
BEFORE THE UNITED STATES NUCLEAR REGULATORY COMMISSION 

Petition for Rulemaking and Request 
for a Programmatic Environmental 
Impact Statement Regarding NRC 
Licensing of Disposal of Low-Level 
Radioactive Wastes 

MEMORANDUM OF POINTS AND AUTHORITIES 
IN SUPPORT OF THE 

NATURAL RESOURCES DEFENSE COUNCIL'S 
PETITION FOR RULEHAKING AND REQUEST 

FOR A PROGRAMMATIC ENVIRONMENTAL 
IMPACT STATEMENT 

I. INTRODUCTION AND SUMMARY 

Highly toxic radioactive wastes are produced at many 

stages in the uranium fuel cycle. Until very recently, however, 

research efforts, regulatory actions and public attention were 

focused almost exclusively on the problem of how to store the 

high-level radioactive wastes left over when irradiated fuel 

rods ("spent fuel") from nuclear power plants are chemically 

processed to recover fissionable uranium and plutonium. The 

large potential hazards posed by the other radioactive wastes 

produced in the nuclear fuel cycle have been largely ignored. 

In March, 1975, the Natural Resources Defense Council (NRDC) 
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petitioned the Nuclear Regulatory Commission (NRC) to take 

action to assure adequate handling of uranium mill tailings.!/ 

This Memorandum concerns another major waste disposal problem 

that requires immediate attention and appropriate regulatory 

response -- the disposal of "low-level" radioactive wastes. 

Currently, low-level radioactive wastes are generally 

delivered to commercial companies for disposal by burial 

in shallow earthen trenches. These disposal practices are 

now regulated on an inadequate ad hoc basis, without sufficient 

technical .analysis of the hazards posed by the wastes and the 

long-term adequacy of the means of disposal. The past 

inadequate regulation of commercial low-level burial sites 

has already produced a potentially dangerous situation that 

may lead to unnecessary, unwarranted and unhealthful contami-

nation of the human environment by the long-lived radio-

nuclides in the wastes. Unless the NRC immediately takes 

corrective steps and adopts a comprehensive regulatory program 

for managing low-level radioactive wastes, serious fouling of 

the environment may occur, posing a grave potential threat to 

the public health and safety. 

By the end of 1975, more than 13 million cubic feet 

of radioactive wastes, containing about 80 kilograms of plu-
~ 

tonium, had been buried in six locations throughout the United 

!/ 40 Fed. Reg. 20983 (May 14, 1975); 41 Fed. Reg. 22430 (June 
3, 197~ -
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States.~/ These wastes include a wide variety of materials, 

such as paper trash, ion exchange resins, glassware, etc., 

containing many different radioactive elements and isotopes. 

Unfortunately, procedures once claimed to be safe are 

now proving inadequate and potentially dangerous.~/ Recent 

events and studies strongly suggest that shallow land burial 

is not an acceptable disposal practice for all the radioactive 

wastes that are currently classified as low-level. Indeed, 

the Energy Research and Development Administration (ERDA) 

has prohi~ited the permanent burial of transuranic wastes at 

government facilities and has an active program for exhuming 

some transuranic wastes and evaluating the possibility of 

. . h 4/ retr1ev1ng more sue wastes.-

~/ Hearings on Low-Level Radioactive Waste Disposal Before 
The Conservation, Energy, and Natural Resources Subcomm. of 
the Comm. on Government Operat1ons, 94th Cong., 2d Sess., at 
218 (1976) [hereinafter cited as Hearings]. Low-level radio
active waste is also being buried by the federal government at 
many of its nuclear installations around the country. The 
U.S. Energy Research and Development Administration operates 
"major" burial operations at its Hanford Reservation in 
Washington, the Idaho National Engineering Laboratory (INEL), 
the Los Alamos Scientific Laboratory, the Oak Ridge National 
Laboratory, and the Savannah River Plant. Id., at 237-239. 
The present Memorandum addresses only the commercial low-level 
waste disposal program and does not address many similar 
problems which exist in the government's program. 

3/ Id., at 90, 112-114. 

il U.S. Atomic Energy Commission, Draft Environmental Statement, 
Management of Commercial High-Level and Transuranium Contaminated 
Radioactive Wastes, September 1974, at 2.4-10 (WASH-1539); 
U.S. Energy Research and Development Administration, Draft 
Environmental Statement, Waste Management Operations, Idaho 
Nat1onal Engineering Laboratory, Idaho, June 1976, at II-221-22 
(ERDA-1536). 
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The inadequacies of the present regulatory program 

