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PREFACE 

The original purpose of this work, was to provide background information 
to a National Council on Radiation Protection and Measurements (NCRP) 
panel that considered recommendations concerning the definition of high-
level waste (HLW). Due to the generally useful nature of the result, 
this work was extended and refined for publication in this.report. Its 
scope includes a presentation of past definitions of HLW, an analysis of 
the genesis of these definitions, and an evaluation of institutional 
considerations. The report also contains a chronology of HLW defini-
tions, which also serves as an annotated bibliography. 



GLOSSARY 

AEC U.S. Atomic Energy Commission, precursor to ERDA and NRC 

ALI Annual Limit on Intake: The activity of a radionuclide which taken 
alone would irradiate a person to the limit set for each year of 
occupational exposure. 

BLM Bureau of Land Management, part of the DOI 

CFR U.S. Code of Federal Regulations; for example, 10 CFR 20 refers to 
Title 10, Part 20 of the U.S. Code of Federal Regulations 

DOI U.S. Department of the Interior 

DOT U„S. Department of Transportation 

EPA U.S. Environmental Protection Agency 

ERDA U.S. Energy Research and Development Agency, precursor to DOE 

GAO U.S. Government Accounting Office 

HLW High-level waste 

IAEA International Atomic Energy Agency 

ICRP International Commission on Radiological Protection 

LLW Low-level waste 

MFCw Maximum Permissible Concentration in Water: The concentration of a 
radionuclide In water, which when Ingested over a period of 50 years 
will result in a body or critical organ burden that will give rise to a 
dose rate which will not exceed the specified dose rate limits. 

NRC U.S. Nuclear Regulatory Commission 

R&D Research and development 

TRU Transuranic elements; generally used as a modifier, as in TRU waste 

USGS U.S. Geological Survey, part of the DOI 

WIPP Waste Isolation Pilot Plant for defense TRU wastes in Carlsbad, New 
Mexico 
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ABSTRACT 

This report constitutes a historical perspective on the definition 
of HLW with emphasis on the U.S. situation. The major HLW definitions 
are summarized chronologically, including a categorization of the con-
siderations (e.g., waste source, heat generation rate, radiological 
effects) forming the bases of the definitions. High-level waste (HLW) 
definitions are then discussed in terms of these considerations. A 
brief discussion of the institutional aspects of HLW regulation and 
management are presented. An appendix to the report constitutes an 
annotated, chronological bibliography that formed the basis of the 
perspective. 



A BRIEF HISTORICAL PERSPECTIVE ON THE DEFINITION 
OF HIGH-LEVEL NUCLEAR WASTES 

1. HISTORY OF DEFINITIONS OF HIGH-LEVEL WASTE 

This report discusses the technical characterization and legal 
definitions of radioactive high-level wastes that have evolved from the 
period HLW began to be produced by the nuclear industry. It is likely 
that the first HLW was produced in 1944 as a result of reprocessing 
irradiated reactor fuel to produce plutonium, some of which was used in 
the atomic bomb dropped at Nagasaki, Japan. The wastes produced in 
these processes were stored in carbon steel tanks on the Hanford Reserva-
tion, Washington. Some of the more concentrated wastes were self 
heating, causing the contents of the tank to boil; others had a lower 
rate of heat generation, and the temperature remained below the boiling 
point. During this era, HLW was not well defined and was referred to as 
material that "emitted radiation so strong as to materially reduce the 
time a person can be near the radiating body."l 

Initially, activities involving the development of the first atomic 
weapons had been centralized under the Manhattan Engineer District of 
the U.S. War Department, established in August 1942.2 As the diverse 
potentials of atomic energy were realized shortly after WW II, a debate 
began in Congress to bring further research and development of atomic 
energy under civil control. As a result of these debates, the first 
Atomic Energy Act was passed and approved in August 1946. The general 
purpose of this act was to foster research and development concerning 
atomic energy, both in the field of weapon development and the commer-
cialization of peaceful uses. The act also created the U.S. Atomic 
Energy Commission to administer the policies of this act.^ 

The Atomic Energy Act of 1946 was amended in 1954 and became known 
as the Atomic Energy Act of 1954. This act authorized AEC to license 
and regulate the possession, use, and disposal of nuclear material by 
the commercial sector. However, the act exempted AEC and its private 
contractors from licensing control. 

In the early years of production of radioactive waste, AEC 
distinguished only between LLW and HLW. In 1957, AEC referred to HLW as 
material emitting radiation strong enough to reduce the time a person 
can spend near the radiating source. In practice, this definition of 
HLW was interpreted to mean a radiation exposure rate of more than 2 R/h 
from the waste material.^ Some 10 years later, this criterion was 
restricted to mean such material "which by virtue of its radionuclear 
concentration, half-life and biological significance requires perpetual 
isolation from the biosphere".^ 

As fuel reprocessing developed, the phase HLW was used primarily, 
but not entirely, to denote wastes containing the bulk of the fission 
products that arose from recovery of the fissile and fertile values. 
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These wastes varied considerably in their concentrations of fission prod-
ucts, depending on the burnup of the fuel, the chemical process used, 
and the extent to which the first cycle raffinates from the solvent 
extraction process were mixed with other waste streams. Later, HLW was 
restricted to mean the first cycle raffinates that contained the vast 
majority of the fission products. The definition was further extended 
to include solids (vitrified HLW) derived from these liquids. 

The first legal definition of HLW was published in 1970 in the 
Federal Register (10 CFR 50, Appendix F) which stated that: "For the 
purpose of this statement of policy, 'high-level liquid radioactive , 
wastes' means those aqueous wastes resulting from the operation of the 
first cycle solvent extraction system, or equivalent, and the con-
centrated wastes from subsequent extraction cycles, or equivalent, in a 
facility for reprocessing irradiated reactor fuels."5 

The Energy Reorganization Act of 1974 separated the functions of 
AEC into regulatory activities and R&D activities. The regulatory activ-
ities of AEC were transferred to the newly formed U.S. Nuclear 
Regulatory Commission. Nuclear R&D activities came under the jurisdic-
tion of the newly formed U.S. Energy Research and Development 
Administration. The act maintained regulatory exemptions for ERDA activ-
ities and its prime contractors, except in two categories: 

• where ERDA facilities are used primarily for the receipt or 
storage of HLW from commercially licensed activities, and 

• where retrievable surface storage facilities and other 
facilities are used for the express purpose of long-
term storage of HLW generated by ERDA, if these facilities 
are not for or part of R&D activities. 

The act did not change the definition of HLW, but NRC considers 'long-
term storage' to be longer than 20 years. 

From the earliest period of reactor development, AEC considered 
spent reactor fuel as a secondary source of fresh reactor fuel constit-
uents due to its residual content of uranium and plutonium. The irra-
diated fuel can be reprocessed and the uranium and plutonium recycled as 
reactor fuel. However, other than uranium and plutonium, spent reactor 
fuel has essentially the same radionuclide content as HLW. Both the 
spent fuel and the HLW remaining after reprocessing contain various 
amounts of actinides and transuranic elements that generally have long 
half-lives and high levels of radiotoxicity. Under the Carter adminis-
tration, commercial fuel reprocessing was suspended indefinitely, and 
the economic feasibility of fuel reprocessing for the light-water reac-
tor fuel cycle was questioned. Subsequently, the NRC, in 10 CFR 60, 
considered reactor fuel as HLW, if it is not to be reprocessed. 
Although the 10 CFR 60 does not specifically characterize the radiologi-
cal attributes of HLW, studies leading up to these regulations review 
the radionuclide concentrations, half-life, and biological significance 
of constituents contained in HLW and the overall radiochemical charac-
teristics of HLW.5 
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Others have variously characterized HLW as comprising those wastes 
that emanate from a specific source, have high heat generation rates, 
high radiation levels, high risk/toxicity, or a combination of these 
attributes. Table 1 contains a summary of those attributes that were 
considered in the chronological listing of HLW definition contained in 
Appendix A of this report. This table clearly indicates that the 
characteristics of the waste (heat, radiation, risk/toxicity) were a 
major consideration in defining HLW. It is also interesting to note 
that the definitions that least often consider waste characteristics are 
those employed for policy making/regulatory purposes by agencies, such 
as the AEC, NRC, DOE, and Congress. 

The Nuclear Waste Policy Act of 19826 also defined HLW and con-
firmed the role of NRC in regulating HLW. According to this act, HLW is 
defined as: 

(a) the highly radioactive material resulting from the 
reprocessing of spent nuclear fuel, including 
liquid waste produced directly in reprocessing 
and any solid material derived from such liquid 
waste that contains fission products in sufficient 
concentrations; and 

(b) other highly radioactive material that the Commission, 
consistent with existing law, determines by rule 
requires permanent isolation. 

As is evident from the chronological summary given above, past 
legal definitions of HLW have been almost solely based on the source 
producing the waste. The legal written definitions do not supply a 
rationale for selection of these particular waste sources. The 
following section (Sect. 2.) will attempt to provide some background on 
the rationales used to develop HLW definitions. 

2. BASES OF THE DEFINITION OF HIGH-LEVEL WASTES 

Before the publication of 10 CFR 50, Appendix F, there was no legal 
definition of HLW. The technical definitions which were previously used 
and those which were subsequently developed evolved from various 
descriptions and interpretations of HLW by the technical community. 
Factors that were considered in the technical definitions of HLW 
included: 

1. sources and processes, 
2. radiochemical characteristics, 
3. heat generation rates, and 
4. risk and toxicity. 
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Table 1. Basis of historical HLW definitions 

Source of Waste Heat Radiochemical Risk/ 
HLW definition source generation characteristics toxicity 

CULLER 1954 X 
PECSOK 1955 X 
WOLMAN 1956 
GLUECKAUF 1956 X 
ANDERSON 1956 
AEC 1957 
WARDE 1957 
LIEBERMAN 1958 X 
PIDLEY 1958 X 
CLARKE 1958 X 
AEC 1960 X 
CAMPBELL 1963 
TOMLINSON 1963 
AICHE 1967 
AEC 1969 X 
AEC 1970 X 
IAEA 1970 
ORNL 1971 
LAW 1972 X 
AEC 1974 X 
EPA 1974 X 
IAEA 1975 
NAS 1975 X 
KEE 1976 X 
CONGRESS 1977b X 
GAO 1977 X 
EPA 1978 X 
IRG 1979 X 
DOE 1980a X 
INFCE 1980 
DOE 1980b X 
IAEA 1981 X 
NRC 1981a X 
IAEA 1982 X 
OTA 1982 X 
DOE 1982a X 
DOE 1982b X 
LAW 1982 X 
DOE 1983a X 
DOE 1983b X 
NRC 1983 X 
EPA 1984a 
EPA 1984b X 
NRC 1984 X 

X 

X 

X X X 
X 
X 

X 
X 

X 
X 

X 

X 
X 

X X X 

X 

X X 
X X X 
X X X 
X X 

X 

X X X 

X 

X 

X X 
X 
X 
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For optimum usefulness the definition of HLW must consider both the 
technical characteristics (i.e., radiological, chemical, and physical) 
of the waste and the needs and policies of the various institutions 
involved in the development, production, management, and regulation of 
such wastes. 

2.1 SOURCES AND PROCESSES 

Radioactive wastes are generated, to some extent, at any facility 
working with radioactive elements, but the fuel cycle for reactors, both 
civilian and defense, is the largest source. The nuclear fuel cycle 
includes mining uranium, milling, preparation of feed materials for 
gaseous diffusion plants, fuel fabrication, processing of scrap, 
reactor operation, spent fuel reprocessing, and research associated with 
each step. The amount and level of radioactivity in the resulting waste 
materials range from fractions of millicuries in the handling of raw 
ores, to hundreds of curies per liter as fission products from reactor 
operations or in the dissolved fuel elements being processed for recov-
ery of uranium and plutonium. 

High-level waste can result from the chemical processing of irra-
diated reactor fuels to separate plutonium and uranium from fission prod-
ucts. These liquid wastes contain the bulk of the fission products 
from the irradiated fuel elements. The major chemical constituent of 
the solution is the nitric acid used to dissolve the fuel elements; the 
total mass of fission products is very small, with the actual amount 
depending on the burnup of fuel in the reactor. The concentration and, 
to a certain extent, the spectrum of the fission products depend on the 
irradiation time of the uranium and the length of cooling time after the 
fuel is removed from the reactor.^ 

While the processing details vary with the type of fuel being pro-
cessed and the plant performing the operations, the basic principles are 
the same. Solid fuels are dissolved in nitric acid. The solution is 
fed to a column where a solvent selectively extracts the uranium and 
plutonium. An aqueous salt solution scrubs the traces of fission prod-
ucts from the solvent extract before it. leaves the column. This solu-
tion (the first-cycle raffinate), containing more than 99.9% of the 
dissolved fission products, has been defined as HLW.8 

The IAEA9 currently defines HLW as: 

1. the highly radioactive liquid, containing mainly fission 
products, as well as some actinides, which is separated 
during chemical reprocessing of irradiated fuel (aqueous 
waste from the first solvent extraction cycle and those 
waste streams combined with it); 
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2. spent reactor fuel, if It is declared a waste; and 

3. any other waste with a radioactivity level comparable to 
1. or 2.* 

Most of the existing first-cycle raffinates In the United States 
have been generated in defense activities (i.e., in producing Pu and 3H 
for nuclear weapons at the DOE plants at the Hanford site and Savannah 
River Plant, and in processing naval reactor fuels at ICPP). A small 
amount of commercial raffinates have been generated from reprocessing 
reactor fuels at the NFS plant. 

