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PREFACE
The management of nuclear waste, which contains materials that
remain hazardous for up to millions of years, is one of the most vexing,
contentious, and costly environmental issues of our time. Nuclear
waste management has been plagued with failures, poor science, and
unanticipated environmental events-such as rapid migration of
radioactive contaminants from the soil into groundwater-which have
made a mockery of many a computer model.
The scene is also littered with institutional and regulatory failures
and absurdities. In the United States today, nuclear wastes are classified, not so much according to the threat they pose to human health or
the environment, but according to the process which produced the
waste. For example, a catchall category called 'low-level" waste
contains some components which are more radioactive than some
"high-leveltt waste. Some wastes have health criteria which govern
their disposal. Other wastes do not. Some wastes are designated as
suitable for shallow-land burial. Other wastes of comparable danger
are designated for disposal in a deep underground repository. There are
no adequate pmgrams to address whole categories of other wastes of
comparabledanger,notably soil contaminatedwith plutonium and other
long-lived radioactive elements, which may, by default, be left lying
around endangering public health and the environment for thousands
of years.
This welter of problems, along with concern for future generations
and environmental degradation in general, has given rise to vigorous
public opposition to nuclear waste disposal sites wherever they have
been proposed in recent years. Such opposition does not derive simply from a "not in my backyard" syndrome. That syndrome does play a
role and it is understandable in view of the long-lived nature of the
threat. People's fears, however, also stem from the problems which
have arisen from the basic conflicts of interest in the institutions--.
notably the Department of Energy and the Nuclear Regulatory Com-
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mission-which have regulated nuclear waste disposal. These institutions have an agenda-sometimes stated, and sometimes only implicit-f
producing nuclear weapons and promoting nuclear power.
For more than a decade, the executive branch of the U.S.government
has also explicitly and vigorously pursued that same agenda, coloring
the actions of the institutionswhich operate under it. Under present institutional arrangements, these goals have been in basic conflict with
providing sufficient time and resources to protect future generations
best we can from a considerable threat to the environment which our
activities have created in the form of long-lived nuclear waste.
From these conflicts of interest have axisen failures which have
been costly both to the environment and to the public purse. We
undertook this work in order to discuss the failuresin all areas of nuclear
waste disposal, focusing especially on the problem of classifying nuclear wastes in a manner that cormponds to the threats that they pose.
'This has enabled us to propose a unified approach to the management
of the problems that cuts across current waste categories. We also can
see clearly the need to minimize generation of long-lived radioactive
wastes.
Proponents of quick land-based disposal of nuclear waste often
resort to scare tactics in order to push new disposal sites on the public.
These range from a purported need for more nuclear power plants to
threats that huge portions of the medical care system may shut down
if there are no new disposal sites. Such tactics create a perceived
urgency which does not arise from any technical problem. There are
ways to provide for interim storage of nuclear wastes which pose far
smaller threats than quick land-based disposal and humed transportation. There are also ways to minimize use of long-lived radioisotopes,
especially in medicine, and the medical community has begun taking
steps over the last many years in that direction. The perceived urgency
arises more from artificial deadlines that Congress and governmental
agencies have created, largely in response to pressure from industry to
quickly dispose of the wastes. Such artificialdeadlines can and should
be changed, so that the envirament, public health ahd the public purse
may be better protected.
A few years ago, parts of the chemical indus~ywere given to
painting similar scare scenarios about chlorofluorocart>ons, which a x
destroying the earth's protective layer of stratospheric ozone. It was
stated that we may have to give up refrigerators and computers and
automobile air conditioners if CFCs were reduced by even 50 percent
by the year 1998. The threat to the ozone layer from these compounds
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has proved to be so severe, however, that it has clearly become necessary to phase out these chemicals altogether, and other ozone-depleting
chemicals besides. Today, under pressure from an international treaty
which requires the total phase-out of these chemicals by the year 2000,
as well as more stringent local laws, many industries now find that they
can get rid of them well before 1995! Moreover, many of them axe
saving money as they do it.
Careful consideration of alternative energy sources, energy conservation, the use of short-lived radionuclides in medicine and research,
and the end of the Cold War may enable a phase-out of the generation
of long-lived radioactive wastes except for some minor medical and
research uses. While such considerations are beyond the scope of this
book, we urge that they be taken up as a matter of high priority in public
policy, even as we hope to put the attempts to address the problems of
the long-lived radioactive wastes which already exist on a sounder
technical and institutional footing. The latter is the subject of this
enquiry. 'Ihese issues must be addressed both out of concern for the
protection of public health and the environment and as a matter of
financial prudence.
This study was funded in part by the Nuclear Waste Projects Office
of the State of Nevada, which operates in part under Department of
Energy contract DE-FG-08-85-NVlO461. The rest of the funds for its
preparation came from general support funds provided to the Institute
for Energy and Environmental Research (IEER)by the Public Welfare
Foundation and from IEER's own institutional funds and from a gift of
Dr. Gopi B. Makhijani.
We would like to thank Steve Frishman of the Nevada Nuclear
Waste Projects Office; Don Hancock of the Southwest Research and
Information Center, Charles Hollister, of the Woods Hole Oceanographic Institution; Kemp Houk of Don't Waste U.S.;Judy Treichel, of
the Nevada Nuclear Waste 'hk Force; and Kitty 'Ibcker of the Health
and Energy Institutefor reviewing this study. Their many and insightful
comments enabled us to publish a greatly improved final product. We
are especially indebted to Don Hancock for his suggestion that we be
more comprehensive in our approach to the problem of radioactive
waste, and for the many detailed and constructive suggestions that he
made towards that end
D w k g the research phase of this project we were p a t l y and ably
assisted by the efforts of former IEER staff member Deborah Landau,
to whom we owe a debt of thanks. We a~ also greatly indebted to David
Dembo of The Apex Press, who worked with us during the final stages
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to convert the manuscript into a published book.
Those acknowledged here do not necessarily in any way endorse
the findings, conclusions, or recommendationsof this study, the responsibility for which lies solely with us. We also, of come, take full
responsibility for any e m s .
Arjun Makhijani
Scott Saleska

Takoma Park, Maryland

October 1991
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Chapter 1
INTRODUCTION

The management and disposal of long-lived radioactive wastes
--the great majority of which are the result of nuclear weapons production and commercial nuclear power generatiohhas been a technical
and political problem for many decades.
There are many types of radioactive wastes, varying in radioactivity
level, longevity, and hazard. Much (although by no means all) radioactive waste is subsumed under two broad categories, named "highlevel waste," and "low-level waste." The other principal categories of
nuclear waste are transuranic waste, and uranium mill tailings. Although many of the attempts to address the "nuclear waste problem"
have focused on one or another of the above categories, it is a principal
thesis of this study that these categories are fundamentally misconceived, and that this misconceptionhas led to many of the problems that
continue to exist for nuclear waste disposal.
One common factor for all categories of nuclear waste is the
presence of at least some amount of long-lived radionuclides. It is on
the management and disposal of these long-lived components that this
study focuses, regardless of which official waste "categoq+' such
components happen to fall into.
In addition to examining the characteristics of some of the most
hazardous and long-lived waste forms, we have also addressed the
question of the adequacy of current policies for managing them. We
identify fundamental problem areas in the technical, regulatory, and
managerial aspects of present pmgrams, and suggest an alternative
structure to correct deficiencies in each of these areas.
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'Ib this end, this book is organized in the following manner. Chapter
2 provides an overview of the radioactive waste problem, including the
origin of nuclear wastes, and the characteristicsof each of the currently
defined radioactive waste categories, along with the amounts and
locations of the waste. Chapter 3 contains an explanation and critical
analysis of the various components of the current approach to management of these wastes. Chapter 4 lays out our proposal for an alternative,
integrated approach to waste management that addresses many of the
deficiencies and shortcomings which we identify in Chapter 3. Finally,
our findings and recommendations are summarized in Chapter 5.
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Chapter 2

OVERVIEW OF THE RADIOACTIVE
WASTE PROBLEM

The current policies for the management and disposal of radioactive waste in the U.S. are the subject of considerable controversy and
disagreement. This is true for all of the principal official categories of
commercial radioactive waste in the U.S.,i.e. for "high-level," "lowlevel," and "transuranic" radioactive wastes, as well as for uranium
mill tailings. However, before discussing the details of these policies
and controversies-and our proposed resolution of them-this first
chapter will provide an overview of the origins of radioactive wastes
and some of the problems posed by them.
The first section of this chapter briefly describes the nuclear fuel
cycle and how it generates radioactive waste. The second section
reviews in greater detail the sources and characteristics of each of the
official categories of radioactive waste.

A. Radioactive Waste and the Nuclear
Fuel Cycle
Radioactive waste is produced by a number of sources, but by far
the largest quantities of it-in terms of both radioactivity and v o l u m e
are generated by the commercial nuclear power and military nuclear
weapons production industries, and by nuclear fuel cycle activities to
support these industries such as uranium mining and processing.

For non-commercial use only
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Commercial Power Generation
The set of activities which begins with uranium mining and ends
with spent fuel waste is called the nuclear fuel cycle. As Figure 1shows,
the nuclear fuel cycle begins with uranium mining. ?he wastes from

mining and initial processing contain some uranium and most of its
radioactive decay products, notably thorium-230, and radium-226 and
its decay product radon (a gas). These wastes are known as 'mill-tailings."
Before being used in a reactor as fuel, the uranium is typically taken
through several additional pmssing stages. Central to this preliminary processing is uranium enrichment, which makes the uranium more
usable in current power generators. This is accomplishedby increasing
the concentration of the fissionable isotope of wanium, uranium-235,
relative to the non-fissionable isotope, uranium-238.'
When uranium comes from the milling process, it is in the form of
uranium oxide (U308), which is often called "yellowcake." Currently
employed enrichment technologies require that the uranium be in the
chemical form of UF6, or uranium hexafluoride. Thus, before it can be
enriched, uranium must go through the process called "conversion,"
which in the U.S.is done at one of two conversion plants.' From the
conversion plant the uranium is shipped to an enrichment plant.
After enrichment, the uranium undergoes a fuel fabrication process
in which it is formed into pellets and put into long fuel rods. Bundles
(called "assemblies") of these fuel rods are loaded into nuclear power
reactors.
When the enriched uranium fuel is irradiated with neutrons in
nuclear reactors, a sustained nuclear chain reaction takes place. 'Ibis
nuclear reaction consists primarily of the fission (or splitting apart) of
uranium-235 atoms to yield energy in the form of heat and radioactive
U-238, 0.7 percent U-235, and a tiny
kction U-234. U-234, though a small fraction by weight, contributes as much
radioactivity to are as U-238, due to U-234's much shorter half-life. 'Qpical U.S.
nuclear power reactors use uranium fuel that has been enriched to the point where
it ccmtains several percent (3 to 4 percent) uranium-235. The uranium for the
reactors which produce plutonium for nuclear weapons has a different mix of
U-238 and U-235 than commercialpower reactors.
2. The two are the *uoyah Fuels Corporation's plant near Gore, Oklahoma (formerly owned by Kerr-McGee Coxpoxation,but memtly bought by General Atomics);and the Allied-Chemical conversionplant near Metropolis, Illinois.
1. Natural uranium is almost 99.3 percent
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Figure 1
THE NUCLEAR FUEL CYCLE
WITHOUT REPROCESSING OF SPENT REACTOR FUEL*

1

REACTOR
STORAGE AND
ENCAPSULATION

LOW-ENRICHED
uF6

SPENT FUEL

NATURAL UF6

A
CONVERSION
TO UF6

URANIUM MINES
AND MILLS

Source: Nuclear Regulatory Commision, EnvironmentalSurvey of the Reprocessing a d
Waste Management Portions.of the LWR Fuel Cycle, W.P.Bishop and FJ.Miraglia, eds.,
NUREG-0016, Washington, D.C.: NKC Office of Nuclear Material Safety and Safeguards,
October 1976, as cited in Lipshutz 1980, p. 30.
* UQ=Uraniurn hexaflouride; U308=Uraniumoxide ore; U02=Uranium dioxide;
MWe=Megawatur electric power
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fragments called "fission products." (Cesium-137and strontium-90 are
prominent examples of fission products in irradiated nuclear fuel.) As
the reaction proceeds, more and more of the uranium-235 in the fuel
rods is gradually transformed into these fission products.
Some of the neutrons inside the reactor, instead of causing more
d m - 2 3 5atoms to split, are absorbed by other atoms, causing them
to be converted into a different type of atom. In this way, parts of the
fbel assemblies, componentsof the reactor, or even materials suspended
in the reactor cooling water are made radioactive. Materials made
radioactive in this way by neutron absorption are called "activation
products" (typical examples of activation products are cobalt-60 and
carbon-14). ?his process also results in the production of plutonium239 (the isotope of plutonium which is used to make nuclear weapons)
when uranium-238 atoms in the fuel rods absorb neutrons.
After several cycles of "bum-up" time, the irradiated fuel rods,
known as "spent fuel," are removed from the reactor core? A typical
cycle may be 12,18, or 24 months, and a given batch of fuel rods may
remain in the reactor core for two or three cycles. Because of the
build-up of the radioactive fission and activation products, the spent
fuel assemblies are millions of times more radioactive than before they
were placed in the reactor. They are also very hot themally. This spent
fbel is therefore stored in pools of cooling water at reactor sites. There
are currently slightly over 110 licensed nuclear power reactors in the
U.S., located at about 70 nuclear plant sites.
It should be noted that, while it is no longer done in the U.S.
commercial power sector because of the economic and environmental
difficulties, spent fuel from power reactors can be processed chemically
to recover the unused uranium and newly created plutonium for use in
new fuel elements. This is known as reprocessing.

3. "Burn-up" is a technical term used to express the amount of energy extracted from
a given mass of nuclear fuel. Bum-up is generally measured in units of megawattdays ofthermal energy extracted per metric ton of uranium (MWcUMTU). Bum-up
potential is roughly conelated with the enrichment level of the fuel. Average
bum-up levels in the U.S. in 1989 were 27,165 MWd/MTU for W i g water
reactors, and 35,255 MWdjMTU for pressurized water reactors. (DOE1 9 W , p.
13)
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Nuclear Weapons Production
Nuclear weapons production consists of a complex series of steps
that produce nuclear material, fabricate this material into components
for nuclear weapons, assemble the components, and test the manufactured weapons. The responsibility for U.S.nuclear weapons production
rests with the Department of Energy (DOE), which rum the numerous
facilities at over a dozen major sites which make up the U.S.weapons
production complex!
The operations of the U.S. nuclear weapons production complex
have been referred to by at least one federal office as "potentially one
of the more dangerous industrial operations in the worldw5The activities of the weapons complex result+notonly in the generation of vast
quantities of radioactive waste, but also in a wide variety of chemically
hazardous wastes as well.
At the center of modem nuclear weapons production activities has
been the creation of the materials plutonium-239 and tritium, a radioactive form of hydrogen. n e s e materials are created by neutron
bombardment, and since operating nuclear reactors produce large
amounts of neutrons, the U.S. has typically used nuclear reactors to
produce these nuclear materials.
When used for commercial power generation, a nuclear reactor's
desired product is heat, because it can be used to drive a turbine and
generate electricity. As discussed in the section on commercial power,
above, the generation of heat in a nuclear reactor also results in the
buildup of radioactive by-products which are treated as waste. In the
production of nuclear materials for weapons,-however,the opposite is
the case: some of the radioactive materials produced (plutonium and
tritium in particular) are the sought-for product, while the heat generated is extraneous by-product

4. For more technical details on nuclear weapons components and how they are
produced, see NRDC 1987.
5. GAO 1986b. p. 8.
6. Note, however, that some reactors (the N-reactorat the Hanford nuclear reservatian, for example) have served as dual-purposereactors, both producing nuclear
materials for weapons and generating electricity at the same time. One of the
designs (the high-temperature gas-cooled reactor) that the DOE is currently
considering for a new production reactor for the weapons materials bitium and
plutonium, is a dual-purposereactor as well.
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While reprocessing is not essential to nuclear power, it is essential
to producing plutonium for nuclear weapons. After irradiation,the fuel
rods contain uranium, fission products, various isotopes of plutonium,
and other "transuranic" elements (i.e., elements with atomic numbers
higher than uranium-which has atomic number 92-in the periodic
table of elements).
Repmessing is necessary to recover the plutonium in the fuel rods
so that it canbe used for making nuclear weapons. During reprocessing,
the spent fuel rods are dissolved in an acid bath so that the plutonium
and uranium can be removed What remains is a highly radioactive and
very thermally hot liquid waste smam which still contains essentially
all of the fission and activation products.7 This liquid stream is
classified as "high-levelt' radioactive waste by federal regulations.
Repmssing and subsequent handling and machining of the
extracted plutonium and other tramuranics by military nuclear plants
also results in the contamination of a wide variety of waste materials
with transuranic nuclides. These are classified as transuranic wastes.
At every stage of the nuclear fuel cycle in both the military and
commercialpower sectors, a diverse array of waste materials contaminated with varying levels of radioactivity are generated. Any of these
wastes that do not fall into any of the radioactive waste categories
described above are lumped into a catch-all category and designated as
'low-level" wastes.

B. Radioactive Waste Characteristics
lhis section will discuss in greater detail the characteristics,locations, and amounts of each of the currently defined categories of
radioactive waste. As discussed in the section above, these categories
are:

high-level wastes, including both commercial spent fueland
military repmssing wastes;

7. Note, however, that some radioisotopes, such as krypton-85, cadxm-14, iodine
131, and a few others are typically in gaseous form and do not remain in the liquid
waste soearn after reprocessing. They can be trapped,but in the past, they were
often vented to the atmosphere in large quantities.
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transuranic wastes, which today come primarily h m the
Department of Energy's military production activities;
uranium mill tailings finm the processing of uranium ore;
and

low-level wastes, which are generated by both the commercial and military sectors.
Wastes from decommissioningand shuttingdown old nuclear reactors, because they pose special problems and represent such a significant amount of the future radioactive waste generation, are
discussed in a separate section, even though they are also technically
classed as "low-level" wastes. We also include a brief separate section
on "other wastes" which warrant mention, These include "mixed
wastes," an overlapping categoy which includes radioactive wastes
that are mixed with chemically hazardous components. Dealing with
such wastes is complicated by the fact that they are subject to two sets
of sometimes conflicting regulations: radioactive waste regulations
and hazardous waste regulations.
Before proceeding we should note that the amounts of waste
generated by the DOE'S military production activities are typically subject to greater uncertainties than the amounts from the commercial sector. This is because, in many cases, complete records are lacking for
wastes in the DOE complex, and DOE officials do not know how much
waste has been disposed of as a result of past operations-or even how
many military waste dump sites exist8 Further, due to environmental
and safety problems which plague the weapons complex, the politically and technically contmversial aspects of many DOE plans, and the
uncertain military demand for continued U.S. weapons production in
light of the apparent end of the cold war and reductions in nuclear
weapons, it is unlikely that the weapons complex in the future will continue in the same fashion as it has in the past. These complications will
unavoidably affect the plans for generation, inanagement, and disposal
of radioactive wastes throughout the nuclear weapons complex.

8. GAO 1988~.pp. 3,9.
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High-Level Wastes: Spent Fuel and Reprocessing

Wastes
Spent Fuel

When the chain reactionin a commercial reactor is stopped,the fuel
remains intensely hot. 'Ibis is because heat continues to be generated
by the radioactive decay of fission products. These fission products
have half-lives that range from a fraction of a second to millions of
years. The ones that decay most rapidly generate the most heat at first,
being the principal source of heat in cases of melt-down accidents, such
as the one that occurred at Three Mile Island in 1979.
After removal f'mm the reactor, the fuel is so hot that it must be
stored underwaterin spent fuel pools for a considerable period, with the
water circulating constantly. The characteristics of spent fuel in spent
fuel pools from pressurized water reactors (PWRs, the most common
type) and boiling water reactors (BWRs) are similar, but not exactly the
same. Figms 2 and 3 show, as a function of time, the radioactivity in
spent fuel which Mtially contained one metric ton of uranium (abbreviated as MTU) for BWRs and PWRs.
One year after withdrawal from a pressurized water reactor, the
radioactivity in a metric ton of uranium irradiated for 30,000 megawattdays is almost 2 million curies. In 10 years, this is down to about
300,000 curies. In 1 0 years, it is about 30,000 curies. The heat
generation approximately follows the radioactivity. It goes down from
about 7,000 watts per metric ton of uranium after one year to about
1,000 watts after 10 years and 200 watts after 100 years. The figures
for a boiling water reactor are similar, as shown in Figures 2 and 3.
Different radionuclides are important at different times. The short
half-life fission products, like iodine-131 (half-life, eight days),
dominate the health threats early on. Other elements, like ruthenium106 become relatively more important at intermediate times (on the
order of one year). For longer time frames, thnx kinds of radioactive
isotopes a= important:
1. Krypton-85 (half-life, 10.7 years), cesium-137(half-life 30.2 years)
strontium-90 (half-life 28.8 years) and plutonium-241 (half-life
14.4 years). These elements constitute the bulk of the radioactivity
a few to a few hundred years after discharge from the reactor.
(Plutonium-241 decays into other radioactive elements, called
"daughter products," with much longer half-lives).
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2. Very long-lived beta and gamma radiation emitting elements, including carbon-14and long-lived fissionproducts like technetium99, iodine-129 and cesium-135 which have half-lives of thousands

of years to millions of years;
3. Long-lived alpha radiation emitting elements like radium as well as
transuranics like plutonium-239.
Krypton-85, strontium-90, cesium-137, and plutonium-241present
special threats because, after a few years, they represent the largest
amount of radioactivity compared to all the other radionuclides. Further, strontium and cesium mimic calcium and potassium, respectively,
in the human body and can replace them. For instance, radioactive
strontium accumulates in the bone, increasing the risk of bone cancer
and leukemia
One important distinction between isotopes of the same element
with long and short half-lives is that the radioactivity per unit weight is
appmximately inversely proportional to the half-life. For example,
about 76,000 times more cesium-135 (half-life 2.3 million years) is
~quiredto produce the same amount of radioactivity (and thus, potential health damage) as a given quantity of cesium-137 (half-life 30.2
years).
The projected total commercial spent fuel accumulation through
1991is about 24,000 metric tonsg Virtually all of this is stored on site
near the reactor from which it came. 'Ib allow for planning for future
spent fuel management and disposal, the DOE has made projections of
the amount of spent fuel expected in the future. Total pmjected accumulation of commercial spent fuel under the DOE'S basic "no-new-ordengtscenario is about 86,800 metric tons.1° DOE also considers an
"upper reference" case in which it is assumed that commercial nuclear
power gemrating capacity will continue to grow. In planning for spent
9. Harvey 1991.
10. 'Ihis scenario anticipates that no new reactors will be ordered, but that reactors
currently moperatimorm~cans~timwill~atetothe~dof
their licensed
&year lifetimes. 'Ihis is called the "no-new-ordenend-of-reactor-life"scenario.
According to this scenario, the last spent fuel is projected to be discharged in the
year 2037. (DOE 19%. p. 8, citing DOE hergy Infarmation Administration
forecasts.)
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Figure 2
BOILING-WATER REACTOR SPENT FUEL*
RADIOACTIVITY

THERMAL POWER

rn

'07

DECAY TIME AfEf? DISCHARGE (yr)

Source: DOE 1990d, p. 21.

DECAY TIME AFTER D W G E (yr)

* Radioactivity and thermal power of 1metric ton of heavy m e d of BWR spent fuel as a
function of bum-up and time h m reactor discharge. MTMM=Merric Toas Initial Heavy Metal. Equivalent to Metric Tons Uranium (MTU). A measm of the amount of nuclear fuel.
Ci/MTIHM=Curies per metric ton of fud. A measure of the radioactivity in spent fuel.
W/MTIHM=Watts of heat per metric ton of spent fuel. A measure of the amount of thermal
power (heat) givm off by gpeat fuel. MWd/MTIHM=Megawattdays per metric ton of spent
fuel. A measure of fuel "bwn-up,"or the amount of energy extracted from a given amount of
nuclear fuel. 'Ihe greater the bum-up,the greater the radioactivity and heat of the fuel.
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Figure 3
PRESSURIZEDWATER REACTOR SPENT FUEL*
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source: DOE 1990d. p. 21.

* Radioactivity and thexmal power of 1 metric ton of heavy metal of PWR spent fuel as a func-

tion of bum-up and time fnnn reactor discharge. MTIHM=Metric Tans Initial Heavy Metal.

