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I.

Introduction
This paper is about the U.S. Environmental

Protection Agency (EPA) "Environmental

Standards for the Disposal of Spent Nuclear Fuel, High-Level and Transuranic

Wastes,"

40 CFR 191. These standards regulate the disposal of radioactive wastes in geologic repositories.
Currently, two repository sites are under investigation:

the Waste Isolation Pilot Plant (WIPP)

site, located near Carlsbad, New Mexico, may become the repository for defense-generated
transuranic waste (TRU); and the Yucca Mountain site, located near Las Vegas, Nevada, may
become the repository

for spent reactor

fuel and a small amount of reprocessing

waste

(hereinafter called high-level radioactive waste or HLW). The paper was written for readers who
have an interest in 40 CFR 191 but do not have the time or inclination to ponder the technical
details.

Since their inception in 1982, the standards have been criticized by, among others, the
Nuclear Waste Technical Review Board, the Edison Electric Institute, the Nuclear Regulatory
Commission, the Advisory Committee on Nuclear Waste, the National Academy of Sciences, the
national laboratories and the U.S. Department of Energy (DOE). Despite repeated appeals, the
EPA still maintains that a geologic repository can be proven to cause no more than 1,000
fatalities to I0 billion people in 10,000 years. No industry on earth aspires to such a lofty goal;
nor is such a goal even measurable.
This paper continues the criticism but from a slightly different perspective.

To reach a

more general audience, our style, tone and analogies differ from what one may f'md in a purely
technical

document.

We concentrate

almost entirely on the containment

requirements

at

40 CFR 191..13. These requirements limit the probabilities with which a repository' s release can
exceed a certain number of curies. This paper refers to the containment requirements in a less
precise but simpler way; we call them "release limits," "standards" or "rule."

Finally, we

examine the f'mancial losses should the Yucca Mountain or WIPP sites fail to comply with the
standards.

Past reviews alluded to these losses but did not fully examine them.

We had just f'mished a preliminary draft of this paper when Congress passed the Energy
Policy Act of 1992 (P.L. 102-486). t It directs the EPA to "prescribe the maximum

annual

effective dose equivalent to individual members of the public from releases to the accessible

1This legislation applies only to the Yucca Mountain site.
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environment

from radioactive

Mountain] " (Section 801(a)(1)).

materials stored or disposed of in the repository

[at Yucca

The law also directs the EPA to consult the National Academy

of Sciences on, among other topics, whether institutional controls would prevent humans from
breaching the repository's

engineered and natural barriers.

While encouraging, the law does not specify dose limits. The law promises an objective
debate over the feasibility of trying to predict whether humans may disturb a repository.

At the

same time the law introduces a new debate over the feasibility of institutional controls that would
prevent disturbances.

Given these uncertain outcomes, we felt compelled to complete this paper.

Perhaps our argxunents will convince those who will review the EPA's rulemaking that the
standards should be less stringent and that it would be far more difficult to predict human
activities than to prevent them.

II.

The History of 40 CFR 191
The EPA's Mandate to Establish Generally
Applicable Environmental Standards
The safe and permanent disposal of spent fuel has been a matter of concern ever since

a nuclear reactor in Shippingport, PennsyN ania, began producing the first commercial electricity
in 1957. Early expectations were that all spent fuel would be chemically reprocessed to recover
usable uranium and plutonium,

with the other radioactive

disposed of as high-level waste (HLW).

byproducts

These expectations

being separated and

were not realized, and it now

appears that all of the spent filel, now considered HLW, wilI be disposed of directly without
reprocessing.
Disposal concepts such as deep geolo_gic disposal, disposal beneath the seabed, disposal
in outer space, chemical resynthesis, rock melt;,.ng, transmutation,

and ice-sheet disposal were

evaluated by the government during the course of its analyses (see Final Environmental Impact
Statement--the Management of Commercially Generated Nuclear Waste, DOE/EIS-0046F).

As

the boundaries of knowledge expanded, an hacreasing confidence in geologic disposal developed.
Today, the majority of informed

techr,fical opinion holds that disposal

in deep geologic

repositories is the preferred method of permanent isolation.
Likewise, for four decades TRU waste has been accumulating from this nation's defense
activities such as nuclear weapons production and the operation of nuclear-powered

naval vessels.

In 1975 the Atomic Energy Commission (now the DOE) authorized a detailed evaluation of the
area occupied today by the WIPP site.

This site was identified earlier by Sandia National

Laboratories as the most promising to fulfill the requirements for a geologic repository in bedded
salt.

By Public Law 96-,164, Congress authorized the WIPP in 1979 as "...a research and

development facility to demonstrate the safe disposal of radioactive wastes resulting from the
defense activities and programs of the United States."
Created in 1970, the EPA was given broad responsibility to protect human health and the
environment. One mandate was to establish "generally applicable environmental standards for
the protection of the general environment from radioactive material,..[where]...standards
mean
limits on radiation exposures or levels, or concentrations or quantities of radioactive material, in
the general environment

outside the boundaries

of locations

under the control of persons

possessing or using radioactive material." (Plan, 1970). It was not until the late 1970's that
sufficient funds were allocated to allow significant progress to be made on the development and

regulation of a comprehensive management system for radioactive wastes (including high-level
waste, defense transuramc waste, low level waste, and uranium mill tailings).
1

The First Attempt to Develop Disposal Standards
In 1978, following

a series of public workshops to formulate

"generally

applicable

criteria," the EPA proposed "Radiation Protection Guidance" for the disposal of all types of
radioactive waste (43 FR 53262). This guidance was withdrawn in 1982 because the public
convinced the EPA that "the characteristics of different kinds of radioactive waste are not
sufficiently similar for generally applicable criteria to be appropriate." (EPA, 1982). The EPA
then set out to develop separate standards for the disposal of high-level and transuranic waste,
low-level waste, and uranium mill tailings. The Nuclear Waste Policy Act of 1982 (NWPA)
further clarified the EPA's directive to develop standards for the high-level waste program.
9D

The EPA's 1982 Proposed Disposal Standards
The EPA proposed disposal standards in December 1982 (EPA, 1982a). Subpart B of the
standards included numerical containment requirements (release limits, which are the subject of
this paper) and qualitative requirements to ensure that the containment requirements
met.

would be

The release limits were based on the EPA's prediction of what could be achieved by a

well-sited and designed repository containing the radioactive inventory from 100,000 metric tons
of spent uranium fuel. The EPA asserted that this repository would cause no more than 1,000
fatalities world-wide ("health effects") in the next 10,000 years.

The EPA conceded that this

health risk is extremely small; it is supposedly no greater than the risks from an equivalent
amount of unmined uranium ore. (Indeed, actual uranium ore bodies exceed this level of risk;
see Williams, 1980). But because the EPA thought that the objective could be easily attained
by the available technology and would require little additional expense, it felt no need to address
whether the standards were too stringent, or the costs to achieve the standards were warranted.
The rule states that population-based release limits are to be applied to "all significant
processes and events," such as human intrusion, that could result in radioactivity release.
Recognizing that moderate releases of radioactivity could result from likely events, the rule states
that the cumulative releases for 10,000 years shall have less than one chance in 10 of exceeding
the quantities given in the regulation.

Releases that could resuR from unlikely events shall have

less than one chance in 1,000 of exceeding ten times the quantities given the regulation.

