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Abstract. Regardless of the future of civilian or defense-based nuclear materials, the United States
will be responsible for a vast array of these materials for generations to come. The cornerstone
programme for the disposal of waste materials is the Yucca Mountain Programme. Based on the
Nuclear Waste Policy Act of 1982, as amended in 1987, it has been the United States' policy to
develop a geological repository for the permanent disposal of radioactive waste materials. This
presentation will discuss the process and strategy leading to the present and will include the scientific
and management activities required to support the recent Viability Assessment. Also to be discussed
are the timeline and milestones leading to the opening of the repository. The focus will be on the
scientific and engineering studies required for a successful Site Recommendation, and then for a
similarly successful License Application. Both of these activities will require considerable
management efforts in addressing legal and regulatory issues. Finally, the presentation will discuss
projections for the future operation of the facility, including emplacement projections, coupled with
the required locations of nuclear materials. Additional scientific research and engineering studies will
also be conducted to determine the longer-term viability of the facility, which is designed, by policy,
for permanent storage. Retrievability is currently not an option, although access to the facility will be
maintained for several decades. The focus of the discussion will be on the scientific and engineering
advances made on understanding the natural systems for preventing migration of radionuclides,
coupled with new developments in engineered systems in areas such as cask cladding, drip shields,
and related materials engineering developments. The coupling of engineered and natural systems is
designed to offer safety factors that are several orders of magnitude greater than what is estimated to
be necessary.

1. INTRODUCTION

Currently 104 nuclear power facilities (reactors) provide approximately 20% of the electricity
produced in the United States. These reactors contribute between 1800 and 2200 metric tons
of uranium (MTU) annually to the accumulating amount of spent nuclear fuel (SNF),
estimated to be approximately 41,000 MTU at the end of 1999. It is projected that by the year
2040, if all reactors continue to operate, the inventory of SNF will have increased to
85,000 MTU. The Nuclear Waste Policy Act of 1982 (Public Law 97-425) established the
Office of Civilian Radioactive Waste Management (OCRWM) within the Department of
Energy (DOE) to develop and safely manage a Federal system for disposing of the Nation's
SNF and high-level radioactive waste.

2. USDOE OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT (OCRWM)

Funding

OCRWM continues to be funded through appropriations from the Nuclear Waste Fund, which
is financed through a 1.0 mil per kilowatt hour fee imposed on the utilities for electric power
generated and sold by nuclear power facilities. Contributions are as much as approximately
$650 million per year. At the end of fiscal year 1999 (FY 99), the fund had received a total of
approximately $13.7 billion, including investment earnings, and expended approximately
$5.3 billion. In addition, during FY 99 OCRWM also earned approximately $500 million in
defense revenue from the Office of Environmental Management and Office of Energy's Naval
Nuclear Propulsion Program, custodians of the DOE inventory of high-level radioactive waste
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and spent nuclear fuel. The total accrued defense revenue at the end of FY 99 is
approximately $2.6 billion.

Program Strategy

Funds appropriated by Congress for FY 99 continued to be used toward objectives that
maintained the momentum toward a national decision on the geologic disposal option: 1)
completion of the Final Environmental Impact Statement next year (FY 01), 2) continuing the
necessary work towards a decision on whether to recommend the Yucca Mountain site to the
President in 2001, if the site is suitable for a repository, and 3) submit a license application for
construction authorization to the Nuclear Regulatory Commission (NRC) in 2002, if the site is
approved by the President and Congress. As discussed below, implementation of program
requirements to reflect this strategy continued throughout 1999 and into 2000.

Repository Regulatory Framework

In 1999, the regulatory framework for evaluating the suitability of the Yucca Mountain site
moved closer to final form. On November 30, 1999, the Department published a proposed
revision to its repository siting guidelines. The proposed revised guidelines reflect a shift
away from a generic approach that could apply to any site and that focused on individual
technical criteria, to a site-specific approach that relies on an overall systems evaluation of the
expected performance of a repository at Yucca Mountain. This same approach had been taken
by the NRC in the proposed repository licensing regulations it published on February 22,
1999. The Department's siting guidelines must lead to selection of a site that can satisfy the
NRC regulation and receive a license. On August 27, 1999, the Environmental Protection
Agency (EPA) published proposed radiation protection standards for a repository at Yucca
Mountain. The NRC regulation must implement the EPA standards. The NRC has announced
that it will, if necessary, revise its regulation once the EPA standard is finalized.

Repository Design

In 1999 work was focused on preparing for a Secretarial determination on site
recommendation. It is expected that a Site Recommendation Consideration Report will be
released in Fiscal Year 2001. In 1999 the work to develop the Site Recommendation
Consideration Report built on the Viability Assessment of a Repository at Yucca Mountain
that the Secretary released in December 1998. A major accomplishment in 1999 was the
adoption of repository design enhancements for the total system performance assessment that
will support the Secretarial determination on site recommendation. Some of the new features
had been recommended by the Nuclear Waste Technical Review Board. To be more flexible
in meeting changing expectations and to simplify the approach to licensing the repository, the
Program adopted an approach for a "cooler" repository that employs long term ventilation to
remove heat from the waste packages. The benefits of this approach include reducing the
uncertainties associated with predicting the effects of heat on the natural system along with
being able to utilize a single emplacement drift that is representative of the entire repository.
This concept allows for repository closure after 50 years or to remain open for as long as 300
years, depending on the results obtained from performance confirmation monitoring and the
views of future generations.

