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Yucca Mountain: 
Should We Delay? 

RODNEY C. EWNG AND AwSON MACFARLANE 
("Yucca Mountain," Policy Forum, 26 April, 
p. 659) suggest that the decision to site a 
high-level nuclear waste repository at Yucca 
Mountain, Nevada, should be delayed until 
all relevant scientific issues are addressed. 
Insisting on comprehensive knowledge is 
neither possible nor necessary to assess the 
suitability of Yucca Mountain. This standard 
for proceeding can never be met by any pro- 
posed repository site. Furthermore, insisting 
on scientific understanding of all possible 
processes only diverts limited resources from 
the few key processes that control the long- 
term performance and safety of 
a geological repository. 

Ewing and Macfarlane are 
concerned that "[t]he determi- 
nation of compliance depends 
almost exclusively on the results 
of the total system performance 
assessment." Yet the National 
Academy of Sciences (NAS) 
has stated that (1, p. 8) "[t]he 
only way to evaluate the risks ... 
and to compare them with the 
standard is to assess the estimat- 
ed potential future behavior of the entire 
repository system and its potential effects on 
humans. This procedure ... is called perfor- 
mance assessment ... The results of compli- 
ance analysis should not, however, be inter- 
preted as accurate predictions of the expected 
behavior of a geologic repository. No 
analysis of compliance will ever constitute an 
absolute proof; the objective instead is a rea- 
sonable level of confidence in analyses that 
indicates whether limits established by the 
standard will be exceeded. Both the USEPA 
[Environmental Protection Agency] and 
USNRC [Nuclear Regulatory Commission] 
have explicitly recognized this objective." 

An issue raised by Ewing and Macfar- 
lane is the primary reliance placed on engi- 
neered barriers over geological barriers. 
This well-accepted strategy applied to mul- 
tiple-barrier repositories is followed in 
Sweden (2), Finland (3), Switzerland (4), 
and Japan (5). The Swedish repository pro- 
gram (6, p. xvii) notes that "[t]he primary 
function of the rock is to provide stable 

mechanical and chemical conditions over a 
long period of time so that the long-term per- 
formance of the engineered barriers is not 
jeopardized." Initial emphasis on the perfor- 
mance of engineered barriers in safety 
assessments does not imply the lack of per- 
formance by geological barriers, but recog- 
nizes that the contribution from engineered 
barriers can be more rigorously evaluated 
than that of geological barriers (7). 

Ewing and Macfarlane cite several 
technical areas they believe need more 
study. Not all processes, however, signifi- 
cantly impact repository safety. Any list of 
possibly important processes must be 
screened to identify those processes that 
significantly impact repository safety (8). 

It has been noted (9 pp. 771-772) that 

"[f]or the mission of the repository pro- 
gram, sufficiency of understanding is met 
when a suitably reliable assessment of suc- 
cessful performance has been made. Com- 
plete understanding and characterization are 
not necessary, nor can they ever be 
achieved. Reliable performance assessment 
will never be based on an encyclopedic and 
encompassing analysis of all phenomena 
that could, in principle, affect repository 
performance, nor should it be. Trying to de- 
velop global models that include all phe- 
nomena introduces unnecessary uncertain- 
ties and it dilutes our effort towards study- 
ing the important processes." 

Are there sufficient scientific understand- 
ing and performance assessment analyses to- 
day to support a decision to recommend the 
Yucca Mountain site and proceed to the next 
step in assessing the overall safety of a reposi- 
tory located at this site? Given the available 
data and the extensive set of performance as- 
sessment analyses conducted by the Depart- 
ment of Energy (DOE), the NRC (10), and 

other organizations (11), the answer is defi- 
nitely "yes." 

