
YUCCA MOUNTAIN AND REVERSING THE
IRREVERSIBLE: THE NEED FOR MONITORED
RETRIEVABLE STORAGE IN A PERMANENT

REPOSITORY

INTRODUCTION

The Congress finds that-
(1) radioactive waste creates potential risks and requires safe and

environmentally acceptable methods of disposal;.,.
(3) Federal efforts during the past 30 years to devise a permanent

solution to the problems ofcivilian radioactive waste disposal have
not been adequate;.., and
(7) high-level radioactive waste andspent nuclearfuel have become

major subjects ofpublic concern, and appropriateprecautions 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.'

Nearly twenty years have passed since Congress recognized the inherent
danger nuclear waste creates and the responsibility of this generation to
dispose of it in an environmentally sound manner. Researchers have spent
billions of dollars exploring disposal options and yet nuclear waste remains
stored where it was produced, awaiting a federal government decision to build
and operate a permanent geologic repository in a Nevada desert.'

Yucca Mountain is a desolate ridgeline rising above the desert about 100
miles northwest of Las Vegas.' It is located on federal property adjacent to the
Nevada Test Site, an area that has historically suffered repeated exposure to
nuclear radiation from atomic detonation.4 Yucca Mountain is again targeted
with nuclear radiation, only this time as a solution to a nuclear waste disposal

1. NuclearWastePolicyActofl982,42U.S.C. § 10131(a) (1994). Fordefinitions ofhigh-level

radioactive waste, spent nuclear fuel, and nuclear waste, see infra Part 1II.A.
2. CraigWipple. Can Nuclear WasteBeStoredSafely at YuccaMountain?,ScAm., June1996,

at72.
3. Environmental Radiation Protection Standards for Yucca Mountain, Nevada, 64 Fed. Reg.

46,976, 46,979 (proposed Aug. 27, 1999) (to be codified at 40 C.F.R. pt. 197) [hereinafter Radiation
Protection Standards]. For the most current information regarding Yucca Mountain, see United States
Environmental Protection Agency (EPA), Yucca Mountain, at http'//www.epa.gov/radiationlyucca (last
visited Jan. 21,2001); United States Department of Energy (DOE), Office of Civilian Radioactive Waste
Management, The Yucca Mountain Project, at http.//www.ymp.gov (last visited Jan. 21, 2001); United
States Nuclear Regulatory Commission (NRC), NRC's High Level Waste Program, at
http://www.nrc.gov/NMSS/DWMllw.htm (last visited Jan. 21, 2001); State of Nevada, Nuclear Waste
Project Office at http-//www.state.nv.usnucwast (last visited Jan. 21, 2001).

4. Wipple, supra note 2, at 72. See also John S. Applegate & Stephen Dycus, Institutional
Controls orEmperor's Clothes? Long.Term Stewardship of the Nuclear Weapons Complex, 28 Envtl. L
Rep. (Envtl. L Inst.) 10,631,10,634-35 (1998).



Vermont Law Review

problem that will protect future generations from what has become a "deadly
legacy of the Cold War."5 In 1987, Congress directed the Department of
Energy (DOE) to consider only Yucca Mountain as a potential permanent
geologic repository for the disposal of spent nuclear fuel and high-level
radioactive waste,6 making it one of the most scientifically studied parcels of
land on earth.7

While burying nuclear waste at Yucca Mountain is the proposed, and
currently, only solution to the nation's nuclear waste disposal crisis, key
scientific and political questions need to be answered before the decision to
build a repository can be made. The critical question is how to protect the
public from the effects of radiation in the face of uncertainty caused by

unknown or unforeseen changes in society and the environment. Given the
important nature and long-term consequences of the project, policy makers
should dedicate as much effort to the regulatory process governing the
mountain as to the study of percolation rates and groundwater flows beneath

it.
This Note critically evaluates the proposed regulatory structure for Yucca

Mountain. The evaluation focuses on the protection of human health and the
environment for this and future generations from potential radioactive release.
Part I describes the basic nuclear waste disposal options that exist today. Part
I explains the statutory and regulatory background of America's nuclear waste
policy. Part II1 provides a contextual framework for the decision-making
process that will determine the suitability of Yucca Mountain as a permanent
geologic repository. This framework includes a discussion of the long-term
nature of the hazardous wastes as well as economic and political pressures
influencing the decision to build a repository. Part IV analyzes the
Environmental Protection Agency's (EPA) proposed public health standards
for Yucca Mountain and the Nuclear Regulatory Commission's (NRC)
proposed licensing criteria for the geologic repository to be operated by DOE
at Yucca Mountain. This Note highlights the recurring problem of scientific
uncertainty that underlies the Yucca Mountain debate. Particular emphasis is
placed on the uncertainty in setting public health standards for Yucca
Mountain, with a focus on the differences in the standards proposed by the
EPA and NRC, and on the use of long-term human management, or lack
thereof, through institutional controls. While it may be clear that nuclear
waste is best suited for geologic disposal given current technologies, it is also

5. Applegate & Dycus, supra note 4, at 10,632.

6. NuclearWastePolicyAmendmentsActof 1987, Pub. L. No. 100-203,sec. 501 (a), § 160, 101
Stat. 1330-227, 1330-227 to 1330-228 (codified at42 U.S.C. § 10172 (1994)).

7. Mathew L. Wald, StudyAdvancesPlanforNuclearStorage Site, but Questions Remain, N.Y.

TIMES, Aug. 6, 1999, at Dl.
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clear that irreversible disposal as a policy choice is unwise. A modified
operational model that takes into account scientific uncertainties may be a
better approach than permanent disposal.

Part V proposes a possible alternative to constructing a permanent
repository at Yucca Mountain. The Nuclear Waste Policy Act of 1982

(NWPA) provides for the use of a monitored retrievable storage facility in the
management of high-level radioactive waste and spent nuclear fuel."
Monitored retrievable storage and permanent geologic disposal do not have to
be mutually exclusive concepts. This Note discusses the possibility of
constructing a permanent repository at Yucca Mountain, but to engineer it to
serve first as a monitored retrievable storage facility, while maintaining
compliance with the NWPA. Until such time as science substantially removes
uncertainty in predicting the success of the geologic and engineered barriers,
or proves that societal changes can be predicted with some degree of certainty,
or until an effective institutional control is created for the management of
Yucca Mountain, a policy of irreversible disposal of nuclear waste must be
avoided.

I. NUCLEAR WASTE DISPOSAL OPTIONS

The options for storage and disposal of nuclear waste are extremely

limited.

A. Outer Space

Nuclear waste disposal in outer space is theoretically possible and
occasionally is mentioned as an alternative to land-based disposal. Space
disposal would include either transporting the wastes to remote areas of space
or burning it by transporting it to the sun.9 The United States originally
contemplated .this possibility, but the Space Shuttle Challenger explosion
effectively foreclosed the option. 0 An explosion of the waste transport
system, dispersing the radioactive waste within Earth's atmosphere, would be
catastrophic.

8. 42 U.S.C. §§ 10161-10169 (1994).
9. Robin DusekNote,Lostin Space?: TheLegaIFeasibilityofNuclear WasteDisposalin Outer

Space, 22 WM. & MARY ENVTL. L & PoL'Y REv. 181, 195 (1997).
10. See id.
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B. Ocean Dumping and Subseabed Disposal

Oceans cover seventy-one percent of the Earth's surface, making them a

frequent target for waste disposal." While the disturbing practice of ocean
disposal of radioactive waste is now forbidden, 2 subseabed disposal remains
a viable option. 3 Subseabed disposal of nuclear waste would be accomplished
by drilling holes in the oceanic tectonic plates, placing the nuclear waste in
corrosion resistant canisters, dropping the canisters into the clay-rich muds,

and backfilling the boreholes."' The advantages of this method include the
high absorption rate of the clay-rich materials that may bond with the
radionuclides, the immense water column and related pressure that would

separate the waste from human contact if breach ever occurred, and the known
stability of the oceanic plates. 5 The problem with subseabed disposal is the
possibility of contaminating the ocean, the basis of the hydrologic cycle, and
its valuable aquatic life in the event of an accident during disposal or a breach
of the system. 6 Also, deep-sea disposal is more technically complicated and
possibly more expensive than land-based disposal. 7

C. Ice Sheets

Disposing of waste on the polar ice sheets has also been proposed as a

possible solution." Waste could be placed in corrosion-resistant containers,
placed on top of the ice sheets, and allowed to melt through the ice down to

11. John Kindt, Ocean Dumping, 13 DENv. J. INT'L L & POL'Y 335,335 (1984).

12. J. Paul Lomio, International Law and Disposal of Radioactive Wastes at Sea, 15 NEW ENG.

L. REV. 253 (1979-1980); David Spak, Note, The Needfor a Ban on All Radioactive Waste Dsposal in the

Ocean, 7 Nw. J. INT'L L. & Bus. 803 (1986); Maryann Taylor, Note, Ocean Dumping: A Light at the End

of the Tunnel, 3 HOFSTRA PROP. L.J. 235 (1990); Kristin Moody-O'Grady, Nuclear Waste Dumping in the

Oceans: Has the Cold War Taught Us Anything?, 35 NAT. RESOURCES J. 695 (1995).

13. Robert Kaplan, Comment, Into the Abyss: International Regulation of Subseabed Nuclear

Waste Disposal, 139 U. PA. L. REv. 769 (1991); James Waczewski, Comment, Legal, Political, and

Scientific Response to Ocean Dumping and Sub-SeabedDisposalofNuclear Waste, 7 J. TRANSNAT'LL &

POL'Y97 (1997); Charles D. Hollister& Steven Nadis, Burial ofRadoactive Waste Under the Seabed, SCi.

AM., Jan. 1998, at 60; Christopher Meisenkothen, Note, Subseabed Disposal of Nuclear Waste: An

International Policy Perspective, 14 CONN. J. INT'L L. 631 (1999).

14. Hollister & Nadis, supra note 13, at 62.

15. Id.

16. Charles A. Walker, Science and Technology of the Sources andManagement of Radioactive

Wastes, in Too HOT TO HANDLE? SocIAL AND PoucY ISSUES iN TtE MANAGEMENT OF RADIOACTIVE

WASTES 27, 61 (Charles A. Walker et al. eds., 1983).

17. Id. See also Waczewski, supra note 13, at Ill (adding that current research is under-funded

and in the early developmental stage and noting the definitional problems against "dumping" radioactive
wastes in light of the international ban against such activities).

18. Walker, supra note 16, at 61-62.
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the bedrock below. 9 Of the many problems with this solution, the greatest

may be the unpredictable nature of ice flow dynamics."

D. Reprocessing and Other Forms of Treatment

Reprocessing of spent nuclear fuel was one of the early solutions to the

nuclear waste problem.2 Spent nuclear fuel rods were to be reprocessed to
recover uranium for new nuclear fuel and plutonium for nuclear weapons
manufacturing.' However, this solution fell into disfavor during the Carter

Administration because of the increased possibility of non-nuclear countries
gaining access to weapons-grade plutonium."

Other forms of technological treatment of nuclear waste are under

development. For example, a process known as accelerator transmutation of
waste would artificially increase the rate at which radioactive materials
stabilize.24 The process is currently not cost effective and would generate
highly radioactive byproducts, but research continues.' Another interesting

advance has occurred in microbiology. Scientists have created a genetically
altered "superbug" that digests certain forms of radioactive waste at nuclear

weapons waste sites, a process known as bioremediation.26 This bug has the
ability to withstand 3000 times more gamma radiation than humans and can
withstand atomic blasts.27 While these technologies are academically

interesting, they cannot be relied upon in the short term to solve the nuclear

waste disposal crisis.

