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ALARA
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Biological Effects of Ionizing Radiation
Clean Air Act
Comprehensive Environmental Response, Compensation, and Liability
Act
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California Department of Toxic Substances Control
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HLW
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Institute for Energy and Environmental Research
INEEL
Idaho National Engineering and Environmental Laboratory
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Lawrence Livermore National Laboratory
LLW
Low Level Waste
MLLW
Mixed Low Level Waste
NAAQS
National Ambient Air Quality Standards
NESHAP
National Emission Standards for Hazardous Air Pollutants
NMED
New Mexico Environment Department
NRC
Nuclear Regulatory Commission
OEHHA
California Office of Environmental Health Hazard Assessment
RCRA
Resource Conservation and Recovery Act
ROD
Record of Decision
SJVUAPCD San Joaquin Valley Unified Air Pollution Control District
SMWL
Sandia Mixed Waste Landfill
SNL
Sandia National Laboratory, Albuquerque, NM
TRU
Transuranic
UNSCEAR United Nations Scientific Committee on the Effects of Atomic Radiation
USDOE
US Department of Energy
USEPA
US Environmental Protection Agency
USGS
US Geological Survey
WIPP
Waste Isolation Pilot Plant

5

This page intentionally left blank

6

INTRODUCTION
Mixed waste at USDOE Nuclear Weapons Complex sites constitutes a complex
environmental problem that is part of the larger scientific quandary involving the
presence, effects, and remediation of mixtures of chemical contaminants in the
environment as a result of industrial and military activities since the Industrial
Revolution.1 Chemical mixtures – in this instance referring to the combinations of
contaminants that occur at waste sites – represent a complex cleanup challenge at federal
facilities hazardous waste sites across the country. In order to understand the health risks
and effects of these mixtures of chemicals, we can only draw on traditional toxicological
research and regulatory toxicology, which is typically based on data and criteria derived
from single-chemical research.2 That is, scientists have traditionally focused on single
chemicals of concern in determining environmental and health effects. More recently,
regulators, community members, and toxicologists are asking whether or not the current
single chemical focus is adequate for assessments of complex chemical mixtures. There
is an emerging consensus among toxicologists and regulators working with chemical
mixtures that “conventional toxicological methods are inadequate for evaluation of
chemical mixtures” and that “current methods of conducting chemical mixtures health
risk assessments were developed to use available experimental data…These methods
generally rely on default assumptions whose validity is unknown”.3 This situation
suggests a troubling scientific basis on which to make cleanup decisions for hazardous
waste sites.
In the USDOE Nuclear Weapons Complex Environmental Management process,
chemical mixtures introduce a further level of complexity when compared to hazardous
waste sites, in that nuclear and chemical wastes often exist in combination as “mixed
waste” in landfills, as leachates, or as contaminants in air. Of concern is the fact that
many of these waste sites are located near current or future residential areas, and thus
create an increased environmental health threat. Adding to the challenge is the lack of
knowledge about the exact quantity, composition, form, and dispersion of mixed wastes
present in the Complex.4
According to a National Academy of Science’s Board of Radioactive Waste Management
report, USDOE has a large and diverse waste inventory that is incompletely
characterized, as well as a complex and evolving regulatory structure.5 A recent report by
USDOE6 summarized its waste inventory. A percentage of USDOE waste is
contaminated by chemicals that may pose an additional threat to human health and the
environment beyond the threat from the nuclear waste components. These mixed wastes
may contain acids, volatile organic solvents, heavy metals, alkalis, or inorganic
1

Monosson 2003.
Carpenter el al. 2002.
3
Teuschler et al. 2002.
4
USDOE 1997a.
5
National Research Council 2002.
6
US DOE 2001.
2
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compounds. The chemical constituents may be toxic, flammable, corrosive, reactive,
carcinogenic, mutagenic, or caustic. Some of these materials are toxic or hazardous while
some are relatively innocuous, but in any case there is a very wide range of chemical
constituents that are present in the nuclear waste stream. Of concern in particular is the
fact that the 1995 inventory of mixed waste contaminants done by USDOE characterized
their level of confidence in mixed waste characterization. In general terms, while USDOE
claimed it had high or medium confidence that the physical nature (e.g., soil or sludge) of
most wastes is correctly identified, it “lacks confidence in the existing quantitative data
on the wastes' chemical and radioactive constituents7” [emphasis ours]. By USDOE’s
own admission, then, the quantity of individual chemical and nuclear components in the
waste is unknown. Also, in many cases even when the quantity of mixed waste site-wide
is known, the actual location of a given contaminant in the waste site (i.e., which part of
the landfill or which drum or cask) is not well-known.
A complete review and analysis of the specific chemical and radiological constituents of
mixed waste, combined health effects, and cleanup strategy at Nuclear Weapons
Complex sites would be essential to creating a clear national strategy for mixed waste,
but this is much too complex and large-scale an endeavor for this project. We intend that
this project outline in Part I the general mixed waste issues, including regulation,
inventory, and health effects data. In Parts II and III, we focus on two case studies: the
Mixed Waste Landfill at Sandia National Laboratories, where contamination of soil and
potential groundwater contamination have been reported; and the Lawrence Livermore
National Laboratories Main Site and Site 300, where we address mixed waste issues in
ambient (outdoor) air. Findings and conclusions are contained in Part IV, where we make
recommendations on USDOE’s mixed waste management policies, identify data gaps,
and prioritize new research. We hope that this report can form the basis of a much
broader consideration of the USDOE mixed waste issue for the future.
In the course of conducting the research for this project, we found it most useful to
concentrate on mixed low-level waste for the following reasons:

7

•

High-level waste (HLW) is slated for long-term, casked storage, and the vast
majority of HLW, while is it virtually all mixed waste, is not remediable using our
current technologies. It must be removed from populated areas and permanently
stored.

•

Transuranic (TRU) mixed waste at present is slated for retrievable storage at
WIPP in New Mexico. It is dangerously radioactive, and therefore risk of
remediation is often too high under currently known technologies. At the same
time, the low-level waste/TRU waste definitions are an area of concern (see
below). It is not unlikely that some low-level waste will be re-classified as TRU
waste if and when proper characterization is done.

National Research Council 2002.
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•

Mixed low-level waste (MLLW) is pervasive in nuclear weapons complex sites.
Many of these sites are currently being proposed for limited remediation by the
USDOE. In addition, many communities are burdened with formerly remediated
properties that still feature mixed low-level waste, albeit at levels currently below
regulatory action. If the USDOE’s long-term stewardship program remains
primarily focused on institutional controls, communities located near USDOE
waste sites will continue to be faced with MLLW for generations to come. Thus,
information is most needed for those low-level waste sites, whether they have
been remediated or not.

Community concerns about mixed waste
Community members have numerous concerns about USDOE mixed waste sites, their
environmental and health effects, and cleanup strategies. In general, these concerns center
on the uncertainties involved in the characterization and risk assessment processes, the
lack of trust in the managing institutions and regulations, and the methods and forms of
communications used.8
First, the incomplete nature of the site inventories often means that site characterization is
likewise incomplete. It is well-known that waste disposal practices in the 1950-80 time
period were haphazard, inconsistent, and incompletely documented. This is a cause of
uncertainty and stress for impacted communities, as they are not sure if the site
characterizations are complete or accurate. Uncertainty also surrounds the risk
assessment method and the conclusions reached from site analyses. Even assuming that
the community accepts the validity of a risk-based approach, community members clearly
see that the basis of the assessments – the site characterization – may be flawed. Also,
since scientists themselves admit that the interactions of hazardous chemicals with each
other, and with radioactive contamination, are poorly known, community members
question risk assessments that are based on the science we do have.
The second and third issues: lack of trust and sometimes poor or incomplete
communication, are intimately connected. While progress has been made at some
USDOE cleanup sites, many persons involved in cleanup agree that there has been a
breakdown of the public participation process.9 It is highly challenging to get access to all
the information on a cleanup site and then use that information to make an independent
assessment of the cleanup decisions that are pending or have already been made. Even if
access is provided to materials, the culture of regulatory language, overlapping reporting
obligations, communication difficulties between cleanup contractors and cleanup
management, and a myriad of other obstacles mean that most community members can
only form a fragmentary picture of the true scope of the environmental issues. This
incomplete information, and at times reluctance on the part of cleanup managers to
disclose information, add to a sense of mistrust, and can create a vicious cycle where
8

Summarized from proceedings from Federal Facilities Cleanup Workshops held 2001-2003. Community,
Science and Environment Program. http://www.communityscience.net/workshops/
9
e.g., USDOE 1990.
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incomplete communication creates mistrust and mutual distrust leads to a further
shutdown of communication.
There are more specific community concerns as well. Often in mixed waste cleanup
scenarios, the presence of one contaminant will limit the ability to cleanup another
constituent. For example, at the Sandia Mixed Waste Landfill, claims that high levels of
gamma radiation may exist on the site are said to limit the options of extensive soil
sampling, site excavation, and possible cleanup of heavy metals and VOCs due to
excessive worker risk.10 At Lawrence Livermore labs, there was community concern that
cleanup of VOC contamination using traditional methods could lead to the spread of
tritiated water.11 Numerous mixed low-level waste sites fall into a regulatory trap where
only one or two leading contaminants drive cleanup decision-making,12 or where the
radioactive contaminants may be of less concern than the hazardous contaminants, but
regulatory drivers keep the focus on the radiological contaminants. Cleanup technologies
and approaches are also of concern to community members. Often, more advanced
cleanup approaches are not moved through the certification process quickly enough, even
though they may offer very promising solutions. On the other side of the coin, some
cleanup methodologies create further contamination, such as spent filters or air
redistribution of contamination, or require that waste be placed in a location that
adversely impacts another community. All of these concerns add to the complexity of
finding protective solutions to mixed waste cleanup issues.

Methodology
The hypotheses that initiated this project were:
- there is a much larger problem with mixed wastes than is currently being
considered in USDOE’s Environmental Management (EM) programs
- there are numerous research and regulatory gaps present in mixed waste
management that need to be highlighted
- there are emerging scientific and technical approaches that can be used to better
characterize and prioritize the search for solutions
The methodology we used to explore these hypotheses included 1) review of site and
regulatory documents; 2) review of peer-reviewed primary science literature; 3) site visits
to impacted communities; 4) discussions with community activists; 5) discussions with
experts in the field and in the agencies. All of these sources were reviewed and analyzed
in order to form a more complete view of the situation nationally with mixed waste, and
at the individual case study sites.
The overall approach in this report is to make what is often highly technical and
sometimes conflicting information available to community members with a moderate
background in hazardous and nuclear waste cleanup issues. This report is not intended to
be part of a conversation among experts, but rather to provide a window into the
10

WERC 2003a.
LLNL 2000.
12
Environmental Law Institute 2001.
11
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scientific and regulatory materials that determine the cleanup decisions about mixed
waste.
Since the basis of many cleanup decisions is risk assessment and management, this report
will deal with some aspects of this complex and challenging field. However, we do not
intend to comment directly on specific risk assessments, but rather to focus on the
scientific basis of understanding the impacts of mixed waste on human and
environmental health. In this regard, the following report hopes to serve a wide audience
and provide information that can be of use to many mixed waste cleanup sites.
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PART I

MIXED WASTE: PROPERTIES AND HEALTH EFFECTS

Mixed Waste: General Overview
Definition of Mixed Waste
According to the USEPA, mixed waste contains a hazardous component and a
radioactive component. Hazardous waste (listed under 40 CFR Part 261, Subpart D,
and/or exhibits a characteristic described in 40 CFR Part 261, Subpart C) are what we
usually think of as industrial chemical wastes: metals, petroleum constituents, and other
common contents of landfills. Radioactive waste (which must be classified as source,
special nuclear, or byproduct material subject to the Atomic Energy Act of 1954 (AEA)
(42 U.S.C. Section 201 et seq.)) results from activities that include nuclear power
generation, nuclear weapons production, and medical diagnostic processes. When mixed
waste is generated, either through production processes or as a result of dumping
practices, special circumstances are created that impact human and environmental health
effects, fate and transport of the mixture, and cleanup decision-making.