can be traced primarily to three factors: (1) no detailed, 

comprehensive assessment has been made of the hazards posed 

by radionuclides contained in low-level waste; {2) there has 

been virtually no analysis of the specific land burial methods 

and procedures which should be utilized; and (3) insufficient 

study has been made of the geology, hydrology, and other 

important environmental factors of burial site areas. As a 

result, some radioactive materials with extremely long half

lives have been placed in low-level waste burial trenches 

without sufficient assurance that they will remain effectively 

isolated from the environment for the necessary hundreds, 

thousands, or even hundreds of thousands of years. In fact, 

recent studies strongly suggest that measurable migration of 

radionuclides has already occurred at two of the existing 

commercial burial sites.~/ 

If the nation's reliance on nuclear power to generate 

electricity continues to grow, enormously increased amounts 

of low-level wastes will soon be generated. Furthermore, the 

magnitude of the low-level waste burial problem may soon be 

substantially increased by a decision currently under considera-

tion by NRC, to permit large-scale reprocessing of spent fuel 

and recycling of plutonium. Because of the potentially large 

environmental and health hazards, it is imperative that NRC 

undertake an extensive and careful study before further disposal 

~/ See pages 28-32, infra. 
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of certain wastes proceeds. 

The Comptroller General of the United States has 

recently submitted a report to Congress which substantiates 

the need for a detailed risk-benefit study of land disposal 

of radioactive wastes. This report stated the General 

Accounting Office's conclusion as follows: 

"Because (1) disposal sites must 
retain radioactivity for an extremely 
long time, (2) migration has already 
been detected at some sites, and (3) 
the USGS and EPA earth scientists 
have questioned the adequacy of the 
studies made at some existing sites, 
a comprehensive study should be under
taken at both ERDA-owned and commer
cial sites. If the public is willing 
to accept the risks of land disposal 
of radioactive materials, it has a 
right to assurance that radioactivity 
will be disposed of only at sites 
which are expected to retain it and 
prevent it from becoming a public 
hazard. The public also has a right 
to expect at least a concensus among 
earth scientists that disposal sites 
are suitable." .§_/ 

Such a study must include a broadly based examination 

of the environmental risks posed by low-level waste disposal 

and a thorough analysis of all possible alternative means of 

safely disposing of these wastes, with detailed evaluations of 

the environmental and economic consequences of each alternative. 

The logical forum for this examination is a programmatic 

.§_/ Comptroller General of the United States, Report to the 
Congress, Improvements Needed in the Land Disposal of Radio
active Wastes -- A Problem of Centuries, at 17 (January 12, 
1976) (REP-76-54) [hereinafter cited as GAO Report]. 



-6-

environmental impact statement covering all aspects of the 

low-level waste disposal program. 

Moreover, aside from the obvious wisdom of undertaking 

this analysis, the National Environmental Policy Act of 1970, 

42 U.S.C. §§ 4321 et ~· (1970), requires such a statement. 

In preparing this analysis, NRC must view the problem in its 

broadest and most comprehensive terms, considering all 

relevant questions and reasonable alternatives without being 

confined by past practices and decisions. 

Until this important study has been completed and 

its results evaluated, immediate regulatory steps must be 

taken to assure (1) that the practices permitted in the 

interim are safe, and (2) that these interim disposal prac

tices do not foreclose options that may be adopted at the 

conclusion of the study. Specifically, pending issuance of 

the final environmental impact statement, NRDC is petitioning 

NRC to adopt regulations that require the following: 

(1) Retrievable storage of all transuranic solid 

waste and fee payments by persons that 

produce such wastes to finance safe 

permanent disposal; 

(2) Suspension of licensing of additional low

level waste disposal sites until four types 

of safety and environmental protection 

standards have been promulgated; 

(3) Payment of higher fees by persons producing 
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low-level radioactive wastes to pay for 

necessary perpetual care and surveillance 

of existing sites; and 

(4) Solidification of all low-level radioac

tive wastes before shipment to any 

disposal site (i.e., a prohibition of 

the shipment of low-level wastes in 

liquid form). 

This Memorandum examines briefly the past history of 

low-level waste disposal and the potential dangers presented by 

such wastes, and sets forth (1) the basis for NRDC's conclusion 

that NEPA requires NRC to prepare this statement immediately, 

(2) the critical questions which must be addressed by the 

required programmatic EIS, and (3) the reasons NRC should 

adopt the suggested interim regulations contained in NRDC's 

Petition for Rulemaking. 



-8-

II. BACKGROUND -- THE PROBLEM OF LOW-LEVEL 
RADIOACTIVE WASTE DISPOSAL 

The proposed generation of electricity at increasing 

numbers of nuclear power plants would inevitably result in the 

production of vast quantities of various radioactive elements. 

This radioactivity would, in turn, contaminate a wide variety 

of materials during the operation of power plants, the processing 

of irradiated fuel ("spent fuel"), and the manufacture of new 

fuels. The radioactive wastes produced at these various stages 

of the nu~lear fuel cycle have been divided by the industry 

and the federal government into two categories: "high-level" 

and "low-level" wastes. Those materials defined as high-level 

wastes2/ are produced exclusively at reprocessing plants and 

consist of the intensely radioactive residue remaining after 

the spent fuel has been physically and chemically treated 

in order to extract unfissioned uranium and plutonium. 

