
November 18, 2005

EPA Docket Center (EPA/DC)
Air and Radiation Docket
U.S. Environmental Protection Agency
EPA West, Mail Code 6102T
1200 Pennsylvania Ave, NW.
Washington, DC 20460

Attention: Docket ID No. OAR–2005–0083

To whom it may concern:

In response to EPA’s Federal Register Notice of August 22, 2005 (Federal 
Register / Vol. 70, No. 161 / Monday, August 22, 2005 / Proposed Rules), enclosed
please find the State of Nevada’s formal comments on EPA’s “Public Health and 
Environmental Radiation Protection Standards for Yucca Mountain, Nevada; Proposed
Rule” (40 CFR Part 197).  

After an exhaustive review process that encompassed EPA’s proposed rule, as 
presented in the Federal Register Notice, as well as the reference materials cited in that
Notice, Nevada concludes that EPA’s proposed standard is inconsistent with the 
recommendations of the National Academy of Sciences (as required by the Energy Policy
Act of 1992) and the July 9, 2004 ruling of the U.S. Circuit Court of Appeals for the
District of Columbia. Not only is the proposed rule illegal, but it stands in stark
opposition to three decades of environmental regulatory practice, contradicting EPA’s 
own historical approach to public health and environmental protection and setting a
disturbing and dangerous precedent for future regulation of radiological and hazardous
materials.

Nevada concludes that EPA has no alternative but to withdraw the proposed rule
and reissue a new draft standard that abandons the arbitrary and scientifically unjustified



2

bifurcated radiation exposure limits; that continues strict groundwater protection
requirements through the period of maximum exposure; that eliminates statistical
gerrymandering through the use of median vs. mean calculations; that removes
inappropriate and illegal intrusions into the NRC regulatory arena; and that returns to
EPA’s historical approach to radiation and environmental protection.  

The only scientifically and legally supportable way to bring EPA’s Yucca 
Mountain rule into compliance with the Court’s directives and the NAS 
recommendations is to extend the 15millirem per year maximum exposure threshold,
together with the 4 millirem groundwater protection requirement, through the period of
maximum projected releases for the Yucca Mountain facility. This simple and straight-
forward approach is the one Nevada recommended to EPA even before the current
proposed standards was released. It remains the ONLY possible course of action that can
result in a legally, scientifically and morally defensible radiation health protection regime
for the proposed Yucca Mountain facility.

Sincerely,

Robert R. Loux
Executive Director
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I. Executive Summary 
 
A. Overview of Proposed Rule 
 
On August 9, 2005, the Environmental Protection Agency ("EPA") announced a 

second proposed rule setting forth the primary radiation protection standard to be used in 
evaluating the safety of the proposed Yucca Mountain nuclear waste repository in 
Nevada ("Yucca.").  The new proposal, published on August 22, 2005, emerges as EPA's 
misguided attempt to respond to a 2004 court ruling that had invalidated the Agency's 
first Yucca radiation protection rule.  70 Fed. Reg. 49014.   

 
In Nuclear Energy Institute, Inc. v. EPA, 373 F.3d 1251 (D.C. Cir. 2004) ("NEI"), 

the Court of Appeals for the D.C. Circuit (the "Court") vacated both the original EPA 
Yucca rule and the corresponding Nuclear Regulatory Commission ("NRC" or 
“Commission”) radiation protection standard.  The Court found that these rules, which 
terminated their compliance periods after 10,000 years, (a) were not “based upon and 
consistent with” recommendations of the National Academy of Sciences ("NAS" or 
“Academy”), as Congress required in the Energy Policy Act of 1992 (“EnPA”); and (b) 
did not protect against the anticipated peak radiation risks that are expected from the 
repository after man-made waste packages fail.   

 
Just one day after the EPA announced its new rule, and in lockstep with the 

Department of Energy ("DOE") and EPA, NRC Staff on August 10 recommended to the 
Commission that NRC adopt as its new radiation protection rule for the licensing of 
Yucca an almost identical version of the proposed new EPA rule.  On August 30, the 
Commission approved in a Staff Requirements Memorandum the same proposed NRC 
rule that its staff had recommended.  SRM on SECY-05-0144 (Aug. 30, 2005). 

 
The new standard proposed by EPA and NRC is nearly identical to the previous 

one.  It suffers from virtually the same legal and scientific defects (and more) as the 
standard rejected by the Court and the Academy.  The old rule established a 15 
millirem/year individual protection standard for the first 10,000 years, and no limit 
thereafter.  The new rule establishes the same 15 millirem/year standard for the first 
10,000 years, and an extremely (and unprecedentedly) high 350 millirem/year standard 
thereafter.  The old rule included no groundwater protection standard after 10,000 years, 
and that remains true for the new rule.   

 
The disparity between the radiation dose limits before and after 10,000 years 

actually becomes far greater than the 23-fold difference between 15 and 350. That is 
because the method EPA directs for determining compliance with the "350" sharply 
diverges from that used for determining compliance with the "15," making the 350 
millirem/year standard the functional equivalent of a much higher number, one so high 
that it affords essentially no public protection at all.  EPA’s new rule is not even health- 
based, as the law requires, because EPA’s new compliance method would approve of the 
Yucca repository without regard for many of the actual radiation doses persons will 
suffer from it. 
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DOE can only predict long-term repository performance from the results of 

numerous computer simulations.  Because these simulations produce different projections 
of dose rates in the accessible environment over long periods, DOE must use a statistical 
measure to summarize the disparate results.  Under the proposed rule, the projected 
radiation doses before 10,000 years would be evaluated against the 15 millirem/year limit 
using the mean results of these various performance predictions, as NAS explicitly 
recommended.  Yet, contrary to the NAS’s recommendation, the doses after 10,000 years 
would be evaluated against the 350 millirem/year limit under a different statistical 
measure, using the median results of the performance predictions. This is no small 
variance.  Because the median of DOE's Yucca performance predictions is nearly three 
times lower than the mean, the new median standard equates to 1000 millirem/year in 
mean-equivalent terms, or 70 times less stringent than the 15 millirem/year standard EPA 
has for decades defended as appropriate to protect human health.  

 
EPA’s new rule would impose on future generations the laxest radiation 

protection standard in the world for a nuclear waste repository.  The long-term individual 
protection standard would permit doses far higher than those EPA has consistently, until 
now, recognized as damaging to public health.  The dose permitted at Yucca would be 
roughly ten times greater than what EPA, NRC and other regulatory bodies have 
previously allowed for all non-medical anthropogenic radiation sources combined.   

 
  EPA claims its new standard will provide adequate protection because its nominal 
second-tier limit would extend out to one million years.  But the risks of EPA’s lax 
second-tier standard are in fact not temporally distant ones, as EPA implies.  In addition 
to providing essentially no protection for the long period after 10,000 years, EPA’s new 
rule also provides essentially no protection for the period before 10,000 years either.  
This is because the timing of the predicted peak dose is simply an artifact of DOE's 
computer modeling runs.  These runs depend entirely on DOE’s optimistic predictions 
that its "miracle metal" waste containers, which have been tested only for short periods in 
laboratories, will not corrode in the hot, relatively humid, acidic repository environment 
at Yucca until after 10,000 years.   
 
 If that key assumption proves wrong, as EPA recognizes is possible, the peak may 
occur much earlier.  But there is no backup in that case, because the rule lacks any 
requirement for "defense in depth," the sine qua non of nuclear safety and a principle 
both EPA and NRC claim to support.  Defense in depth is necessary because once a 
repository is created, its impacts cannot be undone by future corrective actions. Thus, if 
Yucca is designed and licensed based upon a lax long-term dose limit of 350 
millirem/year (1000 millirem/year mean-equivalent), people in thousands or even 
hundreds of years may be exposed to these or much higher levels of radiation.  This 
regulatory failure becomes not just a problem for societies hundreds of thousands of 
years from now; it becomes an immediate problem for our great-grandchildren and their 
children. 
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 While the proposed rule is indefensible from any standpoint of public health 
protection, it makes perfect sense in one respect:  DOE’s performance models suggest 
that once its Yucca waste packages fail, a median peak dose of around 300 millirem/year 
is likely.  Not coincidentally, EPA proposes a standard just lax enough to narrowly “pass” 
the repository for an NRC construction permit, despite long-term radiation releases that 
would fail any other domestic or international public health standard.  As with its prior 
rule, EPA has ignored the risk to life and health from radiation leakage from the proposed 
DOE repository and has tailored the licensing standard to fit comfortably above DOE's 
performance projections.   
 
 Somewhere along the way, EPA came to believe that its job was to facilitate the 
licensing of Yucca Mountain rather than to objectively evaluate its safety to human 
beings and the environment.  Everything about the new EPA rule places expediency 
above public responsibility, and cynicism above science and the law.   
 

B. Key Concerns with the Proposed Rule 
 

EPA's new rule has numerous fatal defects.  Among other things, and as explained 
further below, the proposed rule has the following problems: 
 
• Failure to Adopt NAS's Peak Dose Recommendation.  As the Court emphasized, 
NAS could hardly have been clearer that EPA's public health standard should remain in 
effect through the period of peak dose, and that no scientific basis exists to curtail that 
standard at 10,000 years.  Like the old rule, the new one abruptly abandons EPA's health-
based dose standard after 10,000 years with no scientific justification.  The substitution of 
a second-tier standard 70 times less stringent, without scientific support, is an obvious 
effort to circumvent the "peak dose" approach referenced by the NAS and the Court, so 
as to "pass" the repository.  In short, EPA has simply replaced an infinite dose standard, 
which cannot be violated as a matter of theory, with an extremely lax standard which (it 
thinks) cannot be violated in practice.  In neither case will the standard provide any 
satisfactory test of geologic isolation.   
 
• Failure to Adopt NAS's Statistical Measure Recommendation.  Contrary to 
NAS's specific recommendation, the rule permits repository designers to design Yucca 
based on the anticipated median results of DOE's post-10,000-year performance analyses, 
rather than the mean results (or "expected values") of those analyses.  This is directly 
contrary to the NAS's recommendation that the mean be used, and is unsound from the 
standpoint of elementary statistical science and mathematics.   
 
• Failure to Adopt the NAS's Exposure Recommendations.   The level of human 
exposure after 10,000 years permitted by the new rule far exceeds 2 to 20 millirem/year, 
which EPA previously recognized as the NAS's recommended acceptable range of 
radiation exposure.  Until now, EPA has expressly adhered to that range.  But EPA's 
proposed rule would exceed that range by a factor of between 17 (for the median) and 52 
(for the mean), taking the high end of the recommendation.   The new higher level, 
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allowing a large number of additional cancer deaths over time, violates EnPA and the 
clear instructions of the Court. 
 
• Violation of EPA's Own Public Health Protection Standards.  In its prior Yucca 
Mountain rulemaking, EPA expressly rejected a two-tier regulatory approach applying a 
150-millirem standard past 10,000 years, finding that neither EPA nor any other 
regulatory body would consider such a limit acceptable.  EPA also rejected proposed 
standards of 70 millirem/year and even 25 millirem/year as providing insufficient 
protection of public health.  EPA now does an about-face with no rational justification.  
Its new standard is so weak and inconsistent with long established national concepts of 
radiation protection that the President of the prestigious National Council on Radiation 
Protection has publicly opposed it.  
 
• Weakest Standard in the World.  EPA's proposed radiation protection standard 
would be the weakest peak dose standard applied anywhere in the world.  It exceeds the 
maximum acceptable radiation exposure from man-made sources in all industrialized 
countries, and the proposed cleanup standard for other DOE sites with radioactive waste, 
roughly by a factor of 10. 
 
• Abandonment of NAS and International Consensus on Apportionment.  The 
NAS Report, OAR-2005-0083-0076 (hereinafter the "NAS Report"), identifies a "general 
consensus" among national and international bodies on a framework for public health 
protection from radiation releases.  EPA has until now joined in this consensus, limiting 
to100 millirem/year the amount allowed for continuous or frequent exposures from all 
non-medical anthropogenic radiation sources.  The fraction of that total typically 
allocated to high-level waste disposal is 10 to 30 millirem/year.  In flagrant violation of 
this apportionment principle, the proposed rule would allow a single source to far exceed 
the amount that could safely come from all sources.   EPA discards its past positions 
without any rational justification. 
 
• Abandonment of Groundwater Protection.  The new standard would abandon 
any groundwater protection standard just after 10,000 years, arbitrarily eliminating this 
protection in the very manner criticized by the Court.  Ironically, EPA successfully 
defended in Court (against a challenge by the Nuclear Energy Institute) the application of 
a separate groundwater standard for the repository.  Now, it arbitrarily abandons that very 
standard after 10,000 years. 
 
• Misinterpretation of the Importance of Uncertainty.  The centerpiece of EPA's 
rule defense—an appeal to "uncertainty"—is untenable on multiple levels, and provides 
no foundation for the proposed rule.  Uncertainties in the Yucca Mountain setting do not 
increase materially after 10,000 years.  Moreover, even if there were a substantial 
increase in uncertainty, EPA fails to explain rationally how this would justify a looser 
standard rather than a conservative, protective one that applies through peak dose.  EPA's 
use of the term "uncertainty" is chronically vague and fails to acknowledge that all of 
Yucca's uncertainties support a more protective rather than a loosened standard.  Once 
again, EPA has departed from past positions with no rational reason.  Moreover, EPA's 
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assertions about uncertainty largely recycle positions that were already considered and 
rejected by NAS and the Court. 
 
• Rejection of Conservative Analysis.  EPA fails to provide any rational grounds to 
support its puzzling notion that a perceived over-conservatism in DOE's computer 
modeling somehow supports adoption of a lax radiation standard. There is no scientific 
basis for the proposition that conservatisms will necessarily increase after 10,000 years; 
in fact, the opposite is just as likely, or more likely.  Moreover, to the extent 
conservatisms are unavoidable because of a lack of scientific knowledge, the rule never 
explains why EPA's traditional use of conservatism or bounding assumptions in the face 
of uncertainty would not be more appropriate.  And information from EPA's key source 
on uncertainty, the Cohen report, confirms that, far from being conservative, DOE's 
modeling contains enormously optimistic assumptions about repository performance, 
particularly on the issue of corrosion of DOE's waste packages. 
 
• Certain Collapse of the Rule.   EPA bases its selection of 350 millirem/year on its 
conclusions about uncertainty and conservatism after 10,000 years.  These conclusions 
are based on DOE's analyses that are relatively old and undergoing reevaluation.  EPA 
fails to account for the likelihood that the analyses that DOE will use in its license 
application, or the analyses that NRC will rely on in its licensing decision, will be 
dramatically different from the ones relied on in the proposed rule.  To the extent these 
are different, the essential premises for the EPA rule will disappear, with the result that 
the 350 millirem standard cannot possibly apply.  At the very least, EPA must provide 
that its 15 millirem standard for the pre-10,000 year period will continue to apply in the 
post 10,000-year period if the pre- and post-10,000 year period performance assessments 
DOE uses in its application (or the ones used by the NRC in its licensing decision) 
exhibit essentially the same amounts of uncertainty or conservatism.    
 
• Misuse of Natural Background.  The proposed rule offers a spurious analogy to 
natural background radiation levels that is inconsistent with EPA's past practice, and is 
also predicated on a series of unsupported assumptions, including a misunderstanding of 
the role of radon in natural background radiation and an arbitrary selection of Colorado as 
a benchmark for comparison.  In the past, EPA and other national and international 
radiation standard setting organizations have rejected such comparisons in defining 
acceptable levels of risk, and EPA offers no rational explanation for its change in 
position.  Moreover, even if natural background or natural background variations were 
somehow considered relevant, EPA cannot explain how they are uniquely relevant to the 
post-10,000 year period. 
 
• Abandonment of Intergenerational Equity.  The new standard wrongly assumes 
it is ethically permissible, and consistent with EPA's duty to protect public health, to 
expose future generations to radiation levels far higher than we would tolerate today.  
EPA even attempts to fashion a "minimal" principle of intergenerational justice from 
sources that would offer a far higher regard to future generations than does the proposed 
rule.  This is contrary to prior EPA positions without rational explanation, violates 
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national policy expressed in NEPA, and violates an international convention on high-
level radioactive waste disposal to which the United States is a party.  
 
• Untenable Modeling Constraints.   EPA proposes a series of modeling 
constraints that themselves violate NAS's recommendations.  These constraints (arbitrary 
limitations on the NRC's selection of FEPs, or "features, events, and processes") also 
contain unexplained categorical exclusions and cannot be squared with sound science.  
Moreover, the effect of these constraints (especially the one limiting future climate states) 
is to eliminate the very uncertainties EPA uses to justify 350 millirem/year, making 
EPA's rule internally inconsistent. 
 
• Actions in Excess of Statutory Authority.  EPA's proposed rule would exceed the 
agency's lawful authority, intruding into DOE's role of preparing a licensing application 
and the NRC's role of resolving adjudicatory facts and making a licensing decision. 
Lacking statutory authority, EPA also proposes unlawfully to delegate part of its own 
rulemaking authority to the NRC. 
 
• Violation of the Information Quality Act.  EPA's proposed rule relies almost 
entirely on a single "scientific" study prepared by a consulting firm.  That study was 
never subjected to peer review, in clear violation of the Information Quality Act.  It is an 
unabashed repository advocacy piece riddled with errors and biases.  
 

C. A Picture Worth 10,000 Words:  Fitting the Standard to Yucca's 
Inferior Geology 

 
 The figure below, summarizing DOE's numerous performance projections for the 
Yucca repository, shows projected peak radiation doses from Yucca as a function of time, 
assuming DOE is correct in its optimistic assumption that its waste containers will last for 
at least 10,000 years.  Nevada has added curves showing the mean and the median results 
of the performance runs over time.  This figure is adapted from the Figure 12.1 of EPA's 
Cohen Report, which reproduced it from DOE's SSPA, Volume 2, Figure 3.1.2-1. 
 



 

7 

 
 
 The figure illustrates several key points: 
 

• EPA has constructed its standard to fit the projected dose curves.  The 
standard is stringent when DOE assumes, based on optimistic projections of waste 
container longevity, that no releases will occur (those assumptions explain the 
non-existence of projected doses during the first 10,000 years).  It is lax when 
DOE assumes a higher degree of threat.   

 
• There is no apparent large increase in uncertainty after the time of peak 

dose, as measured by the distance between the 95% and 5% curves.  The 
large uncertainty prior to the peak dose is the uncertainty associated with the 
projected time of waste container failures. 

 
• The selection of the median is outcome-determinative.  At peak dose, the mean 

is approximately three times greater than the median (note that the scale of the Y 
axis is logarithmic), and is well above even a lax 350 millirem/year standard. 

 
• The standard would impose an enormous intergenerational burden.  After 

peak dose occurs, mean and median dose levels decline only gradually for the 
next 800,000 years (again, note that the scale of the X axis also is logarithmic).  
This is because radioactive contamination continues to leak from the site over a 
very long period.  Thus, for hundreds of thousands of years—a period more than 
two orders of magnitude greater than the entire history of human civilization—
dose levels will remain close to peak dose.  However, the benefits—if there are 
any—would only be realized by current generations. 
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• If DOE is wrong about its waste containers, the 15 millirem/year standard 

will be grossly exceeded well before 10,000 years.  The figure illustrates that, if 
the waste containers fail in the first thousand years, dose rates will exceed 15 
millirem/year and rise rapidly to mean levels of approximately 1000 millirem/year 
within 10,000 years.  If waste containers fail in 200 years or less, as Nevada's 
eminent corrosion experts believe will happen, the human population will not 
have to wait for hundreds of generations to witness overexposures.  Such 
overexposures will occur much sooner. 

 
II. Explanation of the Rule's Function 
 
 To appreciate the importance of the rule proposed by EPA, and the implications 
of its many flaws, some understanding of how this rule will function is helpful.   
 

To obtain a license for Yucca Mountain, DOE will have to use computer 
simulations and predictions to demonstrate, to the satisfaction of NRC, that its repository 
will likely comply with the standard EPA sets.  Those computer simulations will be based 
on mathematical models, assumptions, and, sometimes where data is lacking, on "expert 
elicitation."  If the simulations produce a reasonable prediction of compliance, NRC may 
assume that reality will correspond to the simulations and will grant DOE a license to 
construct the repository.  It is essential that the standard, and the related NRC compliance 
determination, be sufficient to distinguish a safe repository from an unsafe one.  To do 
this it is required that the standard and compliance regime be sufficiently robust to test 
the sufficiency of all of the proposed engineering and natural barriers.    

 
DOE will not, however, be able to take future actions to actually guarantee 

compliance with EPA's safety standards.  Because Yucca Mountain's wastes will remain 
lethal for, and likely outlast the Department of Energy by, millennia, and because those 
wastes will be buried deep within the ground, in an irretrievable fashion, DOE cannot 
guarantee that it or anyone else will always be able to monitor the site or take protective 
measures to ensure that EPA's dose limit is not exceeded.  In fact, the NAS specifically 
rejected basing Yucca standards on assumptions about future generations' abilities to 
monitor the site and to take additional protective actions.  And while future societies' 
behavior is inherently unknowable, the societies that suffer the brunt of Yucca 
Mountain's risks also may have no ability to impose their own engineering controls or 
safety standards on the waste.  Indeed, because the site will be concealed deep beneath 
the ground, they may suffer the consequences of its failure without even knowing that it 
exists.  If the site fails, these future generations probably will be able to do little or 
nothing about it. 

 
EPA's standard thus will apply only to, and have importance only for, DOE's 

application for licensing.  Once the license is granted, and (as planned) the site is closed 
and the option to retrieve the waste is gone, the EPA standard for all practical purposes 
ceases to exist.  For that reason, the integrity of that standard, and of the licensing 
process, is of crucial importance.  The standard and the licensing process provide 
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potentially the only opportunity to ensure the safety of future generations.  If EPA's 
standard is too lax, those future generations will have no remedy against the 
consequences of EPA's abdication of its protective role.  Likewise, if EPA unlawfully 
tinkers with the licensing process, pre-setting assumptions and attempting to rig the 
outcome, the government's only opportunity to ensure that Yucca Mountain is safe will 
be lost. 
 
III. Legal Context of the Proposed Rule 
 

When it rejected EPA's previous compliance period, the Court understood that in 
ordering EPA to comply with the EnPA requirement that its rule be "based upon and 
consistent with" the NAS recommendations, it was not merely addressing a minor 
oversight.  Instead, the Court enforced an important statutory responsibility grounded in 
the protection of public health and safety.  As the Court noted, "[I]t was Congress that 
required EPA to rely on NAS's expert scientific judgment, and given the serious risks 
nuclear waste disposal poses for the health and welfare of the American people, it is up to 
Congress—not EPA and not this Court—to authorize departures from the prevailing 
statutory scheme."  NEI, 373 F.3d at 1273.   

 
As the Court recognized, that statutory scheme places limits upon EPA's 

discretion.  Although EnPA affords the EPA administrator discretion "in the exercise of 
his authority related to public health and safety issues," id., it provides no authority to 
establish standards that contravene NAS recommendations, or that betray EPA's 
fundamental statutory responsibility to devise Yucca standards that are protective of 
public health and safety.  As EPA has earlier described the scope of its discretion, it is 
bound to "reach final determinations that are congruent with NAS analysis" whenever it 
can do so "without departing from the Congressional delegation of authority to 
promulgate, by rule, health and safety standards for the protection of the public."  
Background Information Document for 40 CFR 197, at ES-5. 

 
 EPA therefore must not treat compliance with the Court of Appeals' ruling and the 
NAS's recommendations simply as a matter of technical correction, by providing a 
nominal standard that fails to discharge EPA's fundamental obligation to set a Yucca 
radiation standard protecting the public from near and long-term radiation risks.  Yet this 
is what EPA proposes to do.  Nevada is alarmed by the lack of seriousness with which 
EPA apparently views this obligation, exemplified by its continued questioning of a 
"regulatory emphasis" on a peak dose standard, and its insistence that DOE's performance 
assessments will not even need to be "alter[ed]" or "changed fundamentally" to meet the 
new compliance period.  

 
IV. Nevada's Proposal to EPA 
 

On February 3, 2005, Nevada submitted formal but preliminary comments to EPA 
on a revised standard for Yucca.  Nevada concluded that there was no logical, scientific, 
or legal reason why EPA could not and should not extend the 15 millirem/year radiation 
protection standard out to the time of peak dose from the repository, whenever that may 
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occur.  Nevada emphasized this approach in a face-to-face meeting with EPA officials on 
April 29, 2005.  But Elizabeth Cotsworth, Director of EPA's Office of Radiation and 
Indoor Air (the office with cognizance over the new rule) candidly informed Nevada that 
its approach was the only one EPA was not considering, because it would result in a 
standard that was "not implementable," meaning of course that Yucca could not meet it.   

 
V. Abbreviated Comment Period 

 
Although Nevada appreciates that EPA extended the proposed 60-day public 

comment period to 90 days, Nevada continues to object to the short period afforded to the 
public to comment on this very complex proposed rule, with its equally complex and 
lengthy referenced sources.  During the original Part 197 rulemaking proceeding, the 
public was given 180 days to comment.  Nevada and its Congressional Delegation on 
several occasions formally requested at least 180 days for commenting on the proposed 
new rule, especially in view of the numerous and profoundly important issues it raises.  
Moreover, the license application has been substantially delayed and so affording 
additional time would not have affected DOE.   
 
 
 

Problems with EPA's 350-Millirem Standard 
 
VI. EPA's Two-Tiered Standard is Unlawful and Arbitrary 

 
A. This Two-Tiered Approach Fails to Conform to the Court Decision 

and the NAS Report 
 
 Like its predecessor, EPA's proposed rule would after 10,000 years terminate its 
only radiation standard that protects public health. The only innovation in EPA's new 
approach is to propose a nominal second-tier standard, 70 times weaker in mean-
equivalent terms, for the longer-term period in which all of DOE's modeling runs show 
leakage from the repository.  That approach again abrogates the central point of the NAS 
and the Court:  that the repository should safeguard citizens at the time of the peak dose 
that will occur from repository leakage, whenever that occurs.  See NEI, 373 F.3d at 1273 
("NAS recommended that the compliance period extend to the time of peak risk.") 
(Emphasis added).  Most importantly, EPA does not and cannot show that its standard 
will result in a safe geologic repository at Yucca Mountain.   
 

So resistant is EPA to the straightforward peak dose requirement addressed by the 
NAS and the Court that the proposed rule even states that "[w]e do not want to place 
more regulatory emphasis on peak dose projections than can be justified."  70 Fed. Reg. 
49030.  EPA recognizes in its proposed rule that simply extending its 15 millirem/year 
standard to cover the period of peak dose "would be straightforward in responding to the 
Court decision," 70 Fed. Reg. 49032, and that its retention of a protective first-tier 
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standard "might appear inconsistent" with a proposal that would allow peak doses shortly 
after that tier ends which far exceed 15 millirem/year.  Id.  
  

EPA's two-tier approach rests upon a severely crabbed reading of the Court of 
Appeals' ruling and the NAS recommendations, positing that as long as a standard is in 
place through the time of peak dose, it is irrelevant if that standard drastically exceeds 
that which NAS and EPA until now have recognized as protective of public health.  That 
cynical reading cannot be reconciled with the text and context of the Court's ruling and 
the NAS recommendations.  The Court cited multiple references in the NAS report 
calling for "the standard" to extend to the time of peak risk. NEI, 373 F.3d at 1271-73 
(citing NAS Report at 2, 55-56, 119); id. at 1270 (NAS "unequivocally recommended a 
standard pegged to the time when radiation doses reach their peak"). 

 
The most natural and common-sense reading of these references is the 

"straightforward" one considered and then summarily rejected in the proposed rule: to 
extend the health-protective standard that EPA has already identified, consistent with 
NAS recommendations on risk levels, so that it clearly applies through peak dose. These 
references provide no support for the notion that merely providing a number through 
peak dose, even if it is far less stringent than the risk levels that NAS and EPA have 
previously deemed acceptable, can be "consistent with" NAS's approach and meet EPA's 
legal responsibility and duty to protect the public.  For example: 

 
• NAS clearly recommended that compliance with "the standard" be measured "at 
the time of peak risk, whenever it occurs."  NAS Report at 2 (emphasis added).  Rather 
than suggesting any relaxation of the standard after 10,000 years, NAS only qualified the 
statement by noting that the occurrence needed to be "[w]ithin the limits imposed by the 
long-term geologic environment, which is on the order of one million years."  NAS 
Report at 2. 
 
• NAS's recommendation on the time frame of "the standard" was "based upon 
performance calculations provided to us," in which it "appears that peak risks might 
occur tens to hundreds of thousands of years into the future."  NAS Report at 2, 119. 
 
• NAS noted that a "general consensus exists among national and international 
bodies on a framework for protecting public health," placing a limit of 100 millirems per 
year on continuous or frequent exposures from all anthropogenic non-medical radiation 
sources.  Id. at 4.  Following this apportionment principle, this consensus would assign to 
high-level waste disposal only 10 to 30 millirem per year.  Id. at 4. 
 
• NAS provided EPA with a range of acceptable risk levels and dose limits 
intended to provide a "reasonable starting point for EPA's rulemaking."  NAS Report at 5.  
The acceptable range of radiation exposure recommended by NAS extends from 2 to 20 
millirems per year.  EPA has already construed these levels as part of the "findings and 
recommendations of the NAS" within the meaning of EnPA, and has already rejected a 
proposed standard of 25 millirems per year as "above the upper limit recommended by 
the NAS."  Response to Comments at 4-5. 
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• NAS's rejection of a 10,000-year threshold as having "no scientific basis" 
reflected its serious concern that limiting the standard in this manner might be 
"inconsistent with protection of public health."   
 
• NAS particularly warned against calculational approaches that "may seem to 
simplify licensing," but could not support a finding that there be "no unreasonable risk to 
the public."  NAS Report at 55. 
 

EPA is apparently aware that in the proposed rule, the true compliance period 
effectively ends at 10,000 years.  In its discussion of deteriorating repository 
performance, the proposed rule notes that "[i]f such a dramatic deterioration were 
projected to occur close to the regulatory time period it would be a more pressing 
concern for licensing decisions than if it were to occur many hundreds of thousands of 
years into the future (remembering that the uncertainty in performance projections 
increases with time)." 70 Fed. Reg. at 49028 (emphasis added).  The reference to the 
"regulatory time period" in this sentence, contrasted with a point of time hundreds of 
thousands of years in the future, would be incomprehensible if EPA believed that the real 
compliance period extended through the period of peak dose. 
 

In short, a rule that terminates the health-protective standard at 10,000 years 
despite the absence of any scientific basis, and thereafter applies a standard dramatically 
exceeding all established norms for radiation exposure, using a compliance method that 
ignores many exposures that are even greater, cannot possibly qualify as "based upon and 
consistent with" NAS's peak dose recommendation.  Nevada is mindful that EPA, in its 
proposed rule, has attempted to construe the NAS recommendations as a "starting point," 
and to portray its proposed rule as a reasonable modification based upon policy grounds.  
But while the Court recognized EPA had "some flexibility" to craft standards in light of 
NAS's findings, it warned that "EPA may not stretch this flexibility to cover standards 
that are inconsistent with the NAS Report."  NEI, 373 F.3d at 1273.   

 
The proposed rule has done precisely that.  Like its predecessor, it resembles 

Natural Resources Defense Counsel v. Daley, 209 F.3d 747, 754 (D.C. Cir. 2000), quoted 
in NEI for its rejection of the conclusion that a measure four times as likely to fail as 
succeed could show compliance with the law.  Only in a world in which "'based upon' 
means 'in disregard of' and 'consistent with' means 'inconsistent with'", NEI, 373 F.3d at 
1272, could a rule allowing long-term radiation levels to exceed EPA's health-based 
standard by orders of magnitude, and continuing to terminate the protective standard at 
the same arbitrary point in time, be construed as "based upon and consistent with" the 
NAS's peak dose recommendation. 
 

B. The Two-Tiered Approach Contradicts EPA's Own Decisive 
Rejection of Similar Standards on Public Health Grounds 

 
The proposed rule is the latest and perhaps least protective version of an approach 

that EPA soundly rejected in its previous rulemaking as incompatible with well-
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established public health and safety standards.  In its June 2001 Response to Comments 
document addressing its previous iteration of Part 197, EPA thoroughly rejected a 
suggestion that it should consider gradually relaxing its Yucca Mountain radiation 
standard over the progression of time.  The commenter making this suggestion had 
proposed allowing the 15 millirem/year standard to increase to 150 millirem/year from 
10,000 to 100,000 years, and to 1.5 rem/year from 100,000 to 1 million years.  EPA 
rejected this proposal as "flawed," offering the observation that "[n]o regulatory body that 
we are aware of considers doses of 150 mrem to be acceptable, much less 1.5 rem, for 
members of the general public."  Responses to Comments at 3-8. 
 
 In its previous Yucca rulemaking, EPA vigorously defended 15 millirem/year as 
the appropriate public health and safety standard, rejecting additional suggestions that the 
standard could be relaxed to 70 millirem/year or even 25 millirem/year.  EPA emphasized 
that "EnPA instructed us to write standards 'based upon and consistent with' the findings 
of NAS.  The annual risk basis of the 15 mrem limit…is within the range of annual risk 
levels which NAS suggested."  Responses to Comments at 4-5 (citing NAS Report at 5).  
A key part of EPA's rationale was therefore to conform its standards to risk levels 
suggested by NAS, corresponding to a range between 2 and 20 millirem/year. In its final 
rule, EPA observed that its adoption of the 15 millirem/year standard was based in part 
on the NAS Report, noting also that "[t]his level is 15% of the ICRP-recommended total 
dose limit.  It falls within the range of standards used in other counties and the range 
recommended by NAS, and is also consistent with the individual-protection requirement 
in 40 CFR part 191."  66 Fed. Reg. at 32088 (June 13, 2001).  
 
  In its defense of the 15 millirem/year standard, EPA disagreed "particularly 
strongly" with a commenter who recommended a 70 millirem/year standard as 
"adequately protective," noting that the risk level associated with that standard "is about 
five times as high as the risk level associated with the individual protection limit.  This is 
well above the NAS recommended level and unprecedented in the current regulations of 
this and other nations for this activity."  Responses to Comment at 4-5, 6.  EPA noted that 
a 70 millirem/year standard would result in "a risk level at Yucca Mountain that is 
significantly higher than any facility that falls under 40 CFR part 191, such as WIPP and 
future radioactive waste disposal facilities"; and would violate well-established norms of 
apportionment, because "70 mrem from one source is too high a proportion of the 
annual100 millirem recommended by NCRP and ICRP (excluding background, 
occupational, accidental, and medical sources)."  Id. at 4-5.  On similar grounds, EPA 
even rejected several suggestions for a 25 millirem/year standard, concluding that even 
that level would be "higher than that recommended by the NAS."  Id.  
 

The proposed rule fails entirely to support EPA's dramatic retreat from the 
consensus position of NAS and other regulatory and advisory bodies, including EPA's 
express rejection of a similar two-tier standard.   EPA concedes that it earlier "rejected 
similar approaches" to that it now proposes, and expressly rejected a 150 millirem/year 
standard as one that "no regulatory body we are aware of" considered acceptable.   70 
Fed. Reg. at 49031.  Absent from EPA's new discussion is any reason to believe 
regulatory bodies would now consider that standard, much less one more than twice as 
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lenient, acceptable for the general public.  Instead, EPA's rationalizations seem to 
underscore the arbitrary and legally dubious nature of the new proposed rule.  Most 
notably, EPA does not explain how its previous conclusion that such levels were 
inconsistent with the NAS's recommendations can now be dramatically reversed. 

 
EPA suggests its rule is “unprecedented” because it was commanded by NAS and 

the Court to address time periods after 10,000 years.  But that is no rationale.  EPA never 
explains how a standard that is obviously inadequate can suddenly become adequately 
protective at 10,001 years.  Nor can it, for EPA has no basis for assuming that human 
susceptibility to radiation will change.  Additionally, EPA’s suggestion that it need not be 
consistent with international precedents, because those precedents do not address long 
time frames, is demonstrably false.  Many international and national bodies do 
recommend or impose regulation over long time frames, and none permits the type of 
two-orders-of-magnitude increase in risk that DOE’s non-protective second-tier standard 
would allow.  See Appendix A. 

 
VII. The Proposed Rule Poses Unacceptable Public Health Risks 
 
 EPA's proposed rule is totally lacking any analysis of the health and safety 
implications of a 350-millirem (1000-millirem mean equivalent) standard.  This is a 
remarkable oversight, particularly in light of the hundreds of thousands of years 
following peak dose that the waste will continue to be dangerous.  Nevada is aware of no 
instance in which EPA has promulgated a health and safety standard without analyzing 
its health and safety effects.  Such an oversight is not merely arbitrary and capricious; it 
represents irresponsible abdication of EPA's Congressionally defined regulatory role. 
 
 Had EPA performed any such analysis, the results would be obvious: the 
proposed standard creates a virtually limitless future of unreasonable risks.  Nevada's 
health and safety consultant has completed the very analysis that EPA has declined to 
perform, and concludes (based on accepted correlations between radiation dose and 
adverse health effects) that exposure to a 350 millirem additional annual dose over a 
lifetime would create a 4.8 percent increase in adult risk of fatal cancer.  Furthermore, the 
radiation dose that could be received in three to six years would be in the range over 
which a 40 percent increase in the cancer rate in children has been directly observed.  See 
Dr. M. C. Thorne, International Literature and Health Effects of an Annual Effective 
Dose of 350 mrem (Nov. 10, 2005), attached at Appendix A.  EPA offers no rationale 
explaining why such increases are acceptable.  It should come as no surprise that the 
President of National Council on Radiation Protection (the premier expert U.S. body on 
radiation standards and science) strongly criticized the EPA proposal as inconsistent with 
long established national principles of radiation protection at a November 14, 2005 
presentation to NRC’s ACNW.  

 
There are strong reasons to be concerned about the unprecedented magnitude of 

the health risks posed by the EPA rule.  As noted in a recent analysis of EPA's new 
Yucca rule, the International Atomic Energy Agency's ("IAEA's") 2001 peer review 
observed that the government's own Yucca studies revealed potential uncertainties in 
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projected radiation doses of four or more orders of magnitude.  Id. at 35.  Projected 
radiation exposures at Yucca could therefore be 10,000 times too high or 10,000 times 
too low.   
 
 Dr. Thorne has provided a summary of the international literature and regulations 
concerning dose standards to further support the view that 350 millirem/year constitutes 
an unreasonable and dangerous incremental anthropogenic radiation source.  The full text 
of Dr. Thorne’s report must be taken into account. He concludes among other things that 
EPA has selectively and misleadingly quoted from overseas and international sources in 
an effort to support its rule, and that the rule would allow an increase in cancer risk that 
no other regulatory body considers acceptable, even for geologic disposal.  See 
Appendix A.   
 
VIII. The New Standard is Unprecedentedly Lenient and Out of 

Compliance with Radiation Protection Standards Worldwide 
 
 The unacceptable health risks posed by EPA's proposed 350 millirem/year (1000 
millirem/year mean equivalent) standard should not be surprising, for a 350 millirem 
standard is higher than anything EPA, or any other regulatory body, ever has approved 
before.  The NAS report recognized an existing international consensus supporting 
substantially more stringent protections.  See NAS Report at 41.  NAS recommended a 
starting point for EPA's rulemaking consistent with that international consensus.  As EPA 
itself has acknowledged, that would produce a standard in the range of 2-20 
millirem/year, far lower than the standard EPA now proposes. 
 

In its prior rulemaking, EPA recognized that deviating from this international 
consensus and from this NAS recommendation would be inappropriate, and rejected as 
unsafe proposals to set standards well below the 350-millirem standard it now proposes.  
When commenters on the original 40 C.F.R. Part 197 suggested a standard gradually 
decreasing in stringency, EPA responded harshly, noting that "no regulatory body we are 
aware of considers doses of 150 mrem to be acceptable."  EPA, Response to Comments 
at 3-8 (2001) (emphasis added).   Likewise, EPA rejected a commenter's suggestion of a 
25 millirem standard—which is more than ten times lower than the standard EPA now 
proposes—because that standard would be "(1) higher than that recommended by the 
NAS…; (2) inconsistent with [EPA's] generic disposal standards at 40 CFR. part 191…; 
and (3) even further outside the preferred EPA lifetime risk range."  Id. at 4-5.  And EPA  

 
disagree[d] particularly strongly with the commenter who recommended a 
70 mrem standard as adequately protective.  The risk level associated with 
70 mrem is about five times as high the risk level associated with the 
individual-protection limit.  This is well above the NAS-recommended 
level and unprecedented in the current regulations of this and other nations 
for this activity.  It also is significantly inconsistent with the individual 
protection limit of 15 mrem CEDE/yr in our generic standards (40 C.F.R. 
Part 191).  This would result in a risk level at Yucca Mountain that is 
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significantly higher than that at any facility that falls under 40 C.F.R. Part 
191.   
 

Id. at 4-5 to 4-6. 
 
 Those past conclusions indicate that EPA has consistently viewed proposed 
standards much lower than the one it now proposes as unprotective of public health, 
internationally unprecedented, and beyond the limit of responsible regulation.  This also 
applies to the EPA's proposal to adopt a two-tiered approach to the human intrusion 
performance assessment. 
 
IX. The Collusive History of the Proposed Rule Undermines Its 

Integrity as a Public Health-Based Standard 
 

Neither EPA's 40 C.F.R. Part 197 rulemaking (published in 2001) nor its current, 
revised proposal are the product of its independent judgment about the health and safety 
of the citizens of the United States.  Like its predecessor, the proposed rule reflects the 
wholesale adoption of standards pushed on EPA by DOE and its industry allies as 
representing merely the standards that could be met by a repository at Yucca, not the 
standards that would protect the public health and safety in fulfillment of EPA's statutory 
responsibilities.  As a result, the current proposal is not the product of reasoned decision-
making and does not constitute a public health-based standard, as required by the Energy 
Policy Act of 1992. 

 
A. EPA's Initial Part 197 Rulemaking 
 
Congress required the EPA Yucca standard to be "based upon and consistent 

with" the recommendations of the NAS.  But the ink had barely dried on NAS's 1995 
report when DOE began applying pressure on EPA to adopt a standard that DOE believed 
it could meet at Yucca, the NAS report notwithstanding.  As early as October 17, 1995, in 
a presentation before the Nuclear Waste Technical Review Board ("NWTRB"), DOE 
outlined its planned campaign to secure a standard Yucca would pass.  DOE told the 
Board it was critical for EPA to carefully consider the time frame over which quantitative 
compliance would have to be demonstrated, and the level of risk which would be set, 
calling these standards outcome-determinative because the standards would determine 
whether "the site can either pass or fail."  10/17/1995 NTRB Transcript, at 15.   DOE said 
it would be working with EPA during the rulemaking process in order to come up with a 
standard DOE would consider "implementable."  Id.   

 
  In January 1996, then-OCRWM Director Daniel Dreyfus admonished both EPA 

and  NRC that they needed to be very careful in addressing the NAS recommendations in 
their rulemaking actions, insisting that "whatever standard results from this process . . . 
must be implementable."  Dreyfus further insisted, "Promulgating a standard that cannot 
be implemented may result in the de facto rejection of the Yucca Mountain site, or even a 
rejection of the option of geologic disposal.  Such rejection will not avoid the 
consequences of long-term radioactive waste management, it will simply require society 
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to resort to a different, and currently undetermined, long-term approach."  1/30/1996 
Statement to NRC by D. Dreyfus, at 16. 

 
Despite NAS's explicit direction to the contrary, DOE urged in a public meeting 

before the Advisory Committee on Nuclear Waste (ACNW) that "a time frame of no 
longer than 10,000 years" should be established for regulatory compliance, because "the 
longer the compliance time frame, the more difficult it would be for DOE to succeed in 
getting a license."  3/27/1996 ACNW Presentation by S. Brocoum, at 4.  DOE threatened 
that "requiring quantitative compliance for periods over 10,000 years could significantly 
affect the viability of geologic disposal."  Id. at 13.  New OCRWM Acting Director Lake 
Barrett followed up with a public prediction that DOE could submit a License 
Application as early as 2002, but only "if we have reasonable EPA and NRC regulatory 
criteria."  4/30/1996 NWTRB Transcript, at 16.  At the same time, DOE reiterated to 
EPA its need for both a compliance period limited to 10,000 years and a generous dose 
limit on the order of 100 millirem/year (4/30/1996 NWTRB Presentation by S. Brocoum, 
at 12), a figure far higher than any EPA standard then in existence from one radioactive 
source.   

