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1. Introduction
Radioactive waste disposal systems must be designed to meet well-defined goals and
criteria to protect public health. The criteria must be stringent enough to build
confidence in the adequacy of public health protection in the face of legal and
political challenges. Yet, there are pressures to relax traditional approaches to protect
public health from radioactivity in the environment. To build acceptance by the
scientific community and the public, both the benefits and consequences of proposed
relaxed standards must be dealt with openly and understandably.

Recent studies emphasize the importance of designing the spent-fuel management
system with safeguards to prevent the recovery and use of the contained plutonium
to make nuclear weapons. A committee of the National Academy of Sciences [ 1 ]
pointed out that excess weapons plutonium should be processed so that it is self-
protected by radioactivity to the same extent as reactor spent fuel. But there is far
more plutonium in accumulated spent fuel. Both processed weapons plutonium and
spent fuel should be further protected from weapons diversion.

The.U.S. projects for interim surface storage of spent fuel and geologic disposal
should be pursued together toward common goals of preventing radioactivity at
harmful concentrations from reaching the human environment and of isolating
plutonium securely from potential proliferators.

2. Ethical Goals for Geologic Disposal

Projects for disposing of high-level radioactive waste have assured us that the
following ethical goals will be met:

Goal I Future people, of distant times, should be given the same health
protection afforded today to people living near nuclear power
plants.

Goal II Present generations should be responsible for safely disposing of
the radioactive waste that we have created.

Goal III Future generations should not have to take conscious action to
protect themselves from the radioactivity that we have created.
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Concerns about potential proliferation add an additional goal:

Goal IV Geologic disposal systems should provide long-term security
against weapons proliferation.

3. Policies for Reasonable Assurance of Compliance

To ensure confidence on the part of the scientific community and the public that these
ethical goals are being responsibly addressed, the following policies should be
adopted:

Policy 1 The average lifetime individual dose to a critical group
consisting of the most exposed individuals should be the primary
performance measure to determine reasonable assurance of
compliance with a technical criterion for public health and
safety.

Policy 2 The critical group should consist of an assumed farming family,
or an individual farmer, that unknowingly uses well water drawn
from near the repository for drinking and for growing their food.

Policy 3 Because the habits of future people and their sensitivity to
radiation are not knowable, future people are assumed to have
diets and sensitivity to radiation typical of farming people in
present-day society.

Policy 4 The time period of calculating future doses should extend long
enough to include the times at which maximum doses are
calculated.

Policy 5 The limiting annual exposure to an individual in the critical
group should be no greater than individual dose limits now in
force for members of the public who may be exposed to
radioactivity from present-day licensed nuclear facilities.

Policy 6 The calculated critical-group exposure should be expressed as
the 95 percent confidence level1 of the calculated maximum
dose, resulting from a scientifically based probabilistic analysis

At 95 percent confidence there could be a five percent chance of
even higher calculated doses. The 95 percent confidence level is
customarily adopted in assessing the safety of engineering systems
wherein there is considerable uncertainty in the calculations [11].
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of the future exposures, taking into uncertainties in dose
calculations..

4. Proposals for Leniency

These ethical goals and policies have been articulated for years and decades by
geologic disposal projects in the U.S. and abroad. However, the many recent
proposals for more lenient policies must be examined in terms of the ethical goals. It
may also be timely to reexamine the ethical goals themselves. Open examination and
discussion are essential, with widespread dissemination of the proposals for leniency
and arguments therefor. The debate should involve both ethicists and scientists.

Unacceptably high radiation doses calculated by the U.S. Yucca Mountain Project
[2,3,4] have led to many proposals for new radiation safety standards for Yucca
Mountain that would be far less stringent than customary health-protection policies.
But, as will be seen in the following, the proposed new standards would violate the
ethical goals.