Another important task that will support the Site Recommendation Consideration Report was
continued development of system description documents for major repository subsystems
related to safety, such as the materials handling system. These documents specify
requirements for repository subsystems and describe the resulting design.
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Draft Environmental Impact Statement

On August 6, 1999, the DOE Draft Environmental Impact Statement (DEIS) for a Geologic
Repository on Spent Nuclear Fuel and High-Level Radioactive Waste was issued for public
comment. The DEIS provides information on the potential environmental impacts that could
result from the proposed action to construct, operate and monitor, and eventually close a deep
underground repository at Yucca Mountain, in Nye County, Nevada. The DEIS also analyses
an alternative to the proposed action: a no-action alternative. The DEIS further analyzes the
potential impacts of transporting spent nuclear fuel and high-level radioactive waste to the
Yucca Mountain site from 77 sites across the United States. The analysis also includes the use
of active institutional controls (controlled access, inspection, maintenance, etc.). DOE has
held 21 public hearings on the DEIS. The public comment period on the DEIS closed on
February 28, 2000. DOE is in the process of reviewing the input and will prepare a Final
Environmental Impact Statement in FY 01.

Scientific Investigations Of Yucca Mountain

The Project activities associated with scientific and engineering investigations were focused
on the remaining key uncertainties about the Yucca Mountain site. Those uncertainties,
discussed in the Viability Assessment, include: the presence and movement of water through
the repository block; the effects of water movement on waste package degradation; and the
effects of heat from the decay of radioactive materials inside the waste packages on the site's
geologic and hydrologic behavior. The Program's main thrust in 1999 (and further planned for
most of the year 2000) has been to ensure that sufficient data has been obtained to support the
Site Recommendation (SR). The current goal is to obtain 80 % qualified data required for the
SR, and to further obtain 100 % qualified data by the License Application.

Construction in the underground Exploratory Studies Facility progressed significantly in the
last year. It is expected that work associated with construction of the cross drift alcoves and
niches will continue towards completion over the next few years.

The Drift Scale Heater Test in the Thermal Testing Facility is continuing, and conservative
analyses of measured and predicted temperatures in the rock mass surrounding the heated drift
indicate generally good agreement between measured and predicted values. It is planned that,
subsequent to heater operation over the next year, a four year cool down evaluation cycle will
be initiated.

C-Well tracer testing of the Prow Pass interval in the saturated zone below the level of the
proposed repository is being continued to better characterize the flow, dilution, and sorption
potential in the uppermost hydrogeologic unit in the saturated zone immediately
downgradient from the potential repository.

Scientists continued working at the Busted Butte where they are studying tracer movement,
fluid flow, and transport behavior in a distal extension of the rock of the Calico Hills
Formation, which lies between the repository horizon and the water table. These tests are
yielding information that is being used to evaluate how far and how fast key radionuclides
may move in the non-welded rock below the repository in the unsaturated zone.

It is expected that, in the year 2000, the project activities will transition from scientific
investigations to data synthesis, model validation, repository and waste package design, and
safety analysis.
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Waste Acceptance, Storage And Transportation

With funding for this Project at less than 1 percent of our FY 99 budget, work remained
curtailed. We continued to manage the contracts we executed with utilities under the Nuclear
Waste Policy Act and to gather the data about their spent fuel inventories that are required for
waste acceptance.

Under these contracts, DOE was to start accepting spent nuclear fuel from utilities in 1998.
With no Federal facility available to receive the material, utilities continued to pursue
litigation to seek relief from hardships they allege as a consequence of the Department's
inability to accept waste. In an effort to resolve this dispute, in a March 1999 testimony before
Congress, the Secretary proposed that the Department take title to utilities' spent nuclear fuel
and manage it at their sites. Analysis of this option is under way.

In October 1999, a successful demonstration of a prototype for a dry transfer system for spent
nuclear fuel, which Congress had directed DOE to develop cooperatively with the nuclear
utility industry, was concluded. We expect the NRC to approve our Topical Safety Analysis
Report on the dry transfer system by April 2000.

Accelerator Transmutation of Waste (ATW)

The U.S. Congress directed the DOE, through the Fiscal Year 1999 Energy and Water
Appropriations Act, to evaluate the accelerator transmutation of waste (ATW), and by the end
of the Fiscal Year 1999 to prepare a roadmap for development of this technology. DOE
developed an ATW roadmap, including among other tasks: 1) identification of the technical
issues that must be resolved, 2) a proposed schedule, and cost estimate for such a program,
including an estimate of the capital and operational life-cycle costs to treat spent fuel, 3)
proposed collaborative efforts with other countries and other programs developing ATW
technologies, 4) identification of the institutional challenges, and 5) an assessment of the
impact that ATW technology could have on the civilian spent nuclear fuel program along with
identification of development areas that could benefit other ongoing programs. A major
conclusion of the study is that a repository is an essential element of the nuclear fuel cycle
with or without ATW deployment. A summary of the major recommendations resulting from
development of the roadmap includes, but is not limited to: 1) during an initial 6 year trade
and systems studies period, science-based R&D should address the key technology system
element issues identified during roadmap preparation; and 2) work planned and implemented
during this period should be accomplished through robust international collaboration.