Categories of Mixed Waste
Nuclear waste in the US falls in to three basic classes: high-level waste (HLW), low-level
waste (LLW), and transuranic (TRU) waste. High-level waste is always mixed waste, as
it results from processing of spent nuclear fuel, a process that requires chemical additives.
Reprocessing spent nuclear fuel involves dissolving spent fuel in acid and then
chemically extracting the uranium. The liquid that remains after this operation is very
acidic, highly radioactive, and contains chemicals that make it a hazardous waste. TRU
waste, as defined by USDOE Rule 435.1, is mixed nuclear and hazardous waste, with
waste contaminated with alpha-emitting transuranic radionuclides (radionuclides with
atomic numbers greater than 92) with half lives greater than twenty years and in
concentrations greater than 100 nanocuries per gram of waste matrix.13 Low-level mixed
waste is defined by what it is not: not high-level, not TRU mixed waste, so in effect it is
hazardous waste mixed with radioactive waste with radioactivity less than 100 nanocuries
per gram. This definition of mixed low-level waste throws into relief the difficulties of
nuclear waste definition in the US.
There are myriad issues involved in the US system of nuclear waste classification (see
Table 1: Categorizing Mixed Waste). There are not only cross-cutting regulatory controls
over the disposal and treatment of mixed wastes, but also a mishmash of definitions,
some based on the source of the waste, some based on level of radioactivity, and some
based on volume of waste.14 Because of these contradictions, some wastes designated as
low-level actually have higher radioactivity levels than wastes designated as high-level

13

IEER 1997. USDOE changed the definition of TRU waste in from 10 to 100 nanocuries per gram in
1984, resulting in a much higher quantity of mixed low-level waste and less TRU waste.
14

Lowenthal, 1997; IEER 1992.
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waste.15 The existing classification schemes for nuclear waste are not strictly based on the
chemical and radiological constituents of the waste, and do not take into account the
persistence of the waste in the environment. The International Atomic Energy Agency’s
(IAEA) classification scheme takes these factors into account with a category that
includes: Low and Intermediate Level Waste (LILW). LILW is then subdivided into
categories according to the half-lives of the radionuclides it contains, with "short lived"
[LILW-SL] being less than 30 years and "long lived" [LILW-LL] greater than 30 years.16
The NRC’s classifications for low-level waste also give some support to distinguishing
short- and long-lived radionuclides (see Table 1). But in neither case do these schemes
regulate radioactive wastes that are in place on USDOE properties, as DOE, not NRC, is
legally self-regulating for the radioactive wastes it manages under the Atomic Energy Act
of 1954.
The complexity of nuclear waste classification adds an additional burden to the even
more complex issue of mixed waste. As mentioned in the Introduction, this study will
primarily focus on the issues surrounding mixed low-level waste.

Mixed Low-Level Waste Inventory
USDOE estimates that 317,000 cubic meters of pre-1970 buried mixed low-level waste
exists across the nuclear weapons complex.17 The radioactive component of MLLW is
estimated to be “fewer than 2.4 million curies,” however, data from individual complex
sites have not been compiled nationally.18
The composition of mixed low-level wastes varies at different sites, but the typical
mixture would include the contaminants below. See the case studies in Parts II and III for
a sense of the variation in mixed waste generated at USDOE sites.
Radionuclides: including plutonium, thorium, americium, tritium, uranium, depleted
uranium, cesium, cobalt
Metals: including mercury, lead, cadmium, chromium, beryllium, barium, nickel,
selenium, arsenic
Volatile organic compounds and solvents: including TCE, PCE, DCE, Xylene, Toluene,
methylene chloride, carbon tetrachloride
Cyanide
Nitrates
Explosives and related: including HMX, RMX, and perchlorate
PCBs
Acids: including nitric acid
Sources: USDOE 1997, USDOE 2001.

15
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These combinations of waste are found in various forms, including debris (metal,
organic, inorganic nonmetal, and “heterogeneous”); inorganic solids; soils; organics; and
unique and special wastes (lab waste, beryllium dust, batteries, compressed gasses,
explosives, for example). In addition, USDOE has defined a waste category called
“contaminated media,” which is “materials such as soil, sediment, surface water, ground
water, and others (e.g., sludge and rubble/debris that are intermixed with media) that are
contaminated at levels requiring cleanup or requiring further assessment to determine
whether an environmental restoration action is warranted.”19 Another important form of
mixed waste is ambient air emissions, which will be treated in detail in Part III.
A National Research Council report found that a high percentage of each MLLW waste
form was contaminated with hard-to-treat hazardous chemicals and metals,20 as shown in
the table below:
TABLE 2.3 Difficult-to-Treat Hazardous Components in DOE MLLW
Percent of the Treatment Group that is Contaminated
Type of Contamination

Debris

Organic

Solids and Soils

Unique

Wastewater

Metals

70

79

90

66

98

Solvents or other organics

77

90

75

23

27

Mercury

20

34

31

17

70

SOURCE: DOE, 1995

Fate and Transport of Mixed Waste
Mixed waste combining radiological and hazardous contaminants occurs in a variety of
forms, concentrations, and site-specific conditions. Therefore, it is difficult to analyze
fate and transport of mixed waste in the abstract (specific analyses will be provided in the
two case studies, Parts II and III, below). However, there are chemical processes that
occur when radioactive and hazardous wastes are mixed that are relevant to many mixed
waste sites nationally.
In 1977, the firm Geraghty & Miller, under contract to the EPA, authored a report on
landfills that stated "The intermixing of inorganic and organic wastes, wastes of high and
low pH, and wastes having different physical properties in a common disposal area, may
lead to influences on the environment not anticipated from any single waste material ….
The wastes that are deposited continue to weather and leach for years."21 More than 25
years ago, the EPA report revealed the fact that chemical mixtures may change their

19

USDOE 2001.
National Research Council 2002.
21
USEPA 1977.
20

15

chemical composition over time. With mixed waste, there is special concern over the
chemical changes brought about by the process of radiolysis.

Radiolysis
Radiolysis is the process of breaking apart (or degradation) of organic molecules by
ionizing radiation. This includes alpha and beta particles and gamma rays. The
absorption of energy from the radiation by the affected molecule causes the dissociation.
Although the type of radiation generally will not affect the type of degradation products
formed, it may impact the amount of degradation that occurs.22 As a result the
degradation products are often predictable for each specific class of chemicals no matter
what type of radiation causes the degradation (See Figure 1).
As a result of the large quantity of radioactive waste products currently stored in an
assortment of containers, the primary research focus is radiolysis of the waste products
and their storage containers (e.g., radiolysis of plastics or water).23 Some studies have
also considered radiolysis of packaging materials for food products that may undergo
irradiation (e.g., polyethylene, polypropylene and polystyrene), polyethylene prostheses
for medical purposes,24 and as a method of soil remediation particularly for soils
contaminated with organochlorines (radiolysis may enhance dechlorination).25
While degradation of containers used to store radioactive waste products is clearly a
concern (see section on radiolysis in Part II, below), the generation of gasses produced as
a result of radiolytic degradation is also an important component of radiolysis. As noted
above, while the type of gas generated may not be dependent on the type of radiation, the
amount of gas produced will depend on the type of radiation. For example, some
solvents will produce a greater amount of gas following exposure to alpha radiation,
compared to an exposure to gamma radiation.26 Although various gases may be produced
including H2, CO2, CO, CH4 and HCL,27 in general the greatest concern is the generation
of the potentially explosive H2 gas (which is produced in the greatest quantities following
radiolysis of products such as plastic polymers, many hydrocarbons, or water). For
example, depending on the compound, radiolysis of some chlorinated solvents may
produce other gases such as methane (CH4), carbon dioxide (CO2), or HCL.28
Finally, some chemicals are relatively resistant to radiolysis such as the aromatic (or ringstructured) hydrocarbons, benzene for example, and may actually be added to protect the
contents from radiolysis. Others such as trichloroethylene (TCE) break down rapidly, the
result of a chain reaction in the solvent following irradiation in the presence of oxygen

22

USDOE 1995.
Liu et al. 2003.
24
Blanchet 1999.
25
Zacheis et al. 2000.
26
WIPP 1998.
27
WIPP 1998; Chang and LaVerne 2002.
28
WIPP 1998.
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into the toxic gas phosgene and other chlorine containing products, which apparently
react quickly with water to form HCL.
Currently, the primary concern with radiolysis is the premature failure of storage
containers from high-level radioactive waste. At sites such as the Sandia Mixed Waste
Landfill, radiolysis should be considered as a potentially important process; see Part II
below.

Health Effects of Mixed Waste
As a result of the regulatory division that exists between radioactive and hazardous
wastes, toxicity studies and risk assessment techniques have been conducted or developed
for either radioactive waste or hazardous waste independently. Even within the category
of hazardous waste, consideration of health effects caused by chemical mixtures is a
relatively recent development.29 However, the potential for interactive effects of chemical
mixtures has been acknowledged for well over half a century. The three main categories
of interaction, or “joint action,” of chemicals are 1) Independent joint action, which
refers to chemicals that act independently and have different modes of action (i.e. they
cause their effects by different mechanisms), such that the presence of one chemical will
not have an impact upon the action of another chemical. As a result the toxicity of the
combination can be predicted from knowledge of the independent chemicals; 2) Similar
joint action, which refers to chemicals that cause similar effects often through similar
mechanisms of action. In this case the presence of one chemical may impact the action
of another chemical. For example, if two chemicals, A and B act by combining with the
same receptor in the body, the impact of B will depend on how much chemical A is
present (so its effect might be heightened if A is present, in contrast to the presence of
chemical B by itself). In this case, as with Independent joint action, toxicity can be
predicted with knowledge of independent chemicals; and finally 3) Synergistic action,
where “the effectiveness of the mixture cannot be assessed from that of the individual
ingredients but depends upon a knowledge of their combined toxicity when used in
different proportions. One component synergizes or antagonizes the other.”30 Synergy
generally refers to a greater than additive outcome, whereas antagonism refers to a less
than additive outcome.
Note that this terminology was developed for mixtures of non-radioactive chemicals,
although they can be applied to combinations of radioactive and nonradioactive or mixed
waste as well.31 Unfortunately, there are even fewer studies designed to evaluate the
effects of mixed waste than there are for chemical mixtures, as discussed below. There
are so few studies on combined effects that it is difficult to consider how such chemicals
might interact even if we understand how each individual chemical might cause health
impacts.
For example, chemicals that all act by the same mechanism (chemicals A, B, and C for
this example) are known to interact in an additive manner. That is, they all affect the
29

USEPA 2000a; Teuschler et al. 2002; Monosson 2003.
Bliss 1939.
31
Chen and McKone 2001.
30
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same endpoint, in the same way, and to some extent can be treated as dilutions of one
single similar-acting chemical such that toxicity can be predicted by adding A+B+C.
Chemicals known to behave in this manner include some polychlorinated biphenyls
(PCBs), dioxins and certain polyaromatic hydrocarbons (PAHs). In contrast, other
chemicals might affect the same site in the body, the estrogen receptor, for example, but
their interaction with the receptor might be very different, from binding to the receptor
and behaving like estrogen, or binding to it and preventing it from working properly.
Additionally, some chemicals might increase the number of receptors or reduce the
number of receptors. While all the chemicals might act at the same site in the body, it
would be very difficult to predict how the chemicals might act in combination without a
great deal of lab research. Some chemicals known to affect the estrogen receptor in one
way or another include: dioxins, synthetic estrogens, nonylphenols, atrazine, DDT, and
various pthalates. In this case, simply adding A+B+C could lead to potentially erroneous
conclusions about the behavior of the mixture.
Although one cannot predict how mixtures might behave even if all chemicals were
known to impact the same endpoint -- such as cancer of a particular organ, binding a
hormone receptor, or damaging the liver -- it is helpful to understand the mechanistic
basis for toxicity. Such understanding might help to predict, on a relatively crude level,
whether one might expect an interaction to be additive, antagonistic, or synergistic.
Therefore, before discussion any potential interactions, we will very briefly review the
basic mechanism of toxicity caused by low-level ionizing radiation.