 
In October 1997, Barrett wrote to the NWTRB, urging that EPA and NRC adopt 

lenient standards and predicting severe consequences for their failure to do so.  He 
cautioned that "[i]t is incumbent upon all knowledgeable participants in this process to be 
sure that the regulatory framework for the repository . . . is not constructed so as to defeat 
the nation's policy of geologic disposal."  10/22/1997 Written Statement by L. Barrett to 
NWTRB, at 6.    

 
EPA’s own documents confirm that it was working, in lockstep with DOE, to 

provide a standard Yucca could meet.  In an economic analysis supporting the 2001 
version of Part 197, EPA chronicled DOE’s answers to a series of questions, none of 
which were relevant to determining what standard would protect public health and safety.  
Evaluation of Potential Economic Impacts of 40 C.F.R. Part 197:  Public Health and 
Environmental Radiation Protection Standards for Yucca Mountain, Nevada" (EPA, June 
2001).  Could DOE meet a strict standard at Yucca; and if so, for how long?  If DOE 
were only able to meet a strict standard for a limited time, what was that time limit?  How 
high did it expect doses to rise after that limited time? EPA had reason to ask, and 
answer, those questions only if it was attempting to determine what standards Yucca 
could pass.    

 
The answers to those questions assured EPA that its 10,000-year limit would give 

DOE the pass it wanted.  EPA well knew, as illustrated by the graph below taken from 
the EPA's rulemaking record, that extending the time of compliance with its 15 
millirem/year standard to the peak dose would doom Yucca.  So, ignoring the NAS 
recommendation and EnPA, it acquiesced to the 10,000 year cut-off desired by DOE. In 
this same economic analysis, EPA boasted that it had done what DOE had asked and 
even more: EPA said its Part 197 would not require DOE to abandon Yucca Mountain or 
even spend one additional dollar in order to comply with the radiation standard.  Id. at 
ES-2.   



 

18 

  

  
EPA knew from DOE data of the ineffectiveness of the natural setting at Yucca to 

isolate waste, DOE's near total reliance on engineered waste containers, and DOE's 
calculations demonstrating that the waste containers might  isolate wastes for 10,000 
years but would certainly fail thereafter.  Accordingly, EPA's 2001 Part 197 
accommodated DOE completely, setting both a time of compliance and a dose level that 
DOE had advised EPA it could meet, and at the same time avoiding either a time of 
compliance or a dose level that DOE had advised it could not meet.  The process had 
nothing to do with applying a health-based standard. 

 
B. EPA's Current Proposed Rulemaking 
 
The July 2004 NEI decision unsurprisingly focused on the NAS finding and 

recommendation that there was no basis for selecting a 10,000-year time of compliance 
and that the standard promulgated by EPA should provide protection to the time of peak 
risk or dose (which could be much later).  The court's decision did not find a 15 
millirem/year standard inappropriate for public health and safety, but it found EPA had 
no justification for eliminating that protection for future generations who might be born 
after 10,000 years.  So EPA was sent back to the drawing board to develop a standard for 
peak dose whenever it might occur (within the time period of geologic stability). 

 
DOE quickly stepped in to forestall the obvious solution to EPA's legal problem 

(i.e., simply extending the 15 millirem/year standard out to the time of peak dose).  On 
August 2, 2004 and November 24, 2004, EPA sat down with DOE representatives from 
the Yucca project to discuss how best to revise 40 C.F.R. 197 in order to satisfy the 
Court's mandate that it cover a time period beyond 10,000 years, while at the same time 
somehow ensuring its "implementability" by DOE.  See 1/27/2005 EPA FOIA Response, 
at 3-7.  The exact words spoken at those meetings may never be known, because EPA is 
concealing under a claim of privilege everything discussed and agreed to by EPA and 
DOE.  Id. at 1.  In asserting the privilege, EPA confessed that the withheld documents 
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"reflect the internal discussions, advice, analysis, and recommendations that were being 
considered during meetings between EPA and DOE officials regarding aspects of very 
long-term modeling and their effect on EPA's response to the NEI decision."  OAR-2005-
0083-0028, at 3.  EPA also described the withheld meeting notes as "discussions among 
senior EPA program and legal staff of EPA, NRC, DOE, and the Department of Justice 
concerning various legal options to respond to adverse rulings in the NEI decision."  Id. 
Appendix at 2, 4.   

 
Before initiating the current proposed rulemaking, EPA took another step to 

ensure any revised standard it might adopt would accommodate DOE.  It hired S. Cohen 
& Associates to do a detailed analysis of DOE's Yucca Mountain performance 
assessments.  The Cohen report confirmed that, despite DOE's tinkering with various 
inputs to its performance model since EPA's 2001 rule had been promulgated, certain 
basic premises persisted: 

 
• DOE at Yucca could meet a strict 15 millirem/year dose standard for the 

short term, perhaps for as long as 10,000 years if the waste packages 
lasted that long. 

 
• Over a longer period, after the inevitable failure of engineered barriers, the 

dose standard would have to be much higher if there was to be assurance 
Yucca could go forward. 

 
Cohen's Figure 12-3 (DOE's Figure 1-13) below provides an illustration, showing 

the projected doses from Yucca over a time frame of one million years. 
 



 

20 

Cohen essentially encouraged DOE not to make any further effort (relating to either 
natural or engineered barriers) to reduce the uncertainty level in its projections, telling 
EPA to expect no such action by DOE because it would adversely impact the repository's 
cost and schedule:   

 
The larger uncertainties in projected dose rates for long compliance time 
frames, in comparison with uncertainties for time frames on the order of 
10,000 years, lead to consideration of two basic types of actions aimed at 
increasing confidence in dose rates submitted for licensing reviews.  One 
is to increase the site characterization database, with the objective of 
increasing confidence in assessed performance of the natural system.  The 
other is to augment the barrier features of the engineered system, with the 
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objective of increasing the resistance of the system to degradation as a 
result of water contacting the waste form.  Both types of action would 
extend the time to readiness for licensing reviews, and both would incur 
major costs.   
 

OAR-2005-0083-0085, at A-20, 21. 
 
Cohen observed, "Because DOE is not expected to make changes, undertake 

significant site characterization, or drastically revise its performance approach or models 
as a result of EPA's revisions to the 2001 rulemaking, there are no costs directly 
attributable to EPA's rulemaking."  Id. at 2-4.  Thus, for the second time, EPA knowingly 
refrained from proposing a Yucca standard that might require DOE to spend an extra 
dollar.   

 
C. OMB's Role in EPA's New Proposal 
 
Presumably at the direction of DOE, the Office of Management and Budget 

("OMB") instructed EPA to remove a provision from the draft proposed rule, circulated 
for comment to OMB, providing that "NRC may specify, in regulation, additional 
features, events, and processes ["FEPs," see Section XIX below] that DOE must consider 
because they may significantly affect the magnitude of the peak dose."  EPA obliged, and 
that provision, which would have confirmed NRC's authority to apply traditional 
principles of performance assessment in its licensing review, was removed.  As a result 
the rule is not risk informed.  It arbitrarily eliminates factors that could significantly 
affect the calculation of the peak dose.   

 
D. The Nuclear Industry's Role in EPA's New Proposal 
 
 The nuclear industry's research organization, the Electric Power Research 

Institute ("EPRI"), also weighed in with its proposals for ensuring that EPA promulgated 
a new standard that DOE could meet at the inferior geologic location of Yucca Mountain.  
Interestingly, the organization which prepared EPRI's "Yucca Mountain's Licensing 
Standard Options for Very Long Time Frames" (Apr. 2005) for submission to EPA was 
Monitor Scientific, LLC, whose website presently features EPRI, yet also brags that 
"Monitor's expertise has been used to support EPA in projects related to . . . the 2001 
Yucca Mountain rulemaking."  See http://www.monitorsci.com/projects.htm.  The 
Monitor Scientific report delivered to EPA by EPRI also begged for an "implementable" 
standard.  Among other things,  

 
• EPRI recommended that future climate states be established by 

rulemaking; specifically, EPRI recommended that future climate be fixed to the present 
interglacial classification, despite the fact that it conceded, "It is improbable that, except 
for brief intervals, the earth's climate during the next 1,000, 10,000, 100,000, or 
1,000,000 years will replicate that during human-recorded history."  OAR-2005-0083-
0079, at A-19. 
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• EPRI urged that EPA retain the 15 millirem/year standard for 10,000 
years, but specify a different, higher dose limit to future generations after 10,000 years, as 
a separate stand-alone provision that would not alter the existing requirement for the first 
10,000 years.  This two-tiered standard for dose/time of compliance was critical "if the 
regulation . . . is to remain implementable," EPRI said.  Id.     

 
• EPRI recommended a different approach to establishing which FEPs were 

required to be included in DOE's compliance assessment and argued for no additional 
FEP screening for the time period beyond 10,000 years, a point evidently later also 
impressed upon OMB.  Id.   

   
 EPRI delivered its report to EPA on April 11, 2005, urging that its proposals 
"would be 'reasonable' and implementable in a regulatory environment."  4/11/2005 
Kessler Email, at 2.  With DOE and nuclear industry parameters in hand, EPA proposed a 
rule which honored DOE's and the nuclear industry's essential requests by setting a dose 
standard beyond 10,000 years that should be high enough to be ensure implementability 
of the Yucca project, notwithstanding science and law to the contrary.  Significantly, in 
selecting a 350 millirem/year long-term standard, and using the median as the measure of 
compliance, EPA went even further to accommodate DOE than the 100 millirem/year 
(mean equivalent) second-tier standard that even EPRI had found pushed the bounds of 
reasonableness. 
  
X. EPA's Proposed Standard Irrationally Abandons the 

Apportionment Principle 
 

EPA's proposed rule would abandon the well-established and universally accepted 
principle of apportionment.  That abandonment departs, without any credible 
justification, from the consensus position embodied in the NAS's recommendations and 
in EPA's own prior statements and practice. 

 
As the NAS report explained: 
 
[A] general consensus exists among national and international bodies on a 
framework for protecting the public health that provides a limit of 1 
milliSievert (mSv) (100 millirem (mrem)) per year effective dose for 
continuous or frequent exposures from all anthropogenic sources of 
ionizing radiation other than medical exposures.  A general consensus also 
appears to exist among national authorities in various countries to accept 
and use the principle of apportioning this total radiation dose limit among 
the respective anthropogenic sources of exposure, typically allocating to 
high-level waste disposal a range of 0.1 to 0.3 mSv (10 to 30 mrem) per 
year. 
 

NAS Report at 4; see also id. at 40-41.  Using this approach, each individual source is 
allocated not the entire amount of radiation that would reach the regulatory limit, but only 
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a portion, based on the reasonable assumption that other sources will exist, and that 
people's health will depend upon the cumulative risks that all of those sources create. 
 

Until releasing its proposed rule, EPA has consistently adhered to this 
internationally accepted apportionment principle.  For example, in 1993, in its WIPP 
standards, EPA explained that its chosen 15 millirem/year standard  

 
is consistent with the ICRP approach of apportioning an overall dose limit 
from man-made radiation to particular activities, such as waste disposal. 
The ICRP suggests using an overall limit of one milliSievert CED (100 
millirems CED) per year.  While EPA has not established such an overall 
limit, the Agency finds that 15 millirem CED per year is today an 
appropriate and acceptable fraction of the 100-mrem ICRP 
recommendation because it is small enough to ensure that the total 
exposure of an individual who was exposed to a number of sources would 
stay below the overall limit. 
 

58 Fed. Reg. 66398, 66402 (EPA, Dec. 20, 1993). 
 

Likewise, in 1994, in proposed rules applicable to nuclear radiation exposures, 
EPA explained that  

 
there are many different categories of activities using radiation that can 
lead to exposure of members of the public. These currently include 
medical uses of radiation and their supporting activities; nuclear electric 
power facilities and their supporting fuel cycle facilities; research and 
industrial users; weapons production, storage, and disposal facilities; 
technologically-enhanced exposure to natural radiation sources; consumer 
products; space applications; disposal sites for radioactive wastes; and 
decommissioned sites at which radioactive materials were formerly used. 
It is therefore also necessary to ensure that total doses to individuals, who 
may be exposed not only to more than one source in a given category in a 
few cases, but more often to a number of different categories of sources at 
one time, are not likely to exceed the [total allowable dose]. 
 

59 Fed. Reg. 66414, 66423 (EPA, Dec. 23, 1994).  Based on public health studies, EPA 
determined that "combined radiation doses incurred in any single year from all sources of 
exposure covered by these recommendations should not normally exceed a Radiation 
Protection Guide of 1 mSv (100 mrem) effective dose equivalent to an individual."  Id. at 
66420. 
 
 EPA adhered to, and relied upon, this guidance in the initial stages of developing 
the Yucca standard.  In a report entitled "Environmental Radiation Protection Standards 
for Yucca Mountain: Considerations on Issues," EPA's Team Leader for developing the 
Yucca standards explained that  
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the agency has proposed [a 100 millirem/year dose] as an acceptable level 
for members of the public exposed from all sources except background 
and medical exposures [citing EPA's December 1994 proposed standards].  
The EPA, and international guidance, then requires that this overall dose 
be apportioned among actual and currently known potential sources and 
future exposures.  In the vicinity of Yucca Mountain are several potential 
sources of exposure for a critical group, for example, the waste disposal 
site in Area 5 and the weapons testing areas on the Nevada Test Site, the 
commercial low-level radioactive waste disposal site near Beatty, Nevada, 
and a potential interim storage site for spent nuclear fuel.   
 

See Raymond Clark, Environmental Radiation Protection Standards for Yucca Mountain:  
Considerations on Issues (1988), at 5 (a copy of which is submitted by Nevada with its 
comments).   
 
 EPA's final rule again adhered to this principle, setting the site-specific dose limit 
at 15% of the total allowable 100 millirem/year dose.  EPA explained that  
 

[t]he apportionment of the total dose limit among different sources of 
radiation is used to ensure that the total of all included exposures is less 
than 1 mSv (100 mrem) CED/yr.  Thus, ICRP recommends that national 
authorities apportion or allocate a fraction of the 1 mSv (100 mrem)-
CED/yr limit to establish an exposure limit for SNF and HLW disposal 
facilities.  Most other countries have endorsed the apportionment 
principle.  
 

66 Fed. Reg. at 32089.  EPA went on to explain that its 15 millirem/year standard "is 
15% of the ICRP-recommended total dose limit.  It falls within the range of standards 
used in other counties and the range recommended by NAS, and is also consistent with 
the individual protection standards in 40 CFR part 191."  Id. 
 

In its responses to comments on Part 197, EPA relied directly on this 
apportionment principle in rejecting a suggested 70 millirem/year standard.  EPA 
explained that "70 mrem from one source is too high a proportion of the annual 100 
mrem recommended by the NCRP and ICRP (excluding background, occupational, 
accidental and medical sources).  The apportionment of the total dose limit among 
different sources of radiation is used to insure that the sum, or total, of all included 
exposures is less than 1 mSv (100 mrem)."  EPA, Response to Comments, 4-5 to 4-6 
(2001).  EPA then reiterated that ICRP recommends national authorities allocate "a 
fraction" of the 100 millirem total to establish an exposure limit for spent fuel and high-
level waste disposal facilities. Ibid. 

 
Yucca Mountain presents (and EPA has provided) no reason to abandon this 

concept.  The proposed repository cannot be the sole source of local radiation, for, as 
EPA itself has noted, the area surrounding Yucca Mountain already has borne more than 
its fair share of the nuclear era's impacts.  
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There are multiple sources of potential radionuclide contamination on or 
near [the Nevada Test Site], one of which is the Yucca Mountain site.  
Portions of NTS have been subjected to both underground and 
aboveground weapons detonations.  A substantial quantity of 
radionuclides was created by these tests.  An estimated inventory of 300 
million curies remains underground…. Elsewhere in the NTS, DOE is 
burying [low-level waste] in near surface trenches and TRU radioactive 
waste has been disposed of in the Greater Confinement Disposal facility.  
Finally, there is a commercial LLW disposal system located west of Yucca 
Mountain near Beatty, Nevada.  Each of these facilities could have 
releases of radioactivity to the groundwater. 
 

66 Fed. Reg. 32074, 32088 (citations omitted).   
 

All these Nevada-specific exposures would occur in addition to the many other 
anthropogenic exposure sources.  As EPA has noted, commercial nuclear power plants, 
university research and development, experimental reactors, government-controlled 
reactors, and foreign facilities, among other sources, all contribute radiation.  See 66 Fed. 
Reg. at 32079; see also ICRP Publication 46, Radiation Protection Principles for the 
Disposal of Solid Radioactive Waste 2-3 (1985) (describing the generation of radiation 
throughout the fuel cycle).  EPA has offered no basis to assume these other sources will 
cease to affect the Yucca Mountain area.  

 
 Nevertheless, EPA's proposed 350-millirem (1000-millirem mean equivalent) 
second-tier standard would completely abandon the principle of apportionment.  EPA 
would allocate Yucca approximately 3.5 times—or over ten times, in mean-equivalent 
terms—that total dose standard to one site.  EPA provides no coherent explanation for 
this shift.  Instead, the proposed rule acknowledges that "in practice today, doses from 
any particular source of radiation are generally kept to a fraction of the 100 mrem overall 
limit, in recognition that a person may be exposed to more than one practice or source."  
70 Fed. Reg. at 49040.  But EPA then makes the remarkable claim that because the 
agency does not know what future sources will exist, it is appropriate to allocate all of the 
accepted 100 millirem/year total dose to one source.  Id. at 49041. 

 
In multiple ways, this statement turns the principle of apportionment on its head.  

First, the principle always has been applied, in the past, to sites at which other future 
exposure sources were unknown and unknowable.  It would require "immense 
speculation," for example, to guess what specific sources will be near the WIPP site, but 
EPA relied on the apportionment principle to establish the WIPP standard.  See 58 Fed. 
Reg. at 66402.  It would similarly require "immense speculation" to guess what specific 
sources will exist at Yucca Mountain over the next 10,000 years, yet in promulgating its 
original 10,000-year standard, EPA again applied the apportionment principle.  66 Fed. 
Reg. at 32089.  The prerequisite for application of this principle has never been 
foreknowledge of particular future sources at the site in question; nuclear waste disposal 
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systems are inherently long-lasting, and we never know exactly what other sources will 
exist. 

 
Indeed, that very lack of knowledge is a core reason for utilizing apportionment, 

not a reason to abandon the principle.  Since EPA does not know what will happen in the 
future, but does know that other sources are possible—indeed, they are inevitable if we 
continue our current practices of using nuclear materials—it must make accommodations 
for those potential sources.  As the ICRP explained, in the publication that for two 
decades has formed the foundation of EPA's apportionment policy,  

 
[t]o allow for dose contributions from present practices and to provide a margin 
for unforeseen future activities, the Commission recommends that national 
authorities select a fraction of the dose limits as a source upper bound for each 
source of exposure, to ensure that the exposure of individuals will remain below 
the relevant dose limit.   
 

ICRP Publication No. 46 at 11 (emphasis added).  EPA's approach, by contrast, is the 
equivalent of assuming that other sources will never affect the vicinity of Yucca 
Mountain—despite EPA's own statement that it would involve "immense speculation" to 
predict such future events.  See 70 Fed. Reg. at 49041.  In the guise of avoiding 
speculation, EPA proposes to make an unprecedented, absurdly optimistic, and totally 
speculative assumption. 
 

This rationale also ignores additional sources that already exist.  EPA itself has 
repeatedly pointed out that "[t]here are multiple sources of potential radionuclide 
contamination on or near [the Nevada Test Site], one of which is the Yucca Mountain 
site."  See 66 Fed. Reg. at 32088 (also quoted above).  Specifically, NTS contains 
residual radiation from 1054 above-ground and underground nuclear weapons tests, the 
still-contaminated 1960s rocket test area (Area 25) adjacent to Yucca, the no-longer 
operating Greater Confinement Disposal Area, in which about 9.3 million Curies of the 
equivalent of Greater Than Class C waste are buried in vertical shafts, and areas of 
ongoing disposal of low-level waste, with about 500,000 Curies already buried.  BID, 
Appendix II, Table II-1.  The Beatty commercial low-level waste disposal facility is 
located in Amargosa Valley, also up-gradient from the valley population; when it was 
closed in 1992 the Beatty low-level waste shallow landfill contained 641,000 Curies of 
waste.  EPA's blithe suggestion that Yucca Mountain will be the only source worth 
considering thus ignores present reality as well as the unpredictability of the future. 
 

Further sources also are a foreseeable possibility.  Given its past and current uses, 
other sources of radioactive contamination may be installed at the Nevada Test Site.  For 
example, there is current discussion of reorganizing the entire U.S. nuclear weapons 
complex onto a single site in the future, and the Nevada Test Site has been considered by 
the government for such future use.  All of the current weapons complex sites are in some 
stage of clean-up, suggesting that any new location of the complex would be subject to 
some level of contamination.   
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 EPA supplies no other attempted justification for diverging from the NAS's 
recommended approach, its own past practice, and worldwide convention.  Its 
abandonment of apportionment therefore is arbitrary, capricious, and inconsistent with 
the EnPA's mandate that EPA's rule be "based upon and consistent with" the NAS 
report's recommendations. 
 
XI. The Proposed Rule Unlawfully Permits Calculations Based 

on the Median, Not the Mean, of Exposure Predictions 
 
 Appendices B and C to these comments contains a more detailed statistical and 
mathematical evaluation of this issue by Dr. B. Thomas Florence, Dr. Thomas Vasquez, 
and Dr. Thorne.  See B. Thomas Florence and Thomas Vasquez, ARPC, Some Comments 
on the Proposed Yucca Mountain Compliance Standards (Oct. 15, 2005) ; Dr. M. C. 
Thorne, The Role of Uncertainties in Defining the Proposed Standard (Nov. 10, 2005), 
attached as Appendices B and C.  The full text of Appendices B and C must be 
considered.   
 

Departing from the recommendation of the NAS, its own past and present 
practice, and the past practice of the NRC, EPA's proposed rule would use the median,1 
rather than the arithmetic mean, of projected doses from its Yucca performance 
simulations to measure compliance during the post-10,000-year period.  That is a highly 
significant shift; DOE's current modeling predicts that at peak dose, mean values will be 
approximately three times higher than median values, and a 350-millirem median 
standard is thus the equivalent of an approximately 1000-millirem mean standard.  
Because EPA proposes to continue using the mean, which it accurately describes as a 
"familiar and well-understood statistical concept," for its 15 millirem pre-10,000 year 
period, see 70 Fed. Reg. at 49042, its post 10,000-year standard will be almost seventy 
times higher than its pre-10,000 year standard.  This shift may be (and appears calculated 

                                                 
1  The arithmetic mean of a set of numbers is the average number.  That is, it is the 
outcome produced by adding up each individual number and dividing by the total of the 
numbers.  The median, by contrast, is merely the midpoint of all numbers. For some data 
sets, the mean and median may be close, or even equal.  For example, if the numbers in 
set A are 1, 2, 3, 4, and 5, both the mean and median will be 3.  Other sets, however, have 
radically divergent means and medians.  If, for example, the numbers in set B are 1, 2, 3, 
10, and 24, the median is 3, but the mean is 8—more than twice as high.  Though sets A 
and B obviously are quite different, that difference is captured only by the mean; the 
median for both sets is exactly the same.  The real-world implications of this distinction 
can be crucial.  Imagine, for example, that the safety of a city's proposed levee system is 
assessed by modeling five anticipated storm scenarios, and model runs for the five 
different scenarios predict 0, 1, 4, 45, and 650 deaths.  The median prediction would be 
four deaths—a number that engineers might decide was acceptable, or required only 
minimal changes to the proposed levee system.  The mean, prediction, however, would 
be 140 deaths—a very different number.  If the engineers consider only the median, they 
may allow an unreasonable level of risk.   
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to be) outcome-determinative; DOE's TSPA modeling suggests that Yucca could just 
barely meet a median-based standard, but would grossly fail a standard based on the 
mean. 

 
For several reasons, this shift to the median is flawed.  First, the NAS expressly 

recommended the use of the mean.  Second, using the median is inconsistent with EPA's 
own past and present statements and practice, and EPA has offered no rational 
explanation for the shift.  Third, EPA's approach is scientifically and statistically 
unsound.  Finally, use of the median would allow a grossly unsafe site to be licensed; 
though DOE's current modeling projects that the median dose will be below 350 
millirem/year, 42 percent of the modeling runs appear to exceed that number.  See 
Appendix A, at 8.  No site that has a 42 percent chance of failure can ever be considered 
adequate. 

 
A. EPA's Abandonment of the Mean Departs from the NAS's 

Recommendation 
 
In its Technical Bases Report, the NAS could not have been more clear:  "We 

recommend that the mean values of calculations be the basis for comparison with our 
recommended standards."  NAS Report at 123 (emphasis added).  Since EPA's rule must 
be based upon and consistent with the NAS's findings and recommendations, that 
recommendation mandates the use of the mean. 

 
Yet EPA has not only failed to implement that recommendation; it has pretended 

it doesn't exist.  EPA falsely claims that "NAS in its recommendations did not speak 
explicitly to any particular performance measure to be used in determining compliance 
with regulatory standards."  70 Fed. Reg. at 49043.  That obviously is not true. 

 
B. EPA Departs from its Own Past and Present Use of the Mean 

 
EPA's shift from the mean to the median also marks a dramatic departure from 

EPA's prior approach.  In its prior rulemaking, EPA initially proposed to use the higher 
of the mean or median, and eventually settled on the mean as its chosen compliance 
measure. 

 
In the 1999 proposed rule for Part 197, EPA stated that: "As a result of the 

performance assessment there will be a distribution of the highest potential doses 
incurred by the RMEI [Reasonably Maximally Exposed Individual].  We are proposing 
that the mean or median value (whichever is higher) of that distribution be used by NRC 
to determine compliance with the individual protection standard."  64 Fed. Reg. 46988.  

 
In the June 2001 Final Rule, EPA stated: "We propose a compliance 
measure we believe is reasonable but still conservative: the mean of the 
distribution of projected doses from DOE's performance assessment. The 
primary reason we propose this requirement is that it provides a necessary 
context for implementation of the standard.... We believe that a thorough 
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assessment of repository performance expectations should examine the 
full range of reasonably foreseeable site conditions and relevant processes 
expected during the regulatory time frame…."  

 
66 Fed. Reg. 32125 (emphasis added).  EPA went on to consider many of the 
rationales it now offers for selecting the median, but it rejected them, concluding 
instead "that, in the case of Yucca Mountain, the mean is an appropriate 
measure."  Id. 
 
 In its June 2001 Responses to Comments in its prior rulemaking on Part 197, EPA 
similarly made clear that it would employ the mean rather than the median (emphasis 
added in each): 

  
Page 4-11: "Note that while we proposed using the higher of the mean or 
median, in our final rule we specify that the mean be used (see Section 7 
of this document for a full discussion of our decision on this point.)" 
 
Page 7-3: "In line with EPA's use of the term 'reasonable expectation,' the 
fundamental compliance measure consistent with the literal interpretation 
of this term would be the mean value of the distribution of calculated 
doses." 
 
Page 7-3: "Although we proposed using the higher of the mean or median, 
after further consideration we believe that the mean alone will be an 
appropriate measure of compliance. We believe this approach is 
sufficiently conservative in that it leans toward giving greater weight to 
calculations that result in higher exposures, without being overly 
influenced by 'worst-case' and possibly extreme low-probability 
situations." 
 
Page 7-4: "We have specified only that the mean of the dose assessments 
must meet the exposure limit, without specifying any statistical measures 
for the level of confidence necessary for compliance, such as 95 or 99% 
confidence level for the mean. We believe setting a confidence level is 
clearly an implementation function that should be left to NRC…." 
 
Page 7-5: "...EPA believes that the mean will reflect the effects of high 
dose situations sufficiently and we do not feel the alternatives proposed are 
compatible with our approach." 
 
Page 7-6: "Because it is possible to observe skewed parameter 
distributions, a non-uniform dose distribution is not unexpected. 
Nevertheless, we believe that use of the mean alone will adequately 
address these questions." 
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In proposing to use the median rather than the mean, EPA also would deviate 
from the practice of the NRC, which in its prior Yucca Mountain rule also specified that 
the mean would be used.  In responses to comments, the NRC explained why the mean 
was the appropriate measure.  Initially, it explained that the mean was consistent with the 
recommendations of the NAS: 
 

NAS recommended a performance objective for Yucca Mountain based on 
risk to an individual.  Proposed part 63 defined "risk" to an individual as 
being proportional to two factors: (1) The dose to the individual from 
exposure to ionizing radiation and (2) the probability of the individual 
receiving that dose. Analyses conducted by NRC staff demonstrate that 
the mean annual dose correctly expresses the risk from radioactive 
exposure to the individual. 

 
66 Fed. Reg. at 55752 (November 2, 2001).  Additionally, NRC explained the statistical 
justification for selecting the mean rather than the median: 
 

The Commission expects that performance assessments conducted by 
[DOE] in support of any potential license application will use probabilistic 
methods to simulate a wide range of possible future behaviors of the 
repository system. Each possible future behavior of the repository system 
is represented by a curve describing the annual dose to the RMEI as a 
function of time. Generally, but not necessarily, each of the possible 
curves is assumed to be equally likely.  Because none of these possible 
futures can be demonstrated to describe the actual future behavior of the 
repository system, the Commission requires that the applicant calculate the 
mean of these dose versus time curves, properly weighted by their 
individual probabilities. 

 
Id.  In other words, because no model run outcome is assumed to be more likely than any 
other modeling run, the mean, which treats each run as equally important, is more 
appropriate than the median, which treats higher, more dangerous outcomes as less 
important outliers.  In contrast, the median artificially discounts high dose realizations 
(the distributions tend to be positively skewed) simply because they are high, with no 
justification in sound science, and notwithstanding that the doses are already weighted by 
their associated probabilities.  Put another way, use of the mean violates the principle that 
all realizations are presumed to be of equal weight, absent some actual investigation of 
particular outliers that would raise questions about their scientific validity.           
 

C. EPA Lacks Any Rational Basis for Abandoning the Mean 
 

EPA's proposed rule offers no reasonable basis for diverging from the NAS's 
recommendation and from its own past practice, or for using one compliance measure for 
the pre-10,000-year period and another for the post-10,000-year period.  Primarily, EPA 
cites uncertainties about Yucca Mountain and perceived "over-conservatisms" in DOE's 
modeling.  These uncertainties and supposed over-conservatisms, EPA claims, call into 
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question the higher values in DOE's modeling, and suggest that a performance measure 
that devalues those higher values is appropriate.  EPA suggests that these uncertainty and 
over-conservatism problems are greater in the post-10,000 year period, and therefore 
suggests that its switch from mean to median at 10,000 years is somehow justifiable.   

 
These explanations lack any logic or rationality.  First, none of these explanations 

can mask the blatant inconsistency with the NAS's recommendations.  The NAS stated 
that EPA should measure compliance at the time of peak dose, that there was no scientific 
basis for distinguishing between the pre-and post-10,000-year periods, and that EPA 
should use the mean as its measure of compliance.  Both in substance and supporting 
rationales, EPA's proposed rule ignores those recommendations, and thus repeats the 
EnPA violations that led to the Court's invalidation of its previous Yucca rule. 

 
Second, as discussed in detail in Section XIII of these comments, uncertainty 

provides no reason for creating a more lax standard, whether that laxity is achieved 
through a higher numeric standard or a more permissive statistical measure.  EPA's 
mantra-like references to "uncertainty" are inconsistent with its rationale for selecting the 
median.  Also, the premise of EPA's selection of the median is that the median tends to 
disregard higher repository performance model-run outputs, which  EPA says should be 
treated as less important simply because they are higher.  This has no statistical or 
scientific basis. 

 
Similarly, as discussed in section XIV of these comments, conservatism provides 

no reason for selecting the median rather than the mean, because conservatism, if it 
actually existed (the reverse is the case), would be a reason for DOE to fix its modeling, 
not for EPA to adjust its standard.  In any event, as discussed infra, DOE's modeling to 
date suffers not from over-conservatism, but from a gross lack of conservatism. 

 
EPA's selection of the median is based on a basic misunderstanding of statistics.  

EPA's entire premise for selecting the median is that some model runs—specifically, 
those with higher predicted outcomes—should be given less weight than others.  EPA 
repeatedly states that the median avoids placing "undue" emphasis on extreme events.  
Yet, as the NRC pointed out in defending the mean as an appropriate measure, 
"[g]enerally, but not necessarily, each of the possible curves is assumed to be equally 
likely." 66 Fed. Reg. at 55752; see Appendix B.  In other words, each model run's 
outcome is as likely as any of the others, and a statistical measure specifically designed to 
throw out the higher numbers introduces a pronounced, non-conservative, and irrational 
skewing effect.  But the mean is not skewed, as EPA implies, by those higher outcomes; 
in the averaging process, the results are treated as equally likely and important.  No other 
approach is rational. 

 
The selection of the median is statistically inappropriate for another reason.  By 

selecting the median, which considers only the number, but not the magnitude, of "bad" 
(i.e. above-the-median) outcomes, EPA has declined to consider the degree of harm 
threatened by each of those bad events.  Use of the median will discourage any 
investigation of high dose calculations since those high doses will have little or no effect 
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on compliance.  Indeed, use of the median will permit a finding of compliance 
notwithstanding hundreds of dose calculations showing lethal doses of radiation, because 
the median is insensitive to the actual magnitude of the approximately 42% of the dose 
calculations above it.   As a hypothetical example, if 149 realizations (calculations) 
showed Yucca Mountain would destroy all of the nearby Nevada residents, but 151 of the 
realizations showed a dose of less than 350 mrem, the EPA approach would pass the 
repository.  The reality is that for any safety evaluation, the magnitude of any potential 
bad outcomes does matter, and the mean takes that magnitude into account whereas the 
median does not.  In fact, as Dr. Thorne points out (see Appendix C), the median has no 
well defined relationship to health detriment, so that EPA’s proposed use of the median 
effectively severs the dose standard from the actual harm it is supposed to prevent.  Such 
a standard is not even health-based, as required by law.   

 
EPA fails to explain why focusing on "bad" outcomes is inappropriate for a safety 

analysis.  Indeed, the typical goal of nuclear safety analysis is to focus precisely on the 
potential bad outcomes.  The core purpose of a health and safety analysis is to figure out 
what will happen if things go wrong.  No one would ever criticize levee builders for 
focusing on performance during extreme weather events rather than on routine sunny 
days.    

 
Finally, by discounting the effects of high dose calculations, use of the median 

also reduces the very uncertainty EPA relies on for its choice of 350 millirem. 
 

For those additional reasons, EPA and NRC acted appropriately in previously 
selecting the mean as their performance measure, and EPA's proposed abandonment of 
the mean is irrational, unscientific, and blatantly inconsistent with the recommendation of 
the NAS. 

 
XII. EPA Arbitrarily Terminates Its Groundwater Protection 

Standard  
 
 In a cursory section of the proposed rule, EPA explains, without any legal or 
scientific justification, that the proposed rule would abruptly remove any groundwater 
protection standard at all once 10,000 years have elapsed.  That premature abandonment 
of groundwater protection, at a stage when peak doses may not have already arrived, is 
ironic and disturbing in light of EPA's vigorous support of its separate groundwater 
standard in its previous rulemaking and in NEI v. EPA, 373 F.3d at 1278-1285, where it 
successfully defended that standard against aggressive challenges brought by NEI.  
Moreover, EPA has announced in advance that it will not even consider comments 
regarding "any aspect of the groundwater protection standards."  70 Fed. Reg. at 49024.  
That rigid determination to terminate the groundwater protection standard without any 
public comment, which stems from a fundamental misunderstanding of the Court's ruling 
in NEI, is arbitrary and contrary to law. 
 

EPA's principal explanation for its termination of the separate groundwater 
standard is that it does "not believe the Court's ruling regarding the 10,000-year 
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compliance period applies to the ground-water protection standards which have the same 
compliance period." 70 Fed. Reg. at 49024.  The proposed rule states, "we are not 
proposing to modify the ground-water protection standards either by extending the period 
of compliance or in any other respect." Id. 
 

Contrary to that premise, the Court's ruling does govern the separate groundwater 
standard.  The court "vacate[d] Part 197 to the extent that it requires DOE to show 
compliance for only 10,000 years following disposal."  373 F.3d at 1273.  In its 
conclusion, the Court reiterated the same statement, saying "in sum, we vacate 40 C.F.R. 
Part 197 to the extent that it incorporates a 10,000 year compliance period because, 
contrary to EnPA section 801(a), that compliance period is not 'based on and consistent 
with' the recommendations of the National Academy of Sciences."  Id. at 1315.  The 
groundwater protection standard is a component of Part 197, and it "incorporates a 
10,000 year compliance period" and "requires DOE to show compliance for only 10,000 
years."  The court therefore expressly vacated this portion of the rule, and EPA's 
conclusion that the decision did not apply to the groundwater standard rests upon clear 
error. 
 

The reasoning underlying NEI v. EPA compels the same conclusion.  As the Court 
held, EnPA requires EPA to avoid inconsistency with the NAS's recommendations in 
setting all standards.  That requirement must extend to the groundwater standard, for the 
same sentence of section 801(a) that empowers EPA to set standards also requires 
consistency with the NAS's report.  See NEI, 373 F.3d at 1315.  EPA cannot invoke the 
half of that sentence that empowers it to set standards yet ignore the other half, which 
requires that those standards be based upon and consistent with the findings and 
recommendations of the NAS, and thus any standards it promulgated could not employ a 
10,000-year compliance cutoff after the NAS expressly rejected that cutoff.  The logic of 
the court's opinion therefore supports its literal meaning and indicates, contrary to EPA's 
current position, that the 10,000-year cutoff of the groundwater protection standard has 
been vacated.  EPA therefore cannot re-adopt that cutoff, especially without allowing 
comment. 
 
 EPA is well aware of the history of agency experiences with groundwater 
protection standards preceding its present proposal, including the appellate ruling in 
NRDC v. EPA, 824 F.2d 1258, 1293 (1st Cir. 1987), in which the court set aside the 
original groundwater protection requirements in the generic Part 191 radiation rule 
because the agency failed to allow for "proper notice and comment as required by the 
Administrative Procedures Act, 5 U.S.C. § 553(c)."  History would repeat itself if EPA 
were to take the outrageous step of finalizing its approach to groundwater in the proposed 
Yucca rule without allowing other agencies and members of the public a full and fair 
opportunity to comment on the agency's dubious approach. Yet, EPA has arbitrarily 
decided not to consider and respond to comments on this critical subject.  That decision 
would effectively preclude the public participation in rulemaking that is "necessary to 
ensure informed agency decision-making."  NRDC, 824 F.2d at 1286.       
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Moreover, the logic of the Court's opinion, and the NAS recommendation upon 
which it is based, clearly indicate that EPA could not readopt the 10,000-year cutoff even 
if it did accept comment.  The NAS rejected a 10,000-year cutoff because (1) it saw no 
scientific basis for drawing lines at 10,000 years; and (2) it realized that a 10,000-year 
cutoff would terminate the standards before the time of peak risk.  That reasoning is just 
as applicable to groundwater protection as it is to individual exposure.  The NAS already 
has concluded that the physical systems at the site, including all those that influence 
groundwater flow, are sufficiently predictable that there is no reason for cutting off 
compliance assessments at 10,000 years.  And it has similarly noted that there is no sense 
in cutting off compliance assessments while the risk is just beginning to increase.  Indeed, 
given DOE's assumption that no releases to groundwater will occur prior to 10,000 years, 
and EPA's ratification (through its agreement with DOE's assumptions about container 
corrosion) of that assumption, a 10,000-year-only groundwater standard would be 
nothing more than a public relations maneuver.  For that reason, the NAS's 
recommendations and the Court's holding compel extension of the groundwater standard 
through peak dose.  Indeed, the opinion is devoid of any suggestion that EPA, once it has 
decided it is necessary to provide a separate groundwater standard, could then adopt a 
period of compliance that the Court and NAS had expressly rejected. 
 

EPA also fails to articulate any credible ground for terminating the groundwater 
standard that can be reconciled with its prior explanations of its groundwater protection 
policy, or with its statutory responsibility to promulgate standards protective of public 
health and safety.  In its 2001 Final Rule, EPA observed, "we consider ground water that 
is, or could be, drinking water to be the most valuable ground water resource. We believe 
that it deserves the highest level of protection."  66 Fed. Reg. at 32128.  The groundwater 
protection rule "continues a longstanding Agency policy of protecting groundwater 
resources and the populations who may use such resources." 66 Fed. Reg. at 32106 (June 
13, 2001); see also EPA, "Protecting the Nation's Groundwater: EPA's Strategy for 
the1990s," Part 197 Docket No. A-95-12, item V-A-13.  The separate groundwater 
standard was designed to "protect the groundwater in the vicinity of Yucca Mountain to 
benefit the current and future residents of the area who could use this ground water as a 
resource for drinking water and other domestic, agricultural and commercial purposes."   
66 Fed. Reg. at 32106. 
 
 To excuse its early termination of groundwater protection, EPA insists in the 
proposed rule that public health protection from groundwater releases will be 
accomplished by extending the individual protection standard through peak dose.  70 
Fed. Reg. at 49024.  But, as discussed above, EPA's post-10,000-year individual 
protection standard is grossly inadequate.  Application of the proposed 350-millirem 
(1000-millirem mean equivalent) standard to protection of public health from releases to 
groundwater would create the lowest level of protection, by far, ever proposed by a 
regulator, and would be contrary to the Agency's overall pollution prevention policies. 
 

EPA's explanation also cannot be reconciled with its responses to comments 
addressing earlier challenges to the separate groundwater standard.  As EPA then 
explained, the individual protection standard is not a sufficient substitute for groundwater 
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protection.  EPA stated that the individual protection standard, which focuses specifically 
on human health,  
 

would address ground-water resources and the viability of ecological 
habitats less effectively than would separate groundwater protection 
standards.  We believe that ground-water protection standards will confer 
greater protection to aquatic or biological communities by limiting the 
contamination of groundwater that would discharge to the surface, such as 
springs or seep areas.… We have a longstanding policy to encourage 
protection of groundwater resources in a consistent manner in our 
programs that may affect groundwater directly or indirectly. 

 
Responses to Comment, 6-11, 6-12.  As EPA counsel orally confirmed during the NEI 
litigation, EPA's separate groundwater standard "furthers the statutory goal of protecting 
public health and safety."  January 14, 2004 Transcript at 59.   And in NEI, as EPA 
correctly notes, the Court "concluded that [EPA's] reasoning for including such a 
standard as a means to protect the ground-water resource was sound and consistent with 
the Agency's overall pollution prevention policies." 70 Fed. Reg. at 49024. 
 

In sum, EPA's refusal to entertain comment on its retention of the 10,000-year 
period for the groundwater standard is both unwise and unlawful. The 10,000-year 
termination period cannot be reconciled with the ruling in NEI v. EPA, and the arbitrary 
decision to abandon the standard at that stage is inconsistent with EPA's statutory and 
ethical obligations regarding environmental protection and public health. 
 
 
 

Problems with EPA's Rationales for Its Standard 
 
XIII. EPA Misunderstands the Importance of Uncertainty 

 
 The core justification EPA offers for numerous components of its proposed rule—
its lax, two-tiered standard; its use of the median rather than the mean; and its attempts to 
pre-set modeling parameters, among others—is increased "uncertainty" after 10,000 
years.  But the EPA and DOE studies relied on by EPA show no qualitative increase in 
uncertainty after 10,000 years, and there is good reason to believe that the uncertainty 
after 10,000 years will in fact be less.  Therefore, uncertainty provides no foundation for 
EPA's proposed rule.  This contention is set forth in great detail in a report prepared for 
Nevada by Dr. M. C. Thorne, The Role of Uncertainties in Defining the Proposed 
Standard (Nov. 10, 2005), attached as Appendix C. 
 