E. On-site Storage

One approach to solving the current nuclear waste disposal crisis is to do
nothing. DOE has analyzed this option as its "No-Action Alternative" in its
Draft Environmental Impact Statement for Yucca Mountain.' Nuclear waste

19. Id. at 62.

20. Id.
21. DouGLAs EASTERLING & HowARD KuNREuHR, THE D d.MMA OF SnNG A HIGH-LEVEL

NUCLEAR WASTE REPOSrTORY 21 (1995).

22. Id.
-23. Id.
24. Report: Nuke WasteNeeds Site, DENv. ROCKY MTN. NEws, Nov. 3, 1999, at A14.

25. See Id
26. Altered Bug Can Eat Nudear-era Waste, INwANAPouS STAR, Dec. 29, 1999, at A15.

27. Id.
28. U.S. DEPARTMENT OF ENERGY, DRAFT ENVIRONMENTAL IMPACt STATEMENT FOR A

GEOLOGIC RuyosrToRy FoR TDISE DPOSAL OF SPENT NUCLEAR FuEL AND HIMGH-LEVEL RADIOACnVE
WASTE AT YUCCA MOUNTAiN, NYE COUNTY, NEVADA: SUMMARY S-24, S-29 to S-30 (DOE/EI-0250D)

(1999) (hereinafter DRAFr EIS].
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would stay where it is currently stored at seventy-two commercial sites and
five DOE sites across the country.29 The advantage of this option is that it
provides time for experts to develop other technologies for possibly treating

or otherwise safely storing the nuclear waste.30 It also avoids the dangers and
costs of transporting nuclear waste to one central location.3 DOE, however,
has determined that the No-Action Alternative would be more costly than
centralized, permanent storage and would result in more latent cancer fatalities

over the long-term than centralized storage.32

F. Interim Storage

Prior to locating a permanent resting place for nuclear waste, another
option includes building and operating an interim storage facility. An interim
storage facility would essentially store the wastes in the same manner as
current storage practices, aboveground on monitored platforms, but would

solve the storage capacity crisis at the multiple storage areas across the
country.33 Congress routinely debated the creation of an interim storage
facility at Yucca Mountain over the past decade, but was never able to
negotiate a deal with the Clinton Administration, which feared that the costs
and risks associated with transport of nuclear waste to Yucca Mountain were

too high without knowing the eventual permanent storage location. 4

Furthermore, there was strong concern that an interim storage facility would
eventually become a de facto permanent repository, without the rigorous

scientific exploration that a permanent repository would normally receive."

G. Geologic Disposal

Geologic disposal is currently the preferred method of disposal in all
countries with nuclear waste disposal programs, although no country has yet
operated a geologic repository.36 The basic concept includes excavating large

29. Id. at S-24.

30. See Jason Hardin, Note, Tipping the Scales: Why Congress and the President Should Create

a Federal Interim Storage Facilityforiligh-Level Radioactive Waste, 19 J.LANDRrsougcCs & ENvTL L.

293, 300-03 (1999).

31. Id.
32. DRAFT EIS, supra note 28, at S-24, S-30, S-64 to S-70.

33. Mathew Wald,EnergyAgency Plans Offer to Take Utilities Nuclear Wastes,N.Y.TMES, Feb.
25, 1999, atA20. See infra Part 11I.A for a description of the impending disposal crisis. Another form of

temporary storage includes monitored retrievable storage, which is discussed in detail infra Part V.B.

34. Wald, supra note 33, at A20.

35. See generally Dori Meinert, Clinton Vows Veto on Nuclear Waste Site; Wants EPA Standards

for Nevada Facility, SAN DIEGo UNIoN-TRIBUNE, Oct. 2, 1999, at A3.

36. Wipple, supra note 2, at 74.
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chambers out of rock or other impermeable material, placing nuclear waste in

the underground chambers, and sealing it forever from the outside world.3 7

DOE recently published its draft design of Yucca Mountain, moving the

United States closer to permanent geologic disposal.3
' The concept includes

utilizing the natural features of Yucca Mountain together with engineered
barriers to isolate the wastes from humankind and the environment.39 Nuclear
waste would arrive at surface facilities where it would be prepared and

packaged for emplacement in the underground repository.' The disposal

containers, called waste packages, would have two layers: an outer layer of
carbon steel about four inches thick and a corrosion-resistant inner layer nearly

an inch thick.4 The waste would be transported to the underground repository

by remote-controlled vehicles.4' There, the waste would be deposited in a
series of underground tunnels, called emplacement drifts, located about 660

to 1440 feet below the surface and about 570 to 1200 feet above the water
table 3 Performance confirmation drifts, ventilation shafts, and ventilation

barriers using pressure differentials would help insure safety and monitoring
while construction and emplacement activities continued simultaneously."

Closure of the repository would occur anywhere from 50 to 300 years after

initial emplacement activities begin, and would include decommissioning the

surface facilities, sealing the mountain, and constructing markers or other
institutional controls to warn future generations of the hazards beneath the
surface."

II. STATUTORY AND REGULATORY BACKGROUND

The NWPA established the current federal program for disposal of high-
level radioactive waste.' It directed the President and the Secretary of DOE

to evaluate the use of underground repositories for the disposal of high-level

radioactive waste resulting from atomic energy defense activities and

37. Id.

38. DRAFT EIS, supra note 28, at S-I.
39. Id. at S-9.

40. Id. at S-14.
41. Id. at S-10. Approximately 10,000 to 11,000 total waste packages would be stored in Yucca

Mountain, each weighing between 77,000 and 183,000 pounds. Id. at S-13, S-15.

42. Id. atS-10.
43. Id. atS-9 to S-I0. Underground water contamination is the primary source of concern for the

future performance of Yucca Mountain and is discussed infra Part IV.A.3-4.
44. Id. at S-20.

45. Id. atS-21. Actual construction is estimated to begin in 2005, emplacement to operate from
2010 to 2033, and closure to occurat21 10. See id. atS-14, S-20toS-21. See infra Part IV.B for a detailed
discussion of institutional controls.

46. Nuclear Waste Policy Act of 1982,42 U.S.C. §§ 10101-10270 (1994).
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commercial nuclear power production.47 Congress recognized the inherent
danger posed by the growing volumes of radioactive waste and the inadequate

planning that had accompanied the use of nuclear energy.48 In order to protect
the public health and environment, Congress directed the President to consider
"cost efficiency, health and safety, regulation, transportation, public

acceptability, and national security" in evaluating potential sites.49 Congress
established the need to consider future use in siting a repository so that
radioactive waste would not "adversely affect the public health and safety and
the environment for this or future generations."50 In establishing the level of
protection, DOE is to give "reasonable assurance" that the public is
"adequately protected."'"

Congress simplified the site evaluation process in the Nuclear Waste
Policy Amendments Act of 1987, when it required the "orderly phase-out of
site specific activities at all candidate sites other than the Yucca Mountain
site."52 The Act directed DOE not to conduct on-site research at a second
repository without congressional approval. The Act also required DOE to
report to Congress and the President on the need of a second repository on or

after January 1, 2007."

TheNWPA establishes a three-agency process for site selection, technical
evaluation, and safety recommendations.54 It directs DOE to evaluate potential
sites and ultimately build and operate the repository.55 It directs NRC to
develop standards and technical criteria for the siting and evaluation process,
design and construction, and licensing of the repository."6 And it directs EPA
to develop standards for the protection of the general environment from
radioactive releases from the site.57 The following provides a brief summary

of each agency and the rules they promulgated or proposed to guide the

selection, construction, and operation of Yucca Mountain.

47. Id. §§ 10107(b), 10131-10132.

48. Id. § 10131(aXI).(3).

49. Id. § 10107(b). While this language directs the President in considering the risks associated
with disposal of high-level radioactive waste from defense activities, similar language applies to the
Secretary of DOE in considering other high-level radioactive waste and spent nuclear fuel. See id. §

10132(a).

50. Id. § 10131(aX7).

51. Id. § 10131(b)(1).
52. Nuclear Waste Policy Amendments Act of 1987, Pub. L. No. 100-203, sec. 5011(a), §

160(a)(1), 101 Stat. 1330-227, 1330-228 (codified at 42 U.S.C. § 10172(a)(1) (1994)).

53. Id. sec. 5012, § 161(a)-(b), 101 Star. at 1330-231 (codified at 42 § 10172a(a)-(b)).
54. The three-agency process for radioactive waste management has been called "a recipe for

confusion." Applegate & Dycus, supra note 4, at 10,635. The authors provide a useful list of references
which attempt to explain some of the confusion. See id. at 10,635 n.33.

55. 42 U.S.C. §§ 10132-10134.

56. Id. § 10141(b).
57. Id. § 10141(a).
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EPA developed generic environmental radiation standards for the
management of high-level radioactive waste in 1985.58 The National
Resources Defense Council challenged those standards in 1987.59 The First
Circuit ruled that the individual protection and groundwater protection
requirements in the standards were arbitrary and capricious and thus remanded
the standards to EPA for further consideration.' The court based this holding
in part on the divergence between the Safe Drinling Water Act groundwater
requirements and EPA's generic standards. 1 The court also found inadequate
EPA's explanation for the 1000-year compliance period, the length of time
EPA required for individuals to be protected from increased levels ofradiation
resulting from nuclear waste disposal.' Later, in the Waste Isolation Pilot
Plant Land Withdrawal Act of 1992, Congress reinstated the 1985 generic
standards, except those portions dealing with individual exposure and
groundwater protection.6s Congress required EPA to issue standards toreplace
the invalidated individual and groundwater standards,64 which EPA
subsequently published in 1993 .s Congress also exempted Yucca Mountain
from EPA's generic Environmental Radiation Standards for Management and
Disposal of Spent Nuclear Fuel, High-Level and Transuranic Radioactive
Wastes, instead requiring specific standards to be established by the EPA for
Yucca Mountain.6 ' These site-specific standards were to be based primarily

on recommendations from the National Academy of Sciences (NAS)." On
August 27,1999, EPA issued a proposed rulemaking for the Yucca Mountain
standards.

6 9

58. Environmental Radiation Protection Standards forManagementand Disposal ofSpent Nuclear
Fuel, High-Level and Transuranic Radioactive Wastes, 50 Fed. Reg. 38,066(1985) (codified at40 C.F.R.
pt. 191 (2000)).

59. NRDC v. EPA, 824 F.2d 1258 (1st Cir. 1987).
60. Id. at 1293.
61. Id.
62. Id.
63. WasteLsolationPilot Plant LandWithdrawalAct, Pub. L.No. 102-579, § 8(a), 106Stat.4777,

4786 (1992).
64. Id.
65. Environmental Radiation Protection Standards for the Management and Disposal of Spent

Nuclear Fuel, High-Level and Transuunic Wastes, 58 Fed. Reg. 66398 (1993) (amending 40 C.F.R. pt.
191). It is important to note that in the revised standards, EPA shifted the 1985 standard based on whole
body/specific organ dose to the committed effective dose (CED) methodology, representing a shift in
practice in the scientific community. The CED method sums up doses ofradiation to individual organs of
the body after weighing them according to risk of harm, or the potential to develop terminal cancer.
Essentially, the level ofprotection afforded an individual was roughly equivalent to the old standard in terms
of expected deaths from cancerasaresult ofexposure to low-dose radiation. Further detail of this method
will be discussed Infra Part IV.A.1.