Carcinogenesis and Mixed Waste
Review of the health impacts of ionizing radiation

There are three main types of effects that ionizing radiation imparts on living tissues: 1)
breaking of chemical bonds, 2) excitation of ions, and 3) ionization of atoms within the
body. These three effects are explained in the next paragraph.
Molecules are constructed of atoms which are composed of protons (positive elements),
neutrons (neutral elements), and electrons (negative elements). The chemical properties
of an atom for the most part are defined by the number of protons, and its chemical
reactivity relies upon its configuration of electrons, which includes the number of
electrons and their location within the atom. Any change in the configuration of the
electrons -- for example, the loss of an electron -- would cause the atom or molecule to
become unstable or reactive. Ionizing radiation produces unstable compounds by
imparting energy upon electrons and exciting them (they remain a part of the compound
but the electronic configuration changes) or by knocking them out of the compound
resulting in the formation of an ionized compound (or ion). Electrons that are knocked
out of atoms become free energetic electrons, capable of imparting their energy on
electrons of other molecules or knocking out other electrons, continuing the process
(bond breaking, excitation, and ionization) (see Figure 1).32

32
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The making and breaking of the chemical bonds between atoms is a normal and essential
process in life. Storage of nutrients and release of nutrients in the body is a simple
example of a biochemical process which involves chemical bond formation and
destruction. The making and breaking of chemical bonds within the body, which requires
relatively small amounts of energy, is a fairly well orchestrated process and is guided by
an intricate biochemical network.33 Ionizing radiation, on the other hand, introduces tens
of thousands times more energy than the amount required in these routine biochemical
bond-breaking processes. When such energy is imparted upon a cell (in addition to the
effects on electrons), it can be an extremely destructive process; indeed, “[t]here is no
chemical bond in biological tissue which is strong enough to resist breakage by such
energy.”34 Unscheduled bond breaking and ionization of molecules integral to cellular
function can cause localized damage to cellular tissue. This effect will be discussed in
greater detail in the section on carcinogenesis below.
Ionizing radiation includes alpha-, beta- and gamma-particles. All particles are capable
of ejecting electrons from atoms, resulting in ionization. In general, alpha particles are
slower moving although of higher energy than beta particles (or electrons). As a result,
they are more effective at causing ionization, and more capable of causing localized
damage to cellular tissues.
A special note under the topic of health effects of ionizing radiation, especially at low
levels, must be added here. The most recent final report of concern here from the
National Academies of Science Biological Effects of Ionizing Radiation (BEIR) panel is
the BEIR V report, dated 1990, which validated the health effects found in many previous
studies of low-level ionizing radiation. Now, in the BEIR VII process underway, the
committee must deal with the new information that has been discovered in the
intervening decade since the last report. Based on the substantial advances in both the
molecular biology of cancer and in the epidemiology of radiation, the BIER VII Phase I
Letter Report35 recommended the committee continue on to a Phase II: a "comprehensive
reanalysis of health risks associated with low levels of ionizing radiation." The report
states that more detailed understanding of radiation-induced cancer at the mechanistic
level may lead to improved risk estimation, and that “Information on such phenomena as
DNA repair, signal transduction, chromosomal instability, and adaptation, although
preliminary, might eventually affect risk analysis of low-dose and low-dose-rate
exposures."36
Issues that have been raised and may be considered by the BEIR VII Phase II work
include possible synergistic effects of hormonally-active compounds and ionizing
radiation exposure and the actions of organically bound tritium. These are critical issues
in terms of the case study sites, below, and across the Complex in general, as tritium is a
key contaminant of concern.37
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Radioactive Compounds versus Radiation

Relevant to this discussion is the clarification of radioactive compounds versus radiation.
While it is true that the chemical properties of an element are primarily dependent upon
the number of protons in the nucleus, the radioactive properties may depend upon the
number of neutrons in the nucleus, and the balance among the protons, neutrons and
electrons. An element can have several different stable forms, or forms in which the
number of protons remains the same (thereby imparting the chemical properties), yet the
number of neutrons might vary. The hydrogen in water, for example, may consist of
either a hydrogen atom with one proton and one neutron or, one proton and two neutrons,
which is deuterium. Both of the compounds are stable isotopes, or nuclides, so they do
not undergo radioactive decay; therefore, deuterium is a naturally occurring stable isotope
of hydrogen. However, hydrogen atoms exist, though rare, that have three neutrons,
which is tritium. This radioactive isotope, or radionuclide, is not stable, and undergoes
radioactive decay, releasing a beta particle and converting to a helium atom, which is a
different atom altogether.38
It is important to consider that no matter what kind of nuclide is present, it will generally
behave as the element it is, based on its number of protons. For example, uranium
consists of three radioactive nuclides (U234, U235, and U238), all of which behave both in
the environment and in the body as the metal uranium. Thus, the biological half-life,
which is the amount of time required for the body’s burden to be reduced by half, would
be the same for all three radionuclides, until they decay. When a radionuclide decays, it
emits alpha, beta or gamma particles, depending upon the nuclide. Each radionuclide has
a rate of decay that is characteristic of the radionuclide. The radiological half-life is
based upon this decay rate. The concept of radiological half-life is similar to that of
biological half-life, except that the radiological half-life is a physical characteristic of the
chemical, while biological half-life depends upon both the physical characteristics of the
material and the biological characteristics of the individual. It represents the amount of
time required for the number of radioactive atoms to be reduced by one half (through
radioactive decay). For example, the decay rate of U234 is much faster than U238,
resulting in a radiological half-life of thousands of years, versus billions of years for U238.
Although a longer half-life means fewer emissions of alpha or beta particles, or gamma
waves, at any time there is a chance of radioactive decay, and different compounds emit
particles of different energy. Radioactive decay is not continuous, it is a discreet event
whereby each radioactive atom has a distinct chance of decaying over a certain time
period. For an atom of U234, that decay probability may be within a year of lodging in the
body, or within 10 years, 40 years, or not at all during the lifetime of the exposed subject.
Until the “instant of decay,” there is no radiation from a radionuclide, and its behavior in
the body or in the environment is consistent with its elemental behavior.39
It is therefore important not only to consider the presence of radioactive compounds in
terms of the amount of the radionuclide in the body or in the environment, but in terms of
38
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radioactive decay over a unit of time (which takes into consideration both the half-life
and the quantity). The term curies (Ci), or bequerels (Bq), refers to the amount of decay,
or disintegrations, per second for a given amount of material. One Ci is 3.7x1010
disintegrations per second, and one Bq is 1 decay per second. The specific activity of a
compound is often reported as Ci/gram of material or disintegrations per gram of
material. These numbers (Ci, Bq, and specific activity) refer only to radioactive
disintegrations, rather than hazard, since the type of decay (alpha, beta, or gamma) and
the associated energies of the decay are not taken into account.
A compound’s fate in the body or in the environment, therefore, depends both upon its
chemical properties and its radioactive properties, which may include breaking of
chemical bonds and ionization, with the chemical properties taking precedence until
radioactive decay occurs (see Figure 2: Potential Fate of Uranium Released Into Air).
Uranium, for example, is both a potent kidney toxicant as a result of its chemical
properties and potential carcinogen as a result of its radioactive properties.40 Depending
on the ratio of the isotopes, its potential to cause kidney damage often takes precedence
over its role as a carcinogen. Note that the carcinogenic risk as a result of the radioactive
properties of a chemical may drive the health impact assessment rather than the chemical
properties.
Ionization, bond breaking, and cellular damage: carcinogenesis and reproductive damage

The origins of cancer, whether caused by chemicals, radiation, or “normal biochemical
processes” is likely to occur in a single cell’s DNA, the genetic material within all living
cells.
Human DNA is contained within the 46 chromosomes (making up 23 pairs) that carry our
genetic code. Replication of these chromosomes during cell division is a critical process,
requiring an immense number of complex biochemical interactions, which involve
copying and construction of identical chromosomal pairs that are split off into the newly
divided cell. Since integrity of the genetic material is essential to life, there are
biochemical systems involved in maintaining chromosomes during division, including
mechanisms by which errors may be repaired.
As discussed above, ionizing radiation results in highly energized electrons that are
capable of breaking any chemical bond in the body. Likewise, the track of an energized
electron is capable of breaking chromosomal bonds, thereby breaking off pieces of the
chromosome. Once a break occurs, depending on conditions within the cell and location
of the break, the broken pieces may rejoin the chromosome, leaving little or no evidence
of damage; the broken piece may remain separate, becoming a chromosomal deletion; or
the deleted piece may continue to copy itself, as will the chromosome that is now lacking
a portion of genetic information (see Figure 1).
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It is generally agreed that the critical genetic damage from ionizing radiation is most
likely the result of chromosome breaks.41 However, other damage following ionization of
compounds including water around the DNA molecule can cause damage to the DNA
other than breakage (See Figure 1).42 If the genetic damage is “fixed” within the cell and
allowed to propagate within the cell, the change could lead to the development of cancer.
Carcinogenesis, or the development of cancer, is an extremely complex process. An
simplified version of carcinogenesis that is suitable for this review consists of four stages:
1) initiation, 2) promotion, 3) tumor growth, and 4) metastases.
Following the initial DNA damage discussed above, several different events may occur:
DNA repair, cell death, or no repair. If no repair occurs, the damage becomes a
permanent error within the chromosome, possibly resulting in enhanced cancer risk or
adverse effects in the offspring of the cell, depending on the cell and type of damage
caused by the radiation. Errors within the DNA that are heritable, or capable of being
passed on to future generations of cells, may lead to formation of a cancerous cell (see
Figure 3). The event that causes this initial mutation is referred to as initiation.
Once a cell is initiated, it does not necessarily continue on to cause cancer, and often
requires a process referred to as promotion. An initiated cell must continue to reproduce
and, as it does, it may develop a greater tendency towards malignancy. Promotion of an
initiated cancer cell may be dependent on the local environment of the cell, which is
likely influenced by both endogenous (intrinsic to the body) compounds or by foreign
compounds, including many different hazardous chemicals. Tumor growth may follow
promotion, eventually leading to metastases, or spreading of the tumor,
The implications of the above discussion are that 1) the results of the initial genetic
damage may not become apparent until decades, years, or generations after the initial
event, and 2) all the events discussed above (initiation, promotion, tumor growth and
metastases) may be impacted by concurrent or future exposure to radiation and/or
hazardous chemicals.
It is this point that is relevant to the discussion of combined impacts of ionizing radiation
and hazardous chemicals. We know that certain chemicals are capable of causing DNA
damage, although, unlike ionizing radiation, chromosomal breakage is not the primary
cause of damage. Genetic damage caused by chemicals primarily results from adduct
formation (literally, adding on portions of the chemical compounds to chromosomes),
although some may induce other types of chromosomal damage including breakage. A
particularly reactive compound (either the parent compound or a metabolic product of the
compound) may bind to the DNA, causing errors during DNA replication, potentially
resulting in a genetic mutation (see Figure 3). Genetic mutation in turn can lead to
various health impacts including: cell death, cancer or generational effects including birth
defects or cancer into the next generation.
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Mixed Waste and Risk Assessment

As a result of the two different modes of causing DNA damage -- adduct formation or
breakage -- “...it is clear that the different profiles of DNA lesions (for example, adducts
or breakage) produced by radiation and by chemicals have profound significance,
probably giving rise to characteristically different dose-response curves and possibly
causing interfering or synergistic carcinogenic effects from some combinations of
radiation and chemical exposures.”43 It is worth noting that the primary data on the risk of
developing cancer from exposure to ionizing radiation is based on human data from the
Atomic Bomb Survivor Studies (ABSS),44 whereas risk of developing cancer from
chemical exposure is for the most part based on data derived from animal studies.
Neither data set is ideal, however. For example, in the ABSS there is uncertainty in the
exposure, while in the animal studies uncertainty arises from the use of high rates of
exposure and the use of cross-species extrapolations.
As reviewed both in the United Nations Scientific Committee on the Effects of Atomic
Radiation (UNSCEAR)45 and by Chen and McKone,46 concurrent or future exposure to
hazardous chemicals can modify the effects of ionizing radiation. This is primarily
manifested through impacts on DNA integrity. However “essentially no guidance has
been provided for conducting risk assessment for two agents with different mechanisms
of action (i.e., energy deposition from ionizing radiation versus DNA interactions with
chemicals)” even though there is clear evidence that such combinations appear to be at
the very least additive and in some cases synergistic (e.g., radon and tobacco smoke).47
Combined cancer risk from exposure to multiple chemical carcinogens is calculated using
risk addition, or adding the cancer risk for each individual chemical (if the risk is above 1
in a million).48 The same is true for risk from combined exposure to radioactive
carcinogens. The National Research Council’s model for cancer risk involves an additive
approach “regardless of the model used to obtain the risk estimates for the individual
components of the mixture” although the model has not yet been validated for general
application.49 To date there is no clear policy by either agency (EPA or DOE) for
combining the cancer risk from the two different exposures.
In an attempt to evaluate the combined effects of chemicals commonly found at military
hazardous waste sites, the Agency for Toxic Substances Disease Registry (ATSDR)
attempted to produce two interaction profiles for radioactive and hazardous chemicals
that might commonly occur: Arsenic, Hydrazines, Jet Fuels, Strontium-90, and
Trichloroethylene and for Cesium, Cobalt, Polychlorinated Biphenyls, Strontium, And
Trichloroethylene.50 Unfortunately, there are no data on the whole mixtures, and data on
combinations within the mixture are also lacking. Given the paucity of data, ATSDR
43

Borg 1985.
E.g., Neel and Schull 1991.
45
UNSCEAR 2000.
46
Chen and McKone 2001.
47
Chen and McKone 2001; ATSDR 2000.
48
USEPA 1996.
49
Chen and McKone 2001.
50
ATSDR 2002, ATSDR 2001a.
44