A measure of the amount of nuclear fuel.
Equivalent to Metric Tone Uranium 0.
Ci/MlWM=Curiur per metric ton of fuel. A measure of the radioactivity in spent fuel.
W/MTIHhd=Wattdof heat per metric ton of spent fuel. A measure of the amount of thermal
power (heat) givar off by spent fuel. MWdMTIHM=Megawatt-days per metric ton of spent
fuel. A measure of fuel "bum-up,"or the amount of energy extracted from a given amount of
nuclear fuel. 'Ihe greater the burn-up, the greater the radioactivity and heat of the fuel.
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fuel disposalunder the upper reference scenario,DOE uses a cutoff date
of 2020, at which point about 96 900 metric tons of spent fuel are
assumed to have been generated'1 Military high-level wastes from
reprocessing IXIE's spent fuel are in addition to these quantities, and
are discussed below.
Reprocessing Waste

High-level waste from reprocessing operations is present at four
locations in the United States: the Savannah River Site in South
Carolina; the Hanford Nuclear Reservation in Washington State; the
Idaho National Engineering Laboratory; and at West Valley, New York
At the first two locations, the wastes are mainly from plutonium
production fornuclear weapons. At Idaho, they are wastes from reprocessing of spent fuel from naval reactors; at West Valley they are the
wastes from the reprocessing of some commercial spent fuel and some
military spent fuel that was done there between 1966 and 1972. The
reprocessing plant at West Valley has been shut down since 1972.
Figure 4 shows the volume and radioactivity of high-level wastes
at the various sites through 1989. As the figure shows, Hanford has a
greater volume, but about 60 percent of the total radioactivity is in the
wastes at Savannah River.
The wastes are stored in various forms at these sites. At Savannah
River the wastes are in the form of liquids, sludge, and salts resulting
from evaporation. At Hanford, in addition to these waste forms, there
are "capsulesttof separated cesium-137 and strontium-90. At Idaho
there are some high-level liquids and powder resulting from calcining
liquid high-level waste. At West Valley, the waste consists of liquids
and sludge.
The DOE,which is responsible for managing all of these repmessing wastes, plans eventually to p m s s pan of them into molten glass
and cast the mixture into large cylinders which will be disposed of along
with commercial spent fuel. (Significant fractions of the wastes, however, are expected to be separated out before glassificatior~and classed
as low-level wastes for shallow-land burial.) This process is known as
glassification or vimcation. The glass used is borosilicate glass,
11. Ibid.
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DISTRIBUTION OF TOTAL ACCUMULATIVE VOLUME AND RADIOACTIVITY OF HLW
BY SITE*AND TYPE THROUGH 1989
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Source: DOE 1990d,p. 41

!BSSavarmah River Site (Aiken, South Carolina); ICPP=Idaho Chemical Processing h

t (Idaho Falls, Idaho); HANF=Hanford

Nuclear Reservation (Richland, Washington); WVDP=West Valley Demonstration Project (West Valley, New York).
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which is similar to the m x glass used to make kitchenware. A
vitrificationplant4alled the Defense Waste Processing Facilitybeen built at SavannahRiver, and although the DOE originally planned
to begin converting mpmcessing wastes to radioactive glass in 1990,'~
problems have caused delays. The DOE currently expects to open the
SavannahRiver vitrificationplant in 1993,although further delays may
be possible. A vitrification plant is under consauction at West Valley,
and the DOE plans to begin M-scale glassification there in 1996.13
There have been plans to do the same at Hanford. However, despite
the DOE'S nominal start-up date of 1999, divene problems have put the
actual Hanford vitrification plant and schedule in limbo. These
problems include questions about the safety and adequacy of the plants
which would pmcess the wastes prior to vitrification, potential operating problems for the vitrification plant due to the presence of potentially explosive chemicals in the waste, and, as the DOE puts it, "lack of
detailed knowledge of tank constituents" at Hanford. The DOE itself
has noted that these problems "could have a signiy4antimpact on [the
Hanford vitdfication plant's] plans and schedule."
Much of the radioactivity in high-level reprocessing waste consists
of elements with half-lives on the order of one year or less. However,
a considerable portion consists of cesium-137 and strontium-90, which
are among the most troublesome radionuclides from the point of view
of health effects and long-term management. In addition, significant
quantities of very long-lived fission products and transuranics are also
present.
The total quantity of high-level reprocessing wastes assumed for
disposal planning purposes is 17,750 canisters of glass (from about
8,875 metric tons of irradiated fuel) due to military production activities, and 300 canisters (about 640 metric tons) from now-defunct
commercial reprocessing operations at West Valley, New york.15

12. DOE 1984,p. 64.
13. DOE 1991b.p. 185.
14. Ibid.
15. DOE 1990a,p. 8.
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'lkansuranic Waste
The term "transuranic" (or, "above uranium") applies to all elements whose atomic number (the number of protons in the nucleus of
an atom) is greater than 92, the atomic number of uranium. 'Ihe waste
category defined by government regulations as transuranic waste (or
'TRUwaste") is somewhat more limited. "TRU waste" includes only
waste material that containstransuranic elementswith half-lives greater
than 20 years, and which are found in concentrations greater than 100
nanocuries per gram (although as discussed below, the standard was 10
nanocuries per gram before 1984).16 Thus, if the concentrations or the
half-lives are below the limits, it is possible for waste to contain
transuranic elements but not be officially designated as transuranic
waste.
Although all elements up to and includinguranium are found in nature, no elements with atomic numbers greater than uranium-that is,
no transuranic elements-are naturally
Thus, transuranic
elements are the artificial elements. All transuranic elements are unstable (and thus radioactive), many of them are alpha-emitters, and
many (although not all) have very long half-lives.
It is because of the longevity and alpha-emitting quality of transuranics that wastes contaminated by significant quantities of these
elements pose special disposal problems. For this reason, in 1970,the
federal government defined a subset of what had been treated as
'low-level" waste as transuranic, or TRU, wastes. Before this reclassification, these wastes had often been buried along with low-level
waste in shallow burial trenches. Transuranic wastes were required to
have greater confinement from the environment than 'low-level" waste,
although for many years this requirement was not enforced at comrnercial radioactive waste disposal sites.l8
16. DOE 1990d, p. 75.
17. Although at least m e instance is known in which a small quantity of plutonium
(long since decayed away) and fission products must have been created naturally
about 2 billion years ago in a "natural"reactor at an undergroundlocation in what
is now Gabon, West Africa. 'Ihis phenomenon was made possible by a high
cancentration of uranium and by the fact that the percentage of uranium-235 was
much higher so long ago than the 0.7 percent found ktoday*suranium ons.
(Eisenbud 1987, p. 171.)
18. DOE 1990d, p. 75. For background on transuranic waste at commercial disposal
sites, see Carter 1987, p. 73.
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The transuranic contamination level which defined transuranic
waste was originally set at concentrations of radioactivity greater than
10 nanocuries per gram (nCi1gra.m). In 1984, the radioactivity level
cut-off was redefined as 100 ncilgram-ten times higher.''
Most of the transuranic waste volume consists of dirt and trash (e.g.
rags, coveralls, equipment, and tools) that have been contaminatedwith
transuranic elements during nuclear reprocessing of irradiated fuel, the
machining and processing of plutonium for use in nuclear warheads, or
the careless handling of transuranic materials at various points in the
nuclear weapons production complex.
Since neither reprocessing of irradiated fuel nor direct machining
or processing of transuranic elements is cumntly conducted in the
commercial nuclear power sector, essentially all transuranic wastes
generated in the U.S. today come from the DOE's activitiesin its nuclear
weapons production complex. If, however, nuclear reprocessing for
commercial nuclear power generation were ever to resume in the U.S.,
the commercial sector would also become a significant generator of
transuranic waste.
Most of DOE's transuranic wastes emit primarily alpha radiation
(which has very weak penetrating power), and are considered "contacthandled" transuranic wastes. For this waste, the shielding provided by
the waste package itself is considered sufficient. About 2.4 percent of
the transuranic waste volume also contains sufficient beta or gamma
emitten to deliver radiation doses of 200 millirem per hour or more;
this waste is handled more carefully and is designated "remote-handled" transuranic waste.20 In addition, details about a small amount (less
than one percent) of transuranic wastes are considered "classified information" and are not publicly available. The DOE has requested that
some state environmental regulatory officials obtain security clearances to address the issue of environmental compliance for this waste. 21
The DOE'S transuranic waste as currently defined is found in
primarily three forms: in retrievable storage, as buried waste, and as
contaminated soil. The transuranic waste in retrievable storage is the
waste which has been set aside since transuranic waste was first defined
as a separate category requiring more substantial isolation. Much of
19. DOE 19W,p. 75.
20. DOE 1990d. p. 75.
21. DOE 1991b.p. 186.

For non-commercial use only

OVERVIEW OF THE RADIOACTIVE WASTE PROBLEM

19

the transuranic waste from before this time or which was not set aside
in retrievable storage was buried.
Transuranic contaminated soil has resulted from a number of
factors. Leaking burial containers have resulted in transuranic contaminated soil at some sites. For example, according to one government
report, about two-thirds of the drums containing transuranic waste have
severely deteriorated and contaminated the surrounding soil? In
addition, the Atomic Energy Commission (AEC)and the DOE have
dumped billions of gallons of radioactive liquid low-level and transuranic wastes directly into the soil via unlined cribs, ponds, trenches,
and ditches at numerous sites around the countly. 23 (This contamination can bc quite significant. For example, at one point in the early
1970s, the AEC became concerned that the transuranic contamination
at the bottom of onc of its waste cribs at Hanford might be so great that
a critical mass of plutonium might be present-posing the threat of a
spontaneous chain reaction or even a low-level nuclear explosion.")
Table 1 lists DOE'S estimates of the amounts, as of the beginning
of 1990,of these three fonns of transuranic waste at the sites where they
are currently found. In addition to these sites, transuranic waste is
generated at several other sites around the U.S.,including Lawrence
Livermore National Laboratory in California, and Argome National
Laboratory in Illinois. It is then shipped from these sites to those listed
in Table 1. The principal generator until recently, however, has been
the Rocky Flats Plant near Golden, Colorado, where plutonium metal
has been machined and processed into pits for nuclear warheads. In
recent years, Rocky Flats has been in a forced shut-down state, due to
extensiveenvironmental and safety problems that have come to light at
the plant. Thus, transuranic waste generation there is currently substantially less than it would be if the DOE were ever able to return to fullscale production mode, as it plans to do.
As can be seen, the total amount of transuranic waste in the nuclear
weapons complex, based on the DOE'S current estimates,is in the range
of 390,000 to 540,000 cubic meters.

22. GAO 1986~.p. 21.
23. GAO 1988~.pp. 9-10.
24. U.S. Atomic Ehergy Commission, ContaminatedSoil Removal Facility, Richland,
Washington,WASH-1520,p. 7 (April 1972), as citcd in Lipshutz 1980,p. 131.
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Table 1
AMOUNTS O F TRANSURANIC WASTE (IN CUBIC METERS)

Site

Rclricvablc
Storage

Buricd
lO9,OCKP
57,100

7,420

14,000

610
1.970

6200

Rocky Flats Plant, CO
Sandia Nat'l Labs, NM

790
3,140

3
4,530

-

Savannah River Site.SC

38,000

TOTAL VOLUME

61,560

190.840

140,400289,100

393,000 54 1,500

RADIOACllVim (alpha
curiesjd

1,130,800

121,800

> 17,OW

> 1,270,000

--

--

3l*960
56,000
156,000
1,140
300-1,000
unknownb
13,00061,000C
unknown

TOTAL
151,140
150,550
250,550
22,560
300-1,000
> 610
21,170 69,170
> 790
3
45,670

Hanford, WA
Idaho Natl Engineering
Laboratory, ID
Los Alamos Nat'l Lab, NM
Mound, OH
Nevada Test Site, NV
Oak Ridge Nal'l Lab, TN

10,180
37,450

Contaminated
Soil

-

-

Source: DOE 199(M,pp. 82,85.

Notes:
(a) Includcs soils mixed with buried wastes.
(b) ?he swrce (DOE 199Od) docs not list Nevada Test Site as containing transuranic-cantaminaud soil. However, some arcas of the T a t Site are known to contain significant plutonium
contamharim as a result of partialdamation tests which scattered rathcr than fissioncd much
of the plutonium in the bombs so tested.
(c) Oak R i d p soil c s b a t e applies if soil containingtransuranic was& can bc isolated from a
total contarninad soil inventory of about 1.6 million cubic meters.
(d) Sum of figures r e p o d by storage site. Does not includc beta or gamma radioactivity,or
radiation from decay products.
(e) 17,000 curies is average of range of alpha radioactivity reported for contaminated soil at
Hanford and Mound only. Radioactivity of con!aminated soil at other sites is reported as unknown.

Uranium Mill Tailings
Wastes from uranium milling are what is left over from the extraction of uranium oxide (usually in the form of U308)from uranium ore.
These wastes are generally referred to as uranium milltailings, and they
often exist mixed with liquid mill effluents in a slurry or sludge fonn
in ponds, or in dryer piles of a gray fine-grained sand-like material.
Theseuranium mill tailings contain about 85 percent of the radioactivity
of the original ore, primarily in the form of the uranium-238 decay
products radium-226 (with a half-life of about 1,600 years) and thorium-230 (half-life about 80,000 years).
Although the average concentrationof radioactivi in
tailings
is fairly low in comparison to other categories of nuclear waste, mill
tailings (with typical activity levels on the o a r of a thousand picocuries per gram) are still radioactive at levels a thousand times above
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natural background. In addition, mill tailings are produced in huge
quantitiesand, as indicated by the 80.000- year half-life of thorium-230,
their radioactivity is extremely long-livcd. As of the beginning of 1990,
a total of over 230 million metric tons of uranium mill tailings had
accumulated in the U.S.from uranium production for nuclear weapons
production and nuclear power generation. 25 This amount represents
over 95 rcent of the volume of all nuclear waste generated in the U.S.
to date, and presents a potential health hazard to communities nearby
that will last for hundreds of thousands of years. Thus, if not managed
properly, mill tailings, though low in level of radioactivity, have thc
potential to be the dominant contributor to radiation exposure from the
nuclear power fuel cycle because of their extreme longevity. 27
Mill tailings pose a number of health hazards-both because of
their radioactivity and because they contain a variety of othernon-radioactive but chemically toxic constituents (including remnants of the
chemical solvents and leaching agents used to extract the uranium, as
well as concentrations of heavy metals like arsenic, selenium, and
molybdenum which are also contained in the ore along wilh the
uranium). 28
One of the principal problems of concern is ill health effects due to
the inhalation or ingestion of radionuclides from the tailings or of radon
gas from the decay of these nuclides. Radon is continuously emitted
from exposed mill tailings piles as a consequence of the radioactive
decay of the radium and thorium in the tailings. Because of the long
half-life of thorium-230 (80,000 years), the hazard from it and fmm the
radon it produces will decline at a rate of only about one percent per
thousand years.29

E

25. DOE 1990d, pp. 131,148. This includes 188 million metric tans at licensed sites
plus 44.5 million metric tons of mill tailings at inactive and DOE sites.
26. Based on the total volume of all U.S. radioactive waste (including spent fuel,
high-level waste, transuranic waste, low-levcl wastc, and uranium mill tailings)
h m all sources (both commercial and military) produced in thc U.S. since the
1940s. Based on U.S. Departmentof Energy records as compiled in Saleska 1989,
Appendix C.
27. As noted by Victor Gilinsky, Commissioner, U.S. Nuclear Regulatory Commission, in "Remarks Presented at the Pacific Southwest Minerals and Energy Conference,"Anaheim, CA, May 2,1978.
28. NAS 1986, p. 1.
29. Ibid., p. 12.
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Low-Level Radioactive Wastes
Commercial low-level radioactive waste ( L W ) in the U.S. is
defmed by what it is not. According to Nuclear Regulatory Commission (NRC) regulations, low-level waste is "radioactive waste not
classified as high-level radioactive waste, transumdc waste, spent
nuclear fuel or by-product material [i.e., uranium or thorium mill

....36

The 'low-level1' radioactive waste category thus includes everything from slightly radioactive trash (such as mops, gloves, and booties)
to highly radioactive activated metals fmm inside nuclear reactors. It
includes both short-lived and long-lived radionuclides.
More than 20,000licenses have been issued by the NRC and NRC
agreement states for the commercial handling and use of radioactive
and most of these users will generate some sort of waste
that will be disposed of as low-level waste. These 20,000-plus users
include a diversity of sources, such as radiochemical manufacturers,
research laboratories, hospitals, medical schools,universities, and nonDOE government agencies. 'Ihe single largest source of commercial
low-level waste, however, is the nuclear power industry,whose hundred or so licensees accounted for over 70 percent of the volume and
almost 95 percent of the radioactivity of all low-level waste shipped for
disposal in 1 9 8 9 . ~ ~

30. NRC 1988b (10CFR Part 61.2).
31. The figure is from DOE 19904p. 95. The NRC has a program to share nuclear
regulatory enforcement authority with states,as long as state regulations are not
inconsistent with NRC regulations. States which participate in this program are
r e f d to as NRC Agreement states.
32. DOE 199Od. Calculated from 'Pable 4.2 @. 106). and Tables 4.14 through 4.19
@p, 118-123).Nuclear power industry low-level waste includes low-level waste
disposed of from operating nuclear reactors as well as
nuclear fuel preparation activitiessuch as uranium conversionand fuel fabrication. It does not include
waste fnrm uranium enrichment, which is conducted by the DOE and is disposed
of as DOE low-level waste. However, since uranium enrichment wastes are
estimated to represent only 3 to 4 percent of the total volume of low-level waste
generated by nuclear fuel prepration activities, this exclusion does not alter the
nuclear power industry contribution significantly.
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Commercial Low-Level Waste#orn the Nuclear Fuel Cycle

All wastes generated by the commercial nuclear fuel cycle, aside
from the uranium mill tailings and the spent fuel, are classified as "lowlevel" wastes. This includes wastes from the fuel preparation activities
-conversion, enrichment, and fuel fabrication-as well as wastes
(other than the spent fuel) from the operation of nuclear reactors.
The bulk of low-level waste from the nuclear fuel cycle (about 80
percent in 1989)is generated by the reactors themselves. There are two
primary processes which underlie the generation of low-level waste at
commercial reactors: microscopic leakage of fission products from fuel
rods, and the creation of activation products as a result of neutron bombardment of non-radioactiqe elements inside the reactor.33
A small fiaction-on the order of 0.1 percent--of the fuel rods inThis allows
side a reactor suffer from microsoopic pinhole leal~s.3~
some of the fission products which build up inside the fuel rods to escape into the cooling water surrounding them, contributing to its
radioactivity. This cooling water is continuously being cleaned of
radioactivity by ion exchange resins and demineralizes filtration units,
which themselves become contaminated and are eventually disposed of
as low-level waste. These spent resins and filters can be highly radioactive, and are sometimes capable of delivering a radiation dose exceeding 1,000 rems per hour, essentially a lethal dose? The inevitable
occasional leaks and spills of the radioactive cooling water give rise to
maintenance and clean-up activities which result in further waste
generation. For example, the mops, protective clothing worn by
workers, detergents, and any other materials used to clean up a spill of
radioactive water (such as evaporator solids used to process it), become
contaminated and must be disposed of as low-level waste.

33. "Activationproducts"are created when a neutron from the nuclear fission reaction
is absorbed by a non-radioactive atom. That atom can then become "activated"or
radioactive. For example, when a commonnimgen-14 atom absorbs a neutron,
it emits a proton and becomes radioactive carban-14; stable cobalt-59, the most
common fonn of cobalt found in nature and a constituent of stainless steel, can
absorb a neutron and become radioactive cobalt-60.
34. As discussed in Carter 1987, p. 19.
35. Carter 1987, p. 19.
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The other principal process contributing to low-level waste generation is the build-up of activation products as a result of the high
neutron flux in a reactor core. Corrosion products in the cooling water
(from the slight but incessant corrosion of the exposed metal surfaces
inside the cooling system) can become activated, mixing with the
fission products and contributing to the radioactivity of the cooling
water. In addition, the continuous neutron bombardment of the reactor
components makes these radioactive. Items such as fuel channels,
control-rod channels, or instrumentation placed inside the reactor core
are removed from the core from time to time and must be disposed of
as waste.
'Ihble 2 shows the average amounts of low-level waste generated
at each stage of the nuclear fuel cycle which result from operating a
typical 1000 MW(e) commercial reactor for one year. This includes
waste generated at conversion, enrichment, and fabrication facilities, as
well as at typical pressurized water and boiling water reactors.
Table 2
LLW GENERATED TO SUPPORT TYPICAL
1000 MW(e) REACTOR* FOR ONE YEAR
Volume
(cubic meters)

Radioactivity
(curies)

Fuel Preparation
Uranium Conversion
Uranium Enrichment
Fuel Fabrication

6.7
2.3
58.3

75
85
0.14

Pressurized Water Reactor (PWR)
Routine Waste
Irradiated Components

127.5
29

703
1,366

355.8
12.9

1,848
9,04 1

Boiling Water Reactor (BWR)

Routine Waste
Irradiated Components

Source: DOEj 1990d.
NOTE:*Assumes a reactor capacity factor of 65 percent.
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The= are six commercial disposal sites for 'low-level" wastes in
the U.S.where large amounts of radioactive waste have been disposed
of by a method referred to as "shallow-land burial," in which wastes
are stored in drums (and in the past, cardboard boxes) and buried in
trenches. This primarily includes waste from nuclear power plants, but
also from other industrial, medical, and research sources as well.
So far, three of the six disposal sites have been closed, and have
experienced environmental problems. Tdble 3, below, shows the
amounts of waste at each of these sites, according to DOE records.
Table 3
COMMERCIAL LOW-LEVEL WASTE DISPOSAL
THROUGH 1989, BY SITE
Disposal Site

Accumulated Volume
(cubic meters)

Rad ioactivity
(1000s of decayed

curies)
Active
Beatty, Nevada
Richland, Washington
Barnwell, South Carolina

1 16,657
3 18,258
6 16,022

518
1,995
4,646

77,074
135,280
88,334

1,267
2.40 1
60

1,352,000

10,885

Shut Down

West Valley, New York
Maxey Flats, Kentucky
Sha~eld,Illinois
Rounded Totals
Source: DOE 1990d, pp. 114-115

Low-Level Waste Categories
NRC regulations sub-divide commercial low-level waste into four
classes which are determined by the types of radionuclides and their
concentrations which make up the waste. These classes are labeled
Class A, Class B, Class C, and Greater-than-class-C. Class A waste is
the least radioactive on average, and is contaminatedprimarily by what
the NRC terns "short-lived radionuclides. Classes B and C are more
radioactive: Class B may be contaminated with greater amounts of
"short lived" radionuclides than Class A, and Class C with greater
amounts of long-lived and short-lived radionuclides than Class A or B.
Greater-than-class-C waste is much more radioactive than the other
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classes, and generally is considered unacceptable for near-surface disposal, which is how Classes A, B, and C are generally disposed of in
the U.S. Shallow-land disposal used to be simple dumps mainly, but
the concept now also includes more elaborate structures.
Bible 4 shows the average radioactivity characteristics of the various classes of waste.
Table 4
LOW-LEVEL WASTE CHARACTERISTICS
Average
Concentration
f~urie.c/ft~)

Low-Level Waste:
Class A
Class B
Class C
Greater-than-C
Transuranic Waste:
Contact-handled
Remote-handled
Military High-Lcvel
Wastc:

Selected Samples

(cur~ft3)

(NY reactor avg.)
300 to 2,500*
0.57
47
100

920

(Savannah River sludge)

3.7 (Hanford salt cake)
7.1 10 (SRP Glass, proj.)
Commercial Spent Pl~d

73,650**

Sources: CrrA 1988; DOB 1990d; and NYSERDA 1990.
The 3 0 figure is based on the 1985 inventory. 'Ihe higher figure represents anticipated in-

*

ventory in 2020, including some decommissioning wastes.
** Based on average activity in all spent fuel at the end of 1989 and on overall fuel assembly
dimensions.

As can be seen some samples of Class C and even Class B wastes
(e.g. 4.4 cuies/ft3' fmxn New York's Cintichem facility) axe more
radioactive than some portions of high-level waste (e.g., salt cake in the
Hanford waste tanks). The average Qass C wastes from New York
State's nuclear reactors are considerably more radioactive than military
high-level wastes. 'Ibe average radioactivity concentration in current
Greater-than-class-C low-level wastes is about three times that of
military high-level wastes.
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Military Low-Level Waste
Low-level radioactive wastes are also produced as the result of
activities associated with nuclear weapons research, design, materials
fabrication, and assembly. Most of these wastes are currently buried
in shallow trenches at DOE sites.
Prior to 1970, some low-level military wastes (including those
contaminated with transuranics) were dumped at sea. In total, according to DOE records, nearly 90,000 containers, originally containing
some 94,000 curies of radioactivi were dumped at a number of sites
off both the east and west mas$ In 1977, the U.S. Environmental
hotection Agency estimated that as many as 25 percent of the containers at one ocean dump were leaking. 37 Eventually, of course, as a result
of the inevitable corrosion by seawater, they will all leak.
Table 5
MILITARY LOW-LEVEL WASTE DISPOSAL, BY SITE

Disposal Site

Annual Disposal Volume
(1987-1989 average, m3)

Total Accumulation
(through 1989, in m3)

Prindpal Sila

La ALamos N a h a l Lab
Idaho NationalEngincuing
Lab
NevadaTtst Sit+
Oak Ridge Natimal Lab
Ward
Savurnrh Riva

4,800
2,100

205.400
143,100

19.500
800
16,400
32,500

279,900
206,900
563,800
598,800

0

Otbc+Slkr
Pam3dRmt
Oalt Ridge Y-12 Plant
Allothers

10.800

1,400

298500
146500
114,100

TOTAL VOLUME

88,300

2,557,000

1,371,000

13,771,000

TOTAL RADIOACTIVITY

(dccaycd curia)
Sowcc:

DOE 1 9 W . pp. 1OS.107.108.

36. DOE 1990d, p. 109.
37. Nuclecmics 1977, p. 12.

For non-commercial use only

High-Lmel DoUars, Low-Level Sense

During the 1980s,the DOE generated between 60.000 and 120,000
cubic meters containing me to two million curies of low-level waste
per year. Most of this has been disposed of by burial at six principal
sites. nble 5 lists the rates and total accumulations of military lowlevel waste at major DOE sites through the beginning of 1990. Figure
5 depicts the amount on a map of the U.S. which shows roughly where
they are located Also on this map are indicated the sites where
ocean-dumping of military low-level waste occurred
Figure S
LOCATIONS* AND VOLUMES OF MILITARY LOW-LEVEL WASTE

Sava:DO8 1990d. p 98.
knd.bued S i m HM%Hdord Nudur h a t i o n (Richlmd, Wuhmgton); L L U m a c c Livamoro Nstionrl L.boruory
(Livamorc. Cllifant);NISrNwdr Ten Site (Mauv, Nevdr); WELId.bo National Enghwaring Irbomq (Idrho hUs.
Ibbo); SNLA=Su& N W trboatmy (Albuquqnc, New Mexico); LANl= Ias Alrmor Nationrl Lakmory (LcsAhms,
New M i ) ;PANT~upfxPtrd (Amuillo. Tens); PAD=fducrb Glraoos Diffusion Plnupdmh, Kaudry);
hktcda Rod&
Center (Permld, Ohio); POR1S;;Ponrmooth Guecxlr DiffusionPlmt (Pormnolah, Ohio); OR&& Ridge
Gmpkx (QJ:Ridge. Tenmrs~~);SRStS.vrrmahv
Rivu Site (Aika, South Cuolim); BNLBmokhrvm N a t i d Labonlory
(Bloolrhrvtn, New York). W u i C a s t Ooun-hrmp Siw: PIS=Fanllon Islands (Caurl CaliforniaCoast); SDGdff-Colu (Su,

Dikgo, Cdifomia); SCBdmtr CNZBasin. bfiCW1--Dump
Situ: M a n Z M u s Bay;
~ ~ ATL=Atluuic Site 1 (3831'N.
7YChSW); AlL 2=Adaaic Site 2 (3TSVN. 70'3SW). HENYCIpe Hmry (Virginia Cout).
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Radioactive Wastes from Decommissioning Nuclear Reactors
At the end of its useful lifetime, a reactor or other nuclear facility
must be shut down, cleansed of radioactivity to the extent possible, and
dismantled or entombed This process is known as decontamination
and decommissiolling. No large commercial reactor has yet undergone
this shut-down process. 38 However, the process is expected to involve
a number of steps, including flushing out the cooling system with
chemical chelating agents to remove radioactive residues, washing
equipment, and the scrubbing, chipping, and sandblasting of walls and
floors. lhis is intended to remove superficial radioactivity. Metal
componentswithin the reactor will have to be cut up with a cuttin torch
operated remotely to protect workers from the intense radiation.5 9
Three main decommissioning scenarios are usually considered:
Entombment. Under this scenario, a reactor would be shut
down and decontaminated to a superficial degree, then
sealed off with concrete and fences. Numerous huge reactor
hulks, contaminatedwith long-lived radionuclides, would be
left where they stand for many generations to monitor and
maintain.
Mothballing. Refemd to as "SAFSTOR, this is deferred
decommissioning. The reactor would be sealed for 30 to 100
years to permit some of the shorter-lived radionuclides to
decay, after which the dismantling would be completed.
Immediate Decommissioning. (Called "DECON") This is
the mode currently assumed by DOE waste projections, and
what most utilities say they are planning to use. Under this
scenario, decommissioningwould take place in the space of
about six years, beginning two years after shut down.
38, A number of small reactors have been decommissioned. The largest of these,
however, is the 72 megawatt(electric) Shippingportreactor in Pennsylvania. This
is less than one-tenth the size of a typical large modern commercial reactor, which
can be 1,000 megawatts (electric) or more. No reactor greater than 500 MW(e) is
scheduled to be decommissid before 2004 (DOE 1990d).
39. Carter 1987, p. 22.
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Most utilities currently appear to be planning immediate decommissioning. According to a survey of utility plans, 105 of 124 reactors
considered were slated for immediate decommissioning. 40
Huge amounts of waste will result from decommissioningof these
nuclear power reactors, which will not occur until some time in the next
century.
According to DOE'S official projections (which are based on the
immediate decommissioning scenario), nearly 40 percent of the total
volume of low-level waste produced by a boiling water reactor over its
anticipated 40-year lifetime is from decommissioning. For PWRs,
which produce less operating low-level waste than do BWRs, but about
the same amount of decommissioning waste, almost two-thirds of
lifetime waste comes from decommissioning. See Figure 6.
However, as Table 6 shows, if decommissioningreactors is delayed
for 30 to 100 years, radioactive decay will result in a decrease in the
amount of radioactivity in the waste by about 20 to 50 times for a PWR,
and 35 to 70 times for a BWR. As the table also shows, delay is expected
to result in a reduction of decommissioning waste volume for delays of
50 years or more, mostly due to a reduction in the amount of Class A
waste. A delay of only 30 years will not result in significant waste
volume reduction, but at 50 years, the decommissioning waste volume
is reduced by a factor of 10. Waiting 100 years continues to reduce
activity, also resulting in slight additional volume reductions. 41

40. Bmon 1990, pp. 87-88.
41. DOE 1990d. p. 174. Note that reductions in radioactivity are not always accompanied by equivalentreductionsin waste volume. This could be due to the presence
of different radionuclides with varying half-lives in a given quantity of waste. A
given period of time could result in significant reductions in activity due to the
decay of short-lived radionuclides, while the presence of the long-lived radionuclides stillrequires nearly the entirevolumeto be considered radioactive waste.
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Figure 6
BWR LIFETIME LOW-LEVEL WASTE GENERATION

A b v e ClarsC

4

15 mE.061

Decommissioning Waste

Clarrer A.8.C
12631E+05i

BWR Lifetime LLW
Generation

Rwline Wastes

Operating Waste

Nonmutine Wastes
(5.174E42)
SOWCE:Adaped from data in DOE 1990d, p. 223.

