Nuclear Power Industry •••••••••••••••••••• 82 

Projected Environmental Burden of Krypton-85 
from the u.s. Nuclear Power Industry for 
Controls Initiated in various Years ••••••••••••••••••••• 83 

Projected Environmental Burden of Iodine-129 
from the U.S. Nuclear Power Industry at 
Various Levels of Control ••••••••••••••••••••••••••••••• 84 

Projected Environmental Burdens of Alpha-emitting 
Transuranics with Half-lives Greater than One 
Year from the U.S. Nuclear Power Industry ••••••••••••••• 85 

Cumulative Potential Health Effects Attributable 
to Environmental Burdens of Long-lived Radio-
nuclides from the u.s. Nuclear Power Industry ••••••••••• 92 

Risk Reduction vs cost for Alternatives to the 
Froposed Standards •••••••••••••••••••••••••••••••••••••• 139 

X 



I. INTRODUCTION 

Within the last few years it has become clear that the national 

effort to develop the technology required to generate electricity using 

nuclear energy has been successful, and that the generation of 

electrical power by this means is likely to play an essential role in 

meeting national electrical power needs during the next several decades 

(1). However, the projected extensive use of nuclear power has led to 

widespread public concern over the hazards to health posed by the 

radioactive materials associated with nuclear power generation. Unlike 

fossil-fueled fower generation, which uses fuels known to man from 

prehistoric times, the fissioning of nuclear fuel is a very recently 

discovered phenomenon and man is just beginning to learn how to assess 

the full implications of its exploitation. Paradoxically it is also 

true, however, that we know more about the implications for health of 

radioactive materials than of the pollutants released by the burning of 

traditional fossil fuels. This knowledge facilitates the process of 

assessing the implications of using nuclear energy for the generation of 

electrical powe.r. This is particularly true for planned releases of 

radioactive materials; the assessmeut of accidental releases is a much 

more difficult task which is heavily de~endent upon our limited 

capability to predict tbe probabilities of accidents. In the process of 



developing these pro~osed standards a comprehensive assessment has been 

made of planned releases of radioactive materials associated with 

nuclear power generation so as to assure an adequate basis for informed 

judgments of what the ~otential effects on public health and the 

environment are, what can be done to minimize these effects through the 

promulgation of environmental radiation standards, and the costs 

involved. 

The Environmental Protection Agency was vested with the 

res~onsibility for estatlishing environmental radiation standards 

through the transfer of authorities from the Atomic Energy Commission 

(AEC) and the former Federal Radiation Council by the President's 

Reorganization Plan No. 3 of 1970 (2). The Agency's role is 

complementary to the responsibilities transferred from the AEC to the 

Nuclear Regulatory Commission (NRC) in 1975 (3), which are focused on 

the detailed regulation of individual facilities within the standards 

established by EPA, whereas EPA must address public health and 

environmental concerns associated with the fuel cycle taken as a whole. 

This statement summarizes the data base and judgments upon which 

these proposed environmental radiation standards for planned radioactive 

effluents from the uranium fuel cycle are based. It also provides an 

assessment of the anticipated impact of the pro~osed standards and of 

alternative courses of action on public health, the environment, the 

industry and upon government. In reviewing the information presented in 
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this statement it should be recognized that past growth of the nuclear 

power industry has been conducted so that radioactive environmental 

contamination is minimal at the present time. Because of this 

situation, an unusual o~portunity as well as a challenge exists to 

manage future growth in the use of nuclear energy in a preventive rather 

than in a remedial context, a situation that is the ultimate aim of all 

environmental ~rotection. Within such a context, the tradeoffs between 

potential health risks or environmental quality and the costs of 

environmental controls can be made most easily and with the greatest 

effectiveness. 

In the United states the early development of technology for the 

nuclear generation of electric power has focused around the light-water­

cooled nuclear reactor. For this reason the proposed standards and this 

statement will consider only the use of enriched uranium-235 as fuel for 

the generation of electricity. There are, in all, three fuels available 

to commercial nuclear power. These are uranium-235, uranium-233, and 

plutonium-239. The first of these materials occurs naturally and the 

last two are produced as by-products in uranium-fueled reactors from the 

naturally-occurring isotopes thorium-232 and uranium-238, respectively. 

Although substantial quantities of plutonium-239 are produced from 

uranium-238 present in the fuel of conventional light-water-cooled 

reactors, large-scale production requires the development of a 

commercial breeder reactor. The liquid metal fast breeder, which would 

make possible the extensive production and utilization of plutonium 
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fuel, is now under intensive development, but is not expected to be 

commercially available before the late 1980 1 s, at the earliest (4). 

However, limited commercial use of recycled plutonium produced in light­

water-cooled reactors is under consideration for the near future (5). 

The third fuel, uranium-233 derived from naturally-occurring thorium, is 

used by a new reactor type also under active development, the high 

temperature gas-cooled reactor, which may be available for expanded 

commercial use by the end of this decade. 

It has been projected that from approximately 400 to 1500 gigawatts 

of nuclear electric generating capacity based on the use of uranium fuel 

will exist in the United States within the next twenty-five years (6). 

This increase will require a parallel growth in a number of other 

activities that must exist to support uranium-fueled nuclear reactors. 