Low-level wastes~ are essentially defined as all 

radioactive waste materials which are not classified as high-

level wastes, and consist of an extremely wide variety of 

contaminated materials, including, for instance, paper trash, 

21 Current regulations define "high-level liquid radioactive 
wastes" as "those aqueous wastes resultiilg from the operation 
of the first cycle solvent extraction system, or equivalent, 
and the concentrated wastes from subsequent extraction cycles, 
or equivalent, in a facility for reprocessing irradiated reactor 
fuels." 10 C.F.R. Part 50, Appendix F. No other category of 
radioactive waste is defined in existing regulations. 

~/ In this Memorandum, the term "low-level waste" is used to 
identify all wastes, other than high-level wastes, that cannot 
be released to the unrestricted environment. 
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packaging material, broken glassware, building rubble, pro-

tective clothing, mops, ion exchange resins, shielding, control 

rods, and heavy machinery.~/ Compared to high-level wastes, low-

level radioactive wastes represent a much larger volume of 

material and a much greater diversity of physical and chemical 

forms. 

Since 1962, everything not classified as high-level 

waste has been permitted by federal regulation to be buried 

at commercial waste burial sites in shallow earthen trenches. 

These commercial burial facilities are located on land owned 

by either the federal government or one of the states. The 

locations of these facilities are listed below: 101 

LOCATION YEAR LICENSED 

Beatty, Nevada 
Morehead, Kentucky 

(Maxey Flats) 
West Valley, New York 
Richland, Washington 
Sheffield, Illinois 
Barnwell, South Carolina 

1962 

1963 
1963 
1965 
1967 
1971 

~/ The category of 11 0ther than high-level 11 radioactive wastes 
includes, among other things, the following: 

* Transuranic (alpha) 
Cladding Hulls 
Miscellaneous alpha solids 
Miscellaneous alpha-beta-gamma solids 

* Miscellaneous beta-gamma solids 
* Noble gases 
* Iodine 
* Tritium 
* Decommissioning solids 

lO/ O'Connell and Holcomb, U.S. Environmental Protection Agency, 
11 A Summary of Low-Level Radioactive Wastes Buried at Commercial 
Sites Between 1962-1973, with Projections to the Year 2000, 11 15 
Radiation Data and Reports, at 766 (December 1974) [hereinafter 
cited as O'Connell & Holcomb]. 
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Under current plans, when the disposal facilities 

are "filled," complete control of the land will revert to the 

government that owns it. The state or federal government will 

then be responsible for monitoring the wastes to detect any 

movement of significant radioactivity off-site, and for taking 

any corrective action required to protect the population and 

environment from excessive exposure to radioactivity. These 

custodial functions will be required until the radioactivity 

decays to "safe" levels. Depending on the quantities of 

particula~ radionuclides in the wastes, disposal sites may 

have to be monitored for tens of thousands of years. 

Recent developments strongly suggest that the existing 

program for disposing of low-level wastes may not adequately 

protect the public health and safety. NRDC believes that the 

rapidly growing volume of low-level wastes, the extreme 

toxicity of the radioactive materials involved, and recent 

reports of the inadequacies in current disposal operations 

demonstrate the need for a complete reassessment of low-level 

waste disposal practices. 

A. Low-Level Radioactive Wastes Pose 

Substantial Environmental and Health 

Hazards. 

1. Large Amounts Of Radioactive 
Materials Contamlnate The 
Rapldly Growlng Volume Of 
Low-Level Wastes. 

The low-level wastes consigned to commercial burial 

grounds come from many sources including university and industrial 
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research centers, medical diagnostic and treatment facilities, 

military installations, and, increasingly, nuclear power 

reactors. These wastes include a broad range of materials 

and radionuclides. The materials vary from paper, plastic 

and glass, to concrete and steel, to ion exchange resins. The 

radioactive elements contained in the wastes include fission 

products, such as cesium-137 and strontium-90; fission by-

products, such as plutonium-239; activation products, such as 

cobalt-60; as well as natural radionuclides, such as radium-

226. The half-lives of the radionuclides range from a few 

months to tens of thousands of years. 

The volume of this low-level radioactive waste is 

already extremely large and rapidly growing. By 1976, more 

than thirteen million cubic feet of waste had been buried.ll/ 

Moreover, the amount of material buried each year has doubled 

in the last five years from one million to two million cubic 

feet per year and most projections expect the rate to rise to 

an average annual volume of about 14 million cubic feet per 

year between 1980 and 1990.
121 

The Nuclear Regulatory Commission and the Environmental 

Protection Agency both estimate that the low-level (non-alpha) 

wastes accumulated by the nuclear power industry by the year 

2000 will be approximately 330 to 350 miilion cubic feet.ll/ 

ll/ Hearings, supra note 2, at 218. 