Decommissioning
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Table 6
ESTIMATED VOLUMES AND ACTIVITIES OF WASTES FROM DECOMMISSIONINGALTERNATIVES
CONSIDERED FOR REFERENCE LIGHT WATER REACTORS~S~

- A LLW

Totrlr
Deunnmiirioning
Alluoativc

lmmediau dmn~amination
following ludom
Dcfcrrcd dcuntminrlion
after a safe storagepcriod of:
30 yoand
50 y a m d
100
Entombmente

Immcdiaa demnumination
following shlndown
Deferred decontamination
after a d e storage pcriod oT:
30 y u n d
50 y u n d
l ~ y u n ~
hl~mbmat~
Source: DOE. 1%

Aaiviry
'01(
ci)

Volume
(m3)

Adivity
(103 cii

18.985

6,595.8

18.512

13.9

373

42.8

53

239.1

18.985
1.783
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180.4
141.4
97.2

18.6S2
1.450
1,340

1.4
0.2
0.1

233
247

1.1
1O
.

53
39

n

0.6

65
4.7
3.3

8,078

6,586.6

7,605

4.7

373

42.8

53

239.1

18325

4.906.2

17,%1

37.3

214

53.1

17

18328
1.833
1,783

209.1
159.4
106.2

18.055
1,568
1.533

15
03

0.2

123
115
100

0.6
02
< 0.1

3.500

4,908.0

3.136

39.1
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(ld~
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.
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343
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Other Wastes
Mixed Wastes

.

In both the commercialand military sectors, some of the radioactive
wastes generated are mixed with hazardous substances, such as organic
solvents or other toxic chemicals. This is a problem for low-level waste
in the commercialsector, as well as for low-level and transuranic wastes
generated for military purposes by the DOE. Much of this waste
(especially the transuranic waste) contains substantial quantities of
long-lived radionuclides, such as plutonium-239 and technetium-99.
The radioactive components of mixed wastes are regulated under
the Atomic Energy Act by the NRC for commercial sources, and by the
DOE for military sources. The hazardous components, however, are
subject to regulation by the EPA according to an environmental law
known as the Resource Conservation and Recovery Act (RCRA).
Complying with RCRA is proving difficult at nuclear facilities, especially those run by the DOE,in part because until 1987, the DOE
claimed it was exempt from the law, and its facilities and procedures
were not run to take the law's provisions into account?* It was only
recently that the DOE even began to compile a comprehensive complex-wide database of mixed low-level waste of the sort it has maintained for the various categories of radioactive waste.
Mixed waste at DOE sites includes a broad range of materials, such
as cleaning solutions and cleanup materials, engine oils and grease,
contaminated soils, building materials, water treatment materials, and
decommissionedweapons manufacturing equipment?3~heDOE has so
far identified a total inventory of about 56,000 cubic meters of mixed
low-level waste, and is generating new mixed low-level waste at a rate
of about 2,500 to 8,000 cubic meters a year.44
Mixed waste at commercial power plants includes radioactively
contaminated organic chemicals, waste oil, CFC solvents and concentrates, chromium wastes from resin changeouts at reactors, cadmium
wastes from spent reactor equipment and cleanup activities, lead solu42. On May 1,1987, in part as a result of legal pressure brought on by environmental
groups, the DOE published an interpretive ruling (DOE 1987, p. 15937). which
clarified that DOE hazardous wastes were subject to RCRA.
43. DOE 1990d, p. 187.
44. DOE 19904 pp. 194,196, and 201.
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tions from lead shielding decontamination, aqueous corrosive liquids
from cleaning spent fuel casks and resin filters, etc. 45 An estimated 3
to 10 percent of the total volume of commercial low-level waste from
all sources is mixed waste. According to one source, a typical U.S.
commercialreactor generates on the order of 100cubic meters of mixed
low-level wastes each year.46
NARM Wmes

NARM wastes (Naturally-occuning and Accelerator-produced Radioactive Materials) are orphan wastes not consistently regulated under
any current federal standard. NARM includes such materials as radium-226 and thorium-230produced outside the nuclear fuel-cycle, and
radionuclides produced by particle accelerators. NARM wastes are
generated by both federal and non-federal facilities. 47
The largest volume of NARM wastes consists of naturally occurring radioactive material such as radium, thorium, and uranium where
they occur outside of explicitly nuclear fuel cycle activities such as
uranium milling (where they would be regulated as uranium mill
tailings). One example of this sort of waste are those left behind from
the processing of uranium ores for the extraction of radium. Such
activities amounted to a sizable industry in the early years of this
century, when radium was for a time a valuable commodity.

45. DOE 1990d,pp. 188,205.
46. Nuclear Management and Resources Council, The Management of Mixed LowLevel Radioactive Wastesin the Nuclear Power Industry, NUMARC/NESP-006,
January 1990,as cited in DOE 1990d,p. 205.
47. EPA 1990b.
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Chapter 3
OVERVIEW AND CRITIQUE OF THE CURRENT APPROACH TO RADIOACTIVE WASTE
MANAGEMENT

Generally, the long-term management of mill tailings, low-level
waste, transuranic waste, high-level waste, and spent fuel have been
considered as separate issues, Nth separate solutions.
Current plans call for the disposal of low-level waste at various sites
around the country; some transuranic wastes in a geologic repository
near Carlsbad, New Mexico (The Waste Isolation Pilot Plant known by
its acronym WIPP); and spent fuel and high-level radioactive waste in
a separate geologic repository which has yet to be built. Uranium mill
tailings are generally W i g dealt with on-site or near the site, according to Environmental Protection Agency (EPA) standards.' Considerableproblems remain to be addressed in each of these areas. There
are no firm plans-in some cases not even clear, viable proposals-for
large quantities of these wastes, most notably in the weapons complex,
which isjust starting to deal with the vast environmental contamination
problems it has created over the past 45 years. Cost estimates for the
clean-up run upwards of $150 billion, notwithstanding the fact that
some sites may be irreversibly contaminated.
The main focus of our analysis here is on the long-lived and more
dangerous components of the conventional waste categories. 'Ihis
1. EPA 1983c, a (40 CFR 192).
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includes:
Commercial spent fuel, high-level repmcessing waste, and
t r m c waste, all of which (except for part of the transuranic waste) according to cumnt U.S.law and policy are
slated for permanent disposal in a deep geologic repository.
The long-lived or especially dangerous components of lowlevel waste from both commercial and military sources, most
of which are currently disposed of through shallow burial in
radioactive waste l a n W .

Uranium mill tailings, especially concerning the long-lived
components radium-226 and thorium-230.
In the sections below, we consider U.S.plans for dealing with each
of these issues.

A. Spent Fuel, High-Level, and
nansuranic Wastes
Background on Nuclear Waste Disposal Issues
Historical Overview

As discussed in Chapter 1, one of the major problems associated
with radioactive waste is the fact that much of it will be radioactive-and thus will require isolation from the human environment-for
hundreds of thousands, if not millions, of years. Since this is a time
period far longer than all of recorded history, the problem of waste disposal presents an enormous challenge.
Yet when the first high-level nuclear wastes were pmduced in the
1940s Bs a result of the Manhattan Project to construct the first atomic
bomb, they were stored in what were at the time considered to be "temporary" storage tanks. There was no plan for permanent disposal, and
as far as the U.S.governmentwas concerned, the exceptionaland pressing circumstances of World War I1 relegated such long-term issues to a
low priority.
Over ten years later, when the exigencies and shortages of that
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war were long past, the U.S. government made a definitive commitment
to commercial nuclear energy by licensing the first commercial reactor
in 1957--even though there was stillno waste disposal solution in sight.
In remarks before the National Academy of Sciences conference in
1955, for example, A.E. Gorman of the Atomic Energy Commission's
(AEC) reactor development division acknowledged that the attitude of
the Commission had been to "sweep the problem under the rug? And
as C w l l Wilson, the first general manager of the AEC, acknowledged
much later,
Chemists and chemical engineers were not interested in
dealing with waste. It was not glamorous; there were no
careers; it was messy; nobody got brownie points for caring
about nuclear waste. The Atomic Energy Commission neglected the problem...The central point is that there was no
real interest or profit in dealing with the back end of the fuel
cycle.3

m y , 50 years after the first sustained fission reaction, and over
30 years afterthe first commercialreactor began operating, a greatmany
studies have been done at much expense, but the subject is still controversial and there is still no demonstrated long-term solution to the
million-year disposal problem presented by nuclear waste.
The disposal of highly radioactive waste deep below the earth's land
surface in mined geological repositories was the first form of disposal
seriously proposed (in 1957): and is today the legally designated
(though not yet technically demonstrated) form of disposal. However,
there have been many other alternatives proposed and researched over
the years.
Among the options that have been considered are disposal by
shooting into space, or emplacementunder the Arctic ice cap. Although
the land-based deep geologic repository approach is the legally designated solution, continuing research on sub-seabed disposal is also
authorized. This is essentially disposal in geologic formations under
the ocean floor with an emphasis on areas which appear to have
long-term stability?
2. Carter 1987, p. 54.

3, Wilson 1979, p. 15.
4. NAS 1957,
5. A number of these alternatives are discussed in DOE 1979. For an overview of
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Current Law

In 1982, Congress passed the Nuclear Waste Policy Act, a law
which designated deep geologic disposal as the preferred technical
solution, essentially curtailing or terminating serious research and
development on other disposal methods. Revisions to the law in 1987
established an Office of Sub-seabed Dispwal to explore the potential
of the geologic layers under the ocean floor for containing wastes,
although this office has had little support from the DOE.
The law provided states selected as potential hosts for the
repositories with a limited veto and recognized the rights of Native
American tribes as equal to the states. It finally-25 years after the advent of commercial nuclear power-pmvided for industry financing of
waste disposal through the establishment of a Nuclear Waste Fund
(funded so far by a 0.1 cent per kilowatt-hour fee imposed on nuclear
electricity). The law also obligates the DOE to contribute to this fund
for DOE'S repository-destined military wastes. The DOE has contributed only $5 million to this fund so far, an insignificant sum even
when compared to the level of obligation of about $500 million which
the DOE itself acl~nowled~es.b*~
It also imposed the requirement that
explicit site selection and environmental criteria be adopted, and that a
final site be selected from among numerous sites examined on the basis
of detailed characterization studies.
However, DOE'S problem-ridden site selection process, flaws in
the 1982law and in EPA and NRC regulations (see below), and vigorous
citizen opposition led the DOE and others once more to a more politically convenient solutione8 Congress amended the Nuclear Waste
Policy Act in 1987? ovemding many of the site selection and characterization provisions of the 1982 act and designatingYucca Mountain,
near the U.S. Nuclear Test Sitein Nevada, as the sole site to be examined
as a candidate for the first high-level waste repository. Thus, the final
selection of Nevada came about as a result of a process that, in part,
sub-seabed disposal see OTA 1986, or Hollister 1981.
6. Personal communication from Ron Callen, to Arjun Mabrhijani (11 June 1991).
7. DOE 1989a.
8. 'Ihe DOE'S problems in implementing the 1982 act are discussed in more detail in
Makhijani 1989,pp. 3743.
9. ?he 1987 Nuclear Waste Policy Amendments Act, Public Law 100-203.
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started with the fact that the government already controlled thc land,
and ended in a decision in which politics overwhelmed science.
One misguided element that was a prominent part of both the 1982
and 1987legislation was a sense of urgency about the need to dcvclop
a permanent solution for nuclear waste as soon as possible. The lack
of a disposal solution had long been a political albatross around the neck
of thc nuclear industry, and so industry lobbyisls exerted strong pressure
to get the job done quickly. As one observer of the 1982 legislation
noted, "the industry feeling was that the sooner this solution could bc
effectively demonstrated, the better for the industry politically."
Some anti-nuclear, environmental, and arms control groups, for
their part, wanted to head off the reprocessing option for commercial
spent fuel by disposing of it as soon as possible. The 1982 law thus
established target dates for repository siting and construction that wcre
far too ambitious. These target dates came to be scen as deadlines which
only increased the sense of urgency about the waste disposal problem
and, when these deadlines were not met, DOE'S alrcady low credibility
was even further eroded.

'

Current Standards and Regulations for LongTerm Management
The extreme longevity (on the order of millions of years) of some
of the radionuclides in high-level waste means that it is impossible to
guarantee that this waste will remain completely isolated from he
environment. "Isolation," then, becomes a relative tern in which it is
assumed that some radioactivity will be released into the environment
over time. In fact, according to the National Academy of Sciences,
"[eJssentially all of the iodine-129 [half-life: 15.7 million ycars] in the
unrepmcessed s nt fuel in wet-rock repositories will eventually reach
the biosphere.'"'As
the EPA has remarked, any environmental standards regulating "acceptable" releases of radioactivity from nuclear
waste repositories must therefore "address a time frame without precedent in environmental regulations." l2
Proposed standards are thus all based on the assumption that some
10. Carter 1987, p. 196.
11. NAS 1983, p. 11.
12. EPA 1985, p. 38066.
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radioactivity from a repository will reach the environment. Given this
assumption, there are several possible approaches to developing standards.
One approach would be to establish upper limits on the "acceptable" health risks for both individuals and the population as a whole.13
An acceptable health risk can be translated into a radiation dose limit,
which can be put together with assumptions about environmental
transport of radioactivity in order to establish repository performance
standards. The performance standards can then be used to establish
selection guidelines to evaluate the suitability of potential repository
sites. This results in what is sometimes called "health-based" (or "riskbased") standards.
Another approach results in "technology-based" standards. This
approach starts by considering what is possible, based on the current
state of scientific knowledge, the best currently available technology,
and a reasonably good geological site. Technology- based performance
standards can then be developed which are intended to ensure that a
good site is chosen and that the technology used to construct a repository
is appropriate. They are oriented towards assuring that c o m p l i
the standards can be measured and achieved. This can be done independent of the health risks that would arise from the standards that
13. It is important here to understand the concepts of individual and population risks.
An individualrisk is often expressedin terms of the chancethat an individualmight
get a fatal cancer (for example, a typical risk limit for individuals in environmental
regulation is one in one million). A population risk is often expressed in number
of expected deaths. Although the risk to individuals is important to consider, the
risk to the population as a whole is just as meaningful from a public policy
perspective. This is because the total populatia risk is what indicates how many
people will die as a result of a given risk. Thus, popa11ation risk provides a basis
for arguing that a "small"individual risk of death imposed on a large number of
people is morally worse than the same-sized individual risk imposed on a small
number of people. The risk to each exposed individual is the same in both cases,
but in the first case, a larger number of people will die. Conversely, even a small
overall population risk, if borne primarily by a smallnumber of people, can result
in huge risks to each of the few individuals exposed. For example, if an environmental risk sufficient to kill one person is spread evenly among 10people, each
will have a one in 10 risk of dying. Spread among one million people, each individual will have a one in a million risk In each case, the population risk is the
same (one death), but we would generally consider the risks to the arbitrarily exposed individuals to be unacceptably high in the former case. A humane public
health and eslvironmental policy will minimize both types of risk, individual and
population.
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result, which might be either large or small.
We believe that the ideal mute to envimmental pmtection would
rely on the first approach, which takes the health of human beings as
its primary standard. 'Ihe second approach essentially relies on circular
reasoning: standards are set so as to emure that the standards can be
met. When taken to its extreme, this represents an attitude that envimnmental contamination is an inevitable result of technological pmgress, that human beings have no choice but to live with the
consequences, and that environmental regulation is limited simply to a
kind of "sweeping up" after the mess is made.
The first approach, however, as an across-the-board model, provides a much more complete conception of the possibilities for environmental preservation; comprehensively applied, it would extend
health- and envimnmentally-based criteria to decision-making about
which technologies are selected in the first place to fill a given societal
need, and how manufactudng and production processes are designed.
Unfortunately, as we have discussed elsewhere, little thought went
into the consequences during the years when nuclear technology was
under development, and we are now confronted with a situation w h e ~
the waste has been pmduced Under such constrained circumstances,
it is arguable that the second technology-based approach is as good an
approach as can be taken. This is, in fact, the approach which the P A
took as its primary one in developing its standards.
Unfortunately, both of these approaches were essentially abandoned by federal law. The 1982 Nuclear Waste Policy Act asked the
DOE to submit a list of potentially acceptable repository sites within
six months of promulgation of the law. It did not require the EPA,
however, to come up with final standards for acceptable dose limits-logically the first stepuntil six months after the DOE$ initial
repository list was submitted. Further, the NRC was to establish technical performance standards (theoretically consistent with the EPA
standards) for the repository about the same time that the EPA standards were supposed to be issued.
The way the process has worked in practice is even worse than
provided for in the provisions of the 1982 waste policy law. The EPA's
final standards were delayed, and therefore were not issued until 1985
over two years after the final NRC standards.14 Further, the EPA
14. EPA standards were published on 19 September 1985. The NRC standards were
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standards were challenged in court by several states and environmental
groups on the grounds that, among other things, they were too lax, and
violated provisions of the Safe Drinking Water Act. The court agreed
that the standards violated the Safe Drinking Water Act, and vacated
them, requiring the EPA either to bring the standards into compliance
with existing law, or explain why the inconsistency exists.
The EPAis now in the process of considering the issues raised by
the court which vacated the standards, and plans to issue new standards
in 1992. Because the new standards are likely to be similar in many
respects to the 1985 standards, we will review the vacated EPA standards below along with the NRC regulations.
1985 EPA Standards

The EPA environmental standards for waste repositories15setout
long-term containment requirements that limit releases of radioactivity
to the environment for 10,000 years. These are expressed in terms of
radionuclide release limits for the rate of release of individual nuclides
in the waste to the environment.
Companding to the radionuclide release limits is an overall population dose limit extending to 10,000 years; individualdoses are limited
for only 1,000years. The overall population dose from all radioactivity
escaping Erom the repository may not cause more than 1,000premature
cancer deaths over the 10,000-year period (or, one extra fatal cancer,
on average, every 10 years).16 The individual dose to any member of
the public from radioactivity escapin from the repository is limited to
no more than 25 millirerns per year. M e r the first 1,WOyears, only
the overall population dose limit remains, and there is no cap on
individual doses.
There are also groundwater protection requirements which limit
the concentrations ofradioactivity fiom the ~positoryin groundwater
to such that persons who draw all of their drinking water from that
published on 21 June 1983.
15. The EPA standards were incorporated into federal regulations at 40 CFR 191
(EPA 1985).
16. EPA 1985,p. 38069.
17. EPA 1985. p. 38068. This is the same as the dose limit allowed to individual
members of the public fiom the nuclear power fuel cycle by EPA standards at 40
CFR Part 190.
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source of groundwater would receive not more than four millirems per
year. Like the individual dose limits, these standards apply only for a
period of 1,000years after disposal.
As pointed out in a 1983report by a panel of the National Academy
of Sciences WAS) (which criticized the draft EPA standards two ears
before the final ones were issued),'* as well as by the EPA itself,;6 the
1,000- and 10,000-yeartime h e s are short, given the long-term risk
posed by some radionuclides. The NAS panel said it was possible for
groundwater to become contaminated long after 10,000years, and that
the population dose received after this time could actually increase
beyond the EPA limits, even if these limits were not exceeded within
the first 10,000 years. The panel pointed out that some long-lived
radionuclides would be capable of delivering ve high doses from
groundwater for many tens of thousands of years.4J For example, according to one set of assumptions about radionuclide release from
processing waste made by the National Academy of Sciences, significant doses from the radionuclide lead-210could peak shortly before
100,000 years, and continue for long afterwards. The possible doses
from cesium-135 peak at almost one million years?1
Another problem with the 1985 EPA standards is that after 1,000
years, only overall population dose is limited; there is no limit after this
time on the maximum dose an individual might receiveF2 This should
be of particular concern given that the NAS panel found that under certain conditions radionuclides from a repository could deliver annual individual doses from neptunium-237 of up to 10,000 rems-a lethal
dose? According to the1985 EPA standards, this could happen without
any violation of the standards, as long as the total number of people exposed was within the population limit.
In its study, the NAS panel proposed a slightly different basis for
standards. Rather than limiting overall population exposure and individual exposures for only 1,000 years, the Panel advocated an individuddose-based standard for all future times:
18. NAS 1983.

19. EPA 1985,p. 38076.
20. NAS 1983, pp. 227-228.
21. NAS 1983, Figure 9-1, p. 256.
22. Although, as we note below,the new EPA standards may extend the dose limit to
10,000 years.
23. NAS 1983,p. 225.
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m h e most meaningful and useful form of the criterion is
the annual or lifetime radiation dose to an individual exposed at some fbture time to radionuclides released to the
environment from a geologic repository. We have adopted
as our criterion an annual dose of
sv [lo millirem] to
an individual, averaged over his lifetime, calculated at all
future times."

Missing from this recommendation, however, is the concept of a
population dose limit. With the addition of a population dose limit, such
an approach is a sound one, because it would place an upper limit to the
amount of health risk to any individual from radioactive waste for all
time, and it would also limit the total number of deaths as well.
The EPAis now moving further in this direction with its new draft
standards, which retain the population dose limit, extend the individual
dose limit to the entire 10,000-yeartime frame, and may also lower the
individual dose limit to 10 mi~lirems.~~
Whether these changes make
it into the actual final rule remains to be seen.
However, it appears highly unlikely that the EPA will promulgate
standards which address the criticisms pertaining to the shortnessof the
overall 10,000-year time frame.26 The basic reason for this is that the
current state of knowledge about geological processes and risk assessment simply does not allow confidence in predictions or control of the
situation beyond this time frame. As it is, 10,000 years is probably
pushing the limits of what is possible, given the current knowledge base.
This is an illustration of the fundamental problems posed by the
whole nuclear waste dilemma. Nuclear waste willpresent a significant
hazard for far longer than the 10,000-yearregulatory time-horizon currently envisioned. Rather than address this defect, let alone that it was
not even considered before pmceeding with nuclear technology in the
first place, currentthinkingsimply accepts such shortcomings-indeed,
even accepts dose-levels which may actually rise significantly after the
10,000 years, according to the NAS and the EPA-because we cannot
currently do better.

24. NAS 1983, p. 212.
25. EPA 1991,pp. 18,48.
26. As discussed in EPA 1989, and as is clear h m the proposed new rule, EPA 1991.
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NRC Standards

The Nuclear Regulatory Commission promul ated its high-level
'Ihese standards
waste repitory performance standards in 1983!
require:
complete containment of the waste within the waste packages for "not less than 300 years nor more than 1,000 years
after permanent closure of the geologic repository."
that after 1,000 years, the release rate of radioactivity "shall
not exceed one part in 100,000 per year..." (based on the
amount of radioactivity that is expected to be present at 1,000
years).
that the travel time of groundwater along the fastest likely
path "shall be at least 1,000 years or such other travel time
as may be approved or specified by the Commission."
that the waste be retrievable from the repository during
repository loading, and after repository closure until "significant uncertainties have been resolved, thereby providing
greater assurance that the performance objectives [itemized
above] will be met."
As mentioned above, these standards were supposed to be consistent with the EPA health standards-health standards which were not
finalized until after these NRC standards were published. (Although it
should be noted that the Nuclear Waste Policy Act requires the NRC
standards to be amended, if necessary, to conform with the EPA standards.)
Thus, it can be seen that for a number of aspects of repository performance, federal standards as they currently exist are inadequate, and
provide little assurance-especially over the long-term-that the
27. At 10 CFR Part 60.
28. This implies that the release of radioactivity from the repository is controlled by
the NRC standards for about 100,000 years (after this time, 100,000 parts out of
100,000-i.e. all the radionuclides -are allowed to have leaked).

For non-commercial use only

High-Level Dollars, Lo w-Level Sense

environment or future public health will be protected for the length of
time indicated by the characteristics of the radioactive materials.

Interim Management for Spent Fuel: MRS and
Onsite Storage
Most of today's growing inventory (currently at approximately
24,000 metric tons) of spent fuel is stored onsite at the nuclear power

reactor where it was produced in spent fuel storage pools; these pools
were originally intended to be used for temporary cooling until the spent
fuel was disposed of or reprocessed. Over the years, as plans for
reprocessing were canceled, and long-term disposal options deferred.
many of these at-reactorstoragepools began to approach their capacity.
As a result, many of these pools have been re-racked to hold more spent
fuel than originally anticipated, and some of the later reactors have been
constructed with pools designed to hold the reactor's anticipated
lifetime inventory of spent fuel.
However, the spent fuel pools will not be capable of accommodating all spent fuel expected to be produced. The many delays (discussed
further below) in the promised repository date have made it inevitable
that additional onsite or other interim storage will be needed for some
spent fuel from most nuclear reactors. The primary technology being
considered today is the use of dry storage casks located either at a
centralized Monitored Retrievable Storage (MRS) facility, or locally at
each reactor site.
CentralizedAway-From-ReactorInterim Storage at MRS

The 1982Nuclear Waste Policy Act -A)
required the DOE to
prepare a proposal for the construction of a Monitored Retrievable
Storage (MRS) facility. The stated purpose of such an MRS facility
would be to receive and prepare irradiated nuclear fuel from commercial reactors for temporary storage (in dry storage containers) before
final disposal in a geologic rep~sitory?~
Pan of the purpose of the MRS system was to allow the DOE to
accept waste for storage up to eight years in advance of the opening of
a permanent repository. It could therefore reduce the need for utilities
29. GAO 1986b. p. 4.