All of these activities together, including the reactor itself, comprise 

the uranium fuel cycle. ~his fuel cycle is conveniently considered in 

three parts. The first consists of the series of o~erations extending 

from the time uranium ore leaves the mine face through fabrication of 

enriched uranium into fuel elements. This is followed by a part 

consisting only of the power reactor itself, in which the fuel is 

fissioned to froduce heat which in turn is used to generate electric 

power. The final part consists of fuel reprocessing plants, where used 

fuel elements are mechanically and chemically broken down to isolate the 

large quantities of high-level radioactive wastes produced during 
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fission for permanent protective storage and to recover substantial 

quantities of unused uranium and reactor-produced plutonium. 

These three parts have fundamentally different characteristics with 

respect to radioactive effluents. The first involves only naturally­

occurring radioactive materials which are, nevertheless, made available 

to the biosphere as the direct result of man's activity. The control 

technologies affropriate to these materials, specifically uranium and 

its associated daughter products, are common to most components of this 

part of the cycle. By means of fission and activation the reactor 

creates large additional quantities of radioactive materials. Although 

these are largely contained by fuel cladding, some small releases do 

occur. However, in spite of their relatively low levels, reactor 

effluents are important because these facilities are the most numerous 

component of the fuel cycle and are often located close to large 

pofulation centers in order to achieve economic transmission of the 

power they produce to its ultimate users. Finally, although fuel 

reprocessing plants are few in number, they represent the largest single 

potential source of environmental contamination in the fuel cycle, since 

it is at this ~oint that the fuel cladding is broken up and all 

remaining fission and activation products become available for potential 

release to the environment. 

The environmental effects of planned releases of radioactive 

effluents from the components of this cycle have been analyzed in detail 
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by the EPA in a series of technical reports covering fuel supply 

facilities, light water reactors, and fuel reprocessing (7,8,9,10). 

These technical analyses provide assessments of the potential health 

effects associated with each of the various types of planned releases of 

radioactivity from each of the various operations of the fuel cycle and 

of the effectiveness and costs of the controls available to reduce 

releases of these effluents. In addition to these analyses, there is 

considerable other information on planned releases from these types of 

facilities available. This includes the generic findings of the NRC 

concerning the practicability of effluent controls for light-water­

cooled reactors, extensive findings of the utilities, the NRC, and the 

AEC as reflected by environmental statements for a variety of individual 

fuel cycle facilities, and finally, the results of a number of detailed 

environmental surveys conducted by EPA at typical operating facilities. 

These standards deal with planned releases only, although it is 

recognized that the potential hazard from accidents could be 

substantial. However, since the coupling between controls for planned 

effluents and the potential for accidents is minimal, it has been 

concluded that these two important issues can be addressed separately. 

In addition to the safety issue, there are two other interrelated 

aspects of nuclear power production that are not addressed by these 

standards. These are the disposal of radioactive wastes and the 

decommissioning of facilities. These issues are currently under study 

by EPA, ERDA, the U.S. Geological survey, CEQ, NRC, and other government 
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agencies, and EPA expects to make recommendations for cr~teria and 

standards in these areas in the future. In any case, the implications 

of the controls required by this rulemaking for radioactive wastes and 

for decommissioning represent minor perturtations on already-existing 

requirements for waste management for the fuel cycle. 
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II. THE PROPOSED ACTION 

These radiation standards for normal operations of the uranium fuel 

cycle are proposed in order to achieve two principal objectives: 1) to 

assure protection of members of the public against radiation doses 

resulting from fuel cycle Oferations, and 2) to limit the environmental 

burden of long-lived radioactive materials that may accumulate as a 

result of the froduction of electrical energy, so as to limit their 

long-term impact on both current and future generations. These 

objectives are proposed to be achieved by standards which would limit: 

1) the annual dose equivalent to the whole body or any internal organ, 

except the thyroid, to 25 millirems, and the annual dose eyuivalent to 

the thyroid to 75 millirems; and 2) the quantities of krypton-85, 

iodine-129, and plutonium and other alpha-emitting transuranic elements 

with half-lives greater than one year released to the environment per 

gigawatt-year of electrical power produced by the entire fuel cycle to 

50,000 curies, 5 millicuries, and 0.5 millicuries, respectively. The 

proposed rule is contained in Appendix A. 

Standards in tbe first category are designed primarily to address 

doses due to short-lived fission-produced materials (although doses from 
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operating experience at existing sites, can be readily achieved in 

practice. The combined effect of any combinations of operations at the 

same location that are foreseeable for the next decade or so was also 

examined and is judged to be small, so that the proposed standards can 

readily be satisfied by use of levels of control that are similar to those 

required for single operations. It should be noted that this proposed 

standard for maximum whole body dose, which is higher than that proposed by 

the AEC as guidance for design objectives for light-water-cooled reactors, 

differs from those objectives in that it applies.to the total dose received 

from the fuel cycle as a whole and from all pathways, including gamma 

radiation from onsite locations. It is also not a design objective, but a 

standard which limits doses to the public under conditions of actual normal 

operation. 

The appropriate level for a standard limiting the maximum annual total 

dose to the thyroid of individuals is not easy to determine. A standard 

for maximum total thyroid dose based on considerations limited to the same 

criteria as for maximum whole body dose (cost-effectiveness of reduction of 

total population impact and ach�evability) would permit unacceptably high 

doses to individuals near some site boundaries. The proposed standard of 

75 millirems per year to the thyroid has therefore been chosen to reflect a 

level of biological risk comparable, to the extent that current capability 

for risk estimation permits, to that represented by the standard for dose 

to the whole body. The effluent controls required to achieve this limit 

have been examined extensively by EPA, AEC, and the industry, particularly 
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