Instead of easing the way with more lenient standards, the Yucca Mountain Project
and the country will be best served by improved technical design that yields
defensibly calculated doses that meet the ethical goals. The project needs a public-
health standard that is stringent enough to build public confidence in the face of legal
and political challenges. At present no scientific bases exist to support a policy less
stringent than that now used in the U.S. and in other countries. Policy makers must
reject pressures for short-term expediency and economy lest, by enacting policy that
compromises scientific validity and credibility, they undermine public confidence,
cause irreparable harm to the Yucca Mountain Project, and end needed nuclear
research and application.

In the following I discuss the bases for the above policies, as well as the proposals for
leniency that have arisen from many quarters.

5. The Need for Technical Criteria for Geologic Disposal

In the early days of work on geologic disposal, the ethical goals were readily
accepted. Ethical Goal I was simply translated by allowing future individuals to obtain
an annual dose no greater than that now allowed for off-site individuals near licensed
nuclear facilities, of about 0.04 to 0.25 mSv (4 to 25 millirem)2 . However, these
ethical goals seem easily forgotten as the formidable political and technical challenges
of geologic disposal emerge. Past claims that designing a geologic disposal system
presents only trivial technical problems are now displaced by recognition of technical
challenges and difficulties. It is now more apparent that traditionally acceptable
radiation exposures are not easily achieved by geologic disposal systems.

1 Sievert (Sv) = 100 rem; 1 milli-Sievert (1 mSv) = 100 millirem
(100 mrem). 0.04 mSv = 4 millirem; 0.25 mSv = 25 mrem.
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For example, the Yucca Mountain's Project's assessment of doses to future
individuals, first published in 1994 after many years of work on design, site
characterization, and analysis, predicted a maximum annual dose of about 0.3 Sv (30
rem), occurring many tens of thousands of years after repository closure [2]. Data in
the project's 1995 performance assessment [3] lead to a calculated annual dose of
about 0.5 Sv (50 rem) at 100,000 years3. An individual unknowingly exposed to such
doses would, in less than a decade, receive an exceedingly high, life-shortening
cumulative dose [5].

In the wake of these high calculated doses DOE, Congress, industry and regulators
have proposed new and more lenient technical criteria for Yucca Mountain, none of
which would meet the ethical goals described above. But it is premature to conclude
that new and more lenient goals are necessary. Others [5,6] have identified some
alternative design changes that promise to reduce the calculated long-term doses and
that show the possibility of meeting the ethical goals as they now stand. These, and
other promising design approaches, should be carefully explored.

Determining whether a repository can reasonably meet the present ethical goals
requires science, logic, and ethics. But whether to adopt new technical criteria more
lenient than required by the current ethical goals is an issue of ethics and public
policy, guided by science. Before any serious discussion within the political
community that the ethical goals need to modified and should be modified for Yucca
Mountain, more effort must be given to develop scientific and engineering solutions
that meet the present goals.

Recent proposals for leniency that would compromise one or more of the ethical goals
are discussed here.

6. Technical Criteria for Safe Disposal of Radioactive
Waste

6.1. For How Long Must Protection Be Assured?

When will the maximum doses occur? Even the carefully designed containers and
stable waste solids to be buried in a geologic disposal system will deteriorate slowly
with time. There can be substantial delays before radionuclides in ground water can
reach the biosphere. Calculations by geologic disposal projects in the U.S. and abroad
predict that radiation doses to future people will increase with time. The U.S. Yucca
Mountain project calculates doses at 100,000 years to be about 500 times greater than

These doses were calculated for an individual who uses
contaminated well water extracted 6 kilometers from the
repository and who drinks the water and consumes food
nurtured by that water. There is a calculated five percent
chance that larger individual doses could occur.
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doses during the first 10,000 years [3]. But many disposal projects, industrial groups,
and legislators propose to base compliance on dose calculations extending no longer
than 10,000 years [7,8,9]. Such arbitrary time cutoffs would result in an enormous and
unjustified leniency in the criteria for radiation protection and would violate ethical
Goal I stated above. According to the Yucca Mountain calculations, a waste disposal
system could meet a reasonable dose limit for 10,000 years but would allow later
people to be exposed to unacceptably large doses.