Moreover, it defies logic and common sense to use uncertainty about Yucca's 
future performance as a rationale for a looser standard.  If DOE is highly uncertain about 
whether its chosen site and systems will be safe, that uncertainty provides more reason 
for retaining a conservative, protective standard through peak dose, not a looser one. 
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EPA's discussion of uncertainty is terminally vague, and fails to specify not only the 
logical link between uncertainty and a looser standard but also the types of uncertainty 
upon which EPA bases its logical leaps.  Had EPA actually considered specific sources of 
uncertainty, it would have found that no source provides a basis for rationalizing a looser 
standard.  Moreover, as the Court has already pointed out, EPA's uncertainty rationale is 
inconsistent with the NAS's findings and recommendations  

 
Perhaps most importantly, there is no uncertainty about two key points:  First, 

because DOE's containers will fail, and because the site geology allows water to flow 
through the repository, Yucca's radionuclides will eventually escape into the 
environment.  Second, almost every projected scenario shows that when they do escape, 
the dose to the RMEI will sharply exceed 15 millirem/year.  Thus, while EPA invokes 
uncertainty as a reason to escape a traditional 15 millirem standard, there is no real 
uncertainty about compliance with that standard; the site plainly flunks.  EPA's 
uncertainty rationale therefore is nothing but a red herring.  The reality is that EPA is 
seeking to escape from promulgating a standard it knows Yucca cannot meet.  No public 
health rationale underlies its decision-making. 
 

A. Illogic of EPA's Reliance on Generic "Uncertainty" 
 
 Even if EPA were correct that Yucca's long-term performance after 10,000 years 
is qualitatively more uncertain, its proposed rule fails to explain how that uncertainty 
justifies a more lax standard.  Such an explanation would be extraordinarily difficult to 
provide, for the reasonable response to uncertainty about the safety of an engineered 
system would be to demand greater protection, or preclude that system from being 
deployed at all.  Reasonable regulators never would evaluate the safety of bridges, for 
example, against less stringent safety standards simply because engineers were able to 
predict their performance only over the short-term.  That uncertainty should only make 
regulators more conservative, not less.   
 

Consistent with that principle, EPA (and other federal agencies) have until now 
reacted to anticipated uncertainty by adopting conservative assumptions and standards.  
In fact, Nevada has confirmed that, when faced with uncertainty, EPA uses conservative 
assumptions and adopts conservative standards in all areas of health-based regulation 
except, now, for Yucca.  EPA does not explain why it departs from these sensible 
precedents.   
 
 For example, EPA adopted conservative values of parameters or standards when 
there were uncertainties when it regulated underground injection of hazardous materials 
under a regulatory regime (40 C.F.R .Part 148, especially 40 C.F.R. § 148.21(a)(5)) 
requiring that there be no migration of the wastes for so long as they remain hazardous, 
69 Fed. Reg. 15328 (March 25, 2004); when it developed a methodology for deriving air 
quality criteria to protect health, 65 Fed. Reg. 66444 (November 3, 2000); when it 
regulated pesticides to protect health, 64 Fed. Reg. 37022 (July 8, 1999) ("the greater 
uncertainty in the data associated with the assumptions, the more conservative (i.e., 
unlikely to underestimate exposure) the assumptions should be"), and 68 Fed. Reg. 
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15945, April 2, 2003 ("uncertainty was addressed in the screening level 
assessments…with conservative assumptions for model inputs"); when it increased the 
cover standards to limit emissions from uranium mill tailings because of uncertainty in 
long-term (1000 year) projections, 48 Fed. Reg. 45926 (October 7, 1983); when it set 
water quality standards for toxic pollutants, 64 Fed. Reg. 61182 (November 9, 1999); 
when it developed a policy regarding persistent, bio-accumulation of new chemicals, 64 
Fed. Reg. 60194 (November 4, 1999) ("given…the uncertainty…due to lack of data, the 
TSCA new chemicals program is and must be conservative by nature"); when it set 
emission standards for locomotives and locomotive engines, 63 Fed. Reg. 18978 (May 
14, 1998); when it adopted principles for estimating neuro-toxicity in risk assessments, 
59 Fed. Reg. 43260 (August 17, 1994); when it regulated hazardous wastes using the 90th 
percentile Monte Carlo risk curve, 63 Fed. Reg. 42110 (August 6, 1998); when it 
regulated food additives, 56 Fed. Reg. 7750 (February 25, 1991) ("in addressing 
uncertainties [in quantitative risk assessment] however, EPA generally uses conservative 
assumptions to ensure that risks are not underestimated."); when it protected drinking 
water, 56 Fed. Reg. 3526 (January 30, 1991); and when it listed hazardous wastes under 
RCRA, 55 Fed. Reg. 11798 (March 29, 1990).    
 
 Other federal agencies use similar approaches.  For example, OSHA used the 95th 
percentile (as opposed to the central tendency) value in risk assessments used to derive 
safety standards for workers' exposure to toxic chemicals, 62 Fed. Reg. 1494 (January 10, 
1997) (standards for methylene chloride).  And HHS uses conservatisms in addressing 
health effects, 61 Fed. Reg. 33511 (June 27, 1996) ("a conservative (i.e., protective) 
approach to address these uncertainties in health effects").   
 

In fact, EPA's abandonment of its longstanding approach to uncertainty has the 
effect of protecting humans in Nevada less than fish, for NOAA used conservative 
assumptions when confronted with uncertainty in protecting fish populations, 59 Fed. 
Reg. 7647 (February 16, 1994); 57 Fed. Reg. 3952 (February 3, 1992). 
 

B. Unreasonably Vague Treatment of Uncertainty 
 
While EPA repeatedly emphasizes "uncertainty" as a core justification for its 

proposed rule, its discussions of uncertainty are hopelessly vague.  EPA uses the term 
"uncertainties" generically.  It rarely specifies either the particular uncertainties with 
which it is actually concerned, or their likely effects, and it never coherently explains 
how it believes specific types of uncertainty might justify a more lax or a two-tiered 
standard.  This is especially important when one considers that the most obvious source 
of potential uncertainty, climate change, as well as others, are eliminated from 
consideration.   

 
This is a crucial failure.  It precludes Nevada and others from knowing which 

uncertainty sources EPA considers important, and why EPA believes those sources might 
justify a higher standard.  Indeed, EPA's failure to specify the relevant uncertainties 
suggests that EPA may not even know which uncertainties matter, or what the 
implications of particular sources of uncertainty actually are.  Indeed, as noted earlier, 
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premising a rule on uncertainties in the licensing analysis before the licensing analysis is 
even done is itself speculative to the point of being useless. 

 
In lieu of specific discussion, EPA's proposed rule relies on inapposite analogies.  

EPA suggests that just as hurricane watchers cannot predict, several days in advance, 
where exactly a hurricane will strike and how damaging it will be, DOE will be unable to 
predict when peak dose will occur at Yucca Mountain.  This analogy has some truth; 
because of major uncertainties about when its containers will fail, DOE does not know 
the timing of peak dose, and its projections that doses will increase only after 10,000 
years are assumption-based modeling artifacts.  But EPA misunderstands the relevance of 
its own analogy.  Just as the Army Corps of Engineers should not measure levees against 
lax safety standards because it cannot predict exactly when Katrina-esque hurricanes will 
strike, Yucca Mountain should not be held to a looser standard simply because DOE 
cannot project when exactly the engineered barriers will fail.  They will fail, and 
radionuclides will escape, at some time.  EPA's standard must protect against that threat 
even if EPA and DOE are uncertain whether it will occur in 400 or 400,000 years.  
 
 The particular sources and types of uncertainty that exist at Yucca Mountain do 
have implications for regulatory decision-making.  Some uncertainties imply that the site 
should be more carefully studied.  Others imply the need for better engineering, or for a 
different site.  None of these types of uncertainty provide any basis for a looser standard, 
or for taking a different approach to assessing post-10,000-year compliance.  The report 
by Dr. Thorne establishes this fact.  On a regulatory policy level, uncertainty about 
potential flaws in DOE's engineering barriers provides a reason for demanding better-
engineered systems or, perhaps more realistically, for locating a site where geologic 
systems provide containment and thus mitigate the impact of the engineered barriers' 
inevitable failure, as is the case with DOE's WIPP repository site, for example.  But it 
defies logic to suggest that DOE is entitled to a looser safety standard because it cannot 
say for certain whether its engineered systems will work. 
 

The NAS was clear that reasonable predictions of the performance of the natural 
systems can be made within the period of geologic stability.  But here too, DOE is not 
entitled to a looser safety standard simply because it is uncertain how its chosen site will 
behave because it stopped its site investigation program before all of the data were in.  
Also, some natural systems at the site will change in the future—for example, climate 
will vary, earthquakes may occur, and volcanic eruptions may disrupt the repository—
and some uncertainties do exist with respect to such changes.  The NAS considered 
possible uncertainties in natural system behavior and specifically concluded that they did 
not preclude assessments of performance at peak dose.  It repeatedly rejected any 
suggestion that these parameters change and become more unpredictable at 10,000 years, 
noting that "earth scientists are accustomed to dealing with physical phenomena over 
long time scales."  Id. at 71.  But again, such uncertainties, even if they were more than 
NAS assessed, are no basis for setting a laxer standard.  If Yucca were a better site, with 
much longer geologic containment, these uncertainties would matter much less or not at 
all.  A poor site is no justification for a lax standard. 
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C. EPA's Uncertainty Rationale is Inconsistent with the NAS's  
Recommendations 

 
EPA's reliance on "uncertainty" as justification for a two-tiered standard is also 

thoroughly inconsistent with the findings of the NAS.  EPA's core rationale for its looser 
standard is that unspecified uncertainties render long-term compliance assessments less 
meaningful than those for shorter periods.  In a typical statement, EPA writes that  

 
we also believe that over the very long periods leading up to the time of 
the peak dose, the uncertainties in projecting climatic and geologic 
conditions become extremely difficult to reliably predict and a technical 
consensus about their effects on projected performance in a licensing 
process would be difficult, or perhaps impossible, to achieve.  

 
70 Fed. Reg. at 49029.  Accordingly, EPA states that "in formulating an approach to 
compliance out to peak dose, we have established 10,000 years as an indicator for times 
when uncertainties in projecting performance are more manageable…."  Id. 
 

The NAS's findings, however, were to the contrary.2  "Implicit in setting a Yucca 
Mountain standard," it concluded, 
 

is the assumption that EPA, USNRC, and DOE can, with some degree of 
confidence, assess the future performance of a repository system for time 
scales that are so long that experimental methods cannot be used to 
confirm directly predictions of the behavior of the system or even of its 
components.  This premise raises the basic issue of whether scientifically 
justifiable analyses of repository behavior over many thousands of years in 
the future can be made.  We conclude that such analyses are possible, 
within restrictions noted in this report.   

 
NAS Report at 1 (emphasis added); see also id. at 55 (specifically rejecting increasing 
uncertainty as a reason for a different approach after 10,000 years); id. at 68.  The NAS 
noted one specific restriction on that conclusion—its determination that future human 
scenarios were too uncertain to model—but otherwise adhered to the consistent 
conclusion that uncertainties did not preclude meaningful assessments of long-term 
compliance with a numeric standard.  Id.  And it expressly rejected any suggestion that 
10,000 years represents a significant crossover point at which uncertainties render long-
term compliance assessment less meaningful, finding that "there is no scientific basis for 

                                                 
2   In addition to being inconsistent with the findings and recommendations of the NAS, 
EPA's conclusions about steadily increasing uncertainty are wrong.  Even if DOE is 
correct in its optimistic assumptions about short-term performance of the waste canisters, 
its current modeling graphs indicate that the range of modeling results rises initially but 
then decreases as time passes.  See Appendix C.  And if those engineering assumptions 
are acknowledged to be major sources of uncertainty, the highest levels of uncertainty are 
likely to occur even earlier. 
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limiting the time period of an individual-risk standard in this way."  Id. at 6.  The NAS 
report thus contains an unequivocal rejection of the notion that uncertainties are somehow 
more unmanageable in longer-term compliance projections. 
 
 Rather than acknowledging, let alone avoiding, this conflict, EPA attempts to 
mask it through disingenuous discussion of the NAS report.  EPA quotes the NAS 
stating, "[b]ecause there is a continuing increase in uncertainty," and suggests that this 
carefully selected excerpt indicates that the NAS clearly agrees with EPA's view that 
"uncertainties generally increase with time, at least to the time of peak dose."   70 Fed. 
Reg. at 49025.   But the entire NAS quote states: "Because there is a continuing increase 
in uncertainty about most of the parameters describing the repository system farther in 
the distant future, it might be expected that compliance of the repository in the near term 
could be assessed with more confidence.  This is not necessarily true."  NAS Report at 72 
(emphasis added).  The NAS then explained why "this is not necessarily true," pointing 
out that many site parameters (like geologic parameters) do not change with time, and 
that others are more significant during the short term.  Id. 
 
 EPA also attempts to mask its continued disagreement with the NAS by labeling 
its uncertainty rationale a mere matter of "policy," and by citing exceedingly general 
statements from the publications of other nuclear regulatory authorities.  But the NAS's 
uncertainty-related determinations quite clearly were not policy determinations.  The 
NAS instead considered those determinations, all of which relate to specific scientific 
issues like present and future geology, climate, and hydrology, to be well within the 
bounds of its scientific authority.  EPA may disagree with those conclusions, but it may 
not escape the EnPA's mandate simply by attempting to characterize its technical 
disagreement with NAS as a "policy" dispute. 
 

D. Prior Judicial Rejection of Uncertainty Rationale 
 
In employing an uncertainty-based rationale directly at odds with the NAS's 

findings and recommendations, EPA has not only abrogated EnPA's mandate; it also has 
attempted to resurrect an approach already rejected by the Court.  That attempt suggests 
that EPA does not realize, or is choosing not to acknowledge, that it is bound by a 
judicial decision. 

 
 Uncertainty was a key rationale for the portion of 40 C.F.R. Part 197 that the 

Court has already set aside.  In attempting to justify its previous 10,000-year cutoff, EPA 
asserted, just as it asserts today, that "we have concerns regarding the uncertainties 
associated with such projections, and whether very long-term projections can be 
considered meaningful."  66 Fed. Reg. at 32096.  It similarly stated that "[d]espite NAS's 
recommendation, we conclude that there is still considerable uncertainty as to whether 
current modeling capability allows development of computer models that will provide 
sufficiently meaningful and reliable projections over a time frame up to tens-of-thousands 
to hundreds-of-thousands of years."  Id. at 32098.  And it sought to cast a gloss of 
"policymaking" over those statements, asserting that "the selection of a compliance 
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period for the individual protection standard involves both technical and policy 
considerations."  Id. 

 
EPA heavily relied on that "uncertainty" rationale in its arguments before the 

Court.  It claimed that the 10,000-year cutoff was justified partly by "the large 
uncertainties inherent in attempting to project human exposures to releases from the 
repository for time periods over 10,000 years…."  EPA Brief at 14, 19.  And it provided a 
detailed discussion of these uncertainties, suggesting, in terms highly similar to those of 
the current proposed rule, that increasing uncertainties made long-term compliance 
projections untenable.  Id. at 44-45.  At oral argument, EPA's counsel clearly repeated 
EPA's attempt to cast this uncertainty rationale as a key policy judgment, arguing, in 
response to a question about the "policy aspects" of EPA's decision, that uncertainty was 
"one of the most significant" policy rationales for treating the post-10,000-year 
compliance assessment differently.  Oral Argument Transcript, NEI v. EPA, at 25.  EPA's 
current argument—that uncertainty justifies a different post-10,000 year standard—thus 
has already been considered and rejected by the Court. 

 
The Court rejected EPA's 10,000-year cutoff and the uncertainty rationale upon 

which it purported to rest.  373 F.3d at 1270-73.  Indeed, at oral argument, Judges Tatel 
and Edwards repeatedly indicated that they were well aware that EPA was trying to use 
uncertainty to justify its differing treatment of the post-10,000-year period and questioned 
EPA's discretion to employ that rationale.  In a typical statement, Judge Tatel, responding 
to EPA's attempt to cast its uncertainty disagreement as a policy disagreement justifying 
its 10,000-year cutoff, said, "but that's the scientific judgment that Congress wanted the 
EPA to defer to."  Transcript at 25.  That transcript, the former rule, EPA's briefing, and 
the decision itself all indicate that EPA has already litigated its uncertainty rationale and 
lost.  Accordingly, EPA is legally prohibited from resurrecting "uncertainty" as the core 
rationale for a permissive post-10,000-year standard.   

 
XIV. EPA Misunderstands the Need for, and Absence of, Conservatism 

 
 The other core pillar of EPA's rationale for its proposed rule is its suggestion that 
analysis of the future performance of Yucca by DOE will be "overly conservative."  EPA 
posits that DOE's models will be overly negative in their predictions of repository 
performance, and that EPA must therefore create a lax rule to accommodate or balance 
out that negativity. 
 
 Elsewhere in these comments, Nevada will explain that judgments about the 
conservatism of DOE's modeling—which has not yet been completed—are not EPA's to 
make.  Here, Nevada focuses solely on the irrationality of relying on perceived over-
conservatism as a rationale for a lax standard, explaining why EPA's reasoning is both 
flawed and lacking in empirical basis. 
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A. EPA's Failure to Explain Its "Over-Conservatism" Rationale 
 
The first major problem with EPA's over-conservatism rationale is that EPA never 

explains it.  EPA never describes the logical link between an overly conservative analysis 
and a more lax, second-tier standard.  Nevada infers that EPA believes the standard must 
be lax to accommodate perceived weaknesses in the modeling, but EPA itself has never 
specified this or any other rationale.  But even this rationale, if expressed, would be 
unreasonable, for the proper remedy for flawed modeling is to fix the modeling, not to 
weaken the standard.  If EPA intended to say that, because of inevitable increased 
conservatisms after 10,000 years, a 350 millirem/year standard is the equivalent of 15 
millirem/year, it has failed to support its premise.  In fact, the opposite premise is the 
more supportable one.  The report by Dr. Thorne in Appendix C confirms this.    

 
In support of its statements about conservatism, EPA does cite a 2005 report 

prepared by its contractor, Cohen and Associates.  But that report cannot support any 
proposition about the degree of conservatism in DOE's analysis. To evaluate whether 
DOE's past modeling was overly conservative, the report would have needed to 
determine which assumptions were conservative and which were optimistic.  It would 
then have needed to quantitatively assess the relative importance of those assumptions to 
determine whether the overall results were shifted toward conservatism or optimism.  
Because some degree of conservatism normally is considered desirable in a risk 
projection—particularly where, as EPA repeatedly states is the case here, there is some 
uncertainty about the projections—EPA would also need to determine whether any 
resultant shifting of the projections was excessive.   

 
The Cohen report contains no such analysis.  Instead, it provides a qualitative and 

almost totally one-sided discussion.  It summarizes almost every assumption that could 
conceivably be characterized as conservative, sometimes even double-counting the same 
assumptions.  With the exception of a handful of pages (discussed in detail below) in 
chapter 5, however, the report does not even consider whether optimistic assumptions 
have been made.  Moreover, nowhere does the report perform any quantitative analysis of 
the effects of the assumptions it identifies, let alone quantitatively address the effects of 
the optimistic assumptions it ignores.  The report is thus like a legal analysis that 
addresses only one side of an argument; it is completely unbalanced and provides no 
basis for EPA to conclude that DOE's modeling is overly conservative.  Moreover, the 
Cohen report fails to support the actual rule proposed by EPA which, as noted above, 
eliminates many uncertainties and potential conservatisms from the analysis.   

 
B. A Bounding Approach is the Only Appropriate Approach 
 
EPA's conservatism rationale founders for a second reason:  EPA fails to explain 

why conservatism is inappropriate.  To the extent conservatisms are unnecessary, and can 
be replaced by more realistic analyses, this is the appropriate solution – not weakening 
the standard.  Indeed, by premising the rule on alleged conservatisms after 10,000 years, 
the rule has the perverse effect of discouraging DOE and NRC from doing more realistic 
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analyses, lest the premise for application of EPA’s rule be found lacking and the 
licensing process be thrown into confusion. 

 
To the extent the state of scientific knowledge does not permit realistic analyses, 

then bounding assumptions and analyses are inevitable, but we have no way of knowing 
how such bounding assumptions and analyses are conservative.  It defies scientific logic 
to give credit for “conservatisms” when it cannot be established whether the 
conservatisms actually exist.   In fact, as discussed above, EPA traditionally considers 
conservatism an important and necessary response to this kind of uncertainty. 

 
Such conservatism is particularly important for Yucca Mountain, because EPA's 

standard and NRC's licensing process will likely be the only opportunities to "test" the 
safety of the repository design.  If DOE, EPA, and NRC eschew conservatism in their 
approval process and allow the construction of a repository with only a moderate 
probability of success, they will create a major risk for future generations—without 
giving those future generations any tools to manage that risk.  Those future generations 
may not have any ability to undo repository failures, or even to know that the repository 
exists.  A conservative standard now will be the primary protector of their safety.  

 
C. DOE's Analysis Will Not Be Conservative 

 
 As noted above, the greatest uncertainty in the performance of the repository 
relates to the timing of the peak dose, which is itself entirely dependent on the lifetime of 
man-made waste packages.  If DOE's optimistic assumptions about container life are 
wrong, then DOE's entire performance evaluation becomes extremely non-conservative.   
EPA itself has noted the importance of this issue, which, if DOE's assumption is wrong, 
has led modelers to vastly overestimate the ability of the repository to contain waste. 
 

There is no disagreement that DOE's waste containers eventually will inevitably 
fail, and that Yucca's porous geology will permit leaking radionuclides to reach the 
accessible environment.  The timing of that failure is uncertain, for DOE is proposing to 
employ engineered systems that have never been tested on anything approaching the time 
scales over which DOE hopes they will provide protection.  Finally, there is no genuine 
dispute that the resistance—or lack thereof—of the containers to corrosion is the crucially 
important determinant of the timing of peak dose. 
 
 In its recent report, EPA's contractor provided a detailed discussion of DOE's lack 
of knowledge about when its containers will fail.  Initially, the Cohen report noted that 
DOE's proposed system is unique.  "Unlike most concepts adopted by other nations," it 
stated, "the proposed Yucca Mountain repository exposes the metallic waste packages 
and drip shields to sustained oxidizing conditions."  Cohen at 5-1.  It then noted that the 
performance of that unique system was difficult to predict.  "Engineering experience," the 
report stated, "with passive metals is extremely short (i.e., approximately 100-150 years) 
compared with the timeframe of repository performance projections.  Extrapolation of 
present knowledge to the longer timeframe is thus highly uncertain."  Id. at 5-13 
(parentheses in original).  It later added that "[t]he failure, to date, to identify clear natural 
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or archeological analogs for long-term passive metallic behavior seriously limits 
confidence regarding the stability of passive films in providing extremely long-term 
corrosion resistance."  Id. at 5-15.   
 

In drawing these conclusions, the Cohen report cited, and followed, the 
conclusions of leading corrosion experts.  In 2001, an expert panel considered corrosion 
risks to the Yucca Mountain containers.  That panel "called attention to how little is 
presently known about the nature of passive film on Alloy 22," the alloy to be used to 
provide corrosion resistance for containers at Yucca Mountain, and it considered a series 
of ways in which the containers might fail.  See id. at 5-15 to 5-16 (quoting Sagues, 
2002). 
 

The Cohen report also emphasized the threat of unanticipated modes of corrosion.  
"[U]nexpected modes of alloy deterioration often emerge when service conditions deviate 
(even on a microscopic scale) from anticipated regimes," it wrote, and it concluded that 
"the possibility of other unexpected but potentially severe deterioration mechanisms 
developing into the far future cannot be dismissed easily."  Id. at 5-13 (parentheses in 
original).  The expert review on which the Cohen report relied similarly identified a 
series of potential failure modes that would merit further study. 

 
In addition to being highly uncertain, the corrosion resistance of the casks is 

critically important.  The Cohen report notes that "the choice of corrosion rates for the 
performance projections is a major factor in both estimating the magnitude and time of 
peak dose projections."  Cohen at A-20.  EPA similarly emphasizes that corrosion is 
"exactly the critical element in estimating the timing and magnitude of peak dose."  70 
Fed. Reg. at 49026.  This importance exists for an obvious reason; because water always 
is percolating through Yucca Mountain, radionuclide transport will begin as soon as 
radionuclides are released, and corrosion rates therefore will determine when releases 
take place.  Indeed, the effect of those corrosion rates on repository performance is so 
great that EPA's own economic impact analysis suggests that there is little value in 
attempting to reduce any other sources of uncertainty.  Cohen at A-20. 

 
EPA's own documents thus indicate (1) that the rate of corrosion is of enormous 

importance; and (2) that EPA and DOE have very little certainty about how quickly 
corrosion will occur.  Nevertheless, DOE's models, to date, consistently have assumed 
that no corrosion-related failure will occur during the first 10,000 years of the repository 
lifetime, and, indeed, that robust corrosion resistance will continue for additional 
thousands of years.  DOE thus has assumed the certain performance of one of the most 
uncertain aspects of the repository system. 

 
This assumption undermines EPA's speculative theory that DOE's modeling will 

be "overly conservative."  DOE has made highly optimistic assumptions about the single 
most critical variable affecting repository performance, notwithstanding the "various 
sources of worse-than-anticipated performance of the WP that have not been sufficiently 
investigated, or, in some instances, would be very difficult to evaluate in a short research 
period."  Cohen at 5-16.  That assumption leaves DOE's analysis as optimistic as a safety 
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assessment of the Titanic that assumed the ship certainly would not collide with icebergs, 
or an analysis of the Hindenburg's safety that ignored the potential proximity of sparks.  

 
Moreover, corrosion assumptions are just one of many potential sources of 

optimism in DOE's proposed modeling.  Neither DOE nor EPA has done a 
comprehensive analysis of optimistic assumptions and their potential consequences, but, 
as discussed in detail elsewhere in these comments, several other assumptions and 
modeling techniques could similarly skew the analysis.  For example, EPA's proposed 
exclusions of criticality events, EPA's ratification of DOE's assumption of the non-
existence of manufacturing defects, EPA's exclusion of natural events it considers 
"unlikely," and EPA's exclusion of localized corrosion and other potential engineering 
problems all would skew DOE's modeling toward potentially excessive optimism.  See 
discussion infra on FEPs.  That excessive optimism vitiates any attempt by EPA to rely 
on supposed "over-conservatism" as a justification for a lax second-tier standard. 

 
XV. EPA Misuses Natural Background 
 
 EPA's proposed rule offers a convoluted and arbitrary rationale for what its 
second-tier standard should be.  EPA suggests that "given the large uncertainties 
surrounding the outcomes at these unprecedented time frames," it is reasonable to set a 
standard based on natural background radiation levels in one of the nation's more 
radioactive states: not Nevada, where Yucca Mountain actually is, but Colorado.  On this 
rationale, EPA concludes that allowing 350 millirem/year of anthropogenic exposures to 
Nevada's citizens is appropriate.  But for a series of reasons, EPA's background rationale 
is fatally flawed. 

 
A. EPA's Natural Background Rationale is Inconsistent with EPA's Own 

Past Conclusions and NAS's Recommendations 
 
First and foremost, EPA's Colorado rationale is flatly inconsistent with EPA's past 

standards and conclusions, and with the NAS's recommendations.  Although EPA has 
been regulating anthropogenic radiation exposures for decades, it has never used this type 
of standard or invoked this natural background rationale before.  Instead, its consistent 
past practice has been to follow the international consensus and allow a maximum of 100 
millirem/year of anthropogenic exposures from all sources combined, and to allow 
individual sources to contribute no more than 15 millirem/year of exposure, a level it 
noted was consistent with the NAS's recommendations (a range of 2 to 20), and that EPA 
continues to assert is appropriate for Yucca Mountain in the pre-10,000-year period.  66 
Fed. Reg. at 32088 (15 millirem/year is "within the NAS-recommended range"); see NAS 
Report at 41 (describing the international consensus supporting this level).  EPA has 
viewed the 15 millirem/year level of protection as consistent with the specific 
recommendations of the NAS report. 

 
In soundly rejecting suggested 25 millirem, 70 millirem, and 150 millirem 

standards, EPA never even hinted that existing natural background levels in other places 
somehow would have made those higher levels appropriate.  See EPA Response to 
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Comments at 4-5 to 4-6.  Instead, EPA has taken the consistent position that 15 millirems 
is the reasonable limit on anthropogenic exposure from one source.  Likewise, where the 
NAS spoke of natural background as a benchmark for acceptable exposures, it referred 
only to the "concept of negligible incremental dose (above background levels)," a concept 
that suggests that repositories should cause negligible incremental changes—not a 
doubling—of existing background levels.  See NAS Report at 8-9 (parentheses in 
original). 
 
 EPA's proposed rule never comes to terms with this sharp divergence from its past 
practice.  At most, EPA insinuates that international bodies support its new notion that 
anthropogenic sources should be able to double existing natural background levels.  But 
in fact they do not.  EPA’s citations are misleading and out of context.  See Appendix A. 
As EPA itself noted, "[n]o regulatory body that we are aware of considers doses of 150 
mrem to be acceptable," and those international bodies have never suggested that natural 
background levels should create an exception to the more stringent limits they have 
created.  EPA, Response to Comments at 3-8.    
 

There is good reason for EPA’s (and other standard setting agencies’) past 
reluctance to use natural background or variations in natural background as a basis to 
establishing acceptable levels of risk.  A risk is not acceptable just because it is “natural.”  
Societies undertake extraordinary measures to eliminate or mitigate such natural hazards 
as hurricanes, tornados, and toxic substances found in nature like botulism.  Moreover, 
the concept that variations in natural background pose acceptable risks is based on the 
highly doubtful premise that people are knowledgeable about these radiation levels, and 
the associated health effects of radiation, when they choose where to live or work.  
Finally, even if these comparisons were relevant, EPA cannot explain how they are 
uniquely relevant to the period after 10,000 years.   
 

B. EPA's Colorado Rationale is Irrational and Inconsistent with Past 
Practice and NAS's Recommendations 

 
 Discerning how the Colorado rationale is actually supposed to justify EPA's 
proposed standard is not easy, for EPA's explanation of the rationale is far from clear. 
EPA never performs any kind of risk assessment that concludes that a 700 millirem total 
exposure is safe.  Nor does it ever suggest that the fact that people's choices to live in 
Colorado reflect a societal judgment that such exposure levels are safe; EPA specifically 
states that "[i]t should be clear that we are not arguing that most people take into account 
levels of background radiation when deciding where to live or work, or that it in any way 
plays a major role in their decision-making."  70 Fed. Reg. at 49038.  Instead, EPA 
reasons that since levels of exposure near 700 millirem/year occur naturally in a few 
isolated places, and people live in those areas without obviously dying in droves, a 
standard that allows 350 millirem/year anthropogenic exposure on top of the already 
occurring 350 millirem/year of natural exposures in the Amargosa Valley must suffice.  
As EPA puts it, risk levels apparently are fine so long as "in EPA's view" those levels "do 
not 'pose a realistic threat of irreversible harm or catastrophic consequences.'"  Id.  
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EPA does not explain why it holds this view.  But the rationale is in any event 
arbitrary.  EPA's role is to establish a standard protective of public health and safety, and 
never in the past has it considered that role to be fulfilled merely through avoidance of "a 
realistic threat of irreversible harm or catastrophic consequences."  Instead, it has set 
standards, both to protect people from radiation and in other regulatory contexts, 
designed to allow only the most minimal of increases in the levels of cancer and other 
illnesses already induced by background levels of radiation.   

 
Moreover, EPA itself has acknowledged, as has the NAS, the general consensus 

views that natural background radiation levels are not "safe."  The NAS noted that 
"[i]nternational scientific bodies currently accept what is called the linear, or no-threshold 
hypothesis for the dose-response relationship… . The no-threshold hypothesis holds that 
there is no dose, no matter how small, that does not have the potential for causing health 
effects."  In its original 40 C.F.R. Part 197 rule, EPA, after discussing research on the 
health risks of radiation exposures, similarly noted that even natural background levels 
cause human harm.  "We believe," EPA stated, "that the best approach is to assume that 
the risk of cancer increases linearly starting at zero dose. In other words, any increase in 
exposure to ionizing radiation results in a constant and proportionate risk in the potential 
for developing cancer."  66 Fed. Reg. at 32080-81 (emphasis added).  EPA specifically 
noted that the risk of anthropogenic radiation could not be considered in isolation, but 
instead must be considered in addition to the pre-existing risks created by background 
conditions.  "The risk of interest," EPA stated, "is not at or near zero dose, but that due to 
small increments of dose above the pre-existing background level."  Id. at 32080 n.6.  It 
is for this reason that EPA in the past has always sought to keep anthropogenic exposures 
at levels well below background levels; it has respected the scientific consensus that even 
background levels kill.  See also EPA, A Citizen's guide to Radon, OAR-2005-0083-
0058, at 2 (noting that background levels of radon kill an estimated 21,000 Americans 
every year, and that radon is a larger source of death than drunk driving).   

 
Similarly, EPA's implication that it can safely create Colorado-like levels of 

exposure in Nevada because people live in Colorado is untenable.3  Simply because a risk 
exists naturally in one location does not mean that it is acceptable or "safe" for humans to 
create it somewhere else.  We would never accept as "safe" a human project that creates 
San-Francisco-like levels of earthquake risk in Chicago, or that subjects Washington D.C. 
to the risks of hurricane damage that Miami naturally faces, even though millions of 
people live in the at-risk areas.  Similarly, EPA has no basis in implying that because 
people live in Colorado now, the radiation levels they may face may acceptably be 
created elsewhere.   

 
In setting other health and safety standards, EPA has frequently  rejected 

                                                 
3  This also is only an implication; EPA is never brazen enough to expressly state this 
rationale.  But its invocation of the Colorado rationale clearly appears designed to foster 
the impression, even if EPA attempts to disclaim this rationale, that future Nevadans will 
be safe because they will face risks already allegedly borne by some Coloradans. 
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comparisons with natural background.  Earlier this year, EPA rejected the concept that 
emissions of hazardous materials should not be regulated if the resulting levels in the 
environment are within the bands of variation in ambient background levels.  70 Fed. 
Reg. 19992, April 15, 2005 (rule limiting emissions from coke oven batteries), citing 
with approval 54 Fed. Reg. 38044, September 14, 1989 (rule limiting emissions of 
benzene and other hazardous materials).  EPA also rejected a natural background 
radiation rationale  when it set health-based emission standards for radioactive materials 
under a statutory regime (the Clean Air Act) identical to the Atomic Energy Act, 54 Fed. 
Reg. 51654, December 15, 1989, and when it set standards limiting radioactive emissions 
from uranium mills, 51 Fed. Reg. 42573, November 2, 1986.  Notably, EPA rejected 
comparisons with natural background when it proposed changes in guidance to all federal 
agencies on the formulation of radiation protection standards.  66 Fed. Reg. 66414, 
December 23, 1994 ("although the average level of exposure to natural background 
provides perspective, it does not, however, provide justification for the RPG [Radiation 
Protection Guidance], since it represents an uncontrollable source of risk, and the RPG 
applies to controllable sources").4 

 
Additionally, EPA's rationale misunderstands the role of radon in creating natural 

exposures in Colorado and elsewhere.  As EPA acknowledges, most natural exposures, in 
Colorado and elsewhere, result from radon.  Indeed, in Colorado radon accounts for 
approximately 87% of total radiation exposure.  S. Cohen and Associates, Assessment of 
Variations of Radiation Exposure in the United States (2005), OAR-2005-0083-0077, at 
4.  But radon exposures are locally variable, site-specific, and amenable to mitigation; a 
person lives with radon risk because either they are ignorant of that risk or they have 
made a conscious choice not to deal with it.   

 
C. EPA's Selection of Colorado as Its Benchmark is Arbitrary 
 
Independently of the errors discussed above, EPA's method of choosing its natural 

background benchmark is irrational.  If EPA were to utilize a natural background 
standard, the most logical benchmark for that standard would be natural levels in the 
Yucca Mountain area or, perhaps, in the nation as a whole, which has average radiation 
levels significantly lower than those that already exist in the Amargosa Valley.5  But EPA 
has deliberately rejected both possibilities, and has chosen Colorado for two simple 
reasons: first, because Colorado has substantially higher natural background radiation 

                                                 
4  In its proposed rule, EPA concedes that "meaningful distinctions are made today 
between natural background radiation and additional incremental (and involuntary) 
exposures caused by human activity."  70 Fed. Reg. at 49039.  Without offering any 
explanation, EPA asserts that those distinctions somehow become irrelevant over longer 
time frames. 
 
5   If EPA believes natural background levels provide an appropriate benchmark for the 
total level of risk from all sources of radiation, the repository should not be located in 
Nevada at all, for Nevada already has higher-than-the-national-average risk levels. 
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than the Amargosa Valley or the country as a whole; and second, because Colorado also 
is in the western United States. 

 
EPA's reliance on the former reason is completely circular.  In effect, EPA has 

determined that increased radiation is appropriate by comparing conditions in the 
Amargosa Valley to a subset of other states, all of which it selected specifically because 
they have higher exposure levels, and within that subset has chosen Colorado over Idaho 
apparently just because Colorado is more radioactive.  EPA thus based its conclusion that 
higher exposure levels are allowable on the premise that its analysis must produce a 
conclusion that higher exposure levels are allowable.  Put differently, EPA has proposed 
that Nevada can have substantially higher exposure levels because Colorado does, and 
has said that Colorado is an appropriate comparison because it has substantially higher 
exposure levels.  This reasoning lacks any logic. Comparing Nevada to Colorado because 
both are in the West, and therefore determining that Colorado's natural background levels 
are appropriate for Nevada, is as reasonable as suggesting that humans could 
appropriately recreate New Orleans' flood risk in Atlanta because both are in the South. 

 
EPA has provided no other reason for its selection of Colorado.  That selection 

therefore appears to represent an obvious effort by EPA to rig its analysis, and to justify 
its predetermined conclusion that an unprecedentedly high standard should be employed.  

 
D. EPA Use of Natural Background Wrongly Assumes Natural Risks are 

Acceptable 
 
As the report by Dr. Fleming in Appendix D establishes, EPA cannot assume that 

natural background or variations in natural background are acceptable risks.  Yet this 
appears to the basis for EPA’s proposal. 
 
XVI. EPA Abandons Intergenerational Equity 

 
Having incorrectly determined that "uncertainty" renders impossible a traditional, 

apportioned standard, EPA proposes that it needs an alternative, and that 350 
millirem/year is acceptable as a putative "policy" choice.  But EPA offers no real 
explanation of why 350 millirem/year, which EPA does not consider acceptable today or 
10,000 years from now, should be considered acceptable after 10,000 years.  EPA hints 
that principles of intergenerational equity somehow support its proposed rule, but for a 
series of reasons, that implication is illogical, unjustified, and ethically wrong. 

 
These flaws are explained in detail in Appendix D, a white paper prepared by 

Professor Patricia Ann Fleming, Ph.D.  Dr. Fleming's full report must be considered.  She 
considers the ethical implications of EPA's proposed action and the ethical rationales 
EPA has stated, or implied, in support of that rule, and concludes that EPA misconstrues 
accepted principles of intergenerational ethics, mischaracterizes the sources upon which 
it relies, and has offered an incomplete and internally inconsistent ethical rationale.  
Nevada incorporates Dr. Fleming's paper, in its entirety, by reference into these 
comments. 
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A. Vagueness 
 
Initially, EPA's discussion of intergenerational equity is fatally vague.  EPA never 

actually states what equitable principle it is adopting.  Instead, EPA's proposed rule 
provides a cursory, selective, and inaccurate survey discussion of a few intergenerational 
equity theories, none of which EPA itself has ever adopted in the past.  See Appendix D 
(discussing EPA's selective use of sources and its mischaracterization of the limited set of 
sources it does cite).  EPA then hints at the notion that an action is equitable so long as it 
does not impose catastrophic burdens upon future generations.  EPA never clearly 
articulates the principle it is endorsing, let alone explains why EPA considers that 
particular principle to be just, equitable, or appropriate.  That failure of explanation 
leaves intergenerational equity as an improper basis for EPA's rule, for EPA cannot 
merely hint that a policy justification for its proposed action might exist; it must actually 
articulate and support its purported policy rationale. 

 
B. Inconsistency with Past Statements and Policies and Relevant Law 
 
EPA's failure of explanation stands in sharp contrast to its prior Yucca rule, in 

which EPA clearly articulated the "fundamental principle of intergenerational equity" that 
"we should not knowingly impose burdens on future generations we ourselves are not 
willing to assume." 66 Fed. Reg. at 32107.  EPA does not explain whether it is 
abandoning this "fundamental principle" now, or how its proposed rule, which quite 
clearly does impose additional burdens on future generations, could possibly be 
reconciled with this "fundamental principle." 

 
EPA's proposed rule is similarly suspect in light of the NWPA, which requires 

protection for future generations.  In the NWPA, Congress stated that "appropriate 
precautions must be taken to ensure that such waste and spent fuel do not adversely affect 
the public health and safety and the environment for this or future generations."  NWPA 
§ 111(a)(7).   This Congressional statement supports EPA's erstwhile "fundamental 
principle" that "we should not knowingly impose burdens on future generations that we 
ourselves are not willing to assume." 66 Fed. Reg. at 32107.  But it is irreconcilable with 
EPA's current proposal to subject future generations to burdens that current generations 
have never deemed acceptable.  Congress's statement is similarly inconsistent with any 
implication that future generations need not be accorded protection and ethical standing.   

 
EPA's proposed rule also violated the Joint Convention on the Safety of Spent 

Fuel Management and on the Safety of Radioactive Waste Management, to which the 
United States has agreed.  That convention provides that contracting parties shall take 
appropriate steps to "strive to avoid actions that impose reasonably predictable impacts 
on future generations greater than those permitted for the current generation."6  Section 
101 of the National Environmental Policy Act has similar language in its declaration of a 

                                                 
6  See http://www.iaea.org/Publications/Documents/Conventions/jointconv.html (last 
checked November 7, 2005). 
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national environmental policy.  The EPA rule reflects no such effort.  It instead is 
predicated on an unlawful repudiation of this principle, for it would purposefully "impose 
reasonably predictable impacts on future generations greater than those permitted for the 
current generation."    

 
The EPA rule is also contrary to one of the key IAEA "Principles of Radioactive 

Waste Management" (IAEA 1995), agreed to by the United States, that "radioactive 
waste shall be managed in such a way that predicted impacts on the health of future 
generations will not be greater than relevant levels of impact that are acceptable today."  
EPA offers no reason why the United States should change its policy now with respect to 
Yucca and Nevadans.  Nor does it have the authority to set or change U.S. policy in this 
regard; its sole duty here was to set a health-based standard that would protect this and 
future generations. 

 
C. EPA's Implied Principle Misunderstands Intergenerational Equity 
 
EPA's proposed rule also reflects a basic philosophical misunderstanding of 

intergenerational equity.  Principles of intergenerational equity traditionally have been 
designed to protect future generations from unfairly bearing the burdens of current 
generations' activities.  For example, EPA stated that "we should not knowingly impose 
burdens on future generations that we ourselves are not willing to assume." 66 Fed. Reg. 
at 32107; see also Appendix D.  Yet EPA apparently would turn that notion on its head, 
implying that intergenerational equity is a justification for, rather than a bar to, subjecting 
future generations to burdens that our generation has never been willing to impose upon 
itself.  In the name of intergenerational equity, EPA suggests that it may appropriately 
impose contamination levels beyond anything our generation accepts for itself, and to do 
so for a period that is orders of magnitude longer than the entire history of human 
civilization.  See Figure 1, supra (graph showing the duration of the period of median 
doses close to 350 millirem/year); compare EPA, Response to Comments at 3-8 (2001) 
("no regulatory body we are aware of considers doses of 150 mrem to be acceptable") 
(emphasis added).  This is as rational as invoking the Christian Golden Rule to justify 
theft. 

 
Indeed, as discussed in detail by Professor Fleming, the traditional premise of 

nuclear waste regulation has been that current generations do owe duties to future 
generations, and that those future generations should not suffer harms greater than those 
risked by the generations that actually derive the benefits from nuclear activities.  
Intergenerational equity is a constraint, not a license for current regulators to do whatever 
they please.   