66. Waste Isolation Pilot Plant Land Withdrawal Act § 8(a).
67. Energy Policy Act of 1992, Pub. L No. 102-486, § 801(aXl), 106 Stat 2776,2921.
68. Id. § 801(aX2).
69. Radiation Protection Standards, 64 Fed. Reg. 46,976 (proposed Aug. 27,1999) (to be codified
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NRC published generic technical criteria for high-level radioactive waste
disposal in 1983.70 In response to the Energy Policy Act of 1992, which
required NRC to modify its technical criteria to be consistent with EPA's
Yucca Mountainpublic health standards,7' NRC issued a proposed rulemaking
for the disposal of high-level radioactive wastes at Yucca Mountain. 2 This set
of criteria, together with EPA's proposed public health standards, will
determine the level of safety this and future generations will have against
radiation exposure from Yucca Mountain.'

DOE published general guidelines for nuclear waste repository site
selection in 1984.' 4 In maling a suitability assessment for a geologic
repository, DOE is to "consider the location of valuable natural resources,
hydrology, geophysics, seismic activity, atomic energy defense activities, and
proximity to water supplies, populations, and public lands such as national
parks and forests."75 On December 16,1996, DOE issued a notice ofproposed
rulemaking to amend the general guidelines to evaluate Yucca Mountain
specifically." On November 30, 1999, in a supplemental notice of proposed
rulemaking, DOE issued suitability guidelines for Yucca Mountain." DOE
completed a draft environmental impact statement for Yucca Mountain in
1999, and predicts that a final decision on whether to recommend the site to
the President, as required by the NWPA,78 will be made by 2001."

Ill. MOUNTING PREssuREs To SELECT YUCCA MOUNTAIN

While DOE evaluates Yucca Mountain as a suitable location for a
geologic repository, the agency is under increased pressure to recommend the

at 40 C.F.R. pt. 197).
70. Disposal of High-Level Radioactive Waste in Geologic Repositories, 48 Fed. Reg. 28,194

(June 21, 1983) (codified at 10 C.F.R. pt. 60 (2000)).
71. Energy Policy Act of 1992 § 801(bXl).
72. Disposal of High-Level Radioactive Wastes in a Proposed Geologic Repository at Yucca

Mountain, Nevada, 64 Fed. Reg. 8640 (proposed Feb. 22, 1999) (to be codified at 10 C.F.R. pt. 63)

(hereinafter Licensing Criteria].
73. Therefore, they form the basis of analysis in determining whether Yucca Mountain should be

built as planned. See infra Part IV.
74. General Guidelines for the Recommendation ofSites forNuclear Waste Repositories, 49 Fed.

Reg. 47,714 (1984) (codified at 10 C.F.R. pt 960 (2000)).
75. DRAFr EIS, supra note 28, at S-7.
76. General Guidelines forthe Recommendation ofSites forNuclear Waste Repositories, 61 Fed.

Reg. 66,158 (proposed Dec. 16, 1996) (to be codified at 10 C.F.R. pt. 960).
77. General Guidelines for the Recommendation of Sites for Nuclear Waste Repositories; Yucca

Mountain Site Suitability Guidelines, 64 Fed. Reg. 67,054 (proposed Nov. 30,1999) (to be codified at 10
C.F.R. pts. 960 and 963).

78. 42 U.S.C. §§ 10132, 10134 (1994).
79. DRAn EIS, supra note 28, at S-8.
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location to the President. This pressure stems from the very nature of nuclear

waste and from the political and economic inputs into the waste disposal

debate.

A. Nuclear Waste: The Problem Grows

Nuclear waste that is intended for burial at Yucca Mountain includes

spent nuclear fuel and defense high-level radioactive waste.s" Spent nuclear

fuel is defined as "fuel that has been withdrawn from a reactor following
irradiation,"'" and comes from both commercial and DOE sources."c High-

level radioactive waste is waste that is generated from the "chemical extraction
of weapons-usable materials from .. . spent nuclear fuel," including

"immobilized surplus weapons-usable fuel. ' The NWPAlimits the disposal

of spent nuclear fuel and high-level radioactive waste in the first repository to
70,000 metric tons of heavy metal (MTHM)." DOE estimates that
approximately 63,000 MTHM would come from commercial sites, with the
remaining 7000 MTHM coming from DOE spent nuclear fuel and high-level

radioactive waste sources.' In total, waste would be arriving from seventy-
two commercial sites and five DOE sites.11

The crisis arises because DOE estimates that the earliest it can begin

accepting waste is 20 10,' twelve years past the congressional deadline." This
is problematic because several commercial sites have already begun running

out of above-ground storage and current projections place the total spent
nuclear fuel inventories at 84,000 MTHM by the end of the current forty-year

operational life of the reactors." The 7000 MTHM limit for DOE sources will
not even cover the storage needs for the Hanford site alone, only one of five
sites where high-level radioactive waste is currently stored. 0 DOE may not
search for a secondrepository site until Congress has expressly authorized and

50. 42 U.S.C. § 10131(bXl). Where the term "nuclearwaste" is used in this Note, both "spent
nuclear fuel" and "high-level radioactive waste" are included for simplicity.

81. DRArEIS, supra note 28, at S.4.
82. Commercial sources include civilian nuclear power reacton. DOE sources include nuclear

weapons production activities and naval, experimental, and research reactors. Id.
83. Id. "Radioactive waste" maybe usedin tsNote to referce"highlevelradioacivewaste."
84. 42 U.S.C. § 10134(d). One metric ton of heavy metal as spent nuclear fuel is the size of

approximately one household refigerator. DRAFT EIS, supra note 28, at S-9.
85. DRAFr EIS, supra note 28, at S-13.

86. Id. at S-4.
87. Id. at S-20 (assuming no furtherdelays in the site characterization work orother possible legal

delays, e-g., legal challenges from the State ofNevada).
88. 42 U.S.C. § 10222(aXS)(B).
89. Wipple, supra note 2, at 74-76.

90. Id. at 76.
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funded the research,9 and can only report to Congress on the need for a second

repository after January 1, 2007.92

B. Nuclear Waste: The Problem Lasts

The fact that the nation's first repository will be out of storage space
before it begins accepting its first shipment of nuclear waste is a critical
problem, but it pales in comparison to the hazardous and extremely long-lived
nature of the waste. For example, some radionuclides of concern include
strontium 90, with a half-life" of 30 years, americium 241 (432 years), carbon
14 (5730 years), plutonium 239 (24,110 years), technetium 99 (211,100 years),
and neptunium 237 (2.14 million years)." Uranium 238, a heavy metal that
is dangerous to the lungs and kidneys, has a half-life of 4.5 billion years.
Moreover, "[t]he rule of thumb is that radioactive materials are hazardous for
about 10 times their half-life .... "" This means that plutonium, a material so
dangerous that inhalation of any amount almost guarantees lung cancer, will
be a source of concern for nearly 250,000 years.97 Thus an effective nuclear
waste disposal system must isolate the materials on a time scale exceeding
hundreds of thousands of years while providing a robust system to withstand
the extremely hazardous short-term radioactive elements.

C. Political and Economic Pressures to Build a Repository

While scientific considerations warrant the immediate need to find a
lasting solution to the nuclear waste problem, they also warrant a cautious
approach in finding that solution. However, the federal government was
obligated to begin accepting commercial spent nuclear fuel by January 31,
1998, a date now three years overdue as of this writing."' As a result,
significant political and economic pressures are influencing the decision-

91. 42 U.S.C. § 10172a(a).
92. Id. § 10172a(b).
93. A half-life is the amount of time it takes one half of a given radionuclide to decay into a

"daughter" product, which in some cases is more hazardous than the original material. Generally, a
radionuclide with a shorter half-life will be more radioactive, meaning that a disposal system must design

for extremely hazardous short-term operation while maintaining extremely long-term integrity. See

Applegate & Dycus, supra note 4, at 10,635 n.34, 10,636 n.35.

94. Wipple, supra note 2, at 78.

95. Applegate & Dycus, supra note 4, at 10,636.

96. Id. at 10,635.

97. d. at 10,636.

98. 42 U.S.C. § 10222(a)(5)(B) (1994).
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making process that Congress so carefully established in the Nuclear Waste

Policy Act and subsequent amendments."
For example, former President Clinton recently vetoed a bill from the

106th Congress that would have transferred nuclear waste to Yucca Mountain
for interim storage prior to completion of the repository. " The bill, sponsored
by Senator Murkowski (R.-Alaska), would have allowed nuclear waste to be
transported to Nevada eighteen months after Yucca Mountain licensing, but
would have blocked EPA from issuing radiation protection standards for the
repository until the next presidential administration.' The proposal was
considered a compromise from past Republican efforts that tried to address the

disposal crisis for the nuclear power industry, a crisis that may create a multi-
billion dollar liability for the federal government for failing to meet its January
1998 deadline.' m However, President Clinton vetoed the bill because he
believed that a temporary storage provision would create additional, non-
scientific pressures to selectYucca Mountain as apermanentrepository, "3 and

because it was believed that EPA would set more stringent standards than
NRC.'O The House and the Senate narrowly missed the two-thirds voting
requirement for congressional override of a presidential veto, a requirement

that may not be necessary under the Bush Administration."

While the pressure builds to move forward with a repository siting
decision, the State of Nevada and other opponents are sure to challenge the

process at every step. Nevada has opposed the project from its inception by

conducting its own studies and by filing legal challenges."es These challenges
erupted amidst claims of political strong-arming by more populous and
powerful states after Congress made the decision to study only Yucca
Mountain in 1987.207

99. Id. §§ 10132-10135.
100. See Matthew Wald,President Vetoes Measweto Send luclear Waste to Site in NevadaN.Y.

TIMEs, Apr. 26,2000, atAl9.

101. Id
102. Matthew VitaHouse BacksNuclear WasteSiteBill; Veto ThreatenedOverMeasureto Create

Facility In Nevada, WASH.Posr, Mar. 23,2000, at Al. The NWPA establishes a Nuclear Waste Fund in
which commercial utilities pay in billions of dollars in fees in exchange for a promise by the federal

government to construct apernanent repository. See42 U.S.C. § 10222. Because the federal government
has failed to take the nuclear waste as promised, the utilities are suing the DOE For a synopsis of cases
filed against the DOE, see Hardin, supra note 30, at 307-10, and Dana Hedgpeth, Utilities Can SueDOE;
U.S. May Be Liable for Nuclear Storage Costs, WASH. POST, Sept. 1,2000, at E4.

103. Wald, supra note 100, atA19.
104. Meinert, supra note 35, at A3. This issue will be considered in more detail infra Part IV.
105. Vita, supranote 102, atAl.
106. Wipple, supra note 2, at 72.
107. STEPHN Dycus, NATiONAL DEFES AND THE ENvRONMEmr 119 (1996) (providing a case

study on the politics of Yucca Mountain and a synopsis of the more important cases filed by the State of
Nevada).
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IV. UNCERTAINTY

While the pressure mounts to select Yucca Mountain as a permanent
repository, scientific uncertainty in whether the mountain will adequately
protect this and future generations warns of a more cautious decision-making
process. Uncertainty in this context is defined as "unforeseen events and
changes in the natural environment and human culture."' '  Scientific
uncertainties for Yucca Mountain include future climatic and geologic
changes, geologic catastrophic events, and actual performance of the
engineered barriers over thousands of years.'" Examples of unpredictable
geologic events that may influence the performance of Yucca Mountain
include earthquakes, which have occurred within the last decade just twelve
miles from Yucca Mountain,"0 and volcanic eruptions, which have occurred
within twenty-seven miles of Yucca Mountain and may occur again in the
future."' Change in society and culture is also a source of uncertainty for
Yucca Mountain. For example, inadvertent human intrusion into the
repository could threaten the integrity of the system."' Other unknown
societal events include changes in "settlement patterns, economies, and
languages."'