Summary of Major Comments on the 1982 Proposed Standards
The scientific community sharply criticized the proposed standards. The EPA had based
its standards on what it thought technology could achieve rather than what is needed to
adequately protect the public. When the proposed role was published, the EPA encouraged
public comments on the technical aspects rather than on the fundamental risk-management
decisions. Despite this request, many government bodies, industry organizations, and mdividu_
experts raised fundamental issues that went beyond the rule's technical aspects. These same
issues have been raised over and over again in succeeding years -- on the 1985 t'mal standards
and again on three official and one unofficial drafts, of new standards.
The fundamental issues raised in the 1982 and subsequent comments went to the heart
of the technical achievabflity approach. Commenters argued that the risk .levels inherent in the
containment requirements were unnecessarily far more stringent than other regulations, and
compliance with these requirements would be extremely difficult to demonstrate, particularly m
a licensing proceeding. It is worth noting that, at that time, site-specific studies were at an e_ly
stage and could not be used to test the proposed standards. Without real sites, the commenters
did not emphatically challenge the EPA, bul, did so later, when experience with attempting to
apply the standards to real repository sites revealed the fallacy of the EPA's approach.
•Some of the fundamental issues raised on the 1982 proposed standards included the
following:
•

The containment requirements (curie release limits) axe unnecessarily
conservative, and reflect a numerical risk unusually low compared to
other risks considered acceptable to society.
(DOE, 1983a);
(SAB, 1984); (EEI, 1983a and 1983b).

•

The probabilistic nature of the standards (i.e., predicting sequences of
unlikely events far off into the future) requires a degree of precision
which is not _ikely to be achievable and will be both unworkable and
unnecessary; there will be substantial uncertainties in the projections.
(NRC, 1983); (DOE, 1983a and 1983b); (SAB, 1984); (EEl, 1983b).

•

The EPA assessed the implementation and, hence, the achievability of the
standard by analyzing hypothetical repositories located in simple,
perfectly understood geological environments.
For a real repository,
geological complexity and imperfect information are major barriers to
licensing; the EPA's analysis did not consider these problems (ibid.).

•

The standards impose requirements that provide no corresponding health
benefit for such costly implementation; significant shortcomings in the
EPA's economic analysis supporting the proposed standards resulted in
the costs being underestimated. (DOE, 1983a); (SAB, 1984).

i

Summary of Major Comments on the 1985 Final Standards
The standards were issued as a f'mai rule by the EPA on September 19, 1985 (EPA,
1985c).

The most important change in the final rule was the addition of limits on doses to

individuals and contamination of ground water. These limits applied only for a period of 1.000
years, and they applied only to undisturbed

conditions.

(As in the draft rule, probabilistic

calculations are required only for the containment requirement.)

In issuing its final standards,

the EPA responded to comments on specific technical issues, but did not fully respond to the
fundamental issues. The EPA characterized these as issues "associated with policy and risk
management."
By 1985, the Waste Isolation Pilot Plant (WIPP) was nearly constructed,
performance

but its

assessments had not progressed to a level that would expose the implementation

problems of the standards.

Yucca Mountain"had not yet been selected for site characterization.

Although the EPA attempted to model a generic repository in different geologic media, there was
not enough information about specific sites to fully evaluate the standards.
Prior to this time, the Nuclear Regulatory Commission (NRC) had begun developing its
regulations,

10 CFR 60, which, by law, must be compatible with the EPA standards.

While the

NRC staff had again expressed in public forums concerns about the EPA's lack of technical
justification

for the conservative models and assumptions, they still did not emphatically

argue

for a different approach. The NRC staff stated in memoranda to the Commission, i.n direct
contradiction to the views from the NRC advisory body -- the Advisory Committee on Reactor
Safety (ACRS) -- that the standards
comparable

are reasonable and achievable and that the risks are

to other nuclear standards (NRC, 1985a and 1985b).

The ACRS (comprising

nationally and academically prominent scientists) attempted to convince the Commission
otherwise.
In two memoranda to the Commission, the ACRS continued to argue that the
standards were unduly restrictive; the predictive nature made them difficult to satisfy with any
certainty; and the corresponding dose limits that the EPA added to the standard were not healthrisk based (ACRS 1985a, and 1985b). Members of the ACRS, which included a former member
of the EPA's Science Advisory Board, Dr. David Ol_a'ent,expressed grave concerns about the
ability to implement such a standard and the excessive costs that would be incurred, without a
corresponding benefit to public health and safety. Dr. Okrent's continued criticism of the
standards (Okrent, 1992a, 1992b, 1992c and 1992d) raised concems that are similar to those in
this paper.

i

Summary of Major Comments on the Working
of New Standards to be Repromulgated

Drafts

Shortly after the EPA issued its final standards, a number of states and environmental
groups sued the EPA because the ground-water protection requirements did not have the same
numerical dose limits as the EPA's clean water regulations and because the EPA did not explain
why this protection should last only 1,000 years.

The First District Court of Appeals (court)

agreed and remanded the standards in 1987. Since the court's remand, the EPA has released four
drafts of proposed standards.
After the 1987 remand of the standard's

Subpart B, the technical community again

questioned the EPA's risk-management decisions. Comments on the four drafts continued to
criticize the EPA's approach and bases for the standards. With actual experience in conducting
performance assessments for two real sites, it became increasingly clear to both the DOE and the
,,_'_

NRC, as well as others (e.g., the National _cademy of Sciences, the Advisory Committee on
Nuclear Waste, the Nuclear Waste Technical Review Board, and the national laboratories) that
the standards were impractical.
Comments on the four drafts continued to raise the same fundamental issues as before,
but with greater fervor.

The issues include:

•

Excessive stringency of release limits (e.g., for carbon-14);

•

The infeasibility of making quantitative predictions over long periods of
time (e.g., for human intrusion);

•

Continued

application

of simple,

overly conservative

models

and

assumptions by the EPA;
•

Risk limits far below those of other risks accepted by society;

•

Excessive costs without discernable benefit to public health and safety;

•

Incensistent approach with recommendations from the International
Commission on Radiologic_ Protection and the National Research
Council of the National Academy of Sciences.

_
:_

While the occasion of the 1987 remand gave the EPA an explicit opportumty to add:tess
concerns

and change the standards,

the four drafts did not give evidence

that serious

consideration had been give to the intrinsically problematic nature of a risk management approach
based on technical achievability.

Instead, in the face of consistent criticism on each of the key

issues discussed above, the EPA proposed "technical bandaids" that made cosmetic changes to
the standard, but did not address any of the key issues. In fact, draft #4 is more stringent than
the original rule, According to this draft, releases and exposures from an undisturbed repository'
would have to be predicted for up to 100,000 years. The higher uncertainties of such long-term
predictions would further frustrate the regulatory proceedings.
how these added requirements would improve safety.

To date, the EPA has not shown

III.

Health-Risk versus Technology-Based
A fundamental

decision

to be. To make this decision,
and economics.

about any environmental
the regulator

generally

regulation

considers

Regulations

is how stringent

three factors:

it needs

risk, technology

Health-risk-based
regulations
are set at levels considered adequate to protect human
health and the environment.:
However, when asked to orient the HLW standards more towards
a health-risk-based

approach

(DOE, !992), the EPA responded,

basis for a change in the fundamental
(EPA,

approach

"...we have not seen a convincing

of the rule which is technological

achievability."

1992a).

Technolog3-based
technologies.

regulations

Technology-based

technology-forcing

impose

regulations

regulations,

limits

that correspond

to the use of specific

can either be based on current technology,

which require industry to develop new technology

or be

to meet them.
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For example,
1.

regulations

that administer

Best Practical

Tectmology

performance
2.

3.

the Clean Water Act impose
(BPT)

by well-operated

Best Available

Technology

is the average

of the best existing

plants;

(BAT) is the very best control and treatment

measures that have been or are capable of being economically
and

achieved;

Best Conventional

Technology

pollutants

such as suspended

solids and fecal coliform

(BCT) controls

conventional

bacteria.

Regulations

that administer

the Clean Air Act impose two types of technology:

1.

Best Available

Control Technology

(BACT)

emission reduction that is achievable
account cost and other factors; and

2.

Maximum

Available

Control

is the maximum

on a case-by-case

Technology

(MACT)

degree of reduction of hazardous air pollutants
into account cost and other factors.

The release limits of the HLW standards

9

degree of

basis taking into

is the maximum

that is achievable

are based on technological

does not fit into any of the above categories.

i

three types of technology:

taking

achievability,

which

Economic-based
protection

regulations

are set at the level where the incremental

is balanced against the incremental

the health and safety of the public.
easily achieved,

to the Safe Drinking

Safety and Health Act (Section
impossible
Institute

regulation

or impractical.