 
Even the obscure sources7 EPA selectively cites cannot sustain its implied 

contrary theory.  See Appendix D (characterizing EPA's choice of sources as "cherry-

                                                 
7  Notably, EPA never explains why it needs to rely on these sources when past U.S. and 
EPA policy is clearly contrary to these sources—or, at least, is contrary to EPA's crabbed 
interpretation of these sources. 
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picking").  First, the National Academy of Public Administration ("NAPA") report does 
not support EPA.  That report recommends a "sustainability principle" that "no 
generation should deprive future generations of the opportunity for a quality of life 
comparable to its own."  While the report also recommends that "each generation's 
primary obligation is to provide for the needs of the living and next succeeding 
generations" and that "near-term hazards have priority over long term hypothetical 
hazards," these recommendations are premised on the need to avoid trade-offs where 
present generations suffer an injustice, and on the concept of a "rolling present" which 
requires each generation to provide the next with the opportunity to reevaluate decisions 
and make changes.  EPA never explains how its proposed two-tiered standard can be 
reconciled with those principles, and indeed it could not.  EPA has identified no injustice 
the present generation would suffer were EPA's standard consistent, and thus NAPA's 
former premise for favoring current generations does not exist.  Nor can EPA provide any 
opportunity for future generations to revisit the burdens EPA now proposes to impose, 
and thus the ability to create a "rolling present" does not exist. 

 
EPA's other key source—a 1998 document by the Swedish National Council for 

Nuclear Waste ("KASAM")—contains none of the propositions for which it is cited.  
Indeed, in response to questions from Nevada regarding where in KASAM's report any of 
these statements existed, EPA conceded that they did not exist, and advised that the 
relevant comments instead came from another Swedish paper published in 2004 that is 
not yet publicly available in English.  EPA then provided Nevada with an English-
language translation of only one chapter of that document (chapter 9), which EPA claims 
supports its position.   

 
Read in context, neither Chapter 9 nor the full 2004 Swedish document8 even 

remotely supports EPA's proposed action.9  Chapter 9 does describe a "minimal principle 
of justice"—as Appendix D points out, it is apparently the only discussion of that 

                                                 
8   Nevada subsequently itself located the entire document, translated into English, at 
http://www.sweden.gov.se/sb/d/574/a/52563.   
 
9   Moreover, key reference sources relied upon in KASAM’s 2004 paper offer analyses 
that are fundamentally incompatible with EPA’s approach to intergenerational 
responsibility in its proposed rule.  For example, John Rawls' A Theory of Justice (1971) 
rejects any time preference that would dilute the moral responsibility to future 
generations; his discussion of justice between generations posits that "[n]o generation has 
stronger claims than any other."  Id. at 289.  See also Appendix D; KASAM 2004 
document at  441-445 (discussing Rawls’ work).  KASAM also draws from works by 
Kristin Shrader-Frechette that have emphasized the present duty to avoid harm in the 
future.  Id. at 449.  In her most recent article, Dr. Shrader-Frechette expressly criticized 
EPA’s new Yucca rule due to its failure to protect the life and health of future 
generations.  Kristin Schrader-Frechette, Mortgaging the Future:  Dumping Ethics with 
Nuclear Waste, 11 Science and Engineering Ethics (2005, Issue 4), at 3.  
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purported minimal principle—but the principle, as stated, does not support EPA's theory 
at all.  Instead, the authors state that  
 

If we accept the minimal principle of justice as a reasonable principle for 
environmental ethics, it will have clear consequences for the nuclear waste 
issue. Thus, we are obliged to use nuclear power today in a manner that 
does not harm future generations—even if those generations are very 
distant.  We cannot escape from our obligations just because they have to 
do with the very long-term consequences of our actions.  
 

OAR-2005-0083-0197, at 429. 
 

The Principle of Minimal Justice applies for an unforeseeable period of 
time in the future and, quite simply, means that as long as living creatures 
exist on this planet, we have an obligation to not do anything that today 
that could jeopardise their life and health in the future. 

 
Id. at 445. 

 
…Therefore, on the basis of this principle, the specification for the 
repository should be completely clear:  We must build a repository that 
can protection [sic] human beings and other living organisms for hundreds 
of thousands of years into the future – or for as long as we can anticipate 
that the waste is hazardous.   
 

Id. at 446. 
 

Paradoxically, uncertainty concerning the future state of society, 
technology and knowledge clearly provides us with clear guidance for 
how we, today, must design a repository in a morally responsible manner. 
It must be designed so that, without controls and corrective measures, it 
can protect the human beings who will live in its vicinity from about the 
year 2050 and a couple of hundred of thousand years in the future.   

 
Id. at 447 (italics in original.) 
 

The Principle of Minimal Justice requires that, with our 
technology, we do not jeopardise future generations' possibilities for life. 
First and foremost: Do no harm. This means that we should only construct 
a repository if we know that it is safe enough to protect future generations.   

  
Id. at 449.  

 
This discussion is impossible to reconcile with the principle EPA purports to 

extract from this document.  The authors quite clearly do not believe that current 
regulators have license to do whatever they please so long as they do not compromise 
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future generations' prospect for survival.  Instead, they state that any repository must "do 
no harm" "for as long as we can anticipate that the waste is hazardous."  Id. 

 
The remaining sources EPA cites also provide no support for its implied but 

unarticulated intergenerational equity position.  For example, EPA cites several sources 
for the principle that long-term numeric projections are of less value, and implies that 
these somehow bolster its suggested theories of intergenerational equity.10  Those general 
statements, however, do not rebut the clear findings of the NAS that long-term numeric 
projections for Yucca Mountain will have value and should be the proper basis for a 
compliance assessment.  Indeed, several of the sources EPA cites suggest that numeric 
assessment is inappropriate only in post-million-year time periods—a proposition 
irrelevant to EPA's current decisions about assessing compliance in the post-10,000-year 
period.  And even the 2004 KASAM report Chapter 9, from which EPA purports to 
extract a highly permissive principle of intergenerational ethics, is clear: "To refrain from 
long-term assessments on account of the difficulty of making them can never be 
considered to be a reasonable level of ambition."  Id. at 446 (quoting KASAM, Nuclear 
Waste – Research and Technique Development 32 (2002).  

 
D. EPA Never Explains Why Its Implied Principle Applies to Yucca 
 
EPA's intergenerational equity rationale, to the extent that it exists, fails for an 

important additional reason:  EPA has never explained how a lax second-tier standard 
benefits anyone.  While EPA's entire theory appears to be that providing future 
generations with the same protection we provide ourselves today would impose burdens 
upon present generations, EPA has not stated what those burdens are.  Indeed, it has 
identified no possible trade-off that will result in any present harm if current levels of 
acceptable risk are sustained after 10,000 years.   

 
If EPA is implicitly suggesting that the benefit to this generation from the lax 

future standard is the present success of Yucca Mountain, it strays into impermissible 
territory, for EPA has no authority to pre-determine that the Yucca Mountain repository 

                                                 
10   EPA selectively quotes from a recent book that borrows from economics to suggest 
that future interests may be discounted in favor of present interests.  N. CHAPMAN AND C. 
MCCOMBIE, PRINCIPLES AND STANDARDS FOR THE DISPOSAL OF LONG-LIVED 
RADIOACTIVE WASTES (2003). That discussion neglects the strong agreement among 
environmental economists and ethicists, as well as KASAM and the NAPA panel, that it 
is unacceptable to discount future generations’ interests simply because they will live at a 
different time.  See Appendix D.  Moreover, read in context, Chapman and McCombie’s 
analysis provides no real support for the proposed rule.  Much like the NAS Report, they 
suggest that "[t[here are no real scientific grounds for specifying any specific time cut-off 
for either safety assessments or regulations, beyond which there is no requirement to 
consider the fate of the repository.  In particular, any cut-off imposed whilst calculated 
releases are increasing has no credibility."  Chapman and McCombie, op cit., at 79 
(emphasis added), OAR-2005-0083-0061. 
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should be built regardless of health and safety threats.  With the NWPA and EnPA, 
Congress gave EPA one duty—to set the health-based radiation standard for Yucca.  It 
did not call upon EPA to evaluate whether the success of the nation's repository program 
at Yucca today can justify a weaker standard of care for future generations.  EnPA 
section 801(a)(1) requires EPA to promulgate a "public health and safety standard for 
protection of the public from releases [from Yucca]."  Section 801(a)(2) refers to this 
standard as "health-based."  A "public health and safety" or "health based" standard 
must be based on a consideration of what is an acceptable level of risk; it may not be 
based on economic costs or a balancing of costs and benefits.  National Cottonseed 
Products Ass'n v. Brock, 825 F.2d 482 (D.C. Cir. 1987) (citing American Textile 
Manufacturers Ins't v. Donovan, 452 U.S. 490 (1981)); NRDC v. EPA, 824 F.2d 1146 
(D.C. Cir. 1987); Union of Concerned Scientists v. NRC, 824 F.2d 108 (D.C. Cir. 1987).   

 
Moreover, Nevada disputes whether Yucca Mountain would actually provide any 

benefit to present generations.  As Nevada has pointed out in detailed past comments, 
both the site itself and, potentially more importantly, the massive project of transporting 
70,000 tons of nuclear waste across the country to the site pose enormous risks to present 
generations.  See Nevada, Comments on Department of Energy's Draft EIS. 

 
Similarly, a lax second-tier standard provides significantly reduced protection to 

generations living within the 10,000-year period.  If the repository is licensed on the 
assumption that peak dose will occur after 10,000 years, and that assumption proves 
wrong, the first-tier standard will provide no protection to the people who bear the brunt 
of the repository's impacts.  Instead, those generations, whom EPA has never suggested 
should receive the same minimal protection it would accord to generations in the post-
10,000-year period, would be put at greater risk by EPA's decision to rationalize a lax-
second-tier standard on the theory that later harms are somehow more permissible. 

 
XVII. EPA Wrongly Defines and Applies "Implementability" 

 
 EPA's final justification for its rule is the euphemistic concept, originated by 
DOE, of so-called "implementability."  EPA believes, reasonably enough, that the 
standard it selects should be usable by the NRC to distinguish an adequate repository 
design and site proposal from an inadequate one.  But EPA offers no proof that its 
proposal will accomplish this result.   
 
 A standard must be “implementable” in the sense that the application of the 
principles of sound science should enable a regulator to decide whether or not 
compliance is achieved.   But EPA's conclusion that only a lax standard is 
"implementable" in this sense is inconsistent with the findings and recommendations of 
the NAS.  The NAS clearly determined that EPA's standard should apply at peak dose, 
and that physical processes affecting the site were sufficiently predictable to allow such a 
peak-dose compliance assessment.  As EPA itself previously recognized, NAS 
recommended a methodology for setting the standard, and that methodology would 
produce dose limits in the 15 millirem/year range.  See EPA, Response to Comments at 
4-5 to 4-6 (rejecting a 70 millirem/year standard because it would be "well above the 
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NAS-recommended level").  Those determinations clearly indicate that, in the NAS's 
view, a 15 millirem/year standard is "implementable." 
 
 Moreover, EPA has produced nothing but speculation to suggest that only a 
higher standard is "implementable."  Nor could it, for DOE's current modeling results 
show a clear and certain failure, by almost any statistical measure, when compliance is 
measured against a consistent 15 millirem standard.  See TSPA graph reproduced in 
Appendix C) (showing that at peak dose, almost 100% of the model runs predict doses 
exceeding 15 millirem/year).  Any test that shows such certain failure obviously would be 
implementable; NRC quite clearly can determine what the outcome would be.   
 

To escape this obvious problem with its implementability rationale, EPA vaguely 
implies, notwithstanding the NAS's clear determinations, that inherent uncertainties 
would make compliance with a 15 millirem/year standard difficult at any site, and that a 
15 millirem standard therefore is not "implementable" because it cannot distinguish good 
sites from bad.  Yet EPA supplies absolutely no empirical support for this speculative 
statement.   

 
EPA's "implementability" rationale is suspect for another reason:  it already has 

been rejected by the Court.  As the court noted, EPA's core rationale for its prior 10,000-
year cutoff was that post-10,000-year analyses were "not practical for regulatory 
decisionmaking." NEI, 373 F.3d at 1268 (quoting 66 Fed. Reg. at 32097).  EPA had 
reached this conclusion after considering "comment on whether it is possible to 
implement the NAS-recommended compliance period…."  EPA's conclusion was that it 
was not.  The Court specifically rejected this rationale, concluding that it was inconsistent 
with the NAS report.  As the court noted, NAS specifically warned against calculational 
approaches that make "compliance rather easy" and "simplify licensing," but fail to 
uphold the core duty to ensure "no unreasonable risk to the health and safety of the 
public."  373 F.3d at 1271. Yet, EPA now proposes to resurrect a similar rationale to 
severely loosen its peak dose standard.   

 
 As discussed infra, what EPA really means by "implementability" is that DOE is 
entitled to a standard that Yucca can pass.  But that determination is not EPA's to make.  
It is charged with promulgating a standard that protects public health and safety, and 
must do so consistent with the findings and recommendations of the NAS.  It may not 
flout those recommendations and deviate from thirty years of practice by invoking 
"implementability" as an excuse to promulgate what is, in effect, a best available or best 
practicable technology standard, rather than a health-based standard, so as to grant Yucca 
an easy pass.  
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Problems with the Rule Other than the Standard 
 

Like any administrative agency, EPA may not exceed the authority Congress has 
delegated to it.  Here, EPA's authority is limited; it may only set health and safety 
standards for Yucca Mountain.  Yet, EPA's proposed rule does far more than just set a 
standard.  In numerous ways, those extra components of EPA's proposed rule would 
usurp the NRC's Congressionally defined role of resolving adjudicatory facts and making 
a licensing decision.   

 
In addition to these usurpations of authority, EPA also proposes, without any 

Congressional authorization, to delegate part of its own rulemaking authority to the NRC. 
 

XVIII. EPA's Effort to Legislate FEPs is Technically 
and Legally Flawed 

 
EPA's proposed rule specifies several features, events, and processes (FEPs) that 

DOE is to model, or is to specifically avoid modeling, in preparing its license application.  
In setting those FEPs, the proposed rule exceeds EPA's statutory authority and is arbitrary 
and capricious in several ways.  First, specific FEPs, as well as EPA's attempts to define 
and develop them, are in key respects fundamentally inconsistent with the NAS report's 
findings and recommendations.  Second, in setting some of the FEPs, EPA's proposed 
rule exceeds the bounds of EPA's rulemaking function.  Third, EPA's rationales for 
certain FEPs are arbitrary and capricious, flouting basic mathematics and containing 
unexplained categorical exclusions.  Finally, even if EPA's specific uses of FEPs could 
otherwise survive scrutiny, they vitiate EPA's rationale for setting a higher numerical 
standard for evaluating post-10,000 year compliance. 
 

A. The Importance of FEPs 
 
 To assess the future performance of its proposed repository, DOE will choose a 
set of scenarios to model.  That set will not include all imaginable variations; instead, 
DOE will choose a subset of actual scientific possibilities, limited by a specification that 
certain features, events and processes with a probability of less than 10-8/yr may be 
screened out as presumptive non-contributors to a probability-weighted dose calculation.  
These "features, events, and processes" are referred to as "FEPs."  
 
 FEP selection obviously has important implications, for it determines which 
possible scenarios the modelers will and will not consider.  While excluding adverse 
scenarios simplifies the modelers' task, it also decreases the realism of the modeling 
process.  If the scenarios excluded are generally adverse, their exclusion also will skew 
the modeling toward excessive optimism, making the repository more likely to pass the 
standard based on an artificial overestimation of its safety. 
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B. EPA's Approach to FEPs in the Proposed Rule 
 
 In its proposed rule, EPA has taken an active role in defining the FEPs that DOE 
must model.  EPA proposes that DOE exclude numerous adverse scenarios from the 
modeling process, sometimes without specifying what those scenarios are or delineating 
the standard being used to exclude them. An entirely sensible initial EPA proposal that 
NRC would have authority to add additional FEPs for the 10,000-year period was 
unaccountably deleted (apparently at DOE’s insistence), and replaced by a series of 
artificial and unfounded limitations that can have no purpose other than to make it easier 
for DOE to comply.     
 

First, EPA proposes that DOE should evaluate only those FEPs that have a 
greater-than 1-in-10,000 chance of occurring over the next 10,000 years.  EPA used this 
screening threshold when it set its original 10,000-year-only standard, and is proposing to 
retain it despite the now-increased compliance period. 

 
 Second, EPA proposes that FEPs not likely to have "significant" effects may be 
excluded even if those FEPs' probability of occurrence is greater than the numerical 
threshold described above.  EPA has not defined, however, what level of effect would not 
be considered significant. 
  
 Third, EPA has delineated FEPs that DOE should model when considering 
engineered barrier failures and several natural phenomena.  Specifically, EPA's rule 
would require consideration of a certain subset (and only that subset) of igneous and 
seismic risks, would require DOE to model constant climate conditions beyond 10,000 
years, rather than a range of conditions, and would require DOE to exclude from 
consideration many potential engineering problems.  EPA has stated that numerous other 
FEPs need not be considered, often without specifying what it is excluding. 
 
 As its underlying rationale for its FEP-setting process, EPA relies on the 
perceived need to manage uncertainty, to make realistic assumptions, and to rule out 
"extremely speculative" or "fantastical" events. 70 Fed. Reg. at 49048.  EPA also bases 
its rationale on the "systematic conservatism" that it alleges would otherwise infect the 
modeling process and produce inconsistencies with EPA's own "reasonable expectation" 
concept.  Id.  Throughout the rule, EPA suggests that this approach is consistent with the 
NAS's recommendations. 
 

C. Inconsistency with NAS's Recommendations 
 

In several ways, EPA's FEP-setting process violates EnPA's mandate, and the core 
holding of the Court, for EPA's FEPs and the rationales EPA has employed to support 
them are inconsistent with NAS findings and recommendations. 
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1. Reliance on Rationales Rejected by NAS 
 
 EPA repeatedly cites a perceived need to avoid uncertainties and over-
conservatism as a reason for limiting the FEP-setting process.  EPA posits that including 
all possible scenarios, even if highly unlikely, would prejudice the analysis towards 
excessive pessimism.  Indeed, EPA even claims that its decision to include only scenarios 
that have at least a 1-in-10,000 chance of occurring over the 10,000 period, and that are 
likely to have "significant effects" (a term EPA never defines) is "extremely 
conservative."  70 Fed. Reg. at 49049. 
 
 But NAS's conclusions were to the contrary.  Describing the basic approach 
involved in performing a probabilistic risk analysis, NAS wrote: 
 

[t]]o judge compliance against a risk-based standard of the type proposed, 
a risk analysis including treatment of all scenarios that might lead to 
releases from the repository and to radiation exposures is, in principle, 
required.  To include them in a standard risk analysis, all these scenarios 
need to be quantified with respect to the probabilities of scenario 
occurrence and the probability of their consequences to humans, such as 
health effects of radiation doses.   
 

NAS Report at 72 (italics in original; bold text added).  In other words, NAS 
recommended including a broad range of scenarios and accounting for the remoteness of 
the more unlikely scenarios by multiplying a scenario's impacts by its low probability of 
occurrence.  Nothing in this passage, or anywhere else in the NAS report, suggests that 
such an approach would be excessively conservative. 
  
 A simplified mathematical example indicates why the NAS was correct that an 
inclusive analysis is, "in principle," appropriate rather than over-conservative, and why 
EPA's FEP approach is inherently unrealistic and optimistic.   
 

Suppose that events A, B, C, D, and E have probabilities of occurrence of 
1%, 3%, 7%, 10%, and 12%, respectively, over the next year.11  Next, 
suppose that each event has a likelihood of producing 10 units of exposure 
if it occurs.   
 

                                                 
11   This example assumes that events A, B, C, D, and E are independent, so that the 
occurrence or non-occurrence of one event does not affect the likelihood of any of the 
others, or the extent of their effects.  A similar assumption is appropriate for many 
scenarios that may affect Yucca Mountain.  For example, nothing about seismic activity 
is likely to affect the occurrence of climate change, and vice versa.  Even where specific 
variables are weakly or even strongly interrelated, the same general principle holds, 
though the mathematics becomes more complex: any exclusion of an adverse scenario 
skews the analysis toward optimism. 
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The probable degree of exposures per year thus would be ((probability of 
A)(exposures per occurrence of A) + (probability of B)(exposures per 
occurrence of B)…. + (probability of E)(exposures per occurrence of E).  
Plugging the overall numbers into the equation produces an expectation of 
3.3 units of exposure per year.   
 
There is nothing inherently conservative about this prediction; the 
inclusion of "unlikely" events A and B is compensated by discounting 
their effect by their likelihood of occurrence.  The inclusion of unlikely 
scenarios thus does not bias the analysis because the unlikelihood of those 
scenarios is accounted for mathematically. 
 
Now suppose, however, that the regulator has attempted to simplify the 
modeling by excluding from consideration all events with a less-than-5% 
chance of occurring.  The modeler would then not consider events A and 
B at all—even though they do have a real-world possibility of 
occurrence—and would produce a prediction of 2.9 units of exposure per 
year.12 Although the change is not huge, defining FEPs to exclude certain 
scenarios has skewed the prediction toward excessive optimism.  And the 
skewing will increase if, as EPA proposes, probable events with slight 
effects—for example, an event F which has a probability of 40% but a 
likely impact of only one unit of exposure—also are excluded.13   

 
This example illustrates the fallacy of EPA's assertion that its prescribed FEP 

approach corrects supposed over-conservatism.  In fact, unless compensating 
mechanisms are introduced, every exclusion of scenarios decreases the realism of the 
calculation, and skews the result toward optimism.  The NAS report provides no support 

                                                 
12  The problem can be stated somewhat differently.  In mathematical terms, excluding an 
event from consideration is the equivalent of rounding its probability off to 0%—which  
is the same as assuming it certainly will not happen.  Of course, any calculation in which 
all the numbers are rounded off in the same direction will necessarily produce a skewed 
outcome. 
 
13   In addition, the modelers will start from a skewed beginning point.  Even before the 
modelers begin purposefully excluding "unlikely" scenarios, they inevitably will have 
excluded other scenarios simply by failing to think of them.  Neither EPA nor the 
modelers can realistically expect to think of all the things that could go wrong in the next 
several hundred thousand years—it is axiomatic that engineering and natural systems 
sometimes behave in unanticipated ways—and some of those oversights could prove 
highly significant.  Yet by not thinking of those scenarios, the modelers will have done 
the mathematical equivalent of assuming that their probability of occurrence is 0%, and 
the modeling therefore will be skewed toward optimism even before the process of 
excluding FEPs begins. 
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for such skewing, and instead endorses a methodology that provides more realism than 
that selected by EPA. 

 
2. Excessive Exclusion of FEPs 

  
 The NAS report recommends that, in principle, "all" scenarios should be 
addressed that "might lead to releases from the repository and radiation exposure."  NAS 
Report at 72.   Nevada understands that direction not to prescribe an infinite number of 
runs, but to ensure that EPA's methodology fully accounts for potential releases from the 
repository and radiation exposure. This NAS recommendation reflects EnPA's underlying 
statutory mandate for EPA to develop standards for the protection of the public health 
and safety.  As noted below, key exclusions proposed by EPA appear to be inconsistent 
with the NAS-recommended approach. 
  
 EPA has excluded a series of events—many of them entirely unspecified—on the 
mostly unexplained rationale that their effects would be "insignificant."  For example, 
EPA suggests that if criticality events are not addressed during the first 10,000 years 
(which DOE had proposed it would not do because it assumes that such failure is 
unlikely), they also need not be addressed in the post-10,000 year period because, oddly 
enough, criticality events at such later times would likely have lesser effects than the 
earlier criticality events EPA already has excused DOE from analyzing.  70 Fed. Reg. at 
49051 (stating, without explanation, that "we do not believe such scenarios are either 
very likely or very important to performance").  As a consequence, EPA's proposed rule 
would completely excuse DOE from analyzing one of the most worrisome threats posed 
by the repository, at the very time when waste packages will begin to fail, emptying their 
fissile contents into pools and piles of unknown (but perhaps critical) geometries.  EPA 
has also excluded engineering failures, such as localized corrosion, on the theory that 
their post-10,000 year effects would be insignificant.  Id.  Similarly, EPA apparently 
acquiesces in DOE's assumption that no manufacturing defects will exist, without ever 
considering whether this assumption is reasonable, let alone sufficiently certain to totally 
exclude such scenarios from analysis.  Indeed, EPA never defines what its standard of 
significance is, or itemizes all of the FEPs that are being excluded, with the consequence 
that the rule never explains what events are being left out or how important they might 
actually be.   
 
 On similar grounds, EPA has excluded from consideration several other FEPs on 
the rationale that their effects will be, in EPA's words, "overwhelmed" by the influence of 
more important variables.  70 Fed. Reg. at 49053; see id. at 49054.  Again, EPA is 
inconsistent at best in defining what FEPs are being excluded on these grounds; while 
some, like seismic effects on hydrology, are specified, others are left unnamed.14  

                                                 
14  EPA's general approach is to specify a few engineering, igneous, seismic, or climatic 
scenarios as the only scenarios that require analysis, expressly or impliedly excluding 
numerous other scenarios without actually naming them.  This methodology creates 
ambiguity about whether DOE will be responsible for the inclusion or exclusion of those 
specific FEPs or whether they are excluded by virtue of EPA's rule.  It also creates, 
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Moreover, EPA never addresses the possibility that the comparatively minor FEPs' 
effects would occur in addition to those ostensibly more important ones represented in 
the scenarios that will be considered, and thus does not consider that this exclusion may 
well understate direct and cumulative effects.  This approach is as irrational as a business 
declining to account for its smaller expenses on the rationale that they are "overwhelmed" 
by the larger ones.  In reality, all of the expenses, large and small, influence the bottom 
line, and a failure to account for the small ones leaves any budget projection overly 
optimistic.   
 
 Finally, with only a few exceptions, EPA excludes from consideration FEPs that 
might be increasingly significant with the passage of time.  Some FEPs, like general 
corrosion, may be of lesser importance during the first 10,000 years if DOE's sanguine 
predictions are realized, but could become increasingly important in the post-10,000 year 
period.  EPA acknowledges this risk with general corrosion, and requires it to be 
addressed, but dismisses all other such time-sensitive effects (without even beginning to 
specify what they are) on the conclusory rationale that "the relevant FEPs are already 
captured within the 10,000 year screening process, and that any others would be 
overshadowed by other aspects of the longer-term modeling." 70 Fed. Reg. at 49055.  
 
 As a consequence, EPA's rule proposes considering only the limited subset of 
FEPs that EPA believes, for largely unspecified reasons, to be worth modeling.  Even if 
EPA were correct, and the FEPs DOE will consider turn out to be the most important 
ones, the collective impact of all the excluded FEPs could have a significant impact on 
the performance assessment.  By categorically excluding those effects from 
consideration, EPA has departed from the NAS recommendation and introduced a 
potentially significant level of over-optimism into the assessment. 
 
 Those exclusions also exceed EPA’s expertise.  It would be one thing if EPA’s 
cavalier exclusion of potentially key technical issues were in an area for which the 
agency has known and Congressionally delegated expertise, such as the health effects of 
radiation.  It is another altogether when the issues concern metallurgy, nuclear physics, 
seismicity, and climatology. 
  

3. Specific FEP Designations 
 
 In addition to inconsistencies between the NAS report and EPA's general 
approach to using and justifying FEPs, there are also stark inconsistencies between 
specific FEPs and the findings and recommendations in the NAS report. 
 

a. Seismic FEPs 
 

                                                                                                                                                 
perhaps intentionally, the possibility that EPA will claim it has left the decision to DOE, 
and that DOE will later claim that its exclusions were determined by EPA's rule.   
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 EPA proposes that only seismic effects on the engineered barriers should be 
considered.  While conceding that seismic events also could affect the natural system—
particularly by affecting fluid transport pathways—EPA is "proposing that DOE's 
analysis for seismic events may exclude the effects of seismicity on the hydrology of the 
Yucca Mountain disposal site." 70 Fed. Reg. at 49056.15  EPA based this exclusion on 
two rationales: first, that predicting alterations in flow would be "highly speculative," and 
second, that any effects of seismic events would be overshadowed by the effects of 
climate change.  Id. 
 
 These rationales are wholly inconsistent with the NAS's determinations.  Rather 
than suggesting that seismic effects on hydrology could be excluded from analysis, NAS 
wrote that "[w]ith respect to the effects of seismicity on the hydrologic regime, the 
possibility of adverse effects due to displacements along existing fractures cannot be 
overlooked."  NAS Report at 93 (emphasis added).  NAS did also state, as EPA 
selectively notes, that favorable alterations in the hydrologic regime were possible, but 
then went on to conclude that "the consequences of these events are boundable for the 
purpose of assessing repository performance."  Id.  But NAS never qualified its 
admonition that seismic effects on hydrology "cannot be overlooked" by suggesting, as 
EPA does now, that climate change might have similar but larger effects.  That rationale 
is patently flawed, for it overlooks the realistic possibility that adverse hydrologic effects 
arising from seismic events would compound the adverse effects of climate change; there 
is no reason to assume that adverse climate change effects would preclude adverse 
seismic effects from occurring. 
 

b. Climate 
 
 EPA does know that wetter periods will occur at some future time, and we can 
analyze how the repository will perform when those periods do occur.  EPA suggests that 
because the site geology will have a dampening effect on climate changes, masking the 
effects of changes several hundred years or less in duration, changes of longer-lasting 
duration also need not be analyzed.  This also is inapposite. As indicated by the NAS 
language that EPA cited, this dampening effect should transfer the focus to longer-term 
climate changes (for example, glacial states that might last for thousands rather than 
hundreds of years).  NAS Report at 93.  The short-term dampening effect provides no 
reason for ignoring long-term changes. 
 
 As the NAS report and EPA's own past statements indicate, significantly wetter 
climates will occur and will adversely impact repository performance.  In mandating that 
those conditions be assumed out of existence, EPA's proposed rule would ignore the 
NAS's clear recommendation. 

                                                 
15  At 70 Fed. Reg. 49056, EPA gives DOE a blanket license to exclude from 
consideration any seismic effects other than the "key aspects of seismicity discussed 
above." EPA never specifies which effects it is excluding from consideration, or why 
"they can reasonably be excluded from analysis over the period of geologic stability," so 
this blanket exclusion lacks any reasoned basis. 
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 Moreover, as the report of Dr. Thorne indicates (Appendix E), EPA’s 
specification that only constant climate conditions may be considered ignores the 
possibility that other factors influenced by global warming will have a substantial effect 
on deep percolation of water into the repository.  
 

c. Volcanism and Igneous Events 
 

EPA states that DOE need only consider as FEPs volcanic events that have 
occurred, or may reasonably be inferred to have occurred, during the Quaternary Period, 
which includes approximately the last 1.6 million years. 70 Fed. Reg. at 49052.  The 
rationale, apparently, is that if events haven't occurred during the last 1.6 million years, 
the probability of their occurrence within the next million years is negligible. 

 
For events likely to occur on a shorter time cycle (e.g. climate shifts), this might 

be a reasonable assumption, since a 1.6 million-year period is long enough to encompass 
numerous climate cycles and provide a sense of the full range of possibilities.  Volcanic 
eruptions in the Yucca Mountain area, however, occur infrequently and irregularly, and 
the activity in one 1.6-million year period—a long period by human standards, but a short 
one for many geologic processes—may not be an accurate preview of future activity.  To 
assume that the volcanic events of the next million years are bounded by the events of the 
previous 1.6 million years is somewhat like assuming that Chicago's weather tomorrow 
can be predicted, with certainty, by reviewing the weather reports from the previous two 
days. 

 
Indeed, EPA's own consultant's report concedes that during the Pliocene Epoch 

(5.2 million years before present to 1.6 million years before present), several larger-scale 
eruptions occurred at the site.  Cohen Report at 10-1 to 10-2.  Moreover, EPA's own rule 
acknowledges that the type of eruptions that formed the tuffs at Yucca Mountain is not 
the same as the type of eruptions that are known to have occurred more recently.  EPA at 
70 Fed. Reg. at 49058.  The difference is important; in comparison to most basaltic 
eruptions, the eruptions that produce welded tuffs generally are gigantic. 

 
Thus, in requiring that DOE model only events that occurred during the 

Quaternary period, EPA is excluding possible volcanic events from analysis.  Moreover, 
it isn't excluding just any events, but instead is selectively leaving out larger events.  
While such events have low probabilities, since volcanic events in the region are 
infrequent, their effects, if they do occur, could be major, and there is no foundation for 
EPA's rationale for screening them out entirely. 

 
D. EPA's FEP-Setting Exceeds EPA's Authority and Expertise 
 

 In setting FEPs for certain physical parameters of the Yucca Mountain analysis, 
EPA proposes to use the rulemaking process to pre-determine adjudicative facts, and to 
do so in areas well outside its expertise.  In so doing, EPA would exceed the limited 
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authority Congress conferred upon it, both by exceeding its rulemaking function and by 
undertaking tasks that Congress delegated elsewhere. 
  
 In the NWPA and EnPA, Congress specified a clear division of authority—one 
which built upon EPA's traditional role (incorporated in section 121 of the NWPA and 
the 1970 Reorganization Plan that established EPA).  EPA's one and only duty is to 
promulgate, by rulemaking, a health-based standard "based upon and consistent with the 
NAS's findings and recommendations."  EnPA § 801.  DOE, not EPA, is to select a site 
and write an application for a license.  The NRC, not EPA, is to judge, through an 
adjudicatory proceeding, whether that license application satisfies EPA's health-based 
standard, and whether the license should be granted.  Like any administrative agency, 
EPA has no power beyond that delegated to it by law, and may not assume the functions 
delegated to its sister agencies. 
 

The significance of Congress's division of authority is underscored by its 
concordance with the fundamental separation of powers that underlies our entire system 
of governance.  Our Constitution itself has as its core principle the separation of powers 
between legislative, executive, and judicial entities; it does not contemplate the same 
entity simultaneously functioning as advocate, rulemaker, and judge.  Likewise, "the 
entire (Administrative Procedure) Act is based upon a dichotomy between rule making 
and  adjudication."  ATTORNEY GENERAL'S MANUAL ON THE ADMINISTRATIVE 
PROCEDURE ACT (1947).  In dividing authority among EPA, DOE, and the NRC, 
Congress utilized those core separation-of-powers principles, granting EPA only a 
limited rulemaking role, and EPA has no power to blur those distinctions.  Indeed, the 
gravity of the Yucca Mountain decisions accentuates the importance of Congress's 
mandate; if government agencies are to decide that part of Nevada will be contaminated 
for a million years, that decision ought at the very least to be made through a process of 
checks and balances, and the agencies involved must respect the limits Congress placed 
upon their roles.   EPA therefore is required, in promulgating this standard, to limit itself 
to the narrow and constrained rulemaking task Congress delegated to it. 
 
 Yet many of the specific FEP determinations EPA's proposed rule would make 
are not properly within the scope of EPA's rulemaking task, and are certainly far outside 
its traditional expertise.  The grant of rulemaking authority in the EnPA is based on the 
prior grant of rulemaking authority in the NWPA.  Both statutes are based on the original 
grant of radiation standard setting authority in Reorganization Plan No. 3 of 1970.  That 
grant (and therefore the grant in the EnPA) is expressly limited to the setting of standards 
defined as “limits on radiation exposures or levels, or concentrations or quantities of 
radioactive material” in the environment.  The rest was reserved exclusively to NRC as 
the agency responsible for implementing the EPA standards through the licensing 
process.   
 
 Here, EPA has used rulemaking to pre-set the highly technical assumptions that 
DOE’s modelers will make, and to pre-judge the resolution of site-specific licensing 
issues that are the exclusive province of NRC.  Such things as specification of FEPs do 
not remotely qualify as the setting of limits on exposures, levels, or concentrations of 
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radiation.  Indeed, in the past, NRC has vigorously opposed EPA intrusions into its 
repository licensing functions very much like the ones EPA now proposes.  See NRC 
letters to EPA and NRC memoranda found on NRC’s Licensing Support Network at 
NRC 000024406 and NRC 000024461.   
 

 Scientific determinations such as this are more properly made in the NRC 
licensing review where there is the flexibility to account for more recent scientific 
advances and to adjust to specifics of the performance assessment actually proposed as 
the basis for licensing.  EPA itself has no power, in its rulemaking process, to review 
DOE's current draft applications and preliminary modeling work and utilize that work to 
screen certain scenarios out of the site evaluation process.  By constraining the modeling 
assumptions, EPA has gone far beyond its limited rule-writing role and instead has 
injected itself into NRC's licensing function.  
 
 EPA's own past statements acknowledge that these determinations are not EPA's 
to make.  In promulgating 40 C.F.R. Part 197's standard, EPA did not purport to specify 
FEPs that DOE would or would not model.  Instead, EPA noted that "[t]hese 
considerations and decisions properly belong to the implementing authority."  66 Fed. 
Reg. 32074, 32126 (July 13, 2001).  EPA specifically explained that in the WIPP process, 
"where [EPA] had both the standard-setting and implementing authority," it had specified 
"requirements for modeling techniques and assumptions."  Id.  But it concluded that in 
the Yucca Mountain rulemaking, where such implementing authority did not repose in 
EPA, such "requirements go well beyond the simple statement of a compliance measure," 
and, with the exception of the FEP discussed below, it did not establish them.  Id.  
Likewise, EPA specifically noted that it declined "to specify that DOE must use a 
particular modeling approach to demonstrate compliance with the standards," and instead 
stated that "DOE (the organization responsible for developing the license application) and 
NRC (the authority responsible for the approval of the disposal facility) should make 
these decisions."  Id. at 32127 (parentheses in original).   
 

E. EPA's FEPs Vitiate EPA's Rationale for a Higher Standard and for 
Use of the Median 

 
 EPA's FEPs also undermine the key rationales for EPA's creation of a higher 
numeric standard in the post-10,000 year period, and for EPA's position shift to require 
use of the median, rather than the mean, for projecting compliance. 
 
 EPA proposes to justify both its 350 millirem/year standard and its use of the 
median primarily on the rationale that both are necessary to manage long-term 
uncertainties in performance assessment.  EPA's theory appears to be that a combination 
of uncertainty and compounding conservative assumptions will unavoidably skew DOE's 
modeling, and that, rather than expecting DOE to fix those perceived modeling problems, 
EPA must for some reason compensate for that skewing by using a commensurately 
skewed higher standard and a less conservative statistical compliance measure.16 

                                                 
16  Nevada has addressed the many other problems with this theory elsewhere herein. 
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 The use of predetermined FEPs undercuts EPA's uncertainty rationale.  By 
specifically defining future states for crucial FEPs, such future climate states, EPA 
manages uncertainty out of the modeling process.  Having taken that step, it is 
inconsistent to optimistically adjust the end-goal to account for negative uncertainties that 
the modelers have been required to remove.  Essentially, this methodology double-counts 
the perceived uncertainty. 
 
 The use of FEPs also thoroughly undercuts EPA's predetermination that DOE's 
modeling process will be overly conservative.  As shown in the mathematical example 
above, arbitrary exclusion of FEPs can inherently skew the modeling process toward 
optimistic outcomes.   
 
XIX. EPA Impermissibly Legislates Other Adjudicative Facts 
 

The proposed EPA rule includes various "findings" of adjudicatory fact—that is, 
findings of fact that are applicable only to Yucca Mountain and that should be the subject 
of NRC review of the DOE license application in the NRC licensing hearing.  Those 
"findings" also are made without any significant factual inquiry on controversial and 
critical subjects over which EPA has no particular expertise.   
 
 For example, EPA's entire "over-conservatism" and "uncertainty" theories rest on 
pre-determination of adjudicative facts.  As Dr. Thorne points out in Appendix C, 
variations in uncertainty and conservatism with time are matters to be derived by detailed 
assessment modeling, which can only be done in consideration of an actual license 
application, and cannot be determined a priori by rule, as EPA presumes in its rule.  EPA 
does not, and cannot, rely on universally applicable legislative facts to support this 
theory, for DOE's models will be17 specific to Yucca Mountain.  Likewise, the source 
EPA cites for its over-conservatism rationale is specific to DOE's Yucca-Mountain 
models.  See 70 Fed. Reg. at 49021 (citing Cohen, Assumptions, Conservatisms, and 
Uncertainties in Yucca Mountain Performance Assessments (2005)).  Accordingly, the 
inquiry about whether DOE's modeling efforts will be improperly conservative, 
improperly optimistic, or somewhere in between is a classic determination of adjudicative 
fact, and EPA has no power to extract that determination from the NRC's adjudicative 
process, prejudge its outcome, and use that prejudgment as a basis for its rule. 
 
 EPA's proposed rule not only would involve ultra vires resolutions of adjudicative 
facts; it would resolve those facts before they are ripe for adjudication.  The EPA findings 

                                                                                                                                                 
 
17  EPA's attempt to alter its standard to accommodate the anticipated insufficiencies in 
DOE's modeling is thus suspect for the additional reason that EPA does not know 
whether those perceived insufficiencies actually will exist, and EPA has effectively 
altered its rule to accommodate perceived flaws in what is a partial draft License 
Application, since a complete draft is unavailable.   
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are based on what is, in effect, an incomplete collection of information, some of which 
may be relied upon by DOE in its eventual license application, and some of which may 
not be.  Because DOE has not yet submitted an application (and has in fact taken every 
conceivable measure to hide it from public view), all of its modeling is preliminary and 
subject to change.  The final application will undoubtedly include numerous important 
changes from the information relied on in this rule, and when DOE actually submits an 
application the perceived flaws that led EPA to adopt particular positions on various 
FEPs and skew its standards may no longer exist.  Moreover, none of that preliminary 
modeling has been the subject of a full review and concurrence by DOE, NRC or EPA, 
and the iteration relied upon by EPA already has apparently been superseded by another 
draft.  EPA's adjudicatory decisions thus are premature as well as ultra vires. 

 
 Each of these legal defects has the unlawful effect of depriving Nevada and other 
interested persons of their rights to an adjudicatory hearing on contested issues of 
adjudicatory fact under the Atomic Energy Act and NRC's Rules of Practice. 
 
 To be sure, to a limited extent a Yucca specific rule must be based on findings of 
adjudicative fact, for example, a finding that the Yucca site is such that reasonable 
projections of peak dose can be made.  But clearly Congress limited such adjudicative 
fact-finding to those facts essential for the promulgation of health-based standards, 
properly defined as limits on radiation exposures, levels or concentrations in the 
environment.  Moreover, the adjudicative findings necessary for standard-setting were to 
be made by NAS.  EPA’s findings of fact are well in excess of those necessary to 
accomplish this limited rulemaking function and go well beyond, and in some respects 
are inconsistent with, the findings of NAS.  Indeed, as pointed out above, EPA’s rule is in 
danger of complete collapse when the proposed findings of fact in the DOE license and 
the NRC findings of adjudicatory fact in the licensing process turn out to be inconsistent 
with the very premises for the EPA rule.  Such a collapse would be avoided if EPA 
limited its rule, and its underlying findings, to policy judgments about acceptable levels 
of risk based on NAS findings of fact about Yucca.      
 
XX. EPA's Rule Impermissibly Prejudges NRC Licensing 
 

A. "Implementability" and Prejudgment 
 
 EPA's heavy reliance on the concept of "implementability" is the first indication 
of EPA's prejudgment, for EPA has defined its "implementability" goal in such a way 
that it assumes a license must be granted.  EPA's proposed rule suggests that a standard 
must be "implementable," ostensibly meaning that it must provide a measure capable of 
distinguishing a good repository license application from a bad one.  E.g. 70 Fed. Reg. at 
49029.  This definition is reasonable enough; a standard against which compliance could 
not be measured might as well be no standard at all.  Yet the manner in which EPA 
applies this concept reveals, for numerous reasons, that EPA misconstrues it by deciding 
that any standard that might cause Yucca to fail is not implementable. 
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 First, EPA impliedly defines an "implementable" standard as a standard that some 
repository somewhere could pass.  Without offering any basis for this conclusion—and 
without acknowledging that it is directly contrary to the conclusions of the NAS, which 
determined that a traditional apportioned standard could be used through the time of peak 
dose—EPA then suggests that because of inherent "uncertainties," no repository 
anywhere could pass a traditional, 15 millirem/year standard, and that such a standard 
therefore is not implementable for longer-term compliance assessment.   
 
