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Chapter 1: INTRODUCTION

The U.S. Environmental Protection Agency (EPA) is responsible for developing and
issuing environmental standards and criteria to ensure that the public and environment are
adequately protected from potential radiation impacts. With these objectives in mind, the
EPA is proposing generally applicable environmental standards for the management and
disposal of spent nuclear fuel and high-level and transuranic radioactive wastes. These
standards provide the basic framework to control, in the long-term, the management and
disposal of three types of radioactive wastes:

1. Spent nuclear reactor fuel, if ultimately disposed without reprocessing;

2. High-level radioactive liquid or solid wastes from the reprocessing of
spent nuclear fuel; and

3. Transuranic wastes containing long-lived radionuclides of elements
heavier than uranium; defined as containing more than 100 nanocuries
per gram of wastes of alpha-emitting transuranic nuclides, with half-
lives greater than 20 years.

1.1  EPA AUTHORITIES FOR THE RULEMAKING

These proposed standards have been developed pursuant to the Agency’s authorities
under the Atomic Energy Act (AEA) of 1954, as amended, and Reorganization Plan No. 3 of
1970 (NI70). The basic authority under the AEA, as transferred to the EPA by the
Reorganization Plan of 1970, includes the mandate of:

"establishing generally applicable environmental standards for the protection of
the general environment from radioactive materials. As used herein, standards
mean limits on radiation exposures or levels, or concentrations or quantities of
radioactive material, in the general environment outside the boundaries of
locations under the control of persons possessing or using radioactive
materials.”

The Nuclear Waste Policy Act (NWPA) of 1982 established formal procedures
regarding the evaluation and selection of sites for geologic repositories, including procedures
for the interaction of State and Federal Governments; reiterated the existing responsibilities of
the Federal Agencies involved in the national program; and provided a time table for several
key milestones to be met by the Federal agencies in carrying out the program. As part of this
national program, the EPA, pursuant to its authorities under other provisions of law, was
required to:

"by rule, promulgate generally applicable standards for the protection of the
general environment from off-site releases from radioactive material in

repositories.”
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In December 1987, Congress enacted the Nuclear Waste Policy Amendments Act
(NWPAS87). The 1987 Amendments Act redirects the nuclear waste program to consider
Yucca Mountain, located in the State of Nevada, as the prime site for the nation’s first high-
level waste and spent nuclear fuel repository. All other potential site’s activities were to be
phased out. If Yucca Mountain is found to be suitable, the President is to submit a
recommendation to Congress to develop a repository at this site. The Secretary of Energy is
also required to inform Congress and the State if the site characterization activities indicate
that Yucca Mountain is unsuitable. The Amendments Act prohibits the Department of Energy
from conducting site-specific activities for a second repository unless authorized by Congress.
Finally, the Act established a Commission to study the need and feasibility of a monitored
retrievable storage facility to complement the nation’s nuclear waste management program.
The Commission submitted to Congress (as required under the original Act, as amended by
Public Law 100-507) a report outlining their recommendations on November 1, 1989
(NWPASBS, RMRSg9).

1.2 HISTORY OF THE EPA RULEMAKING

Since the inception of the nuclear age in the 1940s, the Federal government has
assumed ultimate responsibility for the care and disposal of high-level radioactive wastes
regardless of whether they are produced by commercial or national defense activities. In 1949,
the Atomic Energy Commission (AEC) initiated research and development work aimed at
developing systems for the conversion of high-level liquid wastes into a stable form. Then, in
1955, at the request of the AEC, a National Academy of Sciences - National Research
Council (NAS-NRC) Advisory Committee was established to consider the disposal of high-
level radioactive wastes within the United States. Its report (NAS57), issued in 1957,
recommended, that:

1. The AEC continue to develop processes for the solidification of high-
level radioactive liquid wastes, and

2. Naturally-occurring salt formations are the most promising medium for
the long-term isolation of these solidified wastes.

Project Salt Vault, conducted from 1965 to 1967 by the AEC in an abandoned salt
mine near Lyons, Kansas, demonstrated the safety and feasibility of handling and storing solid
wastes in salt formations (MC70).

In 1968, the AEC again requested the NAS-NRC to establish a Committee on
Radioactive Waste Management (CRWM) to advise the AEC concerning its long-range
radioactive waste management plans and to evaluate the feasibility of disposing of solidified
radioactive wastes in bedded salt. The CRWM convened a panel to discuss the disposal of
radioactive wastes in salt mines. Based on the recommendations of the panel, the CRWM
concluded that the use of bedded salt is satisfactory for the disposal of radioactive wastes
(NAS70).

In 1970, the AEC announced the tentative selection of a site at Lyons, Kansas, for the
establishment of a national radioactive waste repository (AEC70). During the next two years,
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however, in-depth site studies raised several questions concerning the safe plugging of old
exploratory wells and proposed expanded salt mining activities. These questions and growing
public opposition to the Lyons site prompted the AEC in late 1971 to pursue alternatives to
the salt site at Lyons (DO72).

In 1976, the Federal government intensified its program to develop and demonstrate a
permanent disposal method for high-level radioactive wastes. The Office of Management and
Budget (OMB) established an interagency task force on commercial wastes in March 1976.
The OMB interagency task force defined the scope of the responsibility of each Federal
agency’s activities on high-level waste management, including the preparation of
environmental standards for high-level wastes by the EPA (LY76, EN77a, EN77b).

A status report on the management of commercial radioactive nuclear wastes,
published in May 1976 by the President’s Federal Energy Resources Council (FERC),
emphasized the need for coordination of administration policies and programs relating to
energy. The FERC established a nuclear subcommittee to coordinate Federal nuclear policy
and programs to assure an integrated government effort. This report called for an accelerated
comprehensive government radioactive waste program plan and recommended the formation
of an interagency task force to coordinate activities among the responsible Federal agencies.
The EPA was given the responsibility of establishing general environmental standards
governing waste disposal activities, including high-level radioactive wastes that must be
delivered to Federal repositories for long-term management (FERC76).

In 1976, President Ford issued a major policy statement on nuclear waste. As part of
his comprehensive statement, he announced new steps to assure that the United States has the
facilities for the long-term management of nuclear waste from commercial power plants. The
President’s actions were based on the findings of the OMB interagency task force formed in
March 1976. He announced that the experts had concluded that the most practical method for
disposing of high-level radioactive wastes is in geologic repositories located in stable
formations located deep underground. Among the EPA’s responsibilities, the Agency was to
issue general environmental standards governing nuclear waste facility releases to the
biosphere above natural background radiation levels (FO76). These standards were to place a
numerical limit on long-term radiation releases outside the boundary of the repository.

In December 1976, the EPA announced its intent to develop environmental radiation
protection criteria for radioactive wastes to assure the protection of public health and the
general environment (EPA76). These efforts resulted in a series of radioactive waste disposal
workshops, held in 1977 and 1978 (EPA77a, EPA77b, EPA78a, EPA78b).

In 1978, President Carter established the Interagency Review Group (IRG) to develop
recommendations for the establishment of an administrative policy to address the long-term
management of nuclear wastes and supporting programs to implement the policy. The IRG
report re-emphasized EPA’s role in developing generally applicable standards for the disposal
of high-level wastes, spent nuclear fuel, and transuranic wastes (DOE79). In a message to
Congress on February 12th, 1980, the President outlined the content of a comprehensive
national radioactive waste management program based on the IRG recommendations. The
message called for an interim strategy for disposal of high-level and transuranic wastes that
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would rely on mined geologic repositories. The message repeated that the EPA was
responsible for creating general criteria and numerical standards applicable to nuclear waste
management activities (CA80).

In November 1978, the EPA published proposed "Criteria for Radioactive Wastes,"
which were intended as Federal Guidance for storage and disposal of all forms of radioactive
wastes (EPA78c). In March 1981, however, the EPA withdrew the proposed criteria because
the many different types of radioactive wastes made the issuance of generic disposal guidance
too problematic (EPAS81).

In 1982, under the authority of the Atomic Energy Act of 1954, the EPA proposed a
set of standards under 40 CFR Part 191, "Environmental Standards for the Management and
Disposal of Spent Nuclear Fuel, High-Level and Transuranic Radioactive Wastes" (EPA82).
Shortly after the publication of the EPA’s proposed rule, Congress passed the Nuclear Waste
Policy Act of 1982 (Public Law 97-425), wherein the EPA was to "... promulgate generally
applicable standards for the protection of the general environment from off-site releases from
radioactive material in repositories..." not later than January 1984 (NWPAS83).

After the first comment period on the proposed rule ended on May 2, 1983, the EPA
held two public hearings on the proposed standards - one in Washington, D.C., on May 12-
14, 1983, one in Denver, CO, on May 19-21, 1983 - and during a second public comment
period requested post-hearing comments (EPA83a, EPA83b). More than 200 comment letters
were received during these two comment periods and 13 oral statements were made at the
public hearings. Responses to comments received from the public were subsequently
published and released in August 1985 (EPAS85a).

In parallel with its public review and comment effort, the Agency conducted an
independent scientific review of the technical basis for the proposed 40 CFR Part 191
standards through a special Subcommittee of the Agency’s Science Advisory Board (SAB).
The Subcommittee held nine public meetings from January 18, 1983 through September 21,
1983 and later prepared and released a final report on February 17, 1984 (EPA83c, SABS84).
Although the SAB review found that the Agency’s analyses in support of the proposed
standards were comprehensive and scientifically competent, the report contained several
findings and recommendations for improvement. The report was publicly released on May 8§,
1984 and the public was encouraged to comment on the findings and recommendations
(EPAB84). Responses to the SAB report were subsequently presented and released in August
1985 (EPAS8SD).

On February 8, 1985, the Natural Resources Defense Council, the Environmental
Defense Fund, the Environmental Policy Institute, the Sierra Club, and the Snake River
Alliance brought suit against the Agency and the Administrator because they had failed to
comply with the January 7, 1984 deadline mandated by the NWPA for promulgation of the
standards. A consent order was negotiated with the plaintiffs that required the standards to be
promulgated on or before August 15, 1985. The EPA issued the final rule under 40 CFR Part
191 on that date (EPA85c, EPA85d).



The EPA standards were divided into two main sections, Subparts A and B. Subpart
A addressed the management and storage of wastes. For any disposal facility operated by the
Department of Energy and that is not regulated by the Nuclear Regulatory Commission or by
Agreement States, under Subpart A of the Standard, the exposure limits to any member of the
general public are 25 millirem (mrem) to the whole body and 75 mrem to any critical organ.
For facilities which are regulated by the Nuclear Regulatory Commission or Agreement
States, the Standards endorsed the annual dose limits given in 40 CFR Part 190, the
environmental standards for the uranium fuel cycle, 25 mrem to the whole body, 75 mrem to
the thyroid, and 25 mrem to the critical organ.

Subpart B imposed limits associated with the release of radioactive materials into the
environment following closure of the repository. The key provisions of Subpart B were:

* Cumulative containment limits over 10,000 years for releases of radioactive
materials into the environment;

* Assurance requirements to compensate for uncertainties in achieving the
desired level of protection;

* Individual exposure limits based on the consumption of groundwater and
any other potential exposure pathways for 1,000 years after disposal; and

* Groundwater protection requirements in terms of allowable radionuclide
concentrations and associated doses for 1,000 years after disposal.

Under Sections 191.15 and 191.16 of Subpart B, the annual dose to any member of
the general public was limited to 25 mrem to the whole body and 75 mrem to any critical
organ. The groundwater concentration for beta or gamma emitters is limited to the equivalent
yearly whole body or organ dose of 4 mrem. The allowable water concentration for alpha
emitters (including radium-226 and radium-228, but excluding radon) was 15 picocuries/liter.
For radium-226 and radium-228 alone, the concentration limit was 5 picocuries/liter.
Appendix A of the standards provided acceptable radionuclide cumulative release limits.

In March 1986, five environmental groups led by the Natural Resources Defense
Council and four States filed petitions for a review of 40 CFR Part 191 (EPA85c, USCS87).
These suits were consolidated and argued in the U.S. Court of Appeals for the First Circuit in
Boston. The main challenges concerned:

1. Violation of the Safe Drinking Water Act (SDWA) underground
injection section;

2. Inadequate notice and comment opportunity on the groundwater
protection requirements; and

3. certain aspects of the standards were thought to be arbitrary, not
supported in the record, or not adequately explained.
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In July 1987, the Court rendered its opinion and noted three findings against the
Agency and two favorable judgements. The Court’s action resulted in the remand of Subpart
B. The Court began by looking at the definition of "underground injection,"” which is the
"subsurface emplacement of fluids by well injection.” A "well" is defined by the SDWA and
the EPA as a shaft "bored, drilled, or driven where the depth is greater than the largest
surface dimension.” A "fluid" is a material or substance which flows or moves whether in a
semi-solid, sludge, gas, or any other form or state." In the view of the Court, the method
envisioned by DOE for disposal of radioactive wastes in underground repositories might fit
both of the latter definitions and would "likely constitute an underground injection under the
SDWA." Under the SDWA, the Agency is required to assure that underground sources of
drinking water will not be endangered by any underground injection. With regard to such
potential endangerment, the Court supported part, but not all, of the Agency’s approach. A
dichotomy appeared in the rationale when endangerment was considered inside the "controlled
area" versus beyond the controlled area (i.e., in the accessible environment). Inside the
controlled area, the Court ruled that Congress - through the EPA - had allowed endangerment
of any present groundwater. Therefore, the EPA’s approach of using the geological formation
as part of the containment was validated. However, outside the controlled area, the Court
found that Section 191.15 would allow endangerment of drinking water supplies. In the
context of the SDWA, "endangerment” is considered when doses higher than that allowed by
the Primary Drinking Water Regulations may occur. Section 191.15 permits an annual dose of
25 mrem to the whole body and 75 mrem to any critical organ from all pathways. On the
other hand, the regulations under the SDWA allow four mrem from drinking water. The
Court recognized that less than four mrem may result from the groundwater pathway,
however, it rejected this possibility because the Agency stated that radioactivity may
eventually be released into the groundwater system near the repository which could result in
substantially higher doses. Therefore, the Court decided that it seemed clear that a large
fraction of the 25 mrem could be received through the groundwater exposure pathway.
Accordingly, the Court found that the high-level wastes standards should have been consistent
with the SDWA or the Agency should have explained that a different standard was adopted
and its position should have been justified.

The Court also noted that the Agency is not necessarily incorrect in promulgating the
proposed standards, however, the Agency never acknowledged the interrelationship of the
SDWA and HLW rules nor did it present a reasonable explanation for the divergence between
them. The Court also supported the petitioner’s argument that the Agency arbitrarily selected
the 1,000-year limit for individual protection requirements (Section 191.15) under undisturbed
performance. The Court indicated that the 1,000-year criterion is not inherently flawed, but
rather that the administrative record and the Agency’s explanations do not adequately support
this choice. The criterion was remanded for reconsideration and the Agency must provide a
more thorough explanation for its basis. Finally, the Court found that the Agency did not
provide sufficient opportunity for notice and comments on Section 191.16 (Groundwater
Protection Requirements) since that section was added to Subpart B after the standards were
proposed. This section was remanded for a second round of notice and comments. There
were, however, no rulings issued on technical grounds about Section 191.16.

In August 1987, the Justice Department asked the First Circuit Court to reinstate all of
40 CFR Part 191 except for Sections 191.15 and 191.16, which were originally found
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defective. The Natural Resources Defense Council filed an opposing opinion. The Court
then issued an Amended Decree that reinstated Subpart A, but continued the remand of
Subpart B.

In October 1992, the Waste Isolation Pilot Plant Land Withdrawal Act (LWA) was
signed by the President. This Act reinstates Subpart B of 40 CFR 191, except Sections
191.15 and 191.16, and requires the Administrator to issue final disposal standards no later
than 6 months after enactment. The reinstatement of these regulations is not applicable to the
characterization, licensing, construction, operation, or closure of any site required to be
characterized under the NWPA Section 113(a) of Public Law 97-425.

1.3 PURPOSE AND SCOPE OF THE BACKGROUND INFORMATION DOCUMENT

This document provides the necessary background information, technical analyses, and
justifications in support of the proposed amendments to 40 CFR Part 191.

The scope of this Background Information Document (BID) encompasses the
conceptual framework for assessing radiation exposures and associated health risks. In
general terms, this assessment examines the radioactive source term characterization, analysis
of the movement of radionuclides from the repository through the appropriate environmental
exposure pathways, and doses received by members of the general public. Consistent with
the reinstatement provision of LWA the only release mechanism considered in this document
is normal ground-water flow because only individual doses and ground-water protection are
addressed in this rulemaking. Transuranic waste is used as our source term instead of spent
fuel because the LWA provision stated that the reinstatement is not applicable to the
characterization, licensing, construction, operation, or closure of any site required to be
characterized under the NWPA Section 113(a) of Public Law 97-425. Most of the waste
under the NWPA is spent fuel and HLW. The majority of the waste not covered by the
NWPA is transuranic waste. This document used transuranic waste for individual dose and
ground-water protection analysis. A separate technical support document contains the
individual and population dose analyses for spent fuel and HLW.

14  ANALYTICAL COMPUTER CODES

The principal computer code used in the risk assessments is NEFTRAN-S. This code
was preceded by the NEFTRAN, NWFI/DVM, and NWFT codes, all developed by Sandia
National Laboratories. (The NWFI/DVM code was used to support the 1985 promulgation of
40 CFR Part 191.) All of the codes model network flow and transport using the distributed
velocity method. The codes have evolved such that each code contains both the capabilities
of its predecessor and new features to enhance the modeling capability. The NEFTRAN code
expanded the cabability to simulate transport through saturated, dual-porosity fields or
fractured media. The NEFTRAN-S version further enhanced the code capability by including
statistical analysis of radionuclide transport. Chapters 7 further describes the capabilities of
NEFTRAN-S.

1.5 PROGRAM TECHNICAL SUPPORT DOCUMENTS

1-7



A number of technical support documents have been used and published during the
history of the rulemaking activities to establish the technical basis of the standards.
The following list presents the documents which have been used to support the current
rulemaking activities.

1. Technical Support of Standards for High-Level Radioactive Waste
Management - Volume A, Source Term Characterization, EPA 520/4-
79-007A, March-July 1977.

This report provides a characterization of commercial spent nuclear fuel and high-level
wastes, including comparisons of source terms from various fuel cycles and fuel mizxes; a
characterization of government high-level and transuranic wastes; a comparison with
commercial wastes; and an estimate of existing and projected quantities of spent nuclear fuel
and high-level and transuranic wastes. The data are presented in several formats and by
specific basis (per unit of fuel used or energy generated), as well as on a total basis for a
given number of nuclear power plants.

2. Technical Support of Standards for High-Level Radioactive Waste
Management - Volume B, Engineering Controls, EPA 520/4-79-007B,
March-August 1977.

This report reviews the technology for engineering control of spent fuel and high-level
and TRU wastes and projected costs of the various disposal technologies. Analyses include
processing and packaging technologies, alternative geologic disposal techniques, effectiveness
of engineering controls, and associated cost considerations.

3. Technical Support of Standards for High-Level Radioactive Waste
Management - Volume C, Migration Pathways, EPA 520/4-79-007C,
March - July 1977.

This report assesses geologic site selection factors; quantification of the potential
migration and dispersion of radionuclides through the biosphere; and dose implications of a
repository containing radioactive wastes at high concentrations.

4, Technical Support of Standards for High-Level Radioactive Waste
Management - Volume D, Release Mechanisms, EPA 520/4-79-007D,
March 1980.

This report analyzes the potential radionuclide releases from a generic deep-mined
repository for radioactive wastes. Five different geologic media are considered: bedded salt,
dome salt, granite, basalt, and shale. A range of potential containment failure mechanisms
were evaluated and compared. The results combine radionuclide transport and dose
calculations in assessing potential health effects of a repository.

5. Technical Support of Standards for High-Level Radioactive Waste

Management - Volume E, Addendum to Volumes C and D, EPA 520/4-
79-007E, March 1982.
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This report updates the information and issues relevant to the conclusions reached in
Volumes C and D.

6. Assessment of Waste Management of Volatile Radionuclides, EPA
ORP/CSD-79-2, May 1979.

This report reviews waste management technologies in terms of immobilization,
containment, and disposal of I-129, Kr-85, H-3, and C-14. Included are alternative disposal
options that may be applied to isolate these wastes from human exposures and the
environment.

7. Radiation Exposures From Solidification Processes for High-Level
Radioactive Liquid Wastes, EPA 520/3-80-007, May 1980.

This report provides an assessment of a generic high-level liquid waste solidification
plant and the potential environmental impact of atmospheric discharges during normal
operations involving four different solidification processes.