Risk-based

Later,

enforceable

Health

Administration

the risk-based

standards

Safety

regulations

Water Act (Section
if compliance

(Maximum

Standards),

not to delineate

current technology.

Recommendations)

the HLW

a necessary

could be

and then becomes
regulation

a less

would

be

Level Goals and National

and Occupational

as goals.
Safety

and may be less stringent

compromise

but never conf'umed,
actually

were modeled

much simpler

geologic

represent

between

and
than

repositories."

the performance

than these simplified

on what

EPA thought

these standards

use technical

risk and economics,

standards

existed

at the time the standards

assuming

structures

than those found in actual sites (Smith

that

so

of the standards.

and hydrologic
et al., 1982).

flow
The

by "well sited,

such an approach

in actual geologic sites.

with

were developed,

of what could be achieved

It is not surprising
of repositories

were attainable

to support development
geologic

but to set

would be.

that the HLW standards

repositories

theoretically,

were based

regulations,

than what risk-based

No repository

conceptually

more complex

Levels

standards

results of this effort were taken to be a representation
accurately

protect

and the Occupational

are ftrst developed

are technology-based

the EPA was obliged to devise hypothetical

designed

Containment

Containment

which

II has described,

The EPA claimed,

well

1412(b)(4)-(7))

with the risk-based

levels (Maxirlaum

and Health

that are more stringent

systems

that its HLW standards

begins as risk-based,

could achieve, z Unlike technology-based

Five repositories

must still adequately

levels, are developed.:

As Chapter
feasibility

the EPA thought

6(b)), a regulation

technology-based

of Occupational

technology

Because

Such regulations

regulatory, costs were dismissed.

According
stringent

cost.

value of additional

does not

Real sites are much

conjectures.

_The Clean Water Act and Clean Air Act originally had similar structures. As a result of
numerous court cases and congressional amendments, limits imposed under these laws are now based
on complicated mixtures of risk, current technology, economics and technology-forcing.
2Supplementary information suggested that the rule was also based on the risk from the
amount of uranium ore that would have been mined to create 100,000 metric tons of spent fuel.
However, EPA representatives have subsequently acknowledged that the actual basis for the standards
was a "generic assessment of the protection provided by well sited, well designed geologic
repositories" (Galpin et al., 1992).
10

The land disposal regulations that administer the Resource Conservation and Recovery.
Act (RCtL_) are much like the standards, i.e., they are technology-based
stringent than safety goals.

regulations that are more

But in this case, the stringent regulations accomplish exactly what

Congress wants: "reliance on land disposal should be minimized or eliminated, and land disposal,
particularly landfills and surface impoundments, should be the least favored for managing
hazardous wastes" (RCRA, Section 1002(b)(7)).
The stringent HLW standards, however,
discourage a Congressional

initiative "to provide for the development

of repositories

for the

disposal of high-level radioactive wastes" (Nuclear Waste Policy Act, Section 1). Furthermore,
these standards are even more stringent than regulations

that, by law, must "minimize" or

"eliminate" a technology.

11
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IV.

Regulatory Excess
Unnecessary

Conservatism

Using hypothetical repositories, the EPA determined what it thought
a repository could
.
achieve:

limit the number of health effects to fewer than 1,000 for the entire world population

(assumed to grow to 10 billion people) over a 10,000-year period per 100,000 metric tons of
spent fuel. No one disputes that materials as toxic and long-lived as high-level waste must be
m,maged so as to protect the health of our fellow human beings throughout the world and in
future generations.

But to extend quantitative regulator,, limits to the entire world population

over such a long span of time is impractical

and unprecedented.

population is more properly the domain of treaties and international

Protection of the world
conventions than of EPA

Q

regulations.

It is unnecessary for the U.S. to establish stringent limits for repository releases of

carbon-14 when the health risk is so insignificant.

Moreover, other countries are reprocessing

spent fuel and venting much larger amounts of carbon-14 directly to the "tmosphere.

This

numerical limit is therefore faulty, both in its quantitative basis and in its scope, given the real
world situation.

Another important point is that the EPA took no account of either the benefits of the
nuclear-produced

electricity that results in the production of the waste or the additional risks

associated with the production of electricity by buming coal. While the standards are set at a
level that limits the increase in death rate to less than one in one billion over the observed death
rate from all causes, it is unquestionably

true that the elevated standards of living and medical

care that come from availability of electric power reduce the death rate by a much larger amount
than one in a billion, completely canceling the hypothetical increase. These excessively stringent
standards may also discourage the construction

of new nuclear power plants.

Some state laws

and public opinion have tied the licensing of new nuclear power plants to the availability of
waste disposal facilities. Less reliance on nuclear power means more reliance on coal, and coalfired power plants release about four times as much radioactivity

plus the hydrocarbons

that

nuclear power plants do not release.
Even if the EPA is disposed to ignore the benefits of nuclear power and chooses to
compare the standards to the calculated risks from unmined uranium ore bodies, one still finds
that the 1985 standards were excessively conservative.
12

In the EPA's analysis of three actual ore

bodies (as distinguished from their hypothetical "model" ore body) the calculated risks came out
a factor of 30 to 300 larger than the quantitative level the EPA used for the repository standards
(Williams, 1980, as updated in EPA, 1985b). In other words, even natural deposits of uranium
ore would vielate the standards by a significant margin, if judged on the basis of equal uranium
tonnage.
The difficulties do not stop here. Besides basing the standards on imaginary repositories,
the EPA disregarded the possibility that there is a threshold below which exposures to radiation
are not harmful.

According to BEIR V "epidemiologic

data cannot rigorously exclude the

existence of a threshold in the millisievert [hundreds of millirems] range. Thus, the possibility
that there may be no risks from exposure comparable to external background radiation cannot be
ruled out" (BEIR V, 1990).

The EPA then chose to apply its stringent, no-threshold standards using a Linear Model.
O

This model predicts radiation effects (i.e., radiation risk) that are directly proportional to the dose
received. Although the Linear Model is routinely used in the regulation of radiation, it disregard,..
considerable evidence that cells can repair the damage from. low dose rates

Ag',dn, according

to B EIR V, "In general, the effectiveness of a given dose tends to decrease with decreasing dose
rate" (ibid.). Nevertheless, regulators prefer to err on the side of safety; so they continue to use
the Linear Model in setting regulations.

But none, to our knowledge, even bother with individual

doses that are in the range of microrems.
There is another hypothesis, called the Linear Quadratic Model, that predicts less damage
to living organisms at low dose rates (Sinclair, 1980). At low dose rates, incremental _ radiation
risk predicted by the Linear Model is more than three times that predicted by the Linear
Quadratic Model (Beebe, 1981). The National Council on Radiation Protection (NCRP) states
that the actual risk could be smaller by a factor of two to ten than the risk predicted by the
Linear Model (NCRP 64, 1980). At extremely low dose rates, we expect (but cannot e _pirically
verify) that the incremental radiation risk predicted by the Linear Model would be more than ten
times that predicted by the Linear Quadratic Model.
health effects from a repository's

It is entirely possible that the number of

releases would actually be zero.

Both of these models are

portrayed schematically in Figure IV-1.

1The dose rate from a repository would be added to the background dose rate as an
incremental risk.

13
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Overly Stringent Standards

No regulation

in the world compares in scope or stringency

to the EPA standards

(IEAL, 1987). Moreover, no other regulation attempts to protect so many people, so rigorously,
for such a long period of time.

Other environmental regulations

that deal with world-wide

changes have been undertaken when the world environment is perceptibly threatened.

Some of

these regulations and policies, for example, are phasing out the use of chlorinated fluorocarbons
that threaten the ozone layer, are taking action against global warming and have stopped
atmospheric nuclear testing. Imperceptible changes in world-wide background levels of natural
environmental constituents, such as releases of carbon-14 from an HL'[ r repository, have never
triggered regulation.

The standards require 99.9% confidence that radioactive releases to 10 billion people will
stay within prescribed concentrations

for 10,000 years.