Conhtary to the impression given by Ew- 
ing and Macfarlane, a site recommendation 
now does not end the DOE's obligation to 
continue work to demonstrate the safety of a 
Yucca Mountain repository. This obligation 
persists during the fully reversible 
licensing process es- dEbat 
tablished by NRC reg- dEbates! 
ulation, with addition- Discussion of the Policy 
al, independent techni- Forum "Yucca Mountain" 
cal oversight provided continues online in 
by the Nuclear Waste Science's dEbates 
Technical Review 
Board, as well as the NAS as appropriate. Our 
support of the site recommendation in part re- 
flects our confidence that under this licensing 
process, the DOE will continue to conduct the 
scientific studies necessary to further confirm 
repository safety, including the regulatory- 
mandated performance confirmation testing 
program planned over the next 50 to 100 
years, until the time final closure might be ap- 
proved. During this performance confirma- 
tion period, technical issues can be furtier in- 
vestigated and designs optimized, recognizing 
that at each step a decision to proceed will be 
based on reassessment of the long-term safety 
of the repository. 

MICHAEL J. APTED,l* DONALD LANGMUIR,2t 

DADE W. MOELLER,3t JOOHHONG AHN4 

'Monitor Scientific LLC, 3900 South Wadsworth 
Boulevard, Denver, CO, 80235, USA. 2Department 
of Chemistry and Geochemistry, Colorado School 
of Mines, Golden, CO, 80401, USA. 3Department 
of Environmental Health, Harvard School of Public 
Health, Boston, MA 02115, USA. 4Department of 
Nuclear Engineering, University of California at 
Berkeley, Berkeley, CA 96720, USA. 
*To whom correspondence should be addressed. 
E-mail: mapted@monitorsci.com 

tMember, Nuclear Waste Technical Review Board, 
1989-97. 
tFormer Chairman, Advisory Committee on Nu- 
clearWaste, U.S. Nuclear Regulatory Commission. 

References 
1. National Research Council, Technical Basis for Yucca 

Mountain Standards (National Academy Press, Wash- 
ington, DC, 1995). 

2. SKB, SR 97 Post-Closure Safety, TR-99-06 (Swedish 
Nuclear Fuel and Waste Management Company, 
Stockholm, Sweden, 1999). 

3. T. Vieno, H. Nordman, Safety Assessment of Spent 
Fuel Disposal in Hastholmen, Kivetty, Olkiluoto and 
Romuvaara:TILA-99, Posiva 99-07 (Posiva Oy, Helsin- 
ki, Finland, 1999). 

0 
Ul 

: 0 
Ul 

Ul 

www.sciencemag.org SCIENCE VOL 296 28 JUNE 2002 2333 



SCIENCE'S COMPASS 

4. Nagra, Kristallin-I Safety Assessment Report, TR 93- 
22 (National Cooperative for the Disposal of Ra- 
dioactive Waste, Wettingen, Switzerland, 1994). 

5. JNC, H12: Project to Establish the Scientific and 
Technical Basis for HLW Disposal in Japan, JNC 
TN1410 2000 (5 vols.) Uapan Nuclear Cycle Devel- 
opment Institute, Tokyo, 2000). 

6. SKB, SKB 91, TR 92-20 (Swedish Nuclear Fuel and Waste 
Management Company, Stockholm, Sweden, 1992). 

7. M. Apted, in Safety Assessment of Radioactive Waste 
Repositories, Proceedings of Paris Symposium (Organi- 
zation for Economic Co-operation and Development, 
Nuclear EnergyAgency, Paris, 1990), pp. 471-480. 

8. C. McCombie, Mat. Res. Soc Symp. Proc. 127,3 (1989). 
9. T. H. Pigford, in Coupled Processes Associated with 

Nuclear Waste Repositories, C. F. Tsang, Ed. (Academ- 
ic Press, Orlando, FL, 1987), pp. 769-773. 

10. NRC, System-Level Repository Sensitivity Analyses, 
Using TPA Version 3.2 Code, NUREG-1746 (Nuclear 
Regulatory Commission, Washington, DC, 2001). 