8. A Review of Radiation Exposure Estimates From Operations in the
Management and Disposal of High-Level Radioactive Wastes and Spent
Nuclear Fuel, EPA 520/3-80-008, August 1980.

This report provides an analysis of the estimated radioactive releases during normal
waste management operations (i.e., preparation for storage, disposal, and emplacement) and
resulting radiation exposures and doses.

9. Economic Impacts of 40 CFR 191: Environmental Standards and
Federal Guidance for Management and Disposal of Spent Nuclear Fuel,
High-Level and Transuranic Radioactive Wastes, EPA 520/4-80-014,
December 1980.

This report develops a methodology for examining the potential economic impacts of
the proposed environmental standards.

10.  Population Risks from Uranium Ore Bodies, EPA 520/3-80-009,
October 1980.

This report presents a methodology for estimating the radiological releases and
potential health impact of deep-lying uranium ores.

11.  High-Level and Transuranic Radioactive Wastes -Background
Information Document for Final Rule, EPA 520/1-85-023, August 1985.

This report presents estimates of population doses and risks associated with disposal of

radioactive wastes in geologic repositories and describes the methodologies used to derive
these estimates.

1-9



12.  Final Regulatory Impact Analysis - 40 CFR 191: Environmental
Standards for the Management and Disposal of Spent Nuclear Fuel,
High-Level and Transuranic Radioactive Wastes, EPA 520/1-85-027,
August 1985.

This report reviews the project costs associated with the management and disposal of
high-level radioactive wastes. The reports also addresses the containment, and groundwater
and individual protection requirements from such wastes.

13.  High-Level and Transuranic Radioactive Wastes - Response to
Comments for Final Rule, Volume I, EPA 520/1-85-024-1, August
1985.

This report presents a compilation of public comments and the EPA’s responses in
support of the promulgation of the proposed environmental standards.

14.  High-Level and Transuranic Radioactive Wastes - Response to
Comments for Final Rule, Volume I, EPA 520/1-85-024-2, August
1985.

This report presents a compilation of comments generated by the Science Advisory
Board and the EPA’s responses in support of the promulgation of the proposed environmental
standards.

15.  Environmental Pathway Models for Estimating Health Effects From
Disposal of High-Level Radioactive Waste in Geologic Repositories,
EPA 520/5-85-026, May 1986.

This report presents detailed methodology and models to characterize the mobilization,
environmental transport, exposure pathways, and doses associated with potential releases of
radioactive materials from high-level waste repositories.

16.  Risk Assessment for TRU Waste Disposal in Bedded Salt; Prepared by
Rogers & Associates Engineering Corporation, under contract with
Sandy Cohen & Associates, Inc., Contract No. 68D90170, Work
Assignment 2-29, Report No. RAE-8964/14-2, March 1992.

This report augments the analysis of TRU waste disposal provided in the 1985 BID
for 40 CFR 191. It expands the discussion of uncertainty and sensitivity.

17.  Risk Assessments of Spent Fuel, Transuranic, and High-Level Radioactive
Wastes in Mined Repositories: Technical Support Document. Prepared by
Rogers & Associates Engineering Corporation, under contract with Sandy
Cohen & Associates, Inc., Contract No. 68D20155, Work Assignment 1-6,
Report No. RAE-9231/1-3, December 1992.
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17. Risk Assessments of Spent Fuel, Transuranic, and High-Level Radioactive
Wastes in Mined Repositories: Technical Support Document. Prepared by
Rogers & Associates Engineering Corporation, under contract with Sandy
Cohen & Associates, Inc., Contract No. 68D20155, Work Assignment 1-6,
Report No. RAE-9231/1-3, December 1992.

This document updates the 1985 BID technical analyses for evaluating population and
individual risks. In addition, it performs a similar multi-media analysis on population and
individual risks from a TRU waste disposal facility.

18 Economic Impact Analysis for Amendments to EPA’s Radioactive Waste
Standards ( 40CFR Part 191 ), EPA 402-R-92-007, December 1992.

This report assesses the economic impact from the proposed amendments and
additions to 40 CFR Part 191.

19 NEFTRAN-S: A Network Flow and Contaminant Transport Model for Statistical
and Deterministic Simulations Using Personal Computers, Sandia Report, SAND
90-1987, UC-502, May 1991.

This report describes the NEFTRAN-S computer code and was written to provide a
comprehensive discussion of the code including its history, the theory, its use and examples
of possible applications.

20 Technical Basis for a Conceptual Model in Unsaturated Tuff for the NEFTRAN-S
Code, Sandia Report, SAND 90-1986, UC-502, May 1991.

This report describes how NEFTRAN-S Code was used to provide estimates of

releases to the environment that could result from disposal of radioactive waste in an
unsaturated tuff zone.
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Chapter 2: = CURRENT REGULATORY PROGRAMS AND STRATEGIES

2.1 INTRODUCTION

Human beings and all other living organisms, have always been exposed to ionizing
radiation from cosmic rays and the paturally occurring radioactivity contained in the Earth.
These two sources of radiation or radioactivity make up the natural radiation background
environment in which all life forms have evolved. Our experience with radiation dates back
only to the end of the last century, when x-rays were discovered in 1895 and naturally
occurring radioactivity was observed in 1896. These discoveries marked the beginning of the
deliberate use of radioactivity and radioactive materials in science, medicine, and industry.

The findings of radiation science rapidly led to the development of medical radiology,
industrial radiography, nuclear physics, and nuclear medicine. By the 1920s, the use of x-
rays in diagnostic medicine and industrial applications was widespread. Radium was being
routinely used in luminescent dials and by doctors in therapeutic procedures. By the 1930s,
biomedical and genetic research scientists were studying the effects of radiation on living
organisms and physicists were beginning to understand the mechanisms of spontaneous
fission and radioactive decay. In the 1940s, research in nuclear physics had advanced to the
point where a self-sustaining fission reaction was demonstrated under laboratory conditions.
These events led directly to the construction of the first nuclear reactors and the development
of atomic weapons.

Since the end of World War II, research and development activities in all aspects of
nuclear physics have been accelerating. Today the use of radiation or radioactivity, be it
naturally-occurring or man-made, is widespread and reaches every segment of our society.
The uses or applications include:

® Nuclear reactors, which generate electricity and power ships and
submarines; produce radioisotopes for research, medical and industrial
applications, space, and national defense; and are used as research tools for
nuclear engineering and physics.

® Particle accelerators, which produce radioisotopes and radiation, are used
to study the structure of matter, atoms, and common materials.

® The radio-pharmaceutical industry, which provides the radioisotopes used
in nuclear medicine, biomedical research, and medical treatment.

® Nuclear medicine, which uses radioisotopes for the diagnosis and treatment
of numerous diseases.

® X-rays and gamma rays, which are widely used as diagnostic tools in
medicine and in diverse industrial applications, such as industrial
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radiography, luggage x-ray inspections, and non-destructive materials
testing.

® Radionuclides, which are used in common consumer products, such as
smoke detectors, luminous-dial wrist watches, luminous markers and signs,
cardiac pacemakers, lightning rods, static eliminators, welding rods,
lantern mantles, and optical glass.

As the use of radioactive materials and radiation became widespread, it was
recognized that their use would have to be controlled to protect the users, public, and the
environment. The following sections present a brief history of the evolution of radiation
protection activities, principles and concepts used in radiation protection, and regulatory
programs and strategies. These activities are summarized for two basic types of organizations
- those responsible for direct regulation and oversight and those that only provide technical
guidance and regulatory recommendations without the force of law.

2.2  INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION, AND
THE NATIONAL COUNCIL ON RADIATION PROTECTION AND
MEASUREMENTS

Initially, the dangers and risks posed by x-rays and radioactivity were poorly
understood. By 1896, however, "x-ray bums" were being reported in the medical literature,
and by 1910, it was understood that such "burns" could be caused by radioactive materials.
By the 1920s, sufficient direct evidence (from radium dial painters, medical radiologists, and
miners) and indirect evidence (from biomedical and genetic experiments with animals) had
been accumulated to persuade the scientific community that an official body should be
established to make recommendations concerning human protection against exposure to x-
rays and radium.

At the Second International Congress of Radiology meeting in Stockholm, Sweden, in
1928, the first radiation protection commission was created. Reflecting the uses of radiation
and radioactive materials at the time, the body was named the International X-Ray and
Radium Protection Commission. It was charged with developing recommendations
concerning radiation protection. In 1950, to better reflect its role in a changing world, the
Commission was reorganized and renamed the International Commission on Radiological
Protection (ICRP).

During the Second International Congress of Radiology, the newly created
Commission suggested to the nations represented at the Congress that they appoint national
advisory committees to represent their viewpoints before the Commission, and to act in
concert with the Commission in developing and disseminating recommendations on radiation
protection. This suggestion led to the formation, in 1929, of the Advisory Committee on X-
Ray and Radium Protection as the advisory group for the United States. This Committee
operated until 1964 when it was Congressionally chartered as the National Council on
Radiation Protection and Measurements (NCRP).



Throughout their existence, the ICRP and the NCRP have worked together closely to
develop radiation protection recommendations that reflect the current understanding of the
risks associated with exposure to ionizing radiation ICRP34, ICRP38, ICRP51, ICRP59,
ICRP65).

In 1977, the ICRP released recommendations which are currently in use. In ICRP
Publication No. 26 (ICRP77), it adopted the weighted whole-body dose equivalent (defined
as the effective dose equivalent) concept for limiting occupational exposures. This change
reflected the increased understanding of the differing radio-sensitivities of various organs and
tissues, and was intended to sum exposures from external sources and from internally
deposited nuclides. (Note: the concept of summing internal and external exposures to arrive
at total dose had been mentioned as early as ICRP Publication No. 1 [ICRP59]). The
occupational overall annual exposure limit is now 5 rem (as an effective dose equivalent).

The ICRP report also introduced the concept of stochastic and non-stochastic radiation
effects, and defined the aim of radiation protection as to "... prevent detrimental non-
stochastic effects and to limit the probability of stochastic effects to levels deemed to be
acceptable..." The concept of collective dose equivalent for populations was also discussed.
Also significant is the fact that the ICRP 26 recommendations represent the first explicit
attempt to relate and justify permissible radiation exposures with quantitative levels of
acceptable risk. The ICRP concluded that "...the mortality risk factor for radiation-induced
cancers is about 10 per rem, as an average for both sexes and all ages..." Thus, the risks
of average occupational exposures (about 0.5 rem/year) are roughly comparable to risks
experienced in safe industries, 10 annually. At the permissible limit of 5 rem/year, the risk
is comparable with that experienced by some workers in occupations having higher-than-
average risk.

For members of the public, the ICRP considered that an annual risk in the range of
10 to 10”° would likely be acceptable. This would imply the restriction of the annual dose
to an individual of 100 mrem. The existing recommended annual dose limit of 500 mrem,
applied to critical groups, was found to provide an adequate degree of safety, even though a
few individuals exposed to the limit could have an annual risk in the range of 107 to 10*.

The ICRP recommended the continued use of the 500 mrem annual limit for
individuals, under specified conditions. No dose limits for populations were proposed; the
Commission felt that the system of dose limitation specified in ICRP 26 was "...likely to
ensure that the average dose equivalent to the population will not exceed 50 mrem per
year..."

In 1979, the ICRP issued Publication No. 30 (ICRP79), which established the Annual
Limit on Intake (ALI) system for limiting the intake of radionuclides by workers. The ALI
is the activity of a given nuclide which would irradiate a person to the limit set in ICRP No.
26 for each year of occupational exposure. It is a secondary limit, based on the primary
limit of equivalent whole-body irradiation, and applies to intake by either ingestion or
inhalation. The recommendations of ICRP No. 30 applied only to occupational exposures.
In 1983, the ICRP issued a statement (ICRP84) to clarify the use of ALIs and DACs for
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members of the public. It was recommended that the appropriate authorities should assess
each specific situation.

In 1985, the ICRP issued a statement (ICRP85) commenting on dose limits for members of
the public. ICRP No. 26 had endorsed an annual limit of 500 mrem, subject to certain
conditions. In making this endorsement, it was assumed that the conditions would, in
practice, restrict the average annual dose to about 100 mrem. In the 1985 statement, the
Commission stated that the principal limit was 100 mrem, while occasional and short-term
exposures up to 500 mrem were thought to be acceptable. More recently, the Commission
has published additional guidance for waste disposal (ICRP85b) and for general radiological
protection ICRP91). The first of these "Radiation Protection for the Disposal of Solid
Radioactive Waste" emphasizes an individual risk approach that considers both the
probability of an event and its consequence.

In 1987, the NCRP issued Report No. 91 (NCRP87), which acknowledged the
assumptions and the basic thrust of the recommendations in ICRP Reports 26 and 30. In
discussing risk estimates, the NCRP noted that (in 1987) new data were becoming available
which might require changes in the current estimates. However, the value of 10* per rem,
recommended in ICRP No. 26, was retained for a nominal lifetime somatic risk for adults.

The NCRP also noted that continuous annual exposure to 100 mrem, which
approximates the average whole-body background exposure, gives a person a mortality risk
of about 10°° annually, or approximately 102 in a lifetime. Annual limits of 500 mrem were
recommended for infrequent exposures and 100 mrem for continuous (or frequent)
exposures. These limits do not include natural background or medical exposures.

In 1989, the International Atomic Energy Agency (IAEA) issued reports 96 and 99 in
its Safety Series (IAEA89a, IAEAZObL). These documents presented criteria and guidance for
the underground disposal of nuclear wastes. Safety Series No. 99, "Safety Principles and
Technical Criteria for the Underground Disposal of High Level Radioactive Wastes," sets out
basic design objectives to ensure that "humans and the human environment will be protected
after closure of the repository and for the long periods of time for which the wastes remain
hazardous." It states that for releases from a repository due to gradual processes, the dose
upper bound should be less than an annual average dose value of 1 mSv for prolonged
exposures for individuals in the critical group (defined as the members of the public whose
exposure is relatively homogeneous and is typical of individuvals receiving the highest
effective dose equivalent or dose equivalent from a given radiation source). It suggests a risk
upper bound of 10° per year for an individual for disruptive events.

2.3 INTERNATIONAL STANDARDS-SETTINGS

As with the United States, countries which are committed to use nuclear power (or in
which nuclear power already makes up a significant fraction of the total electrical generating
capacity) are establishing long-term programs for the safe management and disposal of spent
reactor fuel and high-level radioactive and transuranic wastes (collectively referred to here as
HIW). Such programs include adopting a national strategy, assigning the technical
responsibility for research and development activities usually to a state-owned agency, and
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setting regulatory standards to protect public health and the environment. HL'W management
strategies may include spent fuel storage at and away from reactor sites, spent fuel
reprocessing, HLW vitrification and storage, and ultimate HLW disposal in deep geological
media. For illustrative purposes, the institutional/regulatory programs of eight countries are
summarized below (IAEA91, NEA86, NEA8R, NEA91, SCH88, SCHI1, IEAL87). These
countries are Canada, the United Kingdom, France, Germany, Belgium, Switzerland,
Sweden, and Japan. A summary of these countries’ planned HL'W disposal programs is also
provided in Chapter 4.

2.3.1 Canada

In 1990, Canada produced about 15% of its electrical needs through nuclear power
(19 pressurized heavy water cooled and moderated reactors). Canada relies on the CANDU
reactor design which operates using natural uranium in a once-through fuel cycle, i.e., the
fissile material is not recycled or reprocessed. It is estimated that by the year 2000, Canada
will have produced about 34,000 metric tons (heavy metal) of spent fuel.

Atomic Energy of Canada Limited (AECL) has the lead role in developing a HLW
disposal facility. The AECL has reached a cooperative agreement with Ontario Hydro (a
provincially owned utility) for developing interim technologies for the storage and
transportation of spent fuel. The Atomic Energy Control Board (AECB) is the lead
regulatory agency for assessing and determining the long-term performance of the disposal
facility. The AECB also develops and issues policy statements and regulatory guidance for
the eventual licensing of the HLW repository.

Between 1985 and 1987, the AECB issued three regulatory documents containing
statements of policy on nuclear waste disposal and guidance on HLW repository siting and
waste disposal. The overall regulatory objective expressed in these documents is to ensure
that there is a small probability that radiation doses to the public associated with the
repository will exceed a small fraction of natural background radiation doses. The burden on
future generations is to be minimized without relying on long-term institutional controls, and
there should be no future impacts on the environment that would not currently be accepted.
Predicted radiological risk to individuals from a waste repository must not exceed 1 x 10°
fatal cancers and serious genetic effects per year. As a guideline, calculations of individual
risks should be made using the risk conversion factor of 2 x 1072 per sievert. For the
purpose of demonstrating compliance with the individual risk requirement, the time period
need not exceed the first 10,000 years.

2.3.2 United Kingdom

In 1990, the United Kingdom (Britain) produced about 20% of its electrical needs
through nuclear power. Britain depends primarily on gas cooled reactors (36 units), but it is
also considering other reactor designs, including breeder reactors (one unit in operation) and
pressurized light water reactors (one unit under construction). The government-owned utility
Nuclear Electric proposes to begin construction of three additional PWRs in the 1990s.
British Nuclear Fuels plc (BNFL), another government-owned corporation, reprocesses spent
fuel at its Sellafield facility on behalf of both domestic and foreign utilities, and since 1952
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over 30,000 metric tons (heavy metal) of metal Magnox fuel have been reprocessed. Of this
total, about 15,000 metric tons of uranium have been recycled into new reactor fuel. BNFL
plans to begin operating a new reprocessing plant at Sellafield for oxide fuel, the Thermal
Oxide Reprocessing Plant (THORP), in 1992. Britain’s current plans are to solidify
reprocessing wastes in glass and then dispose of them in deep geologic media. It is estimated
that by the year 2000, Britain will have about 4,000 cubic meters (about 140,000 cubic feet)
of HLW destined for storage or disposal due to the reprocessing of some 60,000 metric tons
of spent fuel.

The responsibility for the disposal and safeguard of radioactive wastes is shared by
several governmental agencies. The regulatory functions are performed by the Nuclear
Installations Inspectorate, which is part of the Health and Safety Executive; the
Radiochemical Inspectorate of the Department of the Environment; the Ministry of
Agriculture, Fisheries, and Food; the UK Atomic Energy Authority; and the Secretaries of
State of Scotland and Wales. The government also takes advice from several independent
expert and advisory committees, including the Radioactive Waste Management Advisory
Committee. In 1982, the government established the Nuclear Industry Radioactive Waste
Executive (NIREX) to develop and operate intermediate and low-level radioactive waste
disposal facilities. NIREX was originally established as a partnership consisting of private
firms and governmental agencies. In 1985, NIREX was restructured as an independent legal
entity as UK NIREX. BNFL has the lead responsibility for management of HLW from
reprocessing, and began operating a vitrification plant at Sellafield in 1990. Reprocessed and
solidified wastes will be stored for at least 50 years prior to disposal. The need for a high-
level waste repository is not contemplated until the year 2040.

The Atomic Energy Act of 1946 establishes the authority and responsibility to control
and regulate the development of nuclear power in Britain. The Act has since been amended
several times to establish new requirements, including those addressing the management and
disposal of radioactive wastes. The government has not, however, issued detailed regulations
for HLW disposal, since British policy is to store HLW for at least 50 years. Current
guidance suggests that radiation exposure limits for members of the general public would
most likely be based on ICRP guidance, or about 10 mrem per year.

233 France

In 1990, France produced about 75% of its electrical needs through nuclear power.
The French nuclear power program relies primarily on pressurized light water reactors (52
units). Older gas cooled reactors are being phased out, while research and development
activities and demonstration projects focus on an alternate reactor design (liquid metal fast
breeder reactor) for power production. France reprocesses spent fuel, and from 1976
through 1990 had reprocessed over 20,000 metric tons (heavy metal) of metal and oxide fuel.
The new UP3 reprocessing line began operation in 1990, and an expansion of the UP2
facility is scheduled to be completed in 1994. Current plans are to solidify reprocessing
wastes in glass before placement and disposal in deep geological formations. A vitrification
plant for UP2 entered service in 1990 and a plant for UP3 entered service in July 1992. It is
estimated that by the year 2000, France will accumulate about 3,000 cubic meters of HLW
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and 47,000 cubic meters of alpha waste. Like Britain, France provides reprocessing services
to foreign customers in addition to its domestic market.

The French nuclear power industry is controlled by several agencies, some of which
are quasi-governmental agencies. The key agencies include the French Atomic Energy
Commission (CEA) and its subsidiaries, the Institute for Nuclear Protection and Safety
(IPSN), the National Radioactive Waste Management Agency (ANDRA), COGEMA
(operator of spent fuel reprocessing and HLW immobilization facilities), and SGN (architect
and engineering services); the Directorate for the Safety of Nuclear Installations (DSIN)
within the Ministry of Industry; the Bureau of Geological and Mineral Research; and
Electricité de France (the national electric utility).