121 GAO Report, supra note 6, at 5. 

!11 Hearings on Radioactive Wastes Before the Joint Comm. on 
Atomic Energy, 94th Cong., 1st Sess., at 32, 43 (Nov. 19, 1975). 
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Substantial uncertainty and disagreement, however, exists 

within the federal government as to how much transuranic 

contaminated low-level wastes,
14

/ both in terms of volume and 

radioactivity, will be generated in the future. 15/ 

NRC projects that about 5.4 million cubic feet of 

transuranic-contaminated wastes will accumulate by the year 

2000, while EPA estimates that the country will be faced with 

the problem of disposing of more than 65 million cubic feet of 

such wastes by the turn of the century. 16/ Scientists at the Oak 

Ridge Nati_onal Laboratory predict an intermediate value of 16 

million cubic feet. 171 These estimates all assume that each 

1000 MWe light water reactor in the United States will generate 

approximately 40,000 cubic feet of "other than high-level" 

wastes (not including enrichment and decommissioning wastes) 

141 Transuranic or "alpha" wastes are usually defined in this 
country as radioactive wastes containing at least 10 nanocuries 
(l0-9 curies) of transuranic radionuclides per gram of material. 

15/ The overall uncertainty in the amounts and types of low
level radioactive wastes derives from differences of opinion 
about (1) the size and nature of the commercial nuclear power 
industry; (2) the lack of large-scale commercial operational 
information about the radioactive contamination associated with 
materials which come in contact with radioactivity; (3) the 
inherent difficulties in predicting future technological changes 
in processing techniques in an infant industry; and (4} different 
viewpoints about the margin of safety involved in burying 
different types of wastes in shallow eartpen trenches. 

~/Hearings, supra note 13,at 32, 45. Both estimates assume 
commercial development of the liquid metal fast breeder reactor 
and extensive plutonium recycle. 

171 Blomeke, Kee & Nichols, Projections of Radioactive Wastes 
To Be Generated By The U.S. Nuclear Power Industry, at 3, 66-67, 
91 94 (ORNL TM-3965) (Feb. 1974). 
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d . h . 't 18/ I 1 . f d . . . ur1ng eac year 1 operates.-- nc us1on o ~commlSSlOnlng 

wastes coulu more than triple the average annual generation 

of other than high-level wastes. 191 

The total accumulation of low-level wastes at commer-

cial disposal sites may prove to be significantly greater than 

these already large figures indicate. First, previous estimates 

of waste generation rates have been low by factors of ten or 

more. For example, one commercial site, expected to bury 

approximately 750 curies per year, has in practice disposed 

of betwee~ 22,000 and 710,000 curies per year in by-product 

material alone. Second, based solely on an extrapolation of 

historical data, U.S. EPA scientists have estimated that the 

total waste volume that may be received at commercial disposal 

facilities could be roughly one billion cubic feet by the 

year 2000,~/ a volume that would "cover a four-lane highway 

from coast-to-coast one foot deep." 21/ 

All of these extremely rough estimates of the amount 

of low-level wastes likely to exist in the year 2000 are large 

in comparison with the existing accumulation of 13 million 

181 See, e.g., U.S. Atomic Energy Commission, Proposed Final 
Environmental Impact Statement, Liquid Metal Fast Breeder 
Reactor Program, WASH-1535, Volume II, p. 4.6-14 (Dec. 1974); 
Mann, Goldberg & Hendricks, "Low Level So.lid Radioactive Waste 
in the Nuclear Fuel Cycle," at 2 (prepared for presentation at 
the American Nuclear Society winter meeting, Nov. 16-21, 1975, 
San Francisco, California). 

19/ 
Mann, Goldberg & Hendricks, supra note 18, at 12. 

~ O'Connell & Holcomb, supra note 10, at 760. -
y 

Hearings, supra note 2, at 4. 
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ub . f . 1 1 1 1 d. 1 . 221 c lC eet at commercla ow- eve waste lsposa sltes.--

Regardless of the precise figures, it is clear that the amounts 

of low-level waste being generated are escalating rapidly and 

will expand enormously by the end of the century. As a 

congressional subcommittee observed, 

"Low-level waste . . . continues to 
represent a major aspect of the total 
radioactive waste management and 
disposal problem .•. , and it will 
assume even greater proportions in 
future years as the quantity of such 
material increases." 23/ 

22
/ The distribution of wastes accumulated by 1973 and the 

projected dates for reaching the disposal capacities of 
existing sites are shown in the following table: 

Low-Level Waste Burial Sites and Quantities 
of Buried Wastes (1973) 

Volume of Waste Projected 
Site (million cubic ft) Termination Date 

Morehead, Kentucky 
(Maxey Flats) 3.4 1998 

West Valley, N.Y. 2.0 1981 

Barnwell, S.C. 0.8 1993 

Sheffield, Ill. 1.0 1981 

Beatty, Nevada 1.4 1992 

Richland, Wash. 0.6 1994 

Total 9.2 

These dates are derived assuming that no compaction of 
wastes occurs prior to burial and that the sites are not 
enlarged. O'Connell~ Holcomb, supra note 10, at 766. 