2.2 RADIOCHEMICAL CHARACTERISTICS 

In general, HLW in the atomic energy industry requires extensive 
shielding to protect persons handling it from exposure to damaging 
radiation. Raffinates may contain as much as 105 Ci/m3.H>12 The IAEA 
considers HLW to ba equivalent to IAEA Category 5, which is radioactive 
waste with an activity level above lO1* Ci/m3. High-level waste has been 
broadly described as having a radiation exposure rate at the emitting 
surface greater than 2 R/h.^ 

*The London Dumping Convention of 1972 prohibited the deliberate dumping 
of HLW into the ocean. This convention gave to IAEA the responsibility 
for providing the technical definition. The IAEA developed a restricted 
definition which applies only to the London Dumping Convention which 
defines "high-level radioactive wastes or other high-level radioactive 
matter unsuitable for dumping at sea" as any waste or other matter with 
a concentration in curies per unit gross mass (in tonnes) exceeding: 

(a) 10 Ci/t for alpha-active waste of half-life greater than 
50 years. In the case of 226Ra, not more than 200 Ci/year 
may be dumped at any one site); 

(b) 103 Ci/t for beta gamma active waste (excluding tritium) 
but the limit for 9oSr plus 137Cs is 102 Ci/t; and 

(c) 106 Ci/t for tritium. 

These concentrations are very conservative limits based on the 
assessment of unconfined disposal of radioactive wastes into the North 
Atlantic Ocean. 



7 

2.3 HEAT GENERATION RATE 

The heat generation rate from radionuclide decay in most liquid, 
first-cycle raffinates Is sufficient to heat the liquid to the boiling 
point, and special provisions must be made to dissipate this heat safely. 
The waste will remain capable of self-boiling as long as the heat 
generation rate exceeds about 20 to 50 W/m3 of waste.7 More than 99% of 
the nonvolatile fission products in the fuel being processed are con-
tained in the salf-heating wastes. In a typical raffinate the rate of 
heat generation decreases by a factor of about 10 as the waste ages from 
0.5 to 10 years from the time of reactor discharge. After about 10 years, 
most of the heat comes from the decay of 90Sr and 137Cs and decreases by 
a factor of 2 in about 30 y e a r s . ^ 

Heat generated by radioactive decay must be removed or dissipated 
to maintain the temperature of the waste within that for which the con-
finement system is designed. The period of time for heat dissipation 
and control is very short compared with the total time during which con-
finement is needed. The duration of self-boiling capability depends 
primarily on the concentration of the heat-generating fission products 
and the age of the waste. 

Wastes that are not self-boiling have been generated ft Hanford 
from the chemical dissolution of aluminum jackets, the processing of 
irradiated fuels by the now-obsolete bismuth phosphate precipitation 
process, and the aging of the more dilute (in fission products) first-
cycle raffinates. 

2.4 RISK AND TOXICITY 

The presence of radionuclides in wastes results in the waste being 
intrinsically hazardous. During the mid-term, the hazard of wastes such 
as the first-cycle raffinate and its solidified derivatives is dominated 
by 90Sr and 13'Cs. After a sufficient decay time, these nuclides are 
inconsequential, and the hazard is dominated by long-lived nuclides such 
as the actinides, 99TC and 129I. 

The concentration of the radiation hazard has formed yet another 
basis for defining HLW. One of the most common approaches is to take 
the measure of the hazard to be the sum of the ratios of the con-
centration of each radionuclide in the waste divided by the maximum per-
missible concentration of that nuclide that will not exceed some 
prescribed dose limit. The range of relative radiotoxlcities is then 
divided into categories that represent the waste types, an approach 
used in refs. 14 and 15. This approach suffers from being based on a 
measure of the intrinsic hazard of the waste and does not account for 
pathway effects between the waste and a potential dose recipient. 

A more rigorous approach is to define HLW based on the risk to some 
individual and/or population. While attractive in concept, this 
approach requires that a large number of scenarios and parameters 
characterizing the pathways be defined before it can be implemented. 



8 

Table 2. Principal executive agencies with waste management responsibilities 

Agency Responsibility 

Department of Energy (DOE) Responsible for developing radioactive 
waste isolation technologies and for 
designing, constructing, and operating final 
isolation facilities for HLW, TRU waste and 
spent fuel generated in national defense and 
commercial nuclear programs. 

Environmental Protection Agency (EPA) Responsible for developing generally 
applicable standards for radioactive 
material; EPA is now developing such 
standards for geologic repositories for 
radioactive wastes (40 CFR 191). j 

Nuclear Regulatory Commission (NRC) Responsible for developing and 
implementing regulations to ensure public 
health and safety for storage and final 
isolation of HLW, LLW and radioactive 
wastes created in the mining of uranium ore. 
NRC is now developing regulations for mined 
geologic repositories that will implement 
the standards developed by EPA (10 CFR 
60) . 

Department of Transportation (DOT) Responsible for developing, issuing, and 
enforcing safety standards governing certain 
packaging and shipping containers for 
radioactive materials and for the labeling, 
classification, and marking of all waste 
packages. 

Department of Interior (DOI) QSGS conducts geologic investigations in 
support of DOE's waste disposal programs, 
collaborates with DOE on earth sciences 
technical activities, and will act as a 
consultant to NRC when NRC considers 
DOE applications for disposal facilities. 

BLM serves as custodian of certain federal 
landholdings and reviews any proposals to 
place waste disposal on such lands. 
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to a National Council on Radiation Protection and Measurements (NCRP) 
panel that considered recommendations concerning the definition of high-
level waste (HLW). Due to the generally useful nature of the result, 
this work was extended and refined for publication in this.report. Its 
scope includes a presentation of past definitions of HLW, an analysis of 
the genesis of these definitions, and an evaluation of institutional 
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tions, which also serves as an annotated bibliography. 
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ABSTRACT 

This report constitutes a historical perspective on the definition 
of HLW with emphasis on the U.S. situation. The major HLW definitions 
are summarized chronologically, including a categorization of the con-
siderations (e.g., waste source, heat generation rate, radiological 
effects) forming the bases of the definitions. High-level waste (HLW) 
definitions are then discussed in terms of these considerations. A 
brief discussion of the institutional aspects of HLW regulation and 
management are presented. An appendix to the report constitutes an 
annotated, chronological bibliography that formed the basis of the 
perspective. 
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These wastes varied considerably in their concentrations of fission prod-
ucts, depending on the burnup of the fuel, the chemical process used, 
and the extent to which the first cycle raffinates from the solvent 
extraction process were mixed with other waste streams. Later, HLW was 
restricted to mean the first cycle raffinates that contained the vast 
majority of the fission products. The definition was further extended 
to include solids (vitrified HLW) derived from these liquids. 

The first legal definition of HLW was published in 1970 in the 
Federal Register (10 CFR 50, Appendix F) which stated that: "For the 
purpose of this statement of policy, 'high-level liquid radioactive , 
wastes' means those aqueous wastes resulting from the operation of the 
first cycle solvent extraction system, or equivalent, and the con-
centrated wastes from subsequent extraction cycles, or equivalent, in a 
facility for reprocessing irradiated reactor fuels."5 

The Energy Reorganization Act of 1974 separated the functions of 
AEC into regulatory activities and R&D activities. The regulatory activ-
ities of AEC were transferred to the newly formed U.S. Nuclear 
Regulatory Commission. Nuclear R&D activities came under the jurisdic-
tion of the newly formed U.S. Energy Research and Development 
Administration. The act maintained regulatory exemptions for ERDA activ-
ities and its prime contractors, except in two categories: 

• where ERDA facilities are used primarily for the receipt or 
storage of HLW from commercially licensed activities, and 

• where retrievable surface storage facilities and other 
facilities are used for the express purpose of long-
term storage of HLW generated by ERDA, If these facilities 
are not for or part of R&D activities. 

The act did not change the definition of HLW, but NRC considers 'long-
term storage' to be longer than 20 years. 

From the earliest period of reactor development, AEC considered 
spent reactor fuel as a secondary source of fresh reactor fuel constit-
uents due to its residual content of uranium and plutonium. The Irra-
diated fuel can be reprocessed and the uranium and plutonium recycled as 
reactor fuel. However, other than uranium and plutonium, spent reactor 
fuel has essentially the same radionuclide content as HLW. Both the 
spent fuel and the HLW remaining after reprocessing contain various 
amounts of actinides and transuranic elements that generally have long 
half-lives and high levels of radiotoxicity. Under the Carter adminis-
tration, commercial fuel reprocessing was suspended indefinitely, and 
the economic feasibility of fuel reprocessing for the light-water reac-
tor fuel cycle was questioned. Subsequently, the NRC, in 10 CFR 60, 
considered reactor fuel as HLW, if it is not to be reprocessed. 
Although the 10 CFR 60 does not specifically characterize the radiologi-
cal attributes of HLW, studies leading up to these regulations review 
the radionuclide concentrations, half-life, and biological significance 
of constituents contained in HLW and the overall radiochemical charac-
teristics of HLW.5 
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Table 1. Basis of historical HLW definitions 

Source of Waste Heat Radiochemical Risk/ 
HLW definition source generation characteristics toxicity 

CULLER 1954 X 
PECSOK 1955 X 
WOLMAN 1956 
GLUECKAUF 1956 X 
ANDERSON 1956 
AEC 1957 
WARDE 1957 
LIEBERMAN 1958 X 
PIDLEY 1958 X 
CLARKE 1958 X 
AEC 1960 X 
CAMPBELL 1963 
TOMLINSON 1963 
AICHE 1967 
AEC 1969 X 
AEC 1970 X 
IAEA 1970 
ORNL 1971 
LAW 1972 X 
AEC 1974 X 
EPA 1974 X 
IAEA 1975 
NAS 1975 X 
KEE 1976 X 
CONGRESS 1977b X 
GAO 1977 X 
EPA 1978 X 
IRG 1979 X 
DOE 1980a X 
INFCE 1980 
DOE 1980b X 
IAEA 1981 X 
NRC 1981a X 
IAEA 1982 X 
OTA 1982 X 
DOE 1982a X 
DOE 1982b X 
LAW 1982 X 
DOE 1983a X 
DOE 1983b X 
NRC 1983 X 
EPA 1984a 
EPA 1984b X 
NRC 1984 X 

X 

X 

X X X 
X 
X 

X 
X 

X 
X 

X 

X 
X 

X X X 

X 

X X 
X X X 
X X X 
X X 

X 

X X X 

X 

X 

X X 
X 
X 
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2. spent reactor fuel, If It is declared a waste; and 

3. any other waste with a radioactivity level comparable to 
1. or 2.* 

Most of the existing first-cycle raffinates in the United States 
have been generated in defense activities (i.e., in producing Pu and 3H 
for nuclear weapons at the DOE plants at the Hanford site and Savannah 
River Plant, and in processing naval reactor fuels at ICPP). A small 
amount of commercial raffinates have been generated from reprocessing 
reactor fuels at the NFS plant. 

2.2 RADIOCHEMICAL CHARACTERISTICS 

In general, HLW in the atomic energy industry requires extensive 
shielding to protect persons handling it from exposure to damaging 
radiation. Raffinates may contain as much as 105 Ci/m3.H>12 The IAEA 
considers HLW to ba equivalent to IAEA Category 5, which is radioactive 
waste with an activity level above 101* Ci/m3. High-level waste has been 
broadly described as having a radiation exposure rate at the emitting 
surface greater than 2 R/h.^ 

*The London Dumping Convention of 1972 prohibited the deliberate dumping 
of HLW into the ocean. This convention gave to IAEA the responsibility 
for providing the technical definition. The IAEA developed a restricted 
definition which applies only to the London Dumping Convention which 
defines "high-level radioactive wastes or other high-level radioactive 
matter unsuitable for dumping at sea" as any waste or other matter with 
a concentration in curies per unit gross mass (in tonnes) exceeding: 

(a) 10 Ci/t for alpha-active waste of half-life greater than 
50 years. In the case of 226Ra, not more than 200 Ci/year 
may be dumped at any one site); 

(b) 103 Ci/t for beta gamma active waste (excluding tritium) 
but the limit for 9oSr plus 137Cs is 102 Ci/t; and 

(c) 106 Ci/t for tritium. 

These concentrations are very conservative limits based on the 
assessment of unconfined disposal of radioactive wastes into the North 
Atlantic Ocean. 
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The AEC definition of HLW in 10 CFR 50, Appendix F contemplated 
reprocessing of spent fuel so that the fission products, along with 
small amounts of transuranlc elements, would be separated from reusable 
uranium and plutonium. This regulation requires HLW to be sent to a 
federal repository because the fission products and transuranics it con-
tains would require special care over long periods of time and this 
could be best exercised by the federal government to assure adequate 
protection of the public health and safety. 

The Nuclear Regulatory Commission Is responsible for licensing: 

1. all facilities primarily used for storage and/or disposal 
of HLW resulting from licensed (commercial) activities; 

2. facilities for long-term storage and/or disposal of DOE 
HLW; 

3. commercial facilities for storage and/or disposal of 
spent fuel and TRU waste; and 

4. commercial facilities for processing or treatment of 
wastes (including DOE wastes). 

The authority of the NRC to license ERDA long-term waste storage 
facilities is restricted to HLW. Although the Energy Reorganization Act 
of 1974 does not define HLW, NRC regulations define it as: "those 
wastes created during the initial and subsequent steps in chemically 
reprocessing spent nuclear fuel."16 The 1974 Energy Reorganization Act 
[Section 202(4)] did not give NRC authority to license ERDA (DOE) 
interim waste storage tanks and bins for HLW from its military and 
research programs, but it did give NRC authority to license any storage 
tanks and bins intended Cor long-term HLW storage. The Nuclear Waste 
Policy Act of 1982 confirmed the role of NRC in regulating HLW. 