For non-commercial use only

OVERVIEW AND CRITIQUE OF THE CURRENT APPROACH TO RADIOACTIVE
WASTE MANAGEMENT

47

to expand temporary waste storage facilities at nuclear plant sites.30

This ability to reduce utility needs to build expanded storagean
entirely self-serving reason benefitting primarily nuclear utilities-is,
however, as discussed below, the only clearly identifiable motivating
reason to build an MRS in the system as currently envisioned.
Nonetheless, the 1987 amendments to the NWPA formally authorized the MRS, but also imposed a number of restrictions on its development which linked it to the opening of a permanent repository These
restrictions were the result of fears that an MRS could become a de facto
permanent storage site. This concem has been one of the most consistently voiced criticisms of the MRS. The concem is that once it is
constructed, an MRS is likely to become a substitute for a repository,
thereby removing necessary governmental incentive for the development of long-term solutions to the nuclear waste problem.
In addition, there appears to be no other overall advantage to
building an MRS. There is no cost advantage, and in fact there are
recognized system cost disadvantages that are acknowledge by the
DOE. The DOE'S own cost estimates,over a range of scenarios and
repository availability dates, indicate that an MRS will result in cost
increases for all scenarios considered These MRS-related cost increases range from $1.7 billion to $2.2 billion.31 'Ihe MRS Review
Commission's own study, mandated by the 1987 amendment to the
1982 Nuclear Waste Policy Act, which included consideration of
increased costs for storage at shut-down reactors not cansidered by the
DOE, found that in all scenarios considered but one, MRS would still
o
$In only
increase nominal constant-dollar costs by up t
one case, introducing an MRS in the overall waste management system
was found to result in an $800 million savings, but even these savings
were reversed in favor of a $500 million increase when the Review
Commission discounted all costs to p s e n t value.32
Regarding risks due to transportation of spent fuel, the study by the
MRS Review Commission found no significant difference between the
MRS and No-MRS scenarios. However, this assessment is highly
dependent on the location of the eventual repository with respect to the
MRS because overall transportation requirements will depend on that.
30. GAO 1988a, p. 4.
31, DOE, cited in MRSRC 1989, p. 65. Costs are in 1989 dollars.
32. MRSRC 1989, p. 73. The MRS Review Commission used a discount rate of 4
percent. See footnote 19 in Chapter 4 for an explanation of cost discounting.
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The Nuclear Waste Policy Act prohibits location of an MRS in the same
state as a candidate repository site.
Extended onsite storage will actually considerably decrease
transportation risk for two reasons. First, the quantitiesof cesium-137,
strontium-90, and plutonium-241, among the most dangerous
radionuclides, will greatly decrease due to radioactive decay, reducing
accident consequences. Second, extended onsite storage will allow
time for better casks to be developed, thereby further reducing risks of
accidental radioactivity releases.
Regarding overall system risks,including occupational, public, and
environmental effects, the Commission found that "the differences in
risks among the alternatives considered are so small that they do not
provide a basis for discriminating between MRS and No-MRS altematives. n33
Despite these issues, the DOE is still planning to build an MRS,
and the administration is currently supporting energy policy legislation
that includes an abolition of the schedule linkagesbetween an MRS and
a repository.
One of the driving incentives for the DOE appears to be a consequence of DOE'S interpretation of the 1998 target date for repository
opening contained in the 1982law. The DOE used this date as a basis
to enter into contracts with some utilities to take the spent fuel off their
hands at this date. With the subsequentdelay of the repository timetable
by at least 12 years, this leaves the DOE with an obligation to take the
spent fuel, but no place to put it, unless an MRS is built.
Demonstrating the frustration and exasperation of some utilities
with the lack of progress and the delays in the waste program, a utility
executive recently said at a DOE-sponsored meeting that he wanted the
government to take charge of the spent fuel by 1998 and "I don't care
where you put it."%

33. MRSRC 1989, pp. 52.45.
34, Comments of a nuclear utility executive at the January 15-16,1991 DOE-sponsored meeting on strategicprinciples for high-level waste management,The meeting was open to the public and the comments could be cited, but the ground rules
were that the participants were not to be named.
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Onsite Interim Storage in Dry Cash

Dry cask storage, which would be used at an MRS, can also be used
as an alternative method (to the use of irradiated fuel pools) of storing
irradiated fuel rods at reactor sites. It can be accomplished in various
types of casks, modules, or vaults located outside the pools.35
Dry casks have several potential advantages over storage in water
pools. First, since they do not contain water, which is necessary to
enable a nuclear reaction in light water reactors, there is no chance of
an accidental chain reaction, as there would be in water storagepools.36
Second, since there is no water circulation and filtering, no 'low-level"
radioactive waste is produced by fuel storage, as is continually the case
in the fuel p l s . However, there are likely to be some decommissioning wastes as with other nuclear facilities. Third, since dry-cask storage
systems are, for the most part, self-contained, with no mechanical
pumps or other active systems, the maintenance of safety relies passively on the cask integrity.
Dry casks do pose their own dangers, as is to be expected. For
example, the DOE notes that "rough handling" could result in the
release of "small quantities" of gaseous radionuclides from the storage
casks." Dry casks also do not eliminate hazards which may result from
earthquakes. It is not feasible to expect complete safety when dealing
with the extreme hazard represented by the intense radioactivity of
irradiated fuel no matter what the storage technology, but using a
passive dry storage system is better than having to rely on active
mechanical systems that can wear out, mahnction or break down.
Dry storage is cunently in use at two nuclear plants under the
auspices of a DOE-utility cooperative demonstration program authorized by the Nuclear Waste Policy Act of 1982. The NRC granted
licenses in 1986to the Viiginia Power Company for dry storagein metal
casks at its Surry nuclear plant near Gravel Neck, Virginia, and to the
Carolina Power & Light Company for the use of horizontal concrete
modules at its H.B.Robinson plant near Hartsville, South Carolina.
35. DOE 19894.
36. With current U.S. nuclear fuel designs, water is used to moderate the neutrons,
thereby allowing the nuclear chain reaction to continue. If there is no neutron
moderation, there cannot be an accidental criticality.
37. DOE 1989d. p. 1-95.
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Both of these plants have loaded irradiated fuel into their dry storage
systems. Dry storage in horizontal concrete modules was also licensed
at Duke Power's Oconee plant near Seneca, North Carolina in 1990.
License applications for spent fuel dry storage facilities are under
review for the following five plants as well:38
Plant

Utility

Location

Calvert Cliffs

Baltimore Gas &
Electric
Public Service of
Colorado
Northern States
Power
Northern States
Power
Consumer Power
Company

Annapolis, MD

Brunswick
Ft. St. Vrain
Prairie Island
Palisades

Southport,NC
Denver, CO
Minneapolis, MN
South Haven, MI

There does not seem to be any reason why this form of storage at
reactor sites cannot be expanded to accommodate anticipated future
spent fuel generation, even in the absence of an MRS or repository in
the near tern. Indeed, the NRC has recently finalized regulations which
essentially encourage such expansion (as long as certain pre-approved
cask designs are used) by relaxing reviously existing licensing quiremen& which applied to dry casks!'
And in considering both the pads
and the dry cask option, the NRC has stated that it considers onsite
storage to be safe for at least an interim period of 100 years.40 Of
course,careful monitoring should accompany any expansion, since the
technology is still relatively new.
It is important to note that dry storage on site does not eliminate the
need for spent fuel pools altogether, since recently discharged fuel is so
hot, it must be cooled in wet pool storage for one year or more before
it can be placed in dry storage.

38. NRC 1991, p. 61; and Harvey 1991, p. 16.
39. NRC 1990,p ~29181-29195.
.
40. NRC 1989a,p. 39767.
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Environmental and Financial Risks of
Current Programs
Current repository programs for the permanent disposition of spent
fuel, reprocessing wastes, and transuranic wastes encompass two
sites-the WIPP site in New Mexico in which the DOE wants to dispose of some of its transuranic wastes, and the Yucca Mountain site in
Nevada. Both sites have been confronted with similar scientific, technical, managerial, and environmental questions specifically in regard
to DOE management and conflicts of interest. The WIPP site has been
built, but has so far not k e n able to meet requirements of environmental laws and regulations even for temporary experimental waste
emplacement. Despite this, the DOE wants to move ahead with the use
of this site, and has sought variances from compliance with environmental laws. The Yucca Mountain site has not yet been characterized.
The status of the DOE program at each of these sites is examined
in greater detail below.
Tronsuranic Wastes at WIPP~'

In 1970, after some 25 years of burying transuranic-contaminated
wastes in shallow trenches, the Atomic Energy Commission (the DOE's
predecessor agency) decided that transuranic waste was potentially
dangerous and therefore unsuitable for shallow-land burial. The AEC
began requiring that transuranic waste which contained more than 10
nanocuries per gram be stored in retrievable containers, pending its permanent disposal in a deep geologic repository.
The Waste Isolation Pilot Plant (WIPP) is DOE's geologic
repository project for the disposal of transuranic wastes in the salt beds
of southeastern New Mexico, at a site about 25 miles from the town of
Carlsbad.
The origins of WIPP go back to the early 1970s, when the Atomic
Energy Commission moved the focus of its search for waste disposal
to New Meldco in the wake of its failure in Lyons, Kansas. Originally
conceived as a pilot facility for commercial and military high-level
waste disposal, WIPP has since 1979 been slated for use as a disposal
41. Much of the material for this section is updated from Saleska 1989, pp. VII-10to

W-14.
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site for military transuranic wastes only:2 As a DOE project, WIPP is
not subjectto NRC licensing,but the DOE has agreed with New Mexico
that it will be subject to EPA standardsP3 At what point such compliance must be demonstrated, however, has become a point of contention, with the DOE wanting to begin loading waste for "experimental"
demonstration purposes before showing compliance. Other federal
agencies and independent scientists have questioned the need for this,
and assert that compliance with final EPA standards should be shown
before any wastes are loaded into W I P P ~
Unlike the DOE'S program at Yucca Mountain, WIPP is partly
built4' Located 650 meters below surface, the $1 billion repository
consists of a 112-acre underground area, and has a capacity of about
880,000 55-gallon drums, enough to contain sli htly less than 160,000
cubic meters (5.6 million cubic feet) of waste.2
Numerous technical issues related to the geology and hydrology of
the WIPP site and the nature of the transuranic waste intended to be
placed there raise questions about its suitabilityand the DOE'S management of the program. These issues include:
42. Carter 1987, pp. 177-182.
43. First Modification to the July 1,1981 "Agreement for Consultation and Cooperation" on WIPP by the State of New Mexico and the U.S. Department of Energy,
November 30,1984. (Reference courtesy Don Hancock, SouthwestResearch and
Information Center*Albuquerque, New Mexico.)
44. GAO 1988b,pp. 10-14, summarizescriticism along these lines from GAO, the National Academy of Sciences, the state of New Mexico's Environmental Evaluation
Group, and the Scientists Review Panel, a group of New Mexico scientists.
45. Only about 15percent of WIPP has actuallybeen mined.This is because the natural
phenomenon of "salt creep" (which is the tendency of salt to gradually "flow" and
fill empty spaces) causes any rooms minedto close as the salt creeps in to refill the
mined space. This gradual room closure is an anticipated part of any wastedisposal process in salt, but the rooms cannot be mined too far in advance of waste
emplacement. The DOE therefore plans to mine the additional waste-disposal
rooms as the time of pemment waste emplacement approaches. (DOE19904 p.
79)
46. T& actual capacity of the repository has been the subject of a small controversy.
At one point the DOE claimed (DOE 1989~)that the capacity was 1.1 million 55gallon drums containing about 6.5 million cubic feet. The New Mexico Environmental Evaluation Group, however, estimated that the space only allowed for about
850,000 dxums, aftex which the DOE apparently adjusted its estimate to 880,000
drums containing 5,598,000 million cubic feet (about 158,500 cubic meters).
(DOE 1990f,Comments and response section of Vol. 3, and Table 3.1 in Vol. 1)
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Pressurized waterpocketsbelow WIPR WIPP is mined out
of the lower par€of a 2,000-foot thick geological formation
called the Salado formation. The Salado is direcly above
another formation called the Castile formation which has
been discovered to contain brine (salt water) pockets under
pressure. Boreholes drilled from ground level which have
breached these brine reservoirs have typically experienced
brine flows to the surface of several hundred gallons a
minute.47

The initial WIPP site was abandoned in 1975 when the iirst
WIPP borehole encountered brine and was moved to a
differentlocation a few miles away. The planned orientation
of WIPP then had to be adjusted in 1981 when the new
location was discovered to be within 500 vertical feet of a
brine ieservoir estimated to contain 700 million gallons of
pressurized brine. A 1987 DOE study shows that a pressurized brine reservoir may be present 800 feet below the
current repository location, posing the risk that at some point
in the future, brine could breach the repository and cany
radioactivity to the
Water leakage into WIPP.The DOE first encountered water
seepage into WIPP excavations in 1983. In 1986, a member
of the National Academy of Sciences (NAS) panel on WIPP
warned that in a few hundred years sufficient brine might
seep into the repository rooms to saturate them. The water
leakage issue became public in the fall of 1987 when a group
of New Mexico scientists (called the Scientists Review
Panel) concluded that the salt formation at WIPP contains
much more water than the DOE had anticipated. They
warned that over a period of time the bdne could comde the
waste drums, fonning a "radioactive waste slurry" consisting of a mixture of brine and nuclear waste which might
eventually reach the surfacePg
47. Testimony of Lokesh Chaturvedi, Deputy Director, New Mexico Environmental
Evaluation &up as contained in House 1988.
48. hid.
49. GAO 1988b.pp. 8-9.
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Wall cracking and ceiling collapse. Cracks have appeared in

the ceilings and floors of several large waste storage rooms,
and in three areas, the ceiling has also collapsed. The cracking and collapse are the result of a rate of room closure two
to three times faster than was anticipated. When the first
storage rooms were excavated in 1983, the DOE expected it
would take 25 years for the creeping salt walls to completely close in on each other, locking the barrels of waste into a
mass of solid salt mck. Howeve< at the rate the rooms are
closing, it may take them only 13 years or less before complete closure. This rapid rate of closure ~sultedin the initial
cracking, which, although known about by the DOE since
1987, was not publicly revealed until the cracks were also
discovered by the New Mexico state Environmental Evaluamonth after the DOE closed the
tion Group in May 198rooms to workers because of fears that sections of the ceiling might fail and collapse.50
On June 19,1990, a 100-ton section of the ceiling of a test
mom did collapse,just 18 days after a technician was in the
room for an inspection?' A 1,400-ton rockfall occurred in
the same area in February 1991, despitethe fact that the DOE
had installed bolts in the ceiling to improve its stability. As
of June 1991, two additional rockfalls have also been

The DOE maintains that the cracks were not important
enough to mention publicly because simple mining techniques could make them harmless, and that the ceiling collapses are an expected result of an experiment to see how
fast the closure took. But the more significantissue is the existence of yet another unanticipated behavior, which again
raises the question: if the DOE is unable to anticipate
repository behavior on the scale of a few years, what confidence can there be in its behavior over the next several
50. Schneider 1989, p. 8.
51. Goess11990.
52. GAO 1991, pp. 10-11.
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thousand centuries?
N a t u r a l resource issues. Natural resources, especially oil
and gas, are known to exist in the region of the WIPP
repository. There are proven reserves in the area, and even
an existing oil and gas lease beneath the WIPP siteos3These
resources could invite future intrusion into the site, a matter
of particular concern in light of the existence of the pockets
of pressurized brine discussed above.

The nature and characteristics of the transuranic waste intended to
be emplaced in WIPP also pose potential problems.

C o m p l i a n c e with hazardous waste l a w . Approximately 60
percent of the transuranic wastes slated for disposal in WIPP
are also contaminated with hazardous ~hemicals!~Thus,
these transuranic wastes are also mixed waste, meaning they
are also regulated under the law on hazardous wastes, the
Resource Conservation and Recovery Act (RCRA)!'

RCRA regulations require that the disposal of hazardous
wastes be characterized in detail so that human health and
the environment are adequately protected. However, according to the DOE,"a large volume of transuranic-mixed wastes to be sent to WIPP were generated in the distant past.
Documentationon the chemical constituents of these wastes
...is often inadequate or does not exist."56 RCRA, however,
contains a "land ban" provision which prohibits the disposal
of uncharacterized or untreated hazardous wastes via land
burial unless it can be shown that there will be no migration
of the hazardous materials. Instead of going through the

53. House 1991. A recent House bill,H.R. 2637 (passed by the House Interior Committee on June 26,1991) contains aprovision (section 11)which would condemn
the existing lease. The DOE opposed this pfovision.
54. DOE 1989~.Vo1.2, p. B-22.
55. Regulations pursuant to RCRA are incorporated into 40 CFR Part 264.
56. DOE, RCRA Compliance at the Department of Energy's Waste Isolation Pilot
Plant, DOE/WlPP88-018,p. 12,June 1988,as containedin House 1988,pp. 135155.
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process of characterizing and treating the wastes, however,
the DOE sought a variance from EPA's ~gulationst h u g h
a "no-migration" petition. Although not granting the DOE'S
request for a complete and perm-hentvariance from RCRA's
land ban, in the fall of 1990, EPA granted a temporary conditional 10-year variance for DOE'S planned experimental
demonstration phase at WP?'

Gasgenerationfromwaste.The chemicalcomponentsof the
wastes to be emplaced in WIPP m such that they are continuously, as a result of chemical breakdown processes,
generating gases which are released from the waste. If the
gas generation rate is sufficient, the concern is that after
WIPP has been sealed, the repository could become presSurized, thereby either preventing proper closure from salt
creep, or providing a mechanism to forcibly push the waste
from the repository. Either way, proper isolation of the waste
may not be achieved?
There are serious questions about whether WIPP can meet the
EPA's waste disposal standards?' particularly due to concerns about
the probability of human intrusion some time in the future due to the
natural resources in the region, and due to concerns about gas build-up
contributing to radionuclide releaseO6*
In addition to the technical problems with the site itself, the risks
and uncertainties associated with the program have only been exacerbated by the DOE'S management. Problems include:

Missing documentation. One part of the process of certi@ing
the WIPP is the completion by the DOE of a safety analysis
57. EPA i99or~p. 47700.
58. Telephone conversation between Anthony Gallegos, Performance Assessment
Specialist, New Mexico Environmental Evaluation Group, and Scott Saleska,
IEER (6 November 1991). Sandia 1990, pp.VI-19 to VI-33, discusses attempts
to model gas generationto determinewhether it will interferewith the repository's
ability to comply with environmental standards.
59. Those at 40 CFR 191.
60. Detailed considerationof WIPP's ability to comply with EPA standards is contained in Sandia 1990.
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report. However, an internal DOE review of a 1988 draft
report found that it "do[es] not contain sufficient information for us to inde ndently conclude that the facility can be
operated safely."?'6

Another preliminary review of the available information on
WIPP by the DOE's Brookhaven National Laboratories
criticized the lack of documentation of a design change that
was made in the early stages of WIPP construction by a WIPP
project panel. Said the Brookhaven reviewers, "No
documentationof this process was found nor was the listing
of panel members made available to us." b2 he Brookhaven
review found that no conclusion could be drawn about the
safety of WIPP design "due to the lack of documentation
available...,863
The DOE officially completed what it referred to as il Final

Safcty Analysis Report in June of 1990. It is not actually
final in any meaningful sense, however; even the documcnt
itself refers to upcoming amendments and additions that will
be required over the next several ycars as various tests arc
Outside reviewers have criticized thc document as being incom lete even regarding the tests which
have bcen conducted.t5
Cotutruction Quality. Based on the limited information Lhrt

was available, the DOE's review found reason to suspect that
the construction quality at WIPP may not be adequate.
Citing a 1986 accident at WIPP that involved a fire protection system which caused over $100,000 damage, the rcvicw
noted that "[tlhe accident was caused by failure to properly
install the fire water system pipes. This occurrence raises
questions about general construction quality."66
6 1. Memorandum from James I? Knight, DOE Office of Safety Appraisals (Sept. 2,
1988). as contained in House 1988, p. 116.
6 2 Brookhaven National Laboratory, Report on Trip to Waste Isolation Pilot Plant,
p. 3 (August 24,1988) (as contained in House 1988, pp. 120-128).
63. Ibid., p. 4.
64. DOE 1990g.
65. Letter from Robert Neill, Diector, New Mexico Environmental Evaluation
Group, to Arlen Hunt, WIPP Project Manager, August 9,199 1.
66. DOE,Memorandumto James P.Knight through Edward F. Branagan, Jr., regarding "Site Visit to Albuqurque Operations Office and the Waste Isolation Pilot
Plant," p. 3, September 1,1988 (as contained in House 1988, pp, 102-108).
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Misplaced Priorities. In hearings before the House Environment, Energy, and Natural Resources Subcommittee of
the Committee on Government Operations in the fall of

1988, the DOE was criticized for devoting inadequate staff
to assess the safety of WIPP and its ability to comply with

environmental standards. 'There are more DOE people lobbying for legislative authority to emplace waste than there
are trying to make sure that facility can be run safely," noted
Subcommittee Chairman Mike Synar (D-OK)."That is a
formula for di~aster."~'
There are other problems related to the waste capacity of WIPE
The ex cted capacity of the facility is a little under 160,000 cubic
meters. The amount of transuranic waste in retrievable storage at the
beginning of 1990 was about 62,000 cubic meters, and the net accumulation of this retrievable waste by the end of the next 20 years or
so is expected to be almost 112,000 cubic metersO6'WIPP9sprojected
capacity is sufiicient to accommodate this amount. However, as can be
seen f b m Table 1,page 20 of the chapter on radioactive waste characteristics, this does not include the 190,000cubic meters of buried transuranic wastes, or the 390,000 to 540,000 cubic meters of transuranic
contaminated soil also present at various sites. Thus, the total amount
of transuranic waste in all forms expected to be present by early next
century is in the range of 443,000 to 592,000 cubic mete-roughly
two-and-one-half to three-and-one-half times the capacity of WIPP.The
DOE has so far failed to make a determination about what it plans to
do with thisburied transuranic waste and transuranic-contaminatedsoil,
yet it is this waste-not the retrievably stored waste in monitored
facilitieewhich poses the greatest environmental risk.
Thus, the DOE'S current transuranic waste policy is something of
a paradox. On the one hand, DOE policy is that transumic waste is so
dangerous that it needs to be stored in a repository 650 meters underground to isolate it from the environment. On the other hand, DOE

IZ

67. Exchange between Ti1 Lytle, Deputy Assistant Secretary for Nuclear Materials,
U.S.Department of Energy,and Congressman Mike Synar, House 1988, p. 131.
68. DOE 1990f.
69, DOE 1990d, p. 81. The DOE'S projections for t r d c waste generation go
until the year 2013.
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policy so far leaves unaddressed the permanent disposition of the
majority of the transuranic waste contaminating the ground or lying in
shallow pits and disposal cribs.70 Because of its planned size, WIPP
cannot provide a complete solution for the disposal of many of the transuranic wastes that are causing the greatest contamination problems.
Yucca Mountain

Yucca Mountain is located in southern Nevada about 100 miles
northwest of Las Vegas. It is on the edge of the DOE'S nuclear weapons
testing site, where about 700 announced underpund nuclear test explosions have taken place to date.
The geologic formations beneath Yucca Mountain are made of a
material called "volcanic tuff," formed from volcanic eruptions occurring between eight and 16 million years ago. The water table is deep,
lying as much as 760 meters (2,500 feet) below the surface. Because
the water table is so deep, the repository can be constructed above it, in
the "unsaturated zone." The DOE believes that the low rainfall (about
six inches per year) and high evaporation rate mean that there would be
little rcolation of water downward through the rocks to the water
table.
The Yucca Mountain site is slated for a multi-billion dollar site
characterization process to collect data and examine whether it is
suitable for a repository. After this process, if the DOE believes that the
site is suitable, a license will be submitted to the NRC for construction
of a repository.
However, a number of factors relating to both technical and
managerial aspects of the Yucca Mountain repository program point to
problems inherent to the site, as well as to the way the overall program
is proceeding.
Three major technical issues raising serious questions about site
suitability are geological complexity, the hydrology of the site (i.e. the
behavior of water), and mineral resource concerns.
On the subject of geological complexity, there are at least two
prominent concerns:

se

70. This same issue was first raised by the U.S. General Accounting Office in 1986.
See GAO 1986~.
71. DOE 1988%p. 15.
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There are 32 known active faults at the site, including the
Ghost Dance Fault, which intersects the proposed location
of the underground waste disposal rooms.
There is potential for volcanic and associated tectonic activity to affect the repository. several volcanic cones exist
near the site. One of them, the Lathrop Wells cone, was
believed by DOE geologists to have been inactive for
hundreds of thousands of years, until recent research
revealed data indicating that it might have been active as
recently as 5,000 to 10,000 years ago? This is very recent
in terms of geologic time, and certainly within the timeframe during which radioactive waste will pose significant
hazards.
An NRC memo noted that these data "strongly suggest that

the various probabilities (and consequences) which have
been used for volcanic disruption of a repository at Yucca
Mountain may be in e m r by several orders of magnitude."73
This is because recent volcanic activity means that future behavior is less predictable, and that there is a greater possibility of a future eruption which would threaten repository
integrity.
The hydrology of the site is also an important issue, since the water
is a principal potential pathway for the escape of radionuclides. There
are at least three aspects to this:
The rate of rainwater percolation is important. The DOE
claims that most of the rainfall evaporates, and the little that
remains will take thousands of years to seep through the
pores in the rock to the depths of the repository and the water
table. Scientists working for the state of Nevada, however,
are concerned that the water may actually run along fracture
lines in the rock, thereby traveling much more

72 As reported by Wald 1989, p. A1.
73. Trapp.
74. Nevada 1989.
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There are also unresolved concems about the potential for
the water table itself to rise and flood the repository. This
issue was first raised by one of DOE'S geologists in an internal memo in 1987-before the Nuclear Waste Policy
Amendments Act singled out Yucca Mountain as the only
site for characterizationn Since it became public &r that
time, the issue has become the focus of much controversy,
and a peer review panel is expected to come out with a report
on the subject shortly.
The above concerns about water behavior are further compounded by findings by the 1983 National Academy on
nuclear waste isolation. The Academy study concluded that
if water at Yucca Mountain does get into the repository site,
there is a "major chemical disadvantage" in comparison to
other potential sites because radionuclide "solubilities are
higher than in other candidate host environment^."^^
An issue affecting hydrological issues in particular is the prospect
of unpredictable but significantclimate change. Such change, due either
to human activities which contribute to the greenhouse effect or to
natural climatic variation over the very long hazard-life of the waste,
could significantly alter the characteristics of the ground or surface
waters.
A third area of concern is mineral resources in the region. This is
because potential mineral, oil, and gas resources near the site could invite future human intrusion affecting repository waste isolation.
Additional technical problems concern interactions between
aspects of the Yucca Mountain site and the characteristicsof the waste
forms which would be emplaced there. For example, there may be
problems with the disposal of vieified high-level wastes (glass) in
Yucca Mountain, and there is the possibility that carbon-14 releases
from spent fuel would violate environmental standards.
A problem with vitrified glass wastes (the disposal form planned
for high-level repmcessing wastes) may arise under conditions of slowly increasinghumidity in the unsaturated environment at Yucca Mountain. This could provide just the right conditions for chemical
decomposition of the surface of the radioactive glass waste form. Sub75. Szymanski 1987.
76. NAS 1983, pp. 185-186.
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sequent saturation of the repository (due to a rise in the water table as
a result of climate change, for example), could result in rapid transport
of radionuclides from the decomposed waste to the accessible environment, allowing the delivery of high doses from groundwater to individual~?~
Recently there has been growing concern about the ability of a
repository in the Yucca Mountain environmentto meet the release limits
for carbon-14." or example, a scientistfrom Lawrence Livermore has
written that:
[I]t is unlikely that waste containersof reasonable cost could
meet either the DOE interpretation of 'substantially complete containment ...,'or the NRC 10 CFR 60 release rate
limit [of 1part in 100,000per year] for carbon 14...
[I]t is also not possible to give assurance that EPA 40 CFR
191 cumulativerelease limit of 0.1 curie [of carbon-14 per
metric ton] over 10,000years could be met?'