~/House Report No. 94-1320, 94th Cong., 2d Sess., at 1, 3 (1976). 
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2. The Radionuclides in Low-Level 
Wastes Are Extremely Toxlc. 

Little argument or evidence is needed to establish the 

toxicity of the radioactive materials contained in low-level 

radioactive wastes. Per unit weigh4radioactive elements can 

be thousands or millions of times more toxic than their non-

radioactive counterparts. Radionuclides are often bioconcen-

trated thousands of tirnes,and even hundreds of thousands of 

times by plants and animals. And, once released, there 

is no way to prevent the radiation from emanating from the 

radionuclfdes. This last property in particular has been 

recognized as requiring special precautions in the handling of 

radioactive wastes. A scientist with the World Health Organi-

zation stated the issue well: 

"[T]here is a technical consideration 
which justifies a cautious approach 
to the setting of permissible levels 
[for radioactive pollutants], and 
which does not obtain with most other 
pollutants: it is the inability to 
destroy the radioactive toxic charac
ter. Many genetically active chemi
cals are known, for example, which 
might seem to require the same cau
tious approach. Yet it seems likely 
that most of them would not survive 
waste treatment or natural processes 
to appear unchanged in the diet, and 
indeed it is likely that many of them 
would be destroyed in the environment. 
No such processes destroy the radio
active nature of waste products and 
we have to rely on dispersal and 
dilution processes of the environment 
with proper regard to the opposing 
forces of re-concentration. Partic
ularly with wastes containing the 
very long-llved radlonuclides, a 
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mistake or error of judgment in 
setting permissible levels for 
environmental disposal could lead 
to a permanently hazardous situa
tion requiring drastic methods of 
almost permanent control." ~/ 

Indeed, based on the toxicity of the radionuclides 

included in radioactive wastes, the Committee on Resources and 

Man of the National Academy of Sciences formulated the following 

first principle on which any long-term program of radioactive 

waste disposal should be based: 

"All radioactive materials are 
biologically injurious. There
fore, all radioactive wastes 
should be isolated from the 
biological environment during 
their periods of harmfulness." 25/ 

Furthermore, plutonium and other transuranic elements 

will be present in low-level wastes in significant quantities 

-- elements which a group of scientific experts recently 

emphasized "are frequently considered to be among the most 

toxic agents known to man." 26/ The potential long-term hazards 

posed by transuranic low-level wastes were publicly recognized 

24 / Kenny, "The Degree of Treatment Required for Low- and Inter
mediate-Level Radioactive Wastes to Prevent the Hazardous Pollu
tion of the Environment," in Practices in the Treatment of Low-
and Intermediate-Level Radioactive Wastes, Proceedings of a 
Symposium held in Vienna, 6-10 December 1965, at 46 (International 
Atomic Energy Agency) (1966) (emphasis added). 

~/ National Academy of Sciences-National Research Council, 
Committee on Resources and Man, Resources and Man, at 235 
(1968). 

26 / National Academy of Sciences, Assessing Potential Ocean 
Pollutants to the Ocean Affairs Board, A Report of the Study 
Panel on Assessing Potential Ocean Pollutants to the Ocean Affairs 
Board, Commission on Natural Resources, National Research Council, 
at 32 (1975). See also, Bowen, "Transuranic Elements and Nuclear 
Wastes," 18 Oceanus-;--at" 43-54 (1974). 
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by NRC Commissioner Edward A. Mason in a speech last year: 

"Due to the long radioactive half-lives of several of the 

transuranic isotopes, they pose some of the most difficult 

problems in the long-term management of radioactive wastes 

from nuclear power operations." 27 / 

And while plutonium probably represents the transuranic 

radionuclide posing the greatest hazard, there is not sufficient 

data to state this unequivocably. 

"[The] emphasis on plutonium is 
clearly a reflection of the 
general consensus that, in terms 
of amounts available, projected 
usage, extent of anticipated acci
dental human exposure, and radio
toxicity, plutonium is the most 
formidable radionuclide in the 
periodic table." 28/ 

However, a recent report by a scientist with EPA states that 

" . americium may become a greater environmental liability 

than the most investigated transuranic element, plutonium." 29/ 

Ql "Remarks by Edward A. Mason, Commissioner, U.S. Nuclear 
Regulatory Commission, for Delivery to the Annual Conference of 
the Atomic Industrial Forum, San Francisco, California, November 
18, 1975," reprinted in U.S. Nuclear Regulatory Commission, News 
Release No. 42, at 6 (week ending November 25, 1975). 