Scientific bases for long-term predictions. There is adequate scientific basis for
assessing health protection on the basis of doses calculated well beyond 10,000 years.
At the request of the U.S. Congress, National Academies of Science and Engineering
appointed a panel to study the technical bases for standards and criteria for protecting
public health from geologic disposal [10]. This TYMS panel recommended that
adequacy of health protection be assessed for the time of greatest calculated dose,
rather than by applying arbitrary cutoffs to dose calculations at earlier times, such as
1,000 to 10,000 years. UK's National Radiation Protection Board also recommended
that the time-period of dose calculation extend well beyond 10,000 years [11].

EPA 5 10,000-year cutoff. A seemingly scientific argument for a cutoff of dose
calculations at times greater than 10,000 years first appeared in Draft 1 of EPA's
proposed standard (10 CFR 41) for disposal of high-level radioactive waste. EPA
argued that the time period of health concerns from geologic disposal would be given
by the time at which the ingestion toxicity4 of unreprocessed spent fuel, calculated as
a function of time of discharge from light-water reactors, would decay to the toxicity
of uranium ore mined to produce the reactor fuel. EPA based its argument on a 1976
calculation of toxicity. In 1981 a board of the National Academies reviewed EPA's
proposal and pointed out that more recent data on biological hazards of several
radionuclides would have changed EPA's calculated time to about 10 million years
[12]. More importantly, the board pointed out that toxicity is not a valid measure of
risk from a geologic disposal system and toxicity of uranium ore is not a valid
criterion for public health and safety. Calculated dose resulting from slow leakage of
radioactivity from the repository and its transport to the environment is a valid
measure of risk, whereas toxicity assumes that all radioactivity existing at a given time
is somehow dissolved in water to its concentration limit. Many radionuclides shown
to be important in dose calculations, such as technetium-99 and neptunium-237,
contribute little to overall toxicity [13].

"Ingestion toxicity" is the calculated amount of water that would
be at the limit for safe drinking water if a given amount of a
radionuclide species were dissolved in that water.

117



Do uncertainties in dose calculations rule out doses at longer times? In its final rule5

EPA included a 10,000-year cutoff, claimed by EPA to be justified because
uncertainties become too great after 10,000 years for dose calculations to be
meaningful. No technical basis for this assertion was demonstrated. In fact, recent
calculations using the Yucca Mountain project's parameters show that the calculated
uncertainties can actually decrease with time after 10,000 years. The results [14] are
shown in Figure 1. At 10,000 years the ratio of 90-percentile dose to the 10-percentile
dose is over four orders of magnitude, reflecting the large sensitivity of those doses
to time and mode of canister failures. At 24,000 years, about the time of peak doses
from Tc-99 and 1-129, the ratio decreases to about two orders of magnitude. At
100,000 years, when the higher doses from Np-237 and Cs-135 appear, the ratio is
about 30; at two hundred thousand years it is about 16. At these longer times the
calculation of peak dose is less affected by uncertainties in container life, as would be
expected. Of course, there are additional uncertainties, not quantified in the
calculations, such as fundamental uncertainties in the validity of calculational models
used to represent the geological confinement system.

Given the relatively high doses calculated to occur after 10,000 years, a 10,000 year
cutoff appears frequently in the proposals for more lenient standards, but without
justification. Adopting a 10,000-year cutoff would result in an enormous departure
from ethical Goal I.

