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HOW DO WE ENHANCE AND MAINTAIN THE
 
SCIENTIFIC CREDIBILITY OF THE USGS IN A
 

DIFFICULT AND VERY COMPETITIVE BUDGET
 
CLIMATE?
 

Background: The USGS is built on a solid reputation of scientific excellence. In the first bureau
wide Strategic Plan that was released in 1996, the committee recognized the critical nature of 
maintaining and enhancing the USGS reputation as a key element of out future health. The 
USGS essentially does three major scientific activities which include (1) monitoring and data 
management, (2) interpretive studies and assessments, and (3) research. The USGS is somewhat 
unique in having these three elements as part of its mission. Indeed being able to conduct these 
activities in concert creates a unique niche for the USGS that differentiates us from the academic 
and consulting communities, state agencies and the federal agencies like the National Science 
Foundation. The balance of funding, staff and project effort among the three activities has 
change historically dependent on external pressures. For example, during World War II, the 
activities of the USGS were heavily focused on assessments and very specific interpretive 
studies in support of the war effort. Similarly in the 1960's with the scientific excitement 
associated with the development of the Plate Tectonics theory, the pendulum shifted to greater 
emphasis on basic research. The pendulum can be expected to change with time but the key 
point is that we need a balance that will' allow us to improve monitoring, improve interpretive 
studies and assessments and these improvements will come from knowledge gained through 
research activities. 
Since the mid 90's the USGS has seen continuing pressure to reduce research activities and to 
only focus on monitoring and interpretive studies. This has not been unique to the USGS, 
literally every federal geoscience organization has been scrutinized relative to their importance in 
meeting critical societal issues. Recent unsuccessful efforts to move research programs to NSF 
highlight the importance of the issue. 

Several drivers that confound the issue are 
1) Data Quality Act: Ensuring the Quality of USGS Information Disseminated to the Public 

a) Background documents: http://www.usgs.gov/quality_oCinfo.html 

b) Description of issue: USGS is responding to a directive from the Office of Management and 
Budget (OMB) derived from Public Law 106-554 (aka Data Quality Act) that requires agencies 
to issue guidelines ensuring and maximizing the quality, objectivity, utility, and integrity of 
information (including statistical information) disseminated by their agency, no later than 
October 1,2002. We are also required to establish administrative mechanisms allowing affected 
persons to seek and obtain correction of information that does not comply with OMB guidelines. 
In addition, we are required to report to the Director of OMB the number and nature of 

complaints received by the agency regarding the accuracy of information and how such 
complaints were handled by the agency. 

http://www.usgs.gov/quality_oCinfo.html


This law has been described as having the potential to perhaps become the largest unfunded 
mandate ever handed to agencies by Congress. That is, no additional funds are appropriated to 
implement this law. The USGS has received the first challenge of its information during August. 
The methodology and conclusions of our world energy resource assessment are being 
challenged. One of the central tenets of the scientific method is the documentation of 
methodology used to conduct the study. This allows others to attempt to reproduce the original 
findings. Therefore, challenging methodology and/or conclusions is very much a normal part of 
the scientific process. It is in the best interest of the USGS (and science) that all of the data and 
information we publish meet rigorous standards of technical/scientific review. Our publication 
process already assures this. 

c) Outcome/expectation 

A positive outcome may be (overall, government wide) that the citizens will indeed get better 
quality info from the Federal government. By making a lot our efforts to ensure 
data/information/science quality more transparent to the public, we may actually gain. Overall 
the USGS is held in high esteem for the world-class, unbiased, thorough, non-regulatory aspects 
of its work. 

A big concern with regard to the requirements under the Data Quality Act is how we will deal 
with challenges that are not frivolous but still do not lead us to make a correction or make a 
change. Enormous amount of staff time, .and effort may be required to deal with challenges. The 
potential impacts on morale, science, and ability to recruit new scientists to work for the USGS 
are not well understood but could be quite serious. The cost of dealing with the challenges could 
be also high. For an agency like the USGS, the potential for further politicization of our science 
is always a threat. Some issues we deal with are already deep in the political realm. 