~/The Hetabolism of Compounds of Plutonium and Other Actinides, 
A report prepared by a Task Group of Committee 2 of the 
International Commission on Radiological Protection, ICRP Publi
cation 19, at 1 (1972). 

~/ Brown, "Americium--Its Behavior in soil and Plant Systems," 
at 6 (EPA Environmental Monitoring and Support Laboratory, Las 
Vegas, Nevada (EPA-60013-76-005) (January 1976). See, also 
Martell, "Actinides in the Environment and Their Uptake---sy
Man," at 8 (National Center for Atmospheric Research, Boulder 
Colorado (NCAR-TN/STR-110)) (May 1975). 
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The amounts of these materials in low-level wastes 

will be comparable to the plutonium content of high-level 

wastes if plutonium recycle is adopted. Using the total 

amount of plutonium as a hazard index, the transuranic low-

level wastes would therefore pose a long-term potential hazard 

similar to high-level wastes. Two scientists at the University 

of California-Berkeley recently stated the problem as follows: 

"The amounts of plutonium [in low
level wastes] are significant, and 
careful attention must be given to 
a waste management program which 
assures adequate control of all 
these wastes. On the basis of equal 
protection to the environment, the 
management of low-level plutonium 
wastes may be a more difficult 
problem than management of high
level wastes, because of the com
parable quantities of plutonium and 
because of the much larger volume 
of material involved in the low
level waste." 30/ 

These same scientists further concluded: 

"These plutonium losses to low
level wastes [during plutonium 
recycle] are not environmental re
leases, as acceptable environmental 
releases must be many orders of mag
nitude less than the losses to 
these wastes. Therefore, the wastes 
associated with these process losses 
must be subjected to permanently 
protected storage or disposal. 

301 Pigford and Ang, "The Plutonium Fuel Cyclesr" 29 Health Phys
ics,at 457 (1975). (At a recent symposium an EPA representa~lve 
also stated that the " ... transuranium-contaminated low-level 
waste may be a more critical long-term environmental problem than 
the long-term problem of high-level waste." Russell, "Potential 
Environmental Advantages from Partitioning of Radioactive Wastes" 
in Proceedings of Nuclear Regulatory Commission Workshop on The 
Management of Radioactive Waste: Waste Partitioning as an Alterna
tive, June 8-10, 1976, at Battelle-Seattle Research Center, Seattle, 
Washington, at 85.) 



-19-

* * * 
Permanent isolation of the plu
tonium from the environment is as 
important for these low-level 
wastes as it is for the high-level 
reprocessing wastes." 31/ 

In short, the toxicity of the radionuclides in low-

level wastes cannot be disputed. In particular, the low-level 

wastes will contain vast quantities of plutonium and other 

actinides capable of producing cancer and genetic mutations 

if released in extremely small quantities over time periods on 

the order of 250,000 years. 

3. Current Scientific Knowledge 
Raises Grave Uncertainties 
About Potential Migration of 
Radioactivity 

Whether any of the projected vast quantities of toxic 

radionuclides in low-level wastes would reach the general 

environment when buried depends critically on the future 

behavior of these radionuclides in soil and the subsurface 

environment. But accurately predicting the potential human 

exposures due to releases of both short-lived and long-lived 

radionuclides into the environment has proved difficult. For 

instance, in assessing the behavior of the relatively short-

lived radionuclide ruthenium, an EPA researcher recently 

concluded, 

"As the available data concerning 
the biological behavior of ruthenium 

311 Pigford and Ang, supra note 30, at 457, 467. 
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are reviewed, it becomes apparent 
that many questions concerning the 
qualitative identity and behavior 
of this element still exist . • . . 
It is generally agreed that ruthenium 
may become a greater environmental 
liability than had been originally 
anticipated. As a result, a complete 
documentation of its distribution, 
fate, and behavior in our environ
ment is essential, especially in 
view of our expanding nuclear 
industry." 32/ 

The necessarily greater uncertainties in accurately 

predicting the behavior of radionuclides with long half-lives 

raise par~icularly serious questions since these materials 

will persist in the environment for such extended periods of 

time. In order to make such predictions, many assumptions are 

needed, for instance, about the chemical form and biological 

accessibility of radionuclides that may be exposed to a 

variety of environmental conditions over long periods of time. 