4. ANALYSIS 

High-level waste has traditionally meant radioactive material with 
substantial concentrations of hazardous long-lived radionuclides having 
the ability to disperse itself or release some of its constituents as a 
result of itB high-energy density (i.e., high heat generation per unit 
volume). For this reason, only the first-cycle raffinates from spent 
fuel reprocessing were considered to be HLW as they contained substan-
tial concentrations of long-lived alpha emitters and were self-boiling, 
thus requiring active measures to prevent evaporation to dryness and 
subsequent radionuclide volatilization. Spent fuel was not originally 
considered to be HLW as it was assumed that spent fuel would be repro-
cessed to recover fissile and fertile components. However, in recent 
times it too has been Included in the HLW category as it possesses 
essentially the same radiological attributes as the first-cycle raf-
finate from reprocessing. 
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APPENDIX A. CHRONOLOGY OF HLW "DEFINITIONS" AND REFERENCES 

CULLER 1954 Culler, F. L., Notes on Power Reactor Wastes, 
Report on Meeting on Subterranean Disposal of 
Reactor Wastes, Washington, D.C., November 15, 1954 
(Johns Hopkins University), 0RNL-CF-55-4-25, 
March 4, 1955. 

Fission product waste streams are produced from the first column in 
each solvent extraction cycle, but the first cycle extraction tower 
raffinates contains over 99.9% of the fission products. This stream 
may be combined with others to constitute the radioactive wastes 
from a chemical reprocessing plant. 

Heat is liberated by decaying fission products. The decay heat 
after cooling for 100 d is sufficient to cause boiling of wastes 
stored in underground tanks and may cause a potential hazard by 
release of particulates to the atmosphere. 

PECSOK 1955 Pecsok, D. A., "Community Effects of Radioactive 
Waste," pp. 69-77 in Radioactive Liquid Waste, 
School of Public Health, University of Michigan, 
1955. 

Highly concentrated fission product wastes remain following the 
separation of plutonium from expended reactor feed material 
used for production of plutonium. 

WOHLMAN 1956 Wolman, A. and A. E. Gorman, "The Management and 
Disposal of Radioactive Wastes," in vol. 9 of 
Proceedings of International Conference on the 
Peaceful Uses of Atomic Energy, 8 August—20 August 
1955, Geneva, Switzerland, United Nations, New York. 

In general, high-level wastes in the atcmic energy industry are 
those, requiring extensive shielding to protect persons handling them 
from exposure to damaging radiation. Such waste may contain as much 
as 102 Ci/L. 

Intermediate-level wastes also require shielding and must be handled 
with much care. The low-level wastes are those which, if decon-
taminated by a factor of 102 or 103, would approach permissible 
limits^ for human exposure. The range of their activity would be 
from 10"1* to 10-3 uCi/mL. 

The high-level wastes originate principally, but not entirely, from 
the chemical processing of fuel from nuclear reactors in order to 
recover unburned portions. Associated with the irradiated fuel are 
many fission products with radioactive half-lives varying from 
seconds to millions of years. Such products have fixed rates of 
radioactive decay which never vary. 
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The high-level wastes initially have an extremely high activity. In 
the typical wastes, 90Sr and 1^7Cs are the radioisotopes of longest 
half-lives. 

The objective of separations process is to recover in greatest 
possible yield elements such as uranium, thorium, and plutonium. 
However, even from the most efficient process, concentrations of 
plutonium in separations plant wastes are so high that, this element 
alone, with its long half-life (24,000 years) and extreme biological 
toxicity, requires the utmost assurance against uncontrolled release 
of such material to the ground or into any area where it may be 
taken up by plant or animal life. 

AEC 1957 Handling and Disposal of Radioactive Wastes, AEC 180/6, 
p. 10, U.S.^Atomic Energy Commission, June 1957. 

Criteria for the definition of HLW included material that emitted 
radiation so strong as to materially reduce the time a person can 
be near the radiating body. 

WARDE 1957 Warde, J. M. and T. N. McVay, "High-Level Radioactive 
Waste Disposal Problems," pp. 41—44 in Selected Papers 
Nucl. Eng. Sci. Congr., ljt Cleveland, 1957, 2 vols., 
Pergamon, 1 9 5 7 . j 

High-level waste may be broadly described as having an activity 
level of the emitting surface of 2 R/h. They are the wastes from 
the chemical reprocessing phase of reactor operations where unused 
uranium and plutonium are separated from fission products. 

LIEBERMAN 1958 Lieberman, J. A., "The Role of Waste Management in the 
Development of the Nuclear Energy Industry," in 
Proceedings of Second International Conference on 
the Peaceful Uses of Atomic Energy, Vol. 18, 
pp. 3-6, 1958. 

High-level wastes arise primarily from reprocessing of irradiated 
fuels and contain 10s to 100s of curies per gallon. 

PIDLEY 1958 Pidley, 0. H. et al., "The Storage of High-Level 
Radioactive Waste; Design and Operating Experience in 
the U. S.," in Proceedings of Second International 
Conference on the Peaceful Uses of Atomic Energy, 
Vol. 18, pp. 7-18, 1958. 

High-level waste streams contain the major portion of the fission 
products from fuel reprocessing. The wastes are self-heating. 

CLARKE 1958 Clarke, R. W. , "Radioactive Waste Disposal," 
Handbook of the Atomic Energy Industry, p. 19-3t 
1958. 
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CAMPBELL 1963 Campbell, B. F. et al., "Current Practice in the 
Management of High-Level Radioactive Waste in the 
United States of America," pp 23-40, Treatment and 
Storage of High-Level Radioactive Wastes, 
IAEA STI/PUB/63. 

For storage purposes, high-level wastes are segregated into two 
categories, depending on relative fission-product content. In the 
most active wastes, enough heat is generated by radioactive decay 
of fission products to heat the liquid to boiling and special 
provisions must be made to dissipate this heat safely. For purposed 
of this discussion, these wastes will be designated as 
"self-heating" wastes. The point of demarcation between 
"self-heating" and "non-heating" wastes in Hanford-type tanks is 
aliout 0.1 to 0.5 Btu/h«gal of waste. 

More than 99% of the fission products in the fuel being processed 
are contained in the self-heating wastes. In a typical HLW 
the rate of heat generation will decrease by a factor of about 
10 as the waste ages from 0.5 to 10 years from time of reactor 
discharge. At 10 years, most of the heat comes from the decay of 
9 °Sr and l37Cs. 

T0MLINS0N 1963 Tomlinson, R. E., "Hanford High-Level Waste 
Management," pp 93-118, Treatment and Storage of 
High-Level Radioactive Wastes, IAEA STI/PUB/63. 

The high-level radiochemical wastes from Hanford separations pro-
cesses are classified as "self-heating" or "non-heating," depending 
on the concentration of decaying fission products present. In the 
more concentrated wastes, enough beat is generated to self-heat the 
wastes to a boiling temperature in the Hanford tanks, while the less 
active wastes remain at some temperature below the boiling point. 
In the Hanford facilities, the point of demarcation between 
"self-heating" and "non-wastes" is about 20 to 50 W/m3 of waste. 

Non-heating wastes have been generated from the chemical dissolution 
of aluminum jackets, the processing of irradiated fuels by the now-
obsolete bismuth phosphate precipitation process and the aging of 
the more dilute (in fission products) supernatant solutions in the 
Redox wastes. 

AIChE 1967 United States of America Standards Institute, 
"Proposed Definition of Radioactive Waste Categories," 
sponsored by American Institute of Chemical Engineers 
(1967). 

In many cases subcategory designation would differentiate between 
alpha and beta-gamma wastes. The category is determined by the 
radionuclide content and the subcategory by the surface radiation 
level. 
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ORNL 1970 

In this report, unless otherwise specified, low-level wastes are 
defined as wastes that contain radionuclides at concentrations from 
10 to 10^ times their MPC for the general population; intermediate-
level wastes are defined as wastes that contain nuclides from 101* to 
106 times their MPC; and high-level wastes are defined as wastes 
that contain radionuclides in excess of 106 times their MPC. 

LAW 1972 Marine Protection, Research, and Sanctuaries Act of 
1972 (P.L. 92-532). 

High-level radioactive waste means the aqueous waste resulting from 
the operation of the first-cycle solvent extraction system, or 
equivalent, and the concentrated waste from subsequent extraction 
cycles, or equivalent, in a facility for reprocessing irradiated 
reactor fuels or irradiated fuel from nuclear power reactors. 

AEC 1974 Draft EIS on Management of Commercial High-Level and 
Transuranium Contaminated Radioactive Waste, 
WASH-1539, 1974. 

In this statement, "commercial" denotes waste generated by AEC 
licensees as distinct from waste generated in the operation of 
AEC-owned facilities. High-level liquid radioactive waste is 
defined by 10 CFR 50, Appendix F. 

For purposes of this statement, high-level solid waste is the solid-
ified product of high-level liquid waste, and HLW (without a 
qualifying adjective) Includes either form. 

High-level waste contains essentially all of the nonvolatile fission 
products from the spent nuclear fuel, together with small quantities 
of uranium and plutonium which are not recovered, and other heavy 
elements. The requirements for safe management of this waste are 
that: 

1. Shielding must be provided to absorb the intense penetrating 
radiation which is emitted. 

2. Confinement must be provided, over a period of time which is 
extremely long compared to periods of time considered long in 
planning other human affairs, to preclude dispersion of the 
radioactive materials into the environment. 

3. Heat generated by radioactive decay must be removed or dissi-
pated to maintain the temperature of the waste within 
that for which the confinement system is designed. The period 
of time during which this is a significant factor is very short 
compared to the time during which confinement is needed. The 
heat output of 10-year-old waste decreases by a factor of 2 in 
about 30 years. 
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man or his environment, even though each individual operation had 
been conducted with appropriate care. The definition has, there-
fore, been based on the concept of the limiting capacity of the deep 
sea with depth greater than 2000 m, a capacity which is based on 
the annual input of radioactivity which will result in individual 
dose commitments recommended by the ICRP. The numbers predicted by 
the model have been reduced to allow for uncertainties, for multiple 
releases, and for other sources of exposure and to take account of 
population dose commitment. 

For materials released from containers on the bed of the Northeast 
Atlantic the activity dumped annually that would cause doses in the 
exposed critical group to approach ICRP dose limits is of the order 
of: 

1. 1010 Ci/year for alpha-active waste (based on 239Pu); 

2. 106 Ci/year for alpha-active waste (based on 22GRa); 

3. 1011 Ci/year for B/G-active waste (excluding tritium); 

4. 1012 Ci/year for aged mixed fission products (not exceeding 15% 
90Sr plus 137Cs); and 

5. 1015 Ci/year for tritium. 

These figures assume no other substantial releases in the North 
Atlantic. They contain a safety factor, up to about 104, because of 
the conservative nature of the assessment. 

NAS 1975 Interim Storage of Solidified High-level Radioactive 
Wastes, National Research Council, National Academy of 
Sciences, Washington, D.C., 1975. 

High-level radioactive wastes are: 

1. aqueous wastes resulting from the first cycle of a reprocessing 
operation, 

2. products from the solidification of high-level liquid wastes, 
or 

3. irradiated fuel elements, if discarded without processing. 

KEE 1976 Kee, C. W., A. G. Croff, and J. 0. Blomeke, Updated 
Projections of Radioactive Wastes to be Generated by 
the U.S. Nuclear Power Industry, ORNL/TM-5427, Oak 
Ridge Natl. Lab., 1976. 

High-level wastes are defined in federal regulations as "those 
aqueous wastes resulting from the operation of the first-cycle 
solvent extraction system, or equivalent, in a facility for repro-
cessing irradiated reactor fuels." These wastes contain virtually 
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4. storage and/or disposal in an ERDA-operated facility of TRU 
waste, foreign-generated HLW and/or spent fuel, and LLW. 

Most of the radioactive wastes generated today are from ERDA's 
weapons program and commercial nuclear reactors and nuclear fuel 
cycle activities, mainly at fuel fabrication and reprocessing facil-
ities. Currently, there are no commercial reprocessing facilities 
operating. 

High-level waste has extremely high radioactivity concentrations and 
is characterized by intense penetrating radioactivity, extreme heat, 
and a long toxic life. This waste is created during reprocessing 
operations when reactor spent fuel elements are dissolved in acid to 
recover the unused uranium and plutonium for reuse as nuclear fuel. 
The remaining acid solution is referred to as HLW. It contains many 
fission products and TRU, such as plutonium, which are not recovered 
during the reprocessing operations. 

Section 202(4) of the Energy Reorganization Act of 1974 provides for 
licensing of "Retrievable Surface Storage Facilities and other facil-
ities authorized for the express purpose of subsequent long-term 
storage of HLW generated by the Administration which are not used 
for, or a part of, R&D activities." Thus, with the exception of R&D 
activities, NRC must license ERDA operations for the long-term 
storage (or disposal) of HLW generated by ERDA or its predecessor, 
the AEC. The Commission has considered storage of longer than 20 
years to be long-term. 

High-level waste results from the chemical processing of irradiated 
reactor fuels used either in the production of special nuclear materials 
for defense and R&D or research tests, naval propulsion, and other 
reactors using highly enriched uranium fuel. 

The source of the largest potential radiological hazard associated 
with waste from the nuclear fuel cycle is the HLW stream from fuel 
reprocessing or the spent fuel assemblies themselves in the absence 
of reprocessing. The viability of the nuclear energy industry cer-
tainly depends on the ability to dispose of this material safely and 
reliably. A second related category of solid wastes includes those 
which are contaminated by very long-lived TRU elements, the TRU 
wastes. In view of the executive decision to defer reprocessing, we 
limit the discussion here to such wastes from future operations. 
10 CFR Part 50 requires that high-liquid wastes from fuel repro-
cessing plants be converted to solid form within 5 years after repro-
cessing and that this solid waste be delivered to a federal waste 
repository 10 years after reprocessing. The miscellaneous TRU 
waste, by present regulatory approach, also would be packaged and 
placed in such a repository. 

Encapsulated spent fuel could be stored in recoverable fashion for 
possible future reprocessing using the same sort of geologic reposi-
tories as intended for solidified HLW from reprocessing options. 
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NRC regulatory authority over radioactive waste is limited by 
statutes that specify who and what are to be regulated, and it is 
not based primarily on the degree of hazard posed by the waste, the 
lifetime of the waste, or the waste form. 