23

concludes that at the very least, because of the similarity in the endpoints of toxicity (e.g.,
neurotoxicity caused by several chemicals within the mixtures), the combined effects of
the mixtures should be calculated in an additive manner. Note that, for example, in the
screening assessment for the Sandia Mixed Waste Landfill, USDOE did not sum the toxic
chemical and radionuclide cancer risks. Although according to a technical review by
Resnikoff,51 the cancer risks can and should be combined, some consider the two cancer
risk endpoints to be disparate measures that cannot be combined because the derivation
of each endpoint (cancer risk from radiation and from chemical exposure) rely upon such
different data and different models.
There are many in the risk assessment field who are working to harmonize the
assumptions and methods used in chemical and radiological cancer risk assessments.
Fundamentally, radiological risk assessment methods work on a “top down” basis, where
cumulative radiological dose is calculated, and if it exceeds standards, the cleanup goal is
to attain ALARA (as low as reasonably achievable). In chemical risk assessment, a
“bottom up” approach is used, where individual contaminants are assessed against
acceptable levels of cancer risk, and if appropriate the risk is added.52 In addition, risk
timeframes under various regulatory requirements differ, ranging from 30 to 70 years
depending on the contaminant under consideration.53 In order to deal effectively with
mixed waste sites, further harmonization of these two fundamentally different approaches
will be essential.
It is noteworthy that approaches considering combined impacts of chemicals (either noncancer effects or cancer) generally do not consider chemicals that are far below the
regulatory standard for that chemical (e.g., chemical concentrations that are 10-fold lower
than criteria values) or that are calculated to cause less than 1 excess cancer in 1 million.
This is based on the current belief that combined effects are likely nonexistent at low
concentrations. This despite the fact that this assumption that has yet to be validated, and
is not supported by the history of regulating hazardous and radioactive waste, where
greater understanding of health effects has led to a consistent lowering of the safe
exposure dose levels (See Figure 4: Shifting Baselines: Decreasing Maximum Dose
Levels Over Time).
Cumulative impact of toxics and ionization/bond breaking

In addition to the combined impacts of mixed waste, there is the potential for cumulative
impacts of hazardous waste, radioactive waste, or mixed waste. Cumulative impacts
refers to the health effects of combined or repeated exposure to a single chemical over
time, or to the consequences of combined exposures to multiple chemicals from multiple
sources over time.54 This means that when conducting health assessments at a given site
-- for example, a hazardous waste site on the edge of an urban setting -- the assessor may
consider the impacts of urban air quality in combination with the impact of the waste site
on health. The cumulative approach to chemical regulation might also be relevant in
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New Mexico, where uranium and arsenic levels are naturally high, and where some
populations may have high rates of kidney disease, such that they would be potentially
impacted by further exposure to uranium to a greater extent as compared to the general
population.55 In this case a cumulative approach could indicate lower allowable
concentrations of waste-generated uranium in water than would normally be considered
protective.
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PART II: SANDIA MIXED WASTE LANDFILL
Overview
The following section will present a case study of one cleanup site at the Sandia National
Laboratories in Albuquerque, New Mexico: the Sandia Mixed Waste Landfill (SMWL).
This case study site was selected because it exemplifies many of the challenges and
problems with buried mixed low-level waste that are found throughout the Nuclear
Weapons Complex. After a brief description of the site and its history, the issues with site
characterization at the SMWL will be illustrated by looking at two specific examples:
depleted uranium (DU) waste and demineralizer resins. The significance of the uranium
waste present at the SMWL involves first its properties as both a toxic metal and as a
radiological hazard; and second, the controversies surrounding potential transport in the
environment. Demineralizer resins present a different challenge, as we cannot be sure of
their exact contents or hazard levels. The case study will next analyze the level of
groundwater threat from mixed wastes that the SMWL presents. Finally, findings and
recommendations will be given.

History of the Site
The SMWL is located five miles southeast of the Albuquerque International Airport on
the Sandia National Laboratories property known as Technical Area 3. The SMWL
occupies approximately 2.6 acres and was operated between March 1959 and December
1988 (See Figure 5: Sandia Mixed Waste Landfill Timeline). During this period of time,
the SMWL was the primary disposal site for Sandia’s nuclear weapons research and
development activities. The SMWL was originally opened as the “Area 3 Low-Level
Radioactive Dump” when the radioactive dump in the Technical Area 2, which is closer
to the airport, was closed in March 1959. According to the site inventory, approximately
100,000 cubic feet of low-level radioactive waste and minor amounts of mixed waste
containing approximately 6,300 Curies of activity (at the time of disposal) were placed
there.56
The SMWL consists of two disposal areas: the classified area, occupying 0.6 acres, and
the unclassified area, occupying 2.0 acres. Classified wastes are materials that are
considered to have national security value and are not subject to public disclosure and are
disposed in Pits 1 through 37, Pits SP-1 through SP-5, and Pits U-1 through U-3. Wastes
in the classified area were disposed in a series of vertical, cylindrical pits. Historic
records indicate that early pits were 3 to 5 feet in diameter and 15 feet deep. Later pits
were 10 feet in diameter and 25 feet deep. Once pits were filled with waste, they were
backfilled with soil then capped with concrete.
Wastes in the unclassified area (Trenches A through G) were disposed in a series of
parallel, north-south excavated trenches. Records indicate that the trenches were 15 to 25
feet wide, 150 feet to 180 feet long, and 15 to 20 feet deep, but according to Sandia, the
exact depth of each trench is unknown. Trenches were reportedly backfilled with soil on a
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quarterly basis and, once filled with waste, capped with originally excavated soils that
had been stockpiled locally.

Site Characterization at SMWL
All cleanup decisions are contingent upon the proper and thorough characterization of
contaminants in the site under investigation. In the case of the SMWL, site
characterization is incomplete because of several factors. The first factor is the
uncertainty of the inventory of the landfill contents (See Appendix 1: Inventory of the
Sandia Mixed Waste Landfill). Many reports have validated the incompleteness of the
inventory;57 we will illustrate the issues with site characterization through two detailed
examples below: depleted uranium and 55-gallon drums containing multiple fission
product-contaminated resin wastes.
Secondly, not only are the contents of the landfill poorly known, but also the
concentration of contaminants in the landfill are unknown, despite years of sampling and
investigation. For example, soil gas readings of volatile organic compounds (VOCs)
indicate the presence of this class of contaminants in landfill soils, yet soil and
groundwater samples indicate only very low levels of VOCs. While “a quantitative
correlation between soil-gas concentrations and underlying contamination is difficult to
generalize,”58 the range of soil gas readings (4 to 650 ppm) in the 1989 sampling raises a
question of whether all sources of VOCs in the landfill have been identified.
By way of possible comparative site information, SNL also has a Chemical Waste
Landfill (CWL) in Technical Area 3. There is some evidence to indicate that from 1959 –
1962, the period before the CWL was opened, SMWL was used as a dump for solvents.59
Disposal of waste at the CWL began in 1962 and continued until 1985, but written
records of these activities were not kept between 1962 and 1975. The CWL is undergoing
a voluntary action cleanup due to the presence of TCE above State of New Mexico action
levels in groundwater underlying the landfill.60
The third factor that confounds the full characterization of the SMWL is the uncertainty
about the mass and persistence of contaminants in the landfill. Environmental cleanup
experience in many areas of the country has shown that cleanup decisions must take into
account the possibility of redistribution of contamination when the source quantity is not
adequately known or addressed. Finally, in any Nuclear Weapons Complex site, the
persistence of contaminants is a critical factor to full understanding of the site. The
presence of radionuclides which will persist for millions of years, whether they are
present as low-level waste or not, must be an important driver of cleanup decisionmaking. These points will be illustrated by the two examples that follow.
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Example 1. Depleted Uranium

Depleted uranium is present in various pits and trenches at the SMWL (see Table 2:
Location, Quantity, and Form of Depleted Uranium at the Sandia Mixed Waste Landfill).
The site inventory indicates that DU is present in many forms in the landfill, including
shavings, fine particles, debris, and cuttings. While many forms of DU are insoluble and
will not be transported in soil, the question of whether there are forms of DU in SMWL
that might be soluble needs to be explored further, particularly in light of the independent
assessment by Dr. Mark Baskaran indicating the present of the U238 isotope in the
groundwater underlying the MWL which is discussed in more detail below.61
It is also significant that at least 32 tons of DU (and possibly much more, referring to the
“quantity unknown” notes from the site inventory) are present in the SMWL, and
therefore there is an increased risk of redistribution to the environment from the landfill.
An incident from another waste site at Sandia is illustrative:
“On July 30, 1997, Sandia personnel discovered the washout, or debris flow, at the
southwest end of Site 228. The debris flow extended approximately 200 to 300 feet from
the original site on to the arroyo's floodplain…. Observations confirmed that a "fan" of
soil and debris, including depleted uranium, extended from a deep erosion channel in the
embankment. Debris identified as rubber, metal and concrete pieces were evident in the
exposed waste dump…. the cause of the release was the ponding of rainwater above the
site. When the ponded water overflowed the bank, it eroded an opening in the soil that
exposed and released depleted uranium which had been buried beneath the surface of the
embankment.”62
While Sandia maintains that DU is “benign,”63 there is scientific analysis that makes the
case for the treatment of depleted uranium as TRU waste, rather than low-level waste,
even though it is uranium and therefore not classified as a TRU. However, DU is
comparable in specific activity to transuranic waste and has similar health effects to TRU
wastes.64 (see Table 3: Specific Activities of Various Chemical Forms of Depleted
Uranium, TRU Waste and 0.2% Uranium Ore). A National Research Council report
echoes this assessment: “The alpha activity of DU is 200 to 300 nanocuries per gram.
Geological disposal is required for transuranic waste with alpha activity above 100
nanocuries per gram.”65 We will refer back to this topic in the Conclusions section,
below.
Example 2: Demineralizer Resins Stored in 55-gallon drums

There are 88 55-gallon drums of multiple fission product-contaminated demineralizer
resins buried in the SMWL (see Table 4: Demineralizer Resins at SMWL). Demineralizer
resins are used in nuclear power plants to remove either cations or anions from liquid.
The resins are usually packed in cylindrical tanks, and the contaminated liquid passes
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through the tank. As the liquid flows through the resin bed, dissolved radionuclides
exchange with ions in the resin.66
Resins are kept in service until their ion-exchange capacity is exhausted or until
maximum radiation level is reached. Resins are then transferred from cylindrical tanks to
shipping containers in the form of slurry. The free water is removed before shipment by
dewatering. Dewatered resins typically contain about 50 percent water, mainly bound
within the resin, and are immobile. This process indicates that the resin drums at SMWL
may include at least some liquid waste; that is, assuming that the dewatering process was
followed during the entire period that disposal took place.
The resins vary widely in their level of radioactive contamination. Typical radionuclides
found in demineralizer resins include 137C, 14C, 129I, and 99Tc. Sulfur oxides and gases
such as carbon dioxide and nitrogen may be generated in spent resins due to chemical
decomposition and radioactive decay. These processes may also be augmented by
biological decomposition.67 It is unclear how much these decay processes may impact
container stability, but there are cases documented at other sites where resin waste has
proved to be unstable. Two of these incident are reported below:
“Methane gas was discovered in a radwaste package shipped February 6, 1990, from the
Grand Gulf Nuclear Station to the Barnwell burial site. The radwaste was filterdemineralizer resin that had been put into liners, dewatered and dried. The sound of
escaping gas (subsequently identified as methane) was detected when the shipping cask
was opened on February 8, 1990, at the Barnwell site. The lid of one of the liners in the
cask was distorted and ballooned outward. Although the 3/8-inch passive vent had
released gas into the cask, the outwardly distorted liner lid indicates that the vent became
plugged, thus pressurizing the liner. The Mississippi Power and Light Company, the
licensee, investigated and believes the source of the methane gas is bacteria interacting
with the cellulose of the filter-demineralized resins from the radwaste system.”68
“Spent ion exchange resin from Arkansas Power and Light's Arkansas Nuclear
One (ANO) Unit 2 evidenced an exothermic chemical reaction on January 15,
1983. Approximately 100 cubic feet of spent resin was stored in a high-integrity liner
mounted in a shipping cask and covered with a tarp to protect it from inclement weather.
The resin had completed its last dewatering cycle at 12:30 a.m. on January 15, 1983, and
was considered adequately dewatered for shipment to the burial site. Later that same day,
at 8:00 a.m., the oncoming shift of radwaste workers noted steam and smoke coming
from under the tarp. The vapor was noted to be very odorous and sharp (heavy chemical
smell). Licensee personnel immediately sampled, for airborne radioactivity and toxic
gases; both proved negative. The pH of the water collected during the dewatering process
was determined to be 3.5 to 4.0. A core sample of the resin was obtained and the core
temperature was measured to be 365 F.”69
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In order to prevent incidents like those reported above, the NRC had previously issued a
letter in 198170 which stated:
“Gas generation from organic materials in waste containers can also lead to container
breach and potentially flammable/explosive conditions. To minimize the number of
potential problems, the waste form gas generation rates from radiolysis, biodegradation,
or chemical reaction should be evaluated with respect to container breach and the
creation of flammable/explosive conditions. Unless storage containers are equipped with
special vent designs which allow depressurization and do not permit the migration of
radioactive materials, resins highly loaded with radioactive material, such as BWR
reactor water cleanup system resins, should not be stored for a period in excess of
approximately one year. A program of at least periodic (quarterly) visual inspection of
container integrity (swelling, corrosion products, breach) should be performed.”
Obviously, the 88 buried containers at the SMWL cannot be inspected as to their venting
configuration, container integrity, or exact composition, unless they are excavated or
some other technological intervention can be performed.
Resins fall under NRC’s “Greater than Class C” (GTCC) waste classification, and
therefore would not be accepted for land burial outside the USDOE complex, but rather
would be required to be placed in a geological depository. A further concern with resin
wastes is the presence of long-lived radionuclides, some of whose environmental and
radiation-dose behavior over time, e.g., 10Be and 108Ag, is not well-known. According to
an National Research Council report,71 issues of concern in waste disposal practices
include “long-lived neutron-activation products contained in irradiated reactor waste
materials, such as spent fuel disassembly hardware, spent control rods, reactor internals,
and spent primary coolant demineralizer resin (10Be, 14C, 59,63Ni, 94Nb, 108Ag),” that while
categorized as low-level waste, will persist in the environment for very long times.
These two examples of depleted uranium and resin waste serve to illustrate the
questionable designation of wastes at the SMWL as “mixed low-level waste,” and the
significant limitation of the site characterization to date. However, the most pressing
concern at SMWL is the potential impacts of the mixed wastes present on the
groundwater underlying the site.