3. USDOE OFFICE OF ENVIRONMENTAL MANAGEMENT

Overview

The primary mission of the DOE Environmental Management (EM) program is to reduce
health and safety risks from contamination and waste at the sites associated with the
development of nuclear weapons and nuclear power systems. This mission is realized through
the following program areas: waste management; environmental restoration; nuclear material
and facility stabilization; science and technology; pollution prevention, and public
accountability. The overall program is responsible for the storage and treatment (both short
and long-term) and disposal nuclear and chemical wastes generated during more than 50 years
of nuclear weapons production and nuclear research.
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The EM program currently has responsibility for cleanup of over 113 geographic sites in over
30 states and one territory ~ over 2 million acres. EM continues to work toward the goal of
cleaning up as many of its sites by the year 2006. As of the beginning of FY 00, cleanup had
been completed at 69 of these sites, leaving 44 to be completed. Three DOE sites ~ Rocky
Flats, Colorado; Fernald, Ohio; and Miamisburg, Ohio - are pilot sites for accelerated closure.

The number of sites and facilities managed under the EM program has grown as projects have
been transferred from other DOE programs (such as Defense Programs and Nuclear Energy).
The program now manages several hundred high-level radioactive waste tanks and thousands
of contaminated buildings that remain to be deactivated and decommissioned. The volume of
waste managed by DOE is enormous - 36 million cubic meters, containing about one billion
curies of radioactivity

hi addition to managing the existing legacy of wastes, materials, and contaminated sites and
structures, the prevention of further waste generation and pollution is a major goal of EM and
of the Department as a whole. In 1996, and again in 1999, DOE issued aggressive pollution
prevention goals in order to reduce generation of hazardous, radioactive, and sanitary wastes
by at least 80 percent by 2010 or earlier (using 1993 as a baseline).

Key aspects of the EM program are summarized below.

Waste Management

An important part of the EM mission is to protect people and the environment from the
hazards of Departmental waste by providing an effective and efficient system that minimizes,
stores, treats, and disposes of waste as soon as possible. Currently, waste management
facilities store and manage more than 700 000 cubic meters of radioactive waste and a wide
variety of hazardous chemical wastes at more than 40 sites nationwide. Some 80 percent of
the radioactive waste is also mixed with hazardous chemicals. Much of this waste has been
stored at DOE sites for up to 50 years. These wastes include high-level radioactive waste,
transuranic waste, and low-level waste. Highlights of progress in managing these wastes are
provided below.

High-Level Waste

The focus of Environmental Management's (EM's) activities for managing high-level waste is
on storage and treatment so that it can be disposed in a geologic repository. (Disposal of this
waste, along with spent nuclear fuel, is the responsibility of the Department of Energy's
(DOE's) OCRWM ~ covered in the first section of this paper.) DOE currently manages about
345 000 cubic meters of high-level waste generated from the reprocessing of spent nuclear
fuel at four DOE sites. Most of this inventory is in the form of sludge, liquids, salts, and
calcine. The strategy for preparing this waste for ultimate disposal is to vitrify the waste into
glass logs. Treatment began in 1996 at vitrification facilities at the Savannah River Site in
South Carolina and the West Valley Demonstration Project in New York, two of the four sites
that store significant quantities of high-level waste. To date, about 1 000 canisters have been
produced (less than 10% of the total number of canisters to be produced at the four sites over
their life-cycle). Vitrification at West Valley is nearing completion. Design is underway for a
new vitrification facility at the Hanford Site and early planning is underway at the Idaho
National Engineering and Environmental Laboratory. Once vitrified, the canisters of high-
level waste will remain in storage at the sites that generated the waste until a repository is
available.
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Transuranic Waste

DOE is currently managing more than 100 000 cubic meters of transuranic waste, the bulk of
which is at six major sites. The strategy for managing transuranic waste is to dispose of the
waste in a geologic repository built in salt deposits. DOE selected this type of disposal for
transuranic waste because of the geologic stability of the salt formations, which will safely
and permanently isolate transuranic waste for thousands of years. The Waste Isolation Pilot
Plant (WIPP) is a series of chambers carved into salt beds 645 meters (2 150 feet)
underground, located about 30 miles east of Carlsbad, New Mexico. After two decades of
development, WIPP opened for disposal operations in March 1999. During the first six
months of operation, WIPP received 32 shipments (containing 276 cubic meters) of
transuranic waste from three sites — Los Alamos National Laboratory, Rocky Flats, and
Idaho National Engineering and Environmental Laboratory (INEEL). The WIPP disposal
capacity is about 175 000 cubic meters, and it will take about 30 years to fill.

More recently (October 1999), the State of New Mexico issued a permit that will allow for
mixed transuranic waste (transuranic waste containing hazardous constituents regulated under
Resource Conservation and Recovery Act regulations) to be received at WEPP providing the
waste meets the WIPP acceptance criteria. Some mixed transuranic waste will require
treatment prior to shipment to WIPP. Therefore, the EM program is working toward
providing treatment capacity for this waste. New treatment facilities are planned, with the first
new facility — the Advanced Mixed Waste Treatment Project at INEEL — scheduled for
operation in 2003.