NRC authority to license ERDA storage facilities for HLW does not extend 
to ERDA wastes that are used for or are a part of R&D activities. 
It also does not include licensing of ERDA waste storage facilities 
existing before enactment of the Energy Reorganization Act nor ERDA 
facilities not intended for "long-term storage" of HLW. 

The NRC definition of HLW in AEC's (now NRC's) regulations con-
templated reprocessing of spent fuel so that the fission products, 
along with small amounts of TRU, would be separated from reusable 
uranium and Plutonium. NRC regulations require HLW to be sent to a 
federal repository because the fission products and TRU require spe-
cial care over long periods of time, which can be best exercised by 
the federal government to assure adequate protection of the public 
health and safety. Spent fuel and TRU waste require care similar to 
that for HLW, but neither spent fuel nor TRU waste currently fall 
under the definition of HLW and, therefore, are not within NRC's 
licensing jurisdiction if stored or disposed of in an ERDA reposi-
tory. 

NRC is clearly responsible for licensing: 

1. all facilities primarily used for storage and/or disposal of HLW 
resulting from licensed (commercial) activities; 

2. facilities for long-term storage and/or disposal of ERDA HLW; 

3. commercial facilities for storage and/or disposal of spent fuel 
and Th.o waste; and 

4. commercial facilities for processing or treatment of wastes 
(including ERDA wastes). 

NRC licensing jurisdiction is either nonexistent or uncertain with 
respect to waste storage or disposal facilities in the following 
manner: 

1. Facilities for short-term handling, treatment, or storage of 
ERDA HLW are not subject to licensing. 

2. "Long-term" and "short-term" storage are not defined in the 
1974 act. NRC considers storage of less than 20 years to be 
short-term. 

3. There is some uncertainty about licensing ERDA facilities built 
to store or dispose of waste types in addition to high-level 
waste (i.e., spent fuel or TRU wastes) since technically they 
may not be primarily for storage of HLW. 
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Fri, R. W., Acting Administrator, U.S. ERDA, written 
communication to E. B. Staat, Comptroller General, U.S. GAO. 

This communication views the two recommended alternatives pertaining 
to NRC assessment of ERDA activities as being tantamount to sub-
jecting ERDA facilities and programs to licensing by NRC. ERDA 
points are: 

1. The provisions of the Energy Reorganization Act (P.L. 93-438) 
and the Act's legislative history clearly indicate Congress's 
intent to give ERDA responsibility over its own facilities. 
Section 202 of the Energy Reorganization Act clearly reflects 
congressional recognition of the differences in ERDA and NRC 
facilities by granting NRC licensing and related regulatory 
authority over a few specified ERDA facilities having strong 
commercial implications. 

2. The basic missions of NRC and ERDA are different as each 
organization has developed and employs a different expertise. 

3. ERDA believes that implementation of GAO's recommendation 
would be detrimental to both the NRC and ERDA. It could result 
in the slowdown or halting of experimental projects pending the 
promulgation of regulations and standards by NRC and would 
require some duplication by NRC of the necessary expertise to 
regulate the waste management activities of ERDA. 

It appears that GAO has used this report, which is basically 
directed toward the problems associated with disposal of high-level 
radioactive waste, to address the much more comprehensive matter of 
independent assessment and to extend NRC's authority to include 
ERDA's waste. 

Gossick, L. V., Executive Director for Operations, U.S. NRC. 
written communication to M. Canfield, Jr., Director, Energy 
and Materials Division, U.S. GAO. 

NRC does not agree with several conclusions and recommendations in 
the report. These can be summarized briefly as follows: 

"The report indicates that GAO does not think NRC has the 
authority under current law to regulate the disposal by ERDA of 
spent fuel should there be no reprocessing and spent fuel would 
have to be disposed of like reprocessing wastes. Should spent 
fuel become a waste, the better legal view would be that NRC 
would have authority to define it as such and regulate its 
disposition be ERDA under Sect. 202 of the Energy 
Reorganization Act of 1974. 

We do not regard the definition of HLW in 10 CFR 50 Appendix F 
as the exclusive definition of HLW for purposes of Sect. 202 of 
the Energy Reorganization Act of 1974. 
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IRG 1979 Report to the President by the Interagency Review Group 
on Nuclear Waste Management, TID-29442, 1979. 

High-level wastes are either intact fuel assemblies that are being 
discarded after having served their useful life in a nuclear reactor 
(spent fuel) or the portion of the wastes generated in the repro-
cessing of spent fuel that contain virtually all of the fission prod-
ucts and most of the actinides not separated out during 
reprocessing. 

DOE 1980a Environmental Development Plan, LWR Commercial Waste 
Management, DOE/EDP-0063, 1980. 

High-level wastes are irradiated spent nuclear fuel, liquid wastes 
resulting from the operation of the first cycle solvent extraction 
system, and the concentrated wastes from subsequent extraction cycles 
or equivalent, in a facility for reprocessing irradiated reactor 
fuel and solids into which such wastes have been converted. 

DOE 1980b Spent Fuel and Waste Inventories and Projections, 
DOE-ORO-778, 1980. 

High-level waste results from the chemical processing of irradiated 
nuclear fuels and targets. This HLW contains more than 99% of the 
residual radionuclides produced in the fuels and targets during 
reactor operations. Most of the existing HLW in the United States 
has been generated in defense activities (i.e., in producing Pu and 
3H for nuclear weapons at the DOE plants at Hanford and SRP and in 
processing naval reactor fuels at ICPP). A small amount of commer-
cial HLW has been generated from reprocessing reactor fuels at the 
NFS plant. 

INFCE 1980 Waste Management and Disposal for Selected Nuclear 
Fuel Cycles; Report by Working Group 7 of the 
International Nuclear Fuel Cycle Evaluation, INFCE/WG. 
7/26, 1980. 

High-level waste is waste requiring biological shielding at all 
t ime s. 

For this study it is assumed that fuel elements may be treated as 
waste. 

IAEA 1981 Underground Disposal of Radioactive Wastes, IAEA Safety 
Series No. 54. 

High-level waste is defined as: 

1. the highly radioactive liquid, containing mainly fission prod-
ucts, as well as some actinides, which is separated during 
chemical reprocessing of irradiated fuel (aqueous waste from 
the first solvent extraction cycle and those waste streams com-
bined with it); 
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NRC 1981b Draft EIS on 10 CFR Part 61 'Licensing Requirements 
for Land Disposal of Radioactive Waste', NUREG-0782, 
Vol. 2, p. 1-7, U.S. Nuclear Regulatory Commission, 
September 1981. 

The existing waste classification systems are: 

1. the IAEA radioactive waste categories, 

2. the AIChE radioactive waste categories, 

3. the ANSI radioactive waste categories, and 

4. the AEC radioactive waste management classifications. 

The existing classification systems generally fall into three cate-
gories based on: 

1. the source or generator of the waste, 

2. the characteristics of the waste, or 

3. the method of disposal. 

Classification based on "the source of wastes" is not considered 
useful since it reveals little about the characteristics of waste 
and the requirements needed for its safe disposal. Likewise, the 
characteristics and properties of the waste need to be considered in 
developing a classification system but not to the exclusion of the 
method to be used for disposal. 

The preferred approach is to develop a classification system based 
on the method or requirements that should be applied for disposal. 
These requirements could then be defined by the waste charac-
teristics, the containment and Isolation capabilities of the method 
of disposal, and the social commitment controls required to assure 
safe disposal of the waste. 

A method to classify waste based on the preferred alternative is 
reported in detail in NUREG-0456 and NUREG-1005. 

IAEA 1982 Radioactive Waste Management Glossary, 
IAEA-TECD0C-264, 1982. 

High-level wastes are: 

1. the highly radioactive liquid, containing mainly fission 
products, as well as some actinides, which is separated 
during chemical reprocessing of irradiated fuel (aqueous 
waste from the first solvent extraction cycle and those 
waste streams combined with it); 
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it will be difficult, under the best of circumstances, to coordinate 
the activities of all these government entities. Agencies have con-
sistently failed to meet deadlines to implement policies according 
to schedule, perhaps, in part, because waste disposal is only one of 
many activities for which they are responsible. For example, NRC's 
draft technical regulations for HLW, scheduled for 1977 were 
actually issued in 1981; EPA's overall standards for waste disposal, 
due since 1977, have not yet even been published for discussion. 

DOE 1982a Long-Term Management of Liquid High-Level Radioactive 
Wastes Stored at the Western New York Nuclear Service 
Center, West Valley, Final Environmental Impact 
Statement, DQE/EIS-0081, 1982. 

High-level wastes are the highly radioactive wastes that resulted 
from the reprocessing operations at West Valley. Generally, they 
are wastes that come from the operation of the first-cycle solvent 
extraction system used for the recovery of uranium and plutonium 
from spent reactor fuels. These wastes contain greater than 99.9% of 
the nonvolatile fission products and tha major portion of transuranium 
actinides from the spent fuel. The term includes the wastes as origi-
nally produced in liquid form and the solid products subsequently 
formed from the liquid waste. 

DOE 1982b Spent Fuel and Radioactive Waste Inventories, 
Projections, and Characteristics, DQE/NE-0017-1, 1982. 

High-level waste is generated as the result of reprocessing spent 
reactor fuel and targets and contains more than 99% of the non-
volatile fission products produced in the fuel or targets during 
reactor operation. It also contains, generally, about 0.5% of the 
uranium and plutonium in the fuel. 

LAW 1982 Nuclear Waste Policy Act of 1982, (P.L. 97-245) 

High-level radioactive waste is defined as: 

1. the highly radioactive material resulting from the reprocessing 
of spent nuclear fuel, including liquid waste produced directly 
in reprocessing and any solid material derived from such liquid 
waste that contains fission products in sufficient con-
centrations; and 

2. other highly radioactive material that the Commission, con-
sistent with existing law, determines by rule requires per-
manent isolation. 
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Table A. 1. Concentrations Identifying high-level radioactive wastes 

Fission product, Concentration 
radionuclides (ci/m3 of waste) 

Carbon-14 8 
Cesium-135 800 
Cesium-137 4600 
Strontium-90 7000 
Technetium-99 3 
Tin-126 1 
Any other radionuclide with 700 
a half-life greater than 20 
years 

Transuranic Concentration nCi/g 
radionuclides (of waste) 

Plutonium-241 3500 
Any alpha-emitting transuranic 100 
radionuclide with a half-life 
greater than 20 years 

EPA 1984b U.S. Environmental Protection Agency, Working 
Draft No. 4 of 40 CFR 191, "Environmental Radiation 
Protection Standards for Management and Disposal of 
Spent Nuclear Fuel, High-Level and Transuranic 
Radioactive Wastes," March 1984. 

"High-level radioactive wastes", as used here have the same meaning 
as in 10 CFR Part 60 and apply to materials produced by atomic 
energy defense activities under the jurisdiction of the Department 
as well as materials produced by activities regulated by the 
commission. 

NRC 1984 U.S. Nuclear Regulatory Commission, "An Evaluation 
of Highly Radioactive Material Requiring Permanent 
Isolation," DRAFT, January 1984. 

It is appropriate, therefore, to consider wastes with concentrations 
more than 30 times the Class C limits as representing hazards 
approximately equivalent to wastes currently defined as 
"high-level," and to require that these wastes be disposed of in a 
manner which provides permanent isolation from the environment. The 
specific radionuclide concentrations requiring permanent isolation 
are: 
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Unfortunately, the most common outcomes are that the model uncertainties 
dominate the results, or such conservative assumptions are made that the 
results are meaningless. Both the risk-based and toxicity-baaed 
approaches suffer from the fact that they do not differentiate between 
wastes that have the same risk or toxicity but very different physical 
or radiation characteristics (e.g., 90Sr and 239Pu). 

3. INSTITUTIONAL CONSIDERATIONS 

At present, no single federal agency or congressional committee has 
the jurisdiction to deal with the wide range of activities required to 
manage radioactive waste safely. There are six major executive agencies 
(Table 2) and 12 congressional committees with jurisdiction over dif-
ferent aspects of waste management. 

The regulatory authority of NRC with respect to HLW (and spent 
reactor fuel as potential HLW) is described by a 1977 report to Congress 
by GA01*, as: 

"NRC authority to regulate radioactive waste Is derived from two 
acts: the Atomic Energy Act of 1954, and the Energy Reorganization 
Act of 1974. The act of 1954 gave AEC authority to license and 
regulate possession, use, and disposal by persons of source, bypro-
duct, and special nuclear material. The AEC staff and its prime 
contractors were exempt from licensing control. 

Title II of the Energy Reorganization Act of 1974 transferred the 
regulatory authority given In the Atomic Energy Act to NRC. ERDA 
and its prime contractors remained exempt from NRC regulatory 
authority except as provided in Section 202 of the act. Section 202 
of the 1974 act gave NRC specific authority to license certain ERDA 
waste management activities: 

— ERDA facilities used primarily for the receipt or storage of 
HLW from commercial licensed activities, 

Retrievable surface storage facilities and other facilities for 
the express purpose of long-term storage of HLW generated 
by ERDA which are not used for, or a part of, R&D activities 
(NRC considers storage longer than 20 years to be 
long term.)" 

The regulatory authority of NRC over radioactive waste is limited by 
statutes that specify who and what are to be regulated, and It is not 
based primarily on the degree of hazard posed by the waste, the lifetime 
of the waste, or the waste form. NRC authority to license ERDA storage 
facilities for HLW did not extend to ERDA wastes that are used for or 
are a part of R&D activities. It also does not include licensing of 
ERDA waste storage facilities existing before enactment of the Energy 
Reorganization Act nor ERDA facilities not intended for "long-term 
storage" of HLW. 
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The AEC definition of HLW in 10 CFR 50, Appendix F contemplated 
reprocessing of spent fuel so that the fission products, along with 
small amounts of transuranlc elements, would be separated from reusable 
uranium and plutonium. This regulation requires HLW to be sent to a 
federal repository because the fission products and transuranics it con-
tains would require special care over long periods of time and this 
could be best exercised by the federal government to assure adequate 
protection of the public health and safety. 