Migration of Contaminants from SMWL to Groundwater
Background on Groundwater Concerns
The City of Albuquerque and Bernalillo County rely on water from the Sante Fe Group
aquifer, which underlies the SMWL, as its sole source of drinking water. New Mexico
and the Albuquerque Basin have long histories of imbalance between water needs and
availability. The climate is such that naturally occurring surface water supplies are not
dependable. As such, groundwater is the primary source of water for urban, rural,
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commercial, and industrial uses in the Albuquerque Basin. The Santa Fe Group aquifer is
interconnected, has no regional confining layers that separate the shallow and deep
groundwater resources, and should be considered as a single layer, according to the US
Geological Survey.72
The City of Albuquerque’s water quality is also challenged on several fronts, including
high concentrations of arsenic and radon. By 2006, Albuquerque will need to address
high arsenic levels in its drinking water.73 In addition, alpha radiation levels in
Albuquerque drinking waster exceed national health goals.74 Clearly, further threats to
groundwater resources would be particularly harmful to this fragile water system.
With the release of USEPA’s Framework for Cumulative Risk Assessment in 200375 – an
approach that considers the combined risks from aggregate exposures to multiple agents
or stressors – a shift is underway in the risk assessment field to include the total health
burden present in communities when making cleanup decisions. Additionally, social and
economic factors must also be drivers of decision-making (see Appendix 2: Social and
Economic Factors Affecting Decisions about the SMWL Environmental Management
Process).

Groundwater Impacts from SMWL: Current and Future
While 40 CFR 191 “Environmental Radiation Protection Standards For Management and
Disposal Of Spent Nuclear Fuel, High-Level And Transuranic Radioactive Wastes” does
not regulate the SMWL under its current designation as a mixed low-level waste landfill
under RCRA/State of New Mexico permitting, nevertheless, its groundwater protection
clause is instructive:
“Disposal systems for waste and any associated radioactive material shall be designed to
provide a reasonable expectation that 10,000 years of undisturbed performance after
disposal shall not cause the levels of radioactivity in any underground source of drinking
water, in the accessible environment, to exceed the limits specified in 40 CFR Part 141 as
they exist on January 19, 1994.”
The SMWL RCRA Facility Investigation Phase II76 report states that the following
contaminants have been found at some point in the sampling regimens in the groundwater
underlying the landfill, albeit at low levels, and in some cases (e.g., arsenic) as natural
background elements: Arsenic, Barium, Beryllium, Cadmium, Chromium, Lead,
Mercury, Nickel, Selenium, Thallium, Uranium (234, 235, 238), Tritium, Plutonium,
Strontium-90, Cesium-137, Thorium (228, 230, 232), Nitrate, VOCs, and SVOCs. Many
samples were eliminated due to anomalously high readings or laboratory error in the
report, and the statement is made that “no contamination of the groundwater has
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occurred.” The controversy concerning migration of contaminants to groundwater, now
or in the future, is seen throughout the various reports and documents.
The independent review by Dr. Mark Baskaran found evidence of anthropogenic (manmade) uranium in the groundwater at SMWL,77 though there is much disagreement over
whether this is “background” or naturally occurring uranium, or a consequence of
disposal activities at the SMWL. However, New Mexico Environment Department
(NMED) has clearly stated that “NMED considers that ground water is threatened by
waste disposal activities at MWL.”78 NMED noted the following contaminants were
found above background values in soil at SMWL, and pose a potential groundwater risk:
cobalt, copper, vanadium, and zinc. NMED also expressed concern about tritium and
uranium levels. Finally, NMED found that nickel and nitrate were above background
levels in groundwater at SMWL.79
In addition to this current evidence of groundwater contamination, future threats to the
aquifer exist. Much of the waste at SMWL was placed directly into unlined trenches and
pits, as stated above, and periodically covered with fill. Some wastes were containerized
in tied, double polyethylene bags, sealed A/N cans (military ordnance metal containers of
various sizes – most likely “ammo cans”), fiberboard drums, wooden crates, and
cardboard boxes. The time required for these container materials to biodegrade depends
upon a range of factors, including heat, light, presence of water, and humidity, but
eventually the materials will degrade and their contents will be released to the soil if they
remain in place, even in the absence of any hazardous or radiological contaminant-based
chemical reactions (see Radiolysis section in Part I, above).
In addition to the breakdown of containers, liquid wastes disposed of at the SMWL
would potentially accelerate the movement of contaminants toward the aquifer. It has
been asserted strongly by SNL that liquid wastes were not routinely disposed of in the
SMWL. However, in addition to the tritium-contaminated coolant water dumping
described below, a 1992 SNL Site Health and Safety Document states that “After 1975,
SNL required liquid wastes to be solidified prior to disposal. Before this time,
unsolidified radioactive liquids, whether containerized or not, were disposed of in the
MWL.”80 NMED notes that “the presence of metal contaminants at depths which can
exceed 100 feet indicate that liquid wastes were disposed of in the landfill.”81
Many reports on the site make the counter-claim that neither the contaminated debris nor
the contaminants in the soil will migrate significantly in the landfill.82 For example, the
WERC Independent Peer Review team conducted an elaborate modeling of the transport
of tritium, the single contaminant of concern (COC) acknowledged by Sandia at the
SMWL, and concluded that the short half-life of tritium would protect it from migrating
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to groundwater.83 On the other hand, an SNL Environmental Restoration Program
Information Sheet states that “Radioactively contaminated [with tritium] wastewater was
discharged into one of the trenches during one month in 1967 … The water could
potentially have increased the migration rate of contaminants through the soil column
toward the aquifer.”84 Since the quantity of tritium reported at the SMWL is an absolute
minimum amount present (1861 Ci), and also there is at least a five-year gap in reporting
the quantity of tritium disposal,85 the tritium modeling WERC proposed based on
inventory data seems incomplete.
It is challenging to prove if or when contaminant migration has occurred or will occur at
the SMWL. However, a parallel case of tritiated water dumped in an unlined trench at a
low-level waste site is seen at Beatty, Nevada.86 This site was opened in 1962 as the first
low-level nuclear waste site in the country. Tritiated water was dumped into unlined
trenches at the site. In 1994, the US Geological Survey discovered that radioactive
contaminants had leaked offsite and to groundwater to depths of at least 357 feet below
ground. In a study that looked at contaminant migration at low-level waste sites in arid
climates,87 the authors showed that previous assumptions about migration of
contaminants to groundwater are mistaken. They discovered evidence of “preferential
pathways” and other mechanisms whereby, even in extremely arid climates like Beatty
(average rainfall 4 inches per year), contaminants migrate at a much quicker rate than
previously assumed. At the Beatty site, evidence is presented to show that the downward
movement rate of tritium is greater than the loss of tritium due to its short half-life. While
a direct one-to-one correlation between Beatty and the SMWL cannot be made, evidence
of more rapid transport of contaminants is mounting.88
Based on the level of uncertainty of quantity, persistence, distribution, and stability of the
waste disposed at SMWL, the transport of radionuclides and other contaminants in the
soil to groundwater over time is not completely knowable, but there is ample information
available from both the inventory we have and the sampling data done to date to indicate
that concern about groundwater contamination is well warranted.

Health Effects of Mixed Wastes at SMWL
There are very few data on combinations of chemicals within the specific mixture of
contaminants found in groundwater described above. In principle, the health effects
described in Part I of this report (ionizing radiation damage and chemical contaminant
exposures potentially leading to carcinogenesis) would apply to the mixture found at the
SMWL. In seeking for more applicable research, we note that ATSDR has conducted a
mixtures assessment for some of the chemicals within the mixture at SMWL, which
included assessments of the combined health effects of the following mixtures: 89
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•
•
•

Arsenic, Hydrazines, Jet Fuels, Strontium-90, and Trichloroethylene
Cyanide, Fluoride, Nitrate, and Uranium
Arsenic, Cadmium, Chromium and Lead

Unfortunately, ATSDR reviewed the relevant animal and human studies literature and
found very few studies of any combinations of the chemicals mixtures listed above,
although there are numerous studies on commonly occurring binary combinations such as
lead-cadmium or lead-arsenic mixtures.
The difficulties in approaching mixtures toxicity through simple binary or even trinary
combinations are evident in ATSDR’s discussion on the toxic effects of the leadcadmium mixture. As with many chemicals, there may be similarities in some endpoints
(for example, many metals impact the kidneys), but there are often differences in the
most sensitive endpoints for chemicals such as metals. While the brain may be the most
sensitive organ for lead, the kidney may be most sensitive for cadmium. Differences in
target organs and severity of effect make predictions of interactive effects difficult. In
the case of lead and cadmium, despite the large database on interactive effects, ATSDR
found that the direction of interaction (whether the interaction is synergistic, additive or
antagonistic) and the magnitude of interaction could be quite variable depending upon the
endpoint. This issue makes extrapolation of interactions across endpoints highly
problematic because, for example, studies showing synergism in neurotoxicity may not
be applicable to renal toxicity.90 As a result of the lack of data on chemical interactions,
ATSDR suggests the most appropriate approach, pending further research, is to assume
an additive relationship, which should be reflected in the addition of the calculated hazard
quotients for each of the chemicals of concern that exceeds standards.
While there are more likely to be studies of the combined effects of like-acting
chemicals, such as various VOCs, there are very few data on combinations across class of
chemicals (such as VOCs and metals), and even less on combinations of chemically
hazardous chemicals and radioactive chemicals (e.g., VOCs, metals, and tritium), as
noted earlier.