11. Electric Power Research Institute, Evaluation of the 
Proposed High-Level Radioactive Waste Repository at 
Yucca Mountain Using Total System Performance 
Assessment, Phase 6 (Report number 1003031, Elec- 
tric Power Research Institute, Palo Alto, CA, 2002). 

EWING AND MCFARLANE RAISE CONCERNS 
about the Yucca Mountain waste repository 
site that require thoughtful consideration, 
especially the changing understanding of 
the geology of the site and an increasing 
dependence on the use of containers for 
the nuclear waste. However, the influence 
of such uncertainties on the safety of the 
repository will surely be addressed in the 
rigorous licensing process to be conducted 
by the NRC-assuming that Congress 
supports the President's decision to pro- 
ceed in this orderly manner. 

The 40 years of study already invested 
in the disposal of nuclear waste, with some 
two decades focused on Yucca Mountain in 
particular, should not be cast aside with the 
implication that our government is acting in 
haste. If subsequent investigations during the 
licensing process reveal any substantive rea- 
son for preventing the long-term storage of 
nuclear waste, we should remember that the 
repository is being designed to allow full re- 
trieval of all waste for at least 100 years. Cer- 
tainly, that should allow sufficient time to 
build the confidence required before any de- 
cision is made on permanent storage. 

There is indeed some risk associated 
with the Yucca Mountain site, as Ewing and 
Mcfarlane point out. But there is far greater 
risk in not proceeding with the licensing 
process. The latter path would, at a mini- 
mum, leave an increasing accumulation of 
spent fuel at the many reactors in the United 
States for many decades to come. It would 
also prevent humanity from access to per- 
haps the only source of energy that can le- 
gitimately wean the United States away 
from its dependence on Middle Eastem oil. 
This is a price we dare not pay. 
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EWING AND MACFARLANE ARGUE THAT THE 
Yucca Mountain program for disposing of 
high-level nuclear waste should not go for- 
ward "until the relevant scientific issues have 
been thoughtfully addressed." They quote 
Thomas Jefferson: "Delay is preferable to er- 
ror." To examine whether this is a reasonable 
decision rule in this case, we need to com- 
pare the costs and risks of delay with those 
of moving ahead with the program. 

Delay is expensive. In the past 20 years, 
the estimated cost of Yucca Mountain has 
escalated from about $10 billion to almost 
$60 billion. The program is 12 years behind 
schedule, and this delay has contributed 
substantially to the cost escalation. Further 
delays will cost about $600 million per 
year. 

Delay is risky. 
Leaving nuclear waste 
spread out at 75 sites 
across the United 
States involves a high- 
er risk of theft and 
misuse of nuclear ma- 
terials when compared 
with geological dis- 
posal, leaves multiple 
targets for terrorism, 
and may, even under 
the best of circum- 
stances, have human 
health consequences. 

With careful scien- 
tific studies, long- 
term monitoring pro- 

"tDelay is 

expensive the 
estimated cost of 
Yucca Mountain 

has escatated 
from about $10 

billion to almost 

$60 billion." 

grams, and flexible strategies for imple- 
menting the Yucca Mountain program, we 
can minimize the risks and contain the costs 
of disposing nuclear waste. Further delays 
of the Yucca Mountain program are likely to 
be more risky and more costly than moving 
ahead now. 
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Response 
WE MAINTAIN THAT DESPITE THE SIGNIFICANT 
efforts of DOE scientists, "sound science" (1) 
does not support the DOE recommendation 
of Yucca Mountain as a geologic repository 
for high-level nuclear waste. Unresolved tech- 
nical and scientific issues remain, and the 
present decision is premature. We are not 
alone in our assessment of the status of the 
scientific basis for this decision (2-5). How- 
ever, we are not calling for complete knowl- 
edge and understanding of the site before the 
emplacement of waste. We accept that any 
analysis of this type will inevitably contain 
large uncertainties. This is why the balanced 
use of multiple barriers, engineered and geo- 