2) Everglades Ecosystem Restoration 

a) Background documents: http://www.evergladesplan.orgl 

b) Description of issue 

One of the most visible and ambitious ecosystem restoration plans under way is the Everglades 
ecosystem restoration. Water needs ofa growing population, agriculture, and the Everglades 
ecosystem come clashing together at the tip ofFlorida. Extensive replumbing of the Everglades 
system over the last 50 plus years has made it possible for south Florida to prosper. A classic 
case of the battle between those who wish to develop natural resources for the benefit ofhumans 
and those who wish to preserve natural systems in their pristine state is being played out. 
Invasive species, excess nutrients in water, mercury pollution, land subsidence, and salt-water 
intrusion are among the phenomena affecting the health of the ecosystem. 

The USGS is heavily involved in many aspects ofmonitoring, assessment, and research of the 
hydrologic, atmospheric, geologic, and biologic systems in south Florida. There are many 
Federal, State, and local governmental stakeholders involved. In addition, there is a high-level of 
interest in the science and politics involved on the part of the non-profit sector, industry, and 

http://www.evergladesplan.orgl


local citizen groups. This is atough place to maintain high degree of credibility and our non
advocacy position. As is typical in such complex societal problems, the time scales of science 
and decision-making are not in concert. 

c) Outcome/expectation 

Basic research and sophisticated modeling by USGS scientists are expected to contribute toward 
the decision making by resource managers to protect the long-term interests of various 
stakeholders. The difference in time scales of the political process and scientific investigation 
will continue to be a complicating factor. Detailed understanding of the "pristine" state is not yet 
fully in hand. That is, to what conditions do we restore the ecosystems? How well do we 
understand them? What are some unintended consequences? The USGS has a critical role in the 
long-term monitoring of the impact of restoration measures. Will we have enough financial 
resources to do this properly? Will our scientific credibility continue to be strong? Are we 
producing the synthesis interpretations that are so important to fully understanding the entire 
impact of our scientific efforts? 

Here are some more topics to consider: 

3) Resource assessments: hydrologic, mineral, energy, biologic resource assessments all are 
needed to sustain the way of life in this society; how will we improve our assessments and 
methodology we use? How do we keep 'our science sharp while carrying out the resource 
assessments? How do we encourage our staff to do the often mandatory assessments while also 
building their scientific portfolios and advancing methodologies and understanding of processes? 
Aspects here might also include our resource assessments not necessarily being in harmony with 
an Administration's stated policies or interests. 

4) Hazard assessments: volcano, earthquake, landslide, flood, stOrIn, etc. hazard assessments
some of the same questions apply here. 

5) Reconciling DOl (land management) mission with broader vision and mission of the USGS; 
this becomes especially acute when one considers our historic international activities (and our 
plans for future activities in the international arena). 

6) Water quality and landscape geochemistry issues: background and baselines work; point
source and non-point source pollution; difficulties in maintaining our unbiased approach when it 
is clear that some practice is responsible for impact on biota, land, water or air; also, dealing with 
remediation issues (e.g. when we know that a particular approach may not work as well as 
another) 

7) Yucca Mountain; The USGS has acted as a contractor to the Dept. of Energy relative to the 
site characterization of this politically charged controversial project to store high-level 
radioactive waste. The USGS has played a significant role in the site characterization and our 
infonnation and data will be critical in the licensing process with the Nuclear Regulatory 
Commission. DOE has spent significant effort to ensure the quality of the data. However, the 



data has not been released as USGS reports. Furthennore, many interpretive efforts were 
released as internal DOE reports and there was a general reluctance by DOE to release 
interpretation studies as peer reviewed reports or as internal USGS publications. How do we 
maintain the scientific reputation of the USGS in a major societal issue if there is not a legacy of 
scientific literature that carries the USGS seal of approval? Some would say and have that there 
has been no significant science done at Yucca Mountain. How do we counter that opinion by the 
broader scientific community? 