This is portrayed, not as a problem for the repository, but as an example bf why the current standardsare too strict. The author argues that
even releases of carbon-14 from the repository far in excess of the current standards would mult in doses that are small in comparison to the
natural background dose rate which will occur in any case. Therefore,
the author writes, "it seems reasonable to conclude that the high level
nuclear waste regulations should be changed to allow higher releases
of carbon-14 from the repo~itory."~~
The issue is discussed as if it were a generic problem with the highlevel waste standards in general. However, it is actually a problem particular to a repository in the unsaturated zone,and in particular to one
in a fractured rock zone like that at Yucca Mountain. This is because
carbon-14 can most readily be transported when it is exposed to aseous
oxygen, which readily oxidizes it to radioactive carbon dioxide (f km),
which is easily transported in the gaseous phase, especially through
fractures in the rock. Such conditions would be unlikely in a saturated
zone repository, where any carbon-14 escaping from the waste packaging would dissolve in the groundwater, where its release would be
limited by the much slower rate of groundwater transport.
77. Makhijani 1990.
78. ADL 1990; DOE 1990e.
79. Van Konynenburg 1991, p. 3 16.
80. Van Konynenburg 1991, p. 317.
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Because the release of gaseous nuclides is likely to be a broader
problem for a Yucca Mountain repository, we may expect to see an increasing amount of pressure on regulatory agencies from the DOE and
nuclear industg sources to relax the release limits contained in environmental standards, not only for carbon-14, but for other gaseous
radionuclides as well, such as iodine-129.
This growing pressure to relax the standards to accommodate the
particular nature of the Yucca Mountain site is instructive, especially in
light of ongoing DOE assurances that actual construction of a repository
at Yucca Mountain is not foreordained, and that it isjust a candidate site
that will be selected only if it is suitable. A consistent criticism of the
1987 law which targeted Yucca Mountain as the only site for characterizationhas been that once billions are invested in the site, the institutional momentum to build a repository there will be enormous,
regardless of the outcome.
Apm from the inherent technical difficulties associated with the
site, the DOE'S management problems are also causing difficulties for
the project. DOE management has been so far h m exemplary that even
the Edison Electric Institute which represents nuclear utilities in
Washington. D.C. said in 1989 that "we are very concerned that the
DOE has spent $2 billion of our money already and just seems to be
getting more and more behind."81
Recently the NAS Board on Radioactive Waste Management
criticized the whole DOE approach at Yucca Mountain, as well as NRC
~gulationsgoverning characterization and licensing, as overly rigid
and inflexible. Although the Board endorsed the concept of deep
geologic disposal as "the best option for disposing of high-level radioactive waste," it said that the U.S.was takin an approach that "is poorly
matched to the technical task at hand.*j2 The Board said that the
program as conceived and implemented would be unable to ~espondto
the new information or surprises that were bound to arise from any new
technical undertaking of such magnitude. The NAS Board stated that it
"is particularly concerned that geological models, and indeed scientific
knowledge generally, have been inappropriately applied.... In the face
of public concerns about safety...geological models are being asked to
predict the detailed structure and behavior of sites over thousands of
years. The Board believes that this is scientifically unsound and will
81. As quoted in Wanen 1989, p. 32.
82 NAS 1990, p. vii.
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lead to bad engineering practice." As the NAS Board wrote:
The U.S.program is unique among those of all nations in its
rigid schedule, in its insistence on defining in advance the
technicalrequirements for every part of the multibarriersystem, and in its major emphasis on the geologicalcomponent
of the barrier as detailed in 10 CFR 60. In this sense the
government's HLW program and its regulation may be a
'scientific trap' for DOE and the U.S. public alike, encouraging the public to expect absolute certainty about the
safety of the repository for 10,000 years and encouraging
DOE program managers to pretend that they can provide
it.83

Much of the Board's criticism was directed at the current program's
inability to deal with or even properly recognize the technical uncertainties inherent in building a repository. The Board said that the DOE'S
presumption behind the use of huge databases and computer simulation
models seemed erroneously to be that more information and detail
would lead to decreased uncertainty.The Board pointed out that this
presumption is in contradiction to experience with how scientific and
technical knowledge in general advances:
The studies done over the past two decades have led to the
realization that the phenomena are more complicated than
had been thought. Rather than decreasing our uncertainty,
this line of research has increased the number of ways in
which we know we are uncertain. This does not mean that
science has failed: we have learned a great deal about these
phenomena. But it is a commonplace of human experience
that increased knowledge can lead to greater humility about
one's ability to fully understand the phenomena involved.84

The NAS Board calls for "major changes in the way Congress, the
regulatory agencies, and [the] DOE conduct their business," suggesting an alternative approach that recognized the uncertainties in
repository development, and was designed for dealing with them, rather
than pretending they can be removed, thereby increasing the likelihood

83, NAS 1990, p. I.
84. NAS 1990, p. 4.
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of failure when they are encountered.
Risks of Continued Rellance on the DOE

The U.S. Government's problems with the high-level waste
repository at Yucca Mountain and the WIPP transuranic waste
repository near Carlsbad are just the latest in a series of troubles in its
attempts to site and build a long-lived waste repository. Taking a broader
view of the U.S. program, there is a pattern of consistent slippage and
failure.
Table 7, for example, shows how U.S. time tables for the opening
of a high-level waste repository have repeatedly slipped. In fact, as the
table indicates, the date of projected repository availability seems to be
receding further into the future the more time passes. Between 1975and
1989, while 14 years passed, the repository went from 10 years to 21
years into the future.
Shortly after the most recent repository delay, DOE Secretary
James Watkins said, in explaining the delay, that "the whole set of
schedules was not scientifically sound, not fiscally sound, not technically sound... They were incomplete, misleading, and not properly
done."85
Similar problems confront disposal of transuranic wastes at the
WIPP site in New Mexico. Though this has been built in the face of
numerous objections, its opening date has repeatedly been delayed in
the face of failures of the site to comply with environmental laws and
regulations, and even the DOE's own procedures. Once again, however,
the DOE appears to be giving priority to weapons production activities
and trying to override legal and environmental concerns. In the face of
the difficulties posed by EPKs hazardous waste regulation^?^ for example, the DOE has sought and received a partial variance from these
regulations, as we discussed in the section on WIPP.
As timetables have slipped, costs for the waste disposal programs
have increased greatly. Thble 8, for example, shows the DOE's estimates for the high-level waste life-cycle system costs, and how they
have grown over the years. From an average of $24 billion in 1983, expected 1988 constant-dollar costs for a two-repository system have
grown by over 40 percent to almost $34 billion in 1990. Cost escalation would be much worse than this had not significantprogram chan85. As quoted in Wald 1989, p. 8.
86. Promulgated under the Resource Conservation and Recovery Act (RCRA).
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Table 7
RECENT HISTORY OF NUCLEAR WASTE REPOSITORY
TARGET DATES
Year of Estimate

1975-1977
1980
1982
1988
1989

Estimated Repository
Availability

1985
early 1990's
1998
2003
2010

Difference
8-10
lo+
16
15
21

Sources: The 1985target date was established by ERDA in 1975 &ipshutz 1980, p. 1401,
and was still part of an October 1977 Department of Energy announcement of its new spent
fuel policy, whose major thrust was President Jimmy Carter's deferral of commercial
reprocessing [Carter 1987, pp. 133-134.1; the early 1990's target date was part of the report
of the Interagency Review Group on Nuclear Waste Management [Interagency Review
Group,Report to the President, TID-29442 (March 1979)-US Department of Energy],
which was essentially endorsed by President Jimmy Carter's Nuclear Wasre Policy
Statement of February 12,1980 [Carter 1987, pp. 135-1431; the target date of 1998for a
first repository was set in the Nuclear Waste Policy Act of 1982, Public Law 97-425; thc
1998 target date was slipped to 2003 by the DOE in 1988, as stated in US Department of
Energy, Drafi 1988Mksion Plan Amendment, DOEM-0187, p. 1 (June 1988); the 2010
target date was set in late 1989 by the DOE in US Depamnenr of Energy, Report to
Congress on Reassessment of the Civilian Radioactive WasteManagement Program,
DOE/RW-0247, p. vii (November 1989).

ges occurred since the DOE made its first comprehensive cost estimate.
The most significantof these changes include a reduction in the amount
of waste expected to be generated during the life of the program (from
134,000 metric tons to about 86,800 metric tons of commercial spent
fuel), and the 1987 Congressional designattion of Yucca Mountain,
Nevada as the sole site to be characteried for the first repository. This
meant that the cost of characterization (which originally included plans
to characterize three candidate sites for the first repository) were much
reduced from what they would have been had the original assumptions
remained. This, however, has had a steep price: increased risk of failure
and increased environmental risk. Thus,the program is now on a course
of both higher costs and higher financial and environmental risks.
When basic assumptions about waste disposal are kept reasonably
constant, the actual cost escalation is probably at least double what it
appears to be in Table 8. Table 9 compares the unit costs under the 1983
assumptions to the projected unit costs of the DOE'S latest estimate. It
can be seen that real costs for the basic two-repository system grew by
over 80 percent in eight years on a "per unit of fuel disposed" basis,
from $179,100per metric ton in 1983,to $325,200per metric ton today.
Cost escalations have also plagued the WIPP facility, and are con-
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Table 8
HISTORY OF DOE LIFECYCLE COST ESTIMATES FOR A
TWO-REPOSITORY SYSTEM
(Estimates in billions of 1988dollars)
Mqfor Cost Category
Yur of

Devebpmcat

Eahue

BEv~lantion

WiW

Tranrponrrion

Ccmrtr~~aion

MRS

Bendifiu
Paymenu

TOTAL

1983

5.8

4.8

13.1-13.7

NA'

NA~

23.7-24.3

1984

9.0

3.046

124-15.2

NA.

N A ~

24.7-28.8

1985

8.9

3.8-5.8

14.2-193

NA'

N

27.1-33.8

1986

10.1-10.4

1.9-25

111-21.7

3.1-3.2

N A ~

28.9-37.4

1987

15.8-16.1

21-24

13.5-20.1

29

N A ~

34.5-4 1O
.

1989

13.1

2.3

13.4

23

0.9

320

1990

15.0

27

13.6

1.6

0.8

33.6

S w c c : OAO 1990, p 19; DO5 1990r. p. 4.
*Baud on A no-newsrdur rcenrrio wifh two rrpositoriu.
(A) A W E utirmtn which induded an inrtgd MRS rynem wu not nude until 1986.
@) &ndi! payments wcm anthorid by rhc Amendmcnu A a of 1981.

tinuing at an alarming rate. In just the past two years, for example, the
DOE'S projection for WIPP expenditures for the five-year period 1991
to 1995 increased by a factor of 67 percent, from $531 million in 1989,
to $884 million in 199l a 7This increase has occurred in spite of the fact
that WIPP has not opened'as the 1989 cost estimates anticipated.
A more accurate gauge of the true cost escalation may be a comparison of the five-year projection made in 1989 (for fiscal years 1991
to 1995) with the five-year projection made in 1991 (for fiscal years
1993 to 1997), since both estimates anticipate the imminent opening of
WIPE If this comparison is made, five-year cost projections have risen
from $531 million in 1989to around $1.1 billion in 1991, a 107 percent
increase.88~ h u sin, just two years, the DOE'S cost estimates for the first
several yeats of WIPP operation have more than doubled.

87. DOE 1989a; DOE 1991b.

88. DOE 1989a; WE 1991b.The later estimate is given in a range of $1,048 million to $1.143 million.
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Table 9
UNIT DISPOSAL COST ESTIMATES FOR SPENT FUEL
AND HIGH-LEVEL WASTE
1990 Estimates

1983 Estimate

No-New-Orders(96,300 MTU)*:

(134,000 MTU)*

1 repository
2 repositories

$179,1OO/MTU**

$265,8001MTU
%348,90O/MTU

Upper-Reference (106,400 MTU)*

2 repositories

$325,20O/MTU**

Source: DOH, as cited in GAO 1990.

* The metric ton equivilence figures cited above include both commercial spent fuel and
about 9,500 metric tons of military and commercial spent fuel that has been reprocessed
and is expected to be in the form of glasa
**These two repository scmarios probably nprcunt the most similar for purposes of
comparing the 1983 and 1990 cost estimates.

1

Such cost escalations are typical of the DOE'S past performance
with new programs. It is quite possible that real costs could go on rising
significantly, if this past performance is any guide.
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B. Low-Level Waste
History of Low-Level Radioactive Waste Disposal
Most low-level radioactive waste generated in the U.S. during the
past 40 years has been disposed of by shallow land burial?' in which
wastes are stored in dnuns or other containers and typically buried in
trenches at depths ranging from 3 to 40 feet. So far, three of the six commercial disposal sites in the U.S. have been closed, and are experiencing
environmentalproblems. At each of the three sites (located at West Valley, New York, Maxey Flats, Kentucky; and Sheffield, Illinois), water
hak leaked into the burial trenches and in some cases caused extensive
movement of radionuclides into the sumunding environment. Rather
than W i g maintenance-free stabilized landfills, as was intended, these
sites have ended up requiring active maintenance and remedial activities within ten years of closure?O
The problems at Maxey Flats, which'was first opened in 1962,
provide an instructive example. A 1974 report by the state of Kentucky
found that radioactive materials, including plutonium, had moved
hundreds of feet from where they had been buried. Although the
operator of the site, U.S. Ecology (formerly the Nuclear Engineering
Company, or NECO), had claimed that significant subsurface migration of plutonium was not possible, a 1975 report by the EPA found
plutonium in core drilling samples, monitoring wells, and drainage
streams. The EPA repon noted that although Maxey Flats had been "expected to retain the buried plutonium for its hazardous lifetime," the
plutonium had actually migrated from the site "in less than ten years."g1
The state finally closed Maxey Flats in 1977, and the site, which
has since been placed on the Superfimd National Priorities List by the
EPA, is cumntly undergoing an expensive remediation program. In addition to the $15 million already spent on remediation activities at the
89. Although the DOE estimates that some 90,000 containers of low-level radioactive waste were dumped at sea in the 1950s and 1960s. @OE 199W p. 109.)
90. For more details on problems at existing sites, see Resnikoff 1987, Chapter 2, pp.
33-44.
91. U.S. hviromental Protection Agency, Preliminary Data on the Ouxrence of
TransuraniumNuclides in'the Environmentat the WasteBurial Site, Maxey Flats,
Kentucky, EPA-52013-74-021,Washington, DC: EPA Office of Radiation
Programs,February 1975, as cited in Resnikoff 1987,p. 35; and Lipshutz 1980,
p. 132.
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site, official estimates of what the total remediation effort will require
range from $34 million to $70 million in 1989 dollars (discounted at an
annual rate of 4 percent)?2 When the clean-up is finally done and all
the costs accounted for, final disposal costs for the wastes at Maxey
Flats may well be roughly 10 to 50 times greater than the original fee
charged to bury them there?3

Current Standards and Regulations
In the wake of the problems experienced at low-level waste burial
grounds, new NRC regulations for the land disposal of low-level
radioactive waste were developed, and were issued in 1983.W~ccording to the NRC, the reason for the new regulations was that the previously existing ones "[did] not contain sufficient technical standards
or criteria for the disposal of the licensed materials as waste."95
However, although the new standards may represent an improvement over the practically non-existent ones of the 1960sand 1970s,they
are still fundamentally flawed. To understand these problems, we first
must review the waste classificationand disposal standards as they now
exist.
The ABCs of Low-Level Waste Classification

As mentioned previously,low-level waste is a catch-all category of
radioactive waste that is not actually defined with any reference to its
92. Maxey Flats SteeringCommittee, Feasibility Study Report,Table 4-5, April 1991
(obtained courtesy Marvin Resnikoff, Radioactive Waste Management Associates, New York, New York). Current expenditure estimate of $15 million
provided by personal communicationfrom Marvin Resnikoff (May 1991).
93. According to DOE 19904 p. 114, about 4.78 million cubic feet of U W have
been disposedof at Maxey Flats. Total clean-up costs cited in text are $50 to $85
m i l l i o n - ( ~the
g $35 to $70 million discounted costs directly to the $15 milLion already spent). Resnikoff 1987, p. 36, cites an estimate of $121 million. This
gives net disposal costs ranging from $10 to $25per cubic foot of waste disposed.
Disposal costs in 1975were $1 pea cubic foot (UI'A 1989). Presumably, disposal
ysts were significantly lower when Maxey Flats started operation in 1962; we
assume $050 to $1 per cubic foot which results in a disposal cost escalation factor ranging from 10 to 50.
94. NRC 1983a.
95. As cited in UI'A 1989, p. 59.
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"level" of radioactivity,but instead includes any waste that does not fall
into other categories.
However, for the puIposes of management and disposal of lowlevel waste, federal regulations do divide it into four classes which are
determined by radioactivity level and longevity of half-life. These classes, as previously mentioned, are, in order of increasing hazard, named
Class A, Class B, Class C, and Greater-than-class-C.
Table 10contains the NRC radionuclide concentrationlimits which
define the various classes of commercial low-level waste. Waste which
only containsradionuclides in concentrations below their Class Alimits
is Class A waste. Low-level waste containing any radionuclide whose
concentration exceeds the Class C limits for that nuclide is Greaterthan-class-C waste.
Table 10
NRC LIMITS DEFINING CLASS A, B, AND C LLW
(Curies per Cubic Meter)

A. "Long-lived Radionuclides"
Carborr-14
Carbon-14 in activated metal
Nickel-59 in activated metal
Niobium-94 in activated metal
Technetium-99
Iodine-129
Alpha~miuinguanswanics with half-lives

Half-life
(years)
5,700
5,700
75,000
30300
213,000
15.7 million

Class B

ClmC

0.8
8.0
22.0
0.02
0.3
0.008
10.0*

N/A
N/A
N/A
N/A
N/A
N/A
N/A

8.0
80.0
220.0
0.2
3.O
0.08
100*

350.0*
2,OOO8

NIA
N/A

3500*
20.000*

40
700
3.5
35
0.04
1

no limit
no limit
70
700
150
44

no limit
no limit
700
7,000
7,000
4.600

700

no limit

no limit

ClassA

grcatcr than 5 years
Plutonium-241
Curium-242

14
163days

B. "Short-lived Radionuclides"
Tritium
Cobalt-60
Nickel-63
Nickel-63 in activated metal
Stronlium-90
Cesium-137
Total of 41 nuclides with less than 5-year

half-life

12.3
5.3
100.1
100.1
28.5
30

Smvrc: NRC 1988 (10 CFR Pan 6155).
* Uniu ut in m o a r r i a pa gnm (note thrt Pu-241 md Cm-242 have long-lived daugh~erpmd~~ac).
**'lhertut ao limitsearblirhed for rhere damnu in Class B or C w a r n . lf wuce is contrminutd with kt n d i i d i d u in
aracminriaasgreater rhrntheir Class A Ihniu. tbe wute is Q u s 6. unkss Iheconcamationsof olhu ndimldidesdetermine h e
wute to be Class C or above indepcndccllof these nuclides.
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As the table shows, the NRC divides the radionuclide contaminants
of concern into what it refers to as "long-lived" and "short-lived"
radionuclid~s?~
The long-lived limits in the table are determining, unless the "short-lived" radionuclideconcentrations would place the waste
in a more hazardous category.
For example, if low-level waste contains any "long-lived"
radionuclide in concentrations greater than its Class A limits, and since
there are no Class B limits defined for the "long-lived" nuclides, it is
Class C waste (provided all concentrations are still below their Class C
limits). Only if all "long-lived" radionuclide concentrations are below
their respective Class A limits may the waste be classified as Class B if
its concentrations are less than the "short-lived" radionuclide Class B
~imits?~
In other words, Class B "low-level" waste may contain "shortlived" radionuclides in concentrations up to the Class B limits specified
in the lower half of Table 10 . However, Class B low-level waste may
not contain long-lived radionuclides in concentrations greater than
Class A limits for "long-lived" nuclides in the upper half of this table.
If any of the radionuclides in thc "long-lived" category are pment in
concentrations greater than the limits for Class A, the waste is defined
as Class C, or "Greater than class C" depending on the concentration
in comparison to the Class C limits.
(Note that plutonium-241 and curium-242 decay into long-lived
96. "Short-lived" and "long-lived" are the designations uscd in the NRC rcgulations.
It should be noted, however, that the "short-lived" category includes nickel-63,

which has a half-lifeof over 100years, meaning it could present a potential hazard
for about 10 times that long, or over 1,000 years.
97. For wastes containing mixtures of radionuclides, a sum of fractions rule is followed. This means that the sum of all nuclide concentrations, each measured as
a fiaction of its limit for the class being considered, must be less than one in order
for that class to apply. For example, consider a waste contains 100 arriesh3 of
strontium-90, and 22 curies/m3 of cesium-137. Both of these mnccntrations exceed the Class A limits, so they must then be compared to the Class B limits (150
curies/m3 for strontium-90, and 44 &/m3 for cesium-137).The st~ontium-90
fraction is 100/150, or 0.67; the cesium-137 fraction is 22/44, or 0.5. Since the
sum of these fraciions, 1.17, is grcatm than one, the waste may not bc Class B,
even though the individual concentrations are each below their rcspcctive Class
B limits. Repeating the same process with the Class C limits results in a value of
O.Ol%less than oneso the waste may be classified as Class C.
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radionuclides, which is why they are in the "long-lived" category
despite half-lives which are shorter than many elements in the "shortlived" category.)
NRC Clasdficc~tion
And Disposal ~tartdards~*

The NRC regulations contain standards for land disposal of lowlevel radioactive wastes, and set specific technical requirements for
near-surface disposal (less than 30 meters deep) of this wasteP9 These
technical requirements vary by waste class, ranging from Class A,
which has the least stringent packaging and disposal requirements, to
Greater-than-class-C, which is "generally considered unacceptable for
near-surface disposal." However, a careful examination of these standards reveals fundamental inconsistencies that raise serious questions
about their adequacy.
Regarding the disposal site, the NRC regulations identify two principal methods of control to prevent excessive radiation exposure over
the years to "inadvertent intruders" who might "occupy the site in the
fuwe and engage in normal pursuits without knowing that they were
receiving radiation exposure." These two methods are: 1) "institutional conml over the site after operations by the site owner to ensure that
no ...improper use of the site occurs...."; or, 2) disposing of waste which
would present an "unacceptable risk to an intruder "in a manner that
provides some form of intruder barrier that is intended to prevent contact with the waste.u100
The NRC regulations incoprate both types of contmls. On the one
hand, for example, they state that:
Institutional control of access to the site is required for up
to 100 years. This permits the disposal of Class A and Class
B waste without special provisions for intruder protection,
since these classes of waste contain types and quantities of
98. Much of this section is an expansion of the criticism raised in Saleska 1989,pp.
m-4 III-5.
99. NRC 1988b (10 CFR Part 61).
100. NRC 1988b (10 CFR Part 61.7[w[3]).

-
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radioisotopes that will decay during the 100-year riod and
will present an acceptable hazard to an intruder.R

In addition, the regulations state that "[wlaste that will not decay to
levels which present an acceptable hazard to an intruder within 100
years is designated as Class C waste."
Class C waste, must, for this reason, be disposed at a greater depth
than other classes, or, if that is not possible, under an intruder barrier
with an effectivelife of 500 years. "[A]t the end of the 500 year period,"
according to the NRC regulations, "remaining radioactivity will be at a
level that does not se an unacceptable hazard to an intruder or public
health and safety.
In examining the NRC regulations, one is thus led to believe that
the class limits listed in Table 10 were derived from the requirements
imposed by these hazard definitions and time frames. However, even
according to the NRC's own definitions of what is "hazardous"and what
is "acceptable," the time frames of 100 and 500 years are logically incompatible with the class limit definitions, raising serious questions
about their environmental and public health adequacy.
For example, as can be seen from Table 10,much of the " 100-year"
waste (waste Classes A and B), for example, will not decay to NRCdefined "acceptable" levels in 100years. Consider nickel-63. Buried at
Class B concentration levels of just under 70 curies per cubic meter,
waste containing nickel-63 would still have a concentration of about 35
curies per cubic meter after the institutional corm1 period of 100years
had elapsed. According to the NRC regulations, at this point the waste
should have decayed to the point where it "will present an acceptable
hazard to an intruder." Yet, at 35 curies per cubic meter, the waste, if
retrieved from the disposal site and re-buried, would still be classified
as Class B waste, since it has concentration levels which are 10 times
higher than the Class Alimits. As a matter of fact, this waste would take
a total of well over 400 years to decay just to the Class A upper limits

.f%

101. NRC 1988b (10 CFR Part 61.7[b][4]). It should be noted that in another part of
the regulations, the assurances here about a 100-year limit to the hazard notwithstanding, Class B is lumped with Class C, where the regulations state that
for both of these classes, their "wasteforms or containers s h d d be designed to
be stable, i.e., maintain gross physical properties and identity, over 300 years".
[lo CFR 61.7(b)(2)]. The NRC does not explain why waste that is supposedly
hazardous for only 100 years is required to be in a form or container that will last
300 years.
102. NRC 1988 (10 CFR Part 61.7[b][5]).
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(at which point the NRC regulations would still define it as hazardous
for another 100 years if it were being buried for the first time).
This analysis makes an even stronger case against the NRC regulations when applied to the Class C limits in Part A of Table 10, which
pertains to "long-lived radionuclides." Class C waste, according to the
NRC, is 500-year waste. Consider Class C waste contaminated with
technetium-99, however. Buried at concentrations of just under the
Class C limit of 3 curies per cubic meter, this waste will be hazardous
according to NRC definitions for far longer than 500 years. It will take
such waste over three half-lives-some 640,000 years-just to decay
to the upper boundary of Class A levels.
The illogical nature of the above regulatory approach is made even
more explicitin the NRC's discussion of the "long-lived"radionuclides
in the waste. According to the NRC,in managing low-level waste,
consideration must be given to the concentration of longlived radionuclides... whose potential hazard will persist
long after such precautions as institutional controls, irnproved waste form, and deeper disposal have ceased to be
effective.These precautionsdelay the time when long-lived
radionuclides could cause exposures.1o3
In essence, here is an admission that the hazard due to long-lived
radionuclides "will persist long after" the controls imposed by the
regulations fade away. This is an extraordinary admission of the
regulation's fundamental inadequacy right in the text of the regulation.
The only thing the NRC regulations will apparently do with respect to
the long-lived components of low-level waste, is push the hazard into
the f u t u ~since
, NRC-mandated controls will, at most, only "delay the
time when long-lived radionuclides could cause exposure." In the case
of many long-lived radionuclides, they will continue to be present in almost exactly the same concentrations when institutional controls have
lapsed as when they were first buried.
Clearly such regulations are inconsistent and do not provide a sound
scientific basis for addmsing the problems of radioactive waste disposal.
The orphaned Greater-than-class-C wastes appear to have no clear
plan cumntly for their disposal. They are the most hazardous class, and
103. NRC 19881, (10 CFR Part 6155[a][l]).
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for this reason are nominally slated for repository disposal by law and
NRC Te&ulation1O4However, the DOE does not appear to be actively
making plans for accepting them at Yucca Mountain, nor is it including
these wastes in its estimates of repository system cost105The DOE'S
position appears to be that it can exclude "greater than Class C wastes
from its planning for Yucca Mountainbecause the Nuclear Waste Policy
Act does not mandate inclusion of these wastes.
Many of the problems with the current waste classificationand disposal regulations in the U.S.derive from one simple factor. The various
categories of waste are basically defined according to the process which
produced them (uranium milling, reprocessing, etc.) and not according
to the longevity or concentration of the radioactive materials. Thus we
find ourselves in the rather odd situationof preparing to dispose of very
hot, long-lived waste in shallow land burial, where it may eventually
cause environmental and health damage, while at the same time consigning comparable or even less radioactive wastes to deep transuranic
and high-level waste repositories.
No EPA Stanciardrfor Low-level Waste

It is notewolthy that there are no EPA standards which apply to
"low-level" waste disposal. In this respect, the regulatory status regarding "low-level" wastes is even worse than the corresponding status
regarding high-level and transuranic wastes.
The EPA has authority to develop such standards, and in 1983(the
same year that the NRC low-level waste regulations were pmmulgated)
published its intention to develop generally applicable standards for
low-level radioactive waste.lo6 The EPA proceeded to develop a draft
104. The 1985 Low-level Radioactive Waste Policy Amendments Act (LLRWPAA)
assigned responsibility for the disposal of Greater-than-class-C waste to the
federal government-that is, to the DOE. NRC regulations "require disposal of
greater-than-class-Clow-level radioactive waste in a deep geological repository
unless disposal elsewhere has been approved," (NRC 1989b,p. 22578).
105. The DOE'S cost assessment of the repository program only includes consideration of spent fuel, high-levelreprocessing waste, and disposal of low-level waste
generatedin the process at conventionallow-level waste burial sites. The study's
assumptions explicitly state that "Other types of potentially high-level wastes
have not been included" in the analysis @OE 1989b, p. B-3).
106. Referred to in EPA 1990b, p. 1.
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proposal for standards, but according to EPA officials, the agency has
so far "been unable to issue it for public comment because of continuing unresolved differences with sister federal agencies."'" This a p
pears to be a reference to NRC and DOE disagreements with the EPA
which has led the federal Office of Management and Budget (OMB) to
prevent them from being officially released. The NRC and DOE objections are apparently due to the fact that the proposed EPA standards are
more stringent than existing NRC and DOE regulations.
Officials from the EPA say that their standard would improve on
e low-level waste in several ways:lo8
the existing regulatory ~ g i r n for
In addition to actual disposal, it would cover pre-disposal
management, treatment and storage.

The EPA standard is broader than existing regulations,
covering DOE military low-level wastes as well as commercial wastes and setting standards for Naturally occurring and
Accelerator-produced Radioactive Materials (NARM).
(As previously mentioned in the section on radioactive waste
characteristics, NARM wastes are orphan wastes not consistently regulated under any current standard, and in some
cases they fall under no specific regulations at all because
they occur outside the nuclear fuel cycle. NARM includes
such materials as radium-226 and thorium-230 produced
outside the nuclear fuel cycle, and radionuclides produced
by particle accelerators. The EPA standard would require the
disposal of high-concentration NARM wastes-i.e. greater
than 2 nanocuries per gram-in a regulated, licensed disposal facility.)

The EPA standard would establish a preventive approach to
groundwater protection. This is an aspect that is entirely absent fiom the NRC standards, and, according to EPA officials, "is a part of [theEPA] draft standard that NRC strongly

107.