Other regulations,

ambitious, protect individuals, or sometimes local populations.

wlxich are not so

The period of protection varies

from regulation to regulation (Table IV-l), but only the HLW standards, and to a much lesser
extent the deep-well injection regulations (40 CFR 148), presume that 10,000 years of protection
can be proven.

The deep-weU injection regulations allow a waiver of the "land ban" forbidding deep-well
injection of untreated hazardous wastes if an applicant can show that there will be "no migration"
of the hazardous wastes for 10,000 years (40 CFR 148). This strict requirement was imposed
because Congress ordered that land disposal be "minimized or eliminated." (In contrast, Congress
encourages deep geological disposal of HLW.) Nonetheless, EPA has made it relatively easy to
obtain the waivers.

Waiver applicants can rely on existing data and have rarely drilled new

boreholes for data collection.

They do not have to speculate about future events or unknown'

physical processes; only anticipated conditions are predicted, and only processes listed in the
regulations are analyzed. Faults and earthquakes are the only disruptive events considered; risks
of human intrusion are ignored.

Applicants can assume that any penetration of the confining

beds above the injection zone will, if sealed to current industry standards, remain impermeable
for 10,000 years.

Thus, the waiver process is incomparably

standards, in spite of the apparent

less stringent than the HLW

similarity to the 10,000-year containment requirements.

Indeed, nearly 20 waivers have been granted to date, with an average cost to the applicant of
$350,000 to prepare the application.
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Periods of Protection Provided by Disposal Regulations 1.
Regulation

Subject

40 CFR241.209-3 Disposal of solid waste
(b) & (c)

1 year

40CIFR264.117,

30 years

265.117,

267.23

(b),

267.33(b),267.44

o,

Period of
Protection
_-_er Closure

10 CFR 61.52

(a) (3)

Disposal, treatment, storage and monitoring
of hazardous waste

,..1

Disposal of "Class C" (low-level)
radioactive waste

500 years

Disposal of uranium by-product material

1,000 years

Disposal of high-level
radioactive waste

10,000 years

-,_

40 CFR192.32
(b) (1) (i) & (ii)
40 CFR 191.13

(a)

40 CFR 148.20

(a)(I)(i)

1. Except

and transuranic

Disposal of hazardous wastes by
underground injection

for the NRC regulation,

10 CFR 61, all regulations

10,000 years

are issued by EPA
t-iADt:'f
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To further compare the standards to other regulations, we must scale population risk to
lifetime individual risk, assuming a linear relationship between the two. As did the EPA, we will
assume a linear dose response with no threshold for purposes of this scaling.

(As noted

previously, a linear-quadratic response might be more appropriate.)
Risk (sometimes

called mortality

rate) means the probability

that a population

or

individual will suffer a fatality within one year or within a lifetime (70 years). According to the
standards, a repository can cause no more than 1,000 (1t2) fatalities to 10 billion (10 _°) people
in 10 thousand (104) years. Dividing 103 fatalities by 10I° people and then by 104 years we get
a world-average risk to an individual of 1011/year (equivalent to 2.5 x 10"5mrem/year) _. ff we
assume that this individual lives for 70 years, his lifetime individual risk would average 7 x 10"_°
(equivalent to 1.8 x 10.3 mrem).
Although simple and straight-forwar_t, averaging is not the only means to convert the
standards'

collective risk to individual risk.

The equations that EPA used to formulate the

standards assumed that a repository would release radionuclides into a generic or "world average"
river and from there reach 10 billion people through a succession of some 30 "world-average"
pathways.

Instead of simply dividing the collective risk by 10 billion people and 10,000 years,

one could reconstruct the EPA's formulas and assumptions to focus the risk on one person rather
than 10 billion. Calculated in this manner, the risk to some individuals may be higher than the
average (10"_t/year): the value upon which we and others have based our stringency arguments
(e.g., ACNW, 1992, ACNW, 1990, ACRS, 1985a, NRC, 1991, NWTRB, 1991, NWTRB, 1990,
ORNL, 1992 and SAB, 1984).

Table IV-2 compares the risk allowed by the standards to risks that society often ignores.
We make this comparison only to give the reader a sense of how stringent the standards are. For
example, the table shows that one would be killed by a bee sting or struck by lighming before
one would be harmed by a repository.

While instructive, this Table clearly cannot provide a

basis for HLW regulations.

2

mrem =

risk
4x10"7
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Table IV-3 compares the world-average risk allowed by the standards to the more local
risks allowed by other EPA regulations.,
would be smaller.

ff distributed over large populations, these local risks

For example, the clean air regulation (40 CFR 61) allows a maximum risk

of 7 x 10a which is one million times less stringent than the standards.

According to the EPA

this maximum risk would, in practice, limit the risks to large populations to less than 10.6 which
is still ten thousand times less stringent than the standards. Recognizing this discrepancy between
world-average risks and local risks, we can still conservatively say that the standards are far more
stringent than other regulations.
Table 1N-4 is more of an "apples to apples" type comparison.

It compares average

radiation exposures from different sources throughout the world. For example, all of the world's
coal-fixed power plants expose the average person to 0.020 torero/year while nuclear power plants
expose the average person to 0.005 mrem/year.
one in each of the following countries:

To be fair, we assume 10 geologic repositories;

Belgium, Germany, Canada, France, Japan, Sweden,

Switzerland, the United Kingdom, Russia an_ the United States (IEAL, 1987). We also assume
that each repository complies with the standards, although none probably would (Pflum, 1988).
The table indicates that if the standards were relaxed by a factor of 10, the average exposure
from ten repositories would still be comparable to or below exposures

from other radiation

SOUrCeS.

From all these perspectives, the EPA standards are seen to be overly conservative.
addition, it is unprecedented

to attempt to regulate the effects of such immeasurably

In

small

individual radiation doses over the entire world population for such a long period of time. It is
unrealistic to believe that we are capable of accounting for such small, far-flung effects in the
distant future. This is not a valid basis for establishing standards for real-world repositories.
m
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A COMPARISON OF REPOSITORY HAZARDS
TO OTHER HAZARDS
Hazard
•

Annual mortality rate
ii

i

Repository
Bee sting _
Being struck by lightning I
Flying _
Walking _
Cycling _
Driving a car _
Riding a moped _
Riding a motorcycle _
Smoking cigarettes (lpacWday)

1.

Source:

ii

1 x 104_
2 x t 11.7
5 x 10.7
1.2 x liY6
1.85 x 10-s
3.85 x 10 -s
1.75 x 104
2 x 104
1 x 10.3
5 x 1t1.3

_

ii

i

_1

I

i

1 in 100 billion
1 in 5.5 million
1 in 2 million
1 in 833,:000
1 in 54,000
1 in 26,000
1 in 5,700
1 in 5,000
1 in 1,000
1 in 200

=
_._

DNEPP, 1988
RADPFLM4
,L

I25'1
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A COMPARISON OF THE RISKS ALLOWED BY
DIFFERENT EPA REGULATIONS
Regulation

Law

Lifetime
Risk

Example Contaminents

..........

,.........

40 CFR 191_

High-level and Transuranic
Radioactive Wastes

AEA

7 X 10.'o

...........

40 CFR 612

CAA
,_,

40 CFR 7612

Radioactive Emissions
to air

,,..........

TSCA

7 x 104

Poly-chlorinated biphenyls (PCB)

.............

1 x 10_

,.....

Benzene

0

8 x 10_

_"
mllml

_J

f_
m,q

40 CFR 1412

SDWA

Tetrachloroethylene

(TCE) & Lead

1 x 10_

.......

PCB

C,

1 x 10.5
...

..........

Vinyl chloride 3

1.1 x 104
.......

40 CFR 2612

RCRA

Benzene, TCE,
vinyl chloride

,, ,..,

Acronymm:

AEA

- AZon_Em,rgyAct

SDW._.

- Safe DHrdking Water Act

RCRA
CAA

- Rezota-ce Cotum_allion
- Clean Air Act

TSCA

- Toxic Sultz_tamces Control

Act

1.

ConaddoNrs 10 blion

2.

_

3.