8) Fed-State Cooperative Program: At the District Office level there is a great temptation to 
conduct studies that do not enhance our scientific reputation. The reasons for this are many but 
include maintaining relationships with coopenL IS, covering salaries, and program development. 
The risk in doing this work is that we are sometimes accused of doing work that is more 
appropriately done by private consultants, doesn't contribute to survey goals or enhance the 
scientific reputation. How do we maintain our scientific excellence if the pressures to accept 
these types of studies increase or our cooperators refuse to support components ofprojects that 
involve innovative science? 

Expectations: The purpose of this exercise is to develop strategies to maintain our reputation for 
excellence in all three major areas; (1) monitoring and data management, (2) interpretive studies 
and assessments, and (3) research and process understanding. I have selected a few examples 
and would ask that the group or groups that consider them to develop a list of guiding principles 
and strategies that will help the leaders~p throughout the USGS deal with these issues in the 
future. Consider how these principles relate to USGS Leadership Guiding Principles? Are there 
examples from your point of view where we have successfully had the correct balance between 
the three activities? What made these activities successful? In some cases, your principles this 
could lead to policy statements and in other cases simply increasing awareness may be enough. 
********** 
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u.s. Depanment of tho IMenor 
U.S. G.aIoglcal Survey Summary of the

USGS Strategic Plan 

Introduction	 Core Competencies 

Strategic: planning is a continuous process that forces an 
organ.i.ution to look outward and inward. ~ challcnge for 
the USGS is to stay focused on a borizon of some ten yca15 
out. while realiziDg that neaNcnn shifts will demand our 
mention and mid-course corrections may be needed. 

The strategic plan was designed and devcloped for the entire 
USGS, not for any particular organizational unit within it. 
The plan outlines strategic actions 10 be undertaken at all 
organizational levels to achieve excellence. The overall focus 
of the plan considers the USGS as it was configured prior to 
the mergers wilh Bureau of Mines and National Biological 
Service personnel. 

The plan iii divided into three pans. The first part desaibcs the 
ec:onomic, politieal. and societal driving foR:es that arc likely 
to influence the options and choices for future direction of the 
USGS. 'The second part discusses our core competcncics-d.1e 
Jccy sIcills. characteriStics. and assets dw must be nUJ1W'ed and 
strengthened for abe USGS to excel. The third part desaibes 
our business activitics-dle scientific and technical cffons 
currently undenaken by the USGS and abose we will carry out 
in the future. Special sections throughout the plan discuss 
related topics including mergers and acquisitions, suppan for 
research, advocacy. mandates for our functions, investments in 
people and technology. our involvement in the National Spatial 
Data InfrastrUCtUre, the international role of the USGS. and the 
balance among our funding sources. 

Driving Forces 

The eight driving forces oudined here significantly influence 
and create alternatives for tbe USGS. They will shape the 
future of the United States. the needs of the public, and the 
roles of FcderaJ agencies. The driving forces ~: 

•	 Devolution (that is. downsizing. reinvention. etc.) 
of the Federal Government 

•	 New technologies 
•	 Demographic changea 
•	 Public investment in science 
•	 Society's eoncept of '"public good" 
•	 Tradeoff's between the economy and the environment 
•	 Global interdependence 
•	 Scarcity and management of nalUral resources 

Core competencies arc the key skills, characteristicS.. and 
assets that the USGS must nUl'tUr'C and sucngmen to exc:e1 iD 
currenl and furore business activities. They are the essential 
qualities that. when used to achieve our vision and miuioD 
and to conduct our busineu. difJerenuaII: our c:apabiUties from 
those of other OrganizabODS. While the USGS embodies each 
of the core competencies to some degree today. achieving 
excellence in all of them must be abe leadership's highest 
priority. The strategic plan outlines five core compeccncies. 

ltn".tfMllfy, credibility, .nd .clentllfc ..-.enee. 
The responsibility for providing credible, impartial scientific 
infonnauon to those charged with making pubUc policy is 
central 10 the mission of the USGS. Our credibility depends 
on twO essential faetors~icalaDd scientific exce1lenc:e 
and reputation for impartiality. Failure in either of these areas 
will have a crippling effect on our organiulion. 