ANDRA was formed in 1979 to be responsible for all radioactive waste disposal
activities and long-term management, and is chartered to design, build, and operate waste
disposal facilities. ANDRA must comply with CEA requirements as well as those
promulgated by DSIN, which is an independent agency under the Ministry of Industry.
DSIN issued "Fundamental Safety Rule III.2.f.," pertinent to high-level and alpha waste
disposal, on June 10, 1991. The rule requires, among other things, that the impact of a deep
geologic disposal facility be as low as reasonably achievable; that individual dose equivalent
due to the facility be limited to 0.25 millisieverts (25 millirem) per year for likely events;
that the stability of geologic barriers be demonstrated for at least 10,000 years; and that
HLW packages prevent the release of radioactive contents during the period when short- and
medium-lived radionuclides dominate total radioactivity.

2.3.4 Germany

In 1990, Germany produced about 33% of its electrical needs through nuclear power.
The German nuclear power program relies primarily on pressurized light water reactors (14
units) and boiling water reactors (7 units). Research and development activities and
demonstration projects are also evaluating alternate reactor designs (high temperature gas-
- cooled reactors and liquid metal fast breeder reactors) for power production. Germany’s
plan for a domestic reprocessing facility was abandoned in 1989, but German utilities ship
their spent fuel to France and Britain for reprocessing. It is estimated that by the year 2000,
Germany will have generated about 9,000 metric tons (heavy metal) of spent fuel. Vitrified
waste will be returned to Germany and stored in metal casks prior to disposal.

In Germany, the institutional and legal framework for the regulation of nuclear
facilities is based on the joint participation of Federal and State governments. The Atomic
Energy Act and the Radiation Protection Ordinance establish the principles and requirements
regarding the safe utilization and application of atomic energy and radioactive materials,
including the disposal of radioactive wastes. The key agencies include the Federal Ministry
for Environment, Protection of Nature and Reactor Safety (BMU), the Federal Ministry for
Research and Technology (BMFT), the Federal Institute for Radiation Protection (BfS),
which is responsible for repository construction and operation, the Federal Institute for
Geosciences and National Resources, and the host state’s ministry for environmental
protection. In addition, a consortium of Germany’s nuclear utilities and engineering firms
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has been formed to meet the industry’s responsibilities for spent fuel storage, reprocessing,
waste management, and waste disposal.

Vitrified HLW will be disposed of in a salt dome at Gorleben in the State of Lower
Saxony if the site proves to be acceptable. The disposal of radioactive wastes in deep
geological media is governed by safety criteria issued by the Federal government in 1982.
The regulations provide specific objectives to be met for each phase of the development of
the repository. Additional licensing procedures and guidance will be issued in support of the
licensing activities. The long-term performance objectives for the repository require that
doses to members of the general population be limited to 30 mrem per year following closure.

2.3.5 Belgium

In 1990, Belgium produced about 60% of its electrical needs through nuclear power.
The Belgian nuclear power program relies on seven pressurized light water reactors. From
1966 to 1974, Belgium reprocessed spent fuel at its Eurochemic facility. The company
Belgoprocess was created to reactivate the Eurochemic plant in a consortium with foreign
firms, but these efforts failed in the mid-1980s and Belgoprocess is now responsible for
decommissioning the plant. Belgium is currently shipping some of its spent fuel to France
for reprocessing and storing some of it in reactor pools. It is estimated that by the year
2000, Belgium will have produced about 2,500 metric tons (heavy metal) of spent fuel. A
vitrification plant, PAMELA, began processing wastes from the Eurochemic plant in 1985.

The independent National Agency for Radioactive Waste and Fissile Materials
(ONDRATF) was established in 1982 for the long-term management and disposal of
radioactive wastes, including spent fuel, high-level wastes, and reprocessing wastes returned
from the French facility. In addition to ONDRAF, the other key organizations or agencies
with responsibilities related to waste management include the Ministry of Public Health, the
Ministry of Economic Affairs and the Ministry of Employment. An inter-ministerial
commission was also established to coordinate all related activities within each ministry. The
Nuclear Research Center (CEN), under the Ministry of Economic Affairs, provides technical
assistance in basic and applied R&D in nuclear energy and technology.

ONDRAF intends to begin operation of a shallow land burial facility for LLW in the
mid-1990s and has established an underground laboratory in a clay formation at Mol to
evaluate the site’s suitability as a HLW repository. There are currently no specific
regulatory requirements or criteria governing the disposal of spent fuel and high-level wastes.

2.3.6 Switzerland

In 1990, Switzerland’s five nuclear power plants supplied about 43% of the country’s
electrical power needs. The Swiss nuclear power program relies on a mix of pressurized and
boiling light water reactors (3 PWRs and 2 BWRs). It is estimated that by the year 2000,
the Swiss will have produced about 1,800 metric tons (heavy metal) of spent fuel.
Switzerland is currently shipping its spent fuel to France and Britain for reprocessing and
holds contracts to reprocess all spent fuel produced through 1993. For spent fuel generated
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after 1993, Switzerland maintains the options of spent fuel management both with and
without reprocessing.

A joint government and utility cooperative agency (NAGRA) was established in 1972
to manage the disposal of radioactive wastes, including spent fuel, HLW and other
reprocessing wastes returned from the French and Pritish reprocessing facilities. In addition
to NAGRA, other key organizations or agencies with direct responsibilities in waste
management include the Nuclear Safety Division (HSK) of the Federal Energy Office (BEW)
within the Federal Department of Transport, Communications, and Energy (EVED), the
Federal Commission for the Safety of Nuclear Installations (KSA), the Federal Department
of Interior (EDI) and the Institute for Reactor Research (EIR). An interagency working
group (AGNEB) was also established to coordinate activities in support of Government
decisions on the licensing of nuclear waste facilities.

A central interim storage facility for spent fuel and low-, intermediate- and high-level
wastes is planned at Wiirenlingen, which has agreed to host the facility. NAGRA plans to
begin construction of an intermediate-depth repository for low- and intermediate-level wastes
by 2000; one of four candidate sites is to be selected for detailed characterization in 1993.
With regard to the high-level waste repository, NAGRA is considering crystalline and
sedimentary rock formations; repository operation will not begin before 2020 to allow a 40-
year waste cooling period. HSK and KSA published safety goals for the disposal of all
categories of radioactive waste in 1980. The goals are to limit individual doses due to
radionuclide releases from a repository, from realistically assumed processes and events, to
10 mrem/year; and that a repository must be designed so that it can be sealed at any time
within a few years, after which it must be possible to go without institutional controls.

2.3.7 Sweden

In 1990, nine boiling water reactors and three pressurized water reactors supplied
about 46% of Sweden’s electrical power needs. Under a 1980 referendum, the Swedish
nuclear power program is to be phased out by the year 2010. By that time, Sweden will
have produced nearly 8,000 metric tons (heavy metal) of spent fuel. Swedish utilities had
contracted in the 1970s for foreign reprocessing of spent fuel, but this approach was
abandoned after the 1980 referendum and the utilities have since sold their contracts or
traded HLW from reprocessing for other spent fuel. A centralized spent fuel storage facility
went into operation in 1985 and will eventually hold all Swedish spent fuel for about 40
years. A repository for short-lived low- and intermediate-level wastes, SFR, began operating
in 1988. Three candidate sites for a high-level waste repository are to be identified in 1993,
followed by detailed characterization of two sites beginning in 1997 and the filing of a
license application for one site in 2003. Construction is anticipated to begin around 2010 and
operation around 2020.

A joint utility consortium, the Swedish Nuclear Fuel and Waste Management
Company (SKB), manages the disposal of radioactive wastes. The key government entities
with direct responsibilities in waste management, operating under the Ministry of the
Environment and Energy, include the Swedish Nuclear Power Inspectorate (SKI), the
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National Board for Spent Nuclear Fuel (SKN), the National Institute for Radiation Protection
(SSI) and the Swedish Consultative Committee for Nuclear Waste Management (KASAM).

SKI is now developing regulatory principles and criteria for geologic disposal of
HLW, in cooperation with SSI. SKI intends to develop increasingly detailed guidelines for
the repository system during the 1990s. However, both SKI and SSI favor a total systems
approach, without specifying detailed sub-system quantitative criteria in early phases of
repository development. Criteria for the waste package and other components will be
developed eventually, in time for use in the licensing procedure beginning around 2003.

2.3.8 Japan

In 1990, Japan produced about 27% of its electrical needs through nuclear power.
The Japanese nuclear power program relies primarily on pressurized light water reactors (19
units) and boiling water reactors (21 units). Research and development activities and
demonstration projects are also evaluating alternate reactor designs (gas cooled reactor, heavy
water moderated reactor, and liquid metal fast breeder reactor) for power production. It is
estimated that by the year 2000, Japan will have discharged about 20,000 metric tons (heavy
metal) of spent fuel from its reactors. Japanese utilities have secured reprocessing services
from France and Britain. In addition, a small reprocessing plant has been operating in Japan
since 1977 and a large plant is scheduled to begin operating by about 1998. Japan plans to
recycle recovered plutonium in thermal reactors and eventually in breeder reactors. Vitrified
HLW will be stored 30-50 years for cooling before ultimate disposal in a geologic

repository.

The Atomic Energy Basic Law of 1955 established the Japan Atomic Energy
Commission (AEC) and the principles and requirements regarding the safe utilization and
application of atomic energy and radioactive materials, including the disposal of radioactive
wastes. In addition to the AEC, other key agencies or organizations include the Nuclear
Safety Commission (NSC), the Ministry of International Trade and Industry (MITI), the
Science and Technology Agency (STA), the Power Reactor and Nuclear Fuel Development
Corporation (PNC), the Japan Atomic Energy Research Institute (JAERI) and the Japan
Nuclear Fuel Services Company (JNFS). In addition, the Japanese nuclear utilities and
engineering firms have formed two consortia (JAIF and FEPCO) to meet the industry’s
responsibilities, including spent fuel storage, reprocessing and waste management.

Radioactive wastes are managed in accordance with Japan’s "Long Term Program for
the Development and Utilization of Nuclear Energy," most recently updated in 1987. The
AEC published reports in 1985 describing waste management plans, and STA issued a
research and development program for HLW disposal in 1986. PNC and JAERI, which are
both under STA jurisdiction, share responsibilities for HLW management: PNC is the lead
organization implementing the research and development program that will lead to site
selection, while JAERI performs research in support of the government’s safety evaluation of
geological disposal, as well as research on advanced waste management technologies. The
government has not yet determined which organization will make site selection decisions.

2-10



Furthermore, it has not yet been decided whether MITI or STA will bave the responsibility
to license a HLW repository. Regulatory requirements for the HLW repository have not yet
been established. No formal individual dose limits have been issued, but a dose limit of 5
mrem per year has been proposed following closure. The time period for complying with
regulatory criteria has not yet been specified.

2.4 FEDERAL RADIATION COUNCIL GUIDANCE

The ICRP and the NCRP function as non-governmental advisory bodies. Their
recommendations are not binding on any user of radiation or radioactive materials. The
wealth of new scientific information on the effects of radiation that became available in the
1950s prompted President Eisenhower to establish an official government entity with
responsibility for formulating radiation protection criteria and coordinating radiation
protection activities. Thus, the Federal Radiation Council (FRC) was established in 1959 by
Executive Order 10831. The Council included representatives from all of the Federal
agencies concerned with radiation protection and acted as a coordinating body for all of the
radiation activities conducted by the Federal government (FRC60). In addition to its
coordinating function, the Council’s major responsibility was to:

"...advise the President with respect to radiation matters, directly or indirectly
affecting health, including guidance for all Federal agencies in the formulation
of radiation standards and in the establishment and execution of programs of

cooperation with States..."

The Council’s first recommendations concerning radiation protection guidance for
Federal agencies were approved by the President in 1960. Based largely on the work and
recommendations of the ICRP and NCRP, the guidance established occupational exposure
limits, which differed only slightly from those recommended by NCRP and ICRP at the time
(NCRP54, NCRP59).

® Whole body, head and trunk, active blood forming organs, gonads or lens
of the eyes are not to exceed 3 rem in 13 weeks and the total accumulated
dose is limited to 5 times the number of years beyond age 18, expressed as
5(N-18), where N is the current age.

® Skin of the whole body and thyroid are not to exceed 10 rem in 13 weeks
or 30 rem per year.

® Hands, forearms, feet, and ankles are not to exceed 25 rem in 13 weeks or
75 rem per year.

® Bone is not to exceed 0.1 microgram of radium-226 or its biological
equivalent.

® Any other organs are not to exceed 5 rem per 13 weeks or 15 rem per
year.
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The guidance also established exposure limits for members of the public. These were set at
0.5 rem per year for the whole body for an individual and an average gonadal dose of 5 rem
in 30 years.

In addition to the formal exposure limits, the guidance also established as Federal
policy that there should be no radiation exposure without an expectation of benefit, and that
"...every effort should be made to encourage the maintenance of radiation doses as far below
this guide as practicable...” The inclusion of the requirements to consider benefits and keep
all exposures to a minimum was based on the possibility that there is no threshold for
radiation. The linear non-threshold dose response relationship was assumed to place an
upper limit on the estimate of radiation risk. However, the FRC explicitly recognized that it
might also represent the actual level of risk. If so, then any radiation exposure carried some
risk, and it was necessary to avoid all unproductive exposure and to keep all productive
exposures as "far below this guide as practicable.”

2.5 THE ENVIRONMENTAL PROTECTION AGENCY

In 1970, the functions of the Federal Radiation Council were transferred to the U.S.
Environmental Protection Agency (EPA). Since then, the EPA has issued Federal guidance
for the control of radiation hazards in underground mining (EPA71), for setting occupational
exposure limits (EPAS81), for occupational exposures of workers subject to federal regulations
(EPAS87), standards and technical information regarding radionuclide intake and air
concentration limits, occupational radiation doses, biological parameters, and dose conversion
factors (EPASS).

In addition to the statutory responsibility to provide Federal guidance on radiation
protection, the EPA has various statutory responsibilities regarding regulation of exposure to
radiation. The standards and the regulations that EPA has promulgated and proposed with
respect to controlling radiation exposures and which are related to 40 CFR Part 191 are
summarized here.

2.5.1 Atomic Energy Act

The Atomic Energy Act of 1954, as amended, and Reorganization Plan No. 3 granted
the EPA the authority to establish generally applicable environmental standards for exposure
to radionuclides AEAS4, NI70). Pursuant to this authority, in 1977 the EPA issued
standards limiting exposures from operations associated with the light-water reactor fuel
cycle (EPA77). These standards, under 40 CFR Part 190, cover normal operations of the
uranium fuel cycle, excluding mining and radioactive waste disposal. The standards limit the
annual dose equivalent to any member of the public from all phases of the uranium fuel cycle
(excluding radon and its daughters) to 25 mrem to the whole body, 75 mrem to the thyroid,
and 25 mrem to any other organ. To protect against the buildup of long-lived radionuclides
in the environment, the standard also sets normalized emission limits for krypton-85, iodine-
129, and plutonium-239 combined with other transuranics with a half-life exceeding one
year. The dose limits imposed by the standard cover all exposures resulting from radiation
and radionuclide releases to air and water from operations of fuel-cycle facilities. The
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development of this standard took into account both the maximum risk to an individual and
the overall effect of releases from fuel-cycle operations on the population, and balanced these
risks against the costs of effluent control.

2.5.2 Safe Drinking Water Act

Under the authority of the Safe Drinking Water Act, the EPA issued interim
regulations (40 CFR Part 141, Subpart B) covering the permissible levels of radium, gross
alpha, man-made beta, and photon-emitting contaminants in community water supply systems
(EPA76). The limits are expressed both in terms of average and maximum concentration
limits (picocurie/liter) and annual doses to the whole body or organs. The allowable limit
for radium-226 and radium-228, combined, is 5 picocuries per liter. For total gross alpha
activity, including radium-226 but excluding radon and uranium, the maximum concentration
limit is 15 picocuries per liter. The standard also specifies maximum concentration limits for
strontium-90 and tritium. The dose limits chosen for man-made beta and photon emitters is
4 mrem/year to the whole body or organ dose for the most exposed individual. The
supporting information for the standard justifies the 4 mrem/year dose limit on the basis of
existing man-made sources of contamination of drinking water (nuclear testing and nuclear
power reactors) and compares it to the recommended population exposure of 170 mrem/year
per capita. The conclusion reached is that when considering all exposure pathways, a 40-
fold decrease is appropriate for this single pathway.

In 1991, the EPA issued a Notice of Proposed Rulemaking (NPR) to update the 1976
interim regulations for radionuclide water pollution control (EPA91). The NPR, under the
Safe Drinking Water Act, proposed the establishment of Maximum Contaminant Level Goals
(MCLGSs) and Maximum Contaminant Levels (MCLs). The MCLGs and MCLs target
radium-226, radium-228, natural uranium, radon, gross alpha, and gross beta, and photon
emitters. As proposed, MCLGs are not enforceable health goals while MCLs are
enforceable standards. The EPA concluded that radionuclide MCLGs should be set at zero
to avert known or anticipated adverse health effects while providing an adequate margin of
safety. In setting the MCLGs, the EPA also committed itself to evaluate the feasibility,
costs, and availability of water treatment technologies, as well as other practical
considerations. The proposed regulations provide the following MCLs: radium-226,
20pCi/1; radium-228, 20 pCi/l; radon-222, 300 pCi/l; uranium, 20 micro g/1; adjusted gross
alpha, 15 pCv/1; and beta and photon emitters, 4 mrem ede/yr. In general, these limits yield
doses of between 4 mrem/yr and 20 mrem/yr to individuals drinking the contaminated water.

2.5.3 Clean Air Act

Section 112 of the Clean Air Act (CAA) Amendments of 1977 (Public Law 95-95)
directed the EPA Administrator to review all relevant information and to determine if
airborne emissions of hazardous pollutants will cause or contribute to air pollution that may
reasonably be expected to endanger public health. In December 1979, the EPA designated
radionuclides as hazardous air pollutants under Section 112 of the Act (EPA79). In April
1983, the EPA proposed standards regulating radionuclide emissions from four source
categories, one of which included DOE facilities. The rule established annual airborne
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emission limits for radioactive materials and specified that annual doses resulting from such
emissions do not exceed 25 mrem to the whole body and 75 mrem to any critical organ to
members of the general public. The EPA also proposed not to regulate several other
categories of facilities, including high-level radioactive waste disposal facilities.

In October 1984, following a court order to promulgate final radionuclide emission
standards or make a finding that radionuclides are not hazardous air pollutants, the EPA
withdrew the proposed emission standards based on the findings that the control practices
already in effect protected the public from radionuclide releases with an ample margin of
safety. The Agency also affirmed its position not to regulate other categories of emission
sources, including uranium fuel facilities and high-level radioactive wastes.

In December of 1984, a U.S. District Court found the EPA in contempt of its order
and directed the EPA to either issue final radionuclide emission standards or make a finding
that radionuclides are not hazardous air pollutants. The EPA complied with the Court order
in 1985 by issuing standards for selected sources, National Emission Standards for Hazardous
Air Pollutants (NESHAPs) (EPA85a, EPA85b). As a result of the decision in National
Resources Defense Council Inc. vs. EPA, which concluded EPA had improperly promulgated
vinyl chloride regulations under Section 112 of the CAA by considering cost and
technological feasibility, the Agency in November 1987 moved the Court for a voluntary
remand of the NESHAPs for the four original categories of emission sources. The EPA
agreed to re-examine all issues raised by the parties to the litigation. In December 1987, the
Court granted the EPA’s motion for voluntary remand and established a schedule to propose
new regulatory standards within one year. The Court decision also defined the analytical
process under which the EPA was to re-evaluate its standards. Two steps were identified: 1)
first determine what is safe, based exclusively on health risk; and 2) adjust the level of safety
downward to provide a greater or ample margin of safety.

In March 1989, the EPA issued a proposed rule for regulating radionuclide emissions
under NESHAPs following the re-examination of the regulatory issues associated with the use
of Section 112 (EPA§9). The draft rule proposes four policy alternatives to control
emissions and risks from 12 categories of sources, including DOE facilities. Each of the
four approaches treats the acceptable risk criterion differently. The four approaches were:

® Case-by-Case Approach - Acceptable risk considers all health information,
risk measures, potential biases, assumptions, and quality of the
information. The preferred level of maximum individual lifetime risk must
be 10* or less.

® Incidence-Based Approach - Based on the best estimate of the total
incidence of fatal cancer. The proposed acceptable level of incidence must
not exceed more than 1 fatal cancer per year per source category.