Time Cutoffs Proposed by Congress, DOE, and Industry The Yucca Mountain
Project's first published performance assessment [2] predicted unacceptably high
annual doses at times much greater than 10,000 years. Standards subsequently
proposed by the U.S. Congress, the Department of Energy, and the U.S. nuclear
industry would adopt a cutoff in dose calculations for Yucca Mountain at 1,000 to
10,000 years in determining compliance with a limiting dose criterion. No scientific
basis for a time cutoff was identified in these proposals. Adopting a time cutoff in
dose calculations would obscure the far more hazardous doses at later times and
would result in enormous unjustified leniency in public health protection.
Determining compliance with a dose-limit criterion should be based on the maximum
dose, calculated without a time cutoff, as recommended by the TYMS panel of the
National Academies. Imposing a time cutoff of dose calculations would be without
scientific basis and would violate ethical Goal I. .

EPA's standard 40 CFR 191 was later set aside by Congress so
that it no longer applies to the Yucca Mountain Project. A draft
of a new EPA standard for Yucca Mountain has been expected
for several years. Many expect that a 10,000-year cutoff will still
appear in EPA's proposed new standard, but it is not now known
what arguments EPA will use to defend that proposal.
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6.2. Whom to Protect?

The Reasonably Maximally Exposed Individual (RMEI). Current international
practice protects the public from environmental releases of radioactivity by ensuring
that those people who could receive the maximum radiation doses are reasonably
protected. Thus, all other members of the public are also protected. To correct the
considerable misunderstanding within the scientific community concerning the
calculated "maximum dose", the U.S. EPA points out that the maximum dose to be
used in a standard is the dose calculated for the reasonably maximally exposed
individual (RMEI), not the theoretical upper bound estimate (TUBE). The TUBE dose
would result from adopting the most conservative values of each parameter that
affects the calculated dose. The RMEI dose can be estimated from a probabilistic
distribution of doses calculated at a given location and time, adopting the mean of that
distribution or (preferably) the dose calculated at the 95 percent confidence level.

The Critical Group. International practice now protects the public from nuclear
radiation by requiring that the reasonable maximum radiation dose received by a
member of the public is less than a specified limiting dose. The broad international
consensus adopts the logic given by Policy 2. The people most likely to receive a
reasonable maximum dose from geologic disposal are farmers who draw their water
from wells near the repository site, drink that water, irrigate their crops with
contaminated water, and live at a time when water is most contaminated by leakage
from the waste. Such a farming family would constitute the "critical group", to be
protected according to the guidelines of the International Commission on Radiological
Protection (ICRP). The lifetime-average annual dose to this critical group is
calculated, to be compared with the dose-limit criterion.

ICRP recognizes that when calculating doses for the far future, when the greatest
doses can occur from geologic disposal, defining a critical group based on current
information is problematical. ICRP recommends [15]:

"When an actual group cannot be defined, a hypothetical group or
representative individual should be considered who, due to location and
time, would receive the greatest dose. The habits and characteristics of the
group should be based upon present knowledge using cautious, but
reasonable assumptions."

Thus, it is reasonable that the RMEI alone, who uses water extracted from near the
repository, can adequately represent the critical group. The necessary assumption (see
Policy 3 above) that future people will be similar to present-day people in diet,
longevity, and sensitivity to radiation is cautious and reasonable.

For repository performance standards to be convincing to a broad public, the critical
group must be defined as the bounding case—that is, as the people who would receive
the greatest exposures [5]. The allowable annual radiation dose for individuals in that
group should be no greater than the 0.1 to 2.5 mSv (10 to 25 millirem) permitted
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today for individuals living near nuclear power plants or freely using the site of a
nuclear facility whose license has terminated.

If the critical group is protected, then all persons at lesser risk will be protected.
Further, just as the critical-group concept works for people of a given time and
generation, it also applies across great spans of time-protection of the critical group
of a very distant epoch also protects people of times less distant.