"el-'lo"'''''' .,.11 ""rtnerahl".. A wide I3IISC of 
organizations ok tbe poccntial for successful panncrships. 
including olhc:r Fcdc:nJ agencies. Stale and loc:aJ government 
agencies. nonprofit organizations and adminiSU"ative authorities. 
schools and universities, and the private and c:orp>raIC sectors. 
The USGS must cherish and nurture its relationships and 
panncrsbips by givins timely and responsive results to 
eustome:tS and reaching oot CO partners wim coUegiaJ respect. 

.ultld"r;lp""'~worIdDrce with n-'o,.., 
p,....nce. The USGS must bring diverse WCOI5 to me earth 
science challenges of the future. The required disciplines wi)) 
vary according to society's needs. but ~ USGS must rcta1n its 
capability to apply scientific Wldemandin, aDd information 
leChnology to earth science problems anywhere in me Nation. 

Long-te,.", n.flon.' d• .,. INIa... The USGS must be 
the nationalleadcr in ofianizing and managing eanb science 
data and information and making both available in useful 
fonns. While we may collect some of the data. it is more 
important that we assume leadership in seeing that lons-tenn 
measurementS and descriptions of the Earth are acall1lte. 

properly documenled. archived. and distributed to the public. 

Long-'enn, bf'Olld4CIII., multldl.dplln.,., 
Interpretlvo dudl•• The USGS must excel in under
standioB the scientific: principles of Earth processes. We are in 
a unique position to apply a diverse, nationally distributed. 

http:competcncics-d.1e
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highly slolled workforce to 10nl-tUm. broad-scale. multi
disciplinary swdic:s. Although we will contiDue to conduct 
scientific studies of sbort duration. limited scale. or nanow 
disciplinary focus. there will be: iDc:rcasing emphasis on cm1h 
science work that is much broader in scope. 

Business Activities 

The business activities arc the present aad fulU~ scientific ;md 
teChnical efforts of the USGS. ThRe fundamental tasks ~ply 
to all USGS business activities: 

• Cridcnlly evaluatinl prolfiUD' tD ensure leadership and 
relevanc:e to sociem1 needs 

• Developing Survey-wide priorities for implemcnwioD 
and fundin. 

•	 Establishing a philosophy for capiral iavesanents and 
support services at aU levels 

TIle seven business activities described below are not inlended ro
guide orpnizaUonal or budgetary svucwn:s: radler. they convey 
the breadth. inr.egradon. and tlexibUity in the description of 
prop:uns 011 which the USGS must excel over !he next ~. 

Wate,. ."a/lablllty and qual'" Investigl1tions related to 
wnJer availilbility :md quality are the largest business ~ctivity 

of the USGS nnd arc likely to remain so over the next ~ee:mie. 
Water will continue to grow in importance as an issue 'bec:wse 
the Nation mces increasing and often conflicting demands on Q 

finite water supply. The succ:ess of USGS water investigations 
depends on :md will continue [0 depend on the combination of 
three effons: dllm collection. interpretive slUdies. and rese:arch. 

Hazards. An essential role of the Federal government is to 
minimize the loss of life and propcny that results from rwuraI 
disasters $Uch as e:ll'thqua.kcs, volcanic eruptions. landslides. 
floods. nnd droughts. The concentration of population in urban 
~nd coastal ;VC~ inCl"C6lScs the risk of CDtDSuophic: loss from 
n:nural h~. Thus the study of hazards ia an activity in 
which the USGS wiJ1lfOw in the coming decAde. 