UocuZ
_

The risk of _

peogle
from _

L....zciwthe Sale Ddnkk_
and Recovery

Act

1 x 104

,i

Wz_r

vinyl chloride

at the level perndtted

Act (1he MCL) Is 1.1 x 10 4. This is

seen by muiVpl_
Ihe _
of 2 mg/by
Itm slope faclor of 5.4 x 10'
_(m_
) approved by EPA [Health effects assssment summary
tables, USEPA Report OERR 9200.6-303(91-1),
Jarmary 1991].
F"LADPf
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WORLD-AVERAGE EXPOSURES TO

RADIATION
Dose_
Source

-

m_
m

Natural Background (includes radon)
Radon

240.
110.

Diagnostic Medical Treatment

100.

Industrial Activities 2
Power Plants
Coal
Nuclear
Oil
Repositories 3

5.00
;"
0.020
0.005
0.001
.00025

1. Effective dose equivalent for an individual
2. Includes ore mining and processing (e.g., zinc, copper, lead, phosphate, coal, and uranium)
3. Assumes 10 repositories
Source:

UNSCEA,

t'IADP'FLMI

1988

12,_'t
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Repository

Risk to Local Populations

According to the sta_adards, a repository can expose individuals to very little radiation,
about 0.025 microrems/year

(see previous section).

This exposure is 40 thousand times lower

than what many countries, such as Canada, consider "below regulatory concem" (1 mrem/year or
1,000 microrems/year).

Women who wear heels are exposed to about 0.3 microrems/year more

cosmic radiation than women who wear flats (Park, 1992). Yet the Surgeon General has not
classified high-heeled shoes as carcinogens.
the repository's

By the same token, the EPA should not assert that

0.025 microrems/year will take 1,000 lives.

The 1,000 health effects is the product of an individual dose (2 x 10.5 millirems/year)
times the population size (10 t° people) times the number of years (104) times a conversion factor
(5 x 10.7health effects per millirem).
the number of health effects.

As one can see, the huge population (10 t° people) inflates

It would be more reasonable to examine the impacts to local populations living within
50 miles of a repository.

Using a hypothetical source term that just meets the standards' release

limits, health effects due to human intrusion were calculated for local populations near Yucca
Mountain (12,000 people)and WIPP (96,000 people)(Woolfolk,

1992). Over a period of 10,000

years less than one health effect can be attributed to either repository even if each of the local
populations grew 600 fold (Table IV-5). For comparison, 20% of all the deaths in the U.S. are
attributed to cancer.
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iMPACT OF HUMAN INTRUSION
ESTIMATED NUMBER OF CANCER DEATHS
(for population
Source of
Radiation
jl

...............

within 50-mile radius of the site)

Years after
emplaceme, nt

j .......................................................

i

Yucca Mtn_i_i_ i_"
Yucca Mtn, _i
Background
• . .,..

ii

ii

i_,000 i_
10,000 '_
ii

i

i ii

i

...........

i

i

i

II

iii

.

i •

a

r

i

i

1,000
10,000

,

1 3 x 103
1.6 x 10.3
44b

.,

ii

WlPP
WIPP
Background
ii ii

..................

Number of Cancer
Deaths

_ _....:! 3.14_ .......
3.95

illl

iii i

Population Dose a
(Derson-rem)

8.58 x 104
4.81 x 10;s

ii

i

i

3.4 x 10.7
1.9 x 10e
340b

Bill

=
-

(for the maximumally exposed individual)
Individual dose" (reml
I

. ....................

, ,,

cc
YU a Mtn,
YuccaMtn:
I

,

,

' _

6,

I.........................................................

IIIIII

!
1,000
i:10,000 _

1
i _

I

i

ii

i i

ii

1.3 x 10"s
2.1 xl0 -s

_3'14 x!012
5_17x10i2"
IIIB

i

!

i

, i

i

!

WlPP
WlPP

1,000
10,000
u

5.7 x 10s
3.7 x 10s
i

2.3 x 108
1.5 x 108
z

i

I
i

I

•Based on 70 year cumulative effective dose equivalence (EPAJ540/1-89/002)
Health effects per person - rem = 4 x 10-4
bDeaths caused by background radiation
I_IADPFLM11 1_75/114 9.'_

Repository

Risk to Individuals

Earlier we scaled the EPA's population risk to lifetime individual risk assuming a linear
relationship between the two. If a repository can cause no more than 1,000 (103) fatalities to
10 billion (10 _°)people in 10 thousand (10 _) years, then the world-average risk to an individual
would be 1011/year, and the lifetime individual risk would be 7 x 10"i°.
According to a draft subcommittee report from the EPA's Science Advisory Board, an
unsaturated HLW repository could pose lifetime individual risks of 3 x 109, about four times as
much as the standards aUow (SAB, 1992). This risk corresponds to an average individual
lifetime dose of about 0.01 mrem (ibid.). By comparison the National Council on Radiation
Protection and Measurements recommends no more than 100 mrem (NCRP 91, 1987) from all
man-made sources of radiation, excluding natural and medical sources which expose an average
U.S. resident to 360 mrem per year (BEIR V, 1990).
Q

The above risk (3 x 109) and dose (0.01 torero) figures assume that half the repository's
inventory of carbon-14 is released as carbon-14 dioxide over 10,000 years. Other radionuclides
were not considered. However, both matrix flow and fracture flow models (Barnard et al., 1992)
indicate that releases of carbon-14 dioxide dominate all other radioactive releases combined (see
Figure IV-2). We consequently assume that releases of carbon-14 will account for most of the
repository's risk, should the repository be constructed in the unsaturated zone. Although it would
violate the standards by a factor of four, the unsaturated repository would be safe; orders of
magnitude safer than routine hazards that society accepts, and well within international and
national recommendations.
Since the carbon-14 would escape as a gas, carbon-14 dioxide, one could argue that it
would affect the entire world's population.
If the individual lifetime risk (3 x 109) is
extrapolated to 10 billion people, the Linear Model predicts 4,000 health effects and the Linear
Quadratic Model, 400 to 2,000 health effects. We still believe that the individual risks are so
small that they ought to be ignored, even if 10 billion people are exposed. People in their daffy'
lives accept risks much larger than 3 x 10.9without the least hesitation. On the other hand, some
people believe that any exposure to radiation, however small, is dangerous. As Sakharov pointed
out in the flu:stdiscussion of carbon-14 doses 35 years ago, "Two world wars have also added
less than 10% to the death rate of the 20th century, but this does not make war a normal
phenomenon."
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AQUEOUS AND GASEOUS RELEASES
(Percentages

of the total curies released in 10,00tl year)

Tc-99
0.3%
_

1-129
0.1%

C-14 Dioxide
59.6%

Tc-99
31.9%
IIBo

qrQ
z,,.)
u_

"1
f1:>
Imq
I

C-14 Dioxide
99.6%

Matrix Flow Model

Se-79
0.8%

1-129
7.7%

Fracture Flow Model

(Adapted from Barnard, et al: 1992)

FtADPFLM2
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V.

Implementation Problems
Predicting

the Future

The fundamental problem encountered in attempting to implement the standards is that
they call for quantitative prediction of the probabilities and consequences of future events out to
10,000 years.

This time span is well beyond the range of engineering experience and, indeed,

of recorded history. While science can provide some insights into the probable future course of
events associated with a particular geological site or a particular design of an engineered barrier,
scientific predictions over this time scale will remain very uncertain.

The reason for this

uncertainty lies in complexities of the many different scientific disciplines that must be brought
together to predict repository performance. Only a few of these disciplines (e.g., astronomy) rest
on fundamental laws that can be confidently extrapolated into the distant future. Many others,
such as corrosion engineering

(to some extent) and the social sciences (particularly) rely on

empirical correlations whose extrapolation is open to question. All science necessarily must bring
together hypothesis and observation.

While we are certainly free to conjure up hypotheses about

events thousands of years into the future, we have no way of making observations or conducting
experiments that would test our hypotheses.

This limits our ability to place all of the required

disciplines on a fu'm, extrapolatable basis.
In the face of this situation, some adopt the notion that "history will repeat itself," that
we must merely look into the past to predict the future.