EPA 1990b.p. 7.

108. EPA 1990b.
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opposes." The EPA,however, warns that unless a stronger
approach is taken towards gmundwater pmtection, "many
[low-level waste] disposalsites may end up on future Superfund k3ts"lw
Although it is not possible to judge these claims in the absence of
the actual draft standard, it is clear that in the absence of more comprehensive standards than currently exist, there are many loopholes and
deficiencies that will go unaddressed.
For example, low-level wastes generated at DOE facilities are not
subject to the NRC regulations which apply to commercial waste, but
are instead governed by internal DOE waste management policies
which have historically been even more lax than the commercial NRC
standards. The more recent stricter DOE waste management policy (issued in September 1988 but lot expected to be fully implemented for
several more years) does establish policies roughly parallel to the current NRC standards. Yet even these new DOE standards still allow
burial of low-level waste in cardboard boxes under some circumstances, a practice that has been forbidden by NRC standards for commercial waste. 'lo The EPAstandardscould address such inconsistencies by
imposing across-the-board regulations that would apply to both commercial NRC licensees and DOE facilities.
Additionally, as pointed out by the EPA, the advent of surcharges
and volumetric quotas for low-level waste generators imposed by the
1985 Low-level Radioactive Waste Policy Amendments Act has increased incentives for the creation of specialized away-from-generator
facilities for processing, treatment, and storageof low-level waste. This
means that pre-disposal management and storage activities are likely to
increase greatly in coming years, resulting in greater potential for offsite exposure, spillage, and exposures from airborne effluents from
centralized offsite storage and/or incineration facilities. Existing
regulations governing such activities are fragmented. Further, because
such facilities are not considered part of the nuclear fuel cycle, they are
109. EPA 1990b. pp.4-5.
110. DOE 1988b. p. III-7.
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exempt from EPA's 25 millirem annual dose limit which applies to
nuclear fuel cycle activities."' Instead, such facilities would only be
subject to the 100 millirem limit imposed by NRC's standards.ll2
The complete absence of more comprehensive and stringent EPA
standards is particularly critical at this time. This is because, as we will
discuss below in the sectionentitled "Current Status and Problems With
Disposal Plans," a number of new low-level waste management and
disposal facilities are in the planning stages now.. It is at this stage,
during the siting, planning and design of a new generation of waste
facilities,when comprehensiveregulations can most effectively and efficiently have their intended protective effect Failure to implement
such standards now is only another example of how current U.S.waste
policy, taken as a whole, is increasing both environmental risks and
threatening to result in excessive financial expenditures in the future
when we are forced to clean up the consequences of those additional
risks.

Current Status and Problems with Disposal Plans
Despite the problems in the U.S.regulations, current law requires
the states and regions to move forward with siting and building new
disposal facilitieq.
Regional Compactsfor Commercial Waste

Following the closure of three of the six commercial "low-level"
radioactive waste dumps in the 1970s, the states where the three stilloperating sites were located began to lobby for a greater distribution of
the "low-level" waste disposal burden. A number of packaging and
transportation incidents involving "low-level" waste in 1979 highlighted the responsibility thatthese three sites we= shouldering for the
rest of the country. These incidents caused the governors of Nevada and
Washington to close temporarily their states' cilsposal sites, and the
111. In EPA's regulations at 40 CFR Part 190.
112. NRC 1991(10 CFR Part 20). Note that the 100rnillirem dose limit for individual
members of the public from NRC licensees is the result of recent changes to the
NRC's standards forprotectionagainstradiation at 10CFR Part20. The old standards which had been in effect from the 1960s, limited doses to members of the
public fromNRC licensees to 500 millirems.
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governor of South Carolina to institute a 50 percent volume reduction
at the Barnwell site.'13
This precipitated a "low-level" waste disposal crisis which forced
the issue onto the agenda of the U.S.Congress. The result was the LowLevel Radioactive Waste Policy Act of 1980 (LLRWPA)."~This act,
together with much more detailed amendments to it in 1985,115 forms
the basis for low-level radioactive waste disposal plans in the U.S.
today.
These laws established that each state was responsible for assuring
adequate disposal capacity for the commercial low-level radioactive
waste that was generated within its borders. However, since far fewer
than 50 separate disposal sites are needed, the laws also encouraged the
formation of voluntary regional state compacts. Each compact could
then site one disposal facility in a compact member state for the use of
the whole compact.
Thus far, nine compacts involving 42 states have formed. With the
exception of the Northwest compact, these are in various stagesof siting
new disposal facilities.'16 The remaining eight states are either planning to site their own individual disposal facilities, or hope to join an
existingcompact. The status of compacts and individual states as of late
1990is indicated in Figure7. l7 he situation has changed slighty since
then. In July of 1991,Michigan was ejected from the Midwest compact,
and now is unaffiliated; Ohio has become the designated host state for
the Midwest compact.
In order to enforce the siting and construction of new disposal sites,
the law contains a number of milestones, along with associated incentives and penalties for those statesthat meet or fail to meet them.'l8 The
113. Jordan 1984,p. 7.
114. LLRWPA 1980.
115. LLRWPAA 1986.
116. The Northwest compact,consisting of Washington,Oregon,Montana, Idaho, and
Utah, will continue to use the existing Richland commercial disposal facility at
Hanford Nuclear Reservation. The other two disposal facilities, at Barnwell,
South Carolina and Beatty, Nevada, plan to close at the end of 1992, necessitating the constructionof new sites for their compacts.
117. DOE 1%. p. vi.
118. These incentives and penalties include surcharges and rebates on waste disposed
outside the compact. and the threat of a cut-off of access to disposal at existing
disposal sites.
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incentives and penalties become increasingly stronger as each milestone is reached. The bottom-line enforcement mechanism is the requirement that a state assume ownership and possession of all wastes
generated within its borders if provisions for the disposal of this waste
have not been made by the final deadline of January 1996 (there is an
initial deadline of January 1993). Furthermore, according to law, such
a state "shall be liable for all damages directly or indirectly incurred by
[the waste generators] as a consequence of the failure of the State to
take possession of the waste."11g
DOE Military Wastes

Military low-level wastes routinely generated within the DOE
nuclear weapons complex are buried, as mentioned previously, according to the DOE'S own internal rules. Although roughly parallel to the
NRC's regulations, they are in some respects less stringent.
Although these practices are cause for concern, some of the DOE'S
future plans for waste disposal are even more troubling, and appear to
verge on contradicting the apparent meaning of current law. For example, as we have discussed, federal law clearly defines "high-level
radioactive waste" (which is required to be disposed of in a repository)
as including "liquid wastes resulting from ... reprocessing irradiated
fuel,w120Nonetheless, the DOE plans to separate some of the radioactivity in Hanford's high-level liquid reprocessing wastes and convert it
into a solid grout form. The DOE considers this grout to be "low-level"
waste, which they intend to bury in shallow vaults.
The quantities of radionuclides planned to be grouted at Hanford
as of early 1989 were enormous, and included:12'

12 to 20 million curies of cesium-137.
1 to 8 million curies of strontium-90.

30 to 150kilograms of plutonium.
119. LLRWPAA 1986, at Section 5(d)(2)(C).
120. NRC 1988b (10 CFR 60.2).
121. Wodrich 1989,pp. 4.8.
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For comparison, the entire g m t campaign at Savannah River envisages a gmut discharge campaign whose accumulationpeaks at about
1l5,OOO curies.'" For further comparison, accord'ig to current DOE
records, the cumulative total radioactive inventory of all radionuclides
in all AEC/DOE low-level radioactive waste disposed at all active DOE
disposal sites in the U.S.through 1989 amounts to about 14 million
decay-corrected
Thus, the Hanford grant campaign,if actuallyundertaken,may b q
twice as much radioactivity as now remains in all major DOElow-level
waste sitesfrom decades of operation. This is a huge amount of radioactivity that by any reasonable standards should be considered repositorydestined long-lived waste. That such a proposal could be seriously
considered shows again the danger in the present lack of standards, and
the need for ones which are clear and identifiable.
Recent experiments with grout are showing the danger of this approach. Organic chemicals which were added to the high-level waste
as part of past waste treatment operations at Hanford are causing
problems in the formation of the p u t , which is a cement-like mixture.
Organic chemical breakdown is leading to the evolution of hydrogen
gas from the grout, and Hanford personnel have had to put pipes into
the experimental grout mixtures to vent the hydrogen gas. This indicates there may be a serious potential for rapid cracking and disintegration of the grouted waste form. Further, the experiments show that the
organic chemicals and nitrate compounds in particular are highly susceptible to leaching out of the grout, osing a groundwater pollution
problem, especially from the nitrates. 1%

122. A peak of 116,000 curies is projected to occur in 2006 (DOE 1990d, p. 113).
(Grout at Savannah River is generally referred to as "saltstone.")
123. DOE 1990d, Table 4.1, p. 105. The sites included (as listed on DOE 1 9 W , p.
107) where low-level waste defense wastes are buried are: Hanford, Savannah
River, Idaho National Engineering Laboratory, Oak Ridge (includingsites far the
National Lab, the Gaseous Diffusion Piant, and Y-12 plant), Fernald, Pantex,
NevadaTest Site, Los Alamos, Lawrence Livermore, Paducah, Portsmouth, Sandia National Labs, and BrookhavenNational Labs.
124. This issue was discussed in some detail at the meeting of the DOE'S Technical
Advisory Panel on Hanford High-Level Waste tank, in Chicago on September5,
1991. Arjun Makhijani, personal notes.
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High Costs,High Risks

The approach embodied by federal law for commercial low-level
wastes forces taxpayers at the state level to take on liabilities in an area
where corporate and federal governmental failures have led to considerable problems. It has resulted in a politically unstable, costly, and
environmentally risky program-especially as far as the longer-lived
components of the wastes are concerned.
For example, when Governor James Blanchard of Michigan halted
siting activities and threatened to pull out of the compact in early 1989,
he alarmed compact members and obsewers of the compact process
across the nation. Michigan's action illustratesthe instabiity of the current situation The possibility that a state may suddenly pull itself out
of a compact continuesto pose the threat of a dominoeffect which could
destroy the basis of the low-level waste disposal law. One state lowlevel waste official, remarking on Michigan Governor Blanchard's
threat to pull out of the Midwest com act, said "he was in danger of
bringing down a real house of cards." 1%
Although the Michigan situationappeared to be resolved for a time,
the state's continued reluctance to move forward on siting a disposal
facility caused the state to be recently ejected from the Midwest compact. Host state responsibilities for the Midwest compact have shifted
to Ohio, and Michigan is currently on its own, and is trying to negotiate
to locate a disposal site which will take its waste. Whether Ohio will be
successful in siting a facility, and whether the Midwest compact will
remain intact is at this point an open question.126
Another seriousconcern is the economics of waste disposal. If more
radioactive waste becomes deregulated (as the NRC plans), and as
volume reduction techniques are appliedto reactor waste to reduce costs
and meet federal volume limits, and as the number of disposal sites
proliferates, the commercial disposal of radioactive waste may become
less economically viable. Current plans to build up to 12 new disposal
sites may result in underutilized sites and soaring disposal costs.
Richard Slember, vice-president of Westinghouse's energy systems
business unit, remarked that "[tlhe country doesn't need a dozen low-

125. Nucleonics 1989%p. 4.
126. Davis 1991, p. C-1.
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level waste sites; it needs three or four good ones."ln Although the
compact legislation was intended to encourage states tojoin together to
prevent a proliferation of sites, the arrangements are politically sensitive and difficult to negotiate.
The average cost for disposal of low-level waste has dramatically
increased in the past 20 years. In 1975,for example, unit disposal costs
for most Qass A low-level waste were about $1 per cubic foot.128 By
cornparison, c m n t base disposal charges at the Barnwell site in South
Carolina are about $41 per cubic foot,12' and at the ~eatty,Nevada sik,
unit charges range from $32 to $55 per cubic foot, de nding on the
radiation levels at the surface of the disposal package. 1E
Expected futun cost ranges are hugt+from $30 to $40 per cubic
foot for a high-capacity (e.g. 230,000 cubic feet per year) conventional shallow-land burial site to $600 to $700 or more per cubic foot for a
low-capacity(10.000 cubic feet per year) disposal site utilizing vaults
or modular concrete canisters for storage.l3' (By comparison,
Barnwell, the largest of the current three sites, accepted about 1.1 million cubic feet of waste in 1989, and Beatty, Nevada, the smallest, accepted 116,000 cubic feet.)132
The estimated total developmentcosts for 11new disposal sitescurnntly under development around the country approaches $700 million.
This does not include any estimate for development of proposed new
disposalsites for the Rocky Mountain Compact and for the state of Massachusetts.133
The bottom line, however, is that, regardless of what the costs tum
out to be, the current approach for significant quantities of low-level
waste disposal is fundamentally inadequate. Failures may not occur as
quickly as they have in the past, but, as the NRC's own regulations
admit, that may not make any difference to the future generations who
will be left to contend withthe long-lived wastes whose hazard will far
127. Nucleonics 1989b, p. 9.
128. OTA 1989, p. 144.
129. Chem-Nuclear 1991.
130. US Ecology 1990,
131. OTA 1989,Table 6-6,p. 145.
132. DOE 1990b. p. A-2.
133. Appalachian Compact Users of Radioactive Isotopes (ACURI), excerpt including "Estimated Development Costs for States and Compacts", undated, but apparently later than January 28,1991.
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outlast the regulatory time frame. In that respect, it is similar in spirit
to the now .defunct EPA standards for high-level waste which limited
radiation doses for only 10,000 years for threats which extend to a million or more years.

C. Mill Tailings
Contamination and resultant health-hazard problems exist at
uranium milling sites throughout the U.S. Concern about this contamination was sufficient to result in the passage of the Uranium Mill
Tailings ~emediationand Control Act of 1978 which required cleanup
at a l l current and former U.S. milling sites.134'
This mill tailings law contains two sections. The first regulates the
operation and cleanup of mill sites that are currently under NRC or state
licenses, the cost of which is to be paid for by the company which
produced the tailings. The second section put the DOE in charge of
cleaning up abandoned sites, the cost of which is to be split between the
federal government and the affected state government, at a rate of 90
peicent/lO percent. These sites are subject to cleanup under DOE'S
Uranium Mill Tailings Remedial Action Program (UMTRAP).
Under provisions of the law, the EPA was to set general environmental standardsfor long-term tailings control, and the NRC was to establish licensing requirements for active milling operations.135
In 1983, on two separate dates, the EPA issued its standards for
cleanup of miU tailings at active and abandoned sites.136These standards establish criteria for tailings isolation in lined impoundments
which limit radon emission, include groundwater protection requirements, and limit radium concentration in contaminated soils. These
standards extend for a time frame of 200 to 1,000 years after the closure
of the site.
As of 1985, estimates indicated that the cost of the cleanup at the
28 cumntly licensed U.S.mills under EPA's minimum national standards would range from $1 billion to $4 billion.13' Over the last several
134. Public Law 95-604, cited in NAS 1986, p. 17.
135. The genesis of these regulations is discussed in SRIC 1985,pp. 110-113.
136, The standardsfor inactive sites (40 CFR 192, Subpart A) were published in EPA
1983~;active site standards (40 CFR 192, Subpart D) were published in EPA
1983a.
137. SRIC 1985, p. 108.
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years, little progress has been made, and at least 13out of the 25 licensed
uranium milling sites which have operated remain unstabilized or only
partially stab^.'^^
As is apparent from the 1,000year time frame in the regulations,
none of the remedial programs contain provisions for protecting future
generations for time frames compatible with or longer than the radium226 half-life (1,600 years) and most certainly not the thorium-230 halflife of 80,000 years. Puttingtailings in lined impoundmentsmay prevent
leakage in the near term, and perhaps even for the 1,000yearperiod
which the Iqplations cover. However, it provides little assurance for
the great majority of the hazardous life of the principal radionuclides
of concern, radium-226 and thorium-230.
We note that the main radioactive hazards from mill tailings,
thorium-230 and radium-226, can, in principle, be separated from the
tailings and treated as repository-bound long-lived wastes. We here
make a preliminary estimate of what this would entail.
The actual costs of separation would vary from site to site and
depend on the concentration of these elements in the tailings. Such
separation need not be as expensive as might first seem, since there is
no need for the "productf'(i.e. the separated thorium and radium) to be
pure, as is the case for the initial uranium separation or as was the case
for the radium industry in the early part of this century. The principal
requirement is that substantially all of the radium and thorium be
removed from the tailings, and be in a much smallervolume so that they
can be disposed of along with other highly radioactive long-lived wastes.
There are on the order of 200,001) curies each of radium-226 and
thorium-230 in the mu y 250 millionmetric tons of uranium mill tailings in this m u n t ~ y ? ~
respective
~e
wei hts of these elements are
about 200 kilograms and 1 0 . 0 Lilogramsfi" If the mill tailings a~
138. DOE 19904 pp. 130-131.The status of these millsis apparently unchanged since
the issuance of a similar report m 1988 @OE 1988~).
139. Assuming that radium-226 and thorium-230 each exist in the tailings at concentrations of about 800 picodes per gram. Based on EPA 1983b.Table 3-1, p.
3-6, this is probably an overestimateand therefore conservative.The source lists
radium concentrations at licensed mill tailing piles in the U.S.which range h m
about 200 to 850 piwcuries per gram, with many in the range of 400 to 500
picocuries per gram.
140. Based on specific activities of 1 curie pex gram for radium, and 0.02 curies per
gram for thorium-230.
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processed so that the radium and thorium content in the "product" is
about one part in a hundred by weight, the total weight to be disposed
of as long-lived, repository-bound waste would be about 1,000 metric
tons. This is less than one percent of the weight of encapsulated reactor spent fuel, and would therefore be expected to affect only negligibly
the size of a repository.
We should note, however, that there are potential drawbacks to this
approach, and the idea needs to be considered carefully. For example,
the resulting repository-bound radium and thorium concentrates would
of course be quite radioactive, with concentrations of about 640 curies
per cubic meter, based on the above assumptions.141Thus, issues of the
risks from waste handling and potential worker exposures would need
to be carefdly weighed.
Since the total weight of radium and thorium waste in a mixture
containing just one part in a hundred of radium-226 and thorium-230
is not huge, it indicates that extraction of these radionuclides is technologically feasible for repository disposal, and therefore should be
considered.

141. Based on an assumed density similar to that of the mill tailings themselves, i.e.
1.6 metric tons per cubic meter (DOE 1990d,p. 131).
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Chapter 4

AN ALTERNATIVE APPROACH

A. Introduction: The Need for an
Alternative Approach
The U.S.radioactive waste management program suffers on both
ends of the radioactive waste spectrum. The spent fuel and high-level
waste problem, although originally slighted, has become the victim of
a false sense of urgency which has led to an approach which threatens
to risk both environmental and financial failure for the nominal sake of
getting a repository on-line and functioning as soon as possible.
On the other hand, the management of "low-level" radioactive
waste suffers from a regulatory approach which clearly downplays the
potential hazards for the more dangerous categories of low-level waste.
The common thread of these two flawed approaches is a perspective which has falsely dichotomized the two types of waste. The near
exclusive focus had been on the spent fuel and processing wastes,
while other radioactive wastes-some of which are comparably hazardous-have been relegated to the background with the innocuous
sounding, but sometimes misleading tern, "low-level."
At the same time, wastes which are designated as "trmuranic" and
are similar in some respects to the more dangerous and long-lived
to be consigned to a repository.
categories of "low level" waste,
However, there is no stated policy for the majority of transuranic wastes
which remain buried just below the surface, since the one deep repository touted as the transumic waste "solution" can only accommodate
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a fraction of existing and projected transuranic wastes. Meanwhile,
there is no policy for protecting the environment from the long-lived
components of uranium mill tailings beyond 1,000 years, despite the
fact that these hazards will persist for hundreds of thousands of years.
This Alice-hwonderland situation clearly calls out for a more
sensible appmach to radioactive waste management. Such an approach
would rely on a hazard-based classification system rather than one
based on an arbitrary boundary drawn at the surface of irradiated fuel
rods. In constructing an alternate appmach, it should be kept in mind
that the long-term disposal problem is defined primarily by the longevity of the waste hazard. That is, the principal technical difficulties
associated with disposal relate to the ability or lack thereof to assure
long-term containment. Consequently, it would make sense to determine the disposal method (as opposed to interim management or
storage) of a given class of waste according to the half-lives of its
longest-lived radionuclideconstituents which are present in appreciable
quantities. It is also necessary to institute policies to minimize the
production of such long-lived wastes.
A sensible integrated appmach to waste management and classification will not be of any use, however, if the program for managing and
permanently disposing of this waste is fimdamentally flawed and inadequate. Our alternative appmach therefore must also include proposals for re-structuring the existing program.
There are three principal elements of our comprehensive alternative appmach:
1) A ~e~lassification
of wastes according to longevity of waste. All

wastes containing significant amounts of long-lived radionuclides
would be slated for disposal via the most stringent long-term
management option. According to the current conception, this
would be emplacement in a deep geological repository.
2) A deliberate restructuring of current repository programs to put
them on a scientifically and envimmentally sound basis. This
includes the development of contingency plans for options other
than the land-based repository approach (such as sub-seabed disposal and, possibly, transmutation for some existing reprocessing
wastes) in order to ensure that the best approach for long-term
isolation is adopted Such restructuring would entail the elimination of the current unrealistic and overly rigid timetable for characterizing Yucca Mountain and building a repository there by 2010,
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and an end to DOE efforts to open the fundamentally flawed Waste
Isolation Pilot Plant (WIPP) repository for transuranic wastes.
3) A restructuring of interim management plans to accommodate the
likely need for extended onsite storage for many decades beyond
what the DOE now foresees. On the commercial side, this includes:

planning to provide capacity for extended storage of spent
fuel and some portions of the low-level waste, for up to 100
years at the reactor site which generated the waste.
a deferral of the decommissioning of shut-down nuclear
power reactors for up to 100 years until a long-term waste
management system is operational for the spent fuel and
long-lived decommissioning wastes.

On the military side, this restructuring includes onsitte retrievable
storage of transuranic and long-lived low-level wastes in carefully
momtored facilities that comply with all appropriate environmental
regulations (including all those, such as RCRA, which would apply to
a commercial firm engaged in similar waste-management activities).
The details of this alternative approach are laid out in the sections
below. In these sections we assume, for the sake of discussion, that a
land-based repository will be the method of disposal for long-lived
radioactive wastes. The approach we recommend does allow, however,
for other approaches to be developed which might be an improvement
on or a complement to the land-based repository one.

B. Component 1: Waste Reclassification
The disposal method adoped for a given type of waste should
depend principally on the longevity of the hazard presented by the
waste. In general, the longer the hazard, the more secure must be the
dispbsal method, and the more stringent must be the environmental
standardsfor long-tenn isolation. For example, wastes bound for a deep
geological repository should not be defined by the process which
produced them (which does not necessarily bear a direct connection to
their health or envhnrnental risk), but should instead be defined as
including essentially all long-lived wastes.
Such a definition should be at least inclusive enough to include
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both st~mtium-90and cesium-137 as long-lived wastes, provided appropriate concentration criteria are satisfied. Considerable additional
careful study and democratic debate will be required before these
criteria can be determined.
An analogue to this sort of approach already exists in the U.S.
government's definition of transuranic wastes. As previously discussed, these wastes are defined by the DOE as including all waste
material that contains transuranic elements with half-lives greater than
20 years and whose concentrations are 100 nanocuries per gram or
patea..' Although the interim management and handling procedures
vary considerably for transuranic wastes depending on the level of
penetrating radiation emitted: the principal determinant of its permanent disposal methods is the long-lived transuranic content. Although
most of these wastes have relatively low levels of radiation in terns of
intensity and penetrating power, the very long-term nature of the hazard
typically posed by transuranics (especially such elements as plutonium239), and the high damage potential from inhalation and ingestion, is
what requires them to be disposed of in a deep geologic repository
accordingto standards similarto those set for high-level waste and spent
fuel dispbsal.
According to our proposed approach, dilution of wastes to circumvent concentration criteria or to avoid putting them in a ~pository
would be prohibited.3 On the contrary, one operating principle should
be to concentrate long-lived radionuclides wherever possible, so that as
much of the long-lived material as possible canbe sent for deep geologic
disposal.
1.
2.

3.

DOE 1990d,p. 75.
Transmanic-wastecontaining beta, gamma, or neutron ernitten sufficient to result
in doses greater than 200 millirems per hour is designated as "remote-handled"
waste because of the precautions which must be taken to protect workem who
handle it. About 2 4 percent of current retrievably stored transuranic waste is
remdehandled waste, while the remainder is classified as "contact handled"
transuranic waste. (Most transuranics are alpha-emitters,many with half-lives in
the hundreds a thousands of years. ~ l p h radiation
a
is not v& penetrating, but
its biological hazard is relatively high if it is emittedinternally followinginhalation
or ingestion of alpha-emittingradionuclides.)
This sort of phibitim already has precedent in federal hazardous waste regulations, which prohiit hazardous waste from Wig removed from regulatory
purview simply through dilution with a non-hazardous waste. [Resource Conservation and Recovery Act (RCRA)regulations, at 40 CFR Part 261, as described
in EPA 1986,pp. ID-14, ID-15.1
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There are several important consequences of such an approach for
radioactive waste management policy:
significantquantities of commercial radioactive wastes now
classified as low-level waste and permitted to be disposed
through shallow-landburial would be re-classified as repository-bound wastes.
shilady, some quantities of long-lived radioactive waste
from DOE nuclear weapons activities now planned for disposal in shallow land burial as low-level waste would also
be re-classified as repository-bound waste.
The expected repository capacity requirements would consequently increase to allow for the increased volume going
to a repository.
We make some preliminary estimates of the magnitude of some of
these changes based on an analogy to the approach taken in Sweden.
Specifically, we estimate the volume of low-level waste from commercial reactor operation that would go to the repository based on this
alternative approach We can then estimate the consequences this will
have on the repository capacity requirements.
We do not at this time have adequate information to review the
volume implications for reclassification of DOE low-level wastes.
Based on available infomation, however, including all long-lived DOE
wastes may increase required capacity volume by as much as or more
than the volume additions from commercial reactor low-level waste!
There are also considerable quantities of transuranic wastes not slated
to go to the WIPP repository if, indeed, any wastes go there at all. The
inclusion of these wastes and future wastes like them from the nuclear
weapons complex could also considerably increase repository space
4.

For example, if the increase in repositary volumerequirements were proportional
to existing mual low-level waste generation rates, the contribution to repository
vo~umerequkmentsfromre-classification of DOE wastes would be several times
the cantribution from commercial mctor low-level waste. This is simply a
consequence of the fact that DOE waste genexatim rates in 1988, for example,
were four to five times that of commexcial reactor generation rates. However,
since the character of m k h of DOE low-level waste is not necessarily the same
as that from commercial reactor low-level waste, the situation is more complicated.
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requirements.
Before going into the details of the U.S. situation, we introduce as
an example the approach taken in Sweden towards waste classification.

The Case of Sweden
By comparison to the U.S.classification system for radioactive
wastes, the conceptual approach adopted by Sweden is a more rational
one.' For example,

...

[Sweden] classif[ies] radioactive waste in two different
ways, either as low-level, intermediate-leveland high-level
with regard to the needs for shielding and cooling during
handling and storage, or as short-lived and long-lived with
regards to the demands on the final disposal method?

Accordingly, the Swedish repository program for long-lived wastes anticipates disposal of numerous low-level and intermediate-level
wastes containing long-lived radionuclides along with its spent fuel.
Table 11 shows the breakdown of Swedish waste according to source
and destination
As the table indicates, the waste disposal system has two main components: an "SFL" repository for long-lived wastes, and an "SFR"
repository for shorter-lived wastes. Examining the expected waste
volumes for the SFL repository, we see that only 26 percent of the final
volume is due to spent fuel. The remainder consists of various wastes
which would be considered "low-level" in the U.S.: operating waste
resulting from storage and encapsulation activities for spent fuel,
decommissioning wastes from the facilities used for this purpose, and
other waste (mostly core components and reactor intemals) from reactors. Most interesting to note is that fully 40 percent of the volume
(19,700 cubic meters) in this long-lived waste repository will be nonspent fuel wastes di~ctlyfkom reactors. This 19,700 cubic meters rep
resents over 11percent of the non-spent fuel waste volumes from power
reactors.