However, the Yucca Mountain Project is moving towards calculating doses at
locations where present populations now live and draw well water, about 20
kilometers or more away from Yucca Mountain, far enough away for considerable
dilution of the radioactivity in ground water. Doses are being calculated only for
drinking contaminated water drawn from wells at those locations, ignoring the larger
doses caused by ingesting food grown by that contaminated water [3]. Reducing
calculated doses by such unjustified assumptions is neither cautious nor reasonable.
Those future people who use water from wells nearer the repository and who eat food
crops irrigated by that water would not be protected. Ethical Goal I would be violated.

The Vicinity-average Dose. Recent proposals [7,16,17] would adopt a new standard
for protecting public health, by calculating an average dose to future (and
unknowable) population in the general vicinity of the repository and allowing that
average dose to be as large or larger than what we now limit for the reasonably
maximally exposed individual (RMEI). In so doing, the many people exposed to
above-average doses would be unprotected. For an assumed future population
uniformly distributed in the vicinity of Yucca Mountain, and assuming that 10 percent
are subsistence farmers, the RMEI dose could be about 500 times greater than the
vicinity-average dose, completely unacceptable even if the proposed allowable
vicinity-average dose is no greater than the currently allowable RMEI doses [18]. Not
only would the proposed criterion be unjustifiably lenient, there is no scientific basis
for its application. The locations, boundaries, and habits of future individuals within
the vicinity are unknowable. Uncertainties in these parameters would invite
unjustified guesses and manipulation for the purpose of calculation. More importantly,
if the dose limit now allowed for RMEI doses were to be adopted as the limiting
vicinity-average dose for geologic disposal6, a large fraction of the population in the
vicinity would receive unacceptably large individual doses. Ethical Goal I would be
violated.

No meaningful critical group would be identified, unless the entire population within
the vicinity would be considered as the critical group, contradicting the spirit of
ICRP's recommendation for identifying and protecting the critical group of most
highly exposed individuals.

Actually, some Congressional legislation proposes an allowable
vicinity-average annual dose as high as 1 mSv (100 millirem),
about an order of magnitude greater than currently allowable
RMEI doses.
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The TYMS Panel's Probabilistic Critical Group. In the National Academies' TYMS
report the panel majority proposed7 that dose calculations be made on the basis of
hypothesized probabilistic distribution of future populations [10]. The majority
proposal would involve guesses of probabilities of future human activities and would
introduce considerable leniency in determining compliance. In its report the TYMS
panel admitted that its proposed method would have no scientific validity.

The leniency inherent in the proposed probabilistic critical group is apparent from
testimony by Phillips8 [ 19], who argued that probabilities for exposure of future
people could be obtained from data on people now living in the vicinity of Yucca
Mountain9. He proposed that the probabilities for exposure of individuals in the future
critical group be based on the ratio of present farming families to total population now
living down gradient from Yucca Mountain. Calculated doses weighted in this way
for the future critical group would amount to the vicinity-average doses proposed by
some legislation and by industry. Phillips' proposed probabilistic critical group would
not meet the criteria recommended by ICRP. The enormous leniency in using a
vicinity-average dose for determining compliance would violate Ethical Goal I.

In the face of the many shortcomings [10,18,19] of the proposed probabilistic critical
group, such as its leniency, mathematical errors, and lack of scientific basis, the
probabilistic critical group proposed by the majority of the TYMS panel would stand
only on the grounds of arbitrary policy, a policy that would obscure the high RMEI
doses now calculated for the proposed Yucca Mountain repository.

The Electric Power Research Institute's (EPRI's) Probabilistic Critical Group. In a
1994 communication to the TYMS panel, EPRI proposed that probabilities of future
human activities be incorporated in calculating exposures to be used in assessing
public health and safety [17]. These include the probabilities that future people will
not be present full time at their residences, that only a small fraction of their food will

T. H. Pigford, a member of the panel, dissented. See Appendix E
ofFrie/a/[10].

Phillips was a member of the TYMS panel and co-authored
Appendix C of the TYMS report that outlined a proposed
method of predicting exposures in a probabilistic critical group.
The TYMS report did not explain how the probabilities were to
be derived. Phillips did so in later testimony [19].