While this approach is helpful as a

general guideline, it does not enable us to make confident predictions of specific future events.
The conclusion that "history repeats itself" can only be reached in retrospect. It does not provide
a reliable prediction.
The framers of the standards appear to have recognized, to some degree, the difficulties
in predicting

the future.

They attempted to deal with them by calling for a "reasonable

expectation" that for 10,000 years, a repository will release, within specified confidence limits,
no more than the rule allows.

However, this does not solve the problem.

If one is unable to

predict the future, how does one evaluate the uncertainty of one's predictions?
does "reasonable expectation" mean?
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Moreover, what

There are thus two major difficulties:

(1) the standards require predictions

that are

inherently impossible to defend, and (2) the standards are couched in language that tends to
obfuscate this impossibility,

This does not provide an understandable

or workable basis for

repository licensing.
i

.

Use of Probabilities

in Nuclear Licensing

The standards are stated in the language of quantitative decision theory. They require that
the probabilities

of certain outcomes be less than specified

values.

This is an unusual

requirement to find in a regulation; even in areas where probabilistic analysis has played a large
role in safety discussions (such as nuclear reactor accident prevention), regulators have chosen
to frame their requirements in a deterministic manner.
To decide whether a proposed facility complies with these standards, an implementing
agency must determine the probabilities

of various possible outcomes.

Exact values are not

needed, but quantified upper bounds are. For a HLW repository, the implementing agency is the
NRC. The NRC is required to make its decision on the basis of a record established in a hearing
before a licensing board.
record.

The license application prepared by the DOE will be part of this

The licensing hearings are adversarial proceedings.

There is a fundamental difference in

approach between decision theory and adversarial legal proceedings.
theory is to integrate all available relevant information,
single best estimate.
evidence, t

The objective of decision

including subjective opinions, into a

Legal proceedings aim at finding the truth in the face of conflicting

1Neither of these frameworks is inherently a better way of thinking than the other; it depends
on the circumstances. For example, suppose one person answers a question "2" and another answers
"6". A decision theorist would say the best answer is, roughly, 4±2; a trial lawyer would crossexamine to find out which of the two is lying! The decision theory approach would be appropriate ff
two geologists were estimating the size of an oil reservoir for their employer, but the trial lawyer's
method would be far better if two wimesses were describing how many shots were fired by a murder
defendant.
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When witnesses in a nuclear licensing hearing disagree, the licensing board uses the
record to decide whom it believes.

The main way of doing this is to examine how well the

opinions are supported by evidence.
Unfortunately, the probabilities of many important potential causes of radiation release
from a repository cannot be quantified in an objective way. At most, upper
above the true values can be placed on these quantities.

,nds that are far

This applies most strongly to future

human actions and uncertainties in our knowledge of geology, metaUurgy, and other sciences:
•

If we know enough to objectively put a probability on the chances of an
alternative scientific
credible.

•

theory, we would know whether the theory is

It is well established that historians cannot reliably estimate probabilities
of future human actions.

(The fa"_ure of all experts to predict the sudden

collapse of the Soviet Union is only the latest example.)
Lack of objective evidence does not prevent a decision theorist from assembling the
subjective opinions of experts on such questions.

But when this has actually been attempted,

the experts have failed to reach agreement:
•

A panel estimating

scenario

Hartford

site

repository

probabilities

(Davis

at the formerly

and Runchal,

1984)

consensus on only 9 of 45 potential repository disruptions.

proposed

could

reach

For 19 of

the 45, not even 75% agreement could be reached.
•

Estimates of the probability

of at least one human intrusion at the

WIPP site by four independent

expert panels (Hora et al., 1991)

ranged from less than 0.01 to nearly I.
A licensing authority has no basis for discerning fact among conflicting opinions and
therefore

i

has great difficulty

relying on numbers

of this kind. 2

Experts who testify in

2In an effort to ameliorate the problem of justifying these predictions, the standard specifies a
"reasonable expectation" standard of proof. But evidence is still needed, even if less of it. The
fundamental difference -- decision theory is satisfied with opinion, while judges require proof -remains. As a decision-theory advocate points out (Guzowski, 1991), the theory is based on the
28

licensing hearings generally understand that they must give the licensing authority, a factual
basis to accept or reject theft opinions, and so they try to give opinions that they can support
with evidence.

But because the probabilities

of future disruptions of a repository are so hard

to evaluate, only extreme upper bounds could be objectively

supported.

It is these upper

bounds, we may anticipate, that will be included in a HLW repository license application and
used by the licensing board to determine whether the repository, complies with the standards.
Because the standards will be applied in an epistemological
with that in which they were derived, they cannot be implemented
Regardless

of the level of confidence

in the probabilities

framework, inconsistent
in a coherent manner. 3

of future events, it is likely that

determinatior, of compliance will not rely on how likely a release of radioactivity

really is,

but on a debate over whether distant upper bounds are sufficiently conservative.

Because

numbers that are defensible

in a licensing proceeding

will have little relation to the true

probabilities, this debate will not be relevant to the safety of the repository.
This is not a reasonable way to make a decision that could have a significant effect on
the public well-being.

The EPA standards should be reformulated

in a way that does not

require an estimation of numerical probabilities over I0,000 years.

"subjectivist" interpretation of probability, i.nwhich "any coherently derived probability value is as
'correct' as any other probability value derived in the same way." If decision-theory experts differ, the
judge has no way to decide among them.
3The EPA's conclusion that the standard is implementable without significant cost were based
on a simple decision-theory analysis (Smith et al., 1982). The EPA analysis used many judgmental
estimates that could not be defended in a licensing proceeding.
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VI. Financial Impacts of 40 CFR 191
In its Regulatory. Impact Analysis (RLA), the EPA concluded that the standards can be
set to an unprecedented

level of stringency

without increasing costs (EPA, 1985a).

belief, in turn, reinforced the EPA's approach of setting the most conservative

This

release limits

thought to be technically achievable.
Since the time the EPA standard was prorfiulgated in 1985, the commercial
program has changed direction from parallel characterization
characterization

of one site chosen by Congress.

escalated to an estimated $6.3 billion.

repository

of three potenti',d sites to the

Also, costs of site characterization

have

In view of these changes, a reassessment of the EPA's

cost estimates is warranted, t

So fax, analyzing

compliance

withothe

standards

has cost the repository

program

roughly $190 million at Yucca Mountain and $300 million at the Waste Isolation Pilot Plant
(WIPP).

Two troublesome requirements have been studied in detail:

the standards require a

repository to endure human intrusions, and they impose overly-stringent
gaseous carbon-14.

A good repository

could violate either of these requirements

releases would not harm local populations.
standards,

however,

The financial consequences

would be astronomical.

and the

of not meeting the

If a licensing board found that the Yucca

Mountain site could not meet the standards, approximately

$6.3 billion would be lost, and

another $23 billion would be needed to find another licensable site.
site does not meet the standards, approximately

Similarly, if the WIPP

$1.9 billion would be lost, and more than

$13.7 billion would be needed to f'md another site.2
influence a licensing decision.

limits on releases of

We do not suggest that cost should

Rather, a good site should not be abandoned

because two

requirements that have little to do with public health and safety cannot be demonstrated.

lBesides understating costs, the EPA'_ RIA t,"es invalid assumptions to determine the costs
and benefits. The Yucca Mountain Project is currently preparing a detailed critique of a recently
proposed RIA (EPA, 1992).
2If the Yucca Mountain and WIPP sites cannot meet the standards, we doubt that any site will;
regardless of how much is spent. The standards suffer genuine flaws (e.g., human intrusion) any one
of which could stop any repository program.
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Comparison of the EPA's and the DOE's Cost Estimates

The EPA has attempted to defend the standards'
stringency could be tolerated with no additional
impacts was based on a Regulatory

cost.

stringency on the basis that the
The EPA's dismissal

Impact Analysis (EPA, 1985a).

of financial

In this section we

compare the EPA's estimated costs with more recent cost estimates by the DOE (DOE, 1989,
1990b).