Low-Level and Mixed Low-Level Waste

Approximately 1 million cubic meters of low-level waste and 176 000 cubic meters of mixed
low-level waste will require disposal over the next twenty years. Currently, DOE has six low-
level waste disposal sites. Waste generators without an on-site low-level waste disposal
facility ship waste to one of the operating sites for disposal and in some instances to
commercial facilities when practical and economical. In February 2000, DOE decided to
continue disposal at these sites for wastes generated onsite, while allowing other waste
generators to ship their wastes to the disposal facilities located at the Nevada Test Site, NV,
and Hanford Site, WA. In addition, DOE decided to dispose of its mixed low-level waste at
Nevada Test Site and Hanford Site, where facilities have already been constructed but to date
used only for on-site generated waste.

Privatization of Traditional DOE Functions

EM has taken steps to transfer functions traditionally performed by the Department's
management and operating contractors to private companies that will provide the service on a
competitive, fixed-price basis. EM is working to privatize the Hanford Tank Waste
Remediation System ~ the largest single project at the Department - to reduce the technical
and cost-performance burden on the Department. Other privatization projects include
capabilities to store spent nuclear fuel; to treat transuranic and mixed waste at the INEEL; to
treat transuranic waste at Oak Ridge, TN; and to transport remote-handled transuranic waste
to WIPP.

Environmental Restoration

Another key part of the EM mission is environmental restoration — the remediation and
management of contaminated environmental media (e.g., soil, groundwater, sediments) and



the decommissioning of facilities and structures at some 113 geographic sites in order to
protect human health and the environment from existing risks and provide for future
beneficial reuse of restored land and facilities. As of the start of FY 00, 69 of the 113
geographic sites have been cleaned up. Two more will be cleaned up in FY 00 and three more
in FY 01. At each geographic site, there may be numerous individual waste sites, referred to
as "release sites," and contaminated facilities whose cleanup ultimately leads to completion of
an entire geographic site.

Cleanup progress at environmental restoration sites takes the form of "remedial actions,"
which are actions taken to identify and contain or remove soil and groundwater contamination
to prevent it from spreading, to decommission and dismantle facilities, and to clean up
contaminated structures. Decommissioning operations range from small cleanup activities
involving portions of buildings to complete structural dismantlement.

Since 1989, EM completed cleanup actions at almost half (about 4 300) of the individual
release sites (out of a total inventory of 9,700 release sites), and decommissioned about 15%
(558) of the facilities that need to be decommissioned (over 3 300). In addition, EM is
continuing multiple environmental restoration activities and groundwater effort at all major
EM sites.

After completing cleanup, the EM program will maintain a presence at most sites to monitor,
maintain and provide information on any contained residual contamination. These activities
are designed to maintain long-term protection of human health and the environment. Such
long-term stewardship will include passive or active institutional controls and, often,
treatment of contaminated groundwater over a long period of time. The extent of long-term
stewardship required at a site will depend on the desired end-state to be reached at that
particular site.

Nuclear Materials And Facility Stabilization

Stabilizing, monitoring, and maintaining the large quantity of nuclear material and spent fuel
left over from Cold War weapons activities is one of the most urgent tasks in the EM
program. DOE must stabilize these materials and fuel (i.e., produce a safer chemical and/or
physical form of the material) to reduce the level of potential risks, such as exposure to
radiation, contamination of people and the environment, and critical events. Stabilization
activities have been prioritized so that the most serious risks are addressed first.

Nuclear materials will be stabilized at the Plutonium Finishing Plant at Richland and in
several facilities at the Rocky Flats Environmental Technology Site and the Savannah River
Site. DOE's spent nuclear fuel, and the foreign research reactor spent fuel that the U.S. is
accepting, will be treated where necessary, packaged suitably for final disposal, and placed in
dry interim storage pending disposal in a geologic repository. As nuclear material and spent
fuel are placed in more stable forms, the physical plant (buildings, production systems,
machinery, and utilities) where the materials had been stored can be deactivated.

Milestones have been established for the stabilization of some nuclear materials by the year
2002, including various forms of plutonium, uranium, special isotopes, and spent nuclear fuel.
Based on the current inventory of materials and facilities in the program, it is projected that
the stabilization mission will be complete by 2010.

Throughout FY 99, the EM program reduced environmental risks by stabilizing nuclear and
other materials and spent nuclear fuels at the Savannah River Site, plutonium residues and
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plutonium metals and oxides at Rocky Flats, and materials at several other sites. These
materials are located in spent-fuel storage pools, reactor basins, reprocessing canyons, and
various facilities once used for processing materials for nuclear weapons. All plutonium pit
shipments from Rocky Flats to Pantex Plant were completed in FY 99, and starting in FY 00,
the metal/oxide containers will be shipped from Rocky Flats to the Savannah River Site.
Plutonium stabilization activities at Hanford Site's Plutonium Finishing Plant were restarted
in FY 99.