The nearest farm well down gradient from Yucca Mountain is
about 20 kilometers away. Wells cannot now be located close to
Yucca Mountain because the land is publicly owned. That
exclusion could not reasonably be assumed for the long-term
future. Basing dose calculations on wells 20 kilometers away, as
is done in current DOE calculations, is not conservative.
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be contaminated with radioactivity, and that many of the future people will not be
subsistence farmers. The probabilities used in EPRI's analyses were proposed only
as guesses to illustrate their effect on calculated doses, including arbitrary choices of
the boundary of the future "vicinity" and the distribution of population within that
vicinity. Those guesses persist in subsequent EPRI reports [20]. It has become
apparent that the calculated exposure of EPRI's critical group is a vicinity-average
exposure, a concept not consistent with ICRP's recommended critical group but
similar to that adopted in proposed Congressional legislation [16]. Ethical Goal I
would be violated.

Proposed High Limits for the Vicinity-average Dose. Both EPRI and Congress
propose that public health and safety be assessed by comparing the calculated annual
vicinity-average dose to a limiting annual dose of 1 mSv (100 millirem). A limiting
annual dose of 100 millirem is about tenfold greater than the limiting RMEI dose now
allowed for licensed nuclear facilities. No rationale for adopting such a high limiting
dose, even if were applied as the RMEI dose, has been given. Ethical Goal I would
be violated.

Proposed Leniency Based on Future Technology. EPRI and others would adopt a
more lenient standard on the grounds that future humans will have technology to
detect contamination of radioactivity in ground water and will take action to prevent
human exposure [17,22]. Suitable detection instruments are already available to detect
concentrations well below current safe limits. Well water can be purified, but
cleansing the contaminants from the repository and the geologic media is far beyond
present technology. However, adopting EPRI's small-population parameters and
assuming that EPRI's remedial action approach would be sufficient to reduce the
vicinity-average annual dose to 1 mSv (100 millirem), a reference subsistence-farmer
who is unaware of the contaminants in well water could receive an unacceptably large
annual RMEI dose of 10 Sv (1,000 rem) [18].

EPRI's proposal would allow even greater contamination of ground water for larger
population in the vicinity, because the large population would exert greater force to
detect and mitigate contamination in ground water. Using EPRI's parameters, the
calculated dose to the uninformed farmer who is not aware of the contamination could
theoretically be as high as 50,000 Sv (5 million rem).

But relying on future people to recognize contamination and take such protective
action for the many hundreds of millennia to come would violate Ethical Goal III.
Even if the vicinity-average people are so protected, some farming families with no
knowledge of the contamination and using well water extracted from outside the zone
of remediation would receive excessive exposures that would violate Ethical Goal I.

Public health is better protected by limiting the reasonable maximum individual dose,
as calculated for the reference farming family, consistent with ICRP guidance and
with the established ethical goals.
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6.3. A Risk-Based Critical Group

The TYMS report recommends that the exposure limit for a future critical group be
based on calculated risk from that exposure rather than on calculated dose. Some
members of the panel incorrectly claim that a risk-based critical group can differ
markedly from the dose-based critical group. In fact, there will be no difference, if a
dose-independent conversion factor is used to translate from dose to consequences,
as seems likely for many years to come for doses in the range considered to be
acceptable for protecting public health [23].

A calculated probabilistic distribution of dose is well-defined mathematically. That
dose distribution would be converted to a distribution of consequences by multiplying
by a constant dose-to-risk conversion factor. The TYMS risk would be obtained as
the mean of the distribution of consequences. From the dose distribution the dose can
be calculated at whatever certainty is required, such as the 95 percent confidence
level. Because of the constant dose-to-consequence conversion factor, the calculated
dose and risk for any individual would stand in constant ratio, that ratio being the
same for all individuals. Therefore, the selection of the critical group would be the
same, whether dose-based or risk-based.