5. Wenote, however,thatwe havenot examined the details of the Swedishimplementation of the program, and make no judgement here in this regard.
6. Hans Forsstrom, Director, Swedish Nuclear Fuel and Waste Management Company (SKB), Personal Communicationto Scott Saleska (23 May 1991).
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Table 11
RADIOACTIVE WASTE IN SWEDEN THROUGH 2010

Area

Contents

Volllme
(cubic

Percent

meters)

Waste to Swedish "SFLW*Facility
SFL- 1
SFL-2
SFL-3

SFL-4

SFLS

Originally for virtified reprocessing waste
no longer applicable
Encapsulated Spent Fuel
Operating Waste From CLAB (an MRS-like
facility)
Operating Waste From Encapsulation
Waste from Studsvik (an experimental bcility)
Opesating Waste fkom CLAB
Decomm. Waste from CLAB and
Encapsulating Facility
Transportation Containers
Con? Components & Reactor Internals

12,800
4,100

26%
8%

900
1,500
700
8.900

2%
3%
1%
18%

600
19,700

1%
40%
100%

m A L SFL WASTE
Waste to Swedish "SFR" Facility
2.500
14.000
72,800
replaced by
SFL-5
l00.OOO
4,000

51%
2%

TOTAL SFR WASTE

193,300

100%

TOTAL SFL & SFR WASTE

245.500

SFR-1
SFR-2
SFR-3

Operating Waste from CLAB
Waste from Studsvik Experimental Facility
Operaring Waste from Nuclear Plants
Originally for Con Components
DecommissioningWaste from Reactors
DecommissioningWasic from Studsvik

1%
7%
38%

Soutcc: SKB 1990, Appendix 1.

* Final repositoryfor long-lived wastean assumed 5Wmeterdeep geologic repository.
** Final repository for operating waste-located 60 meters under Baltic Sea.

The other 89 percent (172,800 cubic meters) of operating and
decommissioning wastes from nuclear reactors are expected to go to
the SFR repository for short-lived wastes (72,800 cubic meters into
SFR-1, and 100,000cubic meters into SFR-3).
Note that even these latter wastes, which are considered relatively
"short-lived," are being disposed of in a facility which is being mined
fkom rock 60 meters below the bottom of the Baltic Sea. This is not as
deep as a typical long-lived waste repository such as the SFL Swedish
facility or what is planned for the U.S., but is much more extensive than
the conventional land burial practiced in the U.S. for low-level waste.
Sweden is not the only country disposing of low-level wastes in a deep
undeqgound repository, or something similar to it. M a n d plans to
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dispose of similar wastes fmm its nuclear power plants in repositories
about 300 feet beneath each plant (although not quite qualifying for
"deep," this is much deeper than envisioned for the U.S.). England
proposes to dispose of low- and intermediate-level wastes in a repository 1,000 feet undeqgmund. And West Germany &posed of some
low-level waste in the Asse Salt Mine between 1967 and 1978.7
An additional notable feature of the Swedish program is that
Sweden plans to phase out nuclear power by the year 2010.

Reclassification of US. Commercial Low-Level
Wastes
Ideally, in order to apply a reclassification approach, volume estimates would be based on specific technical concentration criteria for
each radionuclide, analogous to the 100 nanocuries per gram concentration limit for transuranics. These concentrations would then be
cornpad to the characteristics of existing wastes to determine what
portion of these wastes should be reclassified
It is beyond the scope of this study to suggest specific numerical
limits on a per-radionuclide basis for wastes in the U.S. due to the great
variety of wastes in the nuclear weapons complex which must also be
considered in an integrated pmgram, in addition to commercial wastes.
We here make a preliminary, order-of-magnitudeestimatebased on the
Swedish waste categorization system in order to evaluate the potential
effect on repository size requirements of reclassification of wastes
originating from the commerdal nuclear power indusy.
As was shown in nb1e 11in the previous section, the waste volume
to be disposed in the Swedish long-lived waste repository (SFL) includes core components, reactor intemals, and low-level waste from
encapsulation of the spent fuel. These are wastes directly associated
with the commercial nuclear fuel cycle, most of which would be
disposed of as low-level wastes under the current system used in the
U.S.
Assuming that a restructured waste classificationsystemin the U.S.
would assign mughly the same proportion of low-level wastes for
long-lived repository disposal as is the case in Sweden, the repositorydestined low-level waste volume can be calculated based on the ratio
7.

OTA 1989, p. 127.
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of low-level waste to spent fuel volumes in the Swedish SFL repository?
The result of this calculation is that, assuming the DOE'Sno-neworders scenarioprediction of a total of about 86,800metric tons of spent
fuel generation, about 225,700 cubic meters of low-level waste associated with commercialpower reactor operationwill have to be emplaced
in a deep underground repository along with this spent fuelag
This result, along with the assumptions about packaged waste
volume and area requirements for spent fuel and high-level waste, are
depicted in 'Pabe 12in the section below on "New Repository Capacity
Requirements for long-lived Waste." This table also shows the anticipated repository area requirements for additional waste volumes, which
is also discussed in that section.

New Repository.Capacity Requirements for LongLived Waste
Estimating the additional repository space r e q M due to the
additional volume from reclassified low-level waste depends on the
spacing of the wastes in the repository. Spacing of spent fuel and
high-level wastes is limited by the heat load limitations imposed by the
repository design and environmental standards. This hisitation is ref e d to as the "areal power density." For spent fuel, the currently
assumed areal power density is 57 kilowatts per acre. For reprocessing
high-level waste, it is 83 kihmtts per acre.'' This limitation, combined with the power levels generated by a typical canister of waste
emplaced, determines the m a requirements of the repository. The
8.

This ratio is based on the numbers m Table 11. A factor of 3.6 in the packaged
spent fuel volume of 12,800 is due to the Swedish spent fuel containers, so the
actual volume of spent fuel is 3,556 cubic meters. Thus, the ratio is [19,700 (core
components) + 900 (encapsulation) ] / [3,556(spent fuel)], or 5.79. This implies
that for each cubic meter of unpackaged spent fuelin the repository, there will be
5.79 cubic meters of packaged reactor-associated low-level wastes in the repositmy*

This calculation is as follows: 86,800 metric tons of approximately 1/3 BWR
spent fuel, and 213 PWR spent fuel has, according to DOE data (DOE 1990d), a
volume of about 38,960 cubic meters. Multiplied by the low-level waste factor
of 5.79, this gives about 225,700 cubic meters of low-level waste.
10. Mansure 1985, pp. 6.9,

9.
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specific limits are currently the subject of considerable debate, but the
area requirements due to the above assumptions are incorporated into
'Ikb1e 12.
Table 12
RADIOACTIVE WASI"E DISPOSAL SPACE REQUIREMENTS
Dcnsily

Tons

Volume

Packaged
Volume

Spent Fuel Metric Tons Uranium
Boiling WAm Reactor
28,919
Pressurized Waw Reactor
57.838

13,gn(a)
x,gg5(a)

NAB)
NAB)

Waste Type

TOTAL

86,757

Reprocessing Waste
Milimy Wastes
West Valley Wastes

8,87dd)

TOTAL

9315

38,958

640

83,120

Repository

(VOV
acre)

Area Req

NA(C)
NA(C)

NA
NA

(acres)

36.l(c)

2300

19,432(~)
328

193.3(f)
193.3

lo1

19,761

193.3

103

2

Reclasssified Commercial LLW (icl. corc cornp., reactor internals, encapsulated wasrcs)
U W high-area estimate
225;112(g)
1 9 3 0 *n167
U W low-area estimate
same
1,600(i)
141
TOTAL REPOSlTORY AREA REQUIREMENTS

LOW:
HIGH:

2,545
3,570

Sowccs and Notes:

(a) Spent fuel volume factors are 0.483m3 /MTU (BWR),and 0.432m3/MTU (PWR)(DOE
1990d). Note that federal law (the 1982 Nuclear Waste Policy Act) currently imposes a 70,000
metric ton limit on the total amount of waste the first repository can receive.
(b) Assumes intact disposal of most spent fuel in hybrid canisters containing 3 PWR and 4
PWR assemblies each, (DOE 1989b, p. B-1 1).
(c) Spent fuel volume density derived from assumed areal power density of 57 kW/acre 3kW
per canister (Man1985, p. 6),and canister volume of 1.9 m3 (DOE 1989b p. B-12).
(d) Metric tons of spent fuel reprocessed is from DOE 1990a, p. 8.
(e) Based on an assumcd 17,750 canisters from m i l i y sources, 300 cmisters from West Valley,(DOE 1990a. p. 8 ), and canister volume of 1.09 m 0 9 1989b, p. B-13).
(f) Reprocessing waste volume density &rived from an assumed areal power deasity of 83 kW
per acre, c d a e r volume of 1.09 m3 and canister 0.47 kW/canister. (Mansure 1985, p. 9)
(g) Packaged low-level waste volume assumed Swedish (Packaged low-level waste)/(Unpadcaged Spent he]) volume ratio of 5.79, and rough equivalencebetween unpackaged U.S. and
Swedish spent fuel assemblies, and betwear Swedish and U.S. low-level waste packaging volume. Does not include additional low-level waste volume from DOEimilitary sources.
(h) High-area estimate derived assuming same emplacement density as for high-level reprocessing wastes.
(i) Low-area estimate derived assuming same emplacement density as for transuranic waste emplacement in WIFF.
A
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For repository-destinedlow-level waste, we expect a wide range of
thermal power densities, ranging perhaps from the thennal density on
the order of that of vitrified high-level reprocessing waste down to
relatively insignificantlevels. In order to estimate additional repository
volume requirements, we assume a range of plausible emplacement
densities. This range is bounded on the low end by the emplacement
density of vitrified reprocessing waste (193 cubic meters per acre), and
on the upper end by the emplacementdensity anticipated for transuranic
wastes in WIPP (1,600 cubic meters per acre). l1 'IW range mults in
area requirements ranging from about 140to 1,200 acres of repository
space.
The repository requirements for a "no new orders" scenario could
then be in the range of about 2,500 to 3,600 acres, excluding the
long-lived components of military low-level wastes and transuranic
wastes for which there is currently no designated repository. When
these two categories of waste are included, the upper limit of repository
space may be si@cantly larger.

C. Component 2: Restructuring LongTerm Waste Management l2
The present process of site selection and characterization has been
thoroughly compromised both technically and institutionally. It is
essential to abandon it. This includes both the program to characterize
Yucca Mountain as the site for high-level waste disposal and the present
plan to use the WIPP site in New Mexico to dispose of a portion of
transuranic wastes. The false sense of urgency which has pervaded the
program needs to be abandoned by the utilities, by the federal government and by those who have felt that a law mandating a repository
would somehow reduce the risks of nuclear weapons proliferation by
eliminating the option of reprocessing. The current repository program
does not eliminate that risk.
Further, the present NRC ~gulationsand corresponding state regulations for ''low-level waste" should be scrapped State or compactlevel regulation and management should apply only to short-lived
wastes. As we have proposed, long-lived wastes from aIl sources
11. DOE 1990f.
12. Much ofthis section is adapted hMakhijani 1989.pp. 93-101.
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should be integrated into the repository program or its equivalent
alternative.
Since there are both technical and institutional flaws in the current
program, a restructured program must address both aspects.

Technical Aspects
The principal technically oriented components of developing a
long-lived waste management solution should include: time, flexibility,
redundancy, contingencyplanning, and waste minimization. These five
components are discussed below.
The first component is time. Our present knowledge of geology
and climate is insufficient to enable us to predict the performance of
repositories over time scales on the order of a million years. Any
assessment depends on a variety of assumptions, such as stability of
climate and extension of past geological phenomena into the long-term
future, which cannot at present be predicted with sufiicient confidence
to ensure a reasonable degree of environmental protection for the
hazardous life of the waste. This means that considerable uncertainties
remain even after the best efforts, not even accountingfor the additional
uncertainties due to the problems with DOE'S flawed analyses.
A number of factors, many of them related to environmental protection, are propelling science and society in the direction of making
substantial efforts to understand climatic and geologic change. For
instance, a crucial part of the motivation of NASA's "Mission to Planet
Earth"is understanding of the interactionbetween atmospheric composition, temperature, and the patterns of climate and climate change on
Earth. Our understanding of climatic and geologic pmesses is likely
to increase dramatically in the next decades due to such efforts. This
will help considerably in addressing the uncertainties associated with
site selection, characterization, and perfonnance assessment.
The main point here is that the present knowledge is inadequate,
and that time needs to be made available to do the technical job right,
rather than under the constraint of arbitrarily imposed deadlines.
The second component is flexibility. We mention this here with
particular reference to the recent report by the National Academy of
Sciences Board of Radioactive Waste Management which criticized
the rigidity of the present program. The NAS Board recommended that
a more flexible approach be taken which could anticipate and respond
to surprises that arise in the development of a repository. Such an
approach should not, according to the Board, be bogged down in rigid
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and uncompromising development plans that had been specified in
minute detail before the technical site investigations had seriously
begun. The NAS Board summarized its recommended flexible approach in three
Start with the simplast description of what is known, so that
the largest and most significantuncertainties can be identified early in the program and given priority attention.
Meet problems as they emerge,instead oftryingto anticipate
in advance all of the complexities of a natural geological
environment.
Define the goal broadly in ultimate performance terms [e.g,.
in terms of individual doses to maximally exposed individual], rather than immediate requirements, so that increased
knowledge can be incorporated into the design of a specific
site.
Such an approachmakes sound technical sense, and should beused,
especially whenknowledge has developed to the point where development at a specific site or sites is underway. However, such calls for
flexibility should not be interpreted as a license to relax environmental
protection standards. Some parts of the Academy Board's report seem
to imply just such license. Our contingent endorsement of the NAS
recommendation regarding technical flexibility has institutional management ramifications which we address in the next section on "Institutional Aspects."
The third component of a well-designed long-term disposal solution is technical tedmdancy to ensure isolation of wastes. The current
U.S. pmgram is lacldng in this area. For example, it relies too much on
geologic isolation, failing to take adequate advantage of the potential
of engineered banier systems. The Swedish nuclear waste program, by
contrast, has studied the engineered banier potential in detail.
A spent fuel canister with a much longer design life would help
reduce the need to rely primarily on geologic isolation. ?he Swedish
approach to long-term waste management puts considerably more
13. NAS 1990.p. 7.
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reliance on the performance of the waste canister as an isolation
mechanism than the U.S.approach. As an ad hoc National Academy
of Sciences Panel noted in 1984:
The Swedish plan differs from most others in its heavy
reliance on engineered barriers, specifically thick-walled
copper canisters to enclose the spent fuel rods, surrounded
by buffers of compacted bentonite.14

The Swedish estimatefor isolation which would be achieved by the
specially designed canisters, made by the Swedish Corrosion Institute,
was cm the order of 1 million years. Although it is d i f h l t to predict
over such long time frames, an approach which aims for such a goal for
an engineered barrier, in conjunction with geologic isolation,is a sound
one by virtue of its technical redundancy.
In brief, our repmmendationis that the NRC regulation based on
an assumed canister life of only 1,000 years and the complete disintegration of the canister to 100,000 years should be scrapped The
standards for a redundant repository system should impose requirements cm both the geologic and engineered banier components as if
they each were the main guarantor of isolation. In other words, there
should be equal weight on each component, and regulations should be
equally stringent for each.
The fourth component of a technically robust long-term waste
disposal program is the use of contingency planning. Although geologic disposal in a deep repository has been the basis for planning for
many years, the U.S. waste program should plan for the contingency
that, after additional research, it may not turn out to be the best option.
Research should therefore continue on other options, notably sub-seabed disposal. Sub-seabed disposal involves emplacement of nuclear
waste cannisters in geologic foxmations under the ocean floor in areas
thought to be geologically stable.l5 Numerous issues such as transportation risks on land and sea, and questions of internationaljurisdiction,
regulations, and standards would have to be faced. In recommending
that research continue on this option, we are not suggesting that it is an
easy "solution" to this problem, but rather that it may be a potential
alternativein a very difficult situation.

14. NAS 1984, p. 2
15. Hollister 1981; Berlin 1989, p. 294-296.
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The final component of such a program should be waste minimization for long-lived radionuclides. 'Ihis has significant implicatiom for
both nuclear power and nuclear weapons production In view of the
fact that there is currently no viable scheme for disposal of these wastes,
and given their immense implications for the health of fuhlre generations, waste reduction to the maximum extent feasible is essential. A
revamping of policies regarding classification and disposal should
therefore also consider various incentives and disincentives for generators of waste to reduce or eliminate the production of long-lived
radionuclides. Among these incentives should be full cost internalization and removal of limitations on liability including those provided by
legislation such as the Price Anderson AC~.
l6 Evidently, the expanded
use of alternative energy sources and the implementation of vigorous
energy conservation programs would help reduce reliance on nuclear
power and also reduce the magnitude of the problems associated with
long-lived radioactive wastes. Such measures would also be helpful in
dealing with the need to reduce the emissions of carbon dioxide, an
important greenhouse gas central to the global climate change problem.
A thorough examination of these issues, however, obviously involves
the broader realm of energy policy and is beyond the scopeof this book.

Institutional Aspects
The Department of Energy has repeatedly failed to conduct site
selection and related activities with the scientific, technical and institutional integrity needed for a program with such serious implications
for the health of future generations. The DOE'S principal emphasis has
been on promoting nuclear power and in helping nuclear utilities to get
rid of the spent fuel from power plant sites, even at the cost of such
integxity. Wewise, its principal emphasis in the weapons program has
been on weapons production, even at the cost of serious damage to the
sites and of similarly compromised science.
Indeed, one of the principal reasons for the existence of the overly
rigid, inflexible approach that now exists which, as discussed above,
was the object of strong criticism by the NAS Board on Radioactive
16. The Price-AndersonAct is a law which imposes a limit on the liability which can
be incurredby acumpany in the eventof anuclesrpower accident, thus artificially
reducing averall nuclear power operatin8 costs by substantially reducing insurancepremiums.
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Waste Management, is the DOE's consistent record of failure in dealing with the radioactive waste problem. This has led the public, Congress, other governmental agencies, and specially appointed
independent panels to take a heavy-handed, highly prescriptive approach, tightly overseeing DOE activities in this area in order to help
ensure that past failures do not recur. Of come, such an approach only
introduces a new form of rigidity which the NAS Board rightly
criticized as a source of more potential for failure.
One of the things we agree with the Board on is that the waste
program needs more flexibility. However, the DOE's penchant for
evading regulations means that the intent of flexibrlity may be subverted and defeated-instead of a sounder program, we may get an even
more compromised one. Thus, we are faced with the paradoxical situation in which the oversight necessary to impose minimal accountability
on the DOE has produced an intractable rigidity, but a pmgram with the
needed degree of flexibility probably cannot be implemented with integrity by the DOE.
The only apparent option to restore confidence, credibility,
frexibility, and competence is to replace the DOE with an independent
waste management authority.
There are several aspects to the institutional questions associated
with high-level wastes that must be factored into a decision about how
these wastes are to be managed. The first is the separation of the regulation of the interim, onsite management from the long-term research
aspects. The second is the creation of a process and an institution that
will be free of conflicts-of-interestand that will have the scientific integrity, technical capability, independence, managerial competence,
and public accountability to cany out what is a very difficult task.
We discuss aspects of interim management through onsite storage
of wastes in the next section. The institutional arrangements for addressing the long-term management problem need to be considerably
different from those needed for interim management. The long-term
problem is, at present, mainly a research and development question.
One option that is unlikely to work is simply breaking off the Office of
CivilianRadioactive Waste Management (the DOE office in charge of
the current program) from the DOE and making it a separate, supposedly independent body. The commitment of the present office to nuclear
power and the large momentum it has towards characterizing and building a specific repository would make it inappropriate to address what
would at present be essentially a scientific task.
A body such as the National Science Foundation, or an ad-hoc
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agency with a board of directorswhich includes appropriate federal and
state agencies would be more appropriate to the task. The agency would
have to operate with a clear agenda for research and developmentwhich
would exclude final site selection, but would include study of all
possible media for disposal which would minimize risk to future
generations. 'Ihese would include land-based geologic disposal as well
as sub-seabed disposal.
Whatever the specific make-up of the new agency, its structure and
operation will have to ensure the highest standards of scientific integrity, public accountability, and financial responsibility. Its goals must
be in the direction of minimizing risk to future generations from nuclear
wastes and it must, therefore, be free of the kind of conflict-of-interest
favoring nuclear power or nuclear weapons production which has been
a problem with the present DOE-managed program.

D. Component 3: Interim Management Via
Extended Onsite Storage
In order to accommodate the needs of a restructured development
program for long-term waste management, extended onsite storage will
be needed for various categories of waste. Associated with this will be
the need to defer the decommissioningof nuclear power reactors as long
as the stored long-lived radioactive waste remains on site. Like the
issue of long-term management, interim management of long-lived
radioactive wastes has both technical and institutional aspects.

Technical Aspects
Onsite storage of long-lived radioactive wastes will have to be
expanded and extended at both commercial nuclear power sites and at
DOE weapons sites.
Regardingcommercialnuclear wastes, capacity should be provided
for extended storage of spent fuel, as well as the long-lived portions of
low-level waste, for up to 100years at the reactor site which generated
the waste. Spent fuel can be stored for extended periods using the dry
cask storage technologies which we have discussed in Chapter 3.
One hundred year onsite storage would also necessarily entail a
deferral of the decommissioningof commercial reactors when they are
shut down. Utilities should plan to defer decommissioning for up to
100years, or until a long-term waste management system is operational
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for the spentfuel and long-lived decommissioningwastes that are stored
at the reactor site.
DOE nuclear weapons sites will also require onsite retrievable
storage of high-level, transuranic, and long-lived low-level wastes in
carefully monitored facilities that comply with all appropriate environmental regulations (including all those, such as RCRA, which would
apply to a commercial firm engaged in similar waste-management
activities).
A program of extended onsitte storage, in addition to being integral
to a restructuring of long-term waste management, is likely to have a
number of other incidental advantages as well, including:
A reduction in the temperature of highly radioactive wastes
due to radioactive decay. 'Ihis will enhance safety and
enable a wider valiety of canisterdesigns and geologicmedia
to be considered It will also enable a larger quantity of
waste to be disposed of in a repository of a given volume;
A concomitant reduction in transportation hazards associa& with highly radioactive wastes due to the decay of the

shorter-lived radioactive components such as krypton-85,
strontium-90, cesium- 137, and plutonium-241;and
A reduction in the costs and dangers of decommissioning
nuclear reactors, provided adequate monitoring and security
is maintained.

We should emphasizethat onsite storageis not a long-term solution,
and cannot take the place of a long-term method of managing nuclear
waste, such as that envisioned for an appropriately structured repository
Pro&ram*
There are a number of difficulties with onsite storage that make it
less than ideal:
The need for continuous maintenance, monitoring and surveillance, which cannot be guaranteed for the hazardous life

of the waste;
The need for security to prevent access to w-a
or accident; and
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The lack of assurance that the storage facilities used today
will themselves be safe for the very long term. In addition,
interim storage facilities are not without potential safety or
environmental problems. For example, spent fuel casks may
be subject to the release of gaseous radionuclides due to
rough handling,17 and at some nuclear sites there may also
be concerns arising from seismicity hazards.
Despite these concerns, however, onsite storage is likely to be the
least dangerous interim option until a long-term disposal method is
developed

Institutional Aspects
As far as the interim extended onsite storage of spent fuel is
concerned, the Nuclear Regulatory Commission should continue to
regulate and license any needed additional storage facilities. Such
regulation should also apply to other long-lived wastes generated at
nuclear power plant sites, whether these arise from routine qxratiom
or decommissioning. Since, as far as commercial spent fuel is concerned, this will shift some costs from the MRS-repository system to
reactor sites, we propose that funding for this additional spent fuel
storage come from the Nuclear Waste Fund
As far as the interim arrangementsfor radioactive wastes (including
'low-level", "transuranic", and "mixed" wastes) at the nuclear weapons
plants are concerned, the EPA, NRC,and their state-levelcounterpashould have the authority to regulate the management and interim
storage of these wastes, including 'low-level" wastes, "mixed" radioactive and hazardous wastes, and "transuranic"wastes.
The question of the much smaller amount of 'low-level" wastes
generated at locations other than nuclear power plants and weapons
plants is more complex. There is an immense diversity of sources
which produce such wastes ranging from hospitals to oil-field operations. The reclassification of "low-level" wastes recommended here
will necessitate the reconsideration of the institutional issues connected
with the management of these wastes. Extended onsite storageof longlived "low-level" wastes at these sites-which number in the
17. DOE 1989d. p. 1-95,

For non-commercial use only

108

High-Level D o h , Low-Lmel Sense

thousands-may not be possible or desirable. Interim strategy arrangements for such wastes, along with policies for waste minimization,
belongs in the province of joint federal-stateregulation. Nuclear power
plant sites may be appropriate places for such interim storage arrangements since the vast majority of "low-level" wastes in terms of both
volume and radioactivity are generated at these sites. Short-lived, lowlevel wastes would continue to be regulated by states and the NRC.

E. Cost-Benefit Considerations: Current
Approach Versus the Alternative Approach
The implementation of the proposed alternative approach to radioactive waste management will have a number of cost implications for
the program. Although a detailed integratedcomprehensivecost analysis is beyond the scope of this study, it is possible to indicate what some
of the changes will be by considering the various components of waste
management. Based on considerations raised by existing studies and
data, we can draw qualitative conclusions about the direction of cost
changes for each of these components. The components we consider
here are:
Integrated costs associated with commercial spent fuel management and disposal in a repository system;
Long-lived commercial l'low-level" waste disposal costs;
Commercial reactor decommissioning costs; and,
Military high-level and 'low-level" wastes.

Spent Fuel Storage and Disposal Costs
'Paking the time to do the long-term disposal job right means that
the costs of onsite storage which would have to be undertaken in the
interim would of course be greater than now envisioned. However,
there is good reason to believe that total-system costs will not vary
significantly even with moderately large variations in the opening date
for a repository. For example, a detailed cost analysis by the MRS
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Review Commission examined the impacts on life-cycle costs of varying repository availability over 20 years, from 2003 to 2023.18 The
relevant results of this are given in Xible 13, where costs are given in
both constant dollars and discounted to present value at a four percent
ciiscpunt rate.lg
The actual 2003 date is now moot, since the DOE'S earliest target
date is 2010. However, the table is helpful in indicating the relative
effects of moving the repository opening date. ?his table shows that,
as expected, at-reactor storage costs rise dramatically as the repository
opening date is slid back 20 years, from $2.3 billion to $6.6 billion, a
186 percent increase. However, total-system costs rise only about 13
percent, from $24.8 billion to $28 W o n , due to declines in other
categories.
Even this slight increase, however, is likely to overstate the financial effects of moving the date of ~positoryopening, for at least two
reasons. For one, it is stated in nominal dollars. If costs are discounted
to present value, this increase is likely to be reversed in favor of a cost
decline. Xib1e 13 indicates the effects of the Commission's use of a 4
percent annual discount rate: a net cost decline from $11.6 billion to
$7.4 billion in discounted dollars as a result of shifting the repository
opening date from 2003 to 2023. For the sake of conservativism, we
would hesitate to endorse the MRS Commission's use of a discount rate
of as much as 4 percent, even though it is relatively moderate, because
it extends over such a long time period. Even at a small discount rate
like 1or 2 percent, however, costs are likely to remain roughly the same
or decline slightly.20
18. MRSRC 1989.
19. Making a choice t&y between several alternative scenarios which entail future
spending usually involves comparingeach scenario in termsof its "present value"
that is, the amount of money that would have to be set aside today to cover future
expendims as they are i n c d . Determining the present value involves taking
account of the fact that mmey set aside today will earn compound interest, thereby
reducing the amount necessary to cover future costs. The farther in the future a
given cost is, the lower the present value of that future cost. Present value
discounting of future costs is a standard methodology used for choosing between
alternative future cost streams in a muistent manner, and is used even when the
money is not actually going to be set aside today. As the MRS Commission study
notes, "opinions differ about the qpropriate rate of discount to be used in
comparing alternatives through time, but most experts agree that discounting
should be done." (MRSRC1989, p. 71.) the DOE'S studies, however, are traditionally reported in mdismted, constant dollars.
20. Becausethe individualcost components were not availableto us on an annualbasis,
we were not able to perform this exact calculation.
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Table 13
COMPARISONS OF TOTAL-SYSTEM LIFECYCLE COSTS
(Costs in billlions of constant 1989 dollars)*

Cost Component

Repository Availability Date
2003

2013

2023

- - nominal value $ (present value $**) ---[ Storage at operating reactors
[ Storage at shut-down reactors

1.1 (0.6)
1 2 (0.4)

2.4 (12)
2.7 (0.6)

3.0 (1.3)]
3.6 (0.7) ]

TOTAL at reactor storage
Development and Evaluation
Transportation
Repository

2.3
9.0
3.7
9.7

5.1
9.0
3.3
92

6.6
9.0
2.9
9.4

TOTAL

(1.0)
(63)
(1.0)
(32)

24.8(11.6)

(1.8)
(4.8)
(0.6)
(2.0)

26.6(9.2)

(2.0)
(3.8)
(0.4)
(13)

28.0(7.4).