The Department currently stores and manages spent nuclear fuel resulting from DOE missions
and from domestic and foreign research reactors. This spent fuel, approximately 2 500 metric
tons of heavy metal, is currently stored in facilities at four DOE sites - Hanford, INEEL,
Savannah River Site, and West Valley Demonstration Project. A geologic disposal facility is
not expected to be ready to accept Department-owned spent nuclear fuel before 2015. New
dry storage facilities are being developed at Hanford and INEEL to provide long-term storage
of spent nuclear fuel and allow aging facilities to be decommissioned.

The EM program continues to play a key role in implementing U.S. nuclear weapons
nonproliferation policy regarding foreign research reactor spent nuclear fuel. Under this
policy, the United States will accept, over a 13-year period, up to approximately 20 metric
tons of research reactor spent nuclear fuel from 41 countries. Only spent nuclear fuel
containing uranium enriched in the United States falls under this policy. DOE has completed
14 shipments of spent nuclear fuel from foreign research reactors from 23 countries. Twelve
shipments have been received at the Savannah River Site in South Carolina. Two shipments
to INEEL have been completed, including the first cross-country shipment of foreign research
reactor spent nuclear fuel from Savannah River Site in August 1999.

Science and Technology

EM develops and deploys innovative environmental cleanup technologies that reduce cost,
resolve currently intractable problems, and/or are more protective of workers and the
environment. Technology development activities are organized in five major focus areas: (1)
Mixed Waste; (2) Radioactive Tank Waste; (3) Subsurface Contaminants; (4) Deactivation
and Decommissioning; and (5) Nuclear Materials. Crosscutting activities are conducted in
support of these focus areas, such as robotics, efficient chemical separations; characterization,
sensors, and monitors; industry and university programs; and technology integration.

The success of the EM science and technology program is currently measured by several
factors: (1) the number of innovative technology systems demonstrated that meet the
performance-specification-based needs identified by Site Technology Coordination Groups;
(2) number of innovative technology systems ready for implementation with cost and
engineering performance data; and (3) number of deployments of innovative technologies in
cleanup activities. In FY 99 alone, 27 innovative technologies were demonstrated to meet
identified needs; 129 innovative technology deployments were accomplished at DOE sites;
and 40 were made ready for implementation.

Pollution Prevention

DOE's respect for the environment has lead to an aggressive pollution prevention program,
which focuses on reducing or eliminating the creation of pollutants or waste at the source. In
1996, DOE outlined specific goals for reducing waste generation and the use and release of
toxic chemicals and for increasing recycling and the purchase of environmentally preferable
products. These goals require the complex-wide reduction of routine operations' low-level
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radioactive, mixed, and hazardous wastes by 50 percent, and routine operations' sanitary
waste by 33 percent, compared to the 1993 baseline. Within two years, DOE sites
implemented over 1,800 pollution prevention projects and were able to avoid more than
390,000 cubic meters of waste, for a reported cost savings/avoidance of $405 million.
Beginning with FY 99, DOE set an aggressive goal for a 10 percent annual reduction in waste
generation from cleanup/stabilization activities. Sites are recognized for their achievements
in pollution prevention through annual awards. Below are some examples of site successes:

• Los Alamos National Laboratory recycled lead and steel material from an accelerator
facility, which was earlier thought to be low-level mixed waste due to its origin and lead
content. After surveys determined the material was not activated, it was able to be
recycled, reducing low-level mixed waste by about 338 cubic meters at a reported cost
savings of over $25 million.

• INEEL replaced a hazardous nitric acid cleaning process with an environmentally friendly
high pressure water cleaning system, thus eliminating nitrogen oxides emissions and nitric
acid safety concerns and reducing hazardous waste by six metric tons, for a reported cost
savings of $1 million.

• Oak Ridge personnel conducted radiological surveys at facilities during the deactivation
process in order to segregate free-releasable items from activated and contaminated ones
and was able to release 515 tons of material. This segregation activity reduced low-level
waste by over 460 cubic meters, for reported cost savings of $2.3 million.

Public Accountability

The EM program maintains a close working relationship with its various stakeholder
communities. The Environmental Management Advisory Board, consisting of individuals
representing federal and local environmental agencies, corporations, universities, and other
organizations, provides advice as an unofficial "board of directors."

The DOE has established Advisory boards at each site with an EM activity to give the public
a forum to express its concerns and recommendations. The boards are composed of local
citizens, including representatives from local governments, Indian Tribes, environmental and
civic groups, labor organizations, universities, waste management and environmental
restoration firms, and other interest groups. Board members recommend options to resolve
difficult issues facing the EM program, including site-specific cleanup criteria, risk
assessment, land use, priority setting, management effectiveness, cost-benefit analyses, and
strategies for site waste management and disposal facilities.

4. U.S. NUCLEAR REGULATORY COMMISSION

High-Level Radioactive Waste

Regulatory Development Activities

As directed by the Energy Policy Act of 1992, the Environmental Protection Agency (EPA)
contracted with the U.S. National Academy of Science (NAS) to conduct a study and provide
recommendations to the EPA on the appropriate technical basis for Yucca Mountain
standards. Although the NAS could consider a range of issues, its recommendations were to
address:
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1) whether a standard based on doses to individuals is reasonable;

2) whether post-closure oversight and active institutional controls can effectively ensure that
exposures to individuals will be maintained within acceptable limits; and

3) whether scientifically-supportable probability estimates of human intrusion into a
repository over 10,000 years can be made.