The Nuclear Regulatory Commission Is responsible for licensing: 

1. all facilities primarily used for storage and/or disposal 
of HLW resulting from licensed (commercial) activities; 

2. facilities for long-term storage and/or disposal of DOE 
HLW; 

3. commercial facilities for storage and/or disposal of 
spent fuel and TRU waste; and 

4. commercial facilities for processing or treatment of 
wastes (including DOE wastes). 

The authority of the NRC to license ERDA long-term waste storage 
facilities is restricted to HLW. Although the Energy Reorganization Act 
of 1974 does not define HLW, NRC regulations define it as: "those 
wastes created during the initial and subsequent steps in chemically 
reprocessing spent nuclear fuel."16 The 1974 Energy Reorganization Act 
[Section 202(4)] did not give NRC authority to license ERDA (DOE) 
interim waste storage tanks and bins for HLW from its military and 
research programs, but it did give NRC authority to license any storage 
tanks and bins intended Cor long-term HLW storage. The Nuclear Waste 
Policy Act of 1982 confirmed the role of NRC in regulating HLW. 

4. ANALYSIS 

High-level waste has traditionally meant radioactive material with 
substantial concentrations of hazardous long-lived radionuclides having 
the ability to disperse itself or release some of its constituents as a 
result of itB high-energy density (i.e., high heat generation per unit 
volume). For this reason, only the first-cycle raffinates from spent 
fuel reprocessing were considered to be HLW as they contained substan-
tial concentrations of long-lived alpha emitters and were self-boiling, 
thus requiring active measures to prevent evaporation to dryness and 
subsequent radionuclide volatilization. Spent fuel was not originally 
considered to be HLW as it was assumed that spent fuel would be repro-
cessed to recover fissile and fertile components. However, in recent 
times it too has been Included in the HLW category as it possesses 
essentially the same radiological attributes as the first-cycle raf-
finate from reprocessing. 
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Because of the relatively high hazard of these wastes, the technical 
community developed concepts for handling and disposing of t' ase wastes 
in a safe manner. In the short-term sense, these concepts Involved 
active cooling of the wastes, usually with redundant cooling systems. 
Transportation of these wastes (after immobilization) would involve 
massive casks to provide the necessary safety and radiation shielding, 
and special design provisions for heat removal. Disposal would be 
accomplished by emplacement in geologic repositories in elaborate packa-
ges to provide isolation from the biosphere. The wastes would be spaced 
apart during emplacement to prevent overheating the waste forms and/or 
unduly perturbing the surrounding geology. Since it was assumed that 
these wastes would be disposed of in a relatively short time after 
generation (10 CFR 50 required repository emplacement 10 years after HLW 
generation), special waste forms requiring expensive remote production 
(i.e., borosilicate glass) were developed for immobilizing the liquid 
wastes. 

In spite of these optimistic plans, the current situation is quite 
different. There is a large backlog of defense radioactive wastes once 
considered to be HLW, but their heat generation rate has greatly dimi-
nished over time. Additionally, many of these wastes have been chemi-
cally processed to separate them into a low-volume component containing 
most of the radionuclides with long-lived hazard and other components 
containing very low radionuclide concentrations (e.g., Hanford and 
Savannah River salt cake) or high concentrations of relatively short-
lived materials (e.g., 137Cs and 90Sr capsules). The objective of this 
processing was to minimize the volume of material requiring expensive 
treatment as HLW. 

Many recently proposed definitions of HLW reflect criteria that 
were appropriate for HLW in the early stages of nuclear development: and 
radiochemical characteristics of the resulting wastes. However, the 
composition and radiochemical hazards of HLW have been changed through 
chemical separations and aging of the HLW, which has been in temporary 
storage. The proposed definitions of HLW would likely include a number 
of relatively high-volume wastes that could be managed within the same 
risk guidelines as HLW without employing the elaborate treatment methods 
used for HLW. Examples of wastes that should not be included in HLW 
definitions are concrete waste forms of transuranic wastes, dilute 
fission product waste streams resulting from the processing of the raf-
finate, and isotopes of cesium and strontium, if these isotopes are con-
verted into a solid waste form. 

In summary, a new definition of HLW should be proposed which inclu-
des only those wastes that require intensive short-term management and 
elaborate long-term isolation techniques. 
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APPENDIX A. CHRONOLOGY OF HLW "DEFINITIONS" AND REFERENCES 

CULLER 1954 Culler, F. L., Notes on Power Reactor Wastes, 
Report on Meeting on Subterranean Disposal of 
Reactor Wastes, Washington, D.C., November 15, 1954 
(Johns Hopkins University), 0RNL-CF-55-4-25, 
March 4, 1955. 

Fission product waste streams are produced from the first column in 
each solvent extraction cycle, but the first cycle extraction tower 
raffinates contains over 99.9% of the fission products. This stream 
may be combined with others to constitute the radioactive wastes 
from a chemical reprocessing plant. 

Heat is liberated by decaying fission products. The decay heat 
after cooling for 100 d is sufficient to cause boiling of wastes 
stored in underground tanks and may cause a potential hazard by 
release of particulates to the atmosphere. 

PECSOK 1955 Pecsok, D. A., "Community Effects of Radioactive 
Waste," pp. 69-77 in Radioactive Liquid Waste, 
School of Public Health, University of Michigan, 
1955. 

Highly concentrated fission product wastes remain following the 
separation of plutonium from expended reactor feed material 
used for production of plutonium. 

WOHLMAN 1956 Wolman, A. and A. E. Gorman, "The Management and 
Disposal of Radioactive Wastes," in vol. 9 of 
Proceedings of International Conference on the 
Peaceful Uses of Atomic Energy, 8 August—20 August 
1955, Geneva, Switzerland, United Nations, New York. 

In general, high-level wastes in the atcmic energy industry are 
those, requiring extensive shielding to protect persons handling them 
from exposure to damaging radiation. Such waste may contain as much 
as 102 Ci/L. 

Intermediate-level wastes also require shielding and must be handled 
with much care. The low-level wastes are those which, if decon-
taminated by a factor of 102 or 103, would approach permissible 
limits^ for human exposure. The range of their activity would be 
from 10"1* to 10-3 uCi/mL. 

The high-level wastes originate principally, but not entirely, from 
the chemical processing of fuel from nuclear reactors in order to 
recover unburned portions. Associated with the irradiated fuel are 
many fission products with radioactive half-lives varying from 
seconds to millions of years. Such products have fixed rates of 
radioactive decay which never vary. 
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These high-level wastes contain the entire spectrum of fission prod-
ucts when the uranium atoms are split. The waste solutions contain 
various salts and acids besides the fission products. 

GLUECKAUF 1956 Glueckauf, E. and T. V. Healy, "Chemical Processing 
of Fission Product Solutions," pp. 635-39 in vol. 9 
of Proceedings of the International Conference on 
the Peaceful Uses of Atomic Energy, 8 August—20 August 
1955, Geneva, Switzerland, United Nations, New York, 1956. 

In such reprocessing, fission products are obtained from the highly 
active waste stream of solvent extraction plants in which prac-
tically all the plutonium and uranium of the highly irradiated ura-
nium metal rods have been removed with HNO^ as salting out agent. 
The waste stream would contain the fission products as nitrates, 
some unextracted uranyl nitrate, dissolved impurities from the ura-
nium metal, corrosion products, and traces of solvent plus its 
radiation breakdown products. The main electrolyte constituent of 
the solution would be the nitric acid itself and the total fission 
products would be a very small proportion, the actual amount 
depending on the burnup of fuel in the reactor. The radioactivity 
and, to a certain extent, the constituents of the fission product 
solution will depend on the irradiation time of the uranium and the 
length of cooling time after removal of the fuel from the reactor. 

ANDERSON 1956 Anderson, C. R. and C. A. Rohrman, "The Design and 
Operation of High-Level Waste Storage Facilities," 
pp, 640-47 in vol. 9 of Proceedings of the International 
Conference on the Peaceful Uses of Atomic Energy, 
8 August—20 August 1955, Geneva, Switzerland, United 
Nations, New York, 1956. 

With the development of the plutonium producing reactor, along with 
the complex chemical separations processes for product recovery, the 
need for suitable methods for disposing of the wastes from these 
processes was met in the simplest manner commensurate with the 
nature of these wastes; they were stored in underground tanks. 

In this paper the storage of HLW is discussed from the design and 
operation standpoints as related to containers, energy release, 
radiological safety, and economics. 

The wastes from separations processes in use today are aqueous salt 
solutions. The wastes are intensely radioactive from the contained 
fission products and, therefore, require extensive shielding. This 
radioactivity is dissipated within the volume of stored waste and 
results in the continuous evolution of heat. For the high-level 
wastes, facilities must be included to dispose of this heat. 

The term "high-level waste" used in this paper is considered to 
relate to waste originating from fuel which has had an exposure in 
excess of 2000 kilowatt hours per kilogram. Exposures greater than 
one hundred times this value are proposed for nuclear power 
production. 
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The high-level wastes initially have an extremely high activity. In 
the typical wastes, 90Sr and 1^7Cs are the radioisotopes of longest 
half-lives. 

The objective of separations process is to recover in greatest 
possible yield elements such as uranium, thorium, and plutonium. 
However, even from the most efficient process, concentrations of 
plutonium in separations plant wastes are so high that, this element 
alone, with Its long half-life (24,000 years) and extreme biological 
toxicity, requires the utmost assurance against uncontrolled release 
of such material to the ground or into any area where it may be 
taken up by plant or animal life. 

AEC 1957 Handling and Disposal of Radioactive Wastes, AEC 180/6, 
p. 10, U.S.^Atomic Energy Commission, June 1957. 

Criteria for the definition of HLW included material that emitted 
radiation so strong as to materially reduce the time a person can 
be near the radiating body. 

WARDE 1957 Warde, J. M. and T. N. McVay, "High-Level Radioactive 
Waste Disposal Problems," pp. 41—44 in Selected Papers 
Nucl. Eng. Sci. Congr., ljt Cleveland, 1957, 2 vols., 
Pergamon, 1 9 5 7 . j 

High-level waste may be broadly described as having an activity 
level of the emitting surface of 2 R/h. They are the wastes from 
the chemical reprocessing phase of reactor operations where unused 
uranium and plutonium are separated from fission products. 

LIEBERMAN 1958 Lieberman, J. A., "The Role of Waste Management in the 
Development of the Nuclear Energy Industry," in 
Proceedings of Second International Conference on 
the Peaceful Uses of Atomic Energy, Vol. 18, 
pp. 3-6, 1958. 

High-level wastes arise primarily from reprocessing of Irradiated 
fuels and contain 10s to 100s of curies per gallon. 

PIDLEY 1958 Pidley, 0. H. et al., "The Storage of High-Level 
Radioactive Waste; Design and Operating Experience in 
the U. S.," in Proceedings of Second International 
Conference on the Peaceful Uses of Atomic Energy, 
Vol. 18, pp. 7-18, 1958. 

High-level waste streams contain the major portion of the fission 
products from fuel reprocessing. The wastes are self-heating. 

CLARKE 1958 Clarke, R. W., "Radioactive Waste Disposal," 
Handbook of the Atomic Energy Industry, p. 19-3t 
1958. 
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Highly active wastes include the fission product waste solutions 
from the chemical processing of fuels. 

AEC 1960 Major Activities in the Atomic Energy Progiam, 
Jan .-Dec. 1959, USAEC. 

The most dangerous wastes are stored in government-controlled and 
policed reservations. The term atomic energy waste covers a 
wide range of substances, from the laundry wastes resulting from 
washing atomic workers' uniforms to the crude fission products 
remaining after removal of plutonium and uranium from fuel elements 
of the production reactors at Hanford or Savannah River. 

Although wastes ai;e generated, to some extent, wherever radioactive 
elements are employed, the cycle of fuels for reactors is the 
largest source. It includes uranium mining, milling, preparation of 
feed materials for gaseous diffusion plants, fuel fabrication, pro-
cessing of scrap, reactor operation, and spent fuel reprocessing, as 
well as the research associated with each step. The amount and level 
of radioactivity range from fractions of millicuries in the handling 
of raw ores to hundreds of curies per liter as fission products from 
reactor operations or in the dissolved fuel elements being pro-
cessed for recovery of fissionable uranium. 

The greatest volumes of highly radioactive wastes in all atomic 
energy operations result from the chemical processing of irradiated 
reactor fuels to separate plutonium from uranium and fission prod-
ucts. Thiese high-level liquid wastes contain the bulk of the 
fission products from the irradiated fuel elements. 

While the processing details vary with the type of fuel being worked 
and the plant performing the operations, the basic principles are 
the same. Solid fuels are dissolved in nitric acid. The solution 
is fed to a column where a solvent selectively extracts the uranium 
and plutonium. An aqueous salt solution scrubs the traces of 
fission products from the solvent extract before it leaves the 
column. This solution, containing more than 99.9% of the dissolved 
fission products and inert materials in the feed and scrub solu-
tions, is drawn off for treatment and storage as highly radioactive 
wastes. 

ICRP 1960 International Commission on Radiological Protection, 
"Recommendations of the International Commission on 
Radiological Protection, Report of Committee II on 
Permissible Dose for Internal Radiation (1959)," ICRP 
Publication 2, Pergamon Press, New York (referred to 
as ICRP 2), 1960. 

The ICRP recommended criteria for HLW include wastes that contain 
radionuclides in excess of 106 times their maximum permissible 
concentrations for ingestion. 
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CAMPBELL 1963 Campbell, B. F. et al., "Current Practice in the 
Management of High-Level Radioactive Waste in the 
United States of America," pp 23-40, Treatment and 
Storage of High-Level Radioactive Wastes, 
IAEA STI/PUB/63. 