1 3

Uncertainty makes planning, constructing, and operating a geologic
repository an extremely difficult task:

The intrinsically unpredictable nature of surprises makes them
impossible to anticipate using current analytical methods (such as
computer-based projections or simulations), even in calculating
uncertainties. This inability greatly limits the usefulness of
probabilistic risk analysis in dealing with a long time frame
characterized by a high percent of surprises-precisely the situation
that applies to an underground, long-term, [high-level nuclear
waste] repository." 4

While computer-based simulations and risk assessments may improve the
design, construction, and operation of Yucca Mountain, determining

108. JAMEs FLYNN Er AL, ONE HUNDRED CEN1RIES OF SornuDE: REDanECrNo AmEsuCA'S
HIGH-LEvLNucLEARWAsTEPoucY55 (1995). The authors provide a detailed discussion of uncertainty
as it applies to geologic disposal generally, and to Yucca Mountain specifically. See id. at 54-61.

109. Id. at 23-24.
110. Id.
i11. Id. at 24.

112. Id.
113. Id. at 25.

114. Id. at 55.
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performance over the projected 10,000-year lifetime of the facility seems
tenuous at best."' Scientists and decision-makers must predict what will
happen over the next 10,000 years, twice the recorded length of human

history."6 These predictions must include some consideration of unforeseen
natural and cultural changes that have the ability to change population
settlement patterns, groundwater flows, and other variables that may affect
Yucca Mountain.' 7

Whereas time may be the greatest challenge to the success of the
repository, the passage of time also increases the ability of science to predict
the future."' In 1990, NAS stated that research has "increased the number of
ways in which we know that we are uncertain."' 9 Five years later, NAS

reversed its opinion concerning the possibilities ofcomputer-basedprojections
and simulations used in probabilistic risk analysis. In 1995, NAS concluded
that geologic and physical processes at Yucca Mountain are "sufficiently
quantifiable and the uncertainties are sufficiently boundable that they can be
included in performance assessments that extend over time frames
corresponding to those over which the geologic system is relatively stable or

varies in a boundable manner."'" However, NAS has not changed its mind

concerning predicting changes in human behavior and society:

[U]nlike our conclusion about the earth science and geologic
factors..., we believe that it is notpossible to predict on the basis on
scientific analyses the societal factors thatmustbe specified in a far-
future exposure scenario.... Any particular scenario about the
future of human society near Yucca Mountain ... should not be
interpreted as reflecting conditions that eventually will occur.
Although we recognize the burden on regulators to avoid
regulations that are arbitrary, we know of no scientific method for
identifying these scenarios.' 1'

I15. rd.
116. Id. at 54-55. The authors point out that even making five-year economic forecasts is subject

to the unreliable nature of uncertainties, maling the 10,000-year forecast for perfornmance of a geologic
repository seem implausible. Id. at 55.

117. Id.
118. Id.at54.
119. NATIONAL ACADEMY OF SCENCES BoARD ON RADiOACTIVE WASTE MANAGEMENT,

NATIONAL RESEARCH COUNCIL, RETHINKINO HIcH-LEVEL RADIOACTIVE WASTE DISPOSAL: A POSITION

STATEMENT OF THE BOARD ON RADIOACTVE WASTE MAGEmEr 4 (1990), quoted in FLYNN ET AL.,
supra note 108, at 58.

120. CoMMrI-EEONTECmCALBASESFoRYuccAMouNrAINSTNDARDs,NATIONALRESEARcH

CouNcn., TECm wCAL BASES FOR YUCCA MouNrAN STANDAmS 85 (1995) [hereinafter TECHNICAL
BASES].

121. rd. at 96.
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Although DOE Secretary Richardson indicated that there are "no show
stoppers" that would cancel the assessment of Yucca Mountain as a permanent

geologic repository, much scientific research needs tobe completed before the

show can go on." 2 Even ifNAS is correct in its assessment of the possibilities

of scientific research, social and cultural uncertainties will have a great impact
on the future performance of Yucca Mountain."2

A. Indecision: How Best to Protect Public Health?

Against this backdrop, Congress directed EPA to develop site-specific
standards for Yucca Mountain for the protection of public health and the
environment. " In the Energy Policy Act of 1992, Congress required EPA to
contract withNAS to provide recommendations for the development of public

health standards and to use those recommendations in its rulemaking

process."2 NRC must adopt EPA's standards into its licensing criteria within

one year of EPA's final rulemaking. " EPA's proposed standards and NRC's
proposed criteria, while attempting to protect this and future generations from
nuclear waste, are nevertheless different. A discussion of these differences
highlights the critical elements of uncertainty that warrant a cautious approach
to finalizing the design, operation, and eventual closure of a geologic
repository at Yucca Mountain.

1. Level of Protection

EPA is proposing a human exposure standard of fifteen millirem

committed effective dose equivalent per year (mrer CEDE/yr) for the Yucca

122. DOENews Release, SecretaryRichardson Submits ViabilityAssessmenttothePresident and

the Congress (Dec. 18, 1998), at http'l/www.doe.gov/newsreleases9/decprlpr98195.htm.

123. FLY -rNETAL.,supra note 108, at 60-61. Disagreeing with NAS, the authors point out that in

reality, uncertainties are likely to increase as research continues. Id. at 61.

124. Energy Policy Act of 1992, Pub. L. No. 102-486, § 801(aXl), 106 Stat. 2776,2922.

125. Id. § 801(aX2). One question that arises is whether EPA has to follow the recommendations
ofNAS or whether it must simply use those recommendations in the process. EPA's answerto that question

is that Congress intended EPA to use the expertise and guidance of NAS, but would not have delegated
rulemaking authority to NAS while requiring EPA to go through the public participation requirements of

the rulemaking procedure; the public and EPA would have been effectivelyprecluded fromdecision-maling

authority, aresutcertainly not contemplated in the passage ofthe Act. See Radiation Protection Standards,

64 Fed. Reg.46,976,46,981-84 (proposed Aug. 27, 1999)(tobe codified at40 C.F.R. pt. 197). EPA cites

to the Congressional Record to support its position: "The Conferees do not intend forthe National Academy

of Sciences, in making its recommendations, to establish specific standards forthe protection of the public

but rather to provide expert scientific guidance...." Id. at 46,982 (quoting H.R. REP. No. 1018, 102nd

Cong., 2d Sess. 391 (1992)).

126. Energy Policy Act of 1992 § 801(bXl).
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Mountain disposal system.' The committed effective dose equivalent is a

method of determining the risk of developing fatal cancer as a result of

radiation exposure and represents a risk-weighted sum of doses to individual

organs ofthe body."' This method reflects the latest accepted dose calculation
methodology and replaces the whole body/specific organ methodology used
in the 1985 generic high-level radioactive waste disposal standards.'" To

place the numbers in perspective, the average background level of radiation in
the" United States is 300 mrem CEDE/yr.'30 The proposed fifteen mrem
standard correlates to an annual risk of developing fatal cancer of 7 chances
in 1,000,000.' 31 While theNAS warned that science cannot provide an answer

to how safe is safe enough, it recommended a range of risk between 1 chance

in 100,000 and 1 chance in 1,000,000 of developing fatal cancer. "'

The NRC is proposing a human exposure limit of twenty-five mrem total
effective dose equivalentper year (TEDE/yr). '3 "TEDE... isNRC's term for
CEDE."'" The twenty-five mrem TEDE/yr limit, or 1.2 chances in 100,000

of developing fatal cancer, is comparable to the recommended range of risk

from NAS, but is higher than the recommended upper limit of safety. 3 In
addition to the numerical differences between EPA and NRC, the method of
calculation confuses the actual level of protection, as EPA and NRC arrive at

their respective numbers by different routes.'36

The risk of developing fatal cancer is used to calculate radiation exposure

limits because fatal cancer is the most damaging result of exposure in
humans.' While EPA offers this rationale, it is worth noting that lower levels
of exposure may cause non-fatal forms of cancer and other adverse health

effects.13  However, current science cannot differentiate between radiation-
caused adverse health effects and other causes, making increased risk
measurement by radiation release impossible for any health effect other than

127. Radiation Protection Standards, 64 Fed. Reg. at 46,985.
128. Id. at 46,983. To calculate risk of developing fatal cancer, risk is defined by NAS "as the

product of two parameters: (1) the probability of an individual receiving a dose, and (2) the probability of
incurring a health effect because of that dose." Id at 48,984.

129. Id. The generic standards are discussed supra Part lI.
130. Id. at 46,978 n.3.
131. Id.at46,985.
132. TECICAL BASEs, supra note 120, at 5. This correlates to a range of 20 (I in 100,000) to 2

(t in 1.000,000) mrem CEDE/yr. See Radiation Protection Standards, 64 Fed. Reg. at 46,985
133. Licensing Criteria, 64 Fed. Reg. 8640,8644 (proposed Feb. 22, 1999) (to be codified at 10

C.F.R. pt. 63).
134. Radiation-Protection Standards, 64 Fed. Reg. at 46,985 tbl.l.
135. Licensing Criteria, 64 Fed. Reg. at 8644.
136. A comparison of the methods of calculation is discussed infra Part IV.A.2.
137. Radiation Protection Standards, 64 Fed. Reg. at 46,979.

138. Id.
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fatal cancer.'39 Ultimately, determining how safe a society should be is a
political question."4 How does an agency determine the value of human
life? "' If that value is calculated based on chances of developing fatal cancer,
the recommended range of risk has the ability to set dose exposures targets.
Shifting the range of risk necessarily shifts the allowable exposure to radiation.
What value this generation places on human life is difficult to ascertain, but

knowing what value future generations will place on human life is
unknowable. 4 Thus, this society not only has to decide how safe it wanti to
be, but it must determine how safe future societies will be.

2. Calculation of Limit

EPA bases its limit of fifteen mrem CEDE/yr on a dose-based standard.43

Dose is defined "as the measure of the amount of radiation received by

individuals resulting from exposure to radionuclides."'" The dose-response
relationship is believed to be a linear, non-threshold correlation."4 This means
that with each increase in dose, a proportionate increase in adverse health
effects is expected.'" EPA does consider risk in its proposed regulations,

defining risk as "the probability of an individual incurring an adverse health
effect from exposure to radiation,"'47 but incorporates risk assessment in its
sections on compliance and performance assessment.'"

In contrast, NRC proposes a risk-based standard of twenty-five mrem
TEDE/yr, weighted by the probability of cancer occurrence due to exposure. '49

The confusion arises in the probability determination. While EPA proposes
a human exposure standard based solely on a dose-response curve, NRC
weights its limit on the probability that an individual will receive a given dose
multiplied by the probability that the same individual will incur an adverse

health effect from that dose.' As Professor Shrader-Frechette points out,

using a risk-based standard is troublesome:

139. Id.

140. FLYN erAL. supra note 108, at 55-56.

141. SeegenerailyLisaHeinzerling, Regulatory Costs ofMythicProportions. 107 YAI.ELJ. 1981

(1998) (explaining the use of discounting and risk assessment in promulgating public health regulations).