 Moreover, EPA has no basis for assuming that a "safe" repository could not pass a 
traditional 15 millirem/year standard, and that such a standard therefore is not 
implementable.  The NAS came to no such conclusion, and instead determined that 
current site characterization capacities are sufficient to project compliance with a 
traditionally apportioned standard through the time of peak dose.  Moreover, EPA's rule 
does not consider experience at other actual repository sites, and EPA therefore lacks any 
basis for asserting that no site could pass a 15 millirem standard.  Another location with 
true geologic isolation—a site without permeable, fractured rock that allows groundwater 
to flow through the repository—might well pass the traditional 15 millirem standard even 
at peak dose.  Indeed, as discussed below, DOE's WIPP repository  -- the only operating 
repository in the world -- is just such a location.  Having considered only Yucca 
Mountain in assessing whether 15 millirem/year is "implementable," EPA has no basis to 
suggest that the standard is universally impossible to meet.   
 

Because EPA's "implementability"-based rejection of a traditional standard is 
based solely on its review of Yucca Mountain, that rejection is in reality a prejudgment 
that the only "implementable," and thus acceptable, standard is one that Yucca Mountain 
could meet.  Implementability thus is only an excuse for setting a standard that allows 
Yucca Mountain to be licensed, regardless of its safety, and EPA's use of that concept 
betrays its procrustean attempt to predetermine the outcome of the licensing process. 
 

B. Uncertainty and Prejudgment 
 

 EPA's treatment of supposed "uncertainty" further evinces prejudgment.  Under 
EPA's reasoning, uncertainty and implementability are closely connected; because of 
compounding uncertainties, EPA believes, a low standard is not implementable for long-
term compliance assessment, and a higher standard must be used.  This reasoning 
amounts to a predetermination that Yucca Mountain should be licensed. 
 
 First, EPA's relaxation of standards betrays a prejudgment that the repository 
should be licensed even if DOE and NRC cannot determine whether it will work.  Even if 
uncertainties do make predicting compliance with a traditional standard difficult 
regardless of site-specific characteristics,18 that does not mean that the standard is not 

                                                 
18  The NAS, of course, specifically rejected this position, finding that meaningful long-
term compliance projections could be made and that those projections could be measured 
against a traditional, apportioned standard. 
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implementable, for there is nothing unimplementable or unreasonable about a standard 
that requires the applicant to bear the burden of addressing uncertainty.  Just as the FDA 
does not license drugs until it has some certainty about how they will perform, and does 
not consider rules requiring such demonstrations "unimplementable," EPA cannot alter 
its standards to facilitate the licensing of a repository with uncertain prospects of success.  
Indeed, that uncertainty may reflect flaws in the siting or design of the repository, or may 
simply reflect the fact that DOE's modeling and site characterization capabilities are not 
sufficiently advanced for it to demonstrate whether or not a repository will perform 
adequately.  Under such circumstances, uncertainty provides a reason not to license 
repositories, not an excuse to consider traditional health-based standards 
unimplementable.  Relaxing standards to accommodate uncertainties indicates an 
unlawful predetermination that repositories should be licensed.  
 
 Second, because the key uncertainties EPA cites as affecting DOE's long-term 
performance assessment are specific to Yucca Mountain, EPA's implementability/ 
uncertainty rationale betrays EPA's attempt to predetermine licensing by tailoring the 
standard to accommodate the known weaknesses of the Yucca Mountain site.   

 
Uncertainty exists at Yucca Mountain primarily because water naturally 

percolates through the repository due to fractured geology.  For two primary reasons, that 
water flow makes engineering uncertainties crucially important.   First, it promotes 
corrosion, which EPA has observed is "exactly the critical element in estimating the 
timing and magnitude of peak dose."  70 Fed. Reg. at 49026.  Second, because it negates 
the existence of geologic containment, it places increased importance on the engineered 
barrier system, and while it is undisputed that those barrier systems will eventually fail, 
no one is certain when that failure will occur.  Additionally, because water flow rates 
may vary, water infiltration creates some uncertainty about the rate at which 
radionuclides will move through the subsurface environment.   

 
These uncertainties are not inherent in all potential repository sites.  Instead, they 

are peculiar to the permeability and fractures of Yucca Mountain's rock.19  At a site 
providing true geologic barriers—such as the WIPP site, where the geology provides total 
containment—neither source of uncertainty would exist.  Water would not enter or leave 
the system, and inevitable failures of the engineered barriers would be compensated for 
by the impermeability of the surrounding geologic formation. 
 

EPA's reliance on uncertainty as the basis for its lax standard therefore constitutes 
EPA's determination that the standard should be tailored to accommodate the flaws in the 
Yucca Mountain site.  That rationalization and the resulting lax standard completely 
undermine the integrity of EPA's rulemaking by basing the standard on non-health-
related factors that EPA has no power to consider.  Additionally, that rationalization 
usurps the NRC's jurisdiction to determine whether or not the license should be issued by 

                                                 
19   The importance of these two sources of uncertainty is vastly greater than that of most 
others.  Additionally, many other uncertainty sources—the threat of volcanic or seismic 
activity, for example—also are site-specific. 
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crafting a standard to ensure that a license will issue.  A standard designed to measure 
whether a repository protects public health cannot be tailored to the weaknesses of that 
very repository without tainting the entire licensing process with prejudgment. 
 
XXI. EPA Improperly Delegates Its Own Rulemaking Role 

 
In addition to usurping roles Congress delegated to other agencies, EPA's 

proposed rule would unlawfully delegate away EPA's own core responsibility for setting 
a standard.  Rather than following Congress's and the court's direction to set a standard 
applicable to peak dose, EPA proposes to set little more than a guideline, and to allow the 
NRC to consider a modeled projection of compliance with that guideline as little more 
than a "factor" in its ultimate compliance determination.  By declining to promulgate a 
true standard, EPA impermissibly would delegate its discrete and limited rulemaking role 
to the NRC. 

 
 The NWPA and EnPA direct EPA to promulgate a binding standard.  EnPA 
section 801(a)(1) states that EPA's "standards shall prescribe the maximum annual 
effective dose equivalent to individual members of the public from releases" of 
radioactive material from the repository.  See NEI v. EPA, 373 F.3d at 1262 (citing 
EnPA).  The phrase "prescribe the maximum" clearly indicates Congress's demand for a 
binding limit, and does not allow for the possibility of approval of a repository predicted 
to produce higher doses.  Likewise, Congress's use of the word "standard" indicates 
Congressional intent that the standard be an absolute limit; elsewhere in environmental 
regulation, where Congress has demanded that EPA "prescribe… standards," those 
standards are understood to provide limits that may not be exceeded.  See, e.g., 42 U.S.C. 
7409 (providing for air quality standards, with which state air quality plans must 
demonstrate compliance); 42 U.S.C. § 9621 (requiring hazardous waste site cleanups to 
meet public health and safety standards).  Finally, Congress's requirement that EPA 
promulgate its standards "by rule" indicates the binding nature of those standards; unlike 
policy statements or guidance documents, rules that implement Congress's statutory 
mandates by definition have coercive force.  See Chrysler Corp. v. Brown, 441 U.S. 281, 
302 n.31 (1979) (citing the 1947 Attorney General's manual); Batterton v. Marshall, 648 
F.2d 694, 701-02 (D.C. Cir. 1980). 
 
 Notwithstanding those Congressional directives, EPA proposes, in parts of its new 
rule, that its standard would not be binding unless the NRC decides to treat it that way, 
and that the NRC would have discretion to license a site even where the compliance 
evaluation projects a violation of the standard.  EPA does suggest that under its new rule, 
"the post-10,000 year analyses are now proposed to be part of the 40 CFR part 197 
standards with a quantitative limit imposed."  70 Fed. Reg. at 49028.20  However, EPA 

                                                 
20  EPA's rule does also contain several statements suggesting that the standard will be 
binding.  For example, EPA acknowledges that "we believe that the best way to address 
the Court decision is to establish a numerical compliance standard for the time of peak 
dose so that a clear test for compliance decision-making can be applied to the results of 
quantitative performance assessments."  70 Fed. Reg. at 49031.  EPA also ostensibly 
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also proposes to "continue [40 CFR Part 197's] general approach" of leaving "the degree 
of 'weight' that should be given to these very long-term assessments" as "an 
implementation decision that should be left to the NRC to determine, by balancing the 
inherent uncertainties in these projections against the projected dose levels."  Id.21  
Elsewhere, EPA suggests that compliance projections can "form a key part of the basis 
for a licensing decision," 70 Fed. Reg. at 49029 (emphasis added).  It argues that "we do 
not want to place more regulatory emphasis on peak dose projections than can be 
justified."  70 Fed. Reg. at 49030.  It suggests that "quantitative projections should be 
considered less for their strict numerical outcomes and more as one component in a 
qualitative evaluation of the overall safety case."  Id.  And it further states that NRC may 
consider a dose projection exceeding the dose standard not as a bar to licensing, but 
rather as only a "particularly important part of the 'full' record."  70 Fed. Reg. at 49034.  
Finally, in a statement that ignores the NAS's conclusions about the manageability of 
scientific uncertainty, EPA suggests that NRC's "regulatory judgment must bridge the 
gap between what science can show and the unprecedented time frames involved."  70 
Fed. Reg. at 49030. 
 
 It is one thing to promulgate a dose standard and leave the implementation details 
(the selection of models, FEPs, and the like) to NRC.  It is quite another to set a 
“standard” and give NRC the discretion to grant a license that does not comply with it. 

                                                                                                                                                 
rejects a dose "target" in favor of a limit, though its description of that limit makes the 
distinction sound like one without a difference.  Id. at 49033.  And EPA does state that 
"DOE must satisfy NRC that a specified portion of the distribution satisfies the dose 
criterion." Id. at 49041.  Those statements, if not contradicted elsewhere, would provide 
sufficient assurance that the standard truly will be a standard, but the presence of those 
other contradictory statements renders EPA's meaning ambiguous. 
 
21   EPA also states:  
 

We anticipate that if these very long-range performance projections 
(beyond 10,000 years) indicate that repository performance would degrade 
dramatically under a wide range of conditions at some point in time, that 
this would become a concern in the licensing decision.  If such a dramatic 
deterioration were projected to occur close to the regulatory time period it 
would be a more pressing concern for licensing decisions than if it were to 
occur many hundreds of thousands of years in the future. 
 

70 Fed. Reg. at 49028.  This statement is problematic for several reasons.  First, it 
indicates that EPA still construes the "compliance period" as 10,000 years in length, 
notwithstanding the clear recommendation of the NAS and holding of the Court.  Second, 
by stating that significant deterioration after 10,000 years would be just a concern, it 
implies that such deterioration need not prevent licensing, even if it creates a violation of 
the standard.  Those implications are wholly inconsistent with both Congress's 
requirement that EPA set a maximum dose standard and with the Court of Appeal's 
mandate that the standard, and thus the "regulatory time period," extend to peak dose. 
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These statements all suggest that EPA is granting NRC discretion to decide whether 
EPA's standard really will be a mandatory standard, or whether it will just be a guideline.  
But Congress did not delegate such decision-making authority to NRC; it tasked EPA 
with setting, "by rule," a standard, and directed NRC to see that the standard was 
implemented.  EPA may not sub-delegate its standard-setting authority by allowing NRC 
to choose whether or not it must comply with EPA's rule.  EPA must clarify that the 
standard will be what Congress demanded: a binding limit on the projected peak dose 
from the repository. 
 
 Indeed, EPA's new sub-delegation is particularly suspect because of its close 
resemblance to elements of the rule the court already set aside.  In the original 40 C.F.R. 
Part 197 standard, EPA required DOE to provide dose projections through peak dose, but 
allowed NRC discretion to decide how to factor those projections into its licensing.  The 
Court expressly rejected this approach, finding it inconsistent with Congress's mandate 
that EPA set a standard applicable through peak dose.  373 F.3d at 1273.  Yet EPA's new 
rule, by again suggesting that NRC has discretion to grant a license despite projected 
exceedances of the dose limit, is functionally identical to the rule the Court already 
rejected as failing to fulfill EPA's statutory mandate. 
 
 Finally, EPA’s direction to NRC regarding establishment of climate conditions 
and infiltration rates is no standard at all, but merely an unlawful intrusion into NRC’s 
licensing process.   
 
XXII. The New Rule Improperly Construes "Reasonable Expectation" 
 

A. EPA's Attempt to Relax "Reasonable Assurance" 
 
In its proposed rule, 70 Fed. Reg. at 49014, EPA purports to rely upon and apply a 

"Reasonable Expectation" standard in evaluating repository compliance, emphatically 
urging NRC to employ it as well in its implementation of dose and time-of-compliance 
standards and calling Reasonable Expectation not just an optional gauge of safety but "a 
critical element in implementing our standards."  Id. at 49020.  EPA thus seeks to base its 
rule on some special notion of “reasonable expectation” that distinguishes it from the 
traditional standard of reasonable assurance.  It is impossible to understand what effect 
“reasonable expectation” had on EPA’s proposal, because EPA does not explain how 
reasonable expectation is different from reasonable assurance.  However, in the context 
of EPA's present rulemaking, "Reasonable Expectation" cannot mean anything 
significantly different from the meaning previously ascribed to it in Court by both EPA 
and NRC, when it was agreed that reasonable expectation and reasonable assurance 
meant the same thing in repository licensing.  EPA cannot proceed as if the agreed 
judicial resolution of this issue had never happened.  In Court, Nevada's challenge to use 
of a "Reasonable Expectation" standard was rendered moot by those agencies' agreement 
that it was an equivalent standard to the well-known and commonly construed 
"Reasonable Assurance" standard of safety that peppers all of NRC case law.  
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B. Background:  Judicial Resolution of a Convoluted Disagreement 
 

On June 21, 1983, NRC promulgated Final Rule 10 C.F.R. Part 60 (48 Fed. Reg. 
28194), which explained: 

 
The Reasonable Assurance standard is derived from the finding the 
Commission is required to make under the Atomic Energy Act that the 
licensed activity provide "adequate protection" to the health and safety of 
the public; the standard has been approved by the Supreme Court.  Power 
Reactor Development Co. v. Electrical Union, 367 U.S. 396, 407 (1961).  
This standard, in addition to being commonly used and accepted in the 
Commission's licensing activities, allows the flexibility necessary for the 
Commission to make judgmental distinctions with respect to quantitative 
data which may have large uncertainties (in the mathematical sense) 
associated with it.   
 

Id. at 28204. 
 

The Commission explained that the Reasonable Assurance standard does not 
create a standard that is impossible to meet.  On the contrary, it parallels language the 
Commission has applied in contexts other than that of a nuclear waste repository, such as 
the licensing of nuclear reactors, for many years.   

 
NRC proposed amendments to its repository licensing rule in 1999.  64 Fed. Reg. 

8640 (Feb. 22, 1999).  The Commission proposed that the results of a performance 
assessment be the sole quantitative measure used to demonstrate compliance with post-
closure dose limits, providing "a Reasonable Assurance, on the basis of the record before 
the Commission, that the performance objective will be met is the general standard that is 
required."  Id. at 8650.  The NRC specifically recognized that in establishing Reasonable 
Assurance, allowance must be made for the time period involved, the hazards and the 
uncertainties involved, and assumed that the applicant would use complex predictive 
models supported by limited data from field and laboratory tests and would necessarily 
rely on computer modeling to determine whether a proposed repository met performance 
objectives.  Id.   

 
When NRC published its Final Rule, 66 Fed. Reg. 55732 (Nov. 2, 2001), it 

explained in response to public comments its continuing reliance on the Reasonable 
Assurance standard.  Specifically addressing a comment filed by EPA, NRC noted EPA's 
position that Reasonable Assurance was not appropriate for use in the licensing of a 
repository where projections of performance have inherently large ranges of uncertainty.  
Id. at 55,739.  Instead, EPA proposed the application of a looser, "Reasonable 
Expectation" standard, because it asserted that Reasonable Assurance had come to be 
associated with a level of confidence that is not appropriate for the very long-term 
analytical projections that would be necessary for evaluating Yucca Mountain.  Id.  In 
response, NRC explained:  "It is the Commission's responsibility to determine whether 
DOE has or has not demonstrated compliance.  The Commission does not believe that 



 

75 

NRC's use of 'Reasonable Assurance' as a basis for judging compliance compels focus on 
extreme values for representing the performance of a Yucca Mountain repository.  
Further, if DOE is authorized to file a License Application, and if the Commission is 
called on to make a decision, irrespective of the term used, the Commission will consider 
the full record before it."  Id. at 55739-40. 

 
Nonetheless, NRC made what it considered to be a semantic concession, and a 

partial one at that.  It agreed to utilize a "Reasonable Expectation" standard for evaluation 
of Yucca's post-closure performance assessment but to continue to utilize Reasonable 
Assurance for pre-closure compliance assessment.  Id. at 55740.  At the same time, the 
Commission made clear its view that the choice of wording was a distinction without a 
difference, explaining:  "The Commission will adopt EPA's preferred standard of 
'reasonable expectation' for purposes of judging compliance with the numerical post-
closure performance objectives.  However, the Commission wants to make clear that its 
proposed use of 'reasonable assurance' as a basis for judging compliance was not intended 
to imply a requirement for more stringent analyses (e.g., use of extreme values for 
important parameters) or for comparison with potentially more stringent statistical 
criteria."  Id. at 55740. 

 
In its contemporaneous 2001 issuance of its original Part 197 (66 Fed. Reg. 

32074), EPA discussed its Reasonable Expectation standard, conceding:  "We believe 
that Reasonable Expectation provides an appropriate approach to compliance decisions; 
however, with respect to the level of expectation applicable in the licensing process, NRC 
may adopt its proposed alternative approach."  Id. at 32101.  At the same time, EPA 
emphatically backed off on the perception it had created that Reasonable Expectation was 
somehow intended to be a more lenient standard, observing in response to public 
comments:  "Some comments suggest that our approach would allow the use of less 
rigorous science for the assessment of disposal system performance and licensing.  This 
perception may have arisen from our choice of wording in the proposal, where we stated 
that NRC may elect to use a more 'stringent' approach.  Such an interpretation was not 
our intent. . . .  We therefore must disagree with these comments that Reasonable 
Expectation requires less rigorous proof than NRC's Reasonable Assurance approach.  
We do not believe that the Reasonable Expectation approach either encourages or permits 
the use of less than rigorous science in developing assessments of repository performance 
for use in regulatory decision making.  On the contrary, the Reasonable Expectation 
approach takes into account the inherent uncertainties involved in projecting disposal 
system performance."  Id. at 32102.  (Emphasis supplied.) 

 
Significantly, EPA added that Reasonable Expectation "requires that the 

uncertainties in site characteristics over long time frames and the long-term projections of 
expected performance of the repository are fully understood before regulatory decisions 
are made."  Id.  EPA explained that performance scenarios should be developed without 
omitting important elements simply because they may be difficult to quantify with high 
accuracy, and said that elicited values for relevant data should not be substituted for 
actual field and laboratory studies.  Id.  EPA went on to explain that the gathering of 
credible information that would allow a better understanding of the uncertainties in site 
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characterization data that would bear on the long-term performance of the repository 
should not be subjugated simply for convenience, insisting:  "We do not believe that 
Reasonable Expectation in any way encourages less than rigorous science and analysis."  
Id. at 32102-3.   

 
EPA denied the suggestion that its use of a Reasonable Expectation approach 

intrudes inappropriately into the area of implementation, which EPA said is the province 
of NRC.  Id. at 32103.  In this regard, EPA deferred to NRC's judgment:  "The 
implementing agency is responsible for developing and executing the implementation 
process and, with respect to the level of expectation applicable in the licensing process, is 
free to adopt an approach it believes is appropriate."  Id.  This concession was made by 
EPA in the face of "a majority of public comments" stating that it was unnecessary for 
EPA to include assurance requirements in its rule because that was an implementation 
matter properly within NRC's jurisdiction.  Id.  EPA concluded:  "Therefore, based upon 
the public comments we received regarding this rule . . . we did not include assurance 
requirements in this rule."  Id.  

  
EPA expanded on its discussion of Reasonable Expectation in its "Evaluation of 

Potential Economic Impacts of 40 C.F.R. 197:  Public Health in Environmental Radiation 
Standards for Yucca Mountain, Nevada" (June 2001).  EPA emphasized that Reasonable 
Expectation would not exclude important parameters from performance assessments 
because they are difficult to quantify to a high degree of confidence.  Id. at 5-2.  EPA 
explained that many natural features important to repository performance cannot be 
extensively characterized, and many exhibit a high degree of inherent variability.  Id. at 
5-5.  EPA insists that Reasonable Expectation requires performance assessments for a 
geologic repository to recognize the inherent uncertainties and limitations of 
characterizing the natural system.  Id. at 5-6.  EPA acknowledged that "bounding" 
approaches that exclude important processes that will affect performance are 
inappropriate because these processes are not readily quantified with high precision and 
accuracy, and they pose a danger of disguising important aspects of the site performance.  
Id. at 5-11.   

 
After both EPA's and NRC's initial Yucca Mountain regulations were 

promulgated, NRC promulgated a proposed rule to address which FEPs (features, events, 
and processes) would be required to be included in DOE's performance assessments for 
the Yucca repository.  67 Fed. Reg. 3628 (Jan. 25, 2002).  NRC noted that EPA's 
standards in general terms did not require the addressing of "unlikely" FEPs, but 
authorized the proposed rulemaking amendment to 10 C.F.R. Part 63 because "EPA did 
not define unlikely FEPs in its standards, but rather, left the specific probability of the 
unlikely FEPs for NRC to define."  Id. at 3628.  (Emphasis supplied.)  NRC explained its 
rationale for dealing with the FEP issue well before the licensing proceeding:   

 
Although the Commission could review and approve a probability limit in 
the context of its review of a potential DOE License Application, it is 
proposing to set this limit in advance, through the rulemaking process, so 
that it will have the advantage of public views on this question, and so that 
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DOE, interested participants, and the public will have knowledge, before 
the License Application, of what probability the Commission would find 
acceptable. 
 

Id. at 3629.  
 

The NRC specified "unlikely" and "very unlikely" probabilities of occurrence and 
provided that very unlikely FEPs need not be considered by DOE, but that "unlikely" 
FEPs must be considered in the performance assessment for the individual protection 
standard.  Id. at 3630.  

 
Any remaining concern that Reasonable Expectation might be a more lenient 

standard than Reasonable Assurance (which had been stoutly denied by EPA), and any 
concern that NRC's adoption of Reasonable Expectation for the assessment of post-
closure compliance assessment at Yucca Mountain was an unlawful departure from its 
longstanding (and Supreme Court approved) Reasonable Assurance standard, were put to 
rest in the oral argument and final decision of the NEI case.  In that case, Nevada argued 
that:  "[T]hat in other contexts, NRC requires reasonable assurance that the licensed 
activity adequately protects the public health and safety and that, in jettisoning the time-
tested and Supreme Court-approved standard (citation omitted), in favor of a 'vague' 
'reasonable expectation' standard, NRC 'overt[ly]' violated the AEA and the NWPA and 
otherwise acted arbitrarily and capriciously."  373 F.3d at 1300.     

 
The Court, however, concluded that it would not address the matter because, in 

the presence of EPA counsel, NRC had admitted in oral argument that there was "no 
consequential difference" between the Reasonable Assurance and Reasonable 
Expectation standards and that the two are in fact "virtually indistinguishable."  Id.   The 
court went on to note that, during oral argument, NRC counsel confirmed that the two 
standards are "substantively identical."  Id.  The court noted Nevada's satisfaction with 
NRC's concession that Reasonable Assurance and Reasonable Expectation are identical 
standards.  Id. 
 

C. EPA's Reversion to a More Lenient Standard  
 
EPA's current proposed rule is a radical departure from the advertised bases of 

both the Reasonable Expectation and the Reasonable Assurance concepts, in that EPA's 
proposal (1) fails to focus performance assessments and analyses on the full range of 
defensible and reasonable parameter distributions; and (2) seeks to invade the 
jurisdiction of NRC as the implementing authority for licensing of the proposed Yucca 
repository.   

 
In its analysis of DOE's Yucca Mountain performance assessments, predating the 

EPA proposed rule, Cohen & Associates noted that: 
   
• "Inappropriate simplifications can mask the effects of processes that will, 

in reality, determine disposal system performance, if the uncertainties 
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involved with these simplifications are not recognized."  OAR-2005-0083-
0085, at 12-2.   

 
• "If the uncertainties in site characterization information and the modeling 

of relevant features, events, and processes are not fully understood, results 
of bounding analyses may not be bounding at all."  Id.   

 
• "The Reasonable Expectation approach is aimed simply at focusing 

attention on understanding the uncertainties in projecting disposal system 
performance so that regulatory decision making will be done with a full 
understanding of the uncertainties involved."  Id.  

 
 In sum, to the extent EPA's discussion, reasoning, and application of a new 
"Reasonable Expectation" standard can even be understood, it appears vaguely to apply a 
set of criteria that together amount to far less than the simple and well-understood 
concepts of either Reasonable Assurance or Reasonable Expectation.   
 
XXIII. The New Rule Draws a False Comparison to WIPP 
 
 EPA's attempt to analogize the Yucca situation to that of DOE's repository site for 
the Waste Isolation Pilot Plant ("WIPP") in Carlsbad, New Mexico, is grossly misplaced.  
EPA certified the WIPP site under 42 C.F.R. Part 191.  The compliance standard for that 
site was a wholly appropriate 15 millirem/year, and the compliance period was 10,000 
years.  EPA attempts to suggest that the Yucca situation is "unprecedented" relative to 
WIPP because at Yucca, EPA is now required by the Court to evaluate performance out 
to a time period of one million years.  For several reasons, this suggestion is a distortion 
of the facts and could not be more wrong. 
 
 First, the WIPP repository is a site for medium-level transuranic radioactive 
waste, while the Yucca repository must handle the much more radioactive high-level 
radioactive waste and spent nuclear fuel. 
 
 Second, the WIPP repository is sited not in fractured volcanic tuff but in a large, 
stable, and fully isolating salt deposit.  The NAS has recognized since 1957 that salt 
deposits provide the safest possible site for a repository because water can neither get into 
the repository nor get out of it as a result of the well-known absorptive characteristics of 
salt.  The Disposal of Radioactive Waste on Land, Publication 519, NAS (1957), at 3-4.  
NAS noted that a salt deposit provides a stable, isolating geologic setting because "no 
water can pass through salt" and its "fractures are self-sealing."  Id.  at 4.  Yucca's billions 
of known fractures are clearly not self-sealing. 
 
 In connection with judicial review of WIPP, the D.C. Circuit Court noted that 
"[s]alt formations ... should prove suitable for disposal of radioactive waste because their 
low permeability serves to prevent leakage and the plasticity in response to pressure 
allows fractures in the formations to heal themselves.  The salt ... will gradually encase 
the waste deposited in the underground rooms ... isolating it from the accessible 
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environment.  New Mexico v. Watkins, 969 F.2d 1122, 1125 (D.C. Cir. 1992)(per 
curiam)(emphasis added).  For that reason, EPA's 15 millirem/year compliance standard 
was referred to as the "no migration rule"   Id., citing 42 U.S.C. § 10141(a); 40 C.F.R. §§ 
191.11-.18.  That name could of course never be applied to Yucca.    
 
  Third, in NEI, the Court did not require EPA to extend the compliance period at 
Yucca to one million years.  Rather, it required EPA to extend the compliance period to 
the time of peak dose/risk, whenever that is expected to occur.  It is presumed that this is 
within one million years, but it could be longer (there is no reason to prejudge this fact in 
the EPA rule).  At Yucca, an untenable peak dose is expected to occur in the accessible 
environment around the site very shortly after the waste packages fail.  That is because 
Yucca's fractured geology is non-isolating, making the repository more like a septic field 
than a geologic vault.  At WIPP, peak dose never occurs (or it remains at zero) because 
the geologic medium is perfectly isolating.  Another way of stating this is that peak dose 
occurs at a time period of infinity.  And indeed, had EPA specified an "unprecedented" 
infinite compliance period for WIPP, this would not have hindered its licensing or 
increased its performance uncertainty in any way.   
 
 Fourth, at WIPP, the geology was known by DOE and EPA to be so perfectly 
isolating that no credit whatsoever was given to man-made waste packages in that 
repository's total system performance assessment.  See 63 Fed. Reg. 27,354-27,369 
(1998).  A 10,000-year compliance period therefore allowed performance modelers 
ample time to test the geologic integrity of the site, because it assumed, essentially, that 
the waste packages had failed in year 1.  Nevada would be completely satisfied for DOE 
and EPA to make the assumption that all of the waste packages at Yucca fail in year 1, 
and to require modelers to ensure compliance for only a 10,000-year period thereafter.  
That is because the same analysis done at Yucca as that done at WIPP would show the 
Yucca repository to grossly fail a compliance standard of 15 millirem/year during the 
first 10,000 years in that situation.  At Yucca, the man-made waste containers provide 
100% of the repository's performance during the first 10,000 years, assuming DOE's 
optimistic assumptions about container life are accepted.  But as soon as those containers 
are presumed to have failed, the repository flunks any compliance standard even remotely 
similar to that used at WIPP.   
 
  In short, EPA's references to the WIPP site as justification for EPA's proposed 
new approach at Yucca is both highly disingenuous and irresponsible.   
 
XXIV. EPA's Assumptions About Climate and Infiltration are 

Arbitrary and Erroneous 
 
 EPA makes three very broad assumptions about climatic and hydrologic behavior 
at Yucca.  These are that (1) future climatic conditions at Yucca can be bounded by the 
observed range of conditions over past glacial-interglacial cycles; (2) consideration of 
climate changes after 10,000 years will introduce uncertainties that do not exist in the 
period before 10,000 years; and (3) only long-term average responses of the system to 
changes in infiltration are of relevance.  However, as is explained in detail in the report 
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attached in Appendix E, prepared by Dr. M. C. Thorne with input from eminent 
climatologists Dr. Jonathan Overpeck,  Dr. Thomas Wigley, and hydrologist Dr. Howard 
Wheater, these conclusions are not  adequately substantiated by EPA.  The full Appendix 
E must be considered.  The effects of different climates after 10,000 years can be better 
investigated using current and developing techniques that would command substantial 
support in the scientific community.  Therefore, EPA's climatic bounding and infiltration 
conclusions are at best premature, and at worst unsound.  Certainly, these effects are not 
appropriately the subject of advance specification by rule.  See Climatic Considerations 
Relevant to the Draft EPA Rule, by Dr. Michael C. Thorne.  Moreover, as Dr. Thorne 
points out, EPA has unreasonably failed to consider the impact of anthropogenic releases 
of carbon dioxide on climate and infiltration.   
 
 As a result, EPA's assumptions about climate and infiltration over the long term at 
Yucca are arbitrary and capricious. 
 
 

 
Other Problems with the Proposed Rule 

 
XXV. The New Rule Violates the Information Quality Act 
 
 EPA's proposed rule violates the Information Quality Act, 44 U.S.C. § 3516 note 
(Title V, Treasury and General Government Appropriations Act for Fiscal Year 2001, § 
515), and OMB's regulations promulgated thereunder, 67 Fed. Reg. 8452 (Feb. 22, 2002).  
This is because the Cohen Report, which forms EPA's critical scientific basis for the rule, 
is clearly a "Highly Influential Scientific Assessment" or, at the least, an "Influential 
Scientific Assessment," that requires under the IQA an adequate peer review, yet no such 
review was ever conducted.   This failure is significant for, as OMB has pointed out, 
"when an information product is a critical component of rule-making, it is important to 
obtain peer review before the agency announces its regulatory options so that any 
technical corrections can be made before the agency becomes invested in a specific 
approach or the positions of interest groups have hardened." Id.   
 
 Given the plethora of technical errors and obvious biases in the Cohen Report, 
which emerged not as a peer reviewed scientific study but an unabashed advocacy piece, 
this omission was legally and scientifically fatal.   
 
XXVI. The New Rule Fails to Protect Against Plutonium Hazards 

 
 On August 3, 2005, the Institute for Energy and Environmental Research (IEER) 
released a credible scientific report contending that EPA's federally allowed Maximum 
Contaminant Level ("MCL") level of drinking water contamination by plutonium-239 
and other radioactive materials with similar properties is 100 times too high because it is 
based on obsolete, 1950s science.  Nevada's expert Dr. M. C. Thorne was one of the peer 
reviewers of the study.  The report, Bad to the Bone:  Analysis of the Federal Maximum 
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Contaminant Levels for Plutonium-239 and Other Alpha-Emitting Transuranic 
Radionuclides in Drinking Water, authored by Dr. Arjun Makhijani, president of IEER, is 
attached as Appendix F to these comments.  Since plutonium-239 is one of the long-term 
risks posed by the Yucca repository, Nevada believes that the plutonium MCLs must be 
revisited by EPA before permitting the proposed Yucca radiation standard to go into 
effect.  Plutonium and other alpha emitters will constitute the largest contributors to long 
term radiation dose to humans from the repository.   
 
 The IEER study bases its conclusion on well-known advances over the past three 
decades in the scientific understanding of the behavior in the body of plutonium and other 
alpha-emitting, long-lived transuranic radionuclides.  These radionuclides are now widely 
understood to concentrate near the bone surface and deliver a dose per unit intake that is 
far higher than previously estimated by EPA.  Yet, EPA has thus far refrained from 
making more stringent its plutonium MCLs.     
 
XXVII. The New Rule Misquotes NAS on Geologic Stability 
 

EPA’s proposed rule presumes that the period of geologic stability is 1,000,000 
years.  While this may prove to be a reasonable limit to the performance assessment, 
what NAS actually said was that the period of geologic stability was “on the order of 106 
years.”  NAS Report at 69.  The rule should not absolutely preclude consideration of time 
scales in excess of 1,000,000 years if justified by considerations of geologic stability and 
the need to assess long-term performance of the natural barriers. 
 
XXVIII. The New Rule Would be Unconstitutional 

 
 All of the above criticisms of EPA's proposed rule highlight what at bottom 
appears to be a palpable and, indeed, shameless effort to make a nuclear waste repository 
fit at Yucca Mountain, no matter what.  In their own terms, those criticisms raise discrete 
legal issues that independently call into serious question the validity of the rule as 
proposed.  At the same time, those distinct issues manifest agency action that is 
profoundly at odds with fundamental norms of the structure of dual sovereignty set out in 
the Constitution.   
 

Key here is the fact that the Constitution does not create a unified national 
government, but a federation of sovereign states whose existence preceded the Union.  
The attributes of sovereignty possessed by the States are "fundamental postulates implicit 
in the constitutional design."  Alden v. Maine, 527 U.S. 706, 728-29 (1999).  Indeed, the 
sovereignty of the States is a "separate and distinct structural principle" that "inheres in 
the system of federalism established by the Constitution."  Id. at 730.  This principle has 
been elaborated upon and applied in a variety of contexts by the Supreme Court.  See 
Robert J. Cynkar, Dumping on Federalism, 75 U. COLO. L. REV. 1261, 1278-99 (2004).  
This constitutional status of the States means that they are entitled to equal dignity and 
respect as sovereigns.  Though the Supremacy Clause mandates that federal power 
appropriately exercised governs over competing laws or policies of the States, viewed 
through the Constitution's prism of federalism, the appropriate -- that is, the constitutional 
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-- exercise of federal authority requires such federal power to be exercised on the basis of 
generally applicable, rational, facially neutral criteria.  Federal power does not extend so 
far as to allow the imposition of arbitrary burdens on particular States, or on any State.   

 
By straining to make the repository fit at Yucca, EPA has abandoned any pretense 

of a rational basis for its rule and of equal treatment for Nevada from among other 
possible sites, thereby infringing Nevada's constitutionally protected rights as a 
sovereign.  Even the federal government's prerogatives under the Property Clause do not 
override competing constitutional principles, or allow the federalist structure of the 
Constitution to be so twisted, as to allow this proposed rule to pass constitutional muster.  
Further analysis of this constitutional issue with respect to Yucca is contained in an 
attached law review article, Robert J. Cynkar, Dumping on Federalism, University of 
Colorado Law Review, Vol. 75, No. 4 (Fall 2004), which is attached as Appendix F. 
  
XXIX. Tables Highlighting EPA's Infractions 

 
To assist the reader in understanding several key concerns with the proposed rule, 

Nevada has prepared two tables, drawing from the rule and its supporting materials 
posted in the rulemaking docket.  Table 1 contrasts statements from the NAS Report with 
those of EPA in the proposed rule, demonstrating that the rule is neither based upon, nor 
consistent with, key recommendations of NAS.  Table 2 contrasts what EPA has said in 
prior rulemaking with what it now proposes, demonstrating substantial departures from 
its past statements and policies.   
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Table 1:   Based Upon and Consistent With the Findings and 
Recommendations of the National Academy of Sciences? 

 
EnPA directs EPA to promulgate a rule "based upon and consistent with the findings and 
recommendations" of the National Academy of Sciences' technical bases report. The 
United States Court of Appeals for the D.C. Circuit affirmed this mandate, vacating 
portions of EPA's prior rule because they were not "based upon and consistent with" the 
NAS report.  NEI v. EPA, 373 F.3d 1251 (D.C. Cir. 2004).  Yet EPA's new rule again is, 
in multiple and important ways, thoroughly inconsistent with the NAS's report.  This 
table highlights some of the key inconsistencies. 
 

What the NAS Said   What EPA Says and Proposes to Do 

 
On the importance of peak dose… 

 
"We recommend… the use of a standard that sets a 
limit on the risk of individuals of adverse health 
effects from releases from the repository…(and) 
that compliance with the standard be measured 
at the time of peak risk, whenever it occurs." 
 
NAS Report at 2 (emphasis added). 

"[W]e do not want to place more regulatory 
emphasis on peak dose projections than can be 
justified… In what we see as the best solution to 
this difficulty, today we are proposing that the 
individual protection standard consist of two parts, 
which will apply over different time frames." 
 
70 Fed. Reg. at 49030 (emphasis added).  

 
On appropriate standards… 
  

[A] general consensus exists among national and 
international bodies on a framework for protecting 
the public health that provides a limit of 1 
milliSievert (mSv) (100 millirem (mrem)) per year 
effective dose for continuous or frequent exposures 
from all anthropogenic sources of ionizing radiation 
other than medical exposures. A general consensus 
also appears to exist among national authorities in 
various countries to accept and use the principle of 
apportioning this total radiation dose limit among the 
respective anthropogenic sources of exposure, 
typically allocating to high-level waste disposal a 
range of 0.1 to 0.3 mSv (10 to 30 mrem) per year. 
 
NAS Report at 4 (emphasis added; parentheses in 
original). 

EPA proposes to allow Yucca Mountain—a single 
source—to expose people to 350 mrem a year. 
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On the proper performance measure… 

 
"We recommend that the mean values of 
calculations be the basis for comparison with our 
recommended standards." 
 
NAS Report at 123 (emphasis added). 

"NAS did not speak explicitly to any particular 
performance measure to be used in determining 
compliance with regulatory standards.  This 
decision was to be left to EPA in the course of 
rulemaking." 
 
70 Fed. Reg. at 49043.   
 
"For the period extending beyond 10,000 years, we 
propose to use the median of the distribution of 
doses calculated from the performance assessments 
as the compliance measure… ." 
 
70 Fed. Reg. at 49046 (emphasis added).  

 
On science, modeling, uncertainty, and the relevance of 10,000 years… 

 
"The current EPA standard contains a time limit of 
10,000 years for the purpose of assessing 
compliance.  We find that there is no scientific 
basis for limiting the time period of an 
individual-risk standard in this way." 
 
NAS Report at 6 (emphasis added). 
 
"We see no technical basis for limiting the time 
period of concern to a period that is short compared 
to the time of peak risk or the anticipated travel 
time." 
 
NAS Report at 57. 

"In formulating an approach to compliance out to 
the time of peak dose, we have established 10,000 
years as an indicator for times when 
uncertainties in projecting performance are more 
manageable… ." 
 
70 Fed. Reg. at 49029 (emphasis added). 
 
EPA proposes to establish a dose limit of 15 mrem 
(mean) for the first 10,000-year period of the 
simulation, and a limit of 350 mrem (median) for the 
post-10,000-year period. 

"One commonly expressed concern regarding the 
performance assessment modeling is that it requires 
simulating performance at such distant times in the 
future that no confidence can be placed in the 
results… This argument has been used to support 
the concept of a 10,000-year cutoff [].  We do not 
believe, however, that there is a scientific basis 
for limiting the analysis in this way." 
 
NAS Report at 71 (emphasis added). 

"We believe that the most problematic aspect of 
extending the compliance period to peak dose is the 
uncertainty involved in making projections over 
such long time frames… .  This remains a critical 
factor in formulating today's proposal." 
 
70 Fed. Reg. at 49025. 

"Implicit in setting a Yucca Mountain standard, is 
the assumption that EPA, USNRC, and DOE can, 
with some degree of confidence, assess the future 
performance of a repository system or even its 
components.  This premise raises the basic issue of 
whether scientifically justifiable analyses of 
repository behavior over many thousands of years 
in the future can be made.  We conclude that such 
analyses are possible, within the restrictions 
noted in this report." 
 
NAS Report at 1 (emphasis added). 

"[R]egulatory judgment must bridge the gap 
between what science can show and the 
unprecedented time frames involved." 
 
70 Fed. Reg. at 49030. 
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"We conclude that these physical and geologic 
processes are sufficiently quantifiable and the 
related uncertainties sufficiently boundable that the 
performance can be assessed over time frames 
during which the geologic system is relatively 
stable or varies in a boundable manner.  The 
geologic record suggests that this time frame is on 
the order of [one million] years." 
 
NAS Report at 9. 
 
"In comparison with many other fields of science, 
earth scientists are accustomed to dealing with 
physical phenomena over long time scales.  In this 
perspective even the longest times considered for 
repository performance models are not excessive." 
 
NAS Report at 71. 

"However, we also believe that over the very long 
periods leading up to the time of peak dose, the 
uncertainties in projecting climatic and geologic 
conditions become extremely difficult to reliably 
predict and a technical consensus about their effects 
on projected performance in the licensing period 
would be very difficult, or perhaps impossible, to 
achieve." 
 
70 Fed. Reg. at 49029. 

 
More on science, modeling, uncertainty, and the relevance of 10,000 years… 

 
"Because there is a continuing increase in 
uncertainty about most of the parameters describing 
the repository system farther in the distant future, it 
might be expected that compliance of the repository 
in the near term could be assessed with more 
confidence.  This is not necessarily true… For 
example, uncertainties in waste container lifetimes 
might have a more significant effect on assessing 
performance in the initial 10,000 years than in the 
performance in the range of 100,000 years." 
 
NAS Report at 72 (emphasis added). 

"[O]ur view, and the view of many others (including 
NAS, which should be clear from the above citation: 
"Because there is a continuing increase in 
uncertainty…") is that the uncertainties generally 
increase with time, at least to the time of peak dose. 
 
70 Fed. Reg. at 49026. 
 
"We believe rising uncertainties justify adopting a 
different (higher) dose level." 
 
70 Fed. Reg. at 49032. 

 
On climate… 

 
"We further conclude that the probabilities and 
consequences of modifications by climate change… 
are sufficiently boundable that these factors can be 
included in performance assessments that extend 
over this time frame." 
 
NAS Report at 9. 

"We are concerned about the possibility of over-
speculation of climatic change over such extremely 
long time periods…" 
 
70 Fed. Reg. at 49058. 

 
On seismicity and hydrology… 

 
"With respect to the effects of seismicity on the 
hydrologic regime, the possibility of adverse effects 
due to displacements along existing fractures 
cannot be overlooked." 
 
NAS Report at 93 (emphasis added). 

"However, we are proposing today that DOE's 
analysis for seismic events may exclude the effects 
of seismicity on the hydrology of the Yucca 
Mountain disposal system." 
 
70 Fed. Reg. at 49056 (emphasis added). 
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Table 2:   EPA, Then and Now 
 
In its new rule, EPA departs from consistent past policies in numerous, unexplained, and 
inexplicable ways.  This table summarizes a few of the most egregious examples. 
 

What EPA Has Said in the Past: What EPA Now Proposes: 

 
On appropriate standards… 

 
"[N]o regulatory body we are aware of considers 
doses of 150 mrem to be acceptable." 
 
EPA, Response to Comments, 40 C.F.R. part 197, at 
3-8 (2001) (emphasis added). 
 
"The risk level associated with 70 mrem is about 
five times as high the risk level associated with the 
individual-protection limit. This is well above the 
NAS-recommended level and unprecedented in 
the current regulations of this and other nations 
for this activity. It also is significantly inconsistent 
with the individual protection limit of 15mrem 
CEDE/yr in our generic standards (40 C.F.R. Part 
191).  This would result in a risk level at Yucca 
Mountain that is significantly higher than that at any 
facility that falls under 40 C.F.R. Part 191." 
 