GeoflJ'aphlc and cartographic /ntonnatlon. 
Knowledge of the loc:won of and relations among narural and 
mannwle fe:1tures at and benCOllh the Earth's surface provides 
3 framework for analyzin, and understandin, e3rth PtoCCSSCS 

ilnd for nWdni wise decisions. The USGS has tnlditionwly 
been a major supplier of this infonnation not only to ia 
internal operations but to other public- and private-seclOr 
organizations lIS well. who depend on this intonnation :IS the 
basis for wise economic and physical development. mlU1ilge
ment of ~oufcc$. response to and mitigation of hazard.s. and 
many other uses. CoordimJrion and collection of Bcop-aphic 
and CAJ10grnphic information will remain a fundamental 
Federal role and a viable program of the USGS. 

June 1991 
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Contaminafad _""'ron.en'" Nuclear wasle disposal. 
bazardous subslanccs cnterinllhc NanoD's wall:r supply and 
food chain. 3Dd aanospheric tr3DSpOI't :and deposition of ttlxic: 
maIaiaJs are serious thrcaa to human and environmental b=lth. 
The USGS has a unique capability fer the )ODJ-rcrm. multidisci
pUnary stUdy of contaminated environments. This activity will 
inc:rt4SingJy emphasize projects d1at inte~ disciplioes lUIdIor 
allow work on larp:r geographic arens. This activity currently 
repzaents one of the larger business activitics of the USGS aad 
seems to have considerable growth potential. 

LIIn"aml..,..,. ..... Sound srcwardship ofthc Nation·s 
land and Wiler resources ~uires up-co-4ate synoptic data on 
how li1nd ;md water l'CSources are bein, used as well as an 
undcr5tandinl of how possible changes might impact the 
national economy, me environment. and b quality of life. We 
need to find new ways to ttanslate eMth science information into 
fonns mal will be used by public paUcymakcrs. cbc business 
community. ;wi individW1ls. The USGS is uniquely qualified to 
undertAke this activity. With a clel2r definition of a Federal role. 
this business activity is a powth ~ over the next decade. 

Nonrenewable resoun:es. Investi:otions of nonn:nC\v3ble 
resources will undergo fundamental changes during the comin, 
decode. :md such investigations will likely decrease as a per
eencnse of the total USGS eff'on. Successful lUloonal economic 
policy now depends on knowledse not only of locations and 
quantities of these resources throughout die world but also of 
their economic:. social. and environmenw costs. 1heir quality. 
llIld their awilabiJity. especially :IS it may be influcnc:ed by 
shifting political situations and technologial innovations. 

entlll'Onmental ettecta on human health. This is 
a potential new business activity th:at would dr:lw on the 
Su~cy's multidisciplinary expertise. An incr=sin. proportion 
of the Federul budget is dediC:l.ted to health issues. and many 
chronic. he:l1th issucs may rel:lte directly to canh processes ~d 
the envU'Onment. If we assume a significant role in u~ 

s~ding environmenml conaibutions to di5C:lSeS. manaplS 
will need to define i1n appropri:tte niche relAtive to tndition:al 
hc~th and environmcnw agencics and form strong pllfUlel:\o 
ships to collabornte on problem solving. 

Next Steps 

The effortS of the Slrategie Plannins Team :lJ1d the Policy 
Council in ~evelop~n~ this plan represent only the begianiDJ. 
The Str.1teglC Plan IS In~nded to be :l Iivinl document that will 
C~ilJ1ie over ti~e. For ex:unple. :It the next revision. the pbn 
wdl change to Include the new responsibilities of the USGS 
for biological resources reseArch "'hen the National Biolo,ic:al 
Service is consolidated with the USGS on October I, 1996. 

~e must remember rh:u planninl is as imporWlc lIS the pl:m 
Itself and thn1 e:1ch employee has a role to piny in makin, this 
plan a rc:l1ity. 



iCOMPASS 

www.sciencemag.org SCIENCE VOL 296 28 JUNE 2002 

Yucca Mountain:
 
Should We Delay?
 

RODNEY C. EWING AND AwsON MACFARLANE 
("Yucca MOlUltain," 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 ofYucca 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 (J, 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 

Image not 
available for 
online use. 

"[flor 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 MOWltain site and proceed to the next 
step in assessing the overall safety ofa 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 (1 J), the answer is defi
nitely "yes." 