Summary and Recommendations for Sandia Mixed Waste Landfill
The SMWL has been analyzed in this report from the perspective of the mixture of
chemical and radiological contaminants known to be present in the landfill. The key
issues that have been raised concern site characterization -- the foundation of risk
assessment and cleanup decision making -- and potential current and future threats to
groundwater. While research on health effects of the specific mixture of contaminants
present at the SMWL is inconclusive, at the very least the combined risk of contaminants
identified above background levels must be considered. In addition, cumulative risk
should include background levels of contaminants of concern as well in calculating preexisting health burdens.
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Recommendations that flow out of the SMWL Case Study are the following:
•

•

•

•

Complete the site characterization of the SMWL
o The use of geophysical technologies, such as ground penetrating radar,
electromagnetometry, magnetometry, and other advanced imaging
technologies to precisely locate buried drums and contaminant mass
o Test excavation of a small area, as used at Pit 9 at INEEL, in order to
validate actual contents against the known site inventory and sampling
information
o Further research on the processes of radiolysis and container integrity,
drawing from findings across the Nuclear Weapons Complex and
commercial nuclear industry
Monitoring of air, soil, and groundwater for contaminant migration
o Monitoring information should show sampling results over time; to
confirm the assertions that levels of key COCs, such as tritium, are
decreasing
o Soil monitoring showing clear column strata and continuing to depth until
non-detect or stable level at background is reached
o Thorough examination of natural or “background” versus anthropogenic
uranium, tritium, and other radionuclides present in groundwater both
across the Nuclear Weapons Complex, in commercial nuclear waste sites,
and in the experimental literature
Accelerated consideration or re-consideration of source removal
o Social and economic factors (see Appendix 2), plus the potential for
continued migration, argue for at least a partial source removal remedy
following a more complete site characterization
Evaluation of the human and environmental health effects of the chemical mixture
specific to the SMWL
o This would include not only toxic chemicals, but toxic chemicals in
combination with relevant concentrations of radionuclides
o SNL should, if further data of other interactions is not found, consider all
contaminants of concern in an additive risk scenario

Further recommendations for mixed wastes in the USDOE nuclear weapons complex can
be found in Part IV: Conclusions and Recommendations.
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PART III: MIXED WASTE AIR EMISSIONS AND REGULATION AT LAWRENCE
LIVERMORE NATIONAL LABORATORIES
Introduction
The Lawrence Livermore National Laboratories consists of two sites, the Main Site in the
town of Livermore, California, and Site 300, located in the town of Tracy, California.
The mission of the Lawrence Livermore National Laboratories (LLNL) is to provide
support for the National Nuclear Security Administration’s nuclear weapons stockpile
stewardship. As a consequence of this mission, LLNL has severely contaminated the
groundwater and soil at various operational sites, and both locations of the Lab are
National Priority Listed (“Superfund”) cleanup sites. Cleanup at LLNL has been
underway for over a decade, yet numerous difficulties in the cleanup process remain. For
example, tritium has entered groundwater supplies that are also contaminated with
solvents, perchlorate, and other explosives, resulting in a limited number of cleanup
options that will actually reduce the contamination of all the mixture that is present.91
There has been much work done to characterize the extent and content of the mixed
waste of soil, groundwater, and surface water at LLNL, though much remains to be done.
The authors of this case study have decided, in consultation with Livermore community
members, that a contribution can be made to the overall environmental management
effort at LLNL by focusing on outdoor air emissions. We will attempt to describe the
multiple sources of emissions, elicit the regulatory framework for air emissions, comment
on the completeness of air emissions understanding and monitoring at LLNL, and
identify gaps that could impact any subsequent health evaluation. As this research is
taking place concurrent with the Site-Wide Environmental Impact Statement Draft for
Continued Operations at LLNL,92 a consideration of the total air emission sources and
impacts is timely.
It is important to also consider the environmental context in which air emissions from a
single facility must be considered. LLNL is located in an area of the US with very high
air pollution from a multitude of sources. In fact, California is the leading emitter of 33
urban hazardous air pollutants among the fifty states (125,546 tons per year; number two
is Texas at 95,759), according to the US EPA’s National Air Pollutant Emission Trends
Report.93 This fact alone means that any additional contributions to outdoor air pollution
must be considered very carefully and examined in a cumulative risk framework in order
to understand the impacts on human and environmental health.

Regulatory Framework for Air Emissions at LLNL
There are four major categories of air pollutants that are relevant to understanding the
impact of LLNL operations on the environment. They are: criteria air pollutants, toxic or
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hazardous air pollutants, radiological air pollutants, and toxic air releases resulting from
remediation activities. Each of these categories of pollutants is regulated differently,
under a combination of federal, state, and local air district regulations.
Criteria Air Pollutants

The major driver of air pollution regulation in the US is the recognition since the 1970s
of the harmful effects of the criteria air pollutants, which are carbon monoxide (CO),
nitrogen dioxide (N0X)94, sulfur dioxide (SOX), ozone (03), particulate matter (PM), and
lead (Pb). The Clean Air Act (CAA) was enacted in 1970, with one of its chief goals to
set emissions standards for the criteria air pollutants. Under Title I of the CAA, Congress
set national ambient air standards for each of the criteria pollutants, based on health risk
studies. USEPA has created health standards (National Ambient Air Quality Standards,
or NAAQS) for each of the criteria pollutants,95 and monitoring and reduction of levels
exceeding these standards are conducted at the state level.
Hazardous Air Pollutants

Hazardous Air Pollutants, or HAPs, are the next category of air pollutants which fall
under the CAA. The CAA laid the groundwork for establishing emission standards for
hazardous air pollutants; currently 188 HAPs are regulated under Title III (see Appendix
3: Toxic Air Contaminants (including USEPA HAPs) Regulated by the State of California
Air Resources Board). Prior to the 1990 CAA amendments, seven NESHAPs (National
Emissions Standards for Hazardous Air Pollutants) standards were created: asbestos,
benzene, beryllium, inorganic arsenic, mercury, radionuclides, and vinyl chloride.96
The CAA Amendments of 1990 altered the regulatory approach to HAPs. HAPs are now
regulated by standards that limit the release or emissions of contaminants by use of
Maximum or General Achievable Control Technologies (MACT or GACT, sometimes
called Best Achievable Control Technology, BACT). This means that the focus is shifted
to ensuring through permitting that HAPs emissions are controlled to the lowest emission
level possible based on control technologies. Once the emissions are reduced to the
operative standard, which is supposed to occur within eight years of initial assessment,
then an assessment of residual risk is to be conducted, which is intended to ensure that
emissions do not result in higher than 1 in 1 million excess cancer risk.97 The 1990
Amendments also established that emissions standards apply to any facility that emits or
has the potential to emit 10 tons per year or more of any hazardous air pollutant or 25
tons per year or more of any combination of hazardous air pollutants.98 It is very
important to realize that the CAA does not regulate mixtures of HAPs in outdoor air, but
only regulates HAPs on a chemical-by-chemical basis.
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The Clean Air Act provisions for both Criteria Air Pollutants and for HAPs are enforced
and permitted in California at the local Air District level. The Bay Area Air Quality
Management District (BAAQMD), which has jurisdiction over the LLNL Main Site,
regulates criteria air pollutants and 141 compounds as toxic air contaminants. The San
Joaquin Valley Unified Air Pollution Control District (SJVUAPCD), which has
jurisdiction over LLNL Site 300, regulates 130 toxic air compounds, plus criteria air
pollutants. These two air districts issue permits for air emissions to LLNL, and also
prioritize facilities based on their contribution to air pollution in their respective
districts.99
Hazardous air pollutants are also regulated under the California Air Toxics "Hot Spots"
Information and Assessment Act.100 California lists 729 substances as toxic air
contaminants, which include the 188 HAPs defined by the EPA and the Clean Air Act.
This program is administered by the California EPA under the Office of Environmental
Health and Hazard Assessment (OEHHA). Under this Act, facilities are required to report
the types and quantities of certain substances their facilities routinely release into the air
as emission inventories. These emission inventories must be updated every four years,
and if air modeling results predict a high risk factor for a Maximally Exposed Individual,
then a health risk assessment for that HAP is triggered.101 If significant risks attributable
to the facility’s air emissions are discovered, there must be a public notification and steps
must be taken to reduce the risk.
Radionuclide Air Pollutants

The NESHAPs for Radionuclides for Department of Energy Facilities102 limits the
release of radionuclides to ambient air to an annual effective dose equivalent of 10 mrem
per year for a member of the public. The regulation specifies that all emission sources
that could result in exposures in excess of 0.1 mrem per year must be continuously
monitored.
Following EPA methodology, dose to the maximally exposed individual (MEI) is
determined by using either estimated emissions based on inventories of radionuclides
present, or where continuous emission monitoring is required, by using actual emissions
data. The emissions data is fed into an air dispersion modeling program to determine
exposure potential and risk, which is reported to EPA to ensure that the NESHAPs dose
standard is not exceeded. 103
Air Emissions from Waste and Site Remediation Operations

There are two aspects to air emissions that result from remediation or waste treatment
operations. The first source of air emissions could occur in buildings that house mixed
waste remediation, packaging, or treatment operations. The air emissions from these
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operations would be permitted typically under RCRA (Resource Conservation and
Recovery Act) Part B.
RCRA also has regulations (Part CC) governing organic air emissions104 when volatile
organic (VO) constituent concentrations are greater than or equal to 500 parts per million
by weight (ppmw) at the point of waste origination. However, DOE mixed waste
handling facilities are exempted from this rule. The main argument that DOE has made to
convince the EPA to provide the exemption from organic air emissions rules for mixed
waste facilities was the fact that the rule required air-tight containment to prevent VOC
emissions – containment that could create an explosion hazard if applied to mixed
waste.105 EPA further refined Part CC in 1996 to ensure that the mixed waste exemption
would not allow DOE to add additional hazardous wastes to existing mixed wastes and
thereby be exempted.106
NESHAPs: Site Remediation is a new (2003) rule regulating the contribution of airborne
releases occurring during the remediation of contaminated sites.107 This new rule almost
wholly exempts DOE Nuclear Weapons Complex sites that are already being regulated
under CERCLA (Comprehensive Environmental Response, Compensation, and Liability
Act) or RCRA.108 A possible exception to the CERCLA exemption could occur if
hazardous substances, pollutants, or contaminants are left onsite. In this case, the
NESHAPs: Site Remediation rules could be invoked in order to satisfy Applicable or
Relevant and Appropriate Requirements (ARARs), as CERCLA includes a provision for
enforcement of any more stringent federal or state guideline to achieve ARARs.
CERCLA Section 103 requires the reporting of HAP emissions, including radionuclides,
that are at or above the reportable quantity, and are included in the Clean Air Act, Section
112. However, in effect the CERCLA requirement is superceded by any releases that are
permitted under the CAA, or that are regulated under a final RCRA permit. CERCLA
does not require separate monitoring to satisfy CERCLA requirements.109

Air Emissions at LLNL
Criteria Pollutant Air Emissions at LLNL
As has no doubt become clear based on the preceding discussion, understanding the
complex picture of air emissions sources and types is very challenging. There are several
sources of information on air emissions from LLNL,110 and even an explanation of the
regulations and standards that LLNL is required to comply with.111 However, once the
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disparate sources are brought together, it is difficult to come up with an integrated picture
of total air emissions so that the total air mixture can be assessed.
To start with the best-understood category of air emissions first makes sense: that of
criteria air pollutants. As seen in Table 5 (Criteria Air Pollutants at LLNL), it is not
always clear how to compare the various reporting formats. Each of these tables contains
LLNL emissions data from 2002, but some categories of pollutants are not comparable.
The main issue concerns the general category of volatile organic compounds, many of
which are actually HAPs and therefore also reportable under the CAA (see Appendix 3).
However, the reason that VOCs come into play as criteria air pollutants is their potential
for synergistic interaction with ozone and nitrous oxides, causing a chemical reaction that
worsens their impact (see discussion of precursor organic compounds (POCs) below). For
the BAAQMD and SJVUAPCD, based on California Air Resource Board guidance,
TOG, total organic gases, and ROG, reactive organic gases, are reportable criteria
pollutant values (Table 5a), and all criteria pollutant emissions are estimated in tons per
year. However, as seen Table 5b, organic gases are reported as a combination of
“Organics/volatile organics,” and estimated in kilograms/day. Table 5c presents the
category “Precursor organic compounds,” again in kilograms/day, and the figures for
2002 look to be the same as the figures for Table 5b under “Organics/volatile organics.”
Clearly it would be very hard to make a concordance of these various emissions
categories, or to understand which sources of emissions the figures represent.
A further wrinkle is introduced when comparing the LLNL figures for contribution to
criteria air pollutants to the ambient air quality standards (see Table 6: Federal and State
of California Ambient Air Quality Standards). First, there are two sets of standards –
federal and State of California. The differences between the standards are 1) the
California standards are generally more stringent, and 2) California tracks four additional
air quality constituents – sulfates, visibility reducing particles, hydrogen sulfide, and
vinyl chloride – when compared to the six federal criteria pollutants (note that VOCs are
not present in the state and federal standards; these are monitored by the local air
districts). The second issue is that the federal and California standards for criteria
pollutants are presented as concentrations in parts per million (ppm) or micrograms per
cubic meter (µg/m3) over a number of hours averaging time (generally ranging from 1 –
24 hours). For example, under federal standards, “the ozone standard is attained when the
fourth-highest eight hour concentration in a year, averaged over three years, is equal to or
less than the standard.”112 It seems clear that determining compliance with this rule by
referring to the three versions of estimated criteria air emissions in Table 5 would be
difficult.
As mentioned at the start of this section, the state of California has a serious air pollution
situation. Specifically, both Livermore and the San Joaquin Valley (which includes
Tracy, CA where Site 300 is located) are nonattainment zones for both ozone (severe
nonattainment level for ozone in Livermore) and particulate matter (10 and 2.5
standards).113 Referring to the LLNL Site-Wide Environmental Impact Statement, (see
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Table 7: Air Pollutant Emission Rates from LLNL Site Wide Environmental Impact
Statement) the proposed action (meaning new or increased current operations at LLNL)
would result in 3- to 4-fold increases in the daily emissions of most criteria pollutants.
Note that LLNL Main Site falls under the BAAQMD offsets program, so that additional
criteria air pollutant emissions can be offset in other areas as long as the emissions are
judged to be “no net increase.”