142. FLYNN rt., supra note 108, at 56-57.

143. Radiation Protection Standards, 64 Fed. Reg. at 46,984.

144. Id.

145. Id. at 46,979.

146. Id.

147. Id.

148. Id. The compliance'period and performance assessment are discussed Infra Part IV.A.6-7.

149. Licensing Criteria, 64 Fed. Reg. 8640,8643-44 (proposed Feb. 22,1999) (tobe codified at 10

C.F.R. pt. 63).

150. Id. (following NRC's definition of risk supra note 128).
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When the relevant million-year probabilities and consequences are
not known precisely-as they are not at permanent repositories like
Yucca Mountain-using a risk-based standard, alone, can cause
serious scientific and health-related problems. Using a risk
standard, alone, may (1) require using arbitrary risk models and
assumptions about unknowable future situations, (2) be vulnerable
to manipulation by those doing the calculations and choosing the
distributions, (3) remove the public's guarantee that exposures will
be below a given dose, and, most importantly, (4) may generate
public controversy because of its complexity and susceptibility to
manipulation.15

For these reasons, EPA's method is preferable. The method for determining
the allowable exposure limit should be based on the simple premise that if the
individual receiving the maximum dose is protected, then all other individuals
will be protected."s2

3. Pathways of Exposure

Both EPA and NRC attempt to include all exposure pathways in the
proposed individual protection standards."s3 These pathways include air,

surface water, groundwater, and soil for the environmental medium, and

dermal contact, inhalation, and ingestion for the human medium."s The
advantage of including all pathways in one standard is simplicity of

management and measurement. However, both agencies agree that

groundwater transport will be the major pathway of concern.'

Even though Yucca Mountain is located in a desolate desert, concerns
over the quantity of rainfall, only sixteen centimeters a year, and movement

of groundwater ironically may preclude the selection of the site. " 6 The
concern is that rainfall will percolate through the soil and into the storage
chambers, where it will slowly corrode the waste packages and eventually

transport contamination to the groundwater hundreds of feet below, and from

there it will travel in an expanding plume that may eventually be tapped by

151. KuistinShrmder-FrechetteAcademyRecommendationsontheProposedYuccaMountain Waste
Repository: Overview and Criticisms, 8 RISK 25,34 (1997).

152. Thonas H.Pigford,Max mumIndividual& fidniy-AverageDoseforaG eoogtcRep titory

Containing Radioactive Waste, 8 RISK 9, It (1997).
153. RadiationProtection Standards,64Fed. Reg. 46,976,46,986(proposedAug. 27,1999)(tobe

codified at 40 C.F.R. pL 197); Licensing Criteria, 64 Fed. Reg. at 8645.
154. Radiation Protection Standards, 64 Fed. Reg. at 46986.
155. Id. at 46,988; Licensing Criteria, 64 Fed. Reg. at 8645.
156. wipple, supra note 2, at 76.
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wells."7 At first the volcanic tuff below Yucca Mountain was thought to be

impermeable, but then it was discovered that fifteen to thirty fractures riddle
every meter.'58 It was then thought that water traveled very slowly through the
fractures because of the lack of rainfall and the high rates of evaporation.
However, scientists have now discovered Chlorine 36, an isotope created by
the surface testing of atomic bombs back in the 1950's, at the repository level,
meaning surface water traveled through the fractures to the repository level in
only fifty years."59 Finally, it was thought that plutonium did not travel
through groundwater because it dissolves slowly in water and rapidly absorbs
to particulate matter. Yet scientists recently discovered that plutonium in one
instance had traveled nearly a mile in only thirty years.t"a While research is
supposed to remove the uncertainty in constructing Yucca Mountain, this
research is demonstrating that uncertainty grows with scientific discovery."

4. Representative of Exposed Population

EPA is proposing the use of a reasonably maximally exposed individual
(RMEI) as the standard representative of the exposed population." The
RMEI is defined as the individual who would be representative of the
individuals most highly exposed to radioactive releases from Yucca
Mountain."3 The use ofthe RMEI marks a continued shift by EPA away from
the most conservative estimates of exposure-the RMEI is no longer based on
the upper 95th percentile of all possible exposure scenarios, but is intended to
be well above the average exposure to the general population.'"

The [RMEI] would be the individual who receives the highest dose,
among all those individuals considered in calculating radiation
doses. However, some individuals could receive higher doses, such
as individuals with unusual sensitivity to radiation or with unusual
diets....

Further, the [RMEI] doses calculated in performance
assessment of geologic repositories are not the maximum doses that

157. Id.

158. Jon Christensen, New Questions Plague Nuclear Waste Storage Plan, N.Y. TIMS, Aug. 10,

1999, at FI.
159. Id (meaning that rainwater reached the storage chambers in only fifty years).
160. Plutonium Found in Ground Water Casts Doubt on Safety of Waste Site, L.A. TIMs, Jan. 7,

1999, at B2.
161. FLYNN rAL, supra note 108, at 61.
162. Radiation Protection Standards, 64 Fed. Reg. 46,976, 46,988 (proposed Aug. 27, 1999) (to be

codified at 40 C.F.R. pt. 197).

163. Id.

164. Id.

834 [V/ol. 25:815



Yucca Mountain

could be received. ... The doses calculated are the expected values
of the resulting probabilistic distribution of doses, not the doses at
the high-dose end of the distributions.' 5 .

EPA acknowledges that it is impossible to predict lifestyles of future
generations, especially in a rapidly changing world; therefore, the RMEI

model requires EPA to make assumptions about future lifestyles.'" Instead of
making long-term predictions, EPA proposes to calculate CEDE, based on
reasonable exposure parameters, for a representative of the "rural-residential"
group of people now living down-gradient of the groundwater flow from

Yucca Mountain.!' The individual member of such a group would perform
gardening and obtain income from other non-agricultural sources.'" All

drinking water and some of the food consumed would come from the local

area, with the individual drawing water from the contaminated aquifer for
consumption and irrigation.'

NRC selected the population representative approach known as the

critical group method, the method recommended by NAS. 70 The critical

group method selects a definable, highly exposed segment of the much larger
exposed population. 7 ' Standards are then created for the average member of
that critical group." NRC recommends that this group be selected from the
area located down-gradient of groundwater flow from Yucca Mountain.' 'he
critical group selected is subsistence farmers, a group of people with eating

habits and exposure responses to radiation similar to the existing group of
people. 74 It is assumed that the group would obtain all potable water from the
contaminated aquifer and would consume only food grown with contaminated
irrigation water. 175

Like EPA, NRC acknowledges that determining characteristics of future
populations creates "large uncertainties in the estimates of who will be
exposed, by how much, and when.""6 EPA must assume that the current
RMEI will also be the future RMEI, but the critical group method requires

165. Pigford, supra note 152, at 24.
166. Radiation Protection Standards, 64 Fed. Reg. at 46,988.
167. Id.
168. Id. at 46,989.
169. Id.
170. Licensing Criteria, 64 Fed. Reg. 8640,8645 (roposed Feb. 22,1999) (to be codified at 10

C.F.R. pt. 63).
171. Id.

172. Id.
173. Id.
174. Id.
175. Id.
176. Id
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NRC to make a series of assumptions regarding the entire group in order to
limit "unbounded speculation."'7" The "hypothetical individual representing
the average member of the critical group" must be created "using the mean
values of the assumed characteristics, behaviors, and attributes."'78 In order
"to establish a realistic range of possible characteristics for the critical group
... assumptions should be internally consistent....""" The problem with this
approach is that the reference population and related calculations of exposure
are subject to the preferences of the individual performing the calculations,
thus the warning that the preferences and assumptions be internally
consistent."8 "If the reasonable maximum dose estimate [for the RMEI] is
within acceptable limits, the doses to others, who by definition should receive
lower doses, will also be acceptable."'' That is not true for the critical group
method, which allows higher doses to those individuals who have statistical
risk values higher than the average member of the critical group. ' Therefore,
EPA's method is more protective of public health. Whether it is appropriate
to assume that subsistence farmers, who have lived near Yucca Mountain less
than 200 years, will accurately predict future lifestyles over the next 10,000
years is an open question. 3

S. Assumptions about Future Biosphere

NAS concluded that it is not scientifically possible to predict future
changes in society as they relate to the performance of the geologic
repository.14 Therefore, only characteristics of society as they exist today are
available to determine compliance with the proposed radiation protection
standard.' EPA proposes, contrary to the NAS finding, that DOE and NRC
assume that the current level ofhuman knowledge and technical capability, as
well as human biology and lifestyle, will be the same for future generations,
thereby allowing design and operation of the repository to model current

177. Id.

178. Id. at 8646.
179. Id.
180. Shrader-Frechette, supra note 151, at 27. Another argument against the use of the critical

group method is "thatthere is no scientific basis forpredicting probabilistic distributions ofhabits of future
people." Pigford, supra note 152, at 22.

181. Pigford,supra note 152,at23.
182. Id. at 21.

183. David Okrent, Comment, Pigford, Shrader-Frechette & the NRCReport on Yucca Mountain,

9 RISK 1,4 (1998). For possible changes in the uses surrounding Yucca Mountain, see FLYNN E rA.,Jpra

note 108, at 60-61.

184. See T)CFrmcAL BAss, supra note 120,at96.

185. Radiation Protection Standards, 64 Fed. Reg. 46,976,46,993 (proposed Aug. 27 1999) (to be
codified at 40 C.F.R. pt. 197).
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society.'" However, EPA is requiring scientific analysis to be used to
calculate future repository performance and compliance with the proposed
regulations."" This determination is based on NAS's conclusion that it is
possible to model predictions about future geologic changes based on

historical data."'
One critical question is raised by this series of assumptions: "If [NAS]

believes that future societal events cannot be predicted, but if future societal
events could influence 'geological engineering factors,' then how are
geological engineering factors susceptible to realistic estimation?"' In other
words, how can DOE predict performance of Yucca Mountain's.engineering

barriers if it cannot predict how humans might interfere with those barriers?
To answer this question, EPA and NRC are requiring the inclusion of one
"inadvertent breach" scenario in the performance assessment of Yucca
Mountain.190

6. Compliance Period

NAS recommends that the compliance period, the length of time that the
repository must protect public health and the environment based on EPA and
NRC standards, include the time when the greatest risk occurs."" Although
NAS concluded that it is not feasible to establish an exact compliance period
with any scientific certainty, it concluded that future changes in the natural and
physical conditions of Yucca Mountain can be predicted with acceptable
uncertainty. " In other words, as long as EPA uses the best available scientific

data to model future geologic processes, that should adequately justify the
selected compliance period.

EPA proposes a compliance period of 10,000 years and requires DOE to
calculate the peak dose of radiation within that time frame." EPA also
requires the calculation of the peak dose after 10,000 years in order to estimate
long-term stability of the repository, but is not including this calculation in the
compliance criteria.' 9 Similarly, NRC proposes a 10,000 year compliance
period, which will include the time that radioactive substances are inherently
most dangerous. 19s After 10,000 years, NRC says, the "inherent radiological

186. Id.
187. Id.
188. See 1d.
189. Shrader-Frechette, supra note 151, at 30-31.
190. The performance assessment and inadvertent breach scenario are discussed infra Part W.B.
191. TEcwCAL BAsEs, supra note 120, at 7.
192. Id. at 69.