logic, has long been essential to the strategy of 
geologic disposal (6). On the contary, recent 
analysis shows that most of the projections of 
the performance of the repository rest on ex- 
trapolated, and optimistic, assessments of the 
long-term behavior of the metal waste con- 
tainer. Given the complexity of the Yucca 
Mountain site and the unusual strategy that is 
being pursued by the U.S. program (i.e., 
disposal in the unsaturated zone above the 
water table under oxidizing conditions), the 
scientific demonstration of safety remains an 
unanswered challenge, particularly because 
complex, highly coupled systems do not usu- 
ally fail from a single cause, but from unantic- 
ipated conditions or sequences of events that 
usually are not evident in the analysis (7). 

The tragedy of the present 
situation is that there are no al- 
ternative sites or strategies. The 
Nuclear Waste Policy Act 
Amendment of 1987 narrowed 
the U.S. program to a single site. 
Congress is now being asked to 
make a major public policy de- 
cision without a full range of al- 
ternatives and their associated 
risks described. A recent report 
of the National Research Coun- 
cil has recommended that each 
national program "prepare an 
objective, comprehensive com- 
parison of realistic alternatives, 
including a description of the 
current safety and security af- 
forded by the status ciuo storage 

configuration over long time periods ..." (8, 
p. 43). We know of no substantive and 
thoughtful analysis of the risks and impact of 
continued surface storage over a period of 10 
to 100 years, although many analyses allude 
to these risks. A delay of a decade could also 
provide time to resolve critical technical is- 
sues related to the future development of the 
nuclear fuel cycle. In the United States, we 
presently consider a range of possibilities 
from transmutation of waste to reprocessing 
of spent fuel. These decisions will impact the 
need, timing, and design of a repository. 

Some have suggested that we simply leave 
the technical review of the site to the NRC. 
However, the NRC is legally constrained by 
its own rule-making and will not review alter- 
natives. The National Research Council 
recommended that "regulatory decisions 
should in general be based on more than a sin- 
gle numerical figure of limit ..." (8, p. 47). 
The present NRC rule, in effect, determines 
compliance on the basis of a calculated dose 
some 20 km from the repository for 10,000 
years. The use of this single performance met- 
ric obscures the role of multiple barriers. 

Why delay now? There are outstanding 
technical and scientific issues that can and 
should be resolved. Apted et al. argue that 
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even a several-orders-of-magnitude improve- 
ment in waste form (i.e., spent nuclear fuel) 
durability is not an important factor in perfor- 
mance of a repository, but the analysis they 
cite was not ofYucca Mountain and was pub- 
lished in 1983 (9). There has been a substan- 
tial increase in our knowledge of Yucca 
Mountain and our understanding of the 
behavior of waste form materials in a variety 
of geologic environments during the past 19 
years. Why not use this knowledge? If we 
begin construction of the repository now, the 
financial and political investment in this site 
will, as it does now, drive future decisions. 
The well-known "sunk cost" effect echoes 
through the responses from our colleagues. 
The prospect of retrieving the waste offers lit- 
tle solace. There are no criteria for retrieval 
and no site for the retrieved waste. 

What of the future? Congress will almost 
certainly overrule Nevada's objections, and 
the project will go forward. Despite this deci- 
sion, surface storage of spent fuel will contin- 
ue for decades. We still need to analyze the 
risks and take the required actions to immedi- 
ately secure these surface storage facilities. 
The next major decision will require 
Congress to increase the capacity of the 
repository, because by 2010 the amount of 
spent nuclear fuel will nearly equal the legis- 
lated capacity of 70,000 metric tons. The 
increased capacity will further impact the de- 
sign and safety analysis of the Yucca Moun- 
tain repository. Although Yucca Mountain 

"If we begin construction of the 
repository now, the financial and 
political investment in this site 

'tt ... drive future decisions." 