Our comparison shows about a factor of two difference between the two.
We have compared

(R&D)

and "Government

the EPA cost categories
Overhead"

(EPA,

called "Research

1985a) to the DOE

"Development and Evaluation" (D&E) (DOE, 1989) (Table VI-1).
because they are the most sensitive to regulations,
make the comparison equitable.
by subtracting

cost category

called

We chose these categories

although some adjustments were needed to

The EPA Lost was adjusted so that it accounts for the same

amount of HLW that the DOE evaluated:
was adjusted

and Development"

the cost

96,000 metric tons (DOE, 1990b).
of Monitored

Retrievable

Storage

The DOE cost
and a second

repository (modified D&E).

Table VI.1
Cost

to Develop a Geologic
Repository
(Millions of 1988 Dollars)

EPA COST ESTI2MATE
(R&D & Government Overhead)

DOE COST ESTIMATE
(Modified D&E)

3,400 - 4,900

I 1,100

The EPA underestimated
primarily

costs by roughly

due to the EPA's optimistic projections

$6 to $8 billion.

The discrepancy

of the cost of site characterization.

is
The

EPA originally estimated $173 million in 19"8 dollars (equivalent to $287 million in 1988
dollars) for the characterization

of one site 3 (EPA, 1982).

The EPA also assumed

that a

maximum increase of 100% in these costs might result from the proposed standard, and EPA
considered that estimate as "probably an overstatement"

(ibid.).

The latest cost projected for

3The EPA actually reported $520 million to characterize three sites.
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characterizing

Yucca

Mountain

and submittal

of

a license

application

is $6.3 billion

(Gertz, 1992).
The EPA did not even consider the standards' f'mancial impact to WIPP. To date, the
DOE has spent approximately
News,

October8,

1992)

$711.6 million to construct the WIPP facility (Nuclear Waste

and

$300 million

towards

demonstration

of compliance

with

40 CFR Part 191.

The DOE will spend over $840 million to keep the facility open for 5

years

at $14

(estimated

million/month)

while

the

Department

tries

to

comply

with

40 CFR 191 (Enerk,v Daily, October 13, 1992).

Financial Impacts of Abandoning a Technically Good Site
The EPA recognized several areas of uncertainty that might convince them to modify
Subpart B of the standards.
provide

good

requirements,

isolation

The final ru_ states that "[If] disposal systems that clearly

cannot

the Agency

appropriate" (EPA, 1985c).

reasonably

would

consider

be shown
whether

to comply
modifications

with the containment
to Subpart

B were

The draft regulatory impact analysis for 40 CFR Part 191 noted

that "if our standards were stringent enough to prevent any of these f'trst (four) sites from
being able to comply, then the national program could be significantly

delayed and site

selection costs would probably increase substantially" (EPA, 1982).
The consequences
sites under investigation:

of ruling out a good repository is higher when there are only two
Yucca Mountain and WIPP. If a new site selection process were to

be undertaken, then Congress

would need to pass new legislation authorizing this process.

Considering the need for new legislation, the escalating institutional impacts, and costs of site
characterization,

a potential increase of 100% in site evaluation costs (D&E cost category) is

not an unreasonable estimate (Cotton, 1991).

For Yucca Mountain, the site evaluation portion of the total system _,ife cycle costs
(TSLCC) is $6.75 billion (1988 dollars) (DOE, 1990b).
also need to be considered

Additional spent fuel storage costs

for the period of time during which a new site is selected and

licensed and a repository is constructed.

Williams et al. (1992) calculated the additional at-

reactor storage costs for a 10-year delay in repository deployment,

Added to these costs are

the program overhead costs for the additional period resulting from having to begin a new
siting process.

The DOE estimates in its fee adequacy study that it would take 25 to 35 years
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to site, license, and construct another repository (DOE, 1990a).

Assuming that _n just

1()

years, another site could be found that meets the standards, the approximate costs would be
$22,8 billion (Table _,I-2).

Table VI.2
Cost to Find Another Repository
(Millions of 1988 Dollars)
Additional D&E costs (2 x 6.75b)
Additional at-reactor storage costs
Additional program overhead costs

13,500
9,100
.... 200
22,800

If the WIPP site were abandoned,* due to compliance
$1.9 billion would be lost.

The loss comprises

difficulties,

the cost of constructing

approximately
the facility and

keeping it epen for five years while WIPP completes the performance assessments and testing
needed to comply with 40 CFR 191.

If WIS'P fails to comply with the standards, at least

$13.7 billion would be needed to find another site.

The $13.7 billion comprises siting and

program management costs that are comparable to Yucca Mountain's.

Additional costs due

to at-generator storage of transuranic waste for a number of years and for decommissioning
the WIPP facility were not included.
Both programs

will spend $8.2 billion ($6.3 billion at Yucca Mountain

and $1.9

billion at WIPP) to prove that hypothetical deaths will be averted thousands of years from
now.

Should they fail, we seriously doubt that different sites and an additional $36.5 billion

($22.8 billion to replace Yucca Mountain and $13.7 billion to replace WIPP) would improve
the chances of meeting the standards,
the words of the National

For the standards' aspirations cannot be achieved,

Academy of Science,

"[T]he demand for accountability

In

in our

political system has fostered a tendency to promise a degree of certainty that cannot be
re',dized.

Pursuing that illusionary certainty drives up costs without delivering

promised or comparable benefits.

the results

The consequence is frustration and mistrust" (NAS, 1990),
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Abandoning a Site Because of the Potential for Human Intrusion
The standards require that the consequences of human intrusion be included along with
natural

disturbances

in the calculations

numerical release limits.
human

intrusion

activities

that seek to demonstrate

This requixes an estimation
that may occur

during

compliance

of probabilities
the next

with the

and consequences

10,000 years.

of

Introducing

assumptions about human activities and the probabilities that they may occur at a repositoD'
site over the next 10,000 years, results in a great deal of subjectivity

in the adjudicatory.

licensing process (see Chapter V).
Probabilities of many potential releases of radioactivity from a HLW repository cannot
be calculated in an objective manner and can only be estimated subjectively by using expert
judgment)

Writers on the subject agree that human intrusion scenarios

are among the

release modes that can only be estimated subjectively.
The impossibility of an objective prediction of human intrusion was recognized by the
EPA when it promulgated

its standard.

In the report in which it "evaluate[call how effective

mined geologic repositories are for isolating these wastes from the envixonment," the Agency
said

that "any structured

mathematical

estimate

of drilling

frequency

into a potential

repository site is not very meaningful" (Smith et al., 1982, pp i, 96). The EPA also stated in
the Federal _

notice of the draft regulation, "we can only guess at the frequency of

some actions (such as drilling for resources)" (EPA, 1982,p. 58200).

In preliminary studies of waste disposal facilities in salt formations (such as the Waste
Isolation Pilot Plant), nearly all potential radionuclide

releases come from human intrusion by

intrusive drilling (Smith et al., 1982 and SNL, 1991).
determined

by the frequency of intrusion,

well as the probabilities

Compliance

(This frequency

of intrusion scenarios,

with the standards

is

influences the consequences

as'

because in some scenarios

the effects of

multiple intrusions add together.)

_A review published by Ross (1989) more than three years ago concluded that "It appears that
a technical consensus has emerged on the impossibility of obtaining probabilities of many scenarios by
any means other than expert judgment." The same conclusion is reached by a recent site-specific
study by Guzowski(1991), and we are aware of no published evaluation of scientific literature that
contradicts Ross's observation.
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in issuing the 1985 regulation,
probabilities
guesses.

the EPA tried to alleviate the difficulty

posed by

of human intrusion by providing "guidance" for making some of the necessary
The

recommended

guidance

provided

a maximum

frequency

for

intrusive

drilling

and

that no intrusion scenario with greater consequences needed to be considered.

Even if this guidance is adopted by implementing

agencies, it fails to resolve the issue.

EPA required that probabilities

of intrusion scenarios be aggregated with

those of natural disturbances
(CCDF).