Response to Comments at 4-5 to 4-6 (emphasis 
added). 
 
"A 25 mrem standard would be "(1) higher than that 
recommended by the NAS…; (2) inconsistent with 
[EPA's] generic disposal standards at 40 CFR. part 
191…; and (3) even further outside the preferred 
EPA lifetime risk range." 
 
Response to Comments at 4-5 (2001) (emphasis 
added). 

"We would also view 350 mrem/yr as representing 
a satisfactory level of performance should it be the 
"true" value at such long times." 
 
70 Fed. Reg. at 49038. 
 
EPA's proposed rule "adds a standard of 350 
mrem/yr to apply beyond 10,000 years within the 
period of geologic stability." 
 
70 Fed. Reg. at 49061. 

 
On apportionment… 

 
"The apportionment of the total dose limit among 
different sources of radiation is used to ensure that 
the total of all included exposures is less than 1 mSv 
(100 mrem) CED/yr.  Thus, ICRP recommends that 
national authorities apportion or allocate a fraction of 
the 1 mSv (100 mrem)-CED/yr limit to establish an 
exposure limit for SNF and HLW disposal facilities.  
Most other countries have endorsed the 
apportionment principle." 
 
66 Fed. Reg. at 32089 (EPA, 2001). 
 

"[W]e would argue that allocation to a single 
source at the time of peak dose could be 
reasonable, as other contributors currently in the 
Yucca Mountain area are negligible by 
comparison." 
 
70 Fed. Reg. at 49041 (emphasis added). 
 
EPA actually proposes to allocate to one source 
much more than its traditional limit on  doses from 
all sources combined. 



 

87 

"70 mrem from one source is too high a 
proportion of the annual 100 mrem recommended 
by the NCRP and ICRP (excluding background, 
occupational, accidental and medical sources).  The 
apportionment of the total dose limit among different 
sources of radiation is used to insure that the sum, or 
total, of all included exposures is less than 1 mSv 
(100 mrem)." 
 
Response to Comments at 4-6 (emphasis added). 
 

On the appropriate performance measure… 
  
"We propose a compliance measure we believe is 
reasonable but still conservative: the mean of the 
distribution of projected doses from DOE's 
performance assessment… [I]n the case of Yucca 
Mountain, the mean is an appropriate measure." 
 
66 Fed. Reg. at 32125 (2001) (emphasis added). 

"For the period extending beyond 10,000 years, we 
propose to use the median of the distribution of 
doses calculated from the performance assessments 
as the compliance measure… ." 
 
70 Fed. Reg. at 49046 (emphasis added). 

 
On how to deal with uncertainty… 

 
 "[I]n addressing uncertainties [in quantitative risk 
assessment] however, EPA generally uses 
conservative assumptions to ensure that risks are not 
underestimated." 
 
56 Fed. Reg. 7750 (EPA, February 25, 1991). 

"We believe rising uncertainties justify adopting a 
different (higher) dose level." 
 
70 Fed. Reg. at 49032 (parentheses in original). 

 
On intergenerational equity… 

 
"With respect to radioactive waste disposal, we 
believe the fundamental principle of inter-
generational equity is important.  We should not 
knowingly impose burdens on future generations 
we ourselves are not willing to assume.  Disposal 
technologies and regulatory requirements are 
developed with the aim of preventing pollution from 
disposal operations, rather than assuming that clean-
up in the future is an unavoidable cost of disposal 
operations today.   Designing a disposal system, and 
imposing performance requirements that avoid 
polluting resources that reasonably could be used in 
the future, therefore, is a more appropriate choice 
than imposing clean-up burdens on future 
generations." 
 
66 Fed. Reg. at 32107 (emphasis added). 

EPA proposes allowing thousands of future 
generations to face 350 mrem (median) 
anthropogenic exposures from just one source – a 
level of exposure over an order of magnitude 
higher than we allow at present. 
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On pre-specifying modeling parameters… 

 
"Specifying "modeling techniques and 
assumptions… go(es) well beyond the simple 
statement of a compliance measure.  We did not 
incorporate a similar level of detail in the Yucca 
Mountain standards because we believe we must 
specify only what is necessary to provide the context 
for implementation that NRC will execute." 
 
66 Fed. Reg. at 32126 (2001). 

EPA now proposes to specify numerous modeling 
assumptions, including the climate DOE must 
model, and the engineering, seismic, and volcanic 
scenarios it must, and must not, consider. 

 
 

* * * * 



Documents Submitted by the State of Nevada for the Administrative Record 
in support of the State of Nevada's Comments 

 
 Date Description 
1 1947 Attorney General's Manual on the Administrative Procedure Act 

Full document:  http://www.law.fsu.edu/library/admin/1947cover.html  
2 1985/07/01 ICRP Publication 46, Radiation Protection Principles for the Disposal of Solid Radioactive 

Waste (1985) 
Full document:  
http://docket.epa.gov/edkpub/do/EDKStaffItemDetailView?objectId=090007d4800802bb  

3 1991/07/01 Protecting the Nation's Ground Water: EPA's Strategy for the 1990's (The Final Report Of 
The EPA Ground-Water Task Force) 
Full document:  
http://docket.epa.gov/edkpub/do/EDKStaffItemDetailView?objectId=090007d480074d8a  

4 1995 Principles of Radioactive Waste Management (IAEA 1995) 
Full document:  
http://docket.epa.gov/edkpub/do/EDKStaffItemDetailView?objectId=090007d4800802b9  

5 1995/10/17 Nuclear Waste Technical Review Board Transcript – Testimony of Steve Brocoum (pp. 
152-57) 

6 1996/01/30 Statement for the Record, Presentation to the U.S. Nuclear Regulatory Commission, Status 
of the Civilian Radioactive Waste Management Program by Daniel A. Dreyfus, Director 
(pp. 15-17) 

7 1996/03/27 PowerPoint Presentation by Steve Brocoum (DOE) to Advisory Committee on Nuclear 
Waste (pp. 3-5, 12-13) 

8 1996/04/30 Nuclear Waste Technical Review Board Transcript – Testimony of Lake Barrett (pp. 14-
17) 

9 1996/04/30 PowerPoint Presentation by Steve Brocoum (DOE) to Nuclear Waste Technical Review 
Board (pp. 11-13) 

10 1997/10/22 Presentation to the Nuclear Waste Technical Review Board Status of the Civilian 
Radioactive Waste Management Program by Lake H. Barrett, Acting Director (pp. 5-7) 

11 1997/12/24 IAEA, Joint Convention on the Safety of Spent Fuel Management and on the Safety of 
Radioactive Waste Management 
Full document:  http://www.iaea.org/Publications/Documents/Infcircs/1997/infcirc546.pdf 

12 1998 Ray Clark, Environmental Radiation Protection Standards for Yucca Mountain:  
Considerations on Issues 
Full document:  
http://66.102.7.104/search?q=cache:hPpgYAb8eZgJ:www.epa.gov/rpdweb00/docs/yu  

13 1999/08/01 Public Health and Environmental Radiation Protection Standards for Yucca Mountain, 
NV: Background Information Document for 40 C.F.R. Part 197 [EPA 402-R-01-004] 
(Executive Summary, Chapters 2, 9 and 10, and Appendices I, II, and VI) 
Full document:  http://www.epa.gov/radiation/yucca/bid.htm  
or on Docket OAR-2001-0007-0028 at 
http://docket.epa.gov/edkpub/do/EDKStaffItemDetailView?objectId=090007d4800762cd  

14 2000/02/28 State of Nevada's Comments to DOE's DEIS (Table of Contents only) 
Full document:  http://www.state.nv.us/nucwaste/eis/yucca/ymdeis.htm  



 Date Description 
15 2001/06 Evaluation of Potential Economic Impacts of 40 C.F.R. 197 (OAR-2001-0007-0097) 

Full document:  
http://docket.epa.gov/edkpub/do/EDKStaffItemDetailView?objectId=090007d4800808e2  

16 2001/12 Joint NEA-IAEA International Peer Review of the Yucca Mountain Site Characterisation 
Project's Total System Performance Assessment Supporting the Site Recommendation 
Process (Summary, Chapters 1-5, and Appendix 3) 
Full document:  http://ocrwm.doe.gov/documents/ymipr_a/index2.htm  

17 2002/12/02 Petitioner State of Nevada's Opening Brief in No. 01-1516 (D.C. Circuit) 
18 2004/01/14 Oral Argument Transcript in No. 01-1516 (D.C. Circuit) (pp. 17-33) 
19 2005  Kristin Schrader-Frechette, Mortgaging the Future: Dumping Ethics with Nuclear Waste, 

11 Science and Engineering Ethics (2005, Issue 4) 
Full document:  http://www.nd.edu/~kshrader/pubs/epa-yucca-oct-2005-art-sci-eng-
eth.pdf  

20 2005/01/27 EPA's Response to Freedom of Information Act Request by Charles J. Fitzpatrick  
21 2005/04/11 Email from John Kessler re:  EPRI Report on Yucca Mountain standard licensing options 

for very long time frames 
22 2005/10/04 IAEA Joint Convention on the Safety of Spent Fuel Management and on the Safety of 

Radioactive Waste Management 
Full document:  
http://www.iaea.org/Publications/Documents/Conventions/jointconv_status.pdf  

23 undated EPA Radon Frequent Questions (from website) 
Full document:  http://www.epa.gov/radon/radonqa1.html  

 
 





























































































Addressing Uncertainty 

 1

Mike Thorne and Associates Limited 
(Director: Dr M C Thorne) 

 
Abbotsleigh 

Kebroyd Mount 
Ripponden 

Halifax 
West Yorkshire 

HX6 3JA 
Telephone and Fax: 01422 825890 

e-mail: MikeThorneLtd@aol.com 
 

External Memorandum 
 

Date: 10 November 2005 
From: M C Thorne 
Subject: The Role of Uncertainties in Defining the Proposed Standard 
 
Commentary 
 
The EPA comments (page 49035) ‘that having determined that it would be appropriate to 
propose a numerical peak dose standard for the period of geological stability beyond 
10,000 years, we must then determine the appropriate level for that standard.  We 
consider several factors in selecting the level proposed today.  First, and most significant, 
is the issue of uncertainty in long-term projections.  Uncertainties are problematic not 
only because they are challenging to quantify, but also because their impact will differ 
depending on initial assumptions and the time at which peak dose is expected to occur.  
Further, the natural tendency in modeling long-term processes is to introduce additional 
conservatisms to help ensure that actual performance will be no worse than projected 
performance.’ 
 
Based on this comment, the EPA (page 49035) reiterates its earlier view that ‘setting a 
strict numerical standard at a level of risk acceptable today would ignore this cumulative 
uncertainty and the extreme difficulty of using highly uncertain assessment results to 
determine compliance with that standard’. 
 
Thus, the EPA seems to be arguing for a much laxer standard after 10,000 years on two 
grounds relating to uncertainty.  The first is that the increasing uncertainty justifies 
allowing for the possibility that the assessed dose would be greater than the standard 
imposed up to 10,000 years after closure and that this allowance can be achieved by 
specifying a laxer standard after 10,000 years.  The second is that increasing uncertainties 
after 10,000 years will require greater use of cautious or bounding assumptions, so that 
the assessed doses will be higher than those that would have been estimated had it been 
possible to make realistic assumptions, such that compliance with a laxer standard will 
actually imply compliance with some stricter standard. 
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While there are various sources of uncertainty associated with the repository system that 
increase with time (S. Cohen & Associates, 2005), it is important to recognize that: 

• Some of the uncertainties are associated with future human actions and are 
addressed through prescriptive rule making, e.g. by defining the characteristics of 
the exposed group; 

• Many of the uncertainties relate to the behavior of the repository system, but do 
not affect strongly the radiological impacts associated with the system; 

• The various uncertainties cannot be combined in a simple fashion, and their 
combined effect may not increase significantly with time, even if individual 
uncertainties increase with time. 

 
In evaluating the Draft EPA Rule, it is important to recognize that the EPA is proposing 
that compliance with the draft standard should be demonstrated by undertaking 
probabilistic calculations with the DOE Total System Performance Assessment (TSPA) 
model.  In that model, multiple realizations of the future performance of the proposed 
disposal system are evaluated.  Each realization is characterized by parameter values 
selected from uncertain distributions.  Thus, the results obtained from each realization 
differ (see Figure 11) and it is the ensemble of such results that has to be compared with 
the standard. 

                                                           
1 Although illustrations are presented from existing TSPA calculations in this memorandum, it is important 
to emphasize that judgment on the suitability of the Draft EPA standard cannot and should not be based on 
the quantitative results that have been presented to date.  It cannot be known in advance what distributions 
of results will arise from the TSPA calculations undertaken for Licence Application, nor can any 
assumptions be made as to the degree to which those calculations will be based on cautious (or non-
cautious) conceptual models and parameter value distributions. 
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Figure 1: TSPA-SR One-Million-Year Dose Histories for Nominal Case 
(as Figure 12.1 of S Cohen & Associates, 2005, but reproduced from SSPA, Volume 

2, Figure 3.1.2-1) 
 
Figure 1 shows various statistical measures of the distribution.  These are the arithmetic 
mean, median, and 5th and 95th percentiles.  Results from the individual realizations are 
also shown.  For the period up to 10,000 years, the EPA is proposing that the arithmetic 
mean value should be compared with a dose limit of 15 mrem, whereas beyond 10,000 
years the EPA is proposing that the median value should be compared with a dose limit 
of 350 mrem.  From Figure 1, it will be seen that the arithmetic mean value exceeds the 
median value at all times of interest and, in particular, at the time of peak dose.  This 
result is general for any distribution that is positively skewed.  The median value at any 
specific time is obtained by rank-ordering the results obtained from the individual 
realizations at that time and selecting the value of the mid-ranking result.  Thus, if there 
were 300 realizations, the median would lie between the values of the 150th and 151st 
after they had been rank ordered by value.  In contrast, the arithmetic mean is defined as 
the sum of all the results at a particular time divided by the number of realizations. 
 
S Cohen & Associates (2005; page 12-5) comment that an advantage of the arithmetic 
mean as a measure of central tendency is that, ‘for almost any form of underlying 
population distribution, normal or not, the arithmetic mean is an unbiased estimate of the 
true mean of the population distribution.’  Here, the true mean is the value of the 
arithmetic mean that would be obtained from an infinite number of realizations.  
However, they also consider that ‘the arithmetic mean often is a poor measure of central 
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tendency for environmental data…In any run of the performance assessment model with 
several hundred realizations, there may be several extreme values…the arithmetic mean 
is not robust because a single unusual value can cause a very large deviation of the 
arithmetic mean from the center of the distribution of values in the data…When applied 
to data with positive values that are skewed to the right, the arithmetic mean usually lies 
above the median value.  In some cases, the arithmetic mean may exceed 95% of the 
values.  In extreme cases, the arithmetic mean may exceed all values other than the single 
highest value in the data.’ 
 
S Cohen & Associates (2005; page 12-6) also comment that the ‘median is a very robust 
estimator of the center of a distribution of values.  This estimator is robust because there 
can be a substantial number of unusual values, either high or low, yet the median is not 
distorted by these unusual values.’ 
 
Although the median can be a more robust measure of central tendency than the 
arithmetic mean, often implying that a well-defined value will be obtained from a smaller 
number of realizations2, this does not make it an appropriate measure for comparing with 
a regulatory standard.  Because the arithmetic mean is an unbiased estimator of the true 
mean, irrespective of the number of realizations, it provides a direct estimate of the 
expectation value of the dose, i.e. each realization contributes in direct proportion to the 
dose associated with it.  In contrast, two distributions of values of dose can have identical 
median values, but very different potential health implications.  For example, the set of 
11 doses {0.5, 1.0, 1.2, 1.3, 1.4, 1.8, 1.9, 2.0, 2.1, 2.2, 2.3} has a median of 1.8.  This is 
identical to the median of the set {0.5, 1.0, 1.2, 1.3, 1.4, 1.8, 2.5, 3.8, 6.2, 9.3, 12.5}.  
However, the latter distribution includes much higher values above the median.  
Effectively, use of the median as a measure of performance totally discounts the absolute 
magnitude of values higher than the median.  As radiation protection regulation is based 
on the concept of a linear no-threshold relationship between dose and effect at low doses 
and dose rates, the arithmetic mean dose gives an unbiased estimate of the expectation 
value of health detriment at any time, whereas the median dose does not have a well-
defined relationship to health detriment. 
 
Rather than arguing that there is a problem with the arithmetic mean because it is not a 
robust measure of central tendency, it is more appropriate to argue that the arithmetic 
mean is an appropriate unbiased measure of repository performance and that it may (or 
may not) require more realizations to achieve a converged estimate of the mean than of 
the median, depending upon details of the shapes of the underlying distributions from 
which parameter values are selected.  Furthermore, the insensitivity of the median to 
unusually high values is a weakness for safety assessment purposes, in that it specifically 
fails to give any recognition to those particular parameter value combinations that are 
prejudicial to repository safety.  Indeed, considering Figure 1, there is a strong argument 
that, if some percentile of the distribution of results is to be used rather than the 

                                                           
2 It should be noted that the value of the median is not necessarily less uncertain than the value of the 
arithmetic mean for a fixed number of realizations.  Indeed, for a normal distribution, the standard error on 
the median of a sample is slightly more than 25% greater than the standard error on the sample mean.  
However, the median is less uncertain for distributions that exhibit significant tails.  
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arithmetic mean, that percentile should not be the 50th (i.e. the median), but some higher 
value such as the 95th, so that situations prejudicial to safety are expressly addressed, but 
without going to the non-robust extreme of considering the single worst realization. 
 
It might be argued that the realizations giving rise to high doses and, therefore, lying at 
high percentiles of the distribution, should be disregarded because they represent 
unrealistic combinations of parameter values.  However, EPA cannot know a priori that 
this will be the case.  Any cautious assumptions adopted by the DOE could equally well 
affect all realizations and there is no intrinsic reason to prefer one realization to another.  
Furthermore, until the TSPA-LA is presented, it cannot be determined what, if any, 
cautious assumptions will be adopted by DOE.  It is, of course, appropriate for DOE and 
other interested parties (e.g. NRC) to examine the results from assessment calculations to 
determine whether the individual realizations and the overall sets of realizations are 
appropriate for use for compliance purposes.  Such an examination might result in the 
exclusion of individual realizations or the requirement to rerun the calculations with 
modified models or altered sampling of the input parameter values, e.g. to reflect 
accurately any dependencies between the various parameters.  However, once this 
iterative evaluation of the quality of the assessment has been completed, there should be 
no reason to give preference to one realization over another in the final evaluation of 
compliance.  On this point, it is important to emphasize that high dose outliers are 
potentially important indicators of performance that need to be scrutinized closely.  A key 
issue in safety assessment is to identify potential circumstances that could be prejudicial 
to safety and then to determine whether any actions can be taken to prevent or mitigate 
such circumstances.  High dose outliers are such potentially important indicators of 
performance.  Although not directly relevant to the issues addressed in this memorandum, 
it is important to emphasize that the safety of the proposed Yucca Mountain facility needs 
to be evaluated against the full range of results obtained and not just against some central 
tendency in those results, irrespective of how that central tendency is defined. 
 
It should also be noted that if the median was used as a basis for compliance with a 
constant standard from the time of repository closure onward, an increase in uncertainty 
with time would not, in itself, necessarily result in greater difficulty in complying with 
the standard.  However, for positively skew distributions, as typically occur in assessment 
studies, if the median remains constant in time and the uncertainty increases, the 
arithmetic mean will increase, so compliance with a constant standard will become more 
difficult with increasing uncertainty.  This is illustrated in Figure 2. 
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Figure 2: Relationship between the Median and Arithmetic Mean for a Positively 
Skew Distribution 

 
Here a lognormal distribution underlies the range of variation at each time.  As time 
increases, the range of variation increases, but because the range increases both to lower 
values and to higher values, the median can remain constant (imagine the vertical 
distance of each value from the median being multiplied by a constant scale factor greater 
than one as you move from one time to the next).  Interestingly, the arithmetic mean 
value in this system does not remain constant, but increases, because it reflects the 
magnitudes of the individual values and not just whether they are above or below the 
median value.  This distinction is general for positively skew distributions and can be 
quantified for particular examples.  Thus, for the example of the commonly used 
lognormal distribution: 
 
µ = exp(M + σg

2/2) 
 
where µ is the arithmetic mean, M is the median and σg is the geometric standard 
deviation.  Thus, for constant median M, the value of the arithmetic mean increases as the 
degree of uncertainty (measured by the magnitude of σg) increases. 
 
On this basis, the use of the median as a compliance measure diminishes the importance 
of changes in uncertainty with time relative to use of the arithmetic mean.  However, it is 
not accepted that the uncertainty in performance at Yucca Mountain does increase 
substantially with time.  This is demonstrated by a careful consideration of Figure 1.  
Both the median and 95th percentile can be seen at 50,000 years, where they differ by 
three orders of magnitude.  At the peak, around 200,000 years, they differ by only one 
order of magnitude and this difference persists through to the end of the simulation.  
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Thus, no justification for an increase in uncertainty with time can be argued from this 
figure. 
 
Similar results arise for a case with early waste package failure, as illustrated in Figure 3. 
 

 
Figure 3: Figure 3.2.2-12 from Volume 2 of the SSPA, illustrating a Case with the 

Base Case Seepage Model and Neutralized Waste Packages and Drip Shields 
 
Note that, in this case, the uncertainty decreases until it reaches a fairly constant value 
from approximately 4,000 years onward. 
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However, care should be exercised in interpreting this type of presentation.  This is 
because the figures confound uncertainty in timing with uncertainty in the magnitude of 
the peak dose that arises.  This is illustrated schematically in Figure 4. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4: Illustrative Patterns of Variations in Annual Dose with Time 
 

In Figure 4, all the dose-time curves are identical in shape.  However, they have been 
moved relative to each other along the time axis and either stretched or compressed in 
time relative to the reference curve.  Thus, there is no difference in the peak dose 
received, i.e. in this hypothetical illustration there is no uncertainty in the peak dose.  
However, comparing the curves in respect of the annual dose at a particular time, there is 
no uncertainty at early times, because all the doses are zero, the uncertainty then 
increases, because the curves rise at different times, and then decreases as the curves 
converge.  Similar effects, though less extreme, can be seen in Figures 1 and 3.  Thus, in 
Figure 1, the uncertainty between 10,000 and 100,000 years is largely due to the time at 
which the increase in dose occurs and only secondarily due to the magnitude of that 
increase.  Uncertainties in timing give rise to an effect termed ‘risk dilution’.  It is noted 
that this effect is not addressed in the Draft EPA Rule.  As a compliance standard is being 
set through to the period of peak dose, it would be appropriate to discuss whether that 
standard should apply to the mean (or median) value of the peak doses from the various 
realizations or the peak value of the mean (or median) dose from all realizations as a 
function of time. 
 

Time

An
nu

al
 D

os
e



Addressing Uncertainty 

 9

The shape of the uncertainty envelope can also be affected by the inclusion of two 
distinct failure modes in the same plot.  This is illustrated by Figure 5. 
 

 
Figure 5: Figure 3.2.5.4-1 from Volume 2 of the SSPA, illustrating the Sensitivity of 

Annual Dose to Additional Uncertainty associated with Early Waste Package 
Failures due to Improper Heat Treatment 

 
In Figure 5, the uncertainty to 40,000 years is very large (note that the median does not 
appear on the figure and the mean is higher than the 95th percentile over the first 2,500 
years.  Beyond 40,000 years there is a transition from a system dominated by releases 
from the waste packages that failed early to a system dominated by more general waste 
package failure.  Beyond that time, as it becomes increasingly likely that the majority of 
the packages have failed, the uncertainty range decreases and, by 100,000 years, the 
difference between the median and the 95th percentile is only about a factor of twenty. 
 
It should also be noted that 10,000 years does not represent a time at which there is 
necessarily a qualitative change in system performance.  Thus, in Figure 1, the qualitative 
change occurs beyond 20,000 years.  In Figure 3, there is no qualitative change and 
system performance remains much the same from 2,000 to 100,000 years.  In Figure 5, 
the qualitative change occurs beyond 20,000 years, when early package failure becomes 
dominated by more general package failure. 
 
S Cohen & Associates (2005) argue for an increase in uncertainty with time based on 
Figure 12-4 of their report.  In relation to that figure they state (page 12-14) that the 
‘uncertainty in the forecast increases dramatically over time’.  However, this is because 
they have expressed the uncertainty in absolute terms, rather than in relation to the 
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median dose.  This is demonstrated by the data in Table 1.  These are taken from Table 
12-1 of S Cohen & Associates (2005) and underpin their Figure 12-4. 
 

Annual Dose Forecast (mrem y-1) Year 
Median 95th Percentile 

Ratio of 95th 
Percentile to 
Median 

21,000 - 0.0025 - 
50,000 0.02 2.3 115 
70,000 0.8 40 50 
100,000 10 300 30 
200,000 240 1600 6.7 
300,000 280 2000 7.1 
 
Table 1: Median and 95th Percentile Dose Estimates given in Table 12-1 of S Cohen 

& Associates (2005) 
 
Thus, a correct statement is that the absolute magnitude of the uncertainty increases with 
time, but the relative degree of uncertainty decreases. 
 
A further consideration in respect to uncertainty is shown in Figure 6. 
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Figure 6: Figure 3.2.1-1 from Volume 2 of the SSPA, illustrating Annual Dose 

Histories from the Extended Climate Model and the Base Case 
 
The TSPA-SR base-case climate model was developed for the 10,000 year regulatory 
period and had no changes of climate state after 2,000 years.  An extended climate model 
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for the period from 10,000 years to one million years was also developed.  In this model, 
six climate states were determined for the post-10,000 year period.  The extended base-
case climate model is the same as the base-case climate model until 38,000 years, i.e. 
there is no change in climate state from 2,000 years to 38,000 years, which is when the 
first glacial period is estimated to occur.  The next glacial periods occurs at 106,000 years 
and 200,000 years.  Glacial periods are 8,000 to 40,000 years in duration and recur 
approximately every 90,000 years, on average.  Figure 6, part a compares the mean data 
from the base case run to one million years, i.e. with no climate change beyond 2,000 
years, and the extended climate model.  Comparison of these mean curves when long-
term climate change is taken into account reveals increased uncertainty, reflected in the 
more variable nature of the mean annual dose in the extended climate model case.  
However, Figure 6, part b shows that this is not the full story.  The spikiness arises 
because the changes of climate are represented as discrete switches between one climate 
state and another at pre-defined, identical times in all realizations.  In practice, climate 
changes continuously.  Furthermore, even if the process is simplified in terms of 
instantaneous switches, e.g. by arbitrarily defining boundaries between the states in terms 
of mean annual precipitation, the timing of those changes is uncertain and should not be 
the same in every realization.  Both of these considerations would smooth the dose curve 
from that shown for the extended climate model case.  Thus, the increased uncertainty 
that might be inferred from Figure 6 is an artifact of the modeling procedure used and 
does not relate to the actual system being simulated. 
 
There remains the consideration as to whether extension of the calculations beyond 
10,000 years involves the use of more cautious assumptions.  It should first be noted that 
the various calculations described above and others presented in the SSPA were 
undertaken by running calculations defined for 10,000 years through to either 100,000 
years or one million years, i.e. there were no changes in assumptions at 10,000 years.  
The exception is the climatological modeling illustrated in Figure 6.  However, in that 
case changes of climate state had been defined in the period up to 10,000 years and an 
extended sequence of changes of state was defined for the period through to one million 
years. 
 
Although it seems plausible to argue that uncertainties in system performance could 
increase with increasing time into the future, this is not borne out by the results reported 
in the SSPA and it is of interest to examine why this is the case.  For this purpose, it is 
appropriate to consider the following components of the system: 

• Infiltration as determined by climatic conditions; 
• Entry of water into the drifts; 
• Corrosion of drip shields and waste packages; 
• Percolation of water into waste packages and leaching of radionuclides; 
• Transport of radionuclides through the unsaturated zone; 
• Transport of radionuclides through the saturated zone; 
• Abstraction of radionuclides from a groundwater well, transport in the biosphere 

and radiation exposes of the Reasonably Maximally Exposed Individual (RMEI). 
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It is relevant to note that the next one million years is assumed to be an appropriate 
period over which geological stability of the Yucca Mountain area can be assumed.  
Thus, changes in hydrogeology, hydrogeochemistry, radionuclide transport and 
radiological impacts can be evaluated within a well-defined geometrical and stratigraphic 
framework (setting aside igneous and seismic events, as these are addressed separately). 
 
The infiltration of water into the unsaturated zone at Yucca Mountain will be determined 
by changes in climate.  The DOE has assumed that future climatic conditions at Yucca 
Mountain will lie within the envelope of climatic conditions that has occurred over the 
Quaternary (approximately the last 1.6 million years).  On this basis, the DOE has 
identified a set of potential future climate states and has used these in modeling (see 
Figure 6).  Radiological impacts tend to be increased when infiltration is increased, as in 
the glacial state. 
 
In their report, S Cohen & Associates (2005, page 1-11) state that ‘the possibility of 
anthropogenic climate forcing has also not been included in the modeling of future 
climates.  This could introduce a significant measure of uncertainty to long-term dose 
predictions.’  The reader could easily misunderstand this statement and think that ‘long-
term’ referred to the period beyond 10,000 years.  However, this clearly cannot be the 
case.  Even without the imposition of controls on fossil fuel usage, limitations on 
available resources imply that rates of utilization similar to those occurring at the present 
day cannot persist for more than a few centuries.  Thus, atmospheric concentrations of 
carbon dioxide are likely to peak on a similar timescale.  Although there is some inertia 
in the climate system in responding to enhanced greenhouse-gas concentrations, largely 
because of the large thermal inertia of the oceans, various experiments with atmosphere-
ocean general circulation models (AOGCMs) and Earth Models of Intermediate 
Complexity (EMICs) have demonstrated that global warming is likely to peak soon after 
atmospheric carbon dioxide levels reach their maximum concentration.  Thus, the most 
extreme warming change to the global climate system due to anthropogenic effects is 
likely to occur on a timescale of a few hundred to, at most, a few thousand years.  
Thereafter, with a reduction in fossil fuel usage, atmospheric carbon dioxide 
concentrations are expected to decline, though the slow turnover of some sinks for carbon 
dioxide means that enhanced atmospheric concentrations and the corresponding global 
warming could persist for tens to hundreds of thousands of years.  In addition, other 
changes, such as loss of the Greenland ice cap, could result in changes to the climate 
system over the next few thousand years that could persist for hundreds of thousands of 
years. 
 
Whereas the magnitude of changes in precipitation and infiltration at Yucca Mountain in 
colder climate episodes can potentially be constrained by reference both to climate 
modeling studies and climatic reconstructions based on palaeoenvironmental data, future 
changes in climate and infiltration in an anthropogenically modified warm climate can 
only be estimated by climate modeling.  If the nature of such climate changes was 
necessarily towards increased aridity, then it could be argued that performance of the 
system would be improved.  However, this is not the case.  Global warming is associated 
with increased evaporation and a strengthening of the hydrological cycle, with delivery of 
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increased energy and moisture to the atmosphere.  In these circumstances, substantial 
reorganization of atmospheric systems can occur and these have the potential to increase 
precipitation at the site.  In particular, there could be an increase in the number and 
intensity of storm events. 
 
On this argument, the inclusion of anthropogenic climate forcing would result in 
increased uncertainty in estimates of precipitation and infiltration in the next 10,000 
years.  Beyond that time, the anthropogenic effect would be expected to weaken slowly.  
If peak doses were assessed to occur on a 100,000 year timescale, the anthopogenic 
disturbance on climate and hence the associated uncertainty would either be similar to 
that in the first 10,000 years or somewhat reduced. 
 
Unsaturated zone flow through Yucca Mountain above the drifts would be largely 
governed by the present day lithology.  As the system is reasonably taken to be 
geologically stable on a one million year timescale, there is no reason why flow in this 
zone for prescribed infiltration conditions should be more uncertain beyond 10,000 years 
than it is before 10,000 years. 
 
On reaching the vicinity of the drifts, uncertainties arise as to the degree to which the 
infiltrating water enters the drifts and is available for corrosion of the drip shields and 
waste packages.  These uncertainties arise from the spatial heterogeneity of the host rock 
and the effects of drift excavation, which induces mechanical disturbance and stress 
redistribution in the host rock, creating a zone with altered formation properties (S Cohen 
& Associates, 2005, page 2-13).  The excavation effects will occur at the beginning of the 
10,000 year period.  Furthermore, in the first few hundred years, the high temperature of 
the repository will modify inward flows and the distribution of water in the host rock and 
may also alter fracture apertures through dissolution and precipitation of minerals.  
However, these transient changes will die away well within the 10,000 year period.  
Thus, overall the uncertainties relating to infiltration are mainly either pre-existing, due to 
excavation of the repository, or are associated with the transient high temperature phase.  
New sources of uncertainty at long timescales would be limited.  One possibility is 
seismically induced changes to fracture aperture, but as the system is considered to be 
geologically stable, this should be of limited concern. 
 
Once radionuclides have been leached from the waste packages, they will be transported 
through the underlying unsaturated zone to the water table.  As S Cohen & Associates 
(2005, page 2-11 and 2-12) has commented, sensitivity studies with the TSPA-SR three-
dimensional unsaturated zone flow and transport model showed that ‘insignificant 
changes in transport behavior are found for large changes in fracture 
aperture…Breakthrough is found to be at most only about 1 order of magnitude earlier 
than for the base case…for an extremely conservative 10-fold increase in fracture 
aperture applied over the entire unsaturated zone domain.’ 
 
Given the above observation and the geological stability of the system, there is no reason 
to consider that uncertainties in flow and transport through the unsaturated zone would be 
significantly increased by seismic effects beyond 10,000 years. 
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S Cohen & Associates (2005, page 3-13) draw a somewhat different conclusion.  They 
comment that ‘as the shields and packages begin to fail, the integrity of the natural barrier 
system will begin to play a larger role in the overall performance of the repository.  
Under these conditions, the results may be more sensitive to changes in rock properties 
caused by seismic activity.’  However, this comment neglects the consideration that, as 
the waste packages begin to fail, uncertainties in the performance of the engineered 
system decrease, as there is increased confidence in the source term.  As seismically 
induced changes in fracture aperture are not certain to occur and are likely to have only 
limited effects on flow and transport, it seems likely that the effects of decreasing 
uncertainties in the source term will dominate. 
 
In respect of near-field chemistry, S Cohen & Associates (2005, page 4-2) have 
commented that the ‘major changes to water and gas compositions that would affect the 
performance of the geologic system can be represented by fairly coarse periods of 
constant compositions that have step changes between them.  These time periods 
correspond to the preclosure period, a boiling period, a transitional cooldown period and 
the extended cooldown period.’  However, all these periods are over relatively quickly 
and in the SSPA, S Cohen & Associates (2005, page 4-5) report that for the ambient 
period (post-100,000 years), the chemical composition results were based on averages 
from 2,000 to 100,000 years.  Thus, no strong distinctions in near-field chemistry due to 
thermal effects were identified beyond 2,000 years.  S Cohen & Associates (2005, page 
4-9) noted the result from the SSPA that ‘the long-term composition of fluids around the 
drift appeared to be controlled primarily by the initial composition of the infiltrating 
water.’  For the TSPA-LA, S Cohen & Associates (2005, page 4-9) commented that ‘the 
initial water compositions and infiltration scenarios are most likely to vary over long time 
periods.’  However, as pointed out above, taking anthropogenically induced climate 
change into account, variations in infiltration are most uncertain in the period before 
10,000 years.  Variations in initial water composition are likely also to be correlated with 
climate change and the degree of infiltration. 
 
In respect to integrity of the waste packages, the main consideration is whether Alloy 22 
will behave as anticipated.  Here the issue is not primarily about a difference in potential 
performance before and after 10,000 years, but about performance at any time beyond the 
periods of a few years over which tests on this material have been conducted.  As S 
Cohen & Associates (2005, page 5-15) comment ‘uncertainty also exists in the 
pessimistic direction.  The failure, to date, to identify clear natural or archeological 
analogs for long term passive metallic behavior seriously limits confidence regarding the 
stability of passive films in providing extremely long term corrosion resistance.’  S 
Cohen & Associates (2005, page 5-16) further conclude that ‘as time progresses, the 
extrapolation of present knowledge on the decrease of general corrosion rate or 
establishment of a slow steady state in the optimistic scenarios becomes increasingly less 
reliable.  Likewise, many of the pessimistic scenario processes could require long periods 
to incubate and their strength and consequences would be increasingly uncertain as time 
progresses.’  These comments are undoubtedly true, but they can be read either as 
resulting in increased uncertainty with time or as implying decreasing confidence that the 
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waste package will perform as designed and hence the need to place increased weight on 
assessment calculations in which there have been multiple failures of waste packages.  In 
any event, the decreasing confidence in waste package performance relates to timescales 
of beyond a few decades.  Thus, for example, in the context of localized corrosion, S 
Cohen & Associates (2005, page 5-17) comment that ‘open circuit potential evolution 
information on Alloy 22 is limited to only a few years and analysis of the responsible 
factors is only beginning to be studied in some detail…at higher temperatures.  As a 
result, the likelihood of unexpected modes of WP [waste package] corrosion deterioration 
developing during or around the heat pulse is an important source of uncertainty over 
shorter time periods.’ 
 
As to waste form corrosion, similar considerations apply.  That is to say, confidence in 
the integrity of both the waste package and waste form decrease with time.  Thus, 
uncertainty is initially small, as radionuclides are considered to be isolated from the 
groundwater environment, increases as waste packages and waste forms fail, and then 
decreases again when a substantial part of the waste has become accessible.  What is at 
issue is the timescale over which this process occurs.  If, it takes hundreds of thousands 
of years or longer, then uncertainties will still be increasing toward the end of the 
assumed period of geological stability.  Conversely, if it is completed on a timescale of a 
few thousand years then uncertainties will not increase beyond 10,000 years.  There is no 
general argument that uncertainties in the performance of the engineered barriers must 
increase beyond 10,000 years.  Rather this is a matter to be determined through 
experiment, modeling and safety assessment. 
 
Following release of radionuclides from the waste, consideration has to be given to their 
transport in groundwater to the point of abstraction.  In terms of water flow, downward 
percolation from the drifts to the water table is likely to be relatively rapid and 
determined mainly by variations in infiltration, which is associated with larger 
uncertainties in the first 10,000 years, because of anthropogenic effects, than beyond that 
time.  As noted by S Cohen & Associates (2005, page 8-1), ‘transport time through the 
SZ [saturated zone] for dissolved, nonsorbing, nonreactive radionuclides can be less than 
100 years’.  As the DOE considers that the water table is ‘now at a low point in the 
150,000-300,000 years climate cycle’ (S Cohen & Associates, 2005, page 8-16), it seems 
more likely that transit times will decrease in future rather than increase.  Such decreases 
could occur in the next 10,000 years in the event of increased infiltration. 
 
However, the main uncertainties in transport in the unsaturated and saturated zones are 
related to the degree of sorption of radionuclides to solids, the extent of diffusion into the 
rock matrix and the degree of binding to, and transport with, colloids.  These 
uncertainties relate primarily to limitations in data and process understanding that are 
equally applicable before and after 10,000 years. 
 
Finally, there are uncertainties relating to the biosphere.  However, in the context of 
Yucca Mountain, groundwater abstraction rates are prescribed and the characteristics of 
the RMEI are to be based on present day characteristics of residents of Amargosa Valley.  
Thus, there are no distinctions in uncertainty before and after 10,000 years. 
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In summary, performance assessment calculations undertaken by DOE to date do not 
provide any evidence for substantial increases in uncertainties beyond 10,000 years and 
no increases in to degree of caution in assessments beyond 10,000 years have been 
identified.  Indeed, in some contexts, caution can be said to be reduced.  For example, the 
model used for waste-package degradation assumes an idealized geometry (dripping onto 
the center of the upper surface) that will tend to enhance corrosion rates (other factors 
being held constant).  In the short term this is cautious, as it overestimates the degree of 
corrosive penetration.  However, in the long-term, corrosive penetration of a substantial 
number of packages would occur both in this geometry and in less ideal geometries, so 
the degree of caution is reduced.  Also, a review of the uncertainties that need to be taken 
into account in assessments showed that there are some, such as those that relate to 
infiltration that can be argued to be larger in the next 10,000 years than beyond that time.  
It is concluded that the variation in uncertainty with time is a matter to be determined by 
assessment modeling and that it cannot be determined a priori to increase with time.  In 
view of this conclusion, it seems inappropriate to base a change in the rigor of the 
standard of protection on the assumption that uncertainty increases with time beyond 
10,000 years. 
 
Conclusions 
 
Overall, the following conclusions are drawn. 
 

• Use of the median rather than the arithmetic mean dose beyond 10,000 years as a 
compliance measure has no significant advantages and several substantial 
drawbacks.  The median does not necessarily converge more readily than the 
arithmetic mean, does not give appropriate weight to high dose realizations and is 
not directly linked to health detriment. 

• It is appropriate for DOE and other interested parties to examine the results from 
assessment calculations to determine whether the individual realizations and the 
overall sets of realizations are appropriate for use for compliance purposes.  Such 
an examination might result in the exclusion of individual realizations or the 
requirement to rerun the calculations with modified models or altered sampling of 
the input parameter values, e.g. to reflect accurately any dependencies between 
the various parameters.  However, once this iterative evaluation of the quality of 
the assessment has been completed, there should be no reason to give preference 
to one realization over another in the final evaluation of compliance. 

• High dose outliers are such potentially important indicators of performance.  It is 
important to emphasize that the safety of the proposed Yucca Mountain facility 
needs to be evaluated against the full range of assessment results obtained and not 
just against some central tendency in those results, irrespective of how that central 
tendency is defined. 

• Performance assessment calculations undertaken by DOE to date do not provide 
any evidence for substantial increases in uncertainties beyond 10,000 years and no 
increases in to degree of caution in assessments beyond 10,000 years have been 
identified.  Indeed, in some contexts, caution can be said to be reduced. 
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• The variation in uncertainty with time is a matter to be determined by assessment 
modeling and that it cannot be determined a priori to increase with time.  In view 
of this conclusion, it seems inappropriate to base a change in the rigor of the 
standard of protection on the assumption that uncertainty increases with time 
beyond 10,000 years. 
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External Memorandum 
 

Date: 10 November 2005 
From: M C Thorne 
Subject: Climatic Considerations relevant to the Draft EPA Rule 
 
The draft EPA Rule (page 49058 et seq.) gives consideration to how climate change 
should be represented beyond 10,000 years.  EPA is ‘concerned about the possibility of 
over-speculation of climatic change over such extremely long time periods, possibly out 
to the next 1 million years.’  In support of its position, it cites the NAS Report (page 77) 
as stating: 
 
‘Although the typical nature of past climate changes is well known, it is obviously impossible to predict in 
detail either the nature or the timing of future climate change.  This fact adds to the uncertainty of the 
model predictions.’ 
 
This is the beginning of a more extended commentary on the influence of climate 
provided in the NAS Report (pages 77 and 78).  The paragraph immediately following 
that cited above is given in full below.  The references cited are given in full in the NAS 
Report. 
 
‘During the past 150,000 years, the climate has fluctuated between glacial and interglacial status.  Although 
the range of climatic conditions has been wide, paleoclimatic research shows that the bounding conditions, 
the envelope encompassing the total climatic range have been fairly stable (Jannik et al., 1991; Winograd et 
al., 1992; Dansgaard et al., 1993).  Recent research has indicated that the past 10,000 years are probably the 
only sustained period of stable climate in the past 80,000 years (Dansgaard et al., 1993).  Based on this 
record, it seems plausible that the climate will fluctuate between glacial and interglacial states during the 
period suggested for the performance assessment calculations.  Thus, the specified upper boundary, or the 
physical top boundary of the modeled system, should be able to reflect these variations (especially in terms 
of ground water recharge).’ 
 