Hazardous Air Pollutants at LLNL
A major source for understanding HAPs emissions from LLNL is the emissions inventory
required by the California Air Resources Board “Toxic Hot Spots” Program every four
years, described above. As shown in Table 8 (Hazardous Air Pollutants Emissions for
LLNL), various HAPs are emitted from both Site 300 and LLNL Main Site. It is unclear if
these emissions estimates also include HAPs generated through remediation processes, as
detailed above. Often, these emissions data are estimates are based on chemical
inventories in permitted facilities (including air strippers, pump and treat systems, and
waste processing buildings), but likely cannot account for the contribution of
volatilization or dispersion of contaminants from in situ waste. Since the emissions
estimates in Table 8 for LLNL, which is a stationary source, include both point and area
sources of air pollution, in theory the estimates would include a complete consideration
of the area sources. On the other hand, some toxicants that have been identified at Site
300 waste sites are not included in the 188 HAPs developed by the USEPA, and thus are
not regulated under the CAA nor apparently by California or local air districts.
Example 1. HMX

A good example of unregulated air contaminants is HMX, high melting explosive, or
chemically known as cyclotetramethylene-tetranitramine or octahydro-1,3,5,7-tetranitro1,3,5,7-tetrazocine. HMX is regulated as a soil and potential groundwater contaminant.
ATSDR’s toxicological profile for HMX states that “only a small amount of HMX can
evaporate into the air, however, it can occur in air attached to suspended particles or
dust.”114 The length of time that HMX can remain suspended in air is unknown, however
inhalation is a potential exposure pathway for HMX. As yet, USEPA’s Integrated Risk
Information System (IRIS) lists “no data” on inhalation exposure to HMX.115 Health
effects include liver and nervous system impacts, but there are very few studies on HMX
to date.116
From Site 300, we know that the Building 850 firing table activities contaminated surface
soil with metals, PCBs, dioxins, furans, HMX, and depleted uranium. Also,
contamination of subsurface soil with depleted uranium and HMX has occurred in the Pit
9 landfill. No studies or data were found by the authors that would estimate the impact of
HMX dispersion to air from these sites, and it seems that there is no regulatory
requirement to gather this information.
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Additionally, LLNL Site 300 is permitted to operate at least two Chemistry Drying
Ovens, both of which process HMX “for drying of high explosives.”117 Since this is a
permitted activity, it would be informative to see if there is any estimate or monitoring of
HMX emissions. SJUVAPCD did conduct a health risk assessment (HRA) on one
explosion chamber and one explosives detonation, and both were exempted from Best
Available Control Technologies due to low risk scores.118 Information on what
contaminants drove the HRAs is not given.
The above data tell us that the health effects of inhalation exposure to HMX is an
unknown, and also that any attempt to pull together an additive risk from air exposures at
Site 300 could be incomplete without this assessment. There may be other toxicants
present at Site 300 that are also poorly understood, and this is an area that needs further
investigation.
Example 2: VOCs, Especially TCE

Before moving to an exploration of an example mixture of air contaminants for LLNL,
one further single-chemical issue could be raised. It is evident from the air emissions
inventories cited in Tables 5 and 8, that VOCs, and especially TCE, are major
contaminants of concern at LLNL. In fact, in the original Site-Wide Remedial
Investigation Report,119 several sites reported very high hazard indexes based on
inhalation of VOCs volatilizing from soil and surface waters (e.g., Table 6-10 reports a
hazard index of 22 from subsurface soil in the vicinity of Building 834D). Since this
report was completed more than 10 years ago, and several cleanup projects directed at
reducing VOC levels have ensued, these high indices would be expected to have
declined.
However, according to EPA Region 9, there are now zero air emissions of TCE at active
remediation sites at Site 300 because LLNL uses granular activated carbon filtering to
remove the TCE to non-detect levels before the air is released following remediation of
soil or groundwater.120 The carbon canisters from vapor extraction and air stripping
operations have an efficiency rating of 95%, so no doubt there are some emissions
occurring from cleanup operations, measurable or not.121 While we know that emissions
estimates for TCE from LLNL Main Site range from 131-134 lbs/year, and at Site 300,
the reported amount is 0.23 kg/day (equals conservatively 150 lbs/year), the sources of
those estimates are unclear (see Table 5b) .
From Site 300, there are two HRAs conducted by the SJVUAPCD, one on a “Soil
Remediation Operation,” and the other on “Soil Remediation.”122 The former project
resulted in a prioritization score of .748, and a “facility total” of .939, which brings the
facility (which one?) very close to the threshold of 1.0 for a refined HRA. However, the
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project was exempted from maximum available control technology (MACT, called
TBACT by the air district) requirements. The latter project, while achieving a
prioritization score of .73, did merit a refined HRA. The fact that the remediation
equipment this HRA focused on was “portable” may have been a factor in triggering the
refined HRA. The MACT technology that was required by the air district was to ensure
that the portable soil remediation equipment be placed 175 meters “from the nearest
receptor.”123 It is not clear how this would be achievable if the unit needs to be
transported from site to site.
On final note on VOC air emissions concerns the debate over USEPA’s External Review
Draft TCE Health Risk Assessment,124 which supports a 40 to 70-fold more stringent
cancer potency estimates for TCE than previously given. This EPA document has come
under investigation from a White House-directed Interagency Working Group as well as
the Air Force.125 The debate may be forwarded to a National Research Council panel to
assess. Once this controversy is sorted out, it would be very helpful to know the total
TCE/VOC air emissions sources for LLNL for comparison to the possible new standard.
LLNL Site-Wide EIS and HAPs

With respect to the LLNL Site-Wide Environmental Impact Statement and HAPs, the
Lab indicates that the No Action Alternative will create new buildings, an increase in
inventories and use of solvents and other “bench chemicals,” and the demolition of
asbestos-containing structures, but LLNL states that neither the No Action nor the
Proposed Action Alternatives will change hazardous air emissions rates significantly.
However, as shown in Table 7, the Proposed Action Alternative will result in increased
emissions of formaldehyde, benzene, and some VOCs (shown as precursor organic
compounds) in comparison to the No Action Alternative, but it is difficult to compare
either Alternative to the present emissions rates for these same contaminants (see Table
8) because the basis of the calculations may not be the same (i.e., do the estimates for
current, no action, and proposed action emissions include all the same sources of
emissions, and use the same modeling and estimating approaches?). Both the No Action
and Proposed Action Alternatives show an increase in MLLW and hazardous waste
generation which could also have an impact on air emissions.

Radionuclide Air Emissions at LLNL
Radionuclide air emissions at LLNL are dominated by tritium at the Main Site, and by
depleted uranium emissions at Site 300. However, according to the LLNL 2002
NESHAPs Report, more than 100 radionuclides are in use at the lab (see Table 9:
Radionuclides in Use at LLNL). Radionuclide air emissions, both filtered and
unfiltered,126 are generated from stack releases as well as area sources and “diffuse”
sources, such as the explosives testing areas at Site 300. Calculations of dose and risk,
and therefore compliance with NESHAPs standards, consist of a combination of
continuous and confirmatory air sampling and monitoring, and estimates of diffuse
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sources of emissions. The 2002 report findings state that the total dose to the Livermore
site site-wide maximally exposed individual (SW-MEI) from operations in 2002 was
0.023 mrem/y and the total dose to the Site 300 SW-MEI from operations in 2002 was
0.021 mrem/y, both of which fall below the NESHAPs standard of 10 mrem/y.
LLNL Site-Wide EIS and Radioactive Air Emissions

Under the No Action Alternative presented in LLNL Site-Wide Environmental Impact
Statement, tritium releases to air from Building 331 at the Main Site would increase to
210 curies from 36 curies in 2002, and an additional 194 curies of tritium would be
contributed from Site 300.127 Under the Proposed Action (which generally refers to new
or expanded projects at the Lab), tritium releases would be the same as under the No
Action Alternative, but additional fission products, including xenon, krypton and iodine
isotopes, including 0.93 curies per year of Iodine-131, would be added emissions. Site
300 releases would be the same as under the No Action Alternative. Clearly, the No
Action Alternative will result in an uptick in radionuclide air emissions, and the Proposed
Action will add to this burden.

Cumulative Health Effects of Air Emissions from LLNL
As described above in characterizing air emissions from LLNL, examples of recent HAP
releases at reportable levels include, for example, TCE, formaldehyde, toluene, and
benzene (see Table 8). For the purposes of understanding how mixtures of toxicants are
treated in ambient air, we will focus on these four example contaminants from three
perspectives: cumulative treatment of certain VOCs with respect to criteria air pollutants,
especially nitrous oxide, or ground-level smog; review of the data indicating potential
interactions among VOCs; and additive cancer risk.
California Air Quality Regulations128 divide organic compounds into two classes:
precursor organic compounds (POCs) and non-precursor organic compounds (NPOCs). A
POC is defined as “any organic compound which participates in atmospheric
photochemical reactions,” and NPOCs are defined as: “Methylene chloride, 1,1,1,
trichloroethane, 1,1,2 trichlorotrifluoroethane (CFC-113), trichlorofluoromethane (CFC11), dichlorodifluoromethane (CFC-12), dichlorotetrafluoroethane (CFC-114), and
chloropentafluoroethane (CFC-115),” and “any compound designated as having a
negligible contribution to photochemical reactivity by the U.S. Environmental Protection
Agency.”
The reason POCs are of concern is due to their reactivity with Nitrous Oxide (NOx, one
of the criteria air pollutants). That is, releases of POCs react synergistically with NOx in
the presence of heat and sunlight to form ground-level ozone, or smog. Negative health
effects of smog include damage to lung tissue and reduction in lung function; children,
asthma sufferers, and those who work outdoors are found to be especially susceptible.
The presence of POC emissions is of particular concern in nonattainment areas like the
BAAQMD and the SJVUAPCD.
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As a result of their intrinsic toxic properties, the four example POCs mentioned above
(TCE, formaldehyde, toluene, and benzene) are also considered Hazardous Air Pollutants
(HAPs). A brief description of each toxicant, as summarized from EPA’s Air Toxics
Network129 is provided in Table 10: Toxicity Summary for selected HAPs (for more
detailed information please refer directly to EPA site).
Combined health effects (i.e., direct effects on the local population) of HAPs are
considered under the California “Air Toxic Hot Spots” Program , as described above. The
release of HAPs may require a human health risk assessment if the air exposure modeling
indicates an unacceptable risk to the Maximally Exposed Individual (MEI). Local air
districts determine prioritization for facilities that are HAPs emitters. The criteria for
prioritization include potency, toxicity, and quantity of emissions; proximity to sensitive
receptors such as hospitals, day care centers, schools, etc.; and other special factors.
Lawrence Livermore Labs was determined to be high-priority site and published a Health
Risk Assessment in 1991 based on high emission levels of carbon tetrachloride.
Notification needs to be made to the public if the additive risk of carcinogenic air releases
exceeds 1 X 106, and according to the 1991 report, combined risks were 3.25 X 106. 130
Since carbon tetrachloride air emissions do not seem to be included in the 2002 LLNL
Environmental Report, one assumes that levels has dropped below previous levels.
Although we were unable to review the health risk assessment referred to above, the
Toxic Hot Spots Health Risk Assessment Guidance131 states that cancer risk from
multiple carcinogens be considered additive, and for non-carcinogens, a hazard index
approach is applied for air contaminants which affect the same organ system, or as is
done for screening level assessments, all contaminants may be included in the hazard
index regardless of the endpoint. For example, of the four HAPs listed in Table 10, TCE
and toluene both affect the nervous system and may be considered cumulatively. An
interactions assessment of several VOCs which included benzene and toluene (in addition
to ethylbenzene and xylene) by ATSDR132 revealed several studies on the combined
toxicity of benzene and toluene. Although the studies were inconclusive on the effects
(e.g., antagonistic, additive or synergistic) of the combination on neurotoxicity, ATSDR
did conclude that the combination likely resulted in antagonistic effects, or less than
additive effects, on the metabolism (breakdown) of the chemicals in the body. The
significance of such findings is unclear, however, as altered metabolism can either lead to
increased toxicity (if the metabolic products are more toxic than the parent compounds)
or reduced toxicity (if chemicals are rendered less toxic through metabolism). In the case
of the benzene-toluene combination, depending on the concentrations, the tolueneinduced reduced metabolism of benzene results in a reduction of hematological toxicity
caused by benzene.133 Note that this analysis was conducted with only two compounds,
rather than the complete mixture of all the compounds of interest in this example.
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Similarly, some of the chemicals listed in Table 10 may act as carcinogens. For example,
EPA has calculated cancer slope factors (a measure of potency) for benzene, TCE, and
formaldehyde (toluene is not currently classified as a human carcinogen). The combined
risk of cancer should therefore be considered for these chemicals, most likely by
combining the cancer risk calculated for each individual chemical.
Radioactive compounds that are released into the air, such as tritium, are also regulated in
part based on their cancer risk but they are assessed separately from chemical
carcinogens. While combined exposure to radionuclides and other carcinogens appears
to be dominated by synergistic relationships at high exposures (such as accidental,
worker, and therapeutic exposures), at lower environmental exposures the relationship
appears to be dominated by an additive relationship.134
Unfortunately, the combination of radioactive and chemical carcinogens is seldom
addressed in risk assessments. It is also worth considering that the toxicity of HAPs and
possibly radionuclides could be impacted by exposure to ozone (either simultaneously or
prior exposure) - where damage to the lung caused by ozone exposure may affect either
the toxicity or the exposure and distribution of further chemical exposures. Since ozone is
technically not a HAP, it is unlikely that this combination would be included in a risk
assessment that considers combined exposures to HAPs. Unless there is a truly
cumulative assessment and assessment methodology -- one which includes not only
exposures to HAPs but also to ozone, and to radioactive compounds -- the assessment
will fall short of characterizing the effects of the true mixture of air pollutants.
Considering that the criteria pollutants are regulated based on their combined impact on
ozone concentrations, why shouldn’t potential carcinogens, regardless of type or source,
be regulated based on their combined contribution to cancer risk?