For storage purposes, high-level wastes are segregated into two 
categories, depending on relative fission-product content. In the 
most active wastes, enough heat is generated by radioactive decay 
of fission products to heat the liquid to boiling and special 
provisions must be made to dissipate this heat safely. For purposed 
of this discussion, these wastes will be designated as 
"self-heating" wastes. The point of demarcation between 
"self-heating" and "non-heating" wastes in Hanford-type tanks is 
aliout 0.1 to 0.5 Btu/h«gal of waste. 

More than 99% of the fission products in the fuel being processed 
are contained in the self-heating wastes. In a typical HLW 
the rate of heat generation will decrease by a factor of about 
10 as the waste ages from 0.5 to 10 years from time of reactor 
discharge. At 10 years, most of the heat comes from the decay of 
9 °Sr and l37Cs. 

T0MLINS0N 1963 Tomlinson, R. E., "Hanford High-Level Waste 
Management," pp 93-118, Treatment and Storage of 
High-Level Radioactive Wastes, IAEA STI/PUB/63. 

The high-level radiochemical wastes from Hanford separations pro-
cesses are classified as "self-heating" or "non-heating," depending 
on the concentration of decaying fission products present. In the 
more concentrated wastes, enough heat is generated to self-heat the 
wastes to a boiling temperature in the Hanford tanks, while the less 
active wastes remain at some temperature below the boiling point. 
In the Hanford facilities, the point of demarcation between 
"self-heating" and "non-wastes" is about 20 to 50 W/m3 of waste. 

Non-heating wastes have been generated from the chemical dissolution 
of aluminum jackets, the processing of irradiated fuels by the now-
obsolete bismuth phosphate precipitation process and the aging of 
the more dilute (in fission products) supernatant solutions in the 
Redox wastes. 

AIChE 1967 United States of America Standards Institute, 
"Proposed Definition of Radioactive Waste Categories," 
sponsored by American Institute of Chemical Engineers 
(1967). 

In many cases subcategory designation would differentiate between 
alpha and beta-gamma wastes. The category is determined by the 
radionuclide content and the subcategory by the surface radiation 
level. 
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Class E (high l«vel) This category includes waste having a 
radionuclide concentration greater than that of Class D. It is pre-
sumed that, generally, Class E waste will be stored for safety 
and decay purposes and converted to or incorporated in radiation-
stable solids for ultimate disposal. Class E wastes are divided 
into two subclasses, E-l and E-2, according to the same limits given 
for Classes D-l and D-2. 

AEC 1969 Siting of Commercial Fuel Reprocessing Plants and 
Related Waste Management Facilities, AEC 180/52, 
U.S. Atomic Energy Commission, May 1969. 

In the progressive clarification of HLW criteria, HLW was restricted 
to mean such material which, by virtue of its radionuclear con-
centration, half-life and biological significance, requires per-
petual isolation from the biosphere. 

AEC 1970 U. S. Atomic Energy Commission, "Siting of Fuel 
Reprocessing Plants and Related Waste Management 
Facilities," 10 CFR 50, Appendix F, Fed. Regist. 
35, 17530 (November 1970). 

The Commission is continuing to evaluate the feasibility of storage 
of high-level liquid radioactive wastes from its production facili-
ties at Savannah River, South Carolina and Hanford, Washington in 
underground caverns beneath these sites. The more than 80 million 
gallons of high-level wastes now stored in tanks at these installa-
tions constitute over 95 % by volume of all high-level wastes 
in the country. However, such wastes differ materially in radioac-
tivity level, heat output and chemical composition from wastes 
produced by licensed fuel reprocessing plants planned or under 
construction. For example, the Savannah River and Hanford wastes 
have been chemically neutralized, contain large volumes of non-
fission product materials, and have heat and radioactivity out-
puts many times lower than the licensed plant wastes. Most of the 
Savannah River and Hanford wastes were generated as the result of 
operations to meet defense needs. For the purpose of this statement 
of policy, "high-level liquid radioactive wastes" refers to those 
aqueous wastes resulting from the operation of the first-cycle 
solvent extraction system, or equivalent, and the concentrated 
wastes from subsequent extraction cycles, or equivalent, in a facil-
ity for reprocessing irradiated reactor fuels. 

IAEA 1970 Standardization of Radioactive Waste Categories, IAEA 
Tech Report Series No. 101, 1970. 

High-level waste is considered to be equivalent to IAEA Category 5, 
which is radioactive waste with an activity level above 10^ Ci/m3. 
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ORNL 1970 

In this report, unless otherwise specified, low-level wastes are 
defined as wastes that contain radionuclides at concentrations from 
10 to 10^ times their MPC for the general population; intermediate-
level wastes are defined as wastes that contain nuclides from 101* to 
106 times their MPC; and high-level wastes are defined as wastes 
that contain radionuclides in excess of 106 times their MPC. 

LAW 1972 Marine Protection, Research, and Sanctuaries Act of 
1972 (P.L. 92-532). 

High-level radioactive waste means the aqueous waste resulting from 
the operation of the first-cycle solvent extraction system, or 
equivalent, and the concentrated waste from subsequent extraction 
cycles, or equivalent, in a facility for reprocessing irradiated 
reactor fuels or irradiated fuel from nuclear power reactors. 

AEC 1974 Draft EIS on Management of Commercial High-Level and 
Transuranium Contaminated Radioactive Waste, 
WASH-1539, 1974. 

In this statement, "commercial" denotes waste generated by AEC 
licensees as distinct from waste generated in the operation of 
AEC-owned facilities. High-level liquid radioactive waste is 
defined by 10 CFR 50, Appendix F. 

For purposes of this statement, high-level solid waste is the solid-
ified product of high-level liquid waste, and HLW (without a 
qualifying adjective) Includes either form. 

High-level waste contains essentially all of the nonvolatile fission 
products from the spent nuclear fuel, together with small quantities 
of uranium and plutonium which are not recovered, and other heavy 
elements. The requirements for safe management of this waste are 
that: 

1. Shielding must be provided to absorb the intense penetrating 
radiation which is emitted. 

2. Confinement must be provided, over a period of time which is 
extremely long compared to periods of time considered long in 
planning other human affairs, to preclude dispersion of the 
radioactive materials into the environment. 

3. Heat generated by radioactive decay must be removed or dissi-
pated to maintain the temperature of the waste within 
that for which the confinement system is designed. The period 
of time during which this is a significant factor is very short 
compared to the time during which confinement is needed. The 
heat output of 10-year-old waste decreases by a factor of 2 in 
about 30 years. 
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EPA 1974 USEPA Definition of High-Level Waste According to 
40 CFR 227, "Criteria for the Evaluation of Permit 
Applications for Ocean Dumping of Materials Subpart G -
Paragraph 227,30 High-Level Radioactive Wastes." 

High-level radioactive wastes are defined as the aqueous wastes 
resulting 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 fuel or irradiated fuel from nuclear power plants. 

IAEA 1975 Convention on the Prevention of Marine Pollution by 
Dumping of Waste and Other Matter. The Definition 
Required by Annex I, Paragraph 6, to the Convention 
and the Recommendations Required by Annex II, Sect. D, 
INFCIRC/205/Add.1, IAEA, Vienna, 1975. 

The definition and recommendations set forth in this document should 
not be interpreted as precluding the adoption of more restrictive 
requirements by any party to the Convention (i.e., the London Ocean 
Dumping Convention of 1972) or national competent authority, pur-
suant to Articles IV.3 and VI.3 of the Convention. 

For purposes of discussion, high-level radioactive waste, or other 
high-level radioactive matter unsuitable for dumping at sea, means 
any waste or other matter with a concentration in curies per unit 
gross mass (in tonnes) exceeding: 

1. 10 Ci/t for alpha-active waste of half-life greater than 50 
years. In the case of 226Ra, not more than 200 Ci/year may be 
dumped at any one site; 

2. 103 Ci/t for beta-gamma active waste (excluding tritium) but 
the limit for 90Sr plus 137Cs is 102 Ci/t; and 

3. 106 Ci/t for tritium. 

The definition is based on an assumed upper limit to the dumping 
rate of 105 t/year at any one site. The above activity con-
centrations shall be averaged over a gross mass not exceeding 100 
tonnes. 

The definition identifies material having a radioactive content 
at such a level that the parties to the convention would wish to 
prevent any participating state from issuing a special permit for 
its disposal, even after a detailed appraisal of the safety of the 
proposed operation and even for the sector of the marine environment 
having the largest capacity (i.e., the deep sea with depth greater 
than 2000 m). The definition also covers those wastes which have been 
generally recognized by the appropriate national authorities as being 
unsuitable for dumping, for example, the "first cycle wastes" from 
nuclear fuel reprocessing, irradiated fuel and irradiated fuel 
cladding. The definition must not be so permissive that regular and 
repeated operations somewhat below the defined levels would endanger 
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man or his environment, even though each individual operation had 
been conducted with appropriate care. The definition has, there-
fore, been based on the concept of the limiting capacity of the deep 
sea with depth greater than 2000 m, a capacity which is based on 
the annual input of radioactivity which will result in individual 
dose commitments recommended by the ICRP. The numbers predicted by 
the model have been reduced to allow for uncertainties, for multiple 
releases, and for other sources of exposure and to take account of 
population dose commitment. 

For materials released from containers on the bed of the Northeast 
Atlantic the activity dumped annually that would cause doses in the 
exposed critical group to approach ICRP dose limits is of the order 
of: 

1. 1010 Ci/year for alpha-active waste (based on 239Pu); 

2. 106 Ci/year for alpha-active waste (based on 22GRa); 

3. 1011 Ci/year for B/G-active waste (excluding tritium); 

4. 1012 Ci/year for aged mixed fission products (not exceeding 15% 
90Sr plus 137Cs); and 

5. 1015 Ci/year for tritium. 

These figures assume no other substantial releases in the North 
Atlantic. They contain a safety factor, up to about 104, because of 
the conservative nature of the assessment. 

NAS 1975 Interim Storage of Solidified High-level Radioactive 
Wastes, National Research Council, National Academy of 
Sciences, Washington, D.C., 1975. 

High-level radioactive wastes are: 

1. aqueous wastes resulting from the first cycle of a reprocessing 
operation, 

2. products from the solidification of high-level liquid wastes, 
or 

3. irradiated fuel elements, if discarded without processing. 

KEE 1976 Kee, C. W., A. G. Croff, and J. 0. Blomeke, Updated 
Projections of Radioactive Wastes to be Generated by 
the U.S. Nuclear Power Industry, 0RNL/TM-5427, Oak 
Ridge Natl. Lab., 1976. 

High-level wastes are defined in federal regulations as "those 
aqueous wastes resulting from the operation of the first-cycle 
solvent extraction system, or equivalent, in a facility for repro-
cessing irradiated reactor fuels." These wastes contain virtually 
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all of the nonvolatile fission products, several tenths of one per-
cent of the uranium and plutonium, and all the other actinides 
formed by transmutation of the uranium and plutonium in the reac-
tors. They can be generally characterized by their very intense, 
penetrating radiation and their high heat-generation rates. 

CONGRESS 1977a Joint Committee on Atomic Energy, Congress of the 
United States. Atomic Energy Legislation through 
94th Congress, 2nd Session, U. S. Government Printing 
Office. 

An historical account of legislative actions concerning policies and 
budgeting and regulatory developments of atomic energy in the period 
1942-1977. 

CONGRESS 1977b Overnight Hearing before the Subcommittee on Energy 
and the Environment of the Committee on Interior and 
Insular Affairs, House of Representatives on Nuclear 
Waste Management, Serial No. 95-15, Washington, D.C. 
Testimony of C. V. Smith, Jr., Director, Office of 
Nuclear Materials, Safety, and Safeguards, 
U.S. NRC. 

The regulatory authority of the NRC over radioactive waste Is 
limited by statutes that specify who and what are to be regulated. 
It is not based primarily on the degree of hazard posed by the 
waste, the lifetime of the waste, or the waste form. NRC has 
licensing authority for: 

1. disposal and/or storage of HLW from licensed commercial 
activities; 

2. long-term storage and or disposal of HLW from ERDA activities, 
except for facilities used for R&D activities; 

3. commercial storage and disposal of TRU and LLW; 

4. commercial storage of spent fuel; and 

5. ERDA facility for storage of commercial spent fuel, as waste. 

The NRC has no clear licensing authority for: 

1. disposal or storage of HLW in an ERDA-operated R&D facility; 

2. short-term storage of ERDA-produced HLW; 

3. existing storage — short-term or long-term — of 
ERDA-generated wastes; and 
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4. storage and/or disposal in an ERDA-operated facility of TRU 
waste, foreign-generated HLW and/or spent fuel, and LLW. 

Most of the radioactive wastes generated today are from ERDA's 
weapons program and commercial nuclear reactors and nuclear fuel 
cycle activities, mainly at fuel fabrication and reprocessing facil-
ities. Currently, there are no commercial reprocessing facilities 
operating. 

High-level waste has extremely high radioactivity concentrations and 
is characterized by intense penetrating radioactivity, extreme heat, 
and a long toxic life. This waste is created during reprocessing 
operations when reactor spent fuel elements are dissolved in acid to 
recover the unused uranium and plutonium for reuse as nuclear fuel. 
The remaining acid solution is referred to as HLW. It contains many 
fission products and TRU, such as plutonium, which are not recovered 
during the reprocessing operations. 

Section 202(4) of the Energy Reorganization Act of 1974 provides for 
licensing of "Retrievable Surface Storage Facilities and other facil-
ities authorized for the express purpose of subsequent long-term 
storage of HLW generated by the Administration which are not used 
for, or a part of, R&D activities." Thus, with the exception of R&D 
activities, NRC must license ERDA operations for the long-term 
storage (or disposal) of HLW generated by ERDA or its predecessor, 
the AEC. The Commission has considered storage of longer than 20 
years to be long-term. 

High-level waste results from the chemical processing of irradiated 
reactor fuels used either in the production of special nuclear materials 
for defense and R&D or research tests, naval propulsion, and other 
reactors using highly enriched uranium fuel. 