® Maximum Individual Risk Approach (10* or less) - Only parameter being
considered is the best estimate of the maximum individual lifetime risk of
fatal cancer. The acceptable maximum individual lifetime risk must not
exceed 1 x 10%.
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® Maximum Individual Risk Approach (10 or less) - This approach is
similar to the previous one. The acceptable risk, however, must not
exceed 1 x 10°,

The definition of the ample margin of safety is established separately after the safe
level has been determined based solely on health risks. In reaching its final decision, the
EPA must consider all health risk measures as well as technological feasibility, costs,
uncertainties, economic impacts of control technologies, and any other relevant information.
This decision process may also require the EPA to determine whether or not to require all
technologically feasible controls which are affordable, no matter how small the risk
reduction.

Based on the comments and the record developed in the rulemaking, EPA selected an
approach announced in the notice on benzene standards published on September 14,1989 (54
FR 38044). Thus, in the first step of Vinyl Chloride inquiry, EPA has considered the extent
of the estimated risk were an individual exposed to the maximum level of a pollutant for a
lifetime. The EPA has generally presumed that if the risk to that individual is no higher than
approximately 1 in 10 thousand, that risk level is considered acceptable and EPA then
considers the other health and risk factors to complete an overall judgement on acceptability.
The presumptive level provides a benchmark for judging the acceptability of maximum
individual risk, but does not constitute a rigid line for making that determination.

The rule concludes that there is no need to establish NESHAP standards for high-level
waste disposal repositories since the releases and consequently the risks are very low and
therefore constitute a margin of safety. The reason why the emissions and risks are so low is
that radioactive materials received at such facilities are sealed in containers. Normal
operations do not require additional processing or handling because spent fuels or high-level
wastes are received and emplaced into the ground in their original containers. Operations at
the disposal site which may require additional waste processing or repackaging, before the
site is declared a disposal facility must comply with NESHAPs Subpart 1.

2.5.4 Resource Conservation and Recovery Act

Some of the radioactive wastes covered by this rulemaking also contain hazardous
wastes subject to the Resource Conservation and Recovery Act (RCRA); these materials are
known as "mixed wastes." RCRA wastes are primarily governed by EPA regulations under
40 CFR Parts 260, 262, 263, 264, 265, 268, and 270. Section 6001 of RCRA explicitly
subjects all Federal facilities and their activities to State and Federal regulations under
RCRA. However, RCRA Section 1006(a) relieves facilities operating under the authority
and control of the Atomic Energy Act of 1954 (AEA) from compliance with RCRA for
conditions which could be inconsistent with the requirements of the AEA.

In 1987, the EPA formed the Mixed Energy Waste Study (MEWS) task force to
evaluate DOE’s proposed option to exempt mixed high-level radioactive wastes (HLW) and
transuranic wastes (TRU) from RCRA, Subtitle C (EPA87). The MEWS task force
concluded that, with some exceptions, current DOE management of mixed HLW/TRU wastes
is equivalent to RCRA requirements. In other words, the management of these wastes would
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not change significantly if they were required to comply with RCRA Subtitle C requirements
for hazardous wastes. The task force, however, noted that there were a few aspects which
would not meet RCRA standards. For example, the task force noted that some waste forms
do not fit "normal" management practices, particularly when dealing with submarine reactor
components, classified TRU wastes, and TRU wastes unacceptable for disposal. For those
aspects which do not meet RCRA standards, the task force gave the following examples:
waste chemical analyses, groundwater monitoring, TRU waste retrievability, disposal of
classified TRU wastes, and self-inspection. Some States were also concerned about the DOE
self-regulating its HLW/TRU waste disposal activities under the proposed option, but were
willing to consider case-by-case variances with specific requirements.

Since July 1986, the Agency has required states to obtain mixed waste authorization
as part of their RCRA programs. Procedures for considering disposal of mixed wastes are
now being developed and the Office of Solid Waste is issuing authorizations for States to
regulate such types of mixed wastes. The EPA’s Office of Radiation Programs and Office of
Solid Waste are maintaining cognizance of these developments with the State programs.

2.5.5 Waste Isolation Pilot Plant Land Withdrawal Act

Under the Waste Isolation Pilot Plant Land Withdrawal Act, besides setting the terms
and conditions for the Department of Energy’s (DOE) activities at the WIPP, the new law
contains numerous provisions pertinent to the Agency’s role in overseeing DOE’s activities at
the WIPP and to the Agency’s handling of the 40 CFR Part 191 disposal standards. For
instance, the new law reinstates all of the disposal standards issued by the Agency in 1985
except the three aspects of the individual and ground-water protection requirements which
were the subject of the court remand. It, then, puts the Agency on a schedule for issuing
final disposal standards. The new law provides an extensive role for EPA in reviewing and
approving various phases of DOE activities at the WIPP and requires EPA to certify whether
the WIPP repository will meet the final 40 CFR Part 191 standards.

2.6 NUCLEAR REGULATORY COMMISSION

Under the authority of the Atomic Energy Act of 1954, as amended, the U.S. Nuclear
Regulatory Commission (NRC) is responsible for licensing and regulating the use of by-
product, source, and special nuclear material, and for assuring that all licensed activities are
conducted in a manner that protects public health and safety (AEAS54). The Federal guidance
on radiation protection applies directly to the NRC. Therefore, the NRC must assure that
none of the operations of its licensees expose an individual of the public to more than 0.5
rem/year from all pathways.

The dose limits imposed by the EPA’s standards for uranium fuel-cycle facilities (40
CFR Part 190) apply to the fuel-cycle facilities licensed by the NRC (See Section 2.5 for a
summary of EPA regulations). These facilities are prohibited from releasing radioactive
effluents in amounts that would result in doses greater than the 25 mrem/year limit imposed
by that standard. Also, NRC facilities are required to operate in accordance with the
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requirements of the Clean Air Act (40 CFR Part 61), which limits radionuclide emissions to
air.

The NRC exercises its statutory authority over licensees by imposing a combination of
design criteria, operating parameters, and license conditions at the time of construction and
licensing. It assures that the license conditions are fulfilled through inspection and
enforcement activities.

2.6.1 Fuel Cycle Licensees

The NRC does not use the term "fuel cycle facilities" to define its classes of
licensees. The term is used here to coincide with the EPA use of the term in its standard for
uranium fuel cycle facilities. As a practical matter, this term includes the NRC’s large
source and special nuclear material licensees and production and utilization facilities. The
NRC’s regulations require an analysis of probable radioactive effluents and their effects on
the population near fuel cycle facilities. The NRC also assures that all exposures are
maintained as low as is reasonably achievable (ALARA) by imposing design criteria for
effluent control systems and equipment. After a license has been issued, fuel-cycle licensees
must monitor their emissions and set up an environmental monitoring program to assure that
the design criteria and license conditions have been met.

2.6.2 Radioactive Waste Disposal Licenses

The authority for the NRC to regulate high-level waste disposal originates from Public
Law 97-425, also known as the "Nuclear Waste Policy Act of 1982." The Act requires the
NRC to promulgate regulations governing 1) construction authorization for a repository, 2)
license to receive and dispose of wastes in the repository, and 3) authorization for repository
closure (NWPAS3).

This Act also requires the EPA to promulgate, "... generally applicable standards for
the protection of the general environment from off-site releases of radioactive material in
repositories..." The Act also requires that the NRC regulations be consistent with the EPA
standards. See Sections 1.2 and 2.5 for a detailed discussion of the EPA’s role and
responsibilities.

The NRC regulations governing deep geologic disposal are contained in the Code of
Federal Regulations, Title 10, Part 60, titled, "Disposal of High-level Radioactive Wastes in
Geologic Repositories.” These regulations are summarized below. In addition, the NRC
certifies (under 10 CFR Part 71) packaging for the transportation of spent nuclear fuel, high-
level and transuranic radioactive wastes.

Similar to the licensing of power reactors, 10 CFR Part 60 requires the waste
repository operator (DOE) to submit a safety analysis report (SAR) and an Environmental
Impact Statement (EIS) in order to obtain a license to construct a repository (NRC81,
NRCB85). The EIS must meet the requirements of 10 CFR Part 51, (under NEPA)
"Environmental Protection Requirements for Domestic Licensing and Related Regulatory
Functions" (NEPA70).
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The SAR is required to contain a description of the characteristics of the proposed
repository site, including fractures, geomechanics, geochemistry and thermal loading effects.
It must also include a description of the natural resources of the site, and an assessment of
the waste isolation properties of the proposed site. A program of site characterization field
work is required to support the preparation of the SAR. The general plan for this program
of characterization is presented in a Site Characterization Plan (SCP). This plan contains the
description of the studies to be conducted, their sequencing and possible interferences, and
the impacts of the studies on the ability of the site to isolate and contain the waste. Before
beginning site characterization, the SCP receives extensive reviews by the NRC, the host
state, and other interested parties. Progress during site characterization and any changes to
the plans for site characterization are reported in semiannual progress reports which are also
reviewed by the NRC and other interested parties. The SAR is then prepared using the
information developed during site characterization.

Upon receipt of the SAR, the NRC will conduct a safety review. The planned
repository will be evaluated against the technical criteria specified in the NRC regulations in
10 CFR Part 60. If the NRC determines from this evaluation that there is reasonable
assurance that the waste can be received, possessed, and disposed of safely, that the common
defense and security can be protected, and that environmental values are protected, an
authorization will be given to the DOE to begin construction of the repository.

After construction has been completed, the DOE will update the SAR and the
environmental report and this information will be reviewed by the NRC to determine if a
license to receive, possess, and dispose of waste can be granted. At this stage, the NRC will
confirm that construction has been completed in conformity with the license application, and
that the repository poses no unreasonable risk to public health and safety. Likewise, at the
end of the operating period, the license application and environmental report are updated and
an application to amend the license application is submitted by the DOE. This application
and the associated updated information are reviewed by the NRC to determine if the
repository may be permanently closed.

® Technical Criteria

At each stage of the licensing process, the SAR is reviewed to determine if the
technical criteria specified in Subpart E of the NRC regulations are satisfied. These technical
criteria include performance objectives and other criteria (e.g., requirements on land
ownership and control, siting criteria, and design criteria) intended to ensure that the
performance objectives are met. The performance objectives are set to ensure radiological
safety and waste retrievability during the operating period, waste isolation and containment
by the overall system after permanent closure, and adequate performance of particular
barriers after permanent closure. These performance objectives require that radiation
exposures, radiation levels, and releases of radioactive materials conform to the applicable
environmental standards established by the EPA. Therefore, demonstration of compliance
with these standards will be an integral part of DOE’s license application. The NRC
regulations also specify requirements for monitoring during the institutional control period
(NRC83) and provisions for the retrievability of any emplaced wastes. Other requirements
deal with land ownership and waste package design criteria.
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The performance objective for protection against radiation exposures and releases
during the operating period requires that the repository be designed so that radiation
exposures, radiation levels, and releases of radioactive materials to unrestricted areas meet
the applicable environmental standards; these standards are specified in Subpart A of 40 CFR
Part 191. The performance objective for waste isolation containment by the overall geologic
repository system requires that releases to the accessible environment following permanent
closure conform to environmental standards that apply to this period; these standards in this
case are specified in Subpart B of 40 CFR Part 191.

® Waste Isolation Pilot Plant (WIPP)

The WIPP project is a DOE facility located near Carlsbad, NM for the disposal of
defense-produced transuranic wastes. The NRC has no regulatory authority over the WIPP
project. However, the certification of the containers used to ship the TRU wastes from DOE
facilities to the WIPP site is under the authority of the NRC as specified in 10 CFR Part 71.
Two types of shipping containers have been designed, one for contact-handled wastes and
one for remote-handled wastes. Both designs are currently being reviewed and evaluated by
the NRC.

2.6.3 Center for Nuclear Waste Regulatory Analysis

In the fall of 1987, the NRC created the Center for Nuclear Waste Regulatory
Analysis to support repository licensing activities. Traditionally, the NRC has relied on the
national laboratories for this support. Since the laboratories are largely under DOE control,
their involvement in repository licensing could present a potential conflict of interest. The
Center is operated by the Southwest Research Institute and is located in San Antonio, Texas.

In supporting the NRC, the Center is charged with providing long-term continuity in
technical assistance and research. Also, it is to provide central capabilities for integrating all
aspects of the high-level waste licensing program. Current projects at the Center include
identifying priority areas of the site characterization plan (SCP) for NRC staff review,
analyzing technical uncertainties pertaining to repository siting, recommending candidate
areas for additional rulemaking, and assessing the importance of various regulatory
requirements.

The Center is currently working on a number of special reports. These include a
long-range plan, an open-item tracking system, and an issue resolution monitoring report.
Besides these special reports, the Center is also preparing a number of format and content
guides, and standard review plans related to the license application.

2.6.4 Other Activities

The current NRC repository licensing program is divided into two areas - proactive
activities and reactive activitics. These are described briefly below.

Proactive activities are those that do not depend on DOE action. These include
developing and reviewing regulatory requirements and guidance to identify and resolve
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uncertainties. Regulatory uncertainties exist where regulatory requirements are ambiguous
and could be subject to various interpretations. Technical uncertainties are related to
demonstrating compliance with a particular regulation. These are currently being addressed
so that the NRC can meet the three-year license review schedule mandated by Public Law
97-245 (NWPAS3).

In another area, the NRC staff is developing and implementing performance
assessment models using Yucca Mountain site data. This will help develop technical
assessment capability, as well as identify areas of regulatory and technical uncertainty.

These activities have produced licensing review plans in anticipation of the DOE
submittals. They include the SCP Review Plan, Study Plan Review Plan, and Quality
Assurance Review Plan. The License Application Review Plan is still in preparation.

Other proactive activities include the evaluation of progress on actions required by
NWPA. This ongoing evaluation is documented in the Quarterly Progress Reports to the
Commission on the High-Level Radioactive Waste Management Program. This evaluation
complements other actions and more specific reviews and consultations by taking a broad
view of progress and identifying fundamental concerns.

The reactive part of the NRC program consists of pre-licensing reviews that follow
DOE’s sequence and schedule of activities. To date, this includes reviews of quality
assurance programs for DOE and DOE contractors. Quality assurance issues need to be
resolved before significant data collection activities are performed at the Yucca Mountain
site.

The next major activity will involve the NRC’s review of the SCP and will focus on
DOE’s strategies, assumptions, and programs. For the more detailed Study Plans, prepared
by the DOE, the NRC will conduct a completeness review on each. However, a detailed
review will be made on only a sample (about 20%) of the hundred or so Study Plans.
During site characterization, the NRC will conduct on-site reviews of selected testing
activities and selected data.

As site characterization activities proceed, DOE’s semiannual progress reports on the
site characterization program will be reviewed by the NRC. These reviews will focus on the
resolution of previously identified concerns and will evaluate new information about the site
and repository design. In addition, the NRC will review selected DOE study reports and
position papers that document the detailed results of work performed to date. The NRC will
review DOE’s topical reports and issue resolution reports, which summarize the site
characterization work for specific licensing topics. These will be used to evaluate
compliance with NRC regulations.

All concerns identified by the NRC will be tracked by the staff as open items. The
tracking system, presently being implemented, will focus on root causes and DOE’s progress
toward resolution. The system will also provide and maintain a licensing record of all NRC
and DOE actions related to resolving specific issues.
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2.7 DEPARTMENT OF ENERGY

The U.S. Department of Energy (DOE) operates facilities for the enrichment of
nuclear fuels for commercial and defense reactors, the production and testing of nuclear
weapons, the management and disposal of radioactive wastes generated in national defense
activities, and research and development, including several national laboratories. In addition,
the DOE is conducting several remedial action programs, such as the program for the
management of uranium mill tailings and the cleanup of sites formerly used for nuclear
activities. These facilities and activities are not licensed by the NRC. However, to protect
public health and the environment, the DOE has implemented orders and procedures that are
consistent with NRC regulations under 10 CFR Part 20 (NRC60), standards promulgated by
the EPA, and other applicable Federal regulations and guidelines.

The DOE is also responsible for the disposal of spent nuclear fuel and high-level
radioactive wastes from defense activities and the generation of electricity by commercial
nuclear reactors. The facilities, developed by the DOE for the management and disposal of
these wastes, will eventually be licensed by the NRC.

2.7.1 DOE Programs for the Environment. Health, and Safety

The DOE is responsible for operating its facilities in a manner that is safe and
environmentally sound, as stated in DOE Order 5400.1 (DOE88a). To this end, it has issued
a number of orders specifying procedures and standards. (See Table 2.7-1) It should be
noted that many of these DOE procedures and standards are currently being reviewed and
revised to conform with NRC and EPA regulations and standards (DOE89). Mandatory
standards for the protection of public heaith and the environment are established by DOE
Order 5480.4 (DOE84a). These standards apply to all DOE and DOE contractor operations
during facility design, construction, operation, modification, and decommissioning. The
order mandates compliance with the standards promulgated by the Occupational Health and
Services Administration in 29 CFR Parts 1910, 1915, 1918, 1926, and 1928 (DOL74). DOE
Order 5480.1B (DOES86a) establishes procedures for the preparation and review of safety
analyses for DOE operations, including the identification and control of hazards and risk
assessments. DOE Order 5400.2A (DOES87) establishes specific requirements for the
coordination of DOE and contractor activities to ensure the timely resolution of significant
environmental compliance issues.

DOE Order 5820.2A (DOE88b) establishes policies and guidelines by which the DOE
assures that all DOE facilities, including surplus facilities, involving the use of radioactive or
mixed waste or waste by-products are operated in a manner that protects the health and
safety of the public and the environment. The DOE is developing specific orders for the
management of hazardous and radioactive mixed wastes and for environmental surveillance
of radioactive effluents.

Under 5482.1B (DOES86b), the DOE established a program for environmental quality
assurance; its objective is to ascertain that the DOE’s environmental, safety, and health
policies are properly interpreted and implemented. The DOE also complies with the national
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standards established jointly by the American National Standards Institute and the American
Society of Mechanical Engineers (ANSI86) for quality assurance in nuclear facilities.

Under the Atomic Energy Act of 1954, as amended (AEAS54), the DOE is responsible
for keeping radionuclide emissions at its facilities as low as is reasonably achievable
(ALARA). Under the authority of the Clean Air Act, the EPA has issued, in 40 CFR Part
61, standards (EPA89a) that limit airborne radionuclide emissions from DOE facilities to any
member of the public in any year an effective dose equivalent of 10 mrem per year. The
current emission levels achieved by emission control technologies and practices at DOE
facilities are within these limits. In order to comply with these standards and the maximum
permissible concentrations established by the National Council on Radiation Protection and
Measurements for radioactive material in air and water (NCRP54, NCRP59, NCRP71), the
DOE has issued Orders 5400.3 (DOE89) and 5480.11 (DOES88c) to protect the general
population and workers at DOE facilities, respectively, from radioactivity in air and water.
These orders set a limit of 10 millirem per year for the effective dose equivalent.

2.7.2 Compliance with Federal Regulations

The DOE has developed orders to ensure the compliance of its facilities and programs
with the applicable Federal environmental regulations. (see Table 2.7-2) DOE Order
5440.1C (DOES)) establishes procedures for implementing the requirements of the National
Environmental Policy Act of 1970 (NEPA70). New facilities and modifications to existing
facilities are subject to extensive design criteria reviews and require the preparation of
environmental impact statements. In existing facilities, the DOE has implemented a
systematic program for reducing the releases of gaseous and liquid radionuclides to the
environment.

In addition, the DOE is subject to the Resource Conservation and Recovery Act
(RCRA), which requires that all radioactive wastes containing RCRA-hazardous materials are
subject to regulations under both the RCRA and the Atomic Energy Act of 1974 (AEA54).
The DOE is also preparing an order for demonstrating compliance with the requirements of
the Comprehensive Environmental Response, Compensation, and Liability Act.

2.8 DEPARTMENT OF TRANSPORTATION

The U.S. Department of Transportation (DOT) has statutory responsibility for
regulating shipments of radioactive materials, including radioactive wastes. DOT its
regulatory activities are coordinated with those of the NRC. Its authority includes the
responsibility to protect the public from exposure to radioactive materials while they are in
transit. The DOT has implemented its authority by specifying performance standards for
shipping containers, setting maximum exposure rates for any package containing radioactive
materials, and managing the routing of radioactive materials shipments to avoid densely
populated areas.
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The regulatory authority of the DOT derives from several laws. For the
transportation of radioactive waste, the primary laws are the Hazardous Materials
Transportation Act of 1974 (HMTA75) and the Federal Railroad Safety Act (FRSA70).
These laws authorize the Secretary of Transportation to issue regulations for the safe
transportation of hazardous materials, including radioactive materials, and to define the
specific relationship between the DOT and state and local authorities.