may finally be the first geologic repository 
for high-level nuclear waste, it may, in the ab- 
sence of a fair process and substantive analy- 
sis, be the last repository in the United States. 
This is a poor foundation on which to base 
the future of nuclear power. 
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HIV-1 Diversity and 
Vaccine DeveLopment 

THE INEXORABLE SPREAD OF THE HUMAN 
immunodefiency virus (HIV) has prompted 
an urgent effort to develop an AIDS vaccine. 
The diversity of HIV in human populations 
poses an unprecedented challenge for the de- 
velopment of a highly effective vaccine. A re- 
cent meeting at the Vaccine Research Center 
at the National Institute of Allergy and Infec- 
tious Diseases, National Institutes of Health, 
organized in collaboration with the World 
Health Organization and the Joint United Na- 
tions Programme on HIV/AIDS, focused on 
the genetic diversity of HIV and strategies to 
develop vaccine candidates. More than 95% 
of new HIV infections occur in develoDin! 

countries, and effective vaccines 
would no doubt help to control 
the epidemic. A high level of di- 
versity of HIV exists among dif- 
ferent populations, and vaccine 
trials for the developing world 
will also need to address factors 
such as concurrent infectious 
diseases, access to health care, 
and the ability to deliver and test 
vaccines. The relevance of liV 
genetic diversity to vaccine effi- 

cacy remains unknown. 
The meeting led to consensus recommen- 

dations on how best to address this scientific 
issue in the context of current vaccine efforts. 
Parallel trials of vaccine candidates from dif- 
ferent clades are needed to address their rele- 
vance to immune protection. Although clade 
B is the most frequent virus type in the Amer- 
icas and in parts of Asia, clade C viral strains 
are most prevalent in southern Africa and 
Asia and represent the most abundant genetic 
subtype worldwide. In Africa, clades A, C, 
and D cause the vast majority of HIV-1 infec- 
tions. Recent analyses of genetic relatedness 
indicate that the diversity within any one 
clade of HIV may be no greater than the di- 
versity between clades (1, 2), although for 
specific gene products, such as Env, the intra- 
clade diversity may be less than the variation 

between two clades. In addition, the degree of 
diversity varies according to viral gene prod- 
uct. Therefore, it is important when matching 
genetic sequences to consider the specific vi- 
ral gene product used as an immunogen. 

Although genetic diversity may affect 
immune responses to HIV- 1, its significance 
for protective immunity is unknown. Signif- 
icant cytolytic T lymphocyte cross-reactivity 
can be demonstrated between Gag proteins 
of clades B and C, but clade-specific epi- 
topes are also evident. Similarly, antisera 
from one clade can neutralize another, and 
neutralization phenotype does not correlate 
with the clade of origin (3). Thus, the im- 
portance of matching clades in a vaccine 
candidate to the naturally occurring viruses 
in a geographic region has not been estab- 
lished. Although the genetic diversity 
among HIV-1 strains may be an obstacle to 
protective immunity, there is little scientific 
rationale for matching clades to the country 
from which they emanate. The consensus 
reached is that the testing of multivalent 
vaccines should proceed, but practical limi- 
tations dictate that vaccine candidates 
should be representative of clades, rather 
than country-specific. Extraordinary costs 
in dollars, man-hours, and time would result 
from the parallel testing of multiple parallel 
vaccine prototypes. At the same time, the 
importance of testing vaccines "relevant" to 
each country's HIV isolates is evident. 
Together, these constraints dictate a finite 
representation of clades in a multivalent 
vaccine, and the group concluded that a 
combination clade vaccine-for example, 
including clades A, B, and C-would cover 
the majority of HIV-1 infections worldwide. 

The efficacy of a multiple-clade versus 
single-clade HIV vaccine candidate 
remains an important, unanswered scien- 
tific question. The generation of such a 
multiclade candidate will be of interna- 
tional importance and should remain high 
on the scientific agenda. Unprecedented 
international agreement and interagency 
coordination will be required to advance 
such candidate into human testing and ef- 
ficacy trials. 
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