The NAS Report provides further discussion of the role of climate change at Yucca 
Mountain at pages 91 to 92.  Three main potential effects of climate change on repository 
performance are identified.  ‘The first of these is that increases in erosion might 
significantly decrease the burial depth of the repository.  Site-specific studies of erosion 
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rates at Yucca Mountain (DOE, 1993b) indicate that an increase in erosion to the extent 
necessary to expose the repository (even over a million-year time scale) is extremely 
unlikely.’  The third type of change that might result from climate change is a shift in the 
distribution and activities of human populations.  However, this matter is addressed 
through the specified definition of the exposed group and is not considered further here.  
The second type of change relates to the flux of water through the unsaturated zone.  The 
comments from the NAS Report on this matter are reproduced in full below. 
 
‘Change to a cooler, wetter climate at Yucca Mountain would likely result in greater fluxes of water 
through the unsaturated zone, which could affect rates of radionuclide release from waste-forms and 
transport to the water table.  Little effort has been put into quantifying the magnitude of this response, but a 
doubling of the effective wetness, defined as the ratio of precipitation to potential evapotranspiration, might 
cause a significant increase in recharge.  An increase in recharge could raise the water table, increasing 
saturated zone fluxes.  There is a reasonable data base from which to infer past changes in the water table at 
Yucca Mountain.  Although past increases under wetter climates are evidenced, a water-table rise to the 
point that the repository would be flooded appears unlikely (Winograd and Szabo, 1988; NRC, 1992; Szabo 
et al., 1994).  Additional site characterization activities and studies of infiltration at Yucca Mountain should 
help improve estimates of the bounds of potential hydrologic responses to climate change.  It should also be 
noted that the subsurface location of the repository would provide a temporal filter for climate change 
effects on hydrologic processes.  The time required for unsaturated zone flux changes to propagate down to 
the repository and then to the water table is probably in the range of hundreds to thousands of years.  The 
time required for saturated flow-system responses is probably even longer.  For this reason, climate 
changes on the time scale of hundreds of years would probably have little if any effect on repository 
performance, and the effects of climate changes on the deep hydrogeology can be assessed over much 
longer time scales.’ 
 
The EPA Draft Rule (pages 49058-49059) reiterates and endorses the above comments 
and also includes a brief summary of the infiltration modeling undertaken by the DOE.  It 
then states that the EPA believes that ‘an approach should be developed to answer several 
basic questions about how climatological effects realistically will impact the proposed 
repository until the time to peak dose.  The questions that concern us are: 

1. How much total water will infiltrate into the repository over this large amount of 
time? 

2. Will more water infiltrate the repository over time when modelled as a wave 
function (current DOE modelling) or as total average?’ 

 
The conclusions drawn by the EPA as to how these questions should be addressed are 
reproduced, in full, below from pages 49059-49060 of the Draft Rule. 
 
‘The answers to these questions assist in identifying conservative, yet reasonable, conditions the repository 
may encounter over the period of geologic stability.  The amount of net infiltration into Yucca Mountain 
has an effect on the disposal system performance because higher net infiltration leads to the possibility that 
a greater proportion of the repository will experience ground-water seepage.  For solubility-limited 
radionuclides in the waste, an increase in net infiltration could lead to a higher release rate of radionuclides 
from the disposal system, thereby affecting the potential dose to the RMEI in the accessible environment.  
We do not believe that it is important to know or predict with certainty precisely when the climate states 
with peak precipitation occur during the modeling.  There are too many uncertainties and permutations 
available in trying to project a future set of climate conditions, and it is difficult to place specific times on 
when discrete pulses of precipitation should be injected into the modeling (NAS Report p. 77).  Instead, we 
believe that it is reasonable to assume an average increase in precipitation over the entire time from 10,000 
years through the period of geologic stability, and to model those consequences.  An increase in average 
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precipitation throughout the period of geologic stability is a more reasonable approach because it assumes a 
constant source of precipitation, creating more downward flow that will eventually reach the repository.  
This scenario need not be dominated by highs or lows in precipitation over the time period and does not 
require speculation about the exact timing or transient effects of shifts in climate.  Rather, setting a constant 
value somewhat higher than today’s average annual rainfall and extending it out to the time of peak dose 
would account for the greater potential for available fluids at the time of the failure of the waste packages.  
We believe that this approach provides a reasonable test of the repository conditions out to the time of peak 
dose, and will give a more conservative idea of potential fluid flow, as well as potential for migration of 
radionuclides out of the repository.’  
 
‘We are proposing today that DOE, based on past climate conditions in the Yucca Mountain area, should 
determine how the disposal system responds to the effects of increased water flow through the repository as 
a result of climate change.  We believe that the nature and extent of climate change can be reasonably 
represented by constant conditions taking effect after 10,000 years out to the time of geologic stability.  We 
are proposing to explicitly require that DOE assume water flow will increase as a result of climate change.  
We leave it to NRC as the licensing authority to specify the values to be used to represent climate change.  
However, we expect that a doubling of today’s average annual precipitation beginning at 10,000 years and 
continuing through the period of geologic stability would provide a reasonable scenario, given NAS’s 
statements regarding potential effects on recharge (NAS Report p. 92).  NRC could also use the range of 
projected precipitation values for different climate states and specify a reasonable long-term average 
precipitation based on the duration of each climate state over the period of geologic stability.  We believe 
that either approach will allow for a reasonable estimate of how water will impact the site without 
subjecting the assessments to speculative assumptions that may well be unresolvable, while providing a 
reasonable indicator of disposal system compliance.  NRC might choose to express the ground-water flow 
effects directly as infiltration rates or other representative parameters, avoiding the necessity of translating 
precipitation and other climate-related parameters (e.g., temperature or evapotranspiration rates) into 
infiltration.’ 
 
The EPA comments reproduced above make two very broad assumptions about climatic 
and hydrologic behavior at Yucca Mountain.  These are that: 
 

1. Future climatic conditions at Yucca Mountain can be bounded by the observed 
range of conditions over past glacial-interglacial cycles; 

2. Only long-term average responses of the system to changes in infiltration are of 
relevance. 

 
We contend that neither of these conclusions has been adequately substantiated, but that 
both can be investigated using current and developing techniques that would command 
substantial support in the scientific community. 
 
This memorandum does not address the response of the system to changes in infiltration 
rate in any detail.  However, it is a characteristic of arid zone hydrological systems that 
hydrological response is highly non-linear.  For frequent events, almost all of the 
precipitation that falls is subsequently lost to evaporation, so runoff and groundwater 
recharge are very limited.  Extreme storm events occur infrequently, but tend to dominate 
runoff production and groundwater recharge.  Therefore, inter-annual variability of 
precipitation leads to much greater inter-annual variability of runoff and recharge, and 
annual runoff and recharge can be dominated by a single large event. 
 
The dominant effects of extreme events have been widely noted in the historical 
literature.  For example, Drissel and Osborn (1968) reported for Alamogordo Creek in 
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New Mexico that 60% of a decade’s runoff was produced in a single year.  Osborn and 
Renard (1969) observed for Walnut Gulch, Arizona, that runoff from a single storm in 
1967 accounted for more than 80% of the runoff for the year and 50% of the total runoff 
from a three year period.  They noted that ‘the exceptional events are extremely 
important in studies of water yield….’  
 
For Yucca Mountain, Woolhiser et al. (1998), reporting to NRC, simulated runoff and 
channel infiltration for Solitario Canyon based on a generated 100 year precipitation 
series.  They concluded that, depending on the parameters selected, between 16 and 24 
events in the 100 years accounted for 75% of the runoff, and between 31 and 35 events 
accounted for 75% of the infiltration.  Stothoff (1999) used a simpler modeling approach 
(a 1-dimensional soil model; see also Stothoff et al. (1996)), but also observed a highly 
nonlinear response of net infiltration to climate: ‘The exponential response of net 
infiltration to climate change suggests that cumulative net infiltration may be 
underestimated unless perturbations in the climate cycle are considered.’  The 1997 
Unsaturated Zone Flow Modeling Expert Elicitation Panel (CRWMS M&O (1997)) felt 
that events occurring once in 10 or 20 years would dominate net infiltration. 
 
Clearly, extreme events dominate hydrological response and any changes in extremes 
will have disproportionate effects on runoff and net infiltration. 
 
By the use of appropriate hydrogeological modeling techniques, it is possible to evaluate 
the flow of water through both the unsaturated and saturated zones at Yucca Mountain 
under time-varying boundary conditions.  Therefore, the issue of timescales of response 
of the system to changes in boundary conditions can be investigated directly and should 
not be considered to be either a matter of speculation or requiring prior prescription.  
Furthermore, it should be noted that the radiological impact of hydrological changes is 
not simply determined by the cumulative influx of water through the system, but by the 
influx on timescales comparable with those for water flow through the system. In a recent 
report to the EPA, S Cohen & Associates (2005, pages 2-8 and 2-9) has stated that: 
 
‘The percolation flux in the UZ [Unsaturated Zone] is not expected to be constant with time, but may 
increase episodically as a result of high-infiltration events, seasonal variations, and climate changes.  
 
Episodic flow events may affect seepage in two ways:  

(1) Episodic flow events lead to periods when percolation fluxes (and thus seepage rates) are greater 
than the corresponding average values.  

(2) Episodic flow events lead to transient effects (such as storage and hysteresis).  
 
UZ modeling handles temporally increased percolation fluxes by applying episodic-flow factors in a way 
similar to the flow-focusing factors (CRWMS M&O 2000e, Section 6.3.4).  Currently, no evidence shows 
that high-frequency fluctuations (a few years or shorter) penetrate to the depth of the potential repository. 
Flow simulations have shown that the nonwelded PTn rock unit effectively damps out flow transients.  The 
TSPA-SR analysis explicitly accounts for increased percolation from long-term transients (climate 
change).’ 
 
This citation does not rule out the potential significance of transient effects on 
groundwater flow through the unsaturated zone on timescales of more than a few years.  
Also, as noted by S Cohen & Associates (2005, page 8-1), ‘transport time through the SZ 
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[Saturated Zone] for dissolved, nonsorbing, nonreactive radionuclides can be less than 
100 years’.  As the DOE considers that the water table is ‘now at a low point in the 
150,000-300,000 years climate cycle’ (S Cohen & Associates, 2005, page 8-16), it seems 
more likely that transit times will decrease in future rather than increase. 
 
Finally, on this point, we note that Figure 3.2.1-1 from Volume 2 of the SSPA (2001) 
(reproduced below as Figure 1) demonstrates that annual doses assessed using the TSPA 
can respond very rapidly to changes in climate.  In a study in which the times of climate 
transitions were fixed for every realization, the changes in response arose almost 
instantaneously in nearly all those realizations.  As a basis for interpreting this figure, it 
should be noted that, in the Extended Climate Model, there is no change in climate state 
from 2,000 years to 38,000 years, which is when the first glacial period (increased 
infiltration) is estimated to occur.  The next glacial periods occurs at 106,000 years and 
200,000 years.  Glacial periods are 8,000 to 40,000 years in duration and recur 
approximately every 90,000 years, on average. 
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Figure 1: Figure 3.2.1-1 from Volume 2 of the SSPA, illustrating Annual Dose 
Histories from the Extended Climate Model and the Base Case (The Base Case 

Model exhibits a constant climate state beyond 10,000 years, whereas the Extended 
Model exhibits climate transitions at specific times, as described in the text.) 



Climatic Considerations 

 7

 
Thus, the consideration arises as to whether the EPA Draft Rule has given adequate 
consideration to the range of future climate changes that could occur.  The main issue that 
has to be addressed is the total lack of consideration of the potential for anthropogenically 
induced climate change due mainly to the carbon dioxide released as a consequence of 
the burning of fossil fuels. 
 
Anthropogenic releases of carbon dioxide are generally considered likely to have long-
lasting consequences for the carbon cycle of the Earth.  Though other greenhouse gases, 
like methane or nitrous oxide, may have some influence on climate over the coming 
decades or centuries, only carbon dioxide has a lifetime in the atmosphere of many 
millennia.  This is why understanding the evolution of atmospheric carbon dioxide 
concentrations is a top priority in climate change studies. 
 
Systematic atmospheric measurements performed since the 1950s have demonstrated a 
very rapid increase in carbon dioxide concentrations, from about 320 ppm in the 1950s to 
nearly 380 ppm nowadays.  This additional carbon has been unambiguously traced to 
arise from fossil fuel sources (Houghton et al., 2001), and the now available long carbon 
dioxide history from Antarctic ice cores tells us that pre-industrial levels were 
approximately around 280 ppm, already a maximum value for natural carbon dioxide 
levels during the Quaternary (Petit et al., 1999).  There is now wide acceptance that these 
increased greenhouse concentration levels will significantly warm our planet during the 
21st

 century and also almost certainly during the 22nd, depending on the availability of 
fossil fuels, on the economic choices made and on possible future technological 
breakthroughs in the production of cheap energy that does not rely on fossil fuel 
combustion (Houghton et al., 2001).  Currently, the focus of climate change research is 
on the future decadal or century scale, and more limited work has been performed on 
possible longer-term consequences. Furthermore, the available resources of fossil fuel are 
limited and, under most economic scenarios, would result in declining use in, at most, a 
few centuries.  Is this anthropogenic carbon of significance when considering a very 
long-term future perspective?  It is, because even though a large part of the fossil fuel 
carbon will, within centuries, be absorbed by the ocean, a non-negligible fraction, 
between 5 and 10% of the total amount, will remain in the atmosphere for a period 
measured in hundreds of thousands of years (e.g. see Archer et al., 1997; Archer, 2005).  
Depending on the size of the anthropogenic perturbation, this remaining fraction could 
have a direct influence on the occurrence of future glacial-interglacial cycles. 
 
The potential evolution of atmospheric carbon dioxide concentrations over the long-term 
and the associated implications for climate change have been investigated in the context 
of deep geological disposal of radioactive wastes in Europe in the BIOCLIM program 
(funded by the European Union and involving radioactive waste management 
organizations from the UK, France, Spain, Germany and the Czech Republic, as well as 
the UK Environment Agency and academic climate research centers from various 
countries). 
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In BIOCLIM, future variations in natural carbon dioxide concentrations in the 
atmosphere, i.e. excluding anthropogenic influences, were estimated using statistical 
regression techniques or a simple threshold model (BIOCLIM, 2001).  This work was 
based on the extensive knowledge that has been developed over the last few decades on 
variations in atmospheric carbon dioxide concentrations that have occurred over the last 
few hundred thousand years. 
 
Imposed upon these natural variations are the changes in carbon dioxide concentrations 
that arise from human activities, primarily the burning of fossil fuels.  Future increases 
were estimated in BIOCLIM (2001) for two emissions scenarios (low and high), based on 
different projections of future fossil fuel use, combined with a model-based relationship 
between the amount of carbon introduced into the atmosphere as carbon dioxide and the 
time-dependent concentration of carbon dioxide in the atmosphere arising in 
consequence. The relationship used had components with atmospheric mean residence 
times of 3.65×102, 5.5×103, 8.2×103 and 2.0×105 years, so the long-term effects of fossil 
fuel combustion on atmospheric carbon dioxide concentrations were projected to persist 
for timescales corresponding to several glacial-interglacial cycles. 
 
Finally, to define overall scenarios for future variations in concentrations of atmospheric 
carbon dioxide, the contribution from fossil fuel combustion had to be combined with the 
projected natural variations.  As it was unclear whether the fossil fuel component would 
be subject to temporal modulation in the same way as the natural component, two 
different approaches to combination were used.  However, comparison of the results 
obtained showed no strong distinction between the two approaches.  Furthermore, there 
was also no strong distinction between the scenarios generated using the statistical 
regression and threshold models for variations in natural carbon dioxide concentrations 
(BIOCLIM, 2001).  Therefore, only three scenarios were carried forward for detailed 
consideration.  These all used the threshold model for variations in natural carbon dioxide 
concentrations and did not modulate the fossil fuel contribution according to variations in 
the natural concentration.  These three scenarios were: 

• Scenario A4: Natural variations only with no post-industrial, i.e. after 1850 a.d., 
contribution from fossil fuel combustion; 

• Scenario B3: Natural variations plus a contribution from the fossil fuel scenario 
with low future utilization of fossil fuels; 

• Scenario B4: Natural variations plus a contribution from the fossil fuel scenario 
with high future utilization of fossil fuels. 

 
Both low and high utilization scenarios were consistent within known, economic 
resources of fossil fuels. 
 
Results from this analysis for Scenarios B3 and B4 using both the summing and scaling 
approaches to natural carbon dioxide concentrations are shown in Figure 2.  Although 
there is room for considerable variation in the choice of emissions scenario selected for 
study, as well as the approach adopted for combining natural and anthropogenically 
induced variations, the general conclusions from this work are thought to be reasonably 
robust.  Specifically, atmospheric concentrations of carbon dioxide are projected to peak 
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at 1000 to 2000 ppm, compared with a pre-industrial value of 280 ppm and a present-day 
value of 380 ppm, at about 300 years After Present (AP).  They are then expected to 
decrease gradually, but not to fall to pre-industrial levels, on a long-term basis, until more 
than 300,000 years AP. 
 
 
 
 

 
 

Figure 2: Atmospheric Carbon Dioxide Concentrations simulated in BIOCLIM.  
Reproduced from BIOCLIM (2001).  Note that the time axis runs unconventionally 

from right to left and that kyr AP is thousands of years after present.  The inset 
shows details of atmospheric concentrations over the next 5000 years. 

 
 
In BIOCLIM, these scenarios were then used to investigate the potential range of long-
term climatic conditions that could occur over Europe driven by both the changes in 
carbon dioxide concentrations and variations in insolation arising from changes in the 
orbital characteristics of the Earth (see, for example, Figure 3).  The approach used 
involved the application of various types of climate model.  Long-term transient 
simulations were undertaken, for timescales of either 200,000 years or one million years, 
using three different Earth Models of Intermediate Complexity (EMICs) (for a review see 
Claussen et al., 2002).  These were LLN 2D NH and MoBidiC, developed by the Institut 
d’Astronomie et de Géophysique Georges Lemaître, Université catholique de Louvain, 
Belgium (Gallée et al., 1991; 1992; Crucifix et al., 2001), and CLIMBER-GREMLINS, 
developed by the Commissariat à l’Energie Atomique/Laboratoire des Sciences du 
Climat et de l’Environnment (CEA/LSCE), France (Petoukhov et al., 2000).  In addition, 
snapshot simulations of climatic conditions at various times were undertaken with an 
Atmosphere-Ocean General Circulation Model (AOGCM), IPSL_CM4_D, also from 
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CEA/LSCE (Li, 1998; Madec et al., 1999; Krinner et al., submitted).  Downscaling of the 
results obtained from these various models was undertaken using rule-based and 
statistical approaches, as well as by running a Regional Climate Model (MAR, see Gallée 
and Schayes, 1994) using boundary conditions prescribed from the AOGCM (BIOCLIM, 
2004). 
 

 
Figure 3: Illustrative Climate Change Results for the next 200,000 Years 

(BIOCLIM, 2003) 
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The detailed results from these studies are all for the European region and demonstrate 
that the pattern of climate change follows the pattern of carbon dioxide concentration 
changes in the atmosphere closely, with lags measured in decades to centuries 
(BIOCLIM, 2004). 
 
Overall, the studies undertaken in BIOCLIM serve to illustrate the following points of 
direct relevance to Yucca Mountain: 
 

• Anthropogenically induced climate change is projected to be considerable, is 
likely to reach a maximum over the next few hundred years and is then likely to 
persist throughout the next few hundred thousand years, i.e. through to when peak 
doses are projected to occur at Yucca Mountain; 

• The possibility of substantial anthropogenically induced climate change is taken 
seriously by European waste management organizations, is included by them in 
their research programs, and is included in assessment studies through the 
application of quantitative models; 

• Although the global carbon cycle is not fully understood and alternative scenarios 
for future carbon dioxide emissions need to be considered, it is possible, with 
sufficient research effort, to construct an envelope of future concentrations of 
carbon dioxide in the atmosphere that can be used as a basis for assessment 
studies; 

• Various EMICs are now available (see Claussen et al., 2002) that allow transient 
projections of future global climate to be made on time scales of several hundred 
thousand years, these studies can be complemented with snapshot studies of key 
periods using AOGCMs; 

• These same models have proven capable of simulating many aspects of climate 
change observed in the paleoclimatic record; 

• Various techniques are available for downscaling EMIC and AOGCM results to 
smaller spatial scales. 

 
It is further noted that transient climate modeling on long time scales is a rapidly 
developing field and that capabilities in this area will increase very substantially in the 
next few years.  In particular, a wider ensemble of models is likely to become available, 
and the spatial and temporal resolution of those models is likely to be enhanced.  Thus, 
no issues of principle arise in applying climate modeling to Yucca Mountain out to the 
time of peak dose.  Specifically, there is no reason to exclude a priori, as EPA has done 
potential future anthropogenic influences on climate. 
 
It might be argued that although the modeling of future climates is possible, it would not 
contribute significantly to evaluation of the safety of the facility. The basis for such an 
argument would be that the main concern is with increased precipitation and infiltration, 
and that such increases are likely to occur in glacial conditions, as these are likely to be 
cooler and wetter than at the present day.  Although it is indeed the case that glacial 
conditions are likely to be cooler and wetter, those conditions do not necessarily bound 
conditions prejudicial to repository performance that could occur in future warm world 
conditions.  Specifically, global warming is associated with increased evaporation and a 
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strengthening of the hydrological cycle, with delivery of increased energy and moisture 
to the atmosphere.  In these circumstances, substantial reorganization of atmospheric 
systems can occur and these have the potential to increase precipitation significantly at 
the site.  In particular, there could be an increase in the number and intensity of storm 
events.  The range of current climate model simulations available suggests that the Yucca 
Mountain region could be wetter or drier in a human-warmed world.  Although it is clear 
that it will be hotter, there is substantial uncertainty whether it will be drier or wetter.  
However, if the likely increases in hurricane intensity and rainfall amounts take place due 
to global warming, we must consider the possibility that there will be more intense 
hurricanes capable of reaching Yucca Mountain.  Given that Hurricane Nora reached 
southern Nevada in 1997, and resulted in up to 300 mm of precipitation in some 
Southwest U.S. locations, it is safe to say that precipitation totals of this amount, 
superimposed on the current range are possible.  Moreover, if there is an 
anthropogenically induced increase in mean precipitation during the hurricane season, the 
number could be larger, as the largest rainfall events in the Southwest U.S. tend to be 
those associated with coincident/colliding tropical and frontal storms.  Furthermore, 
hurricane-related rainfall is intense and concentrated in just a couple days of rainfall at 
any location.  As noted above, the susceptibility of arid environments to event-driven 
infiltration and the highly non-linear relationships involved mean that such events may 
have a disproportionate effect on infiltration and repository performance. 
 
A further consideration relevant to the Draft EPA Rule is that uncertainties in climate 
projections do not increase beyond 10,000 years after present, at least in terms of the 
range of climate conditions that could occur, rather than their detailed timing.  As 
illustrated in Figure 2, atmospheric carbon dioxide levels are likely to peak within the 
next few hundred years and the maximum of global warming is likely to occur soon after 
that peak.  The projected peak concentration of carbon dioxide is in the range 1000 to 
2000 ppm, i.e. a factor of 3.6 to 7.1 times larger than the pre-industrial concentration.  In 
these circumstances, partial or complete removal of the Greenland ice sheet is very likely 
to occur (Gregory et al., 2004; Houghton et al., 2001), resulting in potential large-scale 
reorganization of the global circulation.  In addition, there may be substantial changes in 
ice-cover in West Antarctica (Oppenheimer and Alley, 2004; Thorne et al., 2000) and the 
possibility of a positive feedback effect due to methane release from clathrates cannot be 
discounted (Archer and Buffett, 2005).  As ice-sheet collapse has a characteristic 
timescale of a few hundred to a few thousand years (Oppenheimer and Alley, 2004; 
Houghton et al., 2001; Thorne et al., 2000) and feedbacks from clathrate releases would 
be expected to occur on similar or shorter timescales, the next few thousand years are 
considered likely to be a period of unusually large changes and instabilities of climate.  In 
contrast, beyond a few thousand years, atmospheric carbon dioxide levels are envisaged 
as slowly declining, but still sufficiently high that renucleation of the Greenland ice sheet 
is unlikely for up to 500,000 years (Archer and Ganopolski, 2005), so boundary 
conditions on the global climate system will change much more gradually and climatic 
modeling will be more readily justified.  As a combination of EMICs and AOGCMs is 
required to model climate over the next 10,000 years and the same combination of 
models has to be used beyond that time, the fact that climate conditions are assessed as 
becoming more stable after the next few thousand years suggests that we can have more 
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confidence in climate modeling results beyond 10,000 years than over the next few 
thousand years.  More particularly, there is no step change in our capability to project 
climate change, given a particular emissions scenario, at around 10,000 years. 
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Main findings 
 
The limit for gross-alpha contamination of drinking water is based on science that is over four 
decades old.  It is an unsatisfactory basis for public health protection that is at variance with the 
content and intent of the safe drinking water regulations for radionuclides that were first promulgated 
in 1976.  Specifically, the scientific understanding of how plutonium and other alpha-emitting, long-
lived transuranic radionuclides behave in the human body, and of the magnitude of radiation dose 
they deliver to various organs, has changed a great deal, beginning with revisions first published by 
the International Commission on Radiological Protection in the late 1970s.  The United States 
Environmental Protection Agency (EPA) first officially adopted these changes for assessment of 
radiation doses in its Federal Guidance Report 11, published in 1988.  More changes have occurred 
since that time, which allow estimation of doses to people of various ages including infants.   
 
EPA last reviewed its radionuclide standards in the year 2000 as part of a legally-mandated process.  
But despite the fact that it had been more than a decade since the publication of Federal Guidance 
Report 11, the EPA chose not to revise the maximum contaminant levels (MCLs) for alpha-emitting, 
long-lived transuranic radionuclides in that review. The next scheduled review of radionuclide MCLs 
in drinking water will occur in 2006.   
 
This report provides an analysis of the changes in the dose estimates to the maximally exposed organ 
that have occurred since the MCL limits for radionuclides were first set in 1976. It presents the 
scientific underpinning for tightening the MCL for alpha-emitting, long-lived transuranic 
radionuclides by a factor of one hundred compared to the present gross alpha MCL of 15 picocuries 
per liter (pCi/L). 
 
 
1. Drinking water maximum contaminant limits for plutonium-239 and other alpha-emitting, 
long-lived transuranic radionuclides are about a hundred times too lax. 
 
The most recent science, as published by the EPA, indicates that the radiation dose to the most 
exposed organ, the surface of the bone, from drinking water contaminated to the maximum allowable 
limit is about a hundred times greater than the dose to what in 1976 was regarded as the maximally 
exposed organ (the marrow-free skeleton).  This indicates that the drinking water standards are about 
a hundred times too lax, as measured by the intent of the regulations when they were first 
promulgated.  The current MCL for each alpha-emitting, long-lived transuranic radionuclide 
separately is 15 picocuries per liter. 
 
2. Drinking water regulations – when they were first set - explicitly included military sources of 
radionuclides – specifically, fallout from testing. 
 
3. A much tighter MCL for alpha-emitting, long-lived transuranic radionuclides is needed to 
prevent lax approaches to cleanup of weapons sites. 
 
Once drinking water is polluted to a few picocuries per liter, which is many times the indicated MCL 
by current science, it will be essentially impossible to remediate it.  A stringent MCL is therefore 
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needed as a guide to the United States Department of Energy (DOE) in its cleanup and as a 
preventive measure for protecting public water supplies. 
 
4. The vast majority of public water systems will incur no costs from the proposed change and a 
few would incur a one-time monitoring cost. 
 
Since the vast majority of public water systems have alpha-emitting, long-lived transuranic 
radionuclide levels orders of magnitude below the proposed MCLs (from weapons testing).  They are 
not at risk for further contamination.  No sampling, monitoring, or remediation is needed for these 
systems. 
 
For public water systems that are hydrologically or hydrogeologically connected to DOE sites, where 
large amounts of plutonium waste were dumped or were disposed of, a one-time initial sampling and 
analysis should be done.  If found clean, further sampling need not be conducted provided the DOE 
maintains a thorough water sampling program for surface and ground waters on site and reports the 
results publicly.  It is presently mandated to do that, so no additional expenses would be incurred in 
this regard. 
 
5. The relaxation of DOE goals in regard to cleanup and the lack of national cleanup standards 
necessitates an urgent revision of MCLs for alpha-emitting, long-lived transuranic 
radionuclides, if critical drinking water systems are to be protected for the long-term. 
 
The timing and urgency of the main recommendation of this report, that MCLs for alpha-emitting, 
long-lived transuranic radionuclides be tightened by one hundred times (see below), derives largely 
from the very large inventories of alpha-emitting, long-lived transuranic radionuclides at several 
(DOE) nuclear weapons sites.  Some wastes containing these radionuclides (both low-level and 
transuranic wastes) were dumped in unlined trenches in cardboard boxes and similar non-durable 
packaging in the early decades of the Cold War.  The primary sites are in Idaho, Nevada, New 
Mexico, South Carolina, Tennessee, and Washington state.  Further, the combined plutonium-238, -
239, and -240 inventory contained in DOE high-level waste tanks at Savannah River Site is over a 
million curies.  In 2004, Congress gave DOE the latitude to reclassify some of this waste.  DOE can 
now grout high-level waste in place by reclassifying it as waste incidental to reprocessing.  Congress 
set no limit on the total residual radioactivity content of the grouted waste.  Since grouting is 
essentially irreversible, it is imperative the DOE implement the law in a manner that is compatible 
with the protection of the Savannah River, which is increasingly used by more people as a source of 
drinking water in South Carolina and Georgia. 
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Recommendations 
 
The EPA is going to review the radionuclide standards for drinking water as part of a scheduled 
process in 2006.  We urge the EPA to revise the drinking water regulations in regard to alpha-
emitting, long-lived transuranic radionuclides.  The Department of Energy should evaluate its 
cleanup and decommissioning efforts with a view to meeting the tighter standard. 
  
 
1. The EPA should reduce its maximum contaminant levels for all alpha-emitting, long-lived 
transuranic radionuclides, combined, by one hundred times to an MCL of 0.15 picocuries per 
liter during its 2006 review of radionuclide standards for drinking water. 
 
EPA should set a combined maximum contaminant level for alpha-emitting, long-lived transuranic 
radionuclides of 0.15 picocuries per liter.  If only one of the radionuclides in question were present, 
then the limit for that radionuclide would be 0.15 picocuries per liter.  The radionuclides included 
are: neptunium-237, plutonium-238, plutonium-239, plutonium-240, plutonium-242, americium-241, 
and americium-243.  These changes should be made as part of the EPA’s review of radionuclide 
standards in drinking water that is scheduled for 2006. 
 
2. The DOE should fund a one-time baseline sampling and analysis for public water systems 
that are hydrologically or hydrogeologically connected to DOE sites with major plutonium 
wastes or dumps. 
 
DOE sites with wastes buried underground or in tanks containing more than 100 curies of alpha-
emitting, long-lived transuranic radionuclides should be considered to have potential risks to drinking 
water.  These sites include the Savannah River Site, Hanford, Idaho National Laboratory, Los 
Alamos National Laboratory, Oak Ridge, and the Nevada Test Site.  Testing of downstream water for 
the purpose of providing a baseline level of contamination is desirable and should be funded by the 
DOE since the tiny amounts of alpha-emitting, long-lived transuranic radionuclides in current water 
supplies are due to military-related atomic energy activities (fallout from testing). 
 
3. The DOE should evaluate its on-site water monitoring from the point of view of the proposed 
standard and intensify it, if necessary.  Resources for independent verification should be 
provided by the federal government. 
 
The DOE currently carries out extensive surface and ground water monitoring.  This may be 
sufficient for the purposes of providing assurance that downstream water resources continue to be 
protected from contamination with alpha-emitting, long-lived transuranic radionuclides.  If not, the 
existing programs should be intensified.  
 
The federal government should also provide states and public water system authorities that are 
hydrologically or hydrogeologically contiguous to DOE sites with the funds to conduct independent 
checks on DOE’s on-site and off-site water monitoring.  Such funds would better be provided 
through the EPA, rather than through the DOE, in order to assure the independence of the monitoring 
and the continuity of the funding. 
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4. A separate limit of detection of each alpha-emitting, long-lived transuranic radionuclide of 
0.01 picocuries per liter should be set.   
 
5. The DOE should make public the source code for the model that is used to assess the impact 
of residual radioactivity on food, water, and the environment. 
 
Argonne National Laboratory developed a “family” of programs to assess the radiological impact of 
environmental contamination by radionuclides.  The main one, called simply RESRAD, is used to 
assess the impact of residual radioactivity in the soil on human beings, by estimating radiation doses 
by a variety of pathways, such as food and water and re-suspended soil.  Its source code is not public.  
It does not incorporate dose conversion factors for children, infants, or fetuses at various times in 
their development.  Its internal structure and its effects on the resulting estimates of doses and risks 
are not available for independent scrutiny.  We strongly recommend that the RESRAD source code 
be made public, so that it can be examined and improved in the manner of the operating system 
Linux.  The government, of course, need not adopt any changes that are made by the public unless it 
finds them useful for implementing environmental regulations.  But there is no reason for holding a 
source code paid for by taxpayer dollars secret, particularly as billions of dollars are being spent on 
cleanup decisions based on the results generated by the RESRAD program. 
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I. Introduction 
 
The National Primary Drinking Water Regulations specify rules that will protect drinking water and 
will maintain it in a state that is safe to drink.  In these regulations, 40 CFR 141.66 sets safe drinking 
water standards for radionuclides in public water supplies under the Safe Drinking Water Act.1   
These standards are set in two ways: by specifying maximum contaminant levels of drinking water or 
by specifying maximum allowable dose to the whole body or any organ as a result of ingestion of 
drinking water.  However, as demonstrated below, the concentration limits currently in effect for 
alpha-emitting transuranic radionuclides in drinking water are grossly inadequate to protect public 
health.  Achievement of reductions in concentration is necessary to protect public health. 
 
The current maximum contaminant level (MCL) as set forth in 40 CFR 141.66(c) for gross alpha 
particle activity, including radium-226, but excluding uranium and radon, is 15 picocuries per liter.  
There is a sub-limit for radium-226 and radium-228, combined, of 5 picocuries per liter (including 
any naturally present radium-226 and radium-228). For instance, if water is contaminated with 
plutonium-239 alone, the level of contamination could reach as high as 15 picocuries per liter if no 
other qualifying alpha-emitting radionuclides were present.  If radium-226 is present to the maximum 
allowable limit of 5 picocuries per liter,2 then the rule allows a maximum contaminant level for gross 
alpha of 10 picocuries per liter.  For instance, if plutonium-239 were the only alpha-emitting, long-
lived transuranic radionuclide present, the MCL for plutonium-239 in this case would be 10 to 15 
picocuries per liter, depending on the concentration of radium-226. 
 
This standard was set in 1976, based on scientific assessments done in the late 1950s by the 
International Commission on Radiological Protection (ICRP) and the National Committee on 
Radiation Protection and Measurements (NCRP), a United States agency, and published as ICRP 
Publication 2 and in abbreviated form in the U.S. by the National Bureau of Standards as NBS 
Handbook 69.3   
 
But the science has changed since then. As a result of these changes, as well as changes in the dose 
conversion factors adopted by the EPA since that time, dose estimates to the most exposed organ, 
while complex to assess, are far greater than those implied by the limit of 10 to 15 picocuries per liter 
when evaluated according to the methods specified in NBS 69.   

 

                                                 
1 The text now published under 40 CFR 141.66 were formerly published under 40 CFR 141.15 and 141.16.  (CFR = Code 
of Federal Regulations).  See also SDWA. 
2 This assumes that no radium-228 is present.  The radium MCL in the rule is set for the combined concentration of Ra-
226 and Ra-228.  The former is an alpha-emitter and the latter is a beta-emitter.  Hence the latter is omitted from the gross 
alpha part of the rule. 
3 ICRP-2, 1959 & NBS 69.  NBS 69, which also bears the series title NCRP Report No. 22, is a recommendation of the 
National Committee on Radiation Protection and Measurements, which is now known as the National Council on 
Radiation Protection and Measurements (NCRP).  Tables and scientific discussion are drawn from ICRP-2, 1959.  NBS 
Handbook 69 was published in 1959 and then again, with an added table and errata, in 1963. We cite NBS 69 throughout 
this report.  The dose conversion factors, the scientific content, and other details in NBS 69 are the same as those in ICRP 
2.  ICRP 2 was published by the International Commission on Radiological Protection in 1959.  The NCRP was (and is) a 
participating organization in ICRP. 
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It is therefore necessary that the MCLs of transuranics in drinking water be changed in order that the 
MCL remain within the spirit and framework of the standards as promulgated in 1976.   This can be 
done based on the dose conversion factors that the EPA has since adopted and published in Federal 
Guidance Report 11,4 which are the basis for present EPA regulation and risk estimation.  They were 
published in 1988.  The EPA has since published Federal Guidance Report 13.  This is the most 
recent EPA scientific publication relevant to safe drinking water standards.  The scientific basis of 
this guidance (ICRP 72)5 has been adopted for some federal dose calculation purposes, but not yet 
sanctioned for use in regard to assessing doses from drinking water.  In this report, we will consider 
the changes in the drinking water standards for alpha-emitting, long-lived transuranic radionuclides. 
 
The basis for the needed MCL change is the potential danger that residual radioactive pollutants 
remaining after cleanup of the Cold War nuclear weapons production sites will pose to individuals in 
this generation and future generations. Of particular concern are the long-lived transuranic 
radionuclides neptunium-237, plutonium-238, plutonium-239, plutonium-240, plutonium-242, 
americium-241, and americium-243.  All of these are man-made radionuclides.  
 

II. National Primary Drinking Water Regulations - Radionuclides  
 
In 1959, the National Bureau of Standards published its Handbook 69 (NBS 69), which established 
the maximum permissible average concentrations of radionuclides in air and water calculated on the 
basis of a 5 rem dose to the whole body, and a 15 rem dose to the most exposed organ, also called 
critical organ, for each pathway and solubility class.6  As discussed below, a somewhat different 
method was used for bone-seeking radionuclides like radium-226 and plutonium-239.  All these 
limits were established for radiation workers.7   
 
ICRP 2 and NBS 69 also set forth the scientific approach for calculating these maximum permissible 
concentrations, with ICRP 2 providing significantly greater detail. A table adding data and correcting 
some errors in the 1959 version of NBS 69 was published in 1963, along with the original 1959 NBS 
69 publication.  In the text that follows, the term NBS 69 refers to this 1963 publication, since the 
EPA based its drinking water standards on it. 
 
In March 1975, the EPA proposed, for the first time, National Primary Drinking Water Regulations 
for public water systems.8  The proposed rules for radionuclides were published in August of that 
year.9  The regulations for contaminants other than radionuclides were promulgated in December 
1975;10 the rules for radionuclides were promulgated in July 1976.11  The MCLs and dose limits were 

                                                 
4 FGR 11, 1988. 
5 ICRP-72, 1996. 
6 NBS 69.  
7 Until 1958 there were no separate radiation exposure limits for the public.  They were the same as for workers.  In 1958, 
the dose limits for the public were set at one-tenth the maximum allowable doses for workers (NBS 59 Addendum, page 
5). 
8 Fed. Reg. 1975/03/14. 
9 Fed. Reg. 1975/08/14. 
10 Fed. Reg. 1975/12/24. 
11 Fed. Reg. 1976. 
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originally codified in 40 CFR 141.15 and 40 CFR 141.16, both of which have since been renumbered 
and consolidated, without change, into 40 CFR 141.66.12   
 
In the final rule of July 1976, the EPA promulgated Maximum Contaminant Levels (MCLs) for 
radionuclides in public water systems either by directly specifying the MCL values (in picocuries per 
liter) or by specifying dose limits, which implied MCLs for drinking water, based on an adult water 
intake of two liters per day.  The science underlying the standards was published in NBS 69.  The 
drinking water limit for alpha-emitting radionuclides excluding uranium and radon, but including 
radium-226, was set at 15 picocuries per liter.  There was a separate sub-limit for radium-226 and 
radium-228 of 5 picocuries per liter.  For beta and photon-emitters the dose limit was 4 millirem per 
year (mrem/year) to the most exposed organ.  (For radionuclides that are approximately uniformly 
distributed in the body, such as cesium-137 and tritium, the most exposed organ is considered to be 
the whole body.)  The MCLs for beta- and photon-emitters were set according to the 4 mrem/year 
criterion, with a slight variation from this being adopted for tritium and for strontium-90.  The limits 
for these categories have remained the same since that time.13  Detection limits and analytical 
methods for radionuclides were set forth in 40 CFR 141.25. 
 
The rule as originally promulgated discusses natural and man-made radionuclides separately.  
However, it does not explicitly discuss the alpha-emitting transuranic radionuclides that are the 
subject of this report, but specifies only a gross alpha MCL.  The gross alpha limit excludes only 
uranium and radon and it automatically includes the alpha-emitting, long-lived transuranic 
radionuclides of concern here, as these radionuclides are explicitly listed in the tables in NBS 69. 
 
The following statement indicates the intent of the regulation that first established maximum 
contaminant limits for man-made radionuclides in drinking water: 
 

Man-made radioactivity may enter the public water systems from a variety of sources.  Such 
contamination is usually confined to systems utilizing surface waters.  Past deposition of 
fallout materials from nuclear weapons tests, particularly strontium-90 and tritium, is probably 
the most important source of contamination.  The dose equivalent to individual users of public 
water systems in some areas of the United States from this pathway is in the range of 1 to 2 
millirem (mrem) per year.  At present, the dose equivalent from public water systems 
contaminated by effluents produced in the nuclear fuel cycle is probably only a fraction of that 
due to fallout materials, though perhaps ranging up to 0.5 mrem per year.  The dose equivalent 
from effluents released by medical, scientific, and industrial users of radioactive materials that 
enter the public water systems has not been fully quantified.  Taken as a whole these users 
handle much smaller amounts of radioactivity than nuclear power facilities but (with the 
exception of tritium) their liquid releases and the resultant doses to man may be somewhat 
comparable. 
 
EPA recognizes that the national use of radionuclides in medicine and industry and the 
utilization of nuclear power to supply energy needs will unavoidably lead to some 
radioactivity entering the aquatic environment so that the quality of some surface waters is 
likely to decrease slightly in the future.  Even though the increase of radioactivity in drinking-

                                                 
12 The changed numbering can be found in the 2004 edition of 40 CFR 141. 
13 The limits were first specified in 40 CFR 141.15 and 40 CFR 141.16.  An MCL for uranium of 30 micrograms per liter 
was established on December 7, 2000, in 40 CFR 141.66 (e), based mainly on the heavy metal toxicity of uranium to the 
kidney.  The revision to 40 CFR 141 was announced in Fed. Reg. 2000.  
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water will normally be small, the Agency believes that the risk of future contamination 
warrants vigilance.  It is the intent of the proposed monitoring and compliance requirements 
to provide a mechanism whereby the supplier of water can be cognizant of changes in the 
level of radioactivity in its water sources, so that the appropriate remedial measures may be 
taken.14  

 
While this passage does not explicitly mention nuclear-weapons-related activities and facilities, their 
inclusion is clearly indicated, notably from the fact that fallout from nuclear weapons testing is 
discussed as the most important source of surface water contamination.  It is also clear from the 
discussion of fallout that the intent was to consider the most important sources of contamination.  The 
mention of industrial users also does not exclude weapons facilities (which handle radioactivity in 
considerably smaller amounts when compared to reactor core and spent fuel inventories in the 
commercial nuclear power sector).  It is 
implicit, therefore, that there was no intent to 
exclude alpha-emitting man-made radionuclides 
from the vigilance and concern of the 
regulations. 
 
The level of doses at which concern and 
vigilance were warranted in regard to man-made 
radionuclides was a few millirem per year.  The 
maximum contaminant level for photon- and beta-e
they were considered to be the most important sour
 

Considering the sum of the deposited fallout rad
effluents from other sources currently in existen
radioactivity is not likely to result in a total bod
4 millirem per year…15

 
This quote shows that the sum of the doses from m
evaluating the limit of 4 millirem per year that was
fallout was the single most important component o
by the EPA. 
 