The regulations promulgated by the DOT are contained in Title 49 of the Code of
Federal Regulations. Those directly applicable to the transportation of radioactive wastes are
mainly included in 49 CFR Parts 171-177 (DOT83). They define the types of materials that
are regulated; specify the DOT’s enforcement authority, including potential sanctions; and
state specific requirements for materials handling, the marking and labeling of packages, the
placarding of shipments, the routing of shipments, and the training of drivers.

Specific provisions cover carriage by rail (49 CFR Part 174), carriage by vessel (49
CFR Part 176), and carriage by public highway (49 CFR Part 177). Transportation by barge
is regulated by the standards promulgated under 49 CFR Chapter 2. In addition to the
regulations established under the HMTA, the DOT’s Federal Highway Administration has
established, in 49 CFR Part 300, general standards for highway transportation.

2.9  OFFICE OF THE NUCLEAR WASTE NEGOTIATOR

The Office of the Nuclear Waste Negotiator, created by the 1987 Amendments of the
1982 Nuclear Waste Policy Act, is an independent Federal entity. The Nuclear Waste
Negotiator is appointed by the President. The mission of the Negotiator is to seek a dialogue
with the Governor of every State and the leaders of all federally recognized Indian tribes to
explore upon what terms and conditions, if any, they might willingly host a facility for the
permanent or temporary storage of nuclear waste.

The Negotiator is authorized to negotiate with the Governor or tribal leader of the
interested potential host jurisdictions to determine the terms and conditions under which they
would agree to host either a Monitored Retrievable Storage facility or a repository.
Preparation of an environmental assessment and consultation with Federal agencies
concerning a site’s technical suitability are required when a negotiation begins. The
negotiation is to result in a written agreement that will be submitted to Congress and enacted
into law before it becomes effective.

2.10 STATE AGENCIES

States have played an important role in protecting the public from hazards associated
with ionizing radiation. Twenty-nine States have assumed the NRC’s inspection,
enforcement, and licensing responsibilities for users of nuclear source and by-product
materials and users of small quantities of special nuclear material. These "NRC Agreement
States," are bound by formal agreements to adopt requirements consistent with those imposed
by the NRC.
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2.10.1 Federal Provisions for State Participation

State and public participation in the planning and development of geologic disposal is
essential to promote public confidence in the safety of geologic repositories for spent nuclear
fuel and high-level radioactive wastes. The Congress has provided for public participation in
the NWPA and in the Nuclear Waste Policy Act Amendments Act of 1987 (Amendments
Act) (NWPAS87). Specific provisions of the NWPA, as amended, govern the notification of
potentially affected States and Indian Tribes (Section 116(a)). Other provisions require the
Secretary of Energy to hold hearings in the vicinity of the repository before selection takes
place (Section 114(a)(10)).

2.10.2 Programs in the State of New Mexico

The New Mexico Environmental Evaluation Group (EEG) was created in 1978 to
conduct independent scientific reviews and to evaluate the potential impact on public health
and environment from the Waste Isolation Pilot Plant (WIPP) project (EEG88, EEG89,
NEI89). The WIPP facility is a repository designed to demonstrate the disposal of national
defense-related TRU wastes. The EEG was formed in response to the authorizing legislation
for the Waste Isolation Pilot Plant, since Congress specifically excluded DOE from the
licensing requirements of the Nuclear Regulatory Commission for the WIPP facility.

The EEG is a full-time, multi-disciplinary group funded entirely by the U.S.
Department of Energy for the State of New Mexico. The EEG is the only independent
oversight group monitoring the WIPP site and its activities; however, it does not have any
regulatory authority on the WIPP facility and it can only recommend actions to DOE for its
consideration. In spite of these constraints, the EEG has been influential in making
recommendations which led to the relocation of the repository, redesign of the waste shipping
containers, consideration and evaluation of transportation issues, and monitoring of WIPP
site activities. The EEG has also organized several technical forums to evaluate technical
issues and consider alternate approaches.

In October 1988, the EEG was assigned to the New Mexico Institute of Mining and
Technology to provide a better climate for technical independence. Up to that point, the
EEG had been attached to the Environmental Improvement Division, a component of the
New Mexico Health and Environment Department. The EEG Director is appointed by and
reports directly to the President of the Institute and the Director appoints all other EEG staff.
Scientific disciplines represented in the EEG group include engineering, geology, hydrology,
health physics, environmental monitoring, radiation protection, radiological health, and
quality assurance. The EEG has offices both in Carlsbad and Albuquerque, NM.

Since 1978, the EEG staff have conducted several evaluations to assess the suitability
of the WIPP site, including identifying potential environmental problems, suitability of
facility design, suitability of the proposed waste shipping containers, waste form
characterizations and other related technical topics. EEG responsibilities also include the
conduct of an environmental radiation surveillance program to establish a background base
line for naturally occurring radioactivity present in air, water, and soils for both on and off-
site locations and within the surrounding communities. Both EEG and DOE have
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independent monitoring stations located in the exhaust stacks of the WIPP facility to
characterize and document airborne emissions.

EEG disseminates its findings and analyses by publishing reports, articles in
professional journals, presentations to scientific society meetings, public hearings, and by
issuing pamphlets and brochures to the public. The EEG has published over 40 major
reports since 1978. It also distributes the results of its analyses to DOE, the Governor’s
Office, the New Mexico Legislature, Congress, the scientific community, and general public.
Typically, EEG reports have addressed the following technical issues: site characterization;
performance assessment; facility operations; monitoring; and transportation. Several of these
reports present independent evaluations and analyses of DOE studies, models, assumptions,
and plans.

2.11 INDIAN TRIBES

Indian Tribes have a unique sovereign status in U.S. law, and this status was
recognized by the NWPA and the Amendments Act. This government-to-government
relationship between the Federal government and Indian Tribes obligates the DOE to interact
directly and specifically with Indian Tribes in areas where repository or MRS siting activities
will occur. The NWPA, as amended, under Section 2(2), defines:

"... affected tribe as (1) any Indian Tribe within whose reservation boundaries
an MRS, test and evaluation facility, or a repository for high-level wastes or
spent fuel is proposed to be located, or (2) whose federally defined possessory
or usage rights to other lands outside of the reservation’s boundaries arising
out of congressionally ratified treaties may be substantially and adversely
affected by the locating of such a facility. Provided, that the Secretary of the
Interior finds, upon the petition of the appropriate governmental officials of the
tribe, that such effects are both substantial and adverse to the tribe..."

As noted above, many of the sections of the NWPA, as amended, that delineate the
participation activities and rights of affected States in repository and MRS siting decisions
also apply to affected Indian Tribes. The means to disapprove of the site selection and
designation process is given in Section 118(a). An affected Indian Tribe is also eligible to
receive the same grants, financial and technical assistance, and payments equal to taxes for
which a State is eligible under Section 116(c).

Since the passage of the Amendments Act, no Indian Tribes have been designated as
affected tribes. However, the DOE is cooperating with Indian Tribes that may be located
near the transportation routes or the WIPP facility. The DOE informs Indian Tribes of the
status of the program through a cooperative agreement with the National Congress of
American Indians. Finally, to ensure compliance with the American Indian Religious
Freedom Act, the National Historic Preservation Act and related statutes, and the National
Environmental Policy Act, the DOE will consult with Indian Tribes that have current or
traditional religious or cultural ties to the Yucca Mountain site (DOE88g).
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Chapter 3: QUANTITIES, SOURCES, AND CHARACTERISTICS OF SPENT
NUCLEAR FUEL AND HIGH-LEVEL AND TRANSURANIC WASTES

3.1 INTRODUCTION

This chapter presents current inventories of commercial spent fuels, commercial and
U.S. Department of Energy (DOE) high-level radioactive wastes, and DOE transuranic
wastes. Although spent fuel and high-level radioactive wastes remain covered under 40 CFR
191, these standards are not applicable to the characterization, licensing, construction,
operation, or closure of any site required to be characterized under section 113(a) of Public
Law 97-425. The inventories were compiled from the most reliable Federal government
information sources publicly available (BURS82, DOE89a, DOES88b, EIA88, JANS83, LIT79,
STO79). Estimates of generated wastes and spent fuel to the year 2020, based on DOE
information and projected U.S. commercial nuclear power growth, are also presented. The
spent fuel and wastes are characterized according to their volumes (or quantities) and their
nuclear, physical, and chemical properties.

The wastes are broadly characterized as high-level waste (HLW) and transuranic
(TRU) waste. In addition, an inventory of commercial reactor spent fuel may also require an
expansion of current storage or the construction of additional facilities for interim storage,
pending the availability of commercial reprocessing facilities, permanent disposal facilities,
or monitored retrievable storage.

Both spent fuel and high-level radioactive wastes from reprocessing are intensely
radioactive and generate substantial quantities of heat. The radioactivity and heat production
continue for long periods of time because the wastes contain a number of long-lived
radionuclides. The transuranic elements in particular have long radiological half-lives,
generate very little heat relative to spent fuel, and present a potential health hazard for tens
of thousands of years. Transuranic elements are nuclides with an atomic number greater
than 92 and include plutonium, curium, americium, and neptunium.

3.2 SPENT NUCLEAR FUEL

In this standard, spent nuclear fuel is defined as fuel that has been withdrawn from a
nuclear reactor following irradiation and whose constituent elements have not been separated
by reprocessing (EPA85). The generators of spent nuclear fuel are: 1) commercial light-
water reactors (LWRs), 2) government sponsored research and demonstration programs,
universities, and industry, 3) experimental reactors, i.e., liquid metal fast breeder reactor
(LMFBR) and high temperature gas cooled reactors (HTGR), 4) U.S. Government nuclear
weapons production reactors, and 5) Department of Defense (DOD) reactors.

Approximately 96 percent of the spent fuel from commercial power reactors is stored
in pools at reactor sites. The rest is stored at the West Valley Demonstration Project
(WVDP) in New York, and at the Midwest Fuel Recovery Plant (MFRP) at Morris, Illinois.
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The WVDP facility is currently being decommissioned. All utility-owned spent fuel
assemblies previously stored there have been returned to the utilities, and the fuel remaining
is DOE-owned material. Spent fuels from one-of-a-kind reactors are currently stored at
Hanford (HANF) and the Idaho National Engineering Laboratory (INEL). Spent fuel from
the Fort St. Vrain HTGR is stored at the Idaho Chemical Processing Plant (ICPP) at INEL.
Other types of special spent fuel are stored at the Savannah River Plant (SRP) and INEL.
These fuels are government- owned and are not scheduled for reprocessing in support of
DOE/defense activities.

The fuel currently used in commercial light-water reactors consists of a mixture of
uranium-238 and uranium-235 dioxides encased in zirconium alloy (zircaloy) or stainless
steel tubes. During reactor operation, fission of the uranium-235 produces energy, neutrons,
and radioactive materials. The neutrons produce further fission reactions and thus sustain the
chain reaction. The neutrons also convert some of the uranium-238 into plutonium-239,
which can fission as uranium-235 does. In time, the fissile uranium-235, which originally
constituted some 3 to 4 percent of the enriched fuel, is depleted to such a low level that
power production becomes inefficient. Once this occurs, the fuel bundles are deemed
"spent” and are removed from the reactor. Typical removal rate is one-third of the fuel, or
30 metric tons per year and per reactor. Reprocessing of commercial spent fuel has been
proposed to recover the unfissioned uranium-235 and the plutonium for reuse as a fuel
resource, but such reprocessing is not currently taking place.

The radioactive materials associated with spent fuel fall into three categories - a)
fission products, b) actinide elements, and c¢) activation products. Typically, fresh spent fuel
contains more than 100 radionuclides as fission products. Fission products are of particular
importance, because of the quantities produced, their radiological half-lives, their heat
production, and their potential biological hazard. Such fission products include: strontium-
90; technetium-99; iodine-129 and -131; the cesium isotopes, such as cesium-134, -135,
and -137; tin-126; and krypton-85 and other noble gases.

The activation products include tritium (hydrogen-3), carbon-14, and other radioactive
isotopes created by neutron activation of fuel assembly materials and impurities in cooling
water or in the spent fuel. The actinides consist of uranium isotopes and transuranic
elements (i.e., isotopes with an atomic number greater than 92, including plutonium, curium,
americium, and neptunium formed by neutron capture, and their decay products). The exact
composition of radionuclides in any given spent fuel sample depends on the reactor type, the
initial fuel composition, the length of time the fuel was irradiated, and the elapsed time since
its removal from the reactor core.

3.2.1 Spent Fuel Inventory and Projection

By the end of 1988, there were 17,607 metric tons (MT) of spent fuel in inventory
from commercial reactor operation (DOE89a). Of this amount, 27 MT are stored at the
WVDP facility and 668 MT are stored at the MFRP. The remainder is stored at each
reactor site. The historical and projected quantities of the spent fuel inventory and
accumulated radioactivity are given in Table 3.2-1.
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The radioactivity in spent fuel depends primarily on its age. As the spent fuel ages,
many of the short-lived fission products decay away. Calculations of waste activities 10
years after removal from the reactor, with consideration being given only to radionuclides
(fission products and heavy elements) with half-lives greater than 20 years, show that the
1988 activity of the 17,607 MT of spent fuel corresponds to about 18.6 billion curies.

The projected inventory of spent fuel (Table 3.2-1) was based on DOE’s lower
reference case projections for installed nuclear capacities given in Table 3.2-2 and for the
burnup rate and duration assumed for those reactors. DOE'’s projection assumes 15 reactors
now in the construction pipeline will become operational at the year 2005 (EIA88). This is
in addition to the 107 reactors already operating by the end of 1988. The DOE also assumes
that two reactors currently on order will eventually be built and become commercially
operable by 2005. The DOE’s inventory projections assume the startup of a MRS Facility
and a Commercial Repository in the year 2003.

It is estimated that by the year 2020 the total nuclear electrical capacity will reach
122.7 gigaWatts (DOE89a, EIAR9). The position that new reactor orders will resume
assumes that future changes, driven by political, environmental, and economic issues as well
as the decreasing availability of oil, will present nuclear power as a better alternative. For
example, it is assumed that clean air standards will become stricter principally in response to
the acid rain issue and the uncertainty about the greenhouse effect associated with the build
up of atmospheric CO, resulting from the combustion of fossil fuels. These factors could
enhance the choice of nuclear over fossil-fueled (coal and oil) power plants.

These projections do not include potential contributions from spent naval propulsion
reactor fuel. Although the current plans do not include such a possibility, modifications to
the nation’s strategy for nuclear weapons may result in the availability of fuel-grade material
without reprocessing. In this case, disposal of spent propulsion reactor fuel may be
considered for the repository.

3.3 HIGH-LEVEL RADIOACTIVE WASTES

The EPA standards (40 CFR Part 191) define high-level radioactive wastes as the
highly radioactive materials resulting from the reprocessing of spent nuclear fuel, including
liquid wastes produced directly in reprocessing, and any solid material derived from such
liquid wastes (EPA85). This definition is the same as that given in the NWPA (NWPAS3).
NRC regulations require that commercial high-level radioactive wastes generated in the
future be converted to a solid form within 5 years (NRC88).

The fission products, actinides, and neutron-activated products of particular
importance are the same for HLW as those listed for the spent fuel assemblies (DOE89a,
DOES88b, LIT79, STO79).

Weapons program reactors are operated mainly to produce plutonium. Reprocessing
to recover the plutonium is an integral part of the weapons program operations. Naval
propulsion reactor fuel elements may also be reprocessed to recover the highly enriched
uranium that still remains after use.
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High-level radioactive waste that is generated by the reprocessing of spent reactor fuel
and targets would contain more than 99 percent of the non-volatile fission products produced
in the fuel or targets during reactor operation. It generally would contain about 0.5 percent
of the uranium and plutonium originally present in the fuel. Most of the current HLW
inventory, which is the result of DOE national defense activities, is stored at the Savannah
River Plant (SRP), the ICPP at the Idaho National Engineering Laboratory, and the Hanford
sites. A small amount of commercial HLW was generated at the Nuclear Fuel Services Plant
at West Valley, New York, from 1966 to 1972. That facility is now referred to as the West
Valley Demonstration Project (WVDP) and is under the responsibility of the DOE Idaho
Operations, West Valley Project Office. These wastes have been through one or more
treatment steps (i.e., neutralization, precipitation, decantation, evaporation, etc.). Their total
volumes depend greatly on the steps to which they have been subjected during the various
processing stages. Such wastes must be incorporated into a stable solid medium (e.g., glass)
for final disposal, and the volumes of these interim wastes will be greatly reduced once this
has been accomplished.

The DOE defense HLW at INEL results from reprocessing nuclear fuels from naval
propulsion reactors and special research and test reactors. The bulk of this waste, which is
acidic, has been converted to a stable, granular solid (calcine). At SRP and HANF, the
acidic liquid wastes from reprocessing defense reactor fuel is or has been made alkaline by
the addition of caustic soda and stored in tanks. During storage, these alkaline wastes
separate into three phases: liquid, sludge, and salt cake. The relative proportions of liquid
and salt cake depend on how much water is removed by waste treatment evaporators during
waste management operations. The condensed water is currently sent to seepage basins and
holding ponds.

The commercial HLW at West Valley consists of both alkaline and acidic wastes.
The alkaline wastes were generated by reprocessing commercial power reactor fuels and
some Hanford N-Reactor fuels, whereas acidic wastes were generated by reprocessing a
small amount of commercial fuel containing thorium.

The inventories of HLW in storage at the end of 1987 are listed in Table 3.3-1 (by
volume) and Table 3.3-2 (by radioactivity). Projected volume and radioactivity data for
DOE defense, West Valley, and future commercial HLW are given in Table 3.3-3.

3.3.1 HLW Inventories at SRP

Approximately 128,000 m® of alkaline HLW that has accumulated at the SRP over the
past three decades is currently stored underground in high-integrity, double-walled, carbon-
steel tanks. The current inventories (Tables 3.3-1 and 3.3-2) consist of alkaline liquid,
sludge, and salt cake that were generated primarily by the reprocessing of nuclear fuels and
targets from plutonium production reactors. As generated, most of the waste is acid. The
sludge is formed after treatment with caustic agents. Salt cake results when the supernatant
liquor is concentrated in waste treatment evaporators.
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33.2 HLW Inventories at INEL

About 11,000 m* of HLW is currently stored at the Idaho Chemical Processing Plant
(ICPP) at INEL; this volume consists of 7,600 m® of liquid wastes and 3,400 m® of calcine
materials (Tables 3.3-1 and 3.3-2). Liquid HLW is generated at ICPP primarily by the
reprocessing of spent fuel from the national defense (naval propulsion nuclear reactors) and
reactor testing programs; a small amount is also generated by reprocessing fuel from non-
defense research reactors. This acidic waste is stored in large, doubly contained,
underground, stainless steel tanks. - The waste is then converted to a calcine, after which it is
stored in retrievable stainless steel bins housed in reinforced concrete vaults.

333 HIW Inventories at HANF

The alkaline HLW (243,500 m®) located at HANF is stored in four phases: liquid,
sludge, slurry, and salt cake. This waste, which has been accumulating since 1944, was
generated by reprocessing production reactor fuel for the recovery of plutonium, uranium,
and neptunium for defense and other Federal programs. Fuel reprocessing was suspended
from 1972 until November 1983. Most of the high-heat-emitting isotopes (Sr-90 and Cs-137,
and their decay products) have been removed from the old wastes, converted to solids as
strontium fluoride and cesium chloride, placed in double-walled capsules, and stored in water
basins. The liquid, sludge, slurry, and salt cake wastes (Tables 3.3-1 and 3.3-2) are stored
in underground concrete tanks with carbon steel liners.

3.3.4 HLW Inventories at WVDP

About 2,116 m® of HLW is stored at the WVDP Facility and consists of 2,066 m® of
alkaline wastes and only 50 m® of acid wastes. The alkaline wastes were generated by
reprocessing commercial and a few Hanford N-Reactor spent fuel elements. Initially, all of
the wastes were highly acid; treatment with excess sodium hydroxide led to the formation of
an alkaline sludge. The acid wastes now in storage were generated by reprocessing a small
batch of thorium-uranium fuel from the Indian Point-1 Reactor. The alkaline wastes are
stored in an underground carbon-steel tank, and the acid wastes are stored in an underground
stainless steel tank. Reprocessing at the WVDP plant was discontinued in 1972, and no
additional HLW has been generated since. The current inventories of HLW at WVDP are
presented in Tables 3.3-1 and 3.3-2.

3.35 Waste Characterization

It is difficult to characterize HLW generically at any site because such wastes have
been generated by several different processes and several methods have been used to
condition the wastes for storage (e.g., evaporation and precipitation). In some instances,
several different wastes have been blended. Nonetheless, representative chemical and
radionuclide compositions of the HLW at SRP, ICPP, HANF, and WVDP can be found in
other sources (DOE88a, DOES88b).