Contrary 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 dEbates'. 
established by NRC 
regulation, with addi Discussion of the Policy 
tional, independent Forum ·Yucca Mountain' 
technical oversight continues online In 
provided by the Nu Science's dEbates 

clear Waste Teclmical 
Review Board, as well as the NAS as appro
priate. Our support of the site recommenda
tion in part reflects our confidence that under 
this licensing process, the DOE will continue 
to conduct the scientific studies necessary to 
further confum repository safety, including 
the regulatory-mandated performance confU"
mation testing program planned over the next 
50 to 100 years, until the time final closure 
might be approved. During this performance 
confumation period, technical issues can be 
further investigated and designs optimized, 
recognizing that at each step a decision to 
proceed will be based on reassessment of the 
long-term safety ofthe repository. 

MICHAEL J. APTED.'· DONALD lANGMUIR.lt 
DAD! W. MOELLn..'t JOOHHONG AHN4 
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10. NRC. System-level Repository Sensitivity Analyses. 
Using TPA Version 3.2 Code. NUREG·1746 (Nudear 
Regul.tory Commission. Washington. DC. 2001). 

11. Electric Power Research Institute. Evaluation of eM 
Proposed High-level /lIdio.ctive WlSte Repository at 
Yucca Mountain Using Toul System Performance 
Assessment, Phose 6 (Report number 1003031. Elec
tric Power ReseNch 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 pennanent 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 Eastern oil. 
This is a price we dare not pay. 

A1.AN E. WIU.T..... 
Department of Nuclear Engineering, Texas A&.M 
University. 3133 TAMU. College SUtion. TX 
77843-3133. USA. E-mait waltar@ne.tamu.edu 

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 
ofmoving 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 IIDelay i-=--l

expensive ... the I 
estimated cost of 

Yucca Mountain 

I
has escalated

from about $10

billion to almost
$60 billion." 

across the United 
States involves a high
er risk of theft and 
misuse of nuclear ma
terials when compared 
with geological dis
posal, leaves mulLiple 
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
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 
al1ead now. 

DmOF VON WINnRfE1DT 

School of Policy. Planning. and Development. Uni
versity of Southern California. University Parie. los 
Angeles. CA 90089. USA. E-mait detloffillaolcom 

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 contralJ'. 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 ....'3Ste 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 quo storage 

configuration over long time periods ..... (8, 
p. 43). We know of no substantive and 
thoughtful analysis of the risks and impact of 
continued smface 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 ofa 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 ofmultiple 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 impr0ve
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 
fmancial 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 ofretrieving 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 ofspent 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 

".f we begin construction of the	 

repository now, the financial and 

political investment in this site 

will ... 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 ofnuclear power. 

z RODNEY C. EWlNe' AND AwsON MAOAALANE

'Department of Nuclear Engineering and Radiological 
Sciences. University of Michigan, Ann Arbor. MI 
48109-2104, USA. E-mail: rodewingC!lumich.edu. 
'Securities Studies Program. Massachusetts Institute 
of Technology, Cambridge, MA 02139. USA. 
E-mail: aWsorvn@lMIT.tdu 
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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 lllV in human populations 
poses an unprecedented challenge for the de
velopment ofa highly effective vaccine. A ~ 

cent meeting at the Vaccine Research Center 
at the National Institute ofAllergy and Infec
tious Diseases, National Institutes of Health, 
organized in collaboration with the World 
Health Organization and the Joint United Na
tions Programme on lllV/AlDS, focused on 
the genetic diversity of lllV and strategies to 
develop vaccine candidates. More than 95% 
of new HIV infections occur in developing 

countries, and effective vaccines 
would no doubt help to control 
the epidemic. A high level of diI versity of lllV 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 lllV 
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 contex.t ofcurrent vaccine efforts. 
Parallel trials of vaccine candidates from dif
ferent clades are needed to address their rele
vance to inunune protection. Although clade 
B is the most frequent virus type in the Amer
icas and in parts ofAsia, 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 lllV-I infec
tions. Recent ana1yses of genetic relatedness 
indicate that the diversity within anyone 
clade of lllV may be no greater than the di
versity between clades (l, 2), although for 
specific gene products, such as Env, the intra
clade diversity may be less than the variation 

be~ 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 inununogen. 