The cancer fatalities from whole body exposure to 
photon sources of radioactivity were estimated at b
people exposed.  This was comparable to the expos
estimated at 0.7 to 3 fatal cancers per year per milli
selected as the maximum contaminant level.  The s
1.2 to 1.8) at the allowable limit of 5 picocuries per
ubiquitous, naturally occurring radionuclide, with c
concentrations (which the EPA estimated at the tim
The EPA imposed considerable costs on public wa
systems that had levels of radium greater than 5 pic

                                                 
14 Fed. Reg. 1975/08/14, page 34324, emphasis added. 
15 Fed. Reg. 1975/08/14, page 34325, emphasis added. 
16 Fed. Reg. 1975/08/14, page 34325. 
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regulatory level.  Further, the EPA mandated testing of water supplies and established detection 
limits (at the 95 percent confidence limit) that were considerably below the MCLs set forth in the 
regulation.17  The detection limits were set in order to ensure that the mandated MCLs would not be 
exceeded.  In considering the mandated MCLs and detection limits, the EPA took technical, health, 
and economic considerations into account. 
 
In looking to the future, the EPA did not anticipate that man-made radionuclides would result in a 
dose of more than 4 millirem per year from drinking water, because it believed that fallout would 
remain the main source and that this source would decrease with time due to the ban on atmospheric 
tests18: 
 

The 4 millirem per year standard for man-made radioactivity was chosen on the basis of 
avoiding undesirable future contamination of public water supplies as a result of controllable 
human activities.  Given current levels of fallout radioactivity in public water supply systems 
and their expected future decline, and the degree of control on effluents from the nuclear 
industry that will be exercised by regulatory authorities, it is not anticipated that the maximum 
contaminant levels for man-made radioactivity will be exceeded except in extraordinary 
circumstances.19

 
There is no explicit exclusion of alpha-emitting transuranic radionuclides from this statement.  Also, 
the National Primary Drinking Water regulations explicitly mention strontium-90 in fallout.  Hence, 
the regulations explicitly took into account a man-made radionuclide from a military activity – 
nuclear weapons testing – in protecting public water supplies from radioactive contaminants.  
Further, the critical organ listed in NBS 69 for strontium-90 and for the transuranic radionuclides that 
are the subject of this report was the same – the bone.  
 
The language of the regulation indicates that the MCL in the range of 10 to 15 picocuries per liter for 
the alpha-emitting, long-lived transuranic radionuclides set at the time would have corresponded 
approximately to a bone dose of a few millirem per year according to then-prevailing estimation 
methods.  We show in the next section, A. Bone dose estimation in ICRP 2, that was indeed the case.  
However, present-day methods result in far higher dose estimates, as discussed below in the section 
after next, B. Bone dose estimation, present-day dose conversion factors. 

 

A. Bone dose estimation in ICRP 2 
 
Bone dose was estimated in ICRP 2 (and NBS 69) as dose to the skeletal bone without the marrow.  
The reference bone-seeking radionuclide used by ICRP 2/NBS 69 was radium-226 and the reference 
amount was 0.1 microcurie of radium-226 in the skeletal bone.  The amount of energy deposited in 
the bone each year corresponded to an absorbed radiation dose rate of about 3 rad per year, not 
accounting for relative biological effectiveness (RBE) of alpha particles.  ICRP 2 used an RBE = 10, 
thus yielding an annual dose for a 0.1 microcurie body burden of radium-226 of 30 rem per year, 

                                                 
17 Fed. Reg. 1976, page 28404. 
18 Of the nuclear weapons states, only China was testing in the atmosphere at the time.  China conducted its last 
atmospheric nuclear test in 1980. 
19 Fed. Reg. 1975/08/14, pages 34325-34326, emphasis added. 
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according to the then-prevailing method of estimation.20  Doses were calculated by estimating a 
whole-body or organ burden of the radionuclide assuming lifetime ingestion or inhalation at the 
MCL, for which values were given either in the workplace (40-hour workweek) or continuously (168 
hours per week). 
 
Some radionuclides, such the beta-particle-emitting strontium isotopes, were recognized even then to 
behave somewhat differently than radium-226 in the body in that they tended to concentrate in certain 
parts of the bone, while radium-226 is distributed less unevenly.  Research since that time has 
validated that observation.  For instance, the alpha-emitting, long-lived transuranic radionuclides tend 
to concentrate adjacent to the endosteal cells on the bone surface.  Hence, these radionuclides deliver 
a considerably higher dose to the endosteal cells than would be indicated by an assumption of 
uniform distribution over a marrow-free skeleton.   
 
In order to account for non-uniform distribution of several bone-seeking radionuclides, ICRP 2 
suggested (and used) a factor of safety of 5 for such radionuclides when estimating maximum 
permissible levels of radionuclides in air and water for workers.21  The effect of this safety factor was 
to reduce the maximum allowable dose for workers from alpha-emitting, long-lived transuranic 
radionuclides to 6 rem per year, compared to 30 rem per year for radium-226.  Correspondingly, the 
maximum permissible concentrations were also reduced by a factor of five.  
 
This intent to reduce the maximum permissible dose to the bone by a factor of about 5 can be 
confirmed by estimating the dose corresponding to the maximum permissible burden of plutonium-
239 in the bone of 0.04 microcuries specified in NBS 69.  Using a value of 5.15 MeV per alpha 
particle and an RBE = 10, the annual dose corresponding to a bone burden of 0.04 microcuries of 
plutonium-239 is about 5.5 rem per year.  Since the whole body and organ burdens in NBS 69 are 
rounded, this is in close agreement with the figure of 6 rem inferred by applying the safety factor of 5 
to the radium-226 dose of 30 rem.  
 
The MCL for soluble plutonium-239 set in NBS 69 corresponding to the 6 rem per year bone dose 
would be 5x10-5 µCi/cc, or 5x10-2 µCi/liter, or 50,000 pCi/liter.  The current drinking water limit of 
15 picocuries per liter in the absence of radium-226 corresponds to a bone dose of about 1.8 millirem 
per year (or 1.2 millirem per year corresponding to 10 picocuries per liter, which is the MCL for 
plutonium-239 in the presence of radium-226 at its MCL of 5 picocuries per liter).22   
 
The bone doses corresponding to 15 picocuries per liter for various alpha-emitting, long-lived 
transuranic radionuclides are shown in Table 1, estimated according to the method in NBS 69 which 
was the prevailing scientific understanding in 1976, when the EPA first promulgated the MCLs for 
radionuclides.  All of these calculations follow NBS 69 in assuming soluble radionuclides when 
estimating doses to the bone from drinking water.  An assumption of soluble forms of the 
radionuclides is reasonable (and in keeping with the regulation as originally promulgated) since it is 
likely that the radionuclides will be in that form if they are present in drinking water.  The presence 
of insoluble colloidal forms is not excluded, but the likely presence of soluble forms makes it 
necessary to use the uptake coefficient for that form, which has been done throughout this report. 
                                                 
20 ICRP-2, 1959, page 13 and FGR 11, 1988, page 18. The current value of the RBE, often called the quality factor in the 
regulatory context, for alpha particles is 20. 
21 FGR 11, 1988, pages 16-19. 
22 This assumes that no Ra-228 is present. 
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Table 1: Bone dose from alpha-emitting, long-lived transuranic radionuclides according to NBS 
69 (ICRP 2)  

Radionuclide 
Bone dose at 15 
pCi/L in mrem/y 

plutonium-238 1.8 
plutonium-239 1.8 
plutonium-240 1.8 
americium-241 1.8 
neptunium-237 3.0 

Note: These doses are estimated by proportionally reducing the doses for these radionuclides corresponding to the MCLs 
listed in NBS 69, which correspond to a bone dose of 6 rem per year.  The figure of 6 rem for bone dose for alpha-
emitting, long-lived transuranic radionuclides is derived by applying the safety factor of 5 to the bone dose of 30 rem for 
radium-226 (see text).  NBS 69 lists the kidney as well as bone as the target organs for americium-241.  We consider only 
bone-dose-related MCLs in this report.  Plutonium-242 dose is the same as plutonium-239.  
 
The NBS 69 (ICRP 2) calculations for bone dose are not directly comparable to present-day methods 
of dose estimation.  NBS 69 specifies annual doses to the “bone,” defined as the marrow-free 
skeleton.  But Federal Guidance Report 11, which lays out methods of dose estimation that are the 
basis of EPA regulations at the present time, defines committed doses to two different parts of the 
bone – the “red marrow” and the “bone surface.”23  The latter is defined as the most exposed organ in 
Federal Guidance Report 11 for alpha-emitting, long-lived transuranic radionuclides because they 
concentrate adjacent to the endosteal cells, which are located on the bone surface.  In other words, the 
understanding of what is the most exposed organ for alpha-emitting, long-lived transuranic 
radionuclides has evolved along with the methods of dose estimation since the MCLs were 
promulgated in 1976. 
 
As shown in Table 1, the range of doses to the bone using a limit of 15 picocuries per liter for alpha-
emitting, long-lived transuranic radionuclides estimated according to NBS 69 is approximately from 
1.8 to 3 millirem per year.  This is about the same as the doses estimated from man-made 
radionuclides, notably in fallout, in the safe drinking water regulation as promulgated in 1976.  Hence 
we can infer that the intent of the rule was to limit the dose from drinking water to the maximum 
exposed organ, defined then as the bone, to approximately 2 millirem per year.   
 
While the bone surface was not specified as a target organ for dose calculations in 1976, when the 
safe drinking water regulations were promulgated, it is possible to estimate the dose to the endosteal 
cells at a level of drinking water contamination of 15 picocuries per liter based on the NBS 69 dose 
conversion factors.  For plutonium-239, the annual dose to the endosteal cells would be about 26 
millirem per year.24  The bone surface dose for the other radionuclides shown in Table 1 are about the 

                                                 
23 There is more recent federal guidance on the subject in Cancer Risk Coefficients for Environmental Exposure to 
Radionuclides, Federal Guidance Report No. 13.  Washington, D.C., Environmental Protection Agency, 1999 (hereafter 
cited as FGR 13).  This report also uses the same two parts of the bone as the target organs for which doses are calculated.  
24 This estimate is derived by using a mass of 120 grams for the endosteal cells corresponding to an overall skeletal mass 
of 7,000 grams.  Further, it is assumed that one-fourth of the energy is deposited in the 120-gram mass of the endosteal 
cells, with the rest being deposited in other parts of the bone.  This mass of the endosteal cells is specified in Federal 
Guidance Report 11.  This gives a ratio of dose to endosteal cells of (7000/120)*0.25 = 14.6.   All calculations assume 
that the dose to the bone permitted under NBS 69 at the specified MCL was 6 rem per year.  There is some imprecision 
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same, except for Np-237, for which the figure is about 44 mrem per year. These estimated doses, 
which take into account the evolution of scientific understanding in the years after 1976, are far 
higher than what the safe drinking water regulations allow. The implied dose to the endosteal cells is 
about a factor of 14.6 higher for plutonium-239.  All of these calculations were done within the 
framework of NBS 69, which was (and continues to be) the scientific guidance for the safe drinking 
water regulation. 

B. Bone dose estimation, present-day dose conversion factors 
 
Scientific understanding of radiation doses and harm from intake of radionuclides has advanced 
considerably over the years.  Regulations have also evolved to some extent, though at a slower pace.  
Specifically, in the 1970s, the International Commission on Radiological Protection (ICRP) published 
ICRP 26 and ICRP 30 followed by ICRP 48 in 1986.  The scientific work in these publications was 
incorporated by the EPA into Federal Guidance Report 11 in 1988.  The doses from alpha-emitting, 
long-lived transuranic radionuclides in the new guidance issued by the EPA are much higher than 
those estimated by NBS 69 methods.  Federal Guidance Report 11 is the report that is the basis of 
current EPA regulatory dose estimation methods.  We will estimate bone doses according to Federal 
Guidance Report 11 (FGR 11) in this section.  Then we discuss the same problem using Federal 
Guidance Report 13 (FGR 13), which is the most recent EPA Guidance, but not yet in force for 
regulatory calculations for doses from air and water. 
 

1. Bone doses according to FGR 11 
 
As touched upon above, several major changes have transpired from NBS 69 to FGR 11 so far as this 
analysis is concerned: 
 

• The quality factor, or RBE, was increased from 10 to 20. 
• The bone was divided into two different target organs, the “bone marrow” and the “bone 

surface,” as compared to a single organ, the marrow-free skeleton, in NBS 69. 
• The division of the bone into two organs in FGR 11 allowed the omission of the safety factor 

of 5 that was used in NBS 69 to account for selective, non-uniform deposition in the bone of 
certain radionuclides. 

• NBS 69 used annual doses, while FGR 11 provides the conversion factors for committed 
doses. 25 

                                                                                                                                                                     
associated with the fact that the MCLs were rounded to one significant figure in NBS 69, but this is not significant in the 
present context. 
25 “Annual dose” corresponds to the amount of energy from ionizing radiation deposited in the target organ per unit mass 
of the organ in a single year.  The dose in rem is then calculated by applying the RBE to the deposited energy.  “Annual 
committed dose” corresponds to the amount of energy that would be deposited in the organ over the entire time that the 
radionuclide is present in the organ due to the intake of the radionuclide in a single year.  If a radionuclide is eliminated 
rapidly from the body (say in a few days or weeks), as for instance is the case with tritium, then annual dose and 
committed dose are usually the same.  But if the radionuclide is slowly eliminated from the target organ, over years or 
even decades (the latter is the case for alpha-emitting, long-lived transuranic radionuclides, their target organ being the 
bone), the dose to the bone from an intake in any given year is delivered over a period of decades after that.  With the 
annual committed dose, the intake is over a year but the dose is delivered over a different period of time – and, in the case 
of alpha-emitting, long-lived transuranic radionuclides to the bone, a much longer period of time.  Hence, the actual dose 
delivered to the person in the case of an intake of an alpha-emitting, long-lived transuranic radionuclide late in life (say a 
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While these technical changes are complex, it is possible to estimate the effect of the changes from 
NBS 69 to Federal Guidance Report 11 on doses in several different ways, each of which raises some 
technical issues.  The approaches and issues are set forth in Table 2 using plutonium-239 as the 
reference alpha-TRU radionuclide. 
 
 

Table 2: Approaches for deriving an updated drinking water limit for plutonium-239 that 
account for changes from NBS 69 to FGR 11 

Approach Issues Derived, updated 
Pu-239 MCL, 
pCi/liter 

1. Compare the NBS 
69 annual bone dose 
to the FGR 11 bone 
surface annual 
committed dose 

Advantage: Uses the prevailing dose framework at 
the time. Disadvantages: (i) For alpha-emitting, 
long-lived transuranic radionuclides, which have a 
long biological half-life, committed dose is not 
equivalent to annual dose.  The actual cumulative 
dose over a lifetime is considerably less than the 
product of the years and the annual committed dose. 
(ii) Target organ is different – bone for NBS 69 and 
bone surface for FGR 11. 

0.04 

2. Compare  NBS 69 
cumulative bone 
dose over a lifetime 
at 15 pCi/L to actual 
cumulative bone 
surface dose 
estimated from FGR 
11 

Advantage: Closest to the intent of the regulation to 
limit doses to the most exposed organ. 
Disadvantage: Changes the target organ from 
marrow-free skeleton to bone surface. 

0.08 

3. Compare 
cumulative bone 
surface dose 
imputed from NBS 
69 to bone surface 
dose as per FGR 11 

Advantage: Compares the same target organ. 
Disadvantage: Changes the framework from 
maximally exposed organ, as defined at the time by 
prevailing science, to comparing bone surface dose, 
which was not explicitly defined in NBS 69.  

12 

Notes: For Pu-239, it is assumed that 63 percent of the committed dose is delivered in 50 years.  The values in the last two 
rows correspond to a 70-year intake.  The estimate in Federal Guidance Report 11 for bone “surface seeking alpha-
emitters” is a factor of 12, but a value for Pu-239 is not specified.  We estimate the ratio of cumulative bone surface dose 
from FGR 11 to NBS 69 for Pu-239 is a factor of 12.3, which is about the same as the value in FGR 11.  This validates 
the approach used for the calculations in the last row of the above table.  
 
 
Of these approaches, the first one is the least persuasive scientifically because it compares cumulative 
annual doses to cumulative committed doses.  Since plutonium is eliminated from the bone very 

                                                                                                                                                                     
few years before death) is less than the full committed dose and less than the dose that would be delivered from the same 
intake early in life. 
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slowly (with a biological lifetime of several decades), most of the dose from intakes in the last years 
of a 70-year reference lifetime would be delivered after the full lifetime of even a long-lived person 
(even if one considers a ~100 year life, for instance).  Hence, only the latter two approaches are 
scientifically reasonable.  Both yield values for MCLs for alpha-emitting, long-lived transuranic 
radionuclides that are far below 15 picocuries per liter.  However, they yield values also an order of 
magnitude different from each other – 0.08 picocuries per liter and 1.2 picocuries per liter.  The 
approach shown in the second row is the most close to the intent of the drinking water regulation 
because it compares cumulative dose over a lifetime to the most exposed organ as defined in 1976 
(marrow-free skeleton) and the most exposed organ as currently defined (bone surface).  The last 
approach compares dose to the same organ (bone surface), which has scientific merit.  However, it is 
not in accord with the intent of the regulation to limit dose in that the prevailing views of the most 
exposed organ (marrow-free skeleton in 1976 and bone surface in 1988) are no longer being 
compared.  Hence, the most appropriate value to use for a new standard based on Federal Guidance 
Report 11 would be 0.08 picocuries per liter.  However, since this is no longer the most recent 
scientific guidance published by the EPA, this factor would also need to be considered in the review 
of MCLs for alpha-emitting, long-lived transuranic radionuclides when they are reviewed in 2006. 
 
 

2. Bone doses according to FGR 13 
 
The most recent regulatory guidance for estimating doses is based on dose conversion factors 
published in ICRP 72.  These have been incorporated into Federal Guidance Report 13, including the 
compact disk supplement, which has dose conversion factors for various ages published in a 
database.26  The dose conversion factors are age-dependent and can be used to estimate committed 
doses for the remainder of life from the age of intake to age 70 years.  This allows the estimation of 
total dose over a lifetime corresponding to a water contamination at 15 picocuries per liter.   
 
The dose conversion factors in Federal Guidance Report 13 are generally somewhat lower than those 
in Federal Guidance Report 11.  Therefore the total dose to the bone surface using the newer dose 
conversion factors in Federal Guidance Report 13 is roughly a factor of two lower than that estimated 
using FGR 11.  In addition to the change in the dose conversion factors, water intake variation with 
age also needs to be considered.  The current drinking water MCLs are based on an adult intake of 2 
liters of water per day, excluding the water content of food.  However, the water intake of children is 
smaller and there is also some gender variation.  Further, children have a greater intake of fluids, 
notably in the form of milk.  Therefore, we have done the Federal Guidance Report 13-based dose 
calculation using two sets of intake rates for various ages that are published in the literature.  The first 
set corresponds to fluid intakes, including milk.  The second set includes only water intake.  These 
assumptions about intake rates are show in Table 3 below: 

                                                 
26 FGR 13, 1999 and 2002 (the latter for the CD supplement, rev.1). 
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Table 3: Drinking water assumptions for FGR 13 dose calculations 
Age range, 
years 

Fluid intake, including 
milk,  liters/day (Case 1) 

Water only intake, 
liters/day (Case 2) 

0 to 4 1.3 0.7 
5 to 14 1.3 0.95 
15 to 70 1.95 1.65 
Note: For Case 1, the main reference is ICRP 23, 1975.  The fluid intake rate of 1.4 liters per day for 10 year-olds has 
been changed here to 1.3 liters per day for ages 0 to 14 years.  For Case 2 the main reference is Smith and Jones 2003, 
which provides the most recent recommendations of the British National Radiological Protection Board. 
 
When total fluid intake is considered (i.e., Case 1 above) the cumulative lifetime dose to the bone 
surface from plutonium-239 over a 70-year period is about 15,500 mrem.  For Case 2, water intake 
only, the lifetime bone surface dose is about 12,000 mrem.  The corresponding dose to the maximally 
exposed organ under NBS 69 (the marrow-free skeleton) is 126 mrem.  These doses are calculated by 
applying dose conversion factors specified in the relevant publications to the intake of plutonium in 
drinking water over a 70-year period.  This last figure of 126 mrem can be viewed as the intent of the 
original regulation in terms of the dose to the maximally exposed organ from drinking water 
contaminated with plutonium to the maximum allowable limit of 15 picocuries per liter.  If we 
compare the value of 126 mrem to the dose to the maximally exposed organ as estimated by the 
methods specified in Federal Guidance Report 13, we find that for drinking water intakes 
corresponding to Case 1, the MCL of 15 picocuries per liter is about 123 times too high and for Case 
2, it is about 95 times too high.  Therefore the most recent science would indicate a tightening of the 
current MCL for plutonium-239 (15 pCi/L) by about 123 times to about 0.122 picocuries per liter in 
the case of fluid intake case (Case 1) and by over 95 times to about 0.157 picocuries per liter for 
water intake only (Case 2).  The results for the other alpha-emitting, long-lived transuranic 
radionuclides are similar, since the dose conversion factors are quite close to those of plutonium-239, 
with the exception of neptunium-237, for which the dose conversion factors are about a factor of two 
lower. 
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III. Conclusions 
 
The analysis in this report shows that the MCL for alpha-emitting, long-lived transuranic 

radionuclides should be tightened by about a factor 
of 100 – that is, it should be reduced from 15 
picocuries per liter to 0.15 picocuries per liter.  A 
combined standard for all alpha-emitting, long-lived 
transuranic radionuclides will simplify the rule and 
reduce the cost of its enforcement.  Moreover, since 
the plutonium isotopes among these dominate the 
total curie content of DOE waste and since the dose 
conversion factors for Pu-238, Pu-239, Pu-240, Pu-
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The MCL for alpha-
emitting, long-lived 
transuranic radionuclides 
should be reduced from 15 
picocuries per liter to 0.15 
picocuries per liter. 
242, and Am-241 are nearly the same, using Pu-239 
s a reference for deriving the combined standard MCL is reasonable from a health standpoint as well 
s cost-effective.27

n considering what should be the optimal value for a drinking water standard for alpha-emitting, 
ong-lived transuranic radionuclides radionuclides, we have also examined the values for a 
lutonium-239 limit that exists in other standards.  Specifically, the surface water standard of the 
tate of Colorado is the most relevant, since that state has been host to one of the most important 
lutonium handling and processing facilities in the United States, namely, the Rocky Flats Plant, near 
enver.  The statewide standard for plutonium-239 for surface water is 0.15 picocuries per liter.28  It 

s calculated on the basis of a 30-day rolling average – that is, 30 consecutive measurements are 
veraged; they may or may not be taken on consecutive days.  Colorado’s standard is based on the 
isk of one person in one million developing a cancer from consuming 2 liters of water per day for 30 
ears.29 

he Colorado Department of Health, Water Quality Control Commission describes the background 
nd the rationale for changing from 15 picocuries per liter to 0.15 picocuries per liter as follows: 

Background The Commission previously adopted a basic standard for plutonium of 15 pCi/L 
and had no basic standard for americium. A basic standard was considered in this hearing for 
americium because it is closely associated with plutonium and these two radionuclides 
generally occur together. The current basic standard of 15 pCi/L plutonium was calculated 
using methodologies in the 1976 National Interim Primary Drinking Water Regulations and 
was consistent with a goal of keeping exposures below 4 millirem per year. The Basis and 
Purpose indicated that it was necessary and important to restrict levels because of the 
difficulty of removing this radionuclide by conventional treatment procedures and because the 
potential adverse effect on human health suggests that extreme caution be exercised in its 

                                                
7 The dose conversion factor for Np-237 is lower than those of the other alpha-emitting, long-lived transuranic 
adionuclides by about a factor of two. 
8 Colorado Reg. 31, 2005.  The State also sets standards for other radionuclides and considers different limits for 
ifferent watersheds.  We have not considered these issues, some of which result in more stringent and others of which 
esult in more lax rules.  We have simply used the State of Colorado’s statewide surface water limit for Pu-239 as a guide 
or reference. 
9 CDPHE 2002. 
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release to State waters. Since plutonium is predominantly an alpha emitter, the basic standard 
was made consistent with the 15 pCi/L alpha standard.... 
 
Basis for Commission Decision Since the previous basic standard was set, several changes 
have occurred: 1) a new methodology for assessing carcinogens has become the standard 
practice, 2) new data have resulted in periodic updates to the slope factors used in this 
methodology, and 3) a more refined Commission policy on appropriate levels of protection for 
carcinogens has been developed. This latter risk-based policy also parallels a national trend 
towards risk-based approach to environmental cleanup standards. 
 
The 15 pCi/L dose-based approach was calculated using a “reference-man” and considered 
exposure during his working life. It was an approach designed to address questions related to 
occupational exposure. It did not consider sex, age and organ-specific factors over a lifetime. 
In contrast, the new slope factor methodology, used in EPA's 1989 Risk Assessment Guidance 
for Superfund Sites, is more complete, more applicable to a general population and has 
become the standard practice for calculating risk. 
 
The Commission adopted a basic standard of 0.15 pCi/L for plutonium and americium, 
calculated using a 1 ×10-6 risk level, based on residential use. This risk level is consistent with 
the Commission's policy for human health protection.30

 
This reasoning is based on CERCLA, the Superfund law, but is qualitatively in accord with the 
reasoning in this analysis.  Specifically, the central scientific point of the Colorado rule is that the 
science has changed, indicating greater risk than previously assumed from exposure to plutonium and 
americium; therefore the maximum contaminant limits should be adjusted accordingly.  Further, the 
specific value for plutonium and americium recommended in the Colorado rule is just a factor of two 
lower than the geometric mean of the two values in the last two rows of Table 2 above.   
 
In view of the complexities created by the change from NBS 69 to Federal Guidance Report 13, an 
MCL for alpha-emitting, long-lived transuranic radionuclides of 0.15 picocuries per liter is 
reasonable and justifiable.  The action we are recommending is consistent with the intent of the 
National Primary Drinking Water Regulations as originally promulgated and is directly within the 
framework of the regulation as promulgated then and as it stands at present.   
 
The primacy of the health goal (rather than numerical limits) is clear from the EPA’s own description 
of the Safe Drinking Water Act, pursuant to which the radionuclide maximum contaminant limits are 
set.  Its fact sheet on the Act states: 

US EPA sets national standards for tap water which help ensure consistent quality in our 
nation's water supply. US EPA prioritizes contaminants for potential regulation based on risk 
and how often they occur in water supplies. (To aid in this effort, certain water systems 
monitor for the presence of contaminants for which no national standards currently exist and 
collect information on their occurrence). US EPA sets a health goal based on risk (including 
risks to the most sensitive people, e.g., infants, children, pregnant women, the elderly, and the 
immuno-compromised). US EPA then sets a legal limit for the contaminant in drinking water 
or a required treatment technique.31  

                                                 
30 Colorado Reg. 31, 2005, pages 138-139. 
31 EPA 2004. 
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By this standard, the 15 picocuries per liter limit for transuranic radionuclides is obsolete, not 
protective of public health, against the spirit of the Safe Drinking Water Act, and, as shown above, 
not in accord with the intent of the initial regulation. Because of this, the EPA should take up 
consideration of a tightened standard in its upcoming 2006 drinking water radionuclide review. 
 

The 15 pCi/L limit for 
transuranic radionuclides is 
obsolete, not protective of 
public health, against the spirit 
of the Safe Drinking Water Act, 
and, as shown above, not in 
accord with the intent of the 
initial regulation. 

Corresponding to the change in the MCL for 
alpha-emitting, long-lived transuranic 
radionuclides, there is also a need for a 
change in the detection limit. Table B in 40 
CFR 141.25 should be modified to include a 
separate detection limit of 0.01 picocuries per 
liter for each alpha-emitting, long-lived 
transuranic radionuclide.  This detection limit 
is well within the capabilities of present-day 
techniques.  The current detection limit for 
these radionuclides is 0.001 picocuries per 
liter, according to Argonne National 
Laboratory.  The errors at such low levels 

can be large however.  The error at 0.01 picocuries per liter, the recommended detection limit, is 
estimated by Argonne National Laboratory to be 10 percent.32

 
We recognize that alpha-emitting, long-lived transuranic radionuclides are not ubiquitous in 
significant concentrations, unlike naturally occurring radionuclides like radium-226, thorium-232, 
and thorium-230.  The vast majority of public water systems can therefore be exempted from routine 
monitoring requirements relating to alpha-emitting, long-lived transuranic radionuclides.  The 
monitoring requirements for these radionuclides should be applied to public water systems that draw 
water from aquifers or surface water that have potential hydrologic or hydrogeologic connections to 
areas or facilities with waste tanks, waste burial pits, and other potential sources of alpha-emitting, 
long-lived transuranic radionuclides in combined totals in excess of 100 curies (see below).33  Wastes 
disposed of at shallow and intermediate depths are included in this definition.  Alpha-emitting, long-
lived transuranic radionuclides that are contained in secure buildings with institutional controls would 
be exempt from this limit and the associated monitoring requirements. 
 
We recognize that the main recommendation of this report, to set a separate standard for alpha-
emitting, long-lived transuranic radionuclides, requires that the present gross alpha limit be split up 
into two parts – one for alpha-emitting, long-lived transuranic radionuclides and the other for 
naturally occurring alpha-emitting radionuclides.  However, this is not a departure from the content 
or intent of the present rule, for several reasons. 
 
First, the present rule itself does not have a single standard for alpha-emitting radionuclides.  There is 
a sub-limit for radium-226 and radium-228 of 5 picocuries per liter.  Since radium-226 is an alpha 
emitter, there is in effect a separate sub-limit for an alpha emitter up to maximum of 5 picocuries per 
liter (depending on how much radium-228, a beta-emitter, is also present).  Second, the gross alpha 
                                                 
32 ANL 1995, Chapter 7, Table 7.1. 
33 For instance, the 100 curie limit is equivalent to 1,000 metric tons of transuranic waste containing alpha-emitting, long-
lived transuranic radionuclides at the lower limit of 100 nanocuries per gram.  It would be equivalent to a larger mass of 
low-level waste, since the concentration in such waste (by definition) is less than 100 nanocuries per gram. 
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limit excludes uranium and radon.  The limit of 30 micrograms per liter of uranium is set on the basis 
of heavy metal toxicity.  However, this amount of uranium causes some amount of harm as a result of 
its radioactivity.  Recent science indicates that the harm from the heavy metal aspects of uranium 
may be reinforced by its radioactivity.  (See Section VI. Other risks and radionuclides, below).  
Hence, reconsideration of a variety of issues is warranted.  In such reconsideration, it would be 
practical and less costly to separate out alpha-emitting, long-lived transuranic radionuclides.  This is 
because the vast majority of water systems will not require any testing for alpha-emitting, long-lived 
transuranic radionuclides since they are not at risk.   
 

IV. Costs 
 
Public water systems are not at present contaminated at or near the requested MCL for alpha-
emitting, long-lived transuranic radionuclides.  
A strengthened alpha-TRU drinking water 
standard is preventive rather than remedial.  
Only a small, one-time cost for an initial set of 
baseline samples is anticipated for those water 
systems that draw water from sources that 
include DOE sites with significant plutonium 
waste or soil contamination in drainage areas.  
We recommend that this one-time cost be borne 
by the DOE. 
 
Since no known contamination of public water syst
emitting, long-lived transuranic radionuclides exist
water systems and no further costs would be incurr
monitoring by the DOE, coupled with remediation 
in the long term.  This will be sufficient to protect d
systems.  The DOE is supposed to carry out such m
ongoing monitoring costs are anticipated. 
 
The Department of Energy, which is responsible fo
materials that pose risks of water contamination wi
radionuclides, is supposed to take adequate remedi
Laboratory, Hanford, the Savannah River Site, and
remediation costs for public water systems would b
National Primary Drinking Water Regulations. 
 
The costs of not tightening the standards would be 
with large inventories of plutonium in the waste co
drinking water health protection goals.  DOE could
cleaned up without reference to a science-based dri
understanding of plutonium movement and irradiat
actions could, in the long run, pollute the water abo
irremediable.   No known technology could remedi
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River or the Snake River Plan Aquifer if, once polluted, the aim is to reduce pollution from a few 
picocuries per liter to sub-picocurie per liter levels. 
 

V. Estimating the impact of residual radioactivity 
 
Vast areas of land and huge amounts of water remain contaminated with dangerous long-lived 
radionuclides from operations of nuclear weapons facilities.34  The DOE has been given the task to 
clean up these sites.  It is therefore of great importance that the levels of residual radioactivity meet 
strict standards that will protect the health of individuals of this and future generations that will be 
exposed to the residual contamination.  

 
In the early 1990s, the DOE embarked on a cooperative process with the EPA to develop national 
cleanup standards, but the DOE pulled out of the process abruptly in 1996 without any plans for its 
resumption.35  Since then, the DOE has proceeded on a site-by-site basis that has led to a welter of 
proposals for cleanup using various scenarios.   
 
At the Savannah River Site in South Carolina, the DOE is grouting high-level waste in tanks as if it 
were low-level waste.  This waste contains significant amounts of transuranic radionuclides.  For 
instance, the residual waste in Tank 19, which has been grouted, had a concentration of plutonium 14 
times above the EPA 100 nanocurie-per-gram limit for transuranic waste.  DOE is grouting large 
amounts of plutonium in the tanks even though it has not yet obtained convincing evidence of the 
durability of grout.  The tanks are buried underground in the watershed of the Savannah River, one of 
the most important rivers in the South Carolina-Georgia region.  Experimental and field data leave 
room for considerable skepticism as to its performance.  IEER’s evaluation of the state of the 
research on grout indicates that the performance of grout remains highly uncertain.  There is at 
present no sound basis, whether in experiment or in field data, to assume that leaving large amounts 
of grouted alpha-emitting, long-lived transuranic radionuclides in the tanks would be protective of the 
Savannah River.36

 
A large part of the urgency that our recommendations be incorporated into EPA’s forthcoming 
review of MCLs for radionuclides in drinking water derives from the fact that, in 2004, Congress 
passed a law allowing DOE to reclassify residual high-level waste as incidental waste at its South 
Carolina and Idaho sites.  The law did not set any limits as to the residual radioactivity in waste so 
reclassified.37  Several long-lived radionuclides, including plutonium isotopes, strontium-90, and 
cesium-137, may be grouted in the tanks or disposed of in shallow saltstone vaults.  A realistic 
framework to guide DOE’s decision-making, so that it does not endanger crucial water resources, is 
therefore of urgent and immense importance. 
 
The consequences of the DOE cleanup policy on the concentrations of residual transuranic 
contamination in the soil and their potential effect on the health of individuals are discussed in a 
study by IEER entitled Setting Cleanup Standards to Protect Future Generations: The Scientific 

                                                 
34 OTA 1991.  
35 Nichols 1996. 
36 Smith 2004 and Makhijani and Boyd, 2004. 
37 PL 108-375, 2004, Sec. 3116. 
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Basis of the Subsistence Farmer Scenario and Its Application to the Estimation of Radionuclide Soil 
Action Levels (RSALs) for Rocky Flats, December 2001.38  In this study, IEER showed that the 
specific assumptions about future use have a major impact on what are considered acceptable residual 
radioactivity levels.  A large part of this result is because different future site use scenarios have 
different assumptions about the use of water and food from the contaminated area in question.  Since 
some radionuclides, including the alpha-emitting, long-lived transuranic radionuclides discussed in 
this report, are very long-lived, a basic assumption that there will be loss of institutional control over 
the long-term is essential to sound planning and cleanup. 
 
However, even the adoption of a subsistence farmer scenario as the basis for cleanup cannot assure 
that levels for residual radioactivity on contaminated sites will be set in a manner that is protective of 
health and the environment.  This is because the translation of residual levels into radiation dose and 
risk estimates requires the use of complex models and assumptions about the behavior of 
radionuclides in the environment.  For instance, the amount of rainfall, the mobility of radionuclides 
in specific soil conditions, the porosity of the soil, the solubility of the radionuclides under various 
circumstances, and the rate of soil erosion are among the critical parameters that need to be known 
and characterized. 
 
At present, remediation levels are typically assessed by the use of a model developed by Argonne 
National Laboratory called RESRAD (for residual radioactivity).39  This computer code is complex 
and has, over the years, been developed to consider pathways for movement of radioactivity in a 
sophisticated way.  Yet, it does not contain libraries of dose conversion factors for, and thus does not 
account for, infants or for young people at sensitive times in their hormonal development or for the 
fetus at various stages of fetal development.  The estimation of doses to various segments of the 
population at sensitive periods in their lives may also require consideration of how the environmental 
pathways and the systems in the human body are represented in the model’s source code. 
 
The RESRAD source code is closely held by the U.S. government; it is not public.  Ostensibly, the 
official rationale is that since RESRAD is used for regulatory decisions, such as those that are made 
in the context of cleanup at nuclear weapons sites, it should not be made public.  However, we do not 
accept this rationale.  The code can be made public and can be an open source code, available for 
modification in the same manner as the Linux operating system source code.  That has resulted in its 
improvement and efficiency, without problems actually creeping into mass use of the code as an 
operating system.  The U.S. government can surely retain its version of the code for regulatory 
purposes while making the source code publicly available for examination and improvement.  If at a 
certain stage, the code is improved in a manner that regulatory bodies such as the EPA consider it 
useful for regulatory purposes, they will freely be able to adopt the changes but will be under no 
obligation to so. 
 

                                                 
38 Makhijani and Gopal 2001. 
39 RESRAD. 

 26



 

 

VI. Other risks and radionuclides 
 
New scientific work on radiation protection is currently emerging, for instance in relation to (i) 
protection of the embryo/fetus and infant, (ii) non-cancer effects of exposure to certain radionuclides, 
(iii) potential synergistic effects of exposure to certain chemicals, such as hormonally active 
chemicals, and exposure to radiation, (iv) the need for protection of key non-human species and 
ecosystems, and (v) the synergisms indicated for certain effects between the heavy metal toxicity 
component of uranium and its radiotoxicity.  However, these are still emerging areas of concern, 
where the risks are not quantitatively well established.  How such risks are to be considered in the 
context of a review of drinking water MCLs will be considered in a future IEER report. 
 
Recent developments in radiobiology and health effects research have increased understanding of 
radiation doses during fetal development.  They indicate that non-cancer health effects resulting from 
fetal exposure to radiation could be very important.  For instance, ICRP 90 emphasizes that the 
central nervous system is especially vulnerable during a certain period of fetal development: 
 

…[B]iological systems with a high fraction of proliferating cells show high radiation responsiveness.  
High rates of cell proliferation are found throughout prenatal development….Development of the 
central nervous system starts during the first weeks of embryonic development and continues through 
the early postnatal period.  Thus development of the central nervous system occurs over a very long 
period, during which it is especially vulnerable.  It has been found that the development of this system 
is very frequently disturbed by ionising radiation, so special emphasis has to be given to these 
biological processes.40

 
A variety of end points (disease outcomes) are at issue, from central nervous system development to 
cancer to birth defects to increased risk of miscarriages.  Further, these end points raise the issue of 
the combined effects of other pollutants with radiation more insistently that ever before.  For 
instance, one might ask about the potential for non-linear effects caused by exposure to both lead and 
radiation or mercury and radiation.  One might also ask about the combined effects of exposure to 
endocrine disrupting chemicals and radiation in relation to a number of end points.  These are areas 
still in a relatively early stage in the science compared to the understanding of radiogenic cancer 
induction.  For these areas, which concern non-cancer end points as a result of fetal exposure, for 
instance, the conversion of the scientific data in publications such as ICRP 88 and ICRP 90 into 
regulations for health and environmental protection will take considerable time.41  The EPA has not 
even published the necessary guidance documents as yet. 
 
Recent research, much of it done at the Armed Forces Radiobiology Research Institute, pursuant to 
concerns about the health effects of depleted uranium, points to a surprising variety of harmful health 
effects of uranium.  A recent literature survey by IEER summarized the situation as follows: 
 

The understanding of the risks of cancer due to radiation exposure from depleted uranium 
and kidney damage due to its heavy metal properties has expanded greatly in recent years.  
In addition, evidence is amassing that raises serious concerns regarding the impact of 

                                                 
40 ICRP-90, 2003, page 9. 
41 ICRP-88, 2002; ICRP-90, 2003. 
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chronic exposure to DU in relation to a number of other health issues.  Studies in humans 
and animals have shown that uranium can concentrate in the skeleton, liver, kidneys, testes, 
and brain.  In addition, rats implanted with DU pellets have also shown uranium 
concentrating in the heart, lung tissue, ovaries, and lymph nodes among other tissues.  
Research, primarily but not exclusively conducted since the 1991 Gulf War, indicates that 
exposure to uranium may be 
 
Mutagenic 
Cytotoxic 
Tumorigenic 
Teratogenic 
and Neurotoxic, including in a manner analogous to exposure to lead. 
 
Additionally…some research has also provided indications that there may be a synergistic 
effect between the heavy metal aspect of exposure to uranium and its radioactive 
effects….Current research conducted at the Armed Forces Radiobiology Research Institute 
(AFRRI) indicates that “[i]n the case of DU, cells not traversed by an alpha particle may be 
vulnerable to radiation-induced effects as well as chemically-induced effects.”  Additional 
work at the AFRRI has also shown that depleted uranium can cause oxidative DNA damage 
and thus provides the first indication that uranium’s radiological and chemical affects might 
potentially play both a tumor initiating and a tumor promoting role. 42  

 
In other words, uranium may be a kind of radioactive lead, with serious health effects arising both 
from its heavy metal toxicity and its radioactivity.  Should these risks be proven to be substantial, 
there may be a need to include new limits in the National Primary Drinking Water Regulations 
relating to the combined radioactive and heavy metal toxic effects of uranium. 
 
There are also a variety of other issues associated with the potential interaction of hormonally active 
chemicals with radiation, and particular certain radionuclides, like iodine-129, which concentrates in 
the thyroid and crosses the placenta.  The development of certain cancers, like breast cancer, is linked 
to hormonal systems, possibly to hormonally active chemical pollutants, and to radiation.  Hence the 
issues associated with health protection in regard to certain cancers are likely to be much more 
complex.  
 
Finally, there are issues that were once recognized but that appear to have been forgotten or ignored 
in the context of protection of public health from radiation.  Consider the following passage from 
ICRP 2 that occurs in the context of a discussion of bone doses and the calculations that are the 
subject of this report: 
 

Certainly, if a major portion of the hematopoietic system were irradiated, e.g., concurrently 
from the spleen-seeking Po210 and from the bone-seeking Ra226, the biological damage would 
be greater than if only a part of it were irradiated.  It has been shown that in some cases a 
synergistic effect results when several organs of the body are irradiated simultaneously.43

 
Some of these synergistic effects are already implicit in the estimates of risk made from 
Hiroshima/Nagasaki survivors (since they received whole body radiation – i.e., all organs were 

                                                 
42 Makhijani and Smith 2005, pages 9-10. Typos corrected. 
43 ICRP-2, 1959, page 14, emphasis added. 
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irradiated).  However, others involving internal deposition and that selectively target certain organs 
may have more complex effects.  This indicates that it is important to maintain regulations in the 
form of dose limits to maximally exposed organs in regulations relating to protection of public health, 
such as the National Primary Drinking Water Regulations (40 CFR 141), Environmental Radiation 
Protection Standards for Nuclear Power Operations (40 CFR 190), and Environmental Radiation 
Protection Standards For Management And Disposal Of Spent Nuclear Fuel, High-Level And 
Transuranic Radioactive Wastes (40 CFR 191).  At the present time, there is still a significant 
amount of scientific work that remains to be done in a variety of areas before this framework can be 
changed into a better one from the point of view of health, environment, future generations, and the 
economy.  
 
Consideration of changes in radiation protection in the medium- and long-term, that would take into 
account emerging scientific and risk issues such as those discussed in this section, is needed for a 
variety of reasons, some of which are mentioned above.  However, this will be a complex and 
difficult task which must be done with due deliberation.  It will also likely go far beyond safe 
drinking water standards.  At the present time, the safety and protection of water resources from 
irreversible contamination with alpha-emitting, long-lived transuranic radionuclides as a result of 
ongoing activities by the Department of Energy cannot be allowed to be deferred to the longer, more 
comprehensive social, economic, and health discussion related to the protection of health from 
radioactive and toxic pollution.  It must be considered as part of the EPA’s 2006 review of standards 
for radionuclides in drinking water.  A maximum contaminant level for plutonium that is 100 times 
too lax based on the intent and letter of the Safe Drinking Water Act must not be allowed to persist.  
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