As with spent fuel, HL'W radioactivity levels depend on age. To bring the level of
radioactivity into perspective, the activity of fission products and heavy element radionuclides
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with half-lives exceeding 20 years in existing HLW is estimated to be about 700 million
curies.

3.3.6 HLW Projections

Projections for HLW (volume and radioactivity) by source are presented in Table 3.3-
3. The projections for SRP are based on the assumption that three reactors will be operating
through the year 2000. After the year 2000, these three reactors are expected to be replaced
by a single new production reactor, and the Defense Waste Processing Facility (DWPF) is
expected to begin to produce wastes in a glass form by late 1990. The HLW glass will be
stored on-site until a national HLW repository becomes available. Current plans call for the
DWPF to produce approximately 5,700 canisters of glass between 1990 and the end of 2020.

The ICPP projections are premised on predicted fuel deliveries and estimates of fuel
reprocessing and waste management operations. The HANF projections assume that the fuel
reprocessing plant will operate through 1993. A Hanford Waste Vitrification Plant (HWVP)
may begin operation in 1999.

The projections of HLW for Hanford do not include vitrification, since material
balances for such processes are not yet available. At the WVDP, vitrification of the HLW is
scheduled to begin in 1994 and to be completed in 1995.

3.4 TRANSURANIC WASTES

The EPA standards (40 CFR Part 191) define transuranic wastes as those wastes
containing more than 100 nanocuries per gram of alpha-emitting transuranic isotopes, with
half-lives greater than 20 years (EPASS).

Alpha-emitting transuranic nuclides present a hazard because of their long radiological
half-lives and high chemical toxicity. Most of the radionuclides that are contained in TRU
wastes have very long half-lives and are typically present at low concentrations (DOES88a,
LIT79, DOES8b, JANS3, BURS2, BRY81). Although a few decay products have energetic
gamma emissions, their most significant hazard is due to alpha radiation emissions. Most
TRU wastes can be handled with just the shielding that is provided by the waste package
itself. These wastes are classified as "contact-handled" TRU wastes. A smaller volume may
be contaminated with sufficient beta, gamma, or neutron activity to require remote handling.
Heat generation in stored TRU waste is not a factor affecting how closely packages can be
stored; however, avoiding the assembly of a critical mass as a result of densely-stored
material must always be considered.

Relative to other radioactive wastes, TRU wastes represent a group of liquid and solid
materials with widely varying chemical and physical properties. These wastes are
categorized as contact-handled (CH), i.e., having a surface dose rate of less than 200
milliRoentgen per hour (mR/h); or remote-bandled (RH), i.e., having a surface dose rate of
greater than 200 mR/h.



Most TRU wastes are generated in DOE defense-related activities at the Rocky Flats
Plant (RFP), Hanford facilities, and the Los Alamos National Laboratory (LANL). Nearly
one-half of all TRU waste comes from weapons components manufactured at RFP and
subsequent plutonium recovery at all three sites. Smaller amounts are generated at the Oak
Ridge National Laboratory (ORNL), SRP, INEL, Argonne National Laboratory (ANL),
Mound Facility, Bettis Atomic Power Laboratory, Lawrence Livermore National Laboratory,
and Battelle-Columbus Laboratory. It should be noted that TRU wastes originating from the
Mound Facility, Bettis and Argonne Laboratory, and from the Rocky Flats Plant are shipped
to INEL for interim storage. The second largest source of TRU wastes is decontamination
and decommissioning projects which account for one-fourth of the total. About one-fifth of
TRU wastes come from laboratory activities, which can produce exotic TRU isotopes.

The amounts of TRU wastes from fuel cycle activities are in fact quite small because
of the current moratorium on reprocessing and plutonium recycle. The Nuclear Fuel
Services’ reprocessing of nuclear fuel at West Valley, New York, produced some TRU waste
that was disposed at that site. A small amount of TRU waste is also being generated in
industrial and government-sponsored fuel fabrication and research.

3.4.1 Inventories and Characterization

Before March 1970, TRU wastes were disposed by shallow-land burial at AEC (now
DOE) and commercial sites in pits and trenches and covered with soil. Beginning in 1970,
the AEC initiated a policy of retrievable storage for TRU wastes since it concluded that such
wastes must disposed using methods which provide greater confinement. Consequently,
since 1970 TRU wastes have been stored in facilities for easy retrieval. Storage facilities
have been built to suit the needs of each DOE site selecting methods which considered local
climate, waste forms, existing volumes, and future generation rates. In addition, a program
was established to characterize all previously disposed wastes and to identify long-term waste
management options since early burial practices were not governed by current requirements.
Such wastes, as well as newly generated wastes, would eventually be disposed at a dedicated
transuranic waste disposal site such as is being considered at the Waste Isolation Pilot Plant,
located in New Mexico. (DOES9).

The estimated buried volume mass of contained TRU elements and their associated
alpha activities for each DOE site are given in Table 3.4-1. Storage facilities and waste
disposal containers are designed for a 20-year lifetime, during which time, the necessary
measures will be taken regarding the identification of permanent disposal options. According
to the DOE, all of the stored retrievable wastes are located at the DOE sites listed in Table
3.4-2. Also given in this table are waste volumes, the mass of TRU elements, and the
radioactivity as of December 31, 1988. Estimates of the radioactivity of this waste are based
upon emplacement records and a knowledge of the types of operations at each disposal site or
for each waste generator.

Over the years, some of the buried waste containers have been breached, and the
surrounding soil has been contaminated. Accurately determining the volume of
contaminated soil is a difficult task, and the estimated amounts cover a rather broad range
(Table 3.4-3). Also, in the early days at HANF, ORNL, and LANL, some liquid wastes
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containing TRU elements were spilled or drained into the ground. Further characterization
studies are needed to provide a better estimate of the total volume of soil that is contaminated
with TRU elements.

From ongoing characterization studies, several DOE sites have estimated that their
buried and retrievable TRU solid wastes are composed primarily of the physical species
given in Table 3.4-4. Most of the storage sites have relatively large fractions of
combustible material and contaminated metal.

Estimated isotopic compositions for buried and retrievable wastes at the several DOE
sites where TRU wastes are emplaced are given in Table 3.4-5. These estimates reflect
information of DOE site operations and commercial TRU waste sources to characterize waste
compositions when documented data are not available. Separate data for contact-handled and
remote-handled waste were available for all sites that store both types of such wastes;
however, composition data were not available for buried TRU waste at ORNL and portions
of the waste buried at SRP. The radioactivity of the wastes buried at ORNL was assumed to
be the same as that of the contact-handled waste. These data represent the best site estimates
of the isotopic compositions of existing TRU wastes at government sites. The mix categories
represent variations on major waste stream composition based on the total volume in storage
plus the estimated waste volume generation through the year 2013 for each of the listed DOE
sites.

3.4.2 TRU Waste Projections

TRU waste inventories and projected accumulations at government sites, of contact
and remote-handled wastes from DOE defense activities, are listed in 5-year increments in
Table 3.4-6. Projections are given, starting in 1988, for buried and stored wastes up to the
year 2013. By 1990, when the Waste Isolation Pilot Plant, located in New Mexico, was
expected to start receiving TRU wastes (DOES9), about 190,000 m® of such wastes were
expected to have accumulated at the several DOE facilities.

It should be noted that TRU waste inventories could increase significantly as a result
of uranium and/or plutonium recovered from post-Cold War dismantlement of nuclear
warheads. US military inventories are believed to hold approximately 550 MT of highly-
enriched uranium and 100 MT of plutonium (AL92). These inventories have not been
factored into the quantities in Table 3.4-6.



Table 3.2-1. Historical and projected mass and radioactivity of commercial spent fuel

(DOES89a)
End of Mass Radioactivity
Calendar accumulated accumulated
year Mr) (10° Ci)
1970 55 215
1975 1,556 3,273
1980 6,534 10,159
1985 12,607 14,052
1988 15,607 18,654
1990 21,400 21,400
1995 30,300 25,600
2000 40,200 31,200
2005 48,700 31,900
2010 58,500 37,300
2015 70,200 42,400
2020 84,400 48,400

*Lower Reference Case projected capacity includes all existing reactors completed or under construction plus additional
new reactors beyond the year 2005,

Table 3.2-2. Historical and projected* installed nuclear
electric power capacity (DOE89a)

End of End of
calendar Total calendar Total
year GW(e) year GW(e)
1960 0.2 1985 79.3
1965 0.3 1988 93.5
1970 6.4 1990% 99.6
1975 36.9 2000% 103.9
1980 514 2010%* 100.6
2020* 122.7

*Lower Reference Case projected capacity includes all existing reactors, completed or
under construction, plus additional new reactors beyond the year 2005.



Table 3.3-1. Current volume of HLW in storage by site -

through 1988 (DOES9z)

Volume (10°* m%)
Site Liquid Sludge Salt cake Sturry Calcine Capsules® Total
Defense
Savannah River Plant 64.2 14.1 50.0 ® ® & 128.43
Idaho Chemical Processing Plant 7.6 ® ® o 30 ® 11.0
Hanford 26.8 46.0 93.0 73.4 © 0.004 243.5
Subtotal 98.6 60.1 143.0 71.7 34 0.004 382.93
Commercial
West Valley Demonstration Project
Acid waste 0.05 @ ® ® & & 0.05
Alkaline waste 2.02 0.046 ® ® ® © 2.066
Subtotal 2.15 0.046 & ® © ® 2.116
Grand total 100.67 59.97 143.5 73.4 3.0 0.004 385.05

®Capsules contain either strontium (908r-90Y) fluoride or cesium (137Cs-137Ba) chloride.

®Not Applicable.
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Table 3.3-2.  Current radioactivity of HLW in storage by site
through 1988 (DOE89a)

Radioactivity (10° Ci)

Site Liquid Sludge Salt cake Slurry Calcine Capsules® Total
Defense
Savannah River Plant 99.0 400.0 162.1 © ® ® 661.3
Idaho Chemical Processing Plant 10.1 ® ® ® 56.9 ®67.0
Hanford 23.3 121.4 12.6 111.1 ® 177.1 445.5
Subtotal 132.4 521.4 174.7 111.1 56.9 177.1 1,173.6
Commercial

West Valley Demonstration Project

Acid waste 1.84 ®© ® ® ®  ® 1.8

Alkaline waste 13.1 13.7 ® ® ® o 26.8
Subtotal 14.9 13.7 ® ® ® © 28.6
Grand total 147.3 535.1 174.7 111.1 56.9 177.1 1,202.2

®Capsules contain either strontium (90Sr-90Y) fluoride or cesium (137Cs-137Ba) chloride.

®Not Applicable.
©Includes strontium and cesium in capsules and separated concentrates that are awaiting encapsulation. The quantity of 90Sr-90Y is 61.3 x 106 Ci and that of

137Cs-137mBa is 141.8 x 106 Ci.
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Table 3.3-3. Historical and projected volume and associated radioactivity
of HLW in storage by site through 2020 (DOE89a)

Radio-
activity
Volume (10* m®) (108 Ci)
End of
calendar Salt
year Liquid Sludge cake Slurry Calcine Capsules®  Glass®™ Total Total
Savannah River Plant
1980 59.8 10.5 26.4 - -- - - 97 699
1985 71.3 13.8 37.6 - - - - 123 841
1988 64.2 14.1 50.0 - -- - - 128 661
1990 57.5 14.4 49.9 - - -- - 124 664
1995 39.9 10.0 40.2 - - .- 1.0 94 849
2000 34.7 6.0 29.7 -- - - 2.0 73 837
2005 41.0 3.4 15.1 - - -- 2.6 62 863
2010 36.8 1.6 16.4 -- - -- 33 58 858
2015 36.8 1.5 10.3 -- - - 3.4 52 888
2020 36.8 1.5 7.5 - - - 3.5 49 834
Idaho Chemical Processing Plant
1980 9.3 - -- -- 2.1 - - 11 53
1985 7.1 -- - - 3.0 -- - 10 69
1988 7.6 - -- - 3.4 .- -- 11 67
1990 7.6 -- - - 3.9 -- - 12 77
1995 6.3 - - - 5.2 -- - 12 85
2000 6.7 -- - - 6.3 - -- 14 128
2005 5.5 -- - - 9.5 -- - 15 172
2010 2.0 -- - - 11.3 - - 13 182
2015 04 - - - 14.5 -- - 15 251
2020 0.4 - -~ - 16.8 - -- 17 284

®Includes strontium and cesium in capsules and separated concentrates that are to be encapsulated.

®Glass may be in storage at the site, in transit to a repository, or in a repository.
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Table 3.3-3. Historical and projected volume and associated radioactivity
of HLW in storage by site through 2020 (DOE89a) (continued)

Radio-
Volume (10* m%) ?fgyg)
Eanlgn(:ifar Salt
year Liquid Sludge cake Slurry Calcine Capsules®  Glass® Total Total
Hanford
1980 39.0 49.0 95.0 4.0 - 0.002 - 187 558
1985 28.1 46.0 93.0 55.1 - 0.004 .- 222 554
1988 26.8 46.0 93.0 71.7 - 0.004 -- 244 446
1990 25.3 46.0 93.0 81.3 - 0.004 - 246 415
1995 7.9 46.0 93.0 95.6 -- 0.004 - 242 392
2000 6.9 46.0 93.0 92.1 - 0.004 - 238 342
2005 6.9 46.0 93.0 94.1 -- 0.004 - 240 303
2010 6.9 46.0 93.0 95.7 - 0.004 - 58 858
2015 6.9 46.0 93.0 97.4 -- 0.004 - 52 888
2020 36.8 46.0 93.0 97.4 -- 0.004 -- 49 884
West Valley Demonstration Project
1930 2.15 0.046 - - - - - 2.196 35
1985 2.15 0.046 -- - - -~ - 2.196 31
1988 2.07 0.046 -- - - -~ -- 2.129 29.3
19%0 1.44 0.046 -~ -- - - - 1.596 28.0
1995 - - -- -- - - 0.21 0.21 24.7
2000 - - -- - -- - 0.21 0.21 22.0
2005 - - - - - - 0.21 0.21 19.7
2010 -- - -- -- - - 0.21 0.21 17.6
2015 - - - - - - 0.21 0.21 15.6
2020 - - -- - - - 0.21 0.21 13.9

®Includes strontium and cesium in capsules and separated concentrates that are to be encapsulated.

®Glass may be in storage at the site, in transit to a repository, or in a repository.
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Table 3.4-1. Inventories and characteristics of DOE/defense

TRU waste buried through 1988 (DOES89a)

Values reported by burial site as of Dec. 31, 1988

Mass of TRU Alpha

Burial Volume elements ragioactivity .
site (m’) kg) (&Y
HANF 109,000 346 29,200
INEL 57,100 357 73,267
LANL 14,000 53.5 9,230
ORNL 6,200 5.6 270
SAND 3 <<1 1
SRP 4,534 9.1 9,831

Total 190,837 771.2 121,799

Table 3.4-2. Inventories and characteristics of DOE/defense waste
in TRU retrievable storage through 1988® (DOER9a)
Values reported by burial site as of Dec. 31, 1988
Mass of TRU Alpha

Burial Volume elements ragioactivity .
site (m?) (kg) (&Y
Contact-handled
HANF 15,161 436 35,830
INEL 63,975 747.8 261,417
LANL 7,451.6 541.7 187,717
NTS 596 4.1 705
ORNL 625.2 26.6 17,505
SRP 6,489 195.0 653,191

Subtotal 94,297.8 1,951.2 1,156,365
Remotely-handled
HANF 137 6 855
INEL 53.8 0.42 115
LANL 11.1 1.8 150
ORNL 1,304 106.2 2,920

Subtotal 1,505.9 114.42 4,040

Total 94,572.9 2,077.62 1,137,081

@Values cited are total quantities which regresent the combined value of certified TRU waste and TRU waste managed
as LLW (i.e. waste thatis stored as TRU but falls below the 100 nCi/g alpha activity level).
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Table 3.4-3. Inventories and characteristics of soil contaminated with DOE/defense
TRU waste buried through 1988 (DOES89a)

Values reported by burial site as of Dec. 31, 1988(a)

Mass of TRU Alpha

Burial Volume elements radioactivity
site (@) (kg) i

HANF 31,960 190.2 16,706

INEL 56,000-156,000 unknown unknown

LANL 1,140 unknown unknown

MOUND 300-1,000 0.009-.0.029 150-526

ORNL 13,000-61,000® unknown unknown

SRP 38,000 unknown unknown

Total 140,400-289,100 unknown unknown

®See text for details.

®If soil containing TRU waste can be isolated from 1,600,000 m* of soil containing TRU and LLW waste.
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Table 3.4-4. Estimated physical composition of retrievably stored, newly generated, and
buried TRU waste at DOE/defense sites (DOE89a)

Waste composition, vol %

Contact-handled Remote-handled
Waste type RSW® NGW® RSW® NGW® Buried
ANL-E
Absorbed liquids or sludges 36
Combustibles 32 50
Glass, metal, or similar
noncombustibles 32 50
HANF
Absorbed liquids or sludges 8
Combustibles 43 43 69.5 17 20
Concreted or cemented sludge 6 6 0.1 5
Filters or filter media 1
Glass, metal, or similar
noncombustibles 48 48 30.4 75 48
Other 18
Dirt, gravel, or asphalt 3
INEL
Absorbed liquids or sludges 12 18.5 234
Combustibles 25 41.9 8 8 31.8
Concreted or cemented sludges 13 1.0 3.9
Dirt, gravel, or asphalt 2.3 6.7
Filters or filter media S 6.9 11.2 11.2 1.3
Glass, metal, or similar
noncombustibles 35 24.1 80(d) 80(d) 10.5
Other 10 53 0.8 0.8 22.4
LANL
Absorbed liquids or sludges 22 10 4
Combustibles 8 25 50 50 7
Concreted or cemented sludges 36 15 44
Dirt, gravel, or asphalt 1 30
Filters or filter media 4 1 2
Glass, metal, or similar
noncombustibles 30 48 50 50 13
LLNL
Combustibles 73
Concreted or cemented sludges 1
Filters or filter media 7
Glass, metal, or similar
noncombustibles 15
Other 4
MOUND
Combustibles 1
Concreted or cemented sludges
Dirt, gravel, or asphalt 89
Glass, metal, or similar
noncombustibles 10
NTS
Combustibles 515
Concreted or cemented sludges 1
Glass, metal, or similar
—nancombustibles 47.5
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Table 3.4-4. Estimated physical composition of retrievably stored, newly generated, and
buried TRU waste at DOE/defense sites (DOE89a) (continued)

Waste compaosition, vol %

Contact-handled Remote-handied
Waste type RSW® NGW® RSW® NGW® Buried
ORNL
Absorbed liquids or sludges 65
Combustibles 59 55 20 55 40
Dirt, gravel or asphalt 1 1
Filters or filter media 5 5 14 1
Glass, metal, or similar
noncombustibles 35 39 1 42 30
Other 2 30
RFP
Absorbed liquids or sludges
Combustibles 155
Concreted or cemented sludges 36.3
Dirt, gravel, or asphalt 0.7
Filters or filter media 0.7
Glass, metal, or similar
noncombustibles 41.3
Other 55
SRP
Absorbed liquids or sludges @ 3.5 @
Combustibles © 70 @
Filters or filter media (°’ 5 ©
Glass, metal, or similar
noncombustibles © 27.5 @
Other @ 1.5 ©
WRetrievably stored waste (RSW).
®Newly generated waste (NGW).