Source: MRSRC 1989, p. 73.
Assumes no MRS.

*
** Costs in parenlhesis are discounted to present value at an annual discount rate of 4 pcrccnt.
J

The second factor is due to the passage of events since the release
of the MRS Commission's report-namely, the announcement by the
DOE that the earliest possible repository opening date is now 2010. As
we mentioned above, a .of the cost increaseis due to increased cost of
onsite storage as the repository opening date is slid into the future.
However, the largest portion of this increase occurs due to a repository
opening delay from 2M)3 to 2013 (which causes a 122 percent increase
in storage costs, from $2.3 billion to $5.1 billion), and not from 2013
to 2023 (which results in a 29 percent increase in storage costs, from
$5.1 billion to $6.6 billion). 'Ihis seems to indicate that most of the
increasein storage costs is due to capital outlays for actual construction
of expanded storage facilities, rather than ongoing maintenance costs.
This means that the largest portion of the cost increase is already
inevitable, due to the fact that even according to the DOE,a repository
will not be available before 2010.
The MRS Commission analysis is not strictly applicable to our
approach,of course, and cannot completely substitutefor it. In particular, it dws not consider longer slippages of the repository timetable.
However, it is indicative of the effect of sliding the repository opening
date back in time. It is also useful in identifjing the rather large
trade-off in costs that occurs between onsite storage and other components of the program. 'Ihis supports our recommendation that the
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Nuclear Waste Fund be allowed to fund additional onsite storage costs,
since this becomes an integral part of the waste management and
disposalpmgram, and represents a cost trade-off for reductions in other
areas.
To the extent that increased storage costs are due to continued
storage in spent fuel pools, indications are that switching to dry cask
storage technologies will reduce costs. For example, the Sacramento
Munidpal Utility District (SMUD)estimates that the implementation
of dry storage at its shut down Rancho Seco nuclear plant will reduce
annual storage costs by almost 75 percent, from $10 million to $2.6
In sum, extended onsite storage would provide significantbenefits
in terms of reduced risks of environmental harm. It may also provide
cost reductions in terms of overall repository costs, for given paformance criteria, without increasing interim costs significantly.

Long-Lived "Low-Level" Waste Disposal
Of course, increasing repository capacity requirements to accommodate all long-lived wastes will add extra costs to the repository. As
the analysis in Section B of this chapter "Component 1: Waste Reclassification" shows, disposing of long-lived low-level wastes from
commercial power will add from 140 to 1,200 acres to repository area
requirements. There would be additional costs from the additional
nuclear weapons complex low-level wastes that would be reclassified
as long-lived wastes, and from additional repository needs for transuranic wastes cumntly not designated for any repository.
Thus, it is clear that this restructuring will likely mean that net costs
of long-lived nuclear waste management will increase over what is now
anticipated. This should be balanced first of all against the greatly
inc~asedprotection of the health and environment implied in our
approach. The Department of Energy has a long history of taking the
cheapest mad in the short term only to come to huge costs in the long
term both in financial and environmental terms. We should also note
that the costs of managing the remaining, truly short-lived wastes may
decrease somewhat since radioactivity would be far lower.
21. Personal communication from Rita Bowser, SMUD,Rancho Seco Nuclear
Generating Station, (209) 333-2935 to Deborah Landau,IEER (21 February 1991).

For non-commercial use only

High-LevelDollars, Low-Level Sense

Decommissioning Costs
The NRC, in developing decommssioning regulations, has provided estimates of what it will cost to decommission nuclear plants.
These estimates are shown in nble 14, below, for immediate decommissioning, as well as for two deferred-dismantlement scenarios (after
30 years, and after 100 years)."
Table 14
NRC REACTOR DECOMMISSIONING COST ESTIMATES*
SAFSTOR

DECON

30 Years

100 Years

PWR

$103 million

$101 million

$ 80 million

BWR

$132 million

$131 million

$106 million

Source: NRC 1988a. p. 15-5.

Estimates are in 1986 dollars. Includes a 25 percent contingency factor, does not include
cost for demolition of non-radioactive structures.
,

The total absolute costs depicted in this table are likely to be
significant underestimates. According to a recent survey of the nuclear
utility industry, for example, the total cost to decommission aLl 124 of
the remaining U.S. reactors will be $25.6 billion (1990 dollars), or over
$200 million per rea~tor.2~
The majority of utilities surveyed said they
were planning on immediately decommissioning their reactors upon
shut-down.
?his is also readily apparent if we examine projected low-level
waste disposal costs alone. For example, based on the DOE projection
of about 18,000 cubic meters of waqte generated by immediate decommissioning of a reference pressurized water reactor (PWR),and on
22. NRC 1988%p. 15-5.
23. Borson 1990.
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future low-level waste disposal costs ranging from $40 to $700 per
cubic foot, low-level waste disposal costs alone from immediate decommissioning will range from $24 million to over $400 million.
In one respect, however, the numbers in the above table may be
indicative: defening decommissioning 50 to 100 years may greatly
reduce the waste disposal cost component of decommissioning, due to
the factor of 10 reduction in decommissioning waste volume. Thus,
although the absolute costs are likely to be much higher than the NRC
anticipates, the relative cost diffennces may still favor a 50- to 100year delay in reactor decommissioning. These factors would tend to
reduce celtain portions of decommissioning costs, but there are other
case associated with delayed dismantlement, including monitoring and
security measures, which tend to increase decommissioning costs.
A nuclear industry analysis of decommissioningcostsindicatesthat
on balance, delayed dismantlement after 100 years would cost slightly
more than immediate dismantlement. The figures for a reference
1000-MW(e) pressurized water reactor are as follows:
Table 15
NUCLEAR INDUSTRY REACTOR DECOMMISSIONING COST ESTIMATES*

Immediale

After 30 Years

Afw 100 years

Preparation

$

30 million

$

80 million

Surveillance

t 35 million

$

10 million

Removal

$180 million

5160 million

$120 million

TOTAL

$180 million

$225 million

$210 million

Source: CEA 1988, p.16.

* It appears that this estimate is in undiscounted constant dollars. Discounting costs to present
value (a standard practice in economic analysis) would make the IWyear deferral the least ex.pensiveoption, even if a low annual discount rate, such as 1 or 2 percent, was chosen.

Thus, based on NRC and nuclear industry estimates, it appears that
delaying the decommissioning of commercial nuclear reactors will
result in costs ranging from about 20 percent less (NRC)to about 15
percent more (industry) than immediate decommissioning.
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We arc inclined to think that thc costs for delaycd decommissioning
arc likely to bc h e same or lcss than immediate dccommissioning.
Recently, for example, thc International Committee on Radiological
Protection (ICRP)recommended that maximum occupational ex osure
limits be lowcred from 5 rems per year to 2 rems per year.?8Since
delaying decommissioningis expected to result in a reduction of doses
to workers involved in the process,2Sthe relative costs of immediate
dismantlement are likely to be far higher than now anticipated if the
ICRP recommendations are adopted, as they typically are. The costs
associated with workcr protection, the risks of accident or significant
environmental contamination, are all likely to be higher for immediate
decommissioning than for deferred decommissioning.
In any case, the main point with regard to decommissioningis that
there is no rcason to belicve there will be a significant incrcase in costs
associated with the deferment of reactor decommissioning irnplicd by
the approach to waste management discussed here.

Disposal of Military Wastes
We do not have a basis at this time to estimate the impacts of our
recommendations on the costs of waste management and disposal
within the DOE weapons complex. However, we do make an observation regarding the lessons that the DOE's past waste management practices should hold for the future.
Since the widespread environmental contamination problems first
began gathering increased public attention several years ago, the DOE
has begun a "30-year'' cleanup program for its weapons production
complex, under the auspices of a new office, the Office of Environmental Restoration and Waste Management The Department of Energy's
current budget for waste management and environmental restoration is
currently on the order of $5billion to $6 billion per year.x Since there

24. ICRP 1991. The ICRP is an international scientific and policy committee which
has been a principal force behind the development of radiation protection standards since its establishment in 1950.
25. NRC 1988%p. 2-22.
26. From 1992 to 1997, the DOE's estimated budget for environmcntalrestorationand
waste management is slated to go from $4.4 to $6.7 billion per ycar. According to
the DOE, actual annual needs might be between $8 and $9 billion per year from
1995 to 1997. DOE 1991b. p. 3 1.
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are few new production activities going on, the bulk of this budget is
for managing waste from past operations and site restoration activities,
as well as wastes from the "cleanup" operation itself.
The overall budget for these activities over the next thirty years at
the present rate would be about $150 billion. In essence this figurc
represents an order-of-magnitudeestimate of the m e cost of the DOE'S
past waste disposal practices, for it is largcly rhcsc inadequate disposal
practices of the past that have produced the problems of today. As DOE
Secretary Admiral James Watkins said, "... the chickens have finally
come home to roost, .and years of inattention to changing standards and
demands regarding the environment, safety and health are vividly
cxposed to public examination..."27
It is difficult to project the actual costs of the management of the
various components of radioactive wastes which are currently prescnt
in the nuclear weapons complex. However, taken as a whole and
considered as a waste disposal bill, the $150 billion is a huge sum,
certainly far greater than the amount that would havc been expendcd
had adcquatc and careful attention been given to the disposal job from
the beginning.
Thus, although we cannot make specific cost estimates for our approach in the DOE complex, we take a lesson from the past and observe
that doing it right the first time is almost always inexpensive, in comparison to having to clean up the mess of a botched job after the fact.

Summary
Thc current program not only cames high risks of fimancial and
programmatic failure, but cvcn if it does manage to build a repository
and emplace waste there, it still carrics a significant risk of environmental ham that is far greater than a program based on a sound
managerncnt approach,
Thus, the principal rcason for adopting a new approach is to reduce
the environmental risks associated with the current flawed program.
However, our brief consideration also indicates that our approach is
likely to be a prudent one from the point of long-term cconornic
considerations as well.
27. Chronicle 1989, p. AT-114.
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Although our proposed approach may cost more than current
projections of total program costs, the history of DOE cost estimates
indicates that the actuul cost of the program if it continues to proceed
along its present path will be far higher than the DOE currently
anticipates. Indeed, planning m for a new long-lived waste management and disposal program with a much expanded time frame by
implementing deliberately selected interim management alternatives
now is likely to cost far less than if the current misguided program
continues for 10more years before collapsing in failure. At that point,
the same alternatives wiU be forced upon the U.S.program at yet greater
net cost, since billions of dollars spent in the intelim will have been
wasted. This is not mere hypothesis. The history of nuclear waste
management is riddled with costly failures and remedial programs to
correct these failures which are far more expensive than the initial
outlays.
In the long run therefore, we believe our approach, if properly
executed, will result in reduced environmental and public health risks
at costs appropriate to the magnitude of the task at hand.
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Chapter 5
SUMMARY AND RECOMMENDATIONS

Summary of Findings
I . Radioactive waste is inappropriate&defined.

There is a fundamental problem with the way in which current
govemment regulations categorize radioactive w.aste. For example,
despite what is implied by their names, the two categories of waste
named "high-level waste" and 'low-level waste," are defined without
systematic reference to their actual radioactivity levels. Instead, they
are defined solely by the process which produced them. "High-level
waste" is defined as spent reactor fuel, or those wastes resulting from
the reprocessing of spent reactor fuel. "Low-level waste" is actually a
catch-all category that is defined simply to include all radioactive waste
that is not high-level waste, transuranicwastes, or uranium mill tailings.
nus,the cument radioactive waste categorizationis in the untenable situation of sometimes labeling as "low-level" radioactive wastes
which are actually several times more radioactive than other streams of
radioactive waste which the cunent system labels "high-level." So, for
example, the average radioactivity in the most radioactive portion of
commercial low-level wastes (at 300 curies per cubic foot) is actually
three times more radioactive than the average radioactivity in high-level
wastes from nuclear weapons production activities. Even a typical
=actor stream of low-level waste, which is routinely buried in shallow
land trenches, is significantly more radioactive than some of these
military high-level wastes. Many of the longer-lived and more danger-
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ous categories of low-level waste, which is disposed of in shallow land
burial, is also more radioactive than transuranic waste, which has been
designated for disposal in a deep geologic repository.
A related problem with the existing categorization of radioactive
waste is that it is without reference to the longevity of the waste's
radioactivity. Both high-level and low-level wastes as currently defined
can contain significantquantities of both long- and short-lived radionuclides. Since essential aspects of the radioactive waste disposal problem are in large part determined by the longevity of the waste's hazard,
this also makes little sense.
2. Existing regulations and plans for long-lived radioactive waste
management and disposal are irrational and incoherent.

Improper categorization of radioactive waste has been a principal
obstacle to rational waste management policies. A central problem has
been the substantial quantities of long-lived wastes involved in "lowlevel" waste categories. For example, long-lived plutomm-239 and
other radionuclides have leaked from the now-closed low-level waste
disposal facility at Maxey Rats, Kentucky.
Cumntly operative regulations for the disposal of low-level wastes, although much-improved since the time of Maxey Rats operation,
continue to be fundamentally irrational. They are internally inconsistent, and therefore clearly inadequate. For example, the Nuclear
Regulatory Commission (NRC) regulations currently require institutional controls at low-level waste disposal facilities for up to 100years,
because, according to NRC, "low-level" waste Classes A and B will
decay to the point where they will present "an acceptable hazard" to any
later intruder by the end of this time frame. However, this statement is
logically and physically incompatible with the numerical limits also
contained in those same NRC regulations. In fact, some forms of waste,
if retrieved from the disposal site after the 100-yearperiod had elapsed,
and then re-buried as if for the filst time, would have levels, according
to the same NRC regulations, such as to require a 100-yearinstitutional control period all over again Indeed, even according to the NRC
regulation's own definitions of what is "hazardous" and what is "acceptable," wastes could be buried which will be unacceptably hazardous for thousands of years beyond the time when the regulations say
they should pose an "acceptable hazard." Hence, the internal inconsistency of the regulations and definitions.
The U.S. EnvironmentalProtectionAgency @PA) has the authority

For non-commercial use only
Summary and Recommendations

119

under law to promulgate low-level waste standards, and has actually
formulated comprehensive standards for this purpose, but disagreements with the NRC and the Department of Energy (DOE) arising due
to the fact that the WA's standards are more comprehensive and
stringent have prevented their official publication. WA's low-level
waste standards are intended to provide comprehensive and consistent
coverage across both commercial and military facilities, and to pmwt
groundwater. Since existing standards are severely lacking in these
areas, the lack of EPA low-level waste standards is a serious defect in
the U.S. low-level waste program.
While radioactive waste management is a difficultissue by its very
nature, it does not have to be irrational. For instance,radioactive waste
management in Sweden is based on the principle that radioactive waste
disposal methods should be determined by the longevity of the waste.
Thus, long-lived wastes (whether they would be considered "low-level"
or "high-level" in the U.S.) are slated for disposal in a deep geological
repository. As a consequence,fully 40 percent of the volume slated for
disposal in Sweden's projected long-lived waste repository consists of
reactor wastes which would be considered 'low-level" in the U.S.
3. The Department of Energy's management of the repository
program for long-lived radioactive wastes is exacerbating these
problems.
The U.S. Department of Eslergy is responsible for developing

geologic repositories for high-level and transuranic wastes. Over the
past 15 years, timetables for both of the DOE'S major repository
pmgrams have slipped and costs have escalated For example, an
operational repository for high-level wastes is now, according to DOE
projections, twice as far away as it was in the late 1970's, and projected
disposal costs grew by over 80 percent between 1983 and 1990.
Despite the existence of at-reactor and mite storage options for
nuclear wastes and repeated failure within its repository program, a
sense of urgency continues to pervade the U.S.attitude towards longlived radioactive waste disposal. The nuclear industry in particular is
anxious to have in place a program which will allow the government to
take the waste out of their hands. As one nuclear utility executive
recently put it, the government should take charge of spent fuel waste
by 1998 (a target date in the 1982 Nuclear Waste Policy Act), and, he
said, "I don't care where you put it."
This situationis exacerbatedby lack of NRC and P A standards for
repository disposal which correspondto longevity of the wastes and the
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health threats posed by many long-lived radionuclides.
4. Taken as a whole, current policies entail high riskr in tenns of
both economics and environmental protection.
Economics

On the high-level waste tide, where $3 W o n has already been
spent on a program for geologic repository disposal, projections of
disposal cost per ton have increased by over 80 percent since 1983 (in
constant dollars), hmn $179,100 per metric ton, to about $325,000 per
metric ton.
The cost of the WIPP repository pmgram, which should be more
stable since the program is further along,shows similar increases. In
just two years, the DOE'S cost estimatesfor the five-yearperiod including the first several years of WIPP operation have more than doubled,
from $531 million in 1989, to around $1.1 billion in 1991.
Seven hundred million dollars have already been spent on
development of the low-level waste disposal sites according to fundamentally inadequate environmental standards. Most of these sites
will likely miss legal deadlines established for their availability.
Additional billions w W i g spent and will have to be spent to fix
the pmblems from past shallow-land burial of low-level wastes at both
commercial and military sites.
For instance, at the contaminated commercial low-level waste
disposal facility at Maxey Rats, Kentucky, when the clean-up is finally
done, and all the costs accounted for, final disposal costs for wastes
disposed of there may well be 10 to 50 times greater than the original
disposal rates. At West Valley, New York, the bill for combined highlevel waste management and remediation of problems with low-level
waste disposal is now estimated to cost between $2.4 and $3.4 billion.'
These wastes resulted from a repmcessing plant for plutonium extraction which originally cost $35 million and was supposed to be a commercial, profit-making operation? Fially, a large proportion of the

1.

Cost estimates provided to Senator Daniel Patrick Moynihan @-NY)by aides to
Secretary of Energy James Watkins, as reportedin Douglas Tumer, "Costof West
Valley Nuclear Clean-up Soars," Buffalo News, Section B, p. 1 (February 21,
1991). Reference courtesy of Carol Mongerson, Coalitionon West Valley Nuclear
Wastes,East Concord, New York,
2. Carter 1987,p. 98.
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$150 billion cost of clean-up of the nuclear weapons complex sites is
due to environmental heats created by dumping of radioactive and
mixed wastes into the soil and the high-level wastes now sitting in 228
l w e ranks at Hanford and the Savannah River Site.
Billions of dollars have been or are slated to be spent stab'izing
uranium mill tailings and preventing radium-226 and thorium-230 from
getting into the pundwater. Yet, such programs are limited to 1,000
years of environmentalprotection, despitethe fact that hazards will persist for the several hundred thousand years which will be necessary for
the thorium-230 to decay substantially.
Environmental Proteciion

On the high-level waste side, the DOE'S program has become
environmentally more risky due to the reduction in the number of
potential repository sites to be characterized to one, despite its greater
cost. The selection of Nevada as the only site to be characterized came
about as a result of a process that, in part, started with the fact that the
government already controlled the land, and ended in a decision in
which politics overwhelmed science.
The potential doses from vivified military high-level wastes alone,
a small portion of the total radioactivity proposed to be disposed of,
could far exceed allowable standards due to the potential incompatibility of glass with the Yucca Mountain hydrogeological conditions.
The huge inventories of transuranic wastes in the form of contaminated soil which wiU be left unaddressed by the WIPP program means
that this program is guaranteed to be a f a i l u ~from the point of view of
isolating transuranic wastes from the human envhnment. Moreover,
the small proportion that may be disposed of in WIPP is by no means
assured of isolation fmm the human environment even for a few
thousand years, much less the hundreds of thousands of years it will
remain threatening.
Likewise, despite huge cost escalations in the development of
low-level waste disposal sites (unit disposal costs for some disposal
sitesin the 1990sa~ projected to be 600-700times 1975disposal costs),
these still entail huge environmental risks for future generations because of the fundamentalinadequacy and irrationality of the undedying
regulations.
In sum,for a host of fundamental reasons, it is highly unlikely that
minimization of risk to f U t u ~generations or wise use of financial
resources can be achieved under the present approaches for manage-
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ment of any category of nuclear waste. Far more likely is waste of
money coupled with a festering problem, and potentially increasing
risks from inappropriate policies.

Recommendations
The management of long-lived, highly radioactive waste has no
safe or simple solution. It is a difficult, messy and costly problem. We
have created a problem which will be a source of substantial risk to future generations, whatever we do today. It is therefore imperative that
society minimize the generation of further long-lived radioactive wastes. Almost all long-lived wastes, in terms of the quantity of radioactivity involved as well as the physical volume, come from nuclear power
and nuclear weapons production. The problem of the management of
long-lived radioactive wastes makes it incumbent upon us that any further generation of long-lived wastes from these two sources, about
which the^ is no social consensus, be subjected to careful scrutiny
~gardingthe potential for phase-out. Generation of long-lived wastes
from medical and research facilities should also be minimized by use
of shorter-lived isotopes and substitute processes to the extent practicable.
It is of vital importance that we address the problem of the wastes
which already exist with the greatest scientific and technical integrity
so that future generations may be protected to the greatest extent possible. Steps must also be taken in the interim to see that the present
generation does not suffer large releases and contamination due to accidents or poor interim management
Based on the above findings and these general considerations, we
make three overall recommendations regarding the U.S. radioactive
waste management system: change radioactive waste classifications so
that a l l long-lived wastes are managed according to an integrated
hazard-and-longevity-based approach, restructure the program for disposing of these newly defined long-lived wastes, and provide for extended onsite storage of wastes in the interim while the long-term
problem is being addressed. Each of these entails a number of subrecommendations,which are discussed below along with some of their
ramifications.
1. Change how radioactive wastes are defined, and reclms~j),
radioactive wastes and their disposal according to longevity and hazard
level.
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Since many of the problems of the current waste management system are due to the underlying fundamental inadequacy of waste definitions, an integrated approach which entails redefining wastes according
to their longevity is needed. This includes reclassification of considerable quantities of commercial and military wastes that are now
considered "low-level" into the long-lived category. Long-lived
should be appropriately defined such that wastes containingsignificant
quantities of cesium-137 and strontium-90 are considered long-lived.
Evidently, what c011stitutes "significantttmust be determined by healthbased criteria and this must be the subject of careful scientific study and
broad democratic debate.
An important consequence of this is to expand the amount of waste
being sent to a repository. By analogy to the Swedish approach, we
expect that approximately 225,000 cubic meters of commercial reactor
waste now considered low-level would go to a deep repository. Depending on the emplacement density of this waste, we expect that this
amount would require an additional 140 to 1,200 acres of repository
space in addition to the approximately 2,400 acres already needed for
spent fuel and repmessing wastes. Although this does not include the
consequences from classifying military low-level wastes, it is indicative of the scale of the problem.
The DOE made a partial step in this diition when it decided in
1970to reclassify some of its "low-level" wastes as tmsuranic wastes
and dispose of them in a repository. However, the application of this
principle has been seriously deficient. First,the repository selection,
characterization, and testing has been flawed. Second, the volume of
wastes which fall into this category is far larger than the proposed
repository in New Mexico will be able to accommodate.
2. Restructure the entire long-lived wmte management and dhposal program.

The p w n t process of site selection and characterization for the
high level and transuranic waste repositories has been compromised
both technically and institutionfly. It has become necessary to abandon it. The low-level waste disposal site selection programs, are a welter of confusion based on an irrational NRC waste classificationscheme
that mixes intensely radioactive long-lived waste with short-lived
waste, and the absence of any applicable EPA standards at all. The= is
no provision for long-term isolation of the long-lived components of
d u m mill tailings.
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The present programs for selection of disposal sites must be abandoned and replaced with an approach to long-lived waste management
and disposal that has technical integrity and institutional competence.
Regarding the programs established for each of the categories of
radioactive waste, our suggested alternative approach entails:
Spent Fuel and High-Level Reprocessing Wases: Cancellation of the high-level waste repository development program as currently being implemented by the DOE. All
cunent investigations of Yucca Mountain should be halted,
and the program should begin again with basic consideration
of geology, and rock types, as well as consideration of
alternative approaches such as sub-seabed disposal and, for
already reprocessed wastes, transmutation.
Transuranic Wastes: Along lines similar to those which
apply to the Yucca Mountain program, a cancellation of the
transuranic waste repository program at WIPP.
Law-Level Wastes: Cancellation of siting for new low-level
waste sites, with provision for monitored storage of lowlevel wastes, study of the feasibility of separating all longlived components from them, as well as consideration of the
feasibility of storing hospital and pharmaceutical and research wastes at the most appropriate, interim locations.

At a minimum, no siting, construction or operation of new
low-level waste disposal facilities should be allowed to
proceed in the absence of comprehensive EPA standards for
low-level waste disposal.
Uranium Mill Tailings: An assessment of the feasibility of
separating radium-226 and thorium-230 from uranium mill
tailings to enable their integration into the long-term management program.

Addressing related institutional and policy issues entails a number
of other steps, including:
The removal of the DOE from the waste management program and the establishment of an independent radioactive
waste management authority which does not have conflicts
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between nuclear power and weapons production on the one
hand, and environmental and health protection on the other.
(This includesthe creation of new institutionalarrangements
for managing the mearchand developmentneeded to create
a program for long-term management of long-lived wastes.)
Implementation of policies designed to create substantial
incentives for actions to minimize the generation of longlived radioactive wastes.
The establishment of consistent, health-based standards governing nuclear waste management and disposal for all radioactive waste, irrespective of the process producing those
wastes.
3. Provide for extended onrite storage of long-lived radioactive
wastes at the point of generation as an interim management step.

In order to accommodate the needs of a restructured development
program for long-term waste management, extended onsite storage
will be needed for various categories of waste. This would include:
Planning to allow up to 100 years of at-reactor storage of
spent fuel (in dry casks) and other long-lived radioactive

wastes to accommodate the reality that a long-term waste
isolation option will not be available for many decades.
Funds for extended onsite storage should come from the
Nuclear Waste Fund.
Likewise, planning to defer decommissioningof shut-down
nuclear reactors by up to 100years to lower disposal requirements, reduce risk, and integrate onsite storage with a realistic time frame of radioactive waste disposal.
The stabilization of radioactive wastes including military
high-level, long-lived low-level and tmnsuranic wastes for
storage on site in a manner that reduces the risk to workers
and residents and which does not compromisein any essential way long-term management programs which may be put
into place. Retrievable and carefully monitored storage in
solid form in ways which minimize the risk of contamination
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of soil,water and air should guide the.examinationof options
for interim storage.
Combined with onsite storage and deferral of decommissioning
for nuclear reactors, a restructured long-lived waste disposal program
will allow time for development df a careful and sound understanding
of geology and climate factors affecting disposal options, development
of waste fonns with better isolation characteristicsand research on new
techno1ogies. This will allow the science to be done in parallel with the
politics, in contrast to the present program where politics and policy
goals in areas other than public health and environmental protection
have tended to dominate.
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