The NAS issued its report on August 1, 1995 and EPA issued a proposed rule, 10 CFR Part
197 on August 27, 1999 to set environmental standards for Yucca Mountain. In a November
2, 1999 letter to EPA, the Nuclear Regulatory Commission (NRC) provided comments on the
Notice of Proposed Rulemaking, Environmental Radiation Protection Standards for Yucca
Mountain, Nevada (64 FR 46976).

On February 22, 1999, NRC published for public comment a proposed regulation for disposal
of high-level radioactive waste in a proposed geologic repository at Yucca Mountain, Nevada.
The proposed regulation is available from the Nuclear Regulatory Commission's (NRC's)
interactive rulemaking web site at http://www.nrc.gov/NRC/rule/html. The NRC proposed
rulemaking for 10 CFR Part 63 contains risk-informed, performance-based criteria for both
pre-closure operations and post-closure performance of the proposed geologic repository for
high-level waste at Yucca Mountain, Nevada. NRC's standard is consistent with
recommendations of the National Academy of Sciences and with national and international
recommendations for radiation protection standards. Although NRC's draft identifies a
standard on which to judge the post-closure performance of the proposed repository, the draft
recognizes the need for NRC's final rule to be consistent with the final EPA standards when
they are promulgated. The public comment period for the proposed rulemaking ended on June
30, 1999 (64 FR 24092), and the staff, in preparing the draft final rule, has carefully reviewed
and considered more than 700 discrete comments enclosed in about 100 individual letters
filed during the public comment period. The final rule is expected to be published in FY 00.

Repository Program Activities

Under the provisions of the Nuclear Waste Policy Act of 1982 as amended, DOE is required
to do several things in the near future which impact NRC. Among them are: (1) Development
of siting guidelines for a geologic repository at Yucca Mountain. NRC will be called upon to
review and concur in the DOE siting guidelines. (2) As required under the Nuclear Waste
Policy Act of 1982, NRC is currently preparing for its review of the Department of Energy's
(DOE's) Site Recommendation Consideration Report to provide preliminary comments,
concerning the extent to which the at-depth site characterization analysis and the waste form
proposal for such site seem to be sufficient for inclusion in any [license] application, (3) If
Yucca Mountain appears to be suitable as a site for a geologic repository, DOE is to submit a
License Application to NRC in 2002. NRC then has the responsibility of issuing a final
decision regarding issuance of a construction authorization within 3 years with a provision for
a 1-year extension.

NRC's entire program of prelicensing consultation is focused on identifying issues early and
providing DOE, prior to license application, the guidance needed to resolve the issues so that
DOE can submit a complete and high-quality application that NRC can review and make its
decision within this statutory time frame. NRC has several other repository program activities
underway and they include the following:
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Viability Assessment

Although not an explicit regulatory requirement, NRC reviewed DOE's Viability Assessment
in order to provide DOE, Congress, and the public with NRC's views on progress made in
development of a complete license application and to identify potential licensing
vulnerabilities that could either preclude or pose a major risk to licensing. NRC completed its
review of the DOE Viability Assessment and provided comments to DOE in July 1999.

Review of DOE Draft Environmental Impact Statement (DEIS) for Yucca Mountain

The NRC staff has completed the review of DOE's DEIS for Yucca Mountain and comments
have been provided to the Commission. NRC will provide DOE with comments on the DEIS
before the February 28, 2000 end of the public comment period. In accordance with the
Nuclear Waste Policy Act of 1982, NRC's comments on the DEIS are to be included as part of
any site recommendation of Yucca Mountain.

Total System Performance Assessment

NRC staff has continued development of a Total Performance Assessment Code for use in
assessing performance of Yucca Mountain. Version 3.2 was issued and peer review was
completed this year.

White Paper on Model Validation

In March 1999, staff from the NRC and Swedish Nuclear Power Inspectorate (SKI) prepared
a White Paper on a model validation strategy that can be implemented in a regulatory
environment. The document, designated NUREG-1636, should not be viewed as, and is not
intended to be formal guidance or as a staff position on this matter. Rather, based on a review
of the literature and previous experience in this area, this White Paper presents the views of
members of the two organizations regarding how, and to what degree, validation might be
accomplished in the models used to estimate the performance of HLW repositories. However,
the two organizations may move jointly or individually to develop formal guidance or a staff
position on this matter, at a later date.

Development of a Standard Review Plan for Yucca Mountain

NRC staff is working on development of a standard review plan for a license application for
Yucca Mountain. The review plan is building on insights derived during formulation of key
technical issues (KTIs) and Issue Resolution Status Reports (IRSR).

Low-Level Radioactive Waste

Currently the regulation of low-level radioactive waste disposal is being administered by the
States under the NRC Agreement State Program. The principal on-going NRC activity is
finalization of a Branch Technical Position on a performance assessment methodology for
low-level radioactive waste disposal facilities. In 1997, the Branch Technical Position,
designated NUREG-1573, was circulated for public comment. At present, the staff is
responding to public comments and finalization of the Branch Technical Position is scheduled
in calendar year 2000.