©Not reported, assumed to be same as stored waste.
@This is alpha hot-cell waste.
“)Not reported; assumed to be same as newly generated waste.
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Table 3.4-5. Calculated isotopic composition (wt %) of buried and retrievably
stored TRU waste for each site® (DOE89a)

Retrievably stored and newly generated wastes, wt %

Contact-handled Remote-handled Buried
Isotopes® Mix-1¢ Mix-2 Mix-3 Mix-4 Mix-5 Mix-6 Mix-7 Mix-8 Mix-9 Mix-10
ANL-E?
»u 56.0
29py 87 85 40.0
20py 11 8 4.0
Am 1 1
237Np 5
Hipy 1 1
MFEp® <1.0
HANF®®
#9py 2.2 2.2 4.8 2.2
20py 0.1 0.1 0.7 0.1
2lpy 0.1
22Th 3.1 3.1 16.0 3.1
U depleted 72.8 72.8 21.6 72.8
U enriched 1.8 1.8 54.3 1.8
U normal 19.9 19.9 2.4 19.9
Other 0.1 0.1 0.1 0.1

 INEL®

HAm 0.08 5.0 Trace 0.0001
28py Trace 80
29py 92.99 80 12.49 16 5.0 1.35 1.0 0.0017
%#0py 5.8 10 2.5 4 1.0 0.15 0.0001
#ipy 0.40 0.08 Trace
2py 0.03
22Th 25.0
=y 5.0
»y 10.19 38.20 39.40 69.0 0.060
=iy 74.74 55.20 59.10 99.800
MFP 0.6
Other 0.70 5.00 0.1
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Table 3.4-5. Calculated isotopic composition (wt %) of buried and retrievably
stored TRU waste for each site® (DOE89a) (continued)

Retrievably stored and newly generated wastes, wt %

Contact-handled Remote-handled Buried
Isotopes™ Mizx-1© Mix-2 Mix-3 Mix-4 Mix-5 Mix-6 Mix-7 Mix-8 Mix-9 Mix-10
LANL(i)
=y 47 47
kad U 28 28 5.0
28py 5 0.5 1.2 0.5 0.01
29py 92 21.5 98.8 93 100 22.7 22,7 91
opy 2.1 2.1
2py 0.2 0.2
2Am 3 78 6.5 3.3
MEP 6] ®
Other 0.69
LLNL®
=8py 0,014 0.013 0.011 0.009 0.004
29py 92.477 86.531 73.657 59.661 24.962
0py 5.965 11.941 24.896 14.915 49.922
Hipy 0.532 0.498 0.424 0.343 0.144
2py 0.023 0.022 0.018 0.015 0.006
Am 0.990 0.995 0.994 25.057 24.962
MOUND
8Py 79.894
29y 17.1
240py 3.0
Hipy 0.006
m(n)
8Py 0.5
29py 93.0
240py 6.0
uipy 0.5
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Table 3.4-5. Calculated isotopic composition (wt %) of buried and retrievably
stored TRU waste for each site® (DOE89a) (continued)

Retrievably stored and newly generated wastes, wt %

Contact-handled Remote-handled Buried
Isotopes® Mix-1@ Mix-2 Mix-3 Mix-4 Mix-5 Mix-6 Mix-7 Mix-8 Mix-9 Mix-10
ORNL(o)
™y 67.34 6.13 94,57 52.55
z:g 11 .695 2.99
7.69
28py 4.58
2%py 20.71 42.44 99.98 98.77 2.57 29.99
HAm 1.68 2.11
::Cm 0.96 0‘0§ 0.75
Cf 0.1
] 0.95
:gf 15.18
152El‘}
mEu
BNp 13.03
:‘:Pu 15.42
Pu 3.78
Other 1.15 1.23 1.33
REP®
28py Trace
:zPu 951 .00
7
wgg 0.3
2py Trace
;:;Am 1.7
U
SIS®
2tpy 0.02 83.7 80.4
29py 93.18 14.0 16.2
#0py 6.0 2.0 2.5
:;l;u 0.5 0.3 0.7
u 0.2
:_‘,Am 0.3 100
Np 100
24Cm 100

3-20



Table 3.4-5. Calculated isotopic composition (wt %) of buried and retrievably stored TRU waste for each site® (DOE89a) (continued)

Footnotes

® Data from Joseph Lippis, U.S. Department of Energy, Albuquerque Operations Office, WIPP, Carlsbad, New Mexico, memorandum to J.A. Klein, Oak Ridge, Tennessee, "TRU Waste
Programs  IDB Submittal through December 31, 1988," dated Sept. 15, 1989.

® Isotopes listed are those that are either > 1%, by weight, or > 1%, by activity, of the total.

© The mixes represent major waste stream composition variations.

@ At ANL-E, 46 vol % of the contact-handled TRU waste is Mix-1, 54 vol % is Mix-2, and 100 vo! % of the remote-handled TRU waste is Mix-7.
© Assumed '¥’Cs to determine weight percent. '¥Cs chosen because it is the longest-lived major isotope in Mixed Fission Product (MFP).

0 At HANF, 100 vol % of the contact-handled TRU waste is Mix-1, 12.4 vol % of the remote-handled TRU waste is Mix-7, 5.1 vol % is Mix 8, 82.5 vol % is Mix-9 (the composition of Mix-9
is unknown), and 100 vol % of the TRU-contaminated buried waste is Mix-10.

® HANF reported isotropic composition of uranium as U depleted, U enriched, and U normal. For radionuclide decay calculations, the data were converted to U and **U by assuming 99.5%,
97.0%, and 99.3% »8U, respectively.

® At INEL, 90.7 vol % of the contact handled TRU waste is Mix-1, 3.6 vol % is Mix-2, 0.3 vo; % is Mix-3, and 5.4 vol % is Mix-4; 7.9 vol % of the remote-handeled TRU waste has the
same isotopic  composition as Mix-1, 45.9 vol % is Mix-7, and 46.2 vol % is Mix-8. A portion of Mix-8 may also contain some Mix-9; and 100 vol % of the TRU contaminated buried waste
is Mix-10.

@ At LANL, 27.5 vol % of the contact-handled TRU waste is Mix-1, 6.6 vol % is Mix-2, 5.2 vol % is Mix-3, 54.0 vol % is Mix-4, and 6.7 vol % is Mix-5; 78.6 vol % of the remote-handled
TRU waste  is Mix-7, and 21.4 vol % is Mix-8. Also, 100 vol % of the TRU-contaminated buried waste is Mix-10. Mix-2 contains trace weight % MFP but 10.7 activity % MFP.

9 Trace by weight percent, 85% by activity.

® Trace by weight percent, 95% by activity.

® At LLNL, 92.4 vol % of the contact-handled TRU waste is Mix-1, 1 vol % is Mix-2, 3.8 vol % is Mix-3, 2.3 vol % is Mix-4, and 0.5 vol % is Mix-5.
™ At MOUND, 100 vol % of the contact-handled TRU waste is Mix-1.

® At NTS, 100 vol % of the contact-handled TRU waste is Mix-1.

@ At ORNL, 25.6 vol % of the contact-handled TRU waste is Mix-1, 38.7 vol % is Mix-2, and 37.5 vol % is Mix-3; 27.6 vol % of the remote-handled TRU waste is Mix-7, 6.4 vol % is
Mix-8,and 66 vol % is Mix-9. No information available on buried waste at ORNL.

® At RFP, 100 vol % of the contact-handled TRU waste is Mix-1. Weight percent totals less than 100% due to traces and round off.

@ At SRS, 57.0 vol % of the contact-handled TRU waste is Mix-1, 31.2 vol % is Mix-2, 2.2 vol % is Mix-3, and 8.9 vol % is Mix-4, 0.6 vol % is Mix-5, and 0.1 vol % is Mix-6. No
information available on buried waste at SRS.
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Table 3.4-6. Current inventories and projections of DOE buried and stored
TRU waste from defense activities (DOE89a)

Volume Radioactivity Mass
(10° m®) (10° Ci) (kg)
End of
calendar
year Accumulation Accumulation Accumulation
Buried®
1988 190.8 62.3 771.2
1990 190.8 62.3 771.2
1995 190.8 62.3 771.2
2000 190.8 62.3 771.2
2005 190.8 62.3 771.2
2010 190.8 62.3 771.2
2015 190.8 62.3 771.2
2020 190.8 62.3 771.2
Stored®
1987 57.7 3,871.1 2,064.3
1990 67.8 6,921.7 2,078.9
1995 83.1 12,010.6 3,785.8
2000 99.2 17,118.3 4,873.2
2005 114.6 22,211.9 5,952.7
2010 129.7 27,296.2 7,027.0
2013® 138.7 30,346.8 7,671.6

@Certified TRU waste (excludes waste managed as LLW).
®The destination of TRU waste after 2013 will not be defined until 2002.
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Chapter 4: PLANNED PROGRAMS FOR THE MANAGEMENT OF SPENT
NUCLEAR FUEL AND HIGH-LEVEL RADIOACTIVE WASTES AND
MANAGEMENT AND DISPOSAL OF TRANSURANIC RADIOACTIVE
WASTES

4.1 INTRODUCTION

As discussed in Chapter 1, the U.S. Department of Energy (DOE) is responsible for
the care and disposal of government produced TRU wastes and spent nuclear fuel and high
level wastes, regardless of their source. The DOE is conducting two programs to this end:
(1) the Civilian Radioactive Waste Management Program, which pertains to the management
and disposal of spent fuel from commercial nuclear reactors, commercial high-level waste,
and any other wastes deemed by the U.S. Nuclear Regulatory Commission (NRC) to require
geologic disposal, and (2) a program for the management and disposal of high-level and
transuranic wastes generated in DOE atomic energy and defense activities.

The Congressionally selected disposal method for commercial HLW is burial in
repositories excavated in geologically stable rock formations. Geologic disposal was selected
after an evaluation (DOE80a) of several alternative concepts, including transmutation;
disposal in space; the rock-melt concept; disposal in continental ice sheets, very deep holes,
or isolated islands; and disposal under the ocean floor (the subseabed concept). In a recent
rulemaking, the NRC has concluded that there is reasonable assurance that a repository
located in deep geological media can provide safe disposal for spent fuel and high-level
wastes (NRC84).

Disposal in deep geologic media has also been selected as the disposal method for
much of the defense high-level and transuranic wastes. The DOE plans to dispose of the
transuranic wastes in the Waste Isolation Pilot Plant (WIPP), located in New Mexico, if that
facility is found suitable (DOER9a), and to a limited extent into the Greater Confinement
Disposal Facility, located in Nevada. High-level wastes requiring disposal will be emplaced
in the repository developed for commercial wastes

A geologic repository will consist of surface facilities, underground facilities, and
shafts or ramps connecting the surface and the underground facilities. When the repository
is prepared for permanent closure, seals will be constructed for the shafts, ramps, and
exploratory boreholes. The underground facilities is expected to consist of entry drifts and
disposal rooms excavated deep (hundreds to thousands of feet) beneath the surface, with
boreholes drilled vertically into the floors or horizontally into the walls of the disposal rooms
for the emplacement of waste canisters.

The repository will be prepared for permanent closure by backfilling the underground

areas and permanently sealing the shafts and ramps. The surface facilities will be
decontaminated and decommissioned, and the site will be eventually refurned to its natural
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state. Permanent site markers, records, and other passive institutional controls will be
erected to warn future generations of the presence of the repository and its contents.

4.2  CIVILIAN RADIOACTIVE WASTE MANAGEMENT PROGRAM
® Waste Management System

In response to the Amendments Act, the DOE is developing a waste management
system consisting of: 1) a geologic repository, 2) a MRS facility, and 3) a transportation
system. The DOE plans for each of these elements are briefly summarized below.

Geologic repository -- The geologic repository program is currently focused on site
characterization activities at Yucca Mountain. The DOE is preparing to construct two
exploratory shafts and to conduct surface-based and in-situ tests designed to provide
information about the suitability of the site. A detailed site characterization plan (DOES88a)
based on conceptual repository and waste package designs has been published. This plan is
based on a ranked hierarchy system reflecting regulatory requirements and DOE strategies
for resolving technical and licensing issues. It provides a framework for conducting the
testing needed to resolve issues about the design and performance of the repository and the
waste package. It also describes the DOE’s plans for assessing the pre-closure and post-
closure performance of the repository, including the development and validation of the
necessary models. In a parallel effort, the DOE will develop advanced design concepts for
the repository and waste packages, including designs or design changes which will be
included in the license application to the NRC.

The Yucca Mountain site lies in the southern part of the Great Basin, an arid region
with linear mountain ranges and valleys, very little rainfall, sparse vegetation, and a sparse
population. At Yucca Mountain, the water table is very deep, lying as much as 2,500 feet
below the land surface. The repository is currently planned to be located in the unsaturated
zone. The unsaturated zone is the rock mass between the surface of the land and the water
table. At Yucca Mountain, the unsaturated zone is thick enough to allow the construction of
a repository at a depth of about 1,050 feet while remaining about 660 to 1,300 feet above the
top of the water table. The rock formation selected as the potential host media is volcanic
tuff, which is a moderately to densely welded and devitrified rock (see Section 4.4 for more
details). The host rock formation is known as the Topopah Spring Member of the Paintbrush
Tuff.

The unsaturated rock of the Topopah Spring tuff is expected to provide a suitable
environment for the long-term performance of the waste package. For example, the pressure
exerted on the disposal containers is estimated to be equal to that of atmospheric pressure.
There will be no hydrostatic pressure because the repository is to be located above the water
table, and the waste packages will not be subjected to loads induced by the creeping (plastic
movement) of the rock because the host rock is not plastic enough. Any water available for
the corrosion of containers and waste dissolution is expected to be limited to minimal
amounts. These and other pertinent features of the site will be subject to thorough
investigations during site characterization by the DOE.
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MRS facility -- The DOE has conducted a series of systems studies to determine the
preferred configuration for the MRS facility (DOE89b). The preferred configuration is that
of a facility which receives and temporarily stores spent fuel and initiates spent fuel
shipments to an operational repository. The capability of packaging wastes is an option
which could be added at some later time. It would consist of a facility and equipment
needed for additional functions, such as waste consolidation and repackaging into disposal
containers. This option would provide added flexibility and facilitate the operations of the
waste management system. The MRS facility should be able to start receiving spent fuel
more than 3 years earlier than the repository. The Amendments Act established two
different paths for siting the MRS facility: 1) siting through a DOE-directed screening
process or 2) siting through the Office of the Nuclear Waste Negotiator.

Transportation -- The transportation system will rely on the use of shipping casks, to
be developed by the private sector, and transportation support services, which may include a
cask maintenance facility, operational facilities, and support equipment. Specific facility
needs will be identified as the designs for other facilities proceed. In order to increase cask
capacity and reduce the number of shipments and overall disposal costs, the DOE has
embarked on a cask development program designed to support the shipment of the following
types of wastes:

1. Spent fuel from reactor sites to the facilities of the Civilian Radioactive

Waste Management Program.

2. Spent fuel and other types of radioactive materials from the MRS
facility to the repository.

3. Non-standard spent fuel and non-fuel bearing components from reactor

sites to the MRS facility or the repository.

4. Defense and commercial high-level radioactive wastes from other
storage locations to the repository.

The DOE will use the private industry to the maximum extent possible in both the
development and the acquisition of transportation equipment and services. It plans to
contract with private industry for cask development, certification, and the fabrication of
prototype casks. After the development has been completed, the DOE will contract with the
private sector to supply a fleet of casks for its transportation operations.

4.3 PROGRAMS FOR THE MANAGEMENT AND DISPOSAL OF DEFENSE
WASTES

High-level wastes are produced during the reprocessing of spent reactor fuel and
irradiated targets to recover uranium and plutonium. Most of the high-level wastes produced
in the United States through 1987 have originated from atomic energy research and defense
activities, such as the manufacture of nuclear weapons, and are stored at three DOE
facilities: the Hanford Site in the State of Washington; the Savannah River Plant near Aiken,
South Carolina; and the Idaho National Engineering Laboratory (DOE88b). These wastes
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are in the form of alkaline liquids, salt cake, slurry, sludge, acid liquid, and calcine; they are
stored in underground tanks or bins. Most of them have already been subjected to some
treatment (e.g., neutralization with caustic soda, which produces the sludges), and most will
require incorporation into a stable solid medium, such as glass or ceramic. The solid waste
will be packaged in stainless-steel canisters.

4.3.1 Defense High-Level Wastes

In accordance with the provisions of the Nuclear Waste Policy Act of 1982, the DOE
performed a comparative evaluation of two disposal options for defense high-level wastes: 1)
disposal in a commercial geologic repository and 2) disposal in a geologic repository
constructed for defense wastes only. The two options were compared in terms of criteria
specified in the Act: 1) cost efficiency, health and safety, regulation, transportation, public
acceptability, and 2) national security. The results (DOES85b) indicated that there are no
compelling reasons to develop a repository for defense wastes only, but the only factor that
showed a clear advantage for disposal in a commercial repository was cost efficiency. The
Secretary of Energy recommended to the President, and the President agreed, that a
combined repository option could be implemented (DOES85a).

Typically, defense high-level radioactive wastes will be shipped in containers to a
commercial repository for disposal after solidification, e.g., in glass or some other solid
forms. At the repository, the containers will then be transferred underground for
emplacement and final disposal. Transportation to the repository will be conducted by the
DOE’s Office of Civilian Radioactive Waste Management, and the costs of geologic disposal
will be paid by DOE contributions to the Nuclear Waste Fund.

Hanford Site -- Since the early 1940s, DOE Hanford operations have resulted in the
generation of large volumes of solid and liquid wastes. Solid wastes are routinely disposed
of on site by ground burial. Liquid wastes are stored either temporarily or permanently in
special tanks, processed, and discharged into surface ponds, cribs, ditches, or released into
the Columbia River. There are four major operating areas at the Hanford Site which support
a diverse range of production and research activities. They are: the 100-Areas, which
include the N-Reactor and eight deactivated production reactors; the 200-Areas (West and
East), which include two reactor fuel reprocessing plants and waste treatment facilities; the
300-Areas, which include the reactor fuel manufacturing and research and development
facilities; and the 400-Areas, which includes the Fast Flux Test Facility.

The high-level radioactive wastes stored at Hanford may be divided into five groups:
liquids (11% by volume), sludges (19%), and salt cake (38%) - stored in single-shell tanks;
slurry (32%) - stored in double-shell tanks; and encapsulated wastes which contain heat
producing radionuclides (e.g., strontium-90 and cesium-137, and their decay products)
(DOES89d). Encapsulated wastes are stored in water basins for cooling. Encapsulated wastes,
however, represent a very small fraction of the total waste volume (less than 0.002 %), but
about 40% of the total activity for the waste forms identified above (DOE89d). Table 4.3-1
presents a summary of the Hanford waste storage methods, volumes, TRU activity, and
number of sites (see Chapter 3 for more details).
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Much of this waste has been accumulating since the 1940s and was initially stored in
single-shell tanks. More recently, double-shell tanks were built to reduce the possibility of
leakage into the environment since it was known that a number of the single-shell tanks (26)
were leaking (DOE87b). The double-shell tanks provide redundant containment by
incorporating primary and secondary carbon steel walls which are supported and encased in a
reinforced concrete outer shell. The radioactive decay-heat is removed by a closed-loop
cooling coil system within which circulates cooling water. The contents of each tank are
continuously mixed by air circulators and air ballast tanks which provide an intermittent
flushing action to prevent sediments accumulating at the bottom of the tank.

In total, there are five types of tanks (Types I through IV are single-shell and Type V
is double-shell) used in Hanford with capacities ranging from 210 to 3,800 m®. Typically,
seven single-shell tanks (3,800 m®) are needed to provide a 5-year storage capacity associated
with the processing of about 2,000 metric tons of spent fuel (DOE80Oa). Currently, there are
28 double-shell tanks in use in addition to the existing 149 single-shell tanks (DOE87b).
These tanks are located in 17 tank-farm sites located in both the East and West 200-Areas.
The tanks are placed underground and are covered with about 2 meters of soil. On the
average, the tanks are located about 60 meters above the local water table.

The wastes, destined for storage in the double-shell tanks, are typically pre-treated
prior to being pumped into the tanks. The low specific-activity portion of this waste stream
will be separated and disposed in a grouted form in near-surface vaults at the site. The
remaining wastes are to be solidified into borosilicate glass before being shipped to a
commercial geologic repository. The DOE will build a plant for vitrifying these wastes.
Current plans call for the plant to start operating in 1999. Encapsulated strontium and
cesium wastes will also be sent to the commercial repository for disposal.

The DOE has identified preferred disposal alternatives for some waste forms while it
has deferred its decision for other types of wastes (DOE87b, DOE89c). For example, the
DOE currently plans to store, for the foreseeable future, wastes contained in single- and
double-shell tanks (DOE87b, DOE89c). The potential disposal methods being considered
include in-situ immobilization of the tanks and their contents, disposal of a fraction of the
tank wastes (as low specific activity grout) in near-surface vaults, and waste treatment and
vitrification for final disposal at the commercial HLW repository. Encapsulated strontium
and cesium wastes are also to be sent to the commercial HLW repository once it becomes
operational. Transuranic wastes buried at the Hanford facility will be eventually retrieved,
processed, and repackaged prior to being sent to a dedicated transuranic waste disposal
facility (DOE®9a). For contaminated soils, DOE is evaluating several options which include
in-situ stabilization and geologic disposal. In the interim, the DOE will continue
maintenance activities of the sites where radioactive materials are presently buried. Current
DOE schedules indicate that these disposal plans will be implemented over a 20-year period
(DOES9c).

In response to Federal, State and local requirements, the DOE is conducting a
comprehensive environmental monitoring program to assess the impact of facility operations
in the vicinity of the Hanford Site (JAC88). The results of the environmental monitoring
program indicate that on-site radionuclide ground-water concentrations were noted to be
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above the EPA Drinking Water Standards (DWS) and in some instances above the DOE’s
Derived Concentration Guides (DCG) (JAC88). The results of the monitoring program
indicates that the following radionuclides are present in ground-water: tritium, cobalt-60,
strontium-90, technetium-99, ruthenium-106, antimony-125, iodine-129, iodine-131, cesium-
137, uranium-234, and uranium-238.