193. Radiation Protection Standards, 64 Fed. Reg. at 46,993.
194. Id. at 46,996.
195. Licensing Critria, 64 Fed. Reg. 8640,8647 (proposed Feb. 22, 1999) (to be codified at 10
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hazard of spent fuel" is reduced by 99.9% due to radioactive decay.'" While
this may be true on the aggregate, critical radionuclides like plutonium 239

have half-lives much longer than 10,000 years and remain extremely
hazardous throughout the process of radioactive decay. 9 , NRC also justifies
the 10,000-year period because it allows DOE sufficient time to model
potential changes in the natural and physical characteristics of Yucca
Mountain.'" It is hard to comprehend the complexities that thinking along a
10,000-year timeline entails-nuclear waste did not exist 50 years ago,
America did not exist 500 years ago, and recorded history did not exist 5000
years ago-but it certainly is not difficult to comprehend the uncertainty that
accompanies such an extended timeline.'"

7. Performance Assessment

EPA proposes "that the test of disposal system compliance be a
'reasonable expectation' that the standards will be met."'2"° This means that
DOE must calculate the probabilities of performance for its natural and
engineered barriers at Yucca Mountain.2°' EPA reasons that for "all
parameters that significantly affect performance," a reasonable future
performance calculation can be determined.2 2 For example, DOE is expected
to calculate with precision the expected longevity of the metal canisters
containing the radioactive waste. 3 Additionally, the reasonable expectation
requirement would include calculating more difficult probabilities such as the
amount of water that may enter the storage chambers.2' However, EPA
excludes from its performance calculation events that have less than a I in
10,000 chance of occurring, thus establishing the bounds of its reasonable
expectation test.0 '

NRC proposes to use a "reasonable assurance" test of compliance for
performance assessment, which it defines as "a systematic analysis of what can
happen at the repository after permanent closure, how likely it is to happen,
and what can result, in terms of dose to the average member of the critical

C.F.R. pt. 63).

196. Id.

197. Applegate & Dycus, supra note 4, at 10,636.

198. Licensing Criteria, 64 Fed. Reg. at 8647.

199. See FLYNN ETA.., supra note 108, at 54-55.

200. Radiation Protection Standards, 64 Fed. Reg. at 46,997.

201. Id.

202. Id.
203. Id. at 46,998. DOE is actually relying on the waste packages as a primary barrier that will

preserve the integrity of the system for "thousands of years." DRAFrEIS, supra note 28, at S-10 to S-13.

204. Radiation Protection Standards, 64 Fed. Reg. at 46,998.

205. Id. at 46,996.
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group.$" It limits the requirements of performance to a reasonable assurance

test because "[piroof... is not to be had in the ordinary sense of the word

because of the uncertainties inherent in the understanding of the evolution of
the geologic setting, biosphere, and engineered barrier system."20 7 NRC

requires that the performance assessment be scientifically defensible and
transparent, and also includes rigorous modeling requirements to support the

compliance analysis.'
While performance assessments based on reasonable expectation and

reasonable assurance mirror the mandates of NWPA,' they provide little
assurance that the repository will safely protect society over the 10,000-year

compliance period because of the inherent uncertainty in the project."'
Ultimately, society will have to makea decision based on current social values

to the level of proof it requires."1 ' In the context of future use decisions

relating to hazardous wastes, this invariably stacks the deck in favor of our

generation as it attempts to solve the problems of its creation, and limits the

consideration of intergenerational equity.2

B. Yucca Mountain: An Institution Without Control

NAS recommended the inclusion of a possible human intrusion event in
the performance assessment for Yucca Mountain. 3 This intrusion, it

concluded, should be an assumed inadvertent breach of the natural and

engineered barriers 4  The probability of radiation exposure should be
considered as a result of this breach.2" NAS considered the likelihood that
active institutional controls would persist into the future and the likelihood of

future generations to continue funding those controls, and concluded that it
was not scientifically possible to project long-term changes in society." 6

Therefore, protection via institutional controls should not be considered a

viable barrier of protection.2 7 Furthermore, NAS concluded that it was not

206. Licensing Criteria, 64 Fed. Reg. 8640,8650 (proposed Feb. 22, 1999) (to be codified at 10
C.F.R. pt. 63).

207. Id.
208. Id. at 8650-51.

209. 42 U.S.C. § 10131(b)(1994).

210. FLYmNErAL,supra note 108, at 55-56.

211. Id. at 56.

212. For a discussion ofhow toincludeintergenerational equity in futme use decision-naking, see

Applegate & Dycus, supra note 4, at 10,651.

213. TEcHNcALBAsEs, supra note 120,at 121.

214. Id.

215. Seeid.

216. Id. at 106.
217. Id. at 11. "Institutional controls are legal, administrative, or institutional mechanisnis for

managing risks to human health or the environment. In the broadest sense, they are methods or tools for
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possible to consider deliberate intrusions by future generations, again relying
on its conclusion that future changes in society are scientifically impossible to
predict.

28

EPA accepts this proposal and requires DOE to evaluate the result of a
singular, inadvertent human intrusion into the repository.2t ' Upon the
expected failure of any active institutional controls, DOE is to consider the
likelihood of human intrusion and the possible results of the event." As
future changes in society cannot be predicted, EPA reasons that intrusion by
drilling for water would be the most likely event given current population and
uses surrounding Yucca Mountain."1 EPA proposes that as a result of a bore
hole drilled through a waste container and into the underlying aquifer, the

fifteen mrem CEDE/yr standard would still notbe violated.' EPA recognizes
the need to consider other forms of protection in addition to the natural and
engineered barriers at Yucca Mountain due to the uncertainty in predicting the
effects of radioactive releases over the 10,000-year compliance period.' 3

Because the effective use of institutional controls and other forms of
monitoring cannot be predicted, however, EPA is considering comments on
whether it should include some form of "assurance requirements" in its

standards and what those requirements should be. '

NRC's intrusion scenario is consistent with the drilling hypothetical that
EPA employs.2' NRC does require that active and passive institutional
controls be included in DOE's operation of Yucca Mountain, but immediately
provides the disclaimer that it is not reasonable to assume that a system of
post-closure oversight based on institutional controls is likely to succeed.2'

modifying human behavior to reduce risks from external sources." John Pendergrass, Sustainable
Redevelopment of Brownflelds: Using Institutional Controls to Protect Human Health, 29 Envtl. L Rep.
(Envtl. L. Inst.) 10,243, 10.244 (1999). Institutional controls are generally regarded as active or passive.
Active institutional controls include government ownership, monitoring and reporting, affirmative
easements, permitting programs, records preservation, and other forms ofpublicity. Applegate & Dycus,
supra note 4, at 10,645-48. Passive institutional controls include physical barriers, structures, markcrs, deed
notices, covenants and equitable servitudes, negative easements, reversionary interests, and zoning. Id. at
10,648-50. The difference between the two is that active controls require affirmative stewardship and
continued guidance, although the same is true in varying degrees for some forms of passive controls. See
id. at 10,648.

218. TE HNCAL BAsEs, supra note 120, at 121.

219. Radiation Protection Standards, 64 Fed. Reg. 46,976,46,999 (proposed Aug. 27,1999) (to be

codified at 40 C.F.R. pt. 197).
220. Id.

221. Id.
222. Id. at 47,000.
223. Id. at 46,998.
224. Id.
225. See Licensing Criteria, 64 Fed. Reg. 8640, 8651-52 (proposed Feb. 22,1999) (to be codified

at 10 C.F.R. pt. 63).
226. Id. at 8651.
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Active institutional controls are assumed to be effective for only 100 years,

after which the inadvertent breach could occur 2 7

NAS concluded "that it makes no sense.., to try to protect against the

risks arising from the conscious activities of future human societies."' m

Therefore, intentional intrusions into the repository should not be included in

the performance assessment.t EPA agreed with this conclusion based "on the
theory that society could retain at least some general knowledge of the disposal
system and, therefore, would know that [deliberate disturbance of the system]
could be dangerous. ' 0 Hopefully DOE's use of land records, warning signs,
and monuments will provide this minimum level of knowledge."

It seems a bit inconsistent to assume forpurposes of these regulations that

human society will always reflect today's conditions, 2 that some general
knowledge of the disposal system will be retained, 3 and yet conclude that
active institutional controls will not be effective for more than 100 years.

Despite the inconsistency, institutional controls as they currently exist should
not be relied upon to protect human health and the environment. " 5 "Ihe

notion that we might devise some 'active institutional control' to prevent

human encroachment during the millennia that the high-level wastes remain
extremely dangerous can only be described as bizarre-proof of the growing

desperation to locate a final resting place for these wastes." ' 6 The problem,

in part, lies in transmitting information regarding these wastes over the 10,000-

year compliance period to future generations'

This does not mean, however, that society should abandon the use of

institutional controls as a viable protection mechanism, for they still provide
a necessary element in the multiple barriers concept. This conclusion is
supported in NAS's recent report concerning institutional management of
DOE nuclear waste sites across the country. In a sidebar addressing Yucca
Mountain, Thomas Cotton concludes that "institutional controls cannot be

227. Id. at 8652.
228. " CW ICAL BASES, supra note 120, at 114.

229. Id
230. Radiation Protection Standards, 64 Fed. Reg. 46,976,46,999 (proposed Aug. 27,1999) (to be

codified at 40 C.F.R. pt. 197).

231. See DRAFrEIS, supra note 28, at 2-37.

232. Radiation Protection Standards, 64 Fed. Reg. at 46,993.

233. Id. at 46,999.
234. Licensing Criteria, 64 Fed. Reg. 8640,8652 (proposed Feb. 22,1999) (to be codified at 10

C.F.R. pt. 63).
235. "None of the institutional controls currently in use, or under consideration for future use, is

foolproof. None can reduce to zero the risk ofhuman orenvironmental exposure to hazardous substances."

Pendergrass, supra note 217, at 10,244.
236. DyCUs,supra note 107, at 120-21.

237. John S.ApplegateRskAssessment. RedevelopmeaAndEnvironmentaIJustice: Evaluating

the Brownfilds Bargain, 13 J.NAT. RESOURcS & Em L. 243, 282 (1997-98).
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relied upon to protect a repository against an intrusion, but... should be used
... as an added measure of protection. ... [S]tewardship measures are the
least favored of the three legs of the stool, but nonetheless have a role to play
in any long-term plan.... ."' The challenge ahead for politicians and
scientists is to strengthen the weak leg. Creative planning and dedicated effort
are needed to evaluate the existing controls, the needs of this and future
generations, and the possible legal and scientific solutions to the problem in

order to formulate a new form of stewardship institution.3 9

V. A SOLUTION: MONITORED RETRIEVABLE STORAGE IN A PERMANENT

REPOSITORY

[Tihe best decision strategy overall appears to be one that avoids
foreclosingfuture options where sensible, takes contingencies into
account wherever possible, and takes seriously the prospects that
failures of engineered barriers, institutional controls, and other
stewardship measures in the future could have ramifications that a
good steward would want to avoid.'

Uncertainty in the decision to build and operate a geologic repository has
dominated the nuclear policy debate for over two decades.24 ' While the
scientific community generally agrees that geologic disposal is the best means
of isolating nuclear waste from public exposure, the scientific community is
less agreed on the level of exposure that may escape isolation.242 Uncertainty,
together with the economic and political pressures to make a decision about
what to do with America's nuclear waste, warrant the consideration of
alternative possibilities. While the literature explores other methods of

238. Thomas A. Cotton, Institutional Controls at Yucca Mountain Geological Repository, in
COMMITTEE ON THE REMEDIATION OF BuRIED AND TANK WASTES, NATIONAL RESEARCH COUNCIL, LONG-

TERM INSTITUI'ONAL MANAGEMENT OF U.S. DEPARTMENT OF ENERGY LEGACY WASTE SITs 57(2000).