Nuclear Facilities Decommissioning

NRC has regulatory and oversight activities for decommissioning which involves safely
removing a facility from service and reducing residual radioactivity to a level that permits the
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property to be released. This action is to be taken by a licensee before termination of the
license. Some power reactor licensees have recently decided to shut down their facilities
prematurely, before the expiration of the current operating licenses (e.g., Haddam Neck,
Maine Yankee, Zion, etc.). These unexpected shutdowns have resulted in additional staff
efforts in the areas of decommissioning inspections and in the licensing area to process
license amendments and exemptions reducing regulatory requirements to correspond to the
reduced risk posed by the permanently shutdown plants. In some cases, non-licensed facilities
may also be required to reduce or stabilize contamination before sites are released. This
activity comprises NRC's integrated regulation of the decontamination and decommissioning
of facilities and sites associated with NRC-licensed activities, including associated research,
rulemaking efforts, and the technical interface with the EPA to resolve issues of mutual
interest.

hi 1997 NRC published a final rule on Radiological Criteria for License Termination (10 CFR
Part 20 Subpart E (the License Termination Rule) and currently there are several projects
underway to provide guidance on implementation of the rule. They include the following:

Standard Review Plan

NRC is developing a standard review plan for use by NRC staff in reviewing and evaluating
plans and information submitted by licensees under the provisions of the License Termination
Rule. The Standard Review Plan is to be completed by the end of calendar year 2000.

Regulatory Guide on Demonstrating Compliance with the Radiological Criteria for License
Termination (Draft Regulatory Guide 4006)

The regulatory guide is intended for use by licensees to comply with the License Termination
Rule. It addresses the release from regulatory control of buildings and soil, but does not
pertain to the release of contaminated equipment. It contains sections on dose modeling,
methods for conducting final status surveys, ALARA analysis, and license termination under
restricted conditions. The public comment period for the guide ended in November 1999 and
the current schedule is for revision of the draft Guide based on the comments in calendar year
2000.

Multi-Agency Radiological Laboratory Analytical Protocols (MARLAP) Manual

The draft manual of radiological laboratory analytical protocols has been developed as
multi-agency guidance for project managers and radioanalytical laboratories. Participants in
the draft manual's development include the NRC, the EPA, the U.S. Department of Defense
(DoD), the DOE, the National Institute of Standards and Technology (NIST), the U.S.
Geological Survey (USGS), and the U.S. Food and Drug Administration (FDA), the
Commonwealth of Kentucky, and the State of California The draft manual uses a
performance-based approach and will support a wide range of data collection activities
including decommissioning of nuclear facilities, remedial and removal actions,
characterization and cleanups, compliance demonstration, environmental monitoring, and
waste management activities. The draft manual is undergoing internal review by the
participants with a planned completion in May 2000.

DandD Screen Model

The DanD Screen software is intended to be used as a screening tool for implementation of
the technical dose criteria contained in NRC's License Termination Rule (10 CFR Part 20
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Subpart E). DandD uses a generic approach in defining radiation exposure scenarios for
residual radioactive contamination inside buildings, in soils and in ground water. To provide
useful and defensible screening level calculations, the NRC has developed 'reasonably
conservative' scenarios, pathway models, and parameter values, and has implemented this in
DandD Screen, hi the case of DandD, 'reasonably conservative' means that the calculated
doses are much more likely to be overestimates of the actual dose rather than accurate
estimates or underestimates, but at the same time are not necessarily worst case estimates. As
a result, the scenarios and models implemented in DandD Screen are relatively simple.
Currently a probabilistic version of DandD is under development and completion is scheduled
in calendar year 2000.

RESRAD

The RESRAD (Residual Radioactive Material) computer code was developed by Argonne
National Laboratory for DOE to assist in DOE's decontamination and decommissioning of
sites. As part of the development of implementation guidance supporting the License
Termination Rule and development of a Standard Review Plan for License Termination, NRC
contracted with Argonne National Laboratory to incorporate probability distributions of input
parameters and a driver for conducting site-specific probabilistic radiation dose analysis into
DOE's version of RESRAD and RESRAD-BUILD. These modules will contain user-friendly
features based on a specially designed graphic-user interface. The modules will be tailored to
running the RESRAD and RESRAD-BUILD codes to perform site-specific probabilistic dose
assessments for supporting decontamination and decommissioning of radioactively
contaminated sites due to NRC licensed operations in the past. The codes will be finalized for
NRC regulatory applications by November 2000.

Joint NRC-EPA Sewage Sludge Radiological Study

Disposal of radioactive material into sewage systems and re-concentration of radioactivity in
sewage sludge and incinerator ash became an issue in the 1980s with the discovery of
elevated levels of radioactive materials in sewage sludge and incinerator ash at several sewage
treatment plants. To address this problem, the NRC changed its regulations in 1991 to further
restrict the discharge of radioactive material to sewage systems by NRC and Agreement State
licensees. In response to a recommendation of the U.S. General Accounting Office, the NRC
and the EPA are sponsoring a study of radionuclide levels in sewage sludge and ash from
sewage treatment plants. The study is coordinated by a Federal interagency working group
(the Interagency Steering Committee on Radiation Standards, ISCORS). The objectives of
this joint NRC/EPA sewage sludge and ash study are to: (1) obtain data on the levels of
radioactive material in sludge and ash at sewage treatment plants from across the country; (2)
estimate the extent to which radioactive contamination comes from either NRC and State
licensees or from naturally-occurring radioactivity; and (3) support potential rulemaking by
NRC or EPA, if appropriate. The full study will involve sampling sludge and incinerator ash
at up to 300 sewage treatment plants. The methods to be used for the full study were tested at
nine sewage treatment sites. The survey and guidance document for sewage treatment plant
operators is scheduled for completion in 2001.