These assumptions are necessarily based on relatively short-

term laboratory and field studies. For instance, quantitative 

predictions about the adsorption of radionuclides to soil 

particles depends primarily on very unsatisfactory data. These 

data come either from laboratory experiments with short, rela-

tively sterile soil columns or on the measurement of radio-

activity in the environment released under relatively uncon-

-trolled circumstances. Unfortunately, data obtained from such 

studies are inadequate for determining with confidence the long-

321 Brown, "Ruthenium: Its Behavior in Plant and Soil Systems," 
at 2, 3 (EPA, Environmental Monitoring and Support Laboratory, 
Las Vegas, Nevada (EPA-60013-76-019) (February 1976)). 
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term effects of releases of waste radionuclides into the 

biosphere. 

The scientific knowledge that does exist reveals great 

uncertainty. A panel of scientists, working under the auspices 

of the National Academy of Sciences, recently reviewed the 

existing literature on the behavior of plutonium and other 

transuranic elements in the oceans. They concluded that the 

belief that plutonium and other transuranics are tightly held 

to soil particles and therefore not likely to move significant 

distances is not well founded. For instance, they state that, 

"In our estimation, the biological data are not yet sufficient 

to show the extent of chemical remobilization of the 2 39Pu, 

and we found no studies of 241Am." 331 Furthermore, the 

scientists found that, "Studies of marine and fresh water 

sediment columns indicate, as do those of soil columns, 

unexpected vertical mobility of 239 Pu and 241Am."~/ The 

scientists also stated that, "Several lines of argument lead to 

the conclusion that sediment 239 Pu is remobilized in a form more 

available to organisms."~/ Regarding the marine e!lvironment, 

they found that, "We are almost igf10rant of the biological or 

environmental significance of the behavior of transuranic 

elements once they are incorporated, into marine sediments."l§_/ 

331 Assessing Potential Ocean Pollutants, supra note 26, at 47. 

~I Id. (citations omitted). 

35/ Id. 

~I Id., at 4 8. 
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Other research scientists have also pointed out the 

importance of understanding the mobility of plutonium in 

the environment and the deficiencies in existing information 

that prevent us from having that understanding: 

"The plutonium which is now de
posited on land can be transported 
by erosion to the streams for 
ultimate deposition in lakes and 
the oceans. The biogeochemical 
cycling of this man-made radio
nuclide is of fundamental impor
tance in assessing the hazard 
potential to man through the 
food chain. Only limited informa
tion is now available on the in
teractions of plutonium in the 
natural aqueous environment." l]__/ 

The NAS scientists were also concerned that plutonium 

which had been in the environment for some time would be 

converted to a chemical form more readily absorbed through the 

intestine of animals, including man, than the insoluble 

plutonium oxide forms that are originally found in radioactive 

wastes. In reviewing work about the accumulation of plutonium-

239 in marine algae, they said, "An important question also 

raised by these studies is that of the availability of a 

plant's physiologically-accumulated plutonium or americium to 

grazers. We know of no relevant data to resolve this question.--/ 

Furthermore, these scientists point out that the absorption of 

plutonium-239 from the gastrointestinal tract may be a factor 

37/ 
-- Schell and Watters, "Plutonium in Aqueous Systems," 29 Health 
Physics, at 589 (1975). 

1il Assessing Potential Ocean Pollutants, supra note 26, at 48. 



-23-

of one hundred or more higher for the very young or immature 

intestine or when very soluble forms of plutonium are 

dm . . d 39/ a lnlstere .-

The inadequacy of existing information was also 

stressed by researchers seeking to formulate computer 

models to predict the effects of waste disposal operations: 

"For many of the transplutoniurn elements, valid data 

on biological transfer and accumulation factors are scarce 

ni.Q./ This conclusion is supported by a recent 

EPA report that found, "The limited amount of available 

information is not adequate to select precise parameters 

for estimating concentrations of plutonium in vegetation 

due to root uptake and foliar deposition." 41/ 

Many of the researchers reporting the results of 

their work at a recent symposium stressed the potential 

hazards of plutonium in the environment, the indications that 

plutonium can be solubilized or mobilized over time, and the 

12.1 Id. , at 3 3. 

!Q./ Soldat, Baker and Corley, "Applications of a General Compu
tational Model for Composite Environmental Radiation Doses" 
in Environmental Behavior of Radionuclides Released in the 
Nuclear Industry, Proceedlngs of a Symposlum held ln Alx-En
Provence, 14-18 May 1973, at 496 (1973). 