Summary and Recommendations
This case study of air emissions at Lawrence Livermore National Labs has touched on
some of the major topics that hamper our full understanding of the impact of air
emissions “mixed waste” on human health and the environment. Starting with an outline
of the regulatory structure governing total air emissions, we proceeded to look at the
major emission categories: criteria air pollutants, hazardous air pollutants, and
radionuclide air emissions, as well as the contribution of remediation and waste
management processes to air pollution. We reviewed the cumulative health impacts in an
attempt to look holistically at all the categories of air pollutants and their combined
effects. Implications of the LLNL Site-Wide EIS and air emissions were considered for
each category.
Our findings from this case study prompt the following recommendations:

134

Lutz et al. 2002.
47

•
•

•

•

•

There is the need to bring together disparate sources of information on the same
classes of contaminants, such as the criteria air pollutants, so that comparison
between different reports and timeframes can be made.
LLNL, as a leading public, technologically advanced research facility should take
the lead in innovative new approaches to reducing air emissions. Based on the
local ozone and particulate matter crisis facing the area where the Lab is sited,
LLNL should make special efforts to reduce VOC emissions based on the welldocumented synergistic reactions with criteria air pollutants. These efforts could
go beyond a “no net increase” in emissions through emission credits, and actually
move to reduce all classes of air emissions.
For single HAPs, standards and scientific knowledge of some substances is
lacking. Nonetheless, inhalation of contaminants such as HMX, while not proven
harmful, must not be assumed to be free from health effects. Therefore emissions
should be reduced under the same MACT framework as other regulated
contaminants.
Further transparency of information and processes regarding permitting,
emissions estimates, and health risk assessments conducted by the state and local
air districts is needed. It is very difficult to build a comprehensive picture of air
emissions from LLNL based on trying to coordinate top-level emissions
inventories with single-process permitting information. The coordination and
communication of this information is the cornerstone of an effective public
involvement process.
There is a critical need for research on the health effects of the mixture of criteria,
hazardous, and radiological contaminants in outdoor air. LLNL could contribute
to the solution of this health issue by proactively making information available to
and participating in research with those who are pursuing greater understanding of
these impacts.
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PART IV: CONCLUSION AND RECOMMENDATIONS
In the Introduction to this report, we stated three hypotheses that would drive the project:
• there is a much larger problem with mixed wastes than is currently being
considered in USDOE’s Environmental Management (EM) programs
• there are numerous research and regulatory gaps present in mixed waste
management that need to be addressed
• there are emerging scientific and technical approaches that can be used to
better characterize and prioritize the search for solutions

The Scope of the Mixed Waste Problem
The known issues involving mixed waste in the nuclear weapon complex sites have been
outlined in Part I of this report. They include, for example, confusion and inconsistencies
in the classification of mixed waste; lack of knowledge about interactions between
radiological and hazardous waste; poor characterization of mixed waste sites; the
different research bases for determining the health effects of radiological and hazardous
exposures; and the combined effects of certain contaminants with radiological and toxic
metal properties, such as uranium.
The larger problems with mixed waste alluded to in our first hypothesis are many. As a
subset of the larger issue of buried waste in the Complex, mixed low-level waste burial
sites that have been grandfathered in ostensibly as storage sites for difficult-to-dispose-of
wastes must be addressed. USDOE has proposed to address much of the buried MLLW
through long-term stewardship and institutional controls, but this direction represents an
unhealthy reliance on control of land use over very long time frames under “industrial
use” scenarios, as seen at the Sandia Mixed Waste Landfill. The worst-case scenario of
this trend is future homeowners living directly on contaminated ground and drinking
contaminated water. Similarly, the “transfer of excess land areas to other entities for
management” such as US Fish and Wildlife or other entities, or the desire to “reduce the
footprint and associated landlord requirements,” could lead to sacrifice zones with
inadequate protections for the environment and wildlife.135
The trend in USDOE environmental management policy, beginning with the Top-toBottom Review136 suggesting an “accelerated cleanup” approach, and extending to the
recently proposed and strongly criticized Risk-Based End States approach, indicate that
USDOE environmental management is moving in the direction of faster cleanup, but not
necessarily better or cheaper cleanup in the long term. While on the surface no one would
disagree with the assertion that “the reality of an extended cleanup schedule is that
eventually it will lead to more prolonged and potentially severe public health and
environmental risks,137” being faster for its own sake will lead to more incomplete
characterizations and more residual contamination. Specifically, USDOE’s emphasis on
135
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“technical risk” as the primary driver of cleanup decisions has inherent shortcomings, as
we have seen in the knowledge gaps concerning site characterization and health effects of
mixed waste. These two foundational sources of information must be as accurate as
possible before any reliable risk assessment can be accomplished. Many risk assessments
are based on incomplete knowledge, and therefore if the primary basis of USDOE’s
environmental cleanup is to be “technical risk,” then the decisions that are made cannot
be said to be science-based. The Rocky Flats cleanup process perhaps best represents the
shortcomings of the current USDOE approach.138
The same logic applies to “risk reduction”: if the driving policy imperative is institutional
controls or property transfer, then the only operative reduction in risk is a false sense of
controlling exposures for the short-term. In most cases, risk reduction can best be
attained, not by creating sacrifice zones, but by addressing strategic source removal or
effective in situ remediation approaches where possible.
Finally, USDOE is correct in asserting that “program performance” must drive the
assessment of how successful the cleanup program is. The relevant question is: what
constitutes program performance? The overall desire to speed up and cut costs may lead
to short-term decisions that lack consideration of long-term consequences. For example,
USDOE has claimed that their implementation of NEPA-required Environmental Impact
Statements is “cumbersome and time-consuming and may not provide sound analyses of
alternatives,” and should not be driven by fear of litigation or desire to appease public
opinion.139 While a search for greater efficiency is laudable, the NEPA process forms the
backbone of US environmental protections, and a thorough environmental impact
statement is one of the key mechanisms for forming a comprehensive picture of the
potential long-term effects of decisions.

Research and Regulatory Gaps in the Treatment of Mixed Waste
Research cited in this report indicates that there are interactions in the environment and in
the human body between radiological and hazardous contaminants that may be relevant at
USDOE cleanup sites. There is a lack of certainty about how, when, or at what exposure
levels these interactions occur, however. Current single-contaminant risk assessment
guidelines often lead to an incomplete consideration of public health risks; for example,
the risk quotients for hazardous cancer risk and radiological cancer risk are not added.
Another limitation of regulatory approaches is to focus only on contaminants of concern
by screening out contaminants that are “below regulatory concern.” Yet the latter
substances may later prove to be significant public health threats if new evidence of
deleterious effects is discovered.
While additive risk has become an accepted approach for contaminants that have similar
endpoints, even within a single class of contaminants we are largely unsure of synergistic
or antagonistic effects. From there, even greater uncertainty exists across classes of
contaminants, and there are decades of research ahead that stand between today’s level of
knowledge and a firmer scientific footing. We are just now seeing the emergence of a
138
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cumulative approach that reflects the reality of mixed waste exposures, but there is a lag
in incorporating these approaches into cleanup decision-making.
Existing regulations that govern mixed waste at USDOE sites also present troubling
inconsistencies. USEPA’s Land Disposal Restrictions under RCRA, which state that land
disposal of radioactive mixed waste is prohibited unless “no migration [of hazardous
contaminants can occur] for as long as the waste remains hazardous.” However, the
ruling contains a number of exemptions, variances, and extensions that act as loopholes.
In the case of air pollution, overlapping reporting requirements on the local, state, and
national levels make comparisons difficult, and certain air pollutants remain unregulated.

Emerging Scientific and Technical Approaches in Mixed Waste
Management
Since our level of knowledge about health effects, chemical interactions among waste
types, and transport of contaminants in all media is limited at mixed waste burial sites,
source removal remedies must receive full and fair consideration. There are several
examples of USDOE remediation efforts that are addressing source removal, for
example, the Chemical Waste Landfill at SNL and the exploratory work at INEEL Pit 9.
Source removal is expensive in the short term, but proper remediation and disposal of
waste to the best level of technological capability is cheap in the long term.
In addition to source removal, proactive and scientifically valid sampling and monitoring
efforts in units of measurement that are comparable over time are needed on an ongoing
basis, so that the protectiveness and performance of remedies can be assessed. As
mentioned in Part II, advanced imaging and robotics are being used and their use can be
expanded to assist in sampling, handling, and characterization.
Fundamentally, to remediate mixed waste sites, the options are off-site disposal,
remediate the hazardous component so that the radiological components can be dealt
with, separate the hazardous and radiological contaminants, or use on-site disposal.
Current treatments include neutralization, filtration, solidification, encapsulation, organic
destruction, chemical change including possibly controlled radiolysis, and incineration. In
mixed waste scenarios, often in situ remediation will ameliorate hazardous contamination
without spreading radiological or other contaminants and increasing risk. Of the current
processes, there are pluses and minuses for each approach, and these must be decided on
a site-specific basis. In the case of incineration, however, studies have shown that
incineration is problematic and can cause further contamination.140
There are promising new technologies that could help. One new approach is the use of
genetic engineering to create oxygenases that can remediate liquid mixed wastes
containing solvents and metals.141 Other emerging technologies are occurring in the lab,
but many fewer are in large-scale demonstration.
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Part III of this report dealt with another aspect of the mixed waste issue: air emissions
from current and past operations. Knowledge of the effects, both additive and synergistic,
of combinations of contaminants in air is increasing quickly, as are technologies to
address emissions. It is important to continue efforts to align monitoring and emissions
reporting data with progress on developing valid and reliable air exposure models that
build an understanding of cumulative health effects.

Recommendations
•

•

•

•

•

USDOE should initiate a Working Group to resolve conflicts in the current mixed
waste disposal regulations. The Group should address land disposal restrictions,
definition of low-level versus TRU waste as it affects mixed waste, and the
impacts of residential development, sprawl, and other factors impacting DOE
mixed waste burial sites. The involvement of state regulatory and other agencies
as well as affected community representatives will be critical to considering these
issues fully.
USDOE must reconsider its use of institutional controls and land transfers as
solutions to the MLLW it has created. In many cases, targeted source removal and
in situ remediation methods will be required to provide protectiveness over the
long-term.
Given the evolving nature of our knowledge about the health effects of mixed
waste, research investments, especially through partnerships with external
research institutions in which information flows quickly and transparently, must
be increased to discover the long-term health effects of mixed waste. In addition:
o Every non-CERCLA USDOE cleanup site that has reached a final record
of decision should