Although genetic diversity may affect 
immune responses to HIV-I, its significance 
for protective immunity is unknown. Signif
icant cytolytic T lymphocyte cross-reactivity 
can be demonstrated between Gag proteins 
of clades Band 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-I strains may be an obstacle to 
protective immunity, there is little scientific 
rationale for matching clades to the country 
from which ihey 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 ofIDV-l 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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Getting Smaller 
and Smaller 

ROBERT F. SERVICE'S ARTICLE ON PROGRESS 
in developing miniature fuel cells for pow
ering small electronic devices ("Shrinking 
fuel cells promise power in your pocket," 
News Focus, 17 May, p. 1222) is interesting 
and encouraging from the point of view of 
alternate energy strategies, but I wonder if 
the technology described is not already ob
solete. Workable miniature fuel cells are 
coming on the market (1). The definition of 
a "fuel cell" should include not only cells 
using hydrogen and methanol, but also met
al air cells. These are often called batteries, 
but they are not merely electricity-storing 
devices. Aluminum is especially interesting 
because the oxidation of aluminum pro
duces enormous amounts of energy. To 
extract this energy in the usable form of 
electricity, aluminum is oxidized in an al
kaline environment to aluminum hydroxide 
(2). Some of the more difficult problems of 
miniaturizing this technology have now 
been overcome (3). The Trimol Group is 
bringing out a unit 60 mm by 35 mm by 8 
mm in size, which can power a wireless 
telephone for 25 hours of continuous talk 
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(1). However depressing that prospect may 
be for the parents of teenagers, the problem 
of miniaturization of fueI.cells has been 
solved. 

STUUT LANDRY 

Depal1ment of Biology, Department of Biology, State 
University of New York, Binghamton, NY 
13902~, USA.. E-mai~ sIandIy@lbinghamtonedu 
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1. See _.lrirnol&J"oup.comIproduct.celIphone.htm. 
a See _.lIuminum-power.comitechnolocY.htm. 
3. See~~lIpilOl-2.htm. 

CORRECTIONS AND CLARIFICATIONS 

NEWS OF THE WEEK: ."Fantastic' fossil helps 
narrow data gap" by E. Stokstad (26 Apr., p. 
637). Guillermo Rougier had the wrong af
filiation attributed to him in the article. He is 
an Assistant Professor at the University of 
Louisville School of Medicine. 

RANDOM SAMPLES: "E.T., where are you?" 
edited by C. Holden (19 Apr., p. 465). The 
name of the first author of a forthcoming 
paper on the Search for Extraterrestrial 
Intelligence was inadvertently omitted. He is 
Joseph Lazio from the Naval Research 
LaboratQ.ry. 

NEWS OF THE WEEK: 
"One gene determines 
bee social status" by 
E. Pennisi (26 April. 
p. 636). The credit for 
the photograph ac
companying the story
 
was incorrect. It should have read, "Zachary
 
Huang, Michigan State University (www.
 
cyberbee.net)."
 

NEWS FOCUS: "Science invades the Magic 
Kingdom" by R. F. Service (19 April, p. 462). 
Griitzel cells use ruthenium-based light-har
vesting complexes to absorb sunlight, not a 
rhodamine-based dye, as stated in the article. 

Letters to the Editor 
letters (-300 words) discuss material published 
in Science in the previous 6 months or issues 
of general interest. They can be submitted by 
e-mail (science_Ietters@laaas.org), the Web 
(www.letter2sclence.org). or regular mail 
(1200 New York Ave.. NW, Washington. DC 
20005. USA). letters are not acknowledged 
upon receipt. nor are authors generally con
sulted before publication. Whether published 
in fuU or in part. letters are subject to editing 
for clarity and space. 
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