Uranium Recovery Programs

NRC efforts for the uranium recovery program are governed by the Uranium Mill Tailings
Radiation Control Act (UMTRCA) of 1978. UMTRCA established two programs to protect
public health and the environment: Title I and Title II. The Title I program established a joint
federal/state funded program for remedial action at abandoned mill tailings sites, with
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ultimate Federal ownership under license from NRC. Under Title I NRC must evaluate the
Department of Energy's (DOE's) designs and concur that DOE's actions meet standards set by
the Environmental Protection Agency. For Title I, all surface remedial action was completed
in FY99 and only reviews for DOE's groundwater remedial action program remain.

The Title II program deals with sites under license to the NRC or Agreement States. Under
Title II the NRC has the authority to control radiological and non-radiological hazards and
ensure that sites (NRC and Agreement State licensed) meet all applicable standards and
requirements during operations and before termination of the license. The staff reviews Title
II licensee plans for operation, reclamation, decommissioning, and ground-water corrective
action; license applications and renewals; license conditions changes; and annual surety
up-dates. The staff also prepares environmental assessments for certain licensing actions.

5. U.S. ENVIRONMENTAL PROTECTION AGENCY

WIPP

The Environmental Protection Agency (EPA) certified in May 1998 that the Waste Isolation
Pilot Plant (WIPP) will comply with EPA's regulations for disposal of transuranic radioactive
waste. Two conditions of the certification call for EPA to inspect and approve DOE
transuranic waste sites around the country before they may ship waste to the WIPP for
disposal. Specifically, EPA must verify that the characterization of waste at the sites,
including the application of quality assurance to waste characterization, complies with EPA's
regulations and the express commitments contained in DOE's compliance application for the
WIPP. Since certification, EPA has approved three sites to ship waste: Los Alamos National
Laboratory, Idaho National Engineering and Environmental Laboratory, and the Rocky Flats
Environmental Technology Site. As of February 2000, DOE has sent a total of 44 shipments
to the WIPP from these sites. In addition to site inspections, EPA has a number of other
ongoing regulatory responsibilities. The Agency monitors changes to the WIPP program in
order to verify that the activities described in the compliance application still apply. If DOE
alters the program significantly, EPA will initiate an informal rulemaking to consider the
changes. Also, EPA must recertify every 5 years whether the WIPP continues to comply with
EPA regulations. The first recertification will be completed in 2004. EPA's authority to
regulate the WIPP comes from the 1992 WIPP Land Withdrawal Act (as amended). General
disposal standards for transuranic waste are codified at 40 CFR Part 191, and specific
performance criteria for the WIPP are codified at 40 CFR Part 194. The conditions of the
initial WIPP certification are codified as Appendix A to 40 CFR Part 194.

Yucca Mountain

The Energy Policy Act of 1992 gave EPA the authority to set site-specific environmental
standards for Yucca Mountain, Nevada ~ the potential deep geologic repository for spent
nuclear fuel and high-level radioactive waste. The Act also directed EPA to contract with the
National Academy of Sciences (NAS) to provide technical input into the standards. EPA
received the report from NAS in 1995. The EPA held public meetings and received public
comments on that report. The Agency has since been considering technical issues. In 1999,
the Agency proposed the standards as 40 CFR Part 197, opened a public comment period, and
held public hearings in four locations. Approximately 800 individual comments were
received. The EPA plans to issue the final standards in 2000.
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Low Activity Mixed Waste

As part of a larger set of EPA initiatives designed to ensure the safe disposal of all radioactive
wastes, EPA is considering generally applicable environmental standards for the disposal of
commercial low-activity mixed waste. Various facilities, including medical, educational,
industrial, and nuclear power plants, generate commercial mixed waste in small amounts. For
these facilities, current disposal options are unavailable or prohibitively expensive. EPA is
working with the NRC, the licensing agency, to define conditions for safe disposal of some
mixed waste-hazardous waste containing extremely low concentrations of radioactivity-in
facilities originally designed for non-radioactive hazardous waste.

Technologically Enhanced, Naturally Occurring Radioactive Material (TENORM)

EPA is investigating sources of technologically enhanced, naturally occurring radioactive
materials (TENORM) and the associated risks from exposure to these materials. In general
terms, TENORM is material containing radionuclides that are present naturally in rocks, soils,
water, and minerals and that have become concentrated and/or exposed to the accessible
environment as a result of human activities such as manufacturing, water treatment, or mining
operations. EPA recently compiled existing data on TENORM associated with the copper
mining industry in the southwestern United States (EPA Report 402-R-99-002). The Agency
is currently developing a report on uranium mining, which will address the volumes, types,
and locations of TENORM associated with the industry, as well as risks from reasonable
exposure scenarios. EPA is also supporting the U.S. DOE's participation in the NEA
Working Group on Environmental Restoration of World Uranium Production Facilities.
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