To calculate

and consequences

into a single "complementary

the CCDF,

probabilities

cumulative distribution

and consequences

of human

function"
intrusion

scenarios with lesser consequences than the EPA's drilling scenario must be determined.
numbers are no easier to determine

for these scenarios

The

The

(such as solution mining near the

W2PP (SNL, 1991)) than _for intrusive drilling.
The mixture of probabilities

that are specified

by the EPA (non-zero

for intrusive

drilling, and zero for all more severe scenarios) with probabilities that must be justified on a
site-specific basis yields an entirely illogical'result.

Because probabilities

are so hard to justify, a defensible determination

of these probabilities

hurdle than needs to be crossed to get a license.

But probabilities

of human intrusion
may be the highest
are needed only for

scenarios less severe than drilling into the repository (which itself would have very modest
consequences

at most repository sites).

The importance

of an intrusion scenario winds up

being inverse to the severity of its consequences. 5
,MI of this confusion could have real consequences.

The W/PP is a multi-billion-

dollar facility which will entomb large amounts of highly toxic material.

Because human

intrusion is the dominant contributor to the CCDF, the WIPP would be approved or rejected
under the 1985 standard on the basis of the probabilities
intrusion scenarios.

Yet the scenarios

and consequences

of certain human

are chosen to have small consequences,

and the

probabilities are, in the EPA's words, "not very meaningful" and "only [a] guess."
A standard that requires establishing
intrusion is inherently

impossible

the probabilities

to implement

and consequences

in an objective manner.

of human

In an effort to

overcome these difficulties by providing additional guidance, the EPA has succeeded only in
making the standards incoherent.

SThe literal meaning of the EPA guidance is that a repository would be acceptable despite a
htmmn intrusion scenario with both high probability and high consequences, if the consequences were
greater than the consequences of intrusive drilling.
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The EPA should recognize

the inherent differences

between natural processes and

those involving conscious human action by excluding explicit calculation of probabilities
consequences of human intrusion from its regulations.

and

Otherwise, the DOE may be forced to

abandon any site. The cost m_pact of such an outcome for the potential Yucca Mountain site
would

be

$22.8 billion

approximately
to find

$29.1 billion

another

($6.3

licensable

site)

billion
and

lost
for

on
the

site
WIPP

$15.6 billion ($1.9 billion lost in construction, testing and maintenance

characterization
site,

and

approximately

and $13.7 billion to

find another site).

Abandoning a Site Because of Potential Carbon-14 Releases

Of the release limits established in 40 CFR 191, it appears that an unsaturated site (a
site, such as Yucca Mountain, where the repository is located above the water table) would
have the most difficulty in meeting the release limits for carbon-t4.

This results from the

occurrence of carbon-14 in spent fuel, its relatively long half-life (5,730 years), its proclivity
to enter the gaseous state as carbon dioxide, and the rapid transport of gases through the
unsaturated zone (Van Konynenburg,

1991; Ross, 1992a, 1992b, and Park, 1992).

When the EPA began development

of 40 CFR 191 in the late 1970's, the reprocessing

of commercial spent fuel was still considered to be a strong possibility in the U.S.
taken place, the carbon-t4

in the spent fuel probably

atmosphere during reprocessing,

Had this

would have been released to the

as is the case for U.S. defense waste and for commercial

waste in other countries where reprocessing

takes place today.

However, when spent fuel

became the commercial high level nuclear waste form in the U.S., carbon-14 became one of
the radionuclides to be contained in a repository.
Initially, all of the U.S. candidate sites for a repository were located below the water
table, in the saturated zone.
by aqueous transport.

In such locations, release of radionuclides would occur primarily

However, the DOE subsequently began to study unsaturated horizons,

and in 1987, Congress focused the site characterization

effort on Yucca Mountain, for wlaich

the unsaturated zone is the potentM repository horizon.

Gaseous release of radionuclides thus

acquired greater importance.
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The standards limit carbon-14 releases to an average of 0.7 curies per year (assuming
70,000 MTHM).

This release must be even less if other radionuclides are also released (see

the sum of fractions rule at 40 CFR 191, Appendix A). To put the 0.7 curies in perspective,
a typical

nuclear power plant releases,

without

any regulatory

restriction,

approximately

10 curies of carbon-14 each year, and a typical reprocessing plant approximately

850 curies.

Moreover, carbon-14 is part of our d,_ily diet, and is present abundantly in nature (global
inventory is 230 million curies) (DOE, 1992).

The expected release rate from a potential
would be so small that it would be inconsequential
received by any individual.

at the Yucca Mountain

site

from the standpoint of radiation dose

For example, if the repository's

were released in just one year, a maximally
0.5 mrem.

repository

exposed

entire inventory of carbon-14

individual

would receive less than

During the same year, this individual would receive 360 mrem from background

radiation (U.S. average) and 1.3 mrem from the carbon-14 otherwise present within his or her
Q

own body.

Efforts to meet the carbon-14
engineered

barriers,

since transport

unsaturated

zone of Yucca Mountain

provide a "reasonable

exl_ctation"

release limit have generally
of carbon

dioxide

throughout

is likely to be relatively
that thousands

focused on improved
the fractured,

rapid (Ross,

of waste containers

porous,

1992b).

To

will retain carbon

dioxide for a time on the order of 10,000 years, the DOE is forced to consider containers of
multiple-layer
conventional

design.

These containers could cost approximately

containers (DOE, 1992); yet they still may not solve the problem.

science and engineering

are simply not able to make confident predictions

integrity 10,000 years into the future,
equipment

$3.2 billion more than
about container

h_ fact, common engineering practice is to fabricate

and structures on the basis of available understanding,

inspect and repair or replace items exhibiting premature failures.
times much shorter than 10,000 years.

Materials

and then to periodically
Often "surprises" occur in

It is simply unreasonable to believe that anyone could

confidently support such a prediction.
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VII.

Conclusion

We agree with the EPA that deep geologic repositories offer exceptional protection,
but we disagree that the safety of a repository can ever be demonstrated in terms of standards
that are far more stringent than other regulations:
•

These are standards that would force a repository to be millions of
times safer than walking down the street or driving a car;

•

These are standards that would be violated by almost any source of
radiation.
Examples include:
diagnostic medicine, mines (coal,
phosphorous, lead, zinc and copper), natural deposits of uranium ore,
nuclear power plants, coal-_ired power plants, oer homes and the soil
beneath them (i.e., radon sources); and

•

These are standards that woald require 10,000-year predictions,
particularly predictions of human actions, that are inherently
impossible to defend. The failure of all experts to predict the sudden
collapse of the Soviet Union is only the latest example of our inability
to predict human actions.

From all these perspectives, the standards are seen to be excessive and flawed.
Moreover, the ten years and $490 million that the WIPP and Yucca Mountain programs have
expended on this rule have not begun to unravel its ambiguities. On the contrary, the more
time and money expended on the standards, the less coherent they appear.
We stated earlier that repositories offer exceptional protection. Suppose the WIPP and
Yucca Mountain repositories were constructed and humans inadvertently drilled into them.
.The local populations (excluding the intruders) would probably not suffer a single fatality,
even ff each area were 600 times more populous than it is today. Indeed, chances are that a
local resident would die from a bee sting or be struck by lightning before he would be
harmed by the repository.
One may ask, If repositories are so safe, why is it so difficult to meet the standards?
The difficulty comes in demonstrating that the repositories are as safe as the standards
require. The standards challenge the DOE to convince a skeptical public and most likely a
court that a repository will endure all the "significant processes and events" that could _,ccur
in 10 thousand years. If the demonstrations fail, the standards would force the DOE to
abandon two, possibly good, repository sites at a loss of $36.6 billion.
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Congress and the President have now directed the EPA to develop totally different
standards that would truly protect the individuals near the Yucca Mountain site I rather than
concentrating on billions of people thousands of miles away. The Congress and the President
have also directed the EPA to seek advice from the National Academy of Sciences and
reconsider the standards for human intrusion. Perhaps the arguments presented in this paper
will help carry, Congress's initiative to an equitable conclusion,

1This legislation applies only to the Yucca Mountain site.
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