The source of the largest potential radiological hazard associated 
with waste from the nuclear fuel cycle is the HLW stream from fuel 
reprocessing or the spent fuel assemblies themselves in the absence 
of reprocessing. The viability of the nuclear energy industry cer-
tainly depends on the ability to dispose of this material safely and 
reliably. A second related category of solid wastes includes those 
which are contaminated by very long-lived TRU elements, the TRU 
wastes. In view of the executive decision to defer reprocessing, we 
limit the discussion here to such wastes from future operations. 
10 CFR Part 50 requires that high-liquid wastes from fuel repro-
cessing plants be converted to solid form within 5 years after repro-
cessing and that this solid waste be delivered to a federal waste 
repository 10 years after reprocessing. The miscellaneous TRU 
waste, by present regulatory approach, also would be packaged and 
placed in such a repository. 

Encapsulated spent fuel could be stored in recoverable fashion for 
possible future reprocessing using the same sort of geologic reposi-
tories as intended for solidified HLW from reprocessing options. 
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ERDA must comply with both legislative and regulatory provisions 
and must accept commercial HLW, In a suitable form, for disposal 
within 10 years from the date the waste is generated in a fuel repro-
cessing plant. This means ERDA policy must include development and 
construction of a waste repository in a timely manner. We assume 
ERDA would provide similar services for terminal storage of spent 
fuel. Generally, ERDA nuclear facilities are not subjected to NRC 
licensing, but there are exceptions. The Energy Reorganization Act 
of 1974 specifically requires that NRC license ERDA facilities for 
the long-term storage of HLW. 

GAO 1977 The Comptroller General of the United States. "Nuclear 
Energy's Dilemma: Disposing of Hazardous Radioactive 
Wastes Safely. A Report to the Congress." U.S. Govern-
ment Accounting Office, Washington, D.C. 

High-level waste has extremely high radioactivity — as much as 
10,000 Ci/gal. This waste is characterized by high levels of penetra-
ting radiation, high heat generation rates, and a long toxic life. 
High-level waste is created when reactor spent fuel elements are dis-
solved In acid to recover unused uranium and plutonium for reuse as 
nuclear fuel. It is the acid solution remaining that is referred to 
as HLW. It contains virtually all the fission products and small 
amounts of TRU, such as plutcnium, which are not recovered during 
the reprocessing operations. 

Spent fuel has not yet been defined by the NRC as HLW and may not be 
because of its potential value as a source of fuel if reprocessed. 
This report considers spent fuel as a "potential" HLW. 

The authority of the NRC to regulate radioactive waste is derived from 
two acts, the Atomic Energy Act of 1954 and the Energy Reorganization 
Act of 1974. The Act of 1954 gave AEC authority to license and regulate 
possession, use, and disposal of source, by-product, and special nuclear 
material. The AEC staff and its prime contractors were exempt from 
licensing control. 

Title II of the Energy Reorganization Act of 1974 transferred the 
regulatory authority given in the Atomic Energy Act to NRC. ERDA and 
its prime contractors remained exempt from NRC regulatory authority 
except as provided in Sect. 202 of the act. Section 202 of the 1974 act 
gave NRC specific authority to license certain ERDA waste management 
activities: 

1. ERDA facilities used primarily for the receipt or storage of HLW 
from commercial licensed activities; and 

2. retrievable surface storage facilities and other facilities for the 
express purpose of long-term storage of HLW generated by ERDA 
which are not used for, or a part of, R&D activities. (NRC 
considers storage longer than 20 years to be long term.) 
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NRC regulatory authority over radioactive waste is limited by 
statutes that specify who and what are to be regulated, and it is 
not based primarily on the degree of hazard posed by the waste, the 
lifetime of the waste, or the waste form. 

NRC authority to license ERDA storage facilities for HLW does not extend 
to ERDA wastes that are used for or are a part of R&D activities. 
It also does not include licensing of ERDA waste storage facilities 
existing before enactment of the Energy Reorganization Act nor ERDA 
facilities not intended for "long-term storage" of HLW. 

The NRC definition of HLW in AEC's (now NRC's) regulations con-
templated reprocessing of spent fuel so that the fission products, 
along with small amounts of TRU, would be separated from reusable 
uranium and Plutonium. NRC regulations require HLW to be sent to a 
federal repository because the fission products and TRU require spe-
cial care over long periods of time, which can be best exercised by 
the federal government to assure adequate protection of the public 
health and safety. Spent fuel and TRU waste require care similar to 
that for HLW, but neither spent fuel nor TRU waste currently fall 
under the definition of HLW and, therefore, are not within NRC's 
licensing jurisdiction if stored or disposed of in an ERDA reposi-
tory. 

NRC is clearly responsible for licensing: 

1. all facilities primarily used for storage and/or disposal of HLW 
resulting from licensed (commercial) activities; 

2. facilities for long-term storage and/or disposal of ERDA HLW; 

3. commercial facilities for storage and/or disposal of spent fuel 
and Th.o waste; and 

4. commercial facilities for processing or treatment of wastes 
(including ERDA wastes). 

NRC licensing jurisdiction is either nonexistent or uncertain with 
respect to waste storage or disposal facilities in the following 
manner: 

1. Facilities for short-term handling, treatment, or storage of 
ERDA HLW are not subject to licensing. 

2. "Long-term" and "short-term" storage are not defined in the 
1974 act. NRC considers storage of less than 20 years to be 
short-term. 

3. There is some uncertainty about licensing ERDA facilities built 
to store or dispose of waste types in addition to high-level 
waste (i.e., spent fuel or TRU wastes) since technically they 
may not be primarily for storage of HLW. 
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4. ERDA does not need an NRC license for a HLW repository used for 
research and development. 

5. ERDA facilities for disposal of HLW generated in foreign 
countries would not fall under NRC. 

The 1974 Act does not give NRC authority to license ERDA storage or 
disposal facilities for either ERDA or commercial transuranic con-
taminated waste. NRC authority to license ERDA waste facilities Is 
restricted to HLW. Although the act does not define HLW, NRC regu-
lations define it as those wastes created during the initial and 
subsequent steps in chemically reprocessing spent nuclear fuel. 

Currently, ERDA's principal facility for storing its transuranic 
contaminated waste is the Idaho National Engineering Laboratory. 
ERDA is storing this waste retrievably until the repository in New 
Mexico is completed. Under the act as now written, ERDA will not 
need a license to store or ultimately dispose of trans-uranic con-
taminated wast;e. 

We believe that TRU waste storage and disposal should be licensed by 
NRC or receive other independent review and oversight, because it 
can be as hazardous to the public health and safety as HLW. 

The 1974 act [Sect. 202(4)] did not give NRC authority to license 
ERDA interim waste storage tanks and bins for HLW from its military 
and research programs. ERDA is adding more of these tanks at its 
Hanford and Savannah River plants and bins at Idaho Falls so it can 
transfer existing waste and store future waste. NRC would have to 
license any ERDA storage tanks and bins intended for long-term, HLW 
storage. The Nuclear Data Reactor Committee (NRDC) petitioned NRC 
in July 197 5, challenging ERDA's planned construction of several new 
waste tanks without obtaining an NRC license. This petition was 
based on section 202(4) of the 1974 Act which NRDC believed was 
applicable to the waste storage facilities mentioned above. 

ERDA's position is that these storage tanks and bins are not subject 
to NRC licensing under section 202(4) of the 1974 Act because they 
are not intended for long-term, HLW storage. ERDA plans to store 
wastes in these tanks and bins for a period of 15 to 20 years. NRC 
accepts ERDA's position but has informed ERDA that it wants to be 
kept advised of any major changes in plans for the future use of 
these storage tanks—such as long-term waste storage. 
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Fri, R. W., Acting Administrator, U.S. ERDA, written 
communication to E. B. Staat, Comptroller General, U.S. GAO. 

This communication views the two recommended alternatives pertaining 
to NRC assessment of ERDA activities as being tantamount to sub-
jecting ERDA facilities and programs to licensing by NRC. ERDA 
points are: 

1. The provisions of the Energy Reorganization Act (P.L. 93-438) 
and the Act's legislative history clearly indicate Congress's 
intent to give ERDA responsibility over its own facilities. 
Section 202 of the Energy Reorganization Act clearly reflects 
congressional recognition of the differences in ERDA and NRC 
facilities by granting NRC licensing and related regulatory 
authority over a few specified ERDA facilities having strong 
commercial implications. 

2. The basic missions of NRC and ERDA are different as each 
organization has developed and employs a different expertise. 

3. ERDA believes that implementation of GAO's recommendation 
would be detrimental to both the NRC and ERDA. It could result 
in the slowdown or halting of experimental projects pending the 
promulgation of regulations and standards by NRC and would 
require some duplication by NRC of the necessary expertise to 
regulate the waste management activities of ERDA. 

It appears that GAO has used this report, which is basically 
directed toward the problems associated with disposal of high-level 
radioactive waste, to address the much more comprehensive matter of 
independent assessment and to extend NRC's authority to include 
ERDA's waste. 

Gossick, L. V., Executive Director for Operations, U.S. NRC. 
written communication to M. Canfield, Jr., Director, Energy 
and Materials Division, U.S. GAO. 

NRC does not agree with several conclusions and recommendations in 
the report. These can be summarized briefly as follows: 

"The report indicates that GAO does not think NRC has the 
authority under current law to regulate the disposal by ERDA of 
spent fuel should there be no reprocessing and spent fuel would 
have to be disposed of like reprocessing wastes. Should spent 
fuel become a waste, the better legal view would be that NRC 
would have authority to define it as such and regulate its 
disposition be ERDA under Sect. 202 of the Energy 
Reorganization Act of 1974. 

We do not regard the definition of HLW in 10 CFR 50 Appendix F 
as the exclusive definition of HLW for purposes of Sect. 202 of 
the Energy Reorganization Act of 1974. 
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The report indicates the GAO does not believe NRC has the 
authority to regulate ERDA waste repositories in the early 
("pilot plant") stages. NRC disagrees. We are planning to 
start licensing procedures (and ERDA has agreed to submit an 
application) in the early stages of the repository program. 
The start up and testing of repository sites which ERDA hopes 
to use for permanent repositories is not considered by NRC to 
be research and development." 

DOE 1978 Report of the Task Force for Review of Nuclear Waste 
Management, DOE/ER-0004/D, 1978. 

The key elements of a number of specific waste management programs 
include the steps necessary for the Federal Government to assume 
total responsibility for ultimate disposal. Legislation will be 
needed to: 

1. transfer ownership of commercial low-level burial grounds to 
the federal government, and 

2. require disposal of commercially generated low—level and TRU 
wastes at federally owned sites. 

In addition, all federal disposal of low-level and TRU wastes should 
be made subject to licensing by NRC, including disposal activities 
that occur in the future at existing DOE burial grounds. 

EPA 1978 Considerations of Environmental Protection Criteria for 
Radioactive Waste. Background Report, EPA. 

High-level waste traditionally refers only to the liquid stream 
resulting from reprocessing of spent reactor fuel, and to any solid-
ified derivatives of that liquid. Because other materials present 
hazardous level of risk, "high-wastes" as used here will also 
include all forms of radioactive wastes which have the capability 
to produce radiation exposures with acute effects. The major source 
of such wastes is currently nuclear fission reactors resulting in 
either spent fuel or the products of reprocessing the fuel. 

High-level wastes containing fission products emit penetrating gamma 
radiation, which means that mere proximity to the material may be 
hazardous. Also, most quantities of such wastes produce sufficient 
heat from radioactive decay to increase the potential for 
uncontrolled release to the environment. Following such a release, 
dilution would reduce the direct radiation hazard so that inhalation 
and ingestion hazards would then predominate. 

ICRP 1979 International Commission on Radiological Protection, 
"Limits for Intake of Radionuclides by Workers," 
ICRP Publication 30, Pergamon Press, New York (referred to 
as ICRP 30), 1979. 
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IRG 1979 Report to the President by the Interagency Review Group 
on Nuclear Waste Management, TID-29442, 1979. 

High-level wastes are either Intact fuel assemblies that are being 
discarded after having served their useful life in a nuclear reactor 
(spent fuel) or the portion of the wastes generated in the repro-
cessing of spent fuel that contain virtually all of the fission prod-
ucts and most of the actinides not separated out during 
reprocessing. 

DOE 1980a Environmental Development Plan, IMR Commercial Waste 
Management, DOE/EDP-0063, 1980. 

High-level wastes are irradiated spent nuclear fuel, liquid wastes 
resulting from the operation of the first cycle solvent extraction 
system, and the concentrated wastes from subsequent extraction cycles 
or equivalent, in a facility for reprocessing irradiated reactor 
fuel and solids into which such wastes have been converted. 

DOE 1980b Spent Fuel and Waste Inventories and Projections, 
D0E-0R0-778, 1980. 

High-level waste results from the chemical processing of irradiated 
nuclear fuels and targets. This HLW contains more than 99% of the 
residual radionuclides produced in the fuels and targets during 
reactor operations. Most of the existing HLW in the United States 
has been generated in defense activities (i.e., in producing Pu and 
3H for nuclear weapons at the DOE plants at Hanford and SRP and in 
processing naval reactor fuels at ICPP). A small amount of commer-
cial HLW has been generated from reprocessing reactor fuels at the 
NFS plant. 

INFCE 1980 Waste Management and Disposal for Selected Nuclear 
Fuel Cycles; Report by Working Group 7 of the 
International Nuclear Fuel Cycle Evaluation, INFCE/WG. 
7/26, 1980. 

High-level waste is waste requiring biological shielding at all 
t ime s. 

For this study it is assumed that fuel elements may be treated as 
waste. 

IAEA 1981 Underground Disposal of Radioactive Wastes, IAEA Safety 
Series No. 54. 

High-level waste is defined as: 

1. the highly radioactive liquid, containing mainly fission prod-
ucts, as well as some actinides, which is separated during 
chemical reprocessing of irradiated fuel (aqueous waste from 
the first solvent extraction cycle and those waste streams com-
bined with it); 
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2. any other waste with radioactivity levels intense enough to 
generate significant quantities of heat by the radioactivity 
decay process; and 

3. spent reactor fuel, if it is declared a waste. 