239. See Applegate & Dycus, supra note 4, at 10,652 (providing elements that should be included
in the new stewardship institution while referring to the longevity of the British Monarch and Roman
Catholic Church asexamples ofinstitutions thathave been able to reinvent themselves overtime in response

to a changing society).

240. COMmrTrEE ON TE REMEDIATiON OF BuRiED AND TANK WASTEs, NATIONAL RESEAR CH
COUNCIL, LONG-TERM INSTrnMrIONAL MANAGEMENT OF U.S. DEPARTMENT OF ENERGY LEGACY W~sTE

Srms 9 (2000).

241. See FLYNN ETAL, supra note 108, at 19.

242. COMmISSION ON GEOSCIENCES, ENVIRONMENT, AND REsOuRCES, NATIONAL RESEARCH

COUNCIL, RADIOACTIVE WASTEREPOSITORY LICENSING 30(1992). ButseeKRISNSHRADER-FRECHErTE,

BURYINo UNCERTumrY: RISK AND THE CASE AGAINST GEOLOGIC DISPOSAL OF NuCEAR WAsTE (1993).
The conflict in setting the appropriate health standard is best represented by the two agencies responsible

for that very task. EPA and NRC. See supra Part IV.A.
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disposal or interim storage, changing the concept of a permanent geologic
repository has escaped detailed discussion. 3

One suggested option is to store nuclear waste in a subterranean facility
and to operate it indefinitely.' This concept, called "underground retrievable
storage," would blend the benefits of monitored retrievable storage (MRS)
with the benefits of underground isolation of wastes24 If for any reason,
wastes ever need to be retrieved from underground storage, the design would
allow easy retrievability.' Because a surface storage facility would be needed
along with the underground storage facility, the concept includes building a
surface MRS facility immediately so that wastes could be stored while
underground construction occurred.247 Once waste is placed underground, the
surface MRS facility would be converted to the retrieval facility." The
advantage of this concept is that it affords a measure of safety in allowing
retrieval/recovery of the wastes for any reason while otherwise isolating the
wastes from the human surface environment. However, the goals of geologic
disposal must not be forgotten. The undergroundretrieval storage concept can
be modified to allow conversion to a permanent repository as part of a two-
stage operational scheme.

A. Retfievability

Geologic disposal is designed in principle to forever dispose of nuclear
wastes. 9 While that should be the ultimate goal behind nuclear waste
disposal, problems might arise if retrieval is permanently precluded. For
example, if a major catastrophic event created a failure of the engineered
barriers at Yucca Mountain, very little could be done to stop contamination of
the atmosphere and groundwater.' 0 In this way, "[i]rretrievability is the key
issue in deciding whether geologic disposal is responsible or irresponsible." '

Congress recognized that there may be reasons to initially require Yucca
Mountain to maintain retrievability." NRC, as the agency responsible for
establishing retrievability requirements, is proposing to require the option

243. See supra Part I. See also Wipple, supra note 2, at 74.
244. Wipple, supra note 2, at 74.

245. Luther . Carter, Ending the Gridlock on Nuclear Waste Storage, IssuFs Sci. & TF it., Fall

1993, at 73, 75. For a detailed description of monitored retrievable storage, see Lfra Part V.B.
246. Id.
247. Id.

248. Il

249. EASTERLING &KUNREUIER, supranote 21,at 140-41.

250. Id. at 207.

251. rd. at 141.

252. 42 U.S.C. § 10142 (1994).

253. Id. § 10141(bXI)(B).
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of retrievability during the period of emplacement of wastes and then during
any monitoring periods prior to final closure, but it would maintain the ability
to backfill or otherwise close any portions during the retrievability period.'
The proposed regulations follow the mandate from Congress to require some
retrievability, but clearly indicate NRC's intent to operate Yucca Mountain
only as a permanent repository.

DOE also includes the concept of retrievability inits Draft Environmental
Impact Statement for Yucca Mountain.S DOE offers two basic plans. In the
first, the Proposed Alternative and Preferred Action, DOE would "construct,
operate and monitor, and eventually close a geologic repository for the
disposal of spent nuclear fuel and high-level radioactive waste at Yucca
Mountain."2 6 The second is a No-Action Alternative, as required by the
National Environmental Protection Act.' Within the Proposed Alternative,
DOE concludes that future retrieval of the nuclear waste would be unnecessary
and does not include a long-term retrieval strategy."6 8 If, however, retrieval of
the waste becomes necessary, DOE could accomplish the task within the first
50 to 300 years of operation, the projected emplacement operational period m

but would require twenty-four years to plan and accomplish retrieval because
of the lack of a formal retrieval strategy.'

B. Monitored Retrievable Storage

The Nuclear Waste Policy Act of 1982 authorized DOE to evaluate the
MRS concept and identify suitable sites for a MRS facility.26 After extensive
research, DOE recommended three sites in Tennessee that could serve as MRS
sites.' However, in response to political pressures, Congress amended the
NWPA to repeal the recommendation of siting a MRS facility in Tennessee
and established a commission to explore the need for a MRS facility.2

Additionally, the Nuclear Waste Policy Amendments Act of 1987 created an
Office of the Nuclear Waste Negotiator.' The Negotiator had the power to

254. Licensing Criteria, 64 Fed. Reg. 8640,8676 (proposed Feb. 22, 1999) (to be codified at 10
C.F.R. pt. 63).

255. DRAFT EIS, supra note 28, at S-20 to S-21.
256. Id. at S-9.
257. Id. at S-24 to S-30.
258. Id. at S-20.
259. Id. at S-20 to S-21.
260. Id. at 4-100.
261. 42 U.S.C. § 10161(bX) (1994).
262. EAsTmRuNG & KuNR~um supra note 21, at 70-71.
263. Id. at 71.
264. Nuclear Waste Policy Amendmnts Act of 1987, Pub. L No. 100-203, sec. 5041,§ 402,101

Stat. 1330-227, 1330-243 (codified at 42 U.S.C. § 10242(a) (1994)).
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negotiate voluntary agreements with states, tribal governments, and other
national territories to locate a MRS facility through an extensive incentives
program.6s5 However, the efforts of the Negotiator were deemed a failure in

1992.m
The 1987 Amendments Act also authorized DOE to site aMRS facility.'

Once an appropriate location is found, DOE is authorized to construct and

operate the facility. However, DOE cannot select a site for the MRS until
it recommends a permanent repository site to the President."' Furthermore,

construction of the facility can only occur after the NRC licenses a permanent

repository,27 and it cannot be located in Nevada.271 These provisions are
intended to prevent the MRS facility from becoming a de facto repository, and

they provide some concessions to Nevada for the selection of that state as the
only site for a permanent repository. 2

The MRS conceptis intendedto augment America's nuclear wastepolicy
for long-term disposal. In principal, the MRS facility would serve as a holding
station for commercial spent nuclear fuel prior to permanent disposal in a
geologic repository.2' As the MRS is tied to the licensing of a permanent

repository, the goal is to provide federal storage prior to shipment to a
permanent repository and to alleviate the need for commercial sites to expend

resources to increase individual storage capacities. 4 The MRS facility could

also prepare nuclear waste for permanent disposal. 5s The concept is based on
aboveground storage of spent nuclear fuel in dry casks that can be monitored
for performance for up to 100 years. ' In other words, the MRS is intended
as "an above ground parking garage."2"

The concept of a MRS facility need not be limited to temporary storage.
The crisis behind nuclear waste disposal is two-fold: what to do with the
growing volume of waste at multiple locations across the country and what to

do with that waste for all time. The first crisis is time-dependant and demands

265. See Id sec. 5041, § 403(a), 101 Star. at 1330-244 (codified at42 U.S.C. § 10243).

266. See Letter from Secretary James D. Watkdns, Department of Energy, to Senator Bennett

Johnston (Dec. 17.1992), quoted in EAsTERuN & KNREuTHER, supra note 21, at 73.
267. Nuclear Waste Policy Anendments Act of 1987, sec. 5021, § 142(b), 101 Stat. at 1330-232

(codified at42 U.S.C. § 10162(b)).

268. 42 U.S.C. § 10162(b) (1994).

269. Id. § 10165(b).

270. Id. § 10168(dXl).

271. Id. § 10165(g).

272. EASroUNG&KuNREunmtsupranote21,at 72.

273. U.S. DEPAmrMENT OF ENEGY, DRA MiSsiON PLAN AMENDMENT 3-4, 13-14, 18-20

(DOE/RW-0316P) (1991).
274. Id.

275. Id.
276. FLYNNTErAL, supra note 108, at 98.
277. Id. at 28.
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an immediate solution; the second requires extremely careful and cautious

planning and must not be dictated by the short-term nature of the first. While
the management principals behind the MRS concept have been directed to the
short term, these very principals can be applied to a permanent repository.

If the MRS concept is included in the design of the permanent repository,
the concerns surrounding uncertainty in geologic stability, climatic variation,

engineered barrier robustness, groundwater movement, surface water

infiltration, radiation exposure pathways, and societal changes can be further
studied, monitored, and modeled, while possible institutional controls can be
created. Given the uncertainty in creating appropriate public health standards
and given the lack of any foreseeable long-term management solutions, a

modified version of the geologic repository is appropriate. A modified version
could contain a two-stage operations requirement for Yucca Mountain:
monitored retrievable storage and permanent repository.

C. A Two-Stage Operational Model

The first stage of operation at the geologic repository can be based on the
MRS concept. Waste can be transported to the repository and placed in
canisters designed for permanent disposal. The canisters can be placed in the
mountain and monitored for system performance. If the need arises, the
canisters can be removed and either stored at a surface storage facility or
replaced. The main component of the operations plan for the MRS portion of
the facility would be the establishment of threshold criteria for final closure.
While these criteria must be carefully designed and implemented, the
following considerations should be included:

(1) If science and technology improve to substantially reduce
the uncertainty inherent in predicting the long-term
performance of the natural and engineered barriers of the
repository, the post-closure stage of operation could be
initiated;
(2) If science and technology develop a method that
effectively and efficiently reduces the long-term threat of the
radionuclides or substantially reduces the quantity ofmaterial
stored (thus reducing the risk of inadvertent breach and
accidental release), the method should be employed prior to
post-closure operation;
(3) If societal changes can ever be effectively predicted so
that the uncertainty behind the public health standards and
exposure assessments is substantially reduced, the post-
closure stage of operation could be initiated; and
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(4) If an effective institution or institutional control is
developed that substantially assures effective long-term
management of the area surrounding the repository, the post-
closure stage of operation could be initiated.

Whether or not any of these criteria could ever be satisfied would require a
prediction of the future. However, it is possible that scientific research may
have the ability to further refine the performance assessments of the natural
and engineered barriers and may have the ability to create new forms of
nuclear waste treatment. Whether developments can ever be made in
predicting changes in human society is doubtful, but that does not have to
preclude the creation of new institutional controls. What is required is a
concerted effort to attain these goals, not a dismissal of their possibilities.

If the first, third, and fourth criteria are ever satisfied, the doors of the
repository could be closed forever and the second stage of operation could
begin. The natural and engineered safeguards could be relied upon to protect

public health, hopefully augmented by some new type of institution or
institutional control specifically created for the task of long-term oversight of
a contaminated landscape. If such an institution could be created for Yucca
Mountain, the cross-discipline application potential to other hazardous waste

disposal and remediation efforts would be immense. The element of future use
determination could be made much more accurately and confidently if long-

term management could be relied upon.