41/ Bernhardt and Eadie, "Parameters for -Estimating the Uptake 
of Transuranic Elements by Terrestial Plants," at 2 (EPA Las 
Vegas Facility, Las Vegas, Nevada (ORP/LV-76-2) (March 1976)). 
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h 42/ h . . f . need for more researc .-- Anot er sc1ent1st, a ter present1ng 

421 See generally, International Atomic Energy Agency and U.S. 
Energy Research and Development Administration, "International 
Symposium on Transuranium Nuclides in the Environment," San 
Francisco, California, November 17-21, 1975. For instance, 
scientists from India concluded that further study is needed 
to understand the biological and geochemical significance of 
plutonium in sediments, since they are the depositories of all 
plutonium released to the aquatic environments. (Pillai and 
Mathew, "Plutonium in Aquatic Environment -- Its Behavior, 
Distribution and Significance," at 20.) EPA scientists 
reported that "[O]nce plutonium enters the soil, the importance 
of plant assimilation as a pathway of plutonium to man is 
likely to increase with time, and it may well be that within 
several decades, plutonium uptake by plants will increase 
to higher_levels than is currently projected." (Beckert and 
Au, "Plutonium Uptake By A Soil Fungus And Transport To Its 
Spores," at 5.) 

Scientists at the Oak Ridge National Laboratory found that 

"There have been very few studies 
which focus on the nature of the 
reactions which occur between 
plutonium and environmental con-
stituents. . . the chemistry of 
Pu in the environment will be 
strongly affected by the forma-
tion of complexes. . .. [B]io-
geochemical cycling mechanisms 
involving organic complexes may be 
more influential in maintaining 
Pu in forms which are potentially 
transferrable to biota." (Bondiet-
ti, Reynolds and Shanks, "Inter-
action of Plutonium with Complexing 
Substances in Soils and Natural 
Waters," at 2, 17.) 

Other EPA scientists reported their finding that " ... 
relatively insoluble forms of plutonium may be solubilized to 
a considerable degree in the gastrointestinal tract of cattle." 
(Smith, Barth, Patzer, "Grazing Studies on a Plutonium Contami-
nated Range of the Nevada Test Site," at 4.) These concerns 
that plutonium may become mobilized and become available for 
uptake by plants and animals are given emphasis by the finding 
that plutonium has been detected tens and hundreds of meters 
from the low-level waste burial trenches at Maxey Flats. See 
pp. 30-32, infra. 
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a paper on the possible release of radioactive wastes after 

burial, stated that" ... there has been no comprehensive 

study of the long-term behavior of the [released] radionuclides 

in the biosphere. . • nil/ 

In sum, there are two general categories of information 

that are currently insufficient for reliably projecting the 

future behavior of long-lived waste radionuclides in the 

biosphere. First, we are largely ignorant of the physical 

and biological pathways of the transuranic elements that may 

lead to h~an exposure in the distant future. Second, there 

is insufficient information to rule out the possibility 

that biological processes may convert plutonium to soluble 

forms that are absorbed by the human gastrointestinal tract 

by factors of 100 to 1000 times more easily than insoluble 

compounds, such as plutonium dioxide.±!/ 

The U.S. can confidently predict that large 

quantities of low-level radioactive waste containing signifi-

cant quantities of toxic radionuclides will be generated in 

the corning years. Although insufficient data exists at the 

ill Burkholder, "Nuclear Waste Partitioning Incentives" in 
Proceedings of Nuclear Regulatory Commission Workshop on 
The Management of Radioactive Waste: Waste Partitioning 
as an Alternatlve, June 8-10, 1976 at Bqttelle-Seattle 
Research Center, Seattle, Washington at 475-76. 

44/ . . 1 0 -- see, Assesslng Potentla cean 
at 3~The Metabollsrn of Compounds 
Actinides, supra note 28, at 13. 

Pollutants, supra note 26, 
of Plutonlurn and Other 
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present time to justify firm predictions about the behavior 

of these radioactive materials emplaced in shallow earthen 

trenches for disposal, it is clear that the potential for 

severe environmental contamination exists. The existing base 

of scientific knowledge simply does not provide any firm basis 

for confidence that migration of radioactivity from shallow 

land disposal areas will not·· occur. It is necessary to examine 

our experience to date from that perspective. 

B. U.S. Experience With Low-Level 

Burial Sites Has Been Increasingly 

Plagued By Problems And Uncertainties. 

1. Inadequate Preliminary Studies and 
Off-Site Migration Have Recently 
Been Acknowledged. 

As the volume of material delivered to the six commer-

cial burial sites has grown, experience at the sites has been 

extremely disquieting. The original studies (investigating 

topographic, geologic, meteorologic, and hydrologic conditions) 

undertaken to demonstrate each site's acceptability have been 

called inadequate by both the U.S .. , Environmental Protection 

Agency and the U.S. Geological Survey. 45/ 

Indeed, one USGS geologist testified in a congressional 

hearing that the selection of disposal s~tes for low-level 

radioactive wastes had been "almost random:" 

45/ . . . - U .• S.. Env1ronmental Protect1on Agency, Comment on Atom1c 
Energy Commission, Draft Environmental Statement, Liquid Metal 
Fast Breeder Reactor Program, WASH-1535, at 25 (April 1974); 
Hearings, supra note 2, at 139. 