(Note that these definitions are not related to "high-level waste 
unsuitable for dumping in the ocean" as used in the London Dumping 
Convention.) 

High-level liquid waste from fuel reprocessing is the aqueous liquid 
remaining after the fuel has beqn dissolved and the uranium and plu-
tonium have been extracted. It contains nearly all of the non-
volatile fission products, as well as almost all the actinides in 
the irradiated fuel, other than uranium and plutonium (and possibly 
others, which might also be recovered for special use). The portion 
of plutonium and uranium in the waste (relative to that in the spent 
fuel) depends on the efficiency of the separation plant; a value of 
between 0.05 and 0.5% is typical. This waste is characterized by 
very high gamma radiation levels, large heat output, and the pre-
sence of long-lived actinide radionuclides. Important features 
are: 

1. high beta/gamma, 

2. significant alpha, 

3. high radiotoxicity, and 

4. high heat output. 

1981a 10 CFR 60, paragraph 60.2(j), (published in 46FR13980). 

"High-level radioactive waste" is defined as; 

1. irradiated reactor fuel, 

2. liquid wastes resulting from the operation of the first cycle 
solvent extraction system or equivalent, and the concentrated 
waste from subsequent extraction cycles, or equivalent, in a 
facility for reprocessing irradiated reactor fuel, and 

3. solids into which such liquid wastes have been converted. 



A-13 

NRC 1981b Draft EIS on 10 CFR Part 61 'Licensing Requirements 
for Land Disposal of Radioactive Waste', NUREG-0782, 
Vol. 2, p. 1-7, U.S. Nuclear Regulatory Commission, 
September 1981. 

The existing waste classification systems are: 

1. the IAEA radioactive waste categories, 

2. the AIChE radioactive waste categories, 

3. the ANSI radioactive waste categories, and 

4. the AEC radioactive waste management classifications. 

The existing classification systems generally fall into three cate-
gories based on: 

1. the source or generator of the waste, 

2. the characteristics of the waste, or 

3. the method of disposal. 

Classification based on "the source of wastes" is not considered 
useful since it reveals little about the characteristics of waste 
and the requirements needed for its safe disposal. Likewise, the 
characteristics and properties of the waste need to be considered in 
developing a classification system but not to the exclusion of the 
method to be used for disposal. 

The preferred approach is to develop a classification system based 
on the method or requirements that should be applied for disposal. 
These requirements could then be defined by the waste charac-
teristics, the containment and isolation capabilities of the method 
of disposal, and the social commitment controls required to assure 
safe disposal of the waste. 

A method to classify waste based on the preferred alternative is 
reported in detail in NUREG-0456 and NUREG-1005. 

IAEA 1982 Radioactive Waste Management Glossary, 
IAEA-TECD0C-264, 1982. 

High-level wastes are: 

1. the highly radioactive liquid, containing mainly fission 
products, as well as some actinides, which is separated 
during chemical reprocessing of irradiated fuel (aqueous 
waste from the first solvent extraction cycle and those 
waste streams combined with it); 
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2. spent reactor fuel, If It is declared a waste; and 

3. any other waste with a radioactivity level comparable to (1) or 
(2) . 

Note that these definitions are not related to "high-level radioac-
tive waste unsuitable for dumping in the ocean," as used in the London 
Dumping Convention. 

1982 Managing Commercial High-Level Radioactive Waste: 
Summary, OTA-O-172, Congress of the United States, 
Office of Technology Assessment, 1982. 

The fission products and the TRU elements (except for Pu) are 
generally regarded as unusable wastes. However, the 235u and Pu in 
the spent fuel can be recovered for reuse in reactor fuel through 
chemical reprocessing, and the nuclear fuel cycle was originally 
envisioned to include such reprocessing for all commercial spent 
fuel. Reprocessing would leave the fission products and unused TRU 
in liquid form as HLW which, under present regulations, would be 
solidified and placed into final isolation. Because of uncertain-
ties about commercial reprocessing, it is also possible that some 
spent fuel would be treated as waste and placed into final isolation 
without reprocessing. High-level waste is used in this report to 
refer to either the solidified HLW from reprocessing spent fuel, or 
the spent fuel itself, if discarded as waste. 

In OTA's view, the uncertainty about when, if ever, it will become 
economical to reprocess spent fuel has unnecessarily complicated 
federal decisions about interim spent fuel storage and about final 
waste isolation. 

The defense and commercial high-level radioactive waste programs, 
merged under the Carter administration, have been separated by the 
Reagan administration. Disagreements about whether the same proce-
dures for siting commercial waste repositories should also apply for 
defense waste were a major reason the legislation dealing with HLW 
did not pass in the 96th Congress. 

In this regard, some people argue that no matter what is done with 
Military waste, the federal government has an obligation to get on 
with the regulation of commercial waste management. The government 
has, by law, reserved for itself the responsibility and authority to 
dispose HLW and has, thus far, failed to fulfill its responsibilities. 

At present, no single federal agency or congressional committee has 
the jurisdiction to deal with the wide range of activities required 
to manage radioactive waste safely. There are six major executive 
agencies (Table 1) and 12 congressional committees with jurisdiction 
over different aspects of waste management. History suggests that 
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it will be difficult, under the best of circumstances, to coordinate 
the activities of all these government entities. Agencies have con-
sistently failed to meet deadlines to implement policies according 
to schedule, perhaps, in part, because waste disposal Is only one of 
many activities for which they are responsible. For example, NRC's 
draft technical regulations for HLW, scheduled for 1977 were 
actually issued in 1981; EPA's overall standards for waste disposal, 
due since 1977, have not yet even been published for discussion. 

DOE 1982a Long-Term Management of Liquid High-Level Radioactive 
Wastes Stored at the Western New York Nuclear Service 
Center, West Valley, Final Environmental Impact 
Statement, DQE/EIS-0081, 1982. 

High-level wastes are the highly radioactive wastes that resulted 
from the reprocessing operations at West Valley. Generally, they 
are wastes that come from the operation of the first-cycle solvent 
extraction system used for the recovery of uranium and plutonium 
from spent reactor fuels. These wastes contain greater than 99.9% of 
the nonvolatile fission products and tha major portion of transuranium 
actinides from the spent fuel. The term includes the wastes as origi-
nally produced in liquid form and the solid products subsequently 
formed from the liquid waste. 

DOE 1982b Spent Fuel and Radioactive Waste Inventories, 
Projections, and Characteristics, D0E/NE-Q017-1, 1982. 

High-level waste is generated as the result of reprocessing spent 
reactor fuel and targets and contains more than 99% of the non-
volatile fission products produced in the fuel or targets during 
reactor operation. It also contains, generally, about 0.5% of the 
uranium and plutonium in the fuel. 

LAW 1982 Nuclear Waste Policy Act of 1982, (P.L. 97-245) 

High-level radioactive waste is defined as: 

1. the highly radioactive material resulting from the reprocessing 
of spent nuclear fuel, including liquid waste produced directly 
in reprocessing and any solid material derived from such liquid 
waste that contains fission products in sufficient con-
centrations; and 

2. other highly radioactive material that the Commission, con-
sistent with existing law, determines by rule requires per-
manent isolation. 
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DOE 1983a DOE Order 5820, July 1983. 

High-level Waste* The highly radioactive waste material that 
results from the reprocessing of spent nuclear fuel, including 
liquid waste produced directly in reprocessing and any solid waste 
derived from the liquid, which contains a combination of TRU waste 
and fission products in concentrations as to require permanent iso-
lation. 

DOE 1983b Spent Fuel and Radioactive Waste Inventories, 
Projections, and .Characteristics, DQE/NE-00f7/2 
U.S. Department of Energy, September 1983. 

High-level waste, which is generated by the reprocessing of spent 
reactor fuel and targets, contains more than 99% of the nonvolatile 
fission products produced in the fuel or targets during reactor 
operations. It contains, generally, about 0.5% of the uranium and 
plutonium in the fuel. 

U.S. NRC 1983 U.S. Nuclear Regulatory Commission, "Disposal of 
High-Level Radioactive Wastes in Geologic 
Repositories Technical Criteria," 10 CFR 60, Federal 
Register 48 (120), 28194 (June 1983). 

"High-level radioactive waste" or "HLW" is defined as: 

1. irradiated reactor fuel; 

2. liquid wastes resulting 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 fuel; and 

3. solids into which such liquid wastes have been converted. 

EPA 1984a U.S. Environmental Protection Agency, Working Draft 
No. 3 of 40 CFR 191, "Environmental Radiation 
Protection Standards for Management and Disposal 
of Spent Nuclear Fuel, High-Level and Transuranic 
Radioactive Wastes," February 1, 1984. 

"High-level radioactive wastes," as used in this Part, includes either 
of the following; (1) the highly radioactive materials resulting 
from the reprocessing of spent nuclear fuel (including liquid waste 
produced directly in reprocessing and any solid material derived 
from such liquid waste) that contain radionuclides in concentrations 
greater than those identified in Table A.1, although the Commission 
may replace Table A. 1 with other provisions that it determines, by 
rule, are appropriate to identify such materials that require per-
manent isolation; or (2) other highly radioactive materials that the 
Commission determines, by rule, require permanent isolation. 
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Table A. 1. Concentrations identifying high-level radioactive wastes 

Fission product, Concentration 
radionuclides (ci/m3 of waste) 

Carbon-14 8 
Cesium-135 800 
Cesium-137 4600 
Strontium-90 7000 
Technetium-99 3 
Tin-126 1 
Any other radionuclide with 700 
a half-life greater than 20 
years 

Transuranic Concentration nCi/g 
radionuclides (of waste) 

Plutonium-241 3500 
Any alpha-emitting transuranic 100 
radionuclide with a half-life 
greater than 20 years 

EPA 1984b U.S. Environmental Protection Agency, Working 
Draft No. 4 of 40 CFR 191, "Environmental Radiation 
Protection Standards for Management and Disposal of 
Spent Nuclear Fuel, High-Level and Transuranic 
Radioactive Wastes," March 1984. 

"High-level radioactive wastes", as used here have the same meaning 
as in 10 CFR Part 60 and apply to materials produced by atomic 
energy defense activities under the jurisdiction of the Department 
as well as materials produced by activities regulated by the 
commission. 

NRC 1984 U.S. Nuclear Regulatory Commission, "An Evaluation 
of Highly Radioactive Material Requiring Permanent 
Isolation," DRAFT, January 1984. 

It is appropriate, therefore, to consider wastes with concentrations 
more than 30 times the Class C limits as representing hazards 
approximately equivalent to wastes currently defined as 
"high-level," and to require that these wastes be disposed of in a 
manner which provides permanent isolation from the environment. The 
specific radionuclide concentrations requiring permanent isolation 
are: 
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Strontium-90 210,000 Ci/m3; 
Cesium-137 138,000 Ci/m3; 
Alpha-emitting TRU 

half-life >5 yrs 3,000 nCi/g; and 
Plutonium-241 105,000 nCi/g. 

These concentrations also require the use of the sum-of-the-
fractions rule as when applying the Class C limits. 



ORNL/Sub/84-13833/1 

INTERNAL DISTRIBUTION 

1-5. A. G. Croff 
6. C. W. Forsberg 
7. J. A. Klein 
8. R. S. Lowrie 
9. D. R. Reichle 
10. T. H. Row 

11-15. R. G. Wymer 
16-17. Central Research Library 

18. ORNL Patent Section 
19-20. Laboratory Records 

21. Laboratory Records, ORNL RC 
22. 0RNL-Y—12 Technical Library 

Document Reference Section 

EXTERNAL DISTRIBUTION 

Argonne National Laboratory, Chemical Technology Division, 9700 S. Cass 
Avenue, Argonne, IL 60439 

23. M. J. Steindler 

BAJOI Corporation, Inc., P. 0. Box 7166, Alexandria, VA 22307 

24. A. A. Moghissi 

D0E-0R0, P. 0. Box E, Oak Ridge, TN 37831 

25. Office of Assistant Manager for Energy 
Research and Development 

DOE-Office of Defense Waste and Byproducts Management, Germantown, MD 20545 

26. A. L. Taboas 

EPA-Environmental Protection Agency, Washington, DC 20460 

27. D. J. Egan 

Kenneth A. Gablin and Associates, McLean, VA 22101 

28-32. K. A. Gablin 

Georgia Institute of Technology, School of Nuclear Engineering and Health 
Physics, Emerson Building, Room 223, Atlanta, GA 30332 

33. M. W. Carter 

Harvard School of Public Health, 665 Huntington Avenue, Boston, MA 02115 

34. D. W. Moeller 



The MAXIMA Corporation, 501 Lafayette Drive, Oak Ridge, Tennessee 37830 

35-39. D. G. Jacobs 
40-44. A. T. Szluha 

National Council on Radiation Protection and Measurements, 7910 Woodmont 
Avenue, Suite 1016, Bethesda, MD 20814-3095 

45. W. K. Sinclair 

Institute of Environmental Medicine, New York University Medical Center, 
P. 0. Box 837, Tuxedo, NY 10987 

46. M. Eisenbud 

Nuclear Regulatory Commission, Washington, DC 20555 

47. M. J. Bell 
48. D. J. Fehringer 
49. G. W. Roles 

Radiological Sciences Institute, Center for Laboratory and Research, 
Empire State Plaza, Albany,, NY 12201 

50. J. M. Matuszek 

E. I. du Pont de Nemours & Co., Savannah River Laboratory, Waste Disposal 
Technology Division, Aiken, SC 29801 

51. E. L. Albenesius 

Science Applications, Inc., 1811 Santa Rita Road, Pleasanton, CA 94566 

52. J. J. Cohen 
53. C. F. Smith 

Vanderbilt University, Environmental and Water Resources Engineering, 
Nashville, TN 37235 

54. F. L. Parker 

DOE-Technical Information Center, Oak Ridge, TN 37831 

55-81. 