D. Two-Stage Operation: Is it Legal?

Does the law support the modified approach? Clearly, the issue of
nuclear waste disposal is contentious both scientifically and politically.2

Therefore, a proposed solution that works within the existing legislation is
desirable.

One of the overriding policy objectives of the NWPA is to dispose of
nuclear waste in a manner thatprotects both this and future generations and the
environment from the effects of radiation exposure. 9  "As has been
emphasized and reiterated over the lifetime of the Federal nuclear program,
high level wastes should not be a burden on future generations, and must be

disposed of by those who benefitted from the energy derived from the nuclear

activities which created the wastes." In order to ensure that this policy is

278. AxnendingtheNWPAjustwithinthepastfewCongresseshasprovenextremelydifficulL See
generally S. 1287,106thCong. (1999);S. 608,106thCong. (1999); H.R. 1309,106th Cong. (1999); H.R.
45, 106th Cong. (1999); S. 104, 105th Cong. (1997); H.R. 1270, 105th Cong. (1997).

279. 42 U.S.C. § 10131(aX7)(1994).
280. H.R. RP.No. 97-491, pL 1, at 29 (1982), reprinted in 1982 U.S.C.C.A.N. 3792, 3796.
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met, Congress required that the repository be designed to include retrieval of
spent nuclear fuel for public health and safety reasons, for protection of the
environment, or for economic purposes:

Notwithstanding any other provision of this part, any repository
constructed on a site approved under this part shall be designed and
constructed to permit the retrieval of any spent nuclear fuel placed
in such repository, during an appropriate period of operation of the
facility,for any reason pertaining to the public health and safety or
the environment, or for the purpose ofpermitting the recovery of the
economically valuable contents of such spent fuel."s

The President has proclaimed that reprocessing of spent nuclear fuel is no
longer a national objective, due primarily to non-proliferation and national
security concerns. 2 However, the NWPA clearly leaves two reasons for
maintaining retrievability. And within the concern for public health and safety
and protection of the environment, Congress expansively allowed for
retrievability for "any reason."' As discussed above, the current level of
uncertainty surrounding both the science and proposed public health standards
qualify as a reason for maintaining retrievability in the name of public health
and the environment.

In the 1982 legislative history, Congress appeared committed to a
disposal technology that relied on "geologic containment provided by a solid
rock formation located deep underground, together with containment by

engineered barriers including the form and packaging of the ... waste without
reliance on human monitoring and maintenance after an initial period of
testing and subsequent closure of the repository." Congress further
expanded on the initial testing period for performance assessment provision
as follows:

After the repository is loaded with waste and spent fuel, a period of
observation will begin during which [DOE), [NRC] and
independent participants including the host state will test the rock
and the radioactive material to assure that the system's behavior
corresponds to the behavior predicted by the models that have been
developed to assess repository safety. This period of observation

281. 42 U.S.C. § 10142 (emphasis added). While this language only includes retrieval of spent
nuclear fuel and not radioactive waste, it would be impractical to design for retrieval of one and not the
other.

282. Seegenerally White House, Office ofthe Press Secretary, FactSheet:Non-Proliferaton and
Export ControlPolicy, Sept. 27, 1993,availableathttp:lwww.fas.orglspplstarwarsloffdocsw930927.htr.

283. 42 U.S.C. § 10142.
284. H.L REP. No. 97-491, at 30, reprinted in 1982 U.S.C.CA.N. at 3796. See supra Part V.A.
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may last from 10 to 20 or 30 years, depending on test results and the
increase in confidence achievable from longer term observation.
Not until [NRC] and other participants are satisfied of the safety of
the system will the repository be backfilled with mined material and
closed up permanently.'

The current operational model, retrievability during the emplacement period,
appears consistent with the mandate that the repository be operated in a
retrieval mode under section 10142.' But in light of the preference for
increasing confidence in the system by long-term observation, together with
the uncertainty inherent in attempting to predict the future, operation of the

system first as a MRS facility would also be consistent with the Act and highly

desirable.

More importantly, the 97th Congress specifically contemplated operating

the permanent repository as a MRS facility:

In practice, it is possible that a deep geologic repository... could
provide the economic and safety advantages which might prove
desirable in the context of MRS technology. A repository can be
designed and constructed in such a way that waste or spent fuel
would be air-cooled for long periods of time, as it would be in a
surface-sitedMRS. Inaddition, the repository canbe designedwith
total retrievability so that for whatever period is desired a primary
protection of the waste would be human monitoring and
maintenance. Cooling andtotalretrievability options are expensive,
but might compare favorably with the expense ofbuilding separate,
additional surface facilities for these purposes.'

The two-stage operational model certainly falls within range of one of the
options that Congress originally contemplated. Therefore, modifying the

concept of geologic disposal is allowable within the current framework of the

NWPA. Furthermore, as Congress left final closure determination to the NRC,

285. ld at32,reprintedinl982U.S.C.C.A.N.at3798. ThusNRCss r--rvationofbackfihlingthe
repositoypriorto emplacementcompletion seems inconsistentwith the 1982 Act as otherparticipants must
agree to the safety of the system prior to backfilling. See supra Part V.A.

286. Although opponents to YuccaMountaincouldbringanovel legal challengetoNRC'sproposed
criteria and DOE's current operational plan claiming the inherentuncertainty in predicting futuremigration
of radiation from Yucca Mountain falls within the "any reason pertaining to the public health and safety,
or the environment" standard of 42 U.S.C. § 10142 (1994). An argument could also be made that DOEs
failure to include retrievability in its Proposed Alternative violates the statute; however, NRC is given the
power to restrict retrievability as it sees fit. 42 U.S.C. § 10141(bXI)(B).

287. H.R. REP. No. 97-491, at 44, reprinted in 1982 U.S.C.C.A.N. at 3810.
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the threshold criteria for permanent closure could be promulgated by agency

rule-making procedures, thus avoiding amendment by Congress."'

One issue that would need resolution is the requirement that no MRS

facility be built in any state that is currently approved for repository site

characterization work2 and the requirement that no site be selected for a MRS

facility until DOE recommends a permanent repository site to the President.2 °

Clearly, Congress developed these requirements with two facilities in mind,

a surface storage facility in one state and a permanent geologic facility in

another, and not for a two-stage operational geologic repository. Congress

would not have created a statutory barrier to a MRS component in a geologic

repository when it specifically mandated the operation of the repository for

performance monitoring and possible retrieval of spent nuclear fuel, and had

also contemplated a dual system in the 1982 legislative history. The main

policy behind the siting limitations for a separate surface MRS facility is to

prevent that facility from becoming the location of the permanent repository,

the proverbial tail leading the dog argument.2 9 The two-stage operational

model engineers the dog to be led by its tail.

E. Two-Stage Operational Model Obstacles

The two-stage operational model offers a compromise between those who

call for immediate underground storage and those who call for a more

cautious, interim storage approach. However, it will not solve the immediate

needs of the nuclear industry. DOE and the industry will have to negotiate a

short-term solution, such as on-site storage. 2 Interim, off-site storage is not

a desirable solution. Transporting nuclear wastes from temporary storage in

multiple locations to a single, temporary location introduces the costs and risks

of transportation without gaining the benefit of a MRS facility or permanent

repository" 3 A MRS facility at Yucca Mountain could also be considered, but

statutory amendment of the NWPA would be required. m Such a facility

288. 42 U.S.C. § 10141(b)XIXA) (1994).

289. Id. § 10161(g).

290. Id. § 10165(b).
291. EAsThUG & KUNREuT supra note 21, at 72.

292. For example, tansferring title and financial responsibility for storage to DOE while allowing

spent nuclear fuel to remain on site is a viable alternative. However, the approach would need re-assessment

ifYucca Mountain is foundnot suitable as apemanentrepository because physical acceptance of the waste

would be postponed indefinitely until research locates an appropriate site. See U.S. Department ofEnergy

Sereary Bll Richardson. Statement before the Subcommittee on Ene;V and Power Commite US House

of Representatives (Mar. 12, 1999), available at 1999 WL 8055516.

293. See supra Part I.F.

294. See discussion supra Parts iII.C, Part V.
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would, however, gain the benefits of dual-use of the retrieval storage
facilities-once before emplacement and twice if retrieval ever occurred.29

Including the MRS concept in a permanent repository could substantially
increase construction and monitoring costs. Technically, DOE is capable of

performing the task, as it currently is designing the repository to have a 50 to
300-year operational life after initial nuclear waste emplacement begins.'

The cost to monitor and operate the system under the increased scrutiny of the
MRS concept would be substantial. However, it may be better to proactively
plan these operations instead of reacting to a decision to retrieve the wastes
under unpredictable circumstances. Ultimately, the public, as active
participants in the rulemaking process, would have to accept the increased cost
of operation as necessary expenditures to ensure public health and safety.'

CONCLUSION

Once wefree ourselvesfrom the illusion that science or technology
(if lavishly funded) can provide a solution to resource or
conservation problems, appropriate actions become possible.
Effective policies are possible under conditions of uncertainty, but
they must take uncertainty into account.... Most principles of
decision-making under uncertainty are simply common sense. We
must consider a variety ofplausible hypotheses about the world;
consider a variety of possible strategies; favor actions that are
robust to uncertainties; hedge; favor actions that are informative;
probe and experiment; monitor results; update assessments and
modfypolicy accordingly; andfavor actions that are reversible.'

In the context of nuclear waste disposal, lavishly funding science and
technology is a socially desirable good. It has the means to answer much of

the uncertainty concerning the natural and engineering barriers that serve as
the primary defense against release of radiation from a geologic repository.
However, as NAS admits, it cannot answer all of the questions concerning
future performance of the nuclear waste disposal system.2" WhetherDOEwill
determine that Yucca Mountain is a suitable location for the nation's first
geologic repository remains to be seen. Regardless, if DOE does make a

295. Carter, supra note 245, at 75.
296. DRAFr EIS, supra note 28, at S-21.
297. For a discussion ofachieving public participation in nuclear waste siting decisions, see Judy

Trcichel,HowtoAchievePRblicParticpaioninNuclearWasteDecron.:PublicRelationsor ranparent
Adversary Science, 11 RISK 221 (2000).

298. Donald Ludwig etal., Uncertainty Resource Fxploitatton and Conservation:Lessonsfrom

Hstoy, Sa., Apr. 1993, at 17,36.
299. TEcHcAL BASUS, supra note 120, at 4.
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positive determination, serious questions about future changes in geology,
climate, and society will remain. Additionally, effective human management
through existing institutional controls cannot be assured. Therefore, common
sense dictates a policy that follows a cautious approach to decision-making in
the face of uncertainty.

Building a geologic repository does not have to be an all or nothing
decision. By including a monitored retrievable storage component into the
design of the repository, nuclear waste can be taken from the nation's
communities and centrally located in a massive fortress beneath the ground,

where this generation can be assuredprotection from its deadly radiation. And
while scientists continue to study the integrity of the system and other

technical solutions to the nuclear waste problem, policy-makers can continue
developing an institutional control that will assure future generations of the
same protection enjoyed by this generation. In this way, monitored retrievable
storage in a geologic repository will provide scientists and politicians with a
resource they need most, time. In the fullness of time, events may pass that
reduce the uncertainties and waylay the fears surrounding Yucca Mountain.
Only then should its doors be closed forever.

David P. Ross*

* The author would like to thank Professor Stephen Dycus for his guidance with this Note and

encouragement throughout law school.
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