Certain chemicals regulated by the EPA and the State of Washington were also
present in the ground-water near the operating areas. The primary source of the ground-
water contamination is due to liquid wastes released into the ground by past and on-going site
and facility operations. Waste disposal activities, at both active and inactive sites, have also
contributed to the current levels of contamination.

Elevated tritium levels are present in all Hanford Site Areas, except in the 300-Areas.
The highest concentrations were noted to be in the 200-Areas, in both East and West
sections. The tritium plume in the 200-Areas is characterized with peak concentrations
ranging from 1 million to nearly 14 million pCi/L.. The peak tritium concentration in the
100-Areas was reported to be 1.3 million pCi/L. Other locations on the Hanford Site are
characterized by tritium concentrations ranging from non-detectable levels (about 300 pCi/L)
to a few hundred thousands pCi/L. In general, the tritium plumes are moving east and
southeast following the movement of the groundwater toward the Columbia River. The EPA
DWS for tritium is 20,000 pCi/L and the DOE DCG limit is 2 million pCi/L (JAC88). The
EPA DWS is based on an organ (whole body for tritium) annual dose limit of 4 mrem while
the DOE DCG represents a committed effective dose equivalent of 100 mrem per year
(JACSB).

Gross-beta radioactivity was found in wells throughout the Hanford Site. This
radioactivity is associated with the presence of cobalt-60, strontium-90, technetium-99,
antimony-125, cesinm-137, uranium decay products (thorium-234 and protactinium-234), and
to a certain extent to iodine-131 and iodine-129. The highest concentrations were noted to
occur in the 100 and 200-Areas. The gross-beta radioactivity in ground-water samples is
characterized with peak concentrations ranging from 1,000 to nearly 16,000 pCi/L. Other
locations on the Hanford Site are characterized by total gross-beta radioactivity ranging from
non-detectable levels (about 16 pCi/L) to a several hundreds pCi/L. The radionuclide
distribution and ground-water concentrations were reported, in decreasing order, to be
technetium-99 (up to 29,000 pCi/L), iodine-131 (up to 28,000 pCi/L), strontium-90 (up to
10,000 pCi/L), antimony-125 (up to 300 pCi/L), iodine-129 (up to 47 pCi/L), ruthenium-106



Table 4.3-1. Summary of waste sites, volume, and activity at the DOE
Hanford Facility.®

Type of Number of Area Volume TRU

Wastes Sites/Tanks (Ha) m})® (CH®
Single-shell tanks 12/149 5.5 1.4E+5 6.1E+4
Double-shell tanks 5/28 1.2 9.7E+4 3.2E+5
Capsules® 1/-- 0.01 minimal® minimal®
Retrievable TRU wastes /- 5.0 2.6E+4 9.0E+4
Buried TRU wastes® 9/-- 7.3 1.1E+5 3.0E+4
TRU contaminated soil 24/-- 1.2 3.2E+4 2.0E+4

(a) Data Extracted from DOES87b, Volume 1, Table 3.1, page 3.6.
Also see Chapter 3 for more details.

(b)  Exponential notation, 1.4E+5 means 1.4x10*° or 140,000.

©) For this entry and the following ones, the wastes are not stored in tanks.

(d)  Presence of TRU material is negligible, most of the activity is due to long-lived
fission products totaling of about 203 million curies. The volume of the capsules is
less than 0.002% of the waste volume to be treated and disposed.

) Wastes buried up to 1970.



(less than 30 pCiy/L), cesium-137 (less than or equal to 22 pCi/L), and Co-60 (less than or
equal to 20 pCi/L) (JACS88). As with tritium, these radionuclides are also moving east and
southeast following the movement of the ground-water toward the Columbia River. Except
for technetium and iodine, the ground-water plumes associated with these radionuclides are
not as extensively dispersed as the one due to tritium. The reported concentrations for
technetium, iodine, and strontium in several wells exceed the EPA DWS.

The presence of alpha-emitting radionuclides were detected in several wells located in
the 100, 200, and 300-Areas. The total gross-alpha radioactivity is thought to be due to
uranium since plutonium concentrations were noted to be below the limit of detection (about
0.1 pCi/L) (JACB8B). The highest concentrations were noted to occur in the 200-Areas
(West) while much lower concentrations were detected in the eastern sector of the 200-Areas.
The peak concentrations in the 200-Areas (West) were reported to range from 100 to 10,500
pCi/L. Uranium has been also been noted in the vicinity and downgradient of the fuel
fabrication facilities (300-Areas) and near inactive waste disposal sites. The average uranium
concentrations were reported to range from 2 to 310 pCi/L, with peak concentrations ranging
from 100 to nearly 12,000 pCi/L. Other locations on the Hanford Site are characterized by
uranium concentrations ranging from non-detectable levels (0.5 pCi/L) to less than 100
pCi/L. The reported gross-alpha concentrations in several wells exceed the EPA DWS.

The Hanford radiological environmental surveillance program also routinely monitors
other areas, at both on and off-site locations. These locations include three on-site ponds and
one lake, soils at 38 different on and off-site locations, and at upstream and downstream
points on the Columbia River.

Radionuclide concentrations in the three ponds and West Lake have been noted to
vary (DOE87b). The 1987 survey results indicate that tritium is the dominant radionuclide
with peak concentrations ranging from 160 to 9,500 pCi/L. The next predominant
radionuclide is cesium-137 which was reported to range from 1.1 to 50 pCi/L. Strontium-90
was also detected in pond and lake water samples with peak concentrations ranging from 0.4
to 2.8 pCi/L. Total gross beta and alpha water sample activity revealed peak water
concentrations of 490 and 267 pCi/L, respectively, for West Lake. The gross beta and alpha
water activity in the three ponds were typically one to two orders of magnitude lower than
those noted for West Lake.

Soil sample analyses at 15 on-site locations revealed four radionuclides have been
routinely detected in measurable levels. Strontinm-90 is known to be present in concentration
varying from 0.02 to 0.38 pCi/g with an average of 0.31 pCi/g. Cesium-137 has been
measured at concentrations varying from 0.01 to 16 pCi/g with an average of 2.0 pCi/g.
Plutonium-239 and 240 have also been measured at concentrations varying from 0.001 to
0.17 pCi/g with an average of 0.027 pCi/g. Finally, uranium was reported at concentrations
ranging from 0.19 to 3.8 pCi/g with an average of 0.58 pCi/g. Typically, the average on-
site measurements are higher than those noted off-site by factors ranging from about 2 to 5.

Analyses of water samples taken downstream in the Columbia River indicate that
radionuclides identified with Hanford Site operations were noted at very low concentrations,
typically well below the applicable drinking water standards (DOE87b). The water samples
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were taken at two different locations, one at the 300-Areas Water Intake and the other at the
Richland Pumphouse located about 3 km downstream from the site boundary. The Richland
Pumphouse is the first downstream point on the river where water is withdrawn for public
use. Water sample analyses revealed that tritium is the most predominant radionuclide with a
reported peak concentration of 200 pCi/L. Other radionuclides were also reported, including
strontium-89 and -90 (0.2 and 0.15 pCi/L, respectively), total uranium (0.61 pCi/L), gross
beta (2.8 pCi/L), and gross alpha (0.79 pCi/L). Other radionuclides, including plutonium-
239 and -240 as well as other fission products, were reported at lower concentrations,
typically ranging from 1.0x10° to 4.5x102 pCi/L.

Savannah River Plant -- At the Savannah River Plant, high-level wastes, in the form
of alkaline liquids, alkaline sludges, and salt cake, are stored underground in high integrity,
double walled, stainless-steel tanks. By 1993, hot operation of a waste processing facility to
vitrify these wastes into borosilicate glass is scheduled to begin.

Idaho National Engineering Laboratory -- In Idaho, high-level wastes, in the form of
acidic liquids, are first stored in underground tanks and later converted to calcine. Stainless
steel tanks housed in concrete vaults are used to store liquid wastes, and stainless steel bins
in concrete vaults are used for the calcine wastes. According to DOE plans, a facility for
immobilizing newly generated wastes will start operations early in the next century. It will
also process the stored calcine wastes. Evaluations of waste forms and immobilization
processes are being pursued.

4.3.2 Transuranic Wastes and Defense Waste Programs

The research and development (R&D) efforts for defense wastes are divided into three
major categories: 1) the immobilization of high-level wastes, 2) the preparation of transuranic
wastes for shipment to the WIPP facility, and 3) investigations to demonstrate the
performance of the WIPP site. Also these R&D efforts include the development of
technology for in-place immobilization of wastes stored in tanks and evaluation of methods
for immobilizing wastes stored at the Idaho National Engineering Laboratory.

® Waste Isolation Pilot Plant (WIPP)

The DOE is developing the Waste Isolation Pilot Plant (WIPP) in a bedded-salt
formation near Carlsbad, New Mexico to demonstrate the disposal of defense TRU wastes.
The WIPP project was authorized in 1980 by Public Law 96-164 to provide a research and
development facility for demonstrating the safe disposal of transuranic wastes produced by
national defense activities. If testing proves satisfactory, the DOE is expected to open the
site for the permanent disposal of TRU waste.

The WIPP site is in a sparsely populated area on land owned by the Federal
government. The WIPP plant consists of surface facilities (mainly a waste-handling
building), four access shafts, and underground facilities designed to emplace approximately
6.5 million cubic feet of TRU waste in a 100-acre repository. About 12 acres have also been
set aside as an underground test area to conduct experiments and study the behavior and
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performance of the repository. The repository has been excavated in a bedded-salt formation
(the Salado Formation) 2,150 feet beneath the surface.

By mid-1989, the initial major construction activities at the WIPP had been nearly
completed (DOE89a). The surface facilities were essentially complete, and most of the
underground rooms for experimentation and initial waste emplacement had been excavated.
A five-year test phase is planned to develop data for incorporation into the performance
assessment. All of the wastes will be retrievably emplaced should the site be declared
unsuitable at the end of the test period. During this phase, the DOE will monitor the site
and facility as part of the environmental monitoring programs it has been conducting since
1980.

For shipment to the WIPP site, TRU wastes will be contained in Type B shipping
containers (TRUPACT-II) certified by the NRC and carried by truck. The DOE’s purpose in
using truck transportation for moving waste to the WIPP is to have greater accessibility to
the site and greater control of the transportation system, routes, and speed. The proposed
routes from the waste storage locations use the interstate highway system to the maximum
extent possible (DOE89a). To ensure safe and efficient transport, the DOE will use a
transportation tracking and communication system that will combine navigation, satellite
communication, and computer network technologies to monitor the movements of TRU waste
shipments to the WIPP.

All of the wastes received by the WIPP will have to meet acceptance criteria covering
factors such as waste forms and characteristics, gas generation, immobilization, presence of
toxic and corrosive substances, and thermal power. All incoming packages will be checked
for surface contamination and external radiation exposure rates, and repackaged or repaired if
necessary.

® Greater Confinement Disposal Facility

In 1981, the National Low-Level Waste Management Program and the DOE’s Nevada
Operations Office began a project to demonstrate the feasibility of "greater depth" burial in
the alluvial sediments of the Nevada Test Site (REY83, EPA87). The purpose of the project,
named Greater Confinement Disposal Test (GCDT), was to evaluate the feasibility of
disposing of classified TRU wastes and high specific-activity low-level wastes at intermediate
depths in large-diameter augered holes. These wastes originate from weapon facilities across
the nation. The basic concept involves sinking a shaft 3 meters in diameter and nearly 40
meters deep. The shaft has a capacity of about 1,100 m®. Wastes are then lowered into the
hole and stacked up to depth of about 20 meters from the surface. At this point, the hole is
backfilled with soil all the way up to the surface. The goal of the GCDT program is collect
and analyze data on radionuclide migration and to develop waste handling procedures and
equipment. Plans are also being developed to retrieve these wastes after emplacement, if
necessary.

4.4 POTENTIAL HOST ROCKS FOR GEOLOGIC REPOSITORIES
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Many types of rocks are potentially suitable as host rocks for a repository, depending
on the natural attributes of the rock and the geohydrologic setting. Ideally, the host rock
should be suitable for the construction of the repository and for waste containment, and the
surrounding rock formations should provide adequate isolation (DOE80b). Important natural
attributes include thermal, mechanical, hydraulic, and chemical characteristics that affect the
response of the host rock to heat, the movement and chemistry of ground water, and the
ability to retard the migration of radionuclides. The desirable geohydrologic properties
include low rates of ground-water flow, long path lengths to the accessible environment, and
evidence of long-term stability (DOES0b).

In the United States, early plans for geologic disposal were based on bedded salt and
salt domes. Salt was the rock investigated most extensively as part of a site screening
program. Later, when the DOE began to study Federal lands dedicated to nuclear activities,
several other host rocks came under investigation. They included argillaceous rocks and tuff
in Nevada and basalt in the State of Washington. For the second repository, DOE began to
study crystalline rock formations (DOE86a-g). Other rocks that have been considered are
limestone, sandstone, anhydrite, chalk, and argillaceous rocks like shale (GON85). The
sections that follow briefly review the properties of host rock media most studied in the
United States.

4.4.1 Basalt

Basaltic rock masses are among the strongest of common rock types. In addition,
basalt has moderate thermal conductivity and a high melting temperature, which enable it to
withstand high thermal loads. The basaltic formation that had been investigated in the first
repository program was a thick section, about 950 meters below the surface, near the middle
of the extensive basalt flows of the Columbia Plateau. The basaltic rock in this section
contains openings filled with alteration products (mainly clay minerals), and as a result the
rock mass is of low permeability. On the other hand, the basalts of the Columbia Plateau
commonly have columnar joints or rubbles that are potential channels for water flow.
Water-bearing sedimentary interbeds within the basalt section are also common.

A potential site in basalt is located in the State of Washington. Thick basaltic
formations also occur in the States of Idaho and Oregon.

4.4.2 Bedded Salt and Sait Domes

Of the nine sites identified as potentially acceptable for the first repository, seven
were in salt: four sites in bedded-salt formations and three in salt domes (DOES85a).

Salt is suitable as a host rock because of its structural strength, radiation shielding
capability, high plasticity (which enables fractures to heal or seal themselves at repository
depths), low moisture content, and low permeability. In addition, salt deposits are abundant
in the United States and are relatively easy to mine. Desirable features of many salt basins
are their relatively simple structure and predictable stratigraphy over large areas.
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Although salt deposits are widespread, the salt itself and the other deposits with which
it is often associated (e.g., hydrocarbons or potash) could increase the probability of human
intrusion into a repository. Furthermore, the solubility of salt is greater than that of any
other potential host rock. The potential for this failure mode must be carefully assessed in
analyzing the long-term performance of a repository sited in salt.

4473 Granite and Related Cgstal]ine Rocks

Granite and related crystalline igneous and metamorphic rocks, such as gneiss, are the
most abundant rocks in the upper 10 kilometers of the Earth’s continental crust. These rocks
underlie virtually all of the United States; they occur at the surface in stable areas, in the
cores of many mountain ranges, and beneath all of the younger sedimentary rocks. Their
strength, structural and chemical stability, and low porosity make them attractive for geologic
repositories. The water content of these rocks is low and is held mainly in fractures and in
hydrous silicate minerals. The permeability of these rocks is largely dependent on the
presence of fractures, and it is reduced considerably by the closure of fractures, which
occurs at depths in excess of several hundred meters. The depth for a repository is likely to
vary from region to region, depending on how the permeability is affected by the tectonic
history of the region.

Granite as a potential host rock is being investigated in some European countries. In
the United States, the DOE had conducted preliminary investigations of near-surface and
exposed crystalline rock formations in 17 States in a search for sites for the second
repository. However, the Amendments Act directed DOE to terminate site-specific activities
for a second repository and limited such activities only to tuff.

4.4.4 Tuff

Tuff is the dominant component of the voluminous and widespread volcanic strata in
the Basin and Range province of the western United States. The tuff formation at the Yucca
Mountain site, located in southern Nevada, currently being characterized for the first
repository, consists of a sequence of welded and non-welded tuffs.

The site selected as the potential host rock is moderately to densely welded and
devitrified, with a minor number of cavities. This section of the rock formation has high
density, low porosity and water content, good compressive strength, and the ability to
withstand the heat generated by radioactive waste. However, the characteristics that affect the
thermal and mechanical properties of tuff, such as porosity, degree of saturation, and stress
state, are known to vary both laterally and vertically. Consequently, the thermal and
mechanical properties are also likely to vary spatially.

Lying beneath the welded tuff are non-welded tuffs containing zeolite, a hydrous
silicate. These tuffs are characterized by low density, moderate compressive strength,
moderate thermal conductivity, and excellent capability for sorption. The latter is important
to the waste isolation performance of a repository because it would allow these rocks to
significantly retard the migration of radionuclides into the accessible environment.
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4.5 INTERNATIONAL ACTIVITIES

Countries which are committed to use nuclear power or in which nuclear power
already makes up a significant fraction of the total electrical generating capacity are
establishing long-term programs for the safe management and disposal of spent fuel and high-
level radioactive wastes. Such programs include adopting a national strategy, assigning the
technical responsibility for research and development activities to designated agencies,
selection of disposal technologies and geological media, and setting the appropriate
regulatory standards to protect the public and environment.

Typically, the objective of a geological disposal program is to immobilize and isolate
radioactive wastes from the environment for a sufficient period of time under conditions such
that any radionuclide releases from the repository will not result in unacceptable radiological
risks. For illustrative purposes, the disposal programs of eight countries are summarized
below (NEA86, NEA88, SCH88, SCH91, IEAL87). These countries are Canada, the United
Kingdom, France, the Federal Republic of Germany, Belgium, Switzerland, Sweden, and
Japan. A summary of these countries’ institutional and regulatory programs is also provided
in Chapter 2, Section 2.3.

4.6.1 Canada

Atomic Energy of Canada Limited (AECL), a Crown corporation reporting to the
Federal Minister for Energy, Mines and Resources, has been assigned the responsibility for
the permanent disposal and isolation of radioactive wastes in Canada. Currently, the
program considers only direct disposal of spent fuel without reprocessing, although the
reprocessing option has not been completely ruled out. Until a repository is available, spent
fuel will initially be stored at each reactor site and, later, possibly at a central facility.
Under a joint agreement, Ontario Hydro (a provincially owned utility) has been mandated to
develop the technologies needed for the interim storage and transportation of spent fuel.

The Canadian disposal concept considers siting a repository in a granitic formation
located in the Canadian Shield. The repository will be located at depths of 500 to 1,000
meters. The spent fuel canisters will be inserted in floor cavities located in excavated
disposal rooms. Once filled, the floor cavities and room excavations will be backfilled and
sealed using engineered barriers. The AECL facility design is already well defined (Concept
Assessment Documentation) and the concept was submitted for public and regulatory review
in 1988. AECL is now preparing a final Environmental Impact Statement which it will
submit to a government-appointed Review Panel by mid-1993, after which public hearings
will be held. The Panel is expected to present findings and recommendations to the
government in early 1995; subsequently, the government will reach a finding on the
acceptability of the concept. AECL estimates that siting, licensing and construction of a
disposal facility will take 25 to 30 years and that the facility could therefore be in operation
by 2025.
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In 1986, AECL established an underground research laboratory (URL) in undisturbed
granitic rock at a depth of 240 meters at Lac du Bonnet, in the Province of Manitoba.
AECL has since deepened the facility to 440 meters. The purpose of the URL is to conduct
large-scale, in-situ experiments in the type of rock envisioned under the Canadian disposal
concept, demonstrating some of the components of the disposal concept (the facility is not a
candidate repository site). AECL is developing methodologies and analytical techniques to
evaluate the geomechanical and geohydrological properties of granitic rock. Construction of
the URL was completed in 1988.

4.6.2 United Kingdom

In the United Kingdom, the responsibility to develop a national strategy for
radioactive waste management lies with the Department of the Environment. The
organizations which produce the wastes have the direct responsibility for their safe
management and funding. An industry consortium, the UK NIREX Ltd, has been established
to develop and operate new low- and intermediate-level radioactive waste disposal facilities in
England.

The United Kingdom’s radioactive waste disposal program strategy has postponed the
development of a disposal facility in deep geological media. Rather, the current plans call
for reprocessing of spent fuel, solidification, and surface storage for about 50 years. The
United Kingdom has also adopted a policy of monitoring the results of research activities
being conducted by other countries. Depending on the outcome of research being conducted
abroad, Britain would then identify a high-level waste disposal strategy and repository
program development activities u