More importantly, the calculated uncertainty in dose is meaningful. It reflects the
uncertainty in the parameters. But that same uncertainty cannot be assigned as the
uncertainty in the calculated risk when the specified risk calculation takes no account
of the considerable uncertainty in the dose-to-risk conversion factor. Quoting a risk
without being able to analyze its uncertainties is badly misleading. It is for that reason
that the U.S. Health Physics Society [24] recommends that exposures to radiation be
based on calculated doses (and their uncertainties) but that risk from those doses be
discussed in terms of what observations have been made on effects from radiation
exposure. There is at present no scientific bases for calculating risk uncertainties. The
proper performance measure for geologic repositories is the RMEI dose, not risk. The
TYMS claim that a risk-based critical group would differ from dose-based critical
group is scientifically flawed.

6.4. EPA's New Standard

For over four years since the National Research Council's TYMS report was issued,
EPA has been developing a new standard for Yucca Mountain. In its current draft, the
standard would limit the individual dose. It would still adopt a 10,000-year cutoff for
dose calculations and thus would not meet Ethical Goal I. Section 6 above points out
the lack of valid reasons for EPA's 10,000-year cutoff proposed earlier. Whether
EPA's has developed new and valid reasons for the 10,000-year cutoff in its proposed
new standard has not been divulged.

It is expected that EPA will maintain the ground-water protection requirement in its
new standard, where concentrations of contaminants in ground water must be kept
low enough so that a person drinking contaminated well water will receive an annual
dose no greater than 0.04 mSv (4 millirem). When the dose calculation includes
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eating food contaminated by irrigation water from those same wells, the limiting
annual dose could be about 0.2 mSv (20 millirem) or greater. Evidently, DOE claims
that a geologic repository project at Yucca Mountain could not meet EPA's ground-
water requirement, even with a 10,000-year cutoff. This is said to be the main reason
why EPA has not yet issued its new standard. If so, DOE seems to be saying that the
concentrations of contaminants in ground water could not be kept below concentration
limits now imposed for licensed operating facilities, and that ethical Goal I could not
be met. However, such concerns on the part of DOE have not appeared in DOE's
published reports or in reports by oversight groups. DOE appears to be asking for
relief from a protection level that is already well established for contemporary
operating facilities. DOE has many options for design improvements for the proposed
repository at Yucca Mountain. It is not apparent why one of those design
improvements could not achieve low enough individual doses in the time regime up
to 10,000 years.

More importantly are the design improvements to achieve acceptable calculated doses
at longer times, a goal that is likely to eventually emerge if EPA's new standard is to
reach the ethical goals stated herein.

7. Summary and Conclusions

Ethical goals that future people should be protected and should not have to protect
themselves from our radioactive waste are claimed by geologic repository projects.
The best test of sufficient protection is to show that the calculated individual doses

to future farming families are well below a regulatory limit. That limit should be no
greater than what is now adopted to protect the public from operating licensed
facilities. Present U.S. calculations show doses, at times well beyond 10,000 years,
that exceed current accepted limits by at least three orders of magnitude.
Notwithstanding, there is a good chance that the goals can still be achieved by careful
technical design of the geologic confinement system.

But many in the U.S. now propose ways that would allow greater individual
exposures from radionuclides that eventually leak from a geologic repository.
Examples include: (1) the 10,000-year cutoff proposed by industry, the U.S.
Congress, EPA, and DOE, thus obscuring the later times when higher doses are
certain to result; (b) the vicinity-average dose proposed by industry and the U.S.
Congress; (c) the probabilistic critical groups proposed by EPRI and by the National
Research Council's TYMS committee; (d) proposals to rely on future humans to
detect and cleanup excessive amounts of radioactivity that may escape from a
repository, and (e) the move to base compliance on calculated doses from well water
drawn at considerable distance from Yucca Mountain. Each of these proposals would
lead to a far more lenient radiation protection standard than current standards. Each
of these proposals is without sufficient scientific basis for its use as a protector of
public health. Each of these proposals would violate one or more of the ethical goals.
Each is made without adequate discussion and explanation and without explaining
how and why it would violate one or more of the ethical goals.
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We should welcome open scientific and public debate on proposed standards and on
possible need to modify the ethical goals. Debate should include ethicists, scientists,
and policy makers. It should include not only people who want to defend proposals
for more lenient standards but also those who question the openness and validity of
the process that is emerging. Similarities to debate on other pressing socio-
technological issues, such as allocation of health-care resources, should be explored.

Constructive debate will occur only when, and if, proposers for leniency explain why
relief from current regulatory stringency is needed and why present ethical goals
should be modified.

The scientific community, the public, and policy makers need much greater awareness
of the significance of the unacceptably large radiation doses shown in DOE's
performance assessments. Calculated doses and their implication are among the key
assessments that are intended to help guide the project's research and design, to focus
on reliable and defensible methods of calculation, and to achieve acceptably low
doses. But reports by the several oversight groups [25,26], including those appointed
by Congress and those appointed by the Yucca Mountain Project, are essentially
devoid of comment concerning the calculated high doses and their significance! How
are the scientific community, the public, and policy makers to become informed?

Developing a health standard stringent enough to build public confidence and survive
legal and political challenges is essential but not sufficient. That standard must be
developed in a way that instills public confidence in the process. At present no
scientific bases exist to support a policy less stringent than that now used in the U.S.
and in other countries to protect the public from operating facilities. Yet legislators,
industry, and some professionals continue to propose more lenient approaches that
would allow doses higher than those now considered acceptable and would obscure
eras and locations of unacceptably high calculated doses. These proposals are made
without explanation of why they should be adopted and why ethical goals should be
abandoned. It is no wonder that public confidence in the process of developing and
assessing the proposed Yucca Mountain repository has seriously eroded.

This rush for leniency should be curbed. The Yucca Mountain Project is trying to
meet an impossible schedule. The project needs more time to undertake new technical
design that might yield acceptably low doses and meet the ethical goals. If geologic
disposal is to succeed at Yucca Mountain, the design of the overall repository
containment system must be rigorously and repeatedly tested against performance
standards stringent enough to push the project to a higher level of resourcefulness,
ingenuity, and protection of public health. More time is needed for a staged, iterative
process, whereby improved design concepts are analyzed, tested against a standard
as stringent as that used for present-day facilities, reviewed, and modified. Because
the present design is so far from meeting an acceptable standard, considerable
redesign is necessary. It would be folly to pretend that the present plans of becoming
licensed and receiving waste by the end of the next decade can be met. Trying to meet
that schedule by enacting more lenient standards could result in such public
disenchantment that the full potential of Yucca Mountain for a geologic repository
might never be realized.
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What if serious work on alternatives fails to produce conservatively calculated and
defensible doses that show that future people will be protected as well as present-day
people are protected from licensed nuclear facilities? If so, the need for a geologic
repository could be balanced against the desire for assuring such conservative and
careful protection of public health. Relaxation of the safety standard itself, as
attempted so prematurely by the House and Senate bills of the present and last
Congress, should be made only after special review of that need by the scientific
community and the public and approval by Congress.

The desire for safeguards protection of buried spent nuclear fuel will be an additional
burden on repository design and prediction of performance.

Thus, the Yucca Mountain Project faces a demanding technical challenge. Similar
challenges face policy makers. They must reject pressures for short-term expediency
and economy lest, by enacting policies that compromise scientific validity and
credibility, they further undermine public confidence and irreparably harm the
programs for disposing of high-level radioactive waste.
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Figure 1. Ten, Fifty, and Ninety Percentile Doses at 5 kin.

(Yucca Mountain Base-Case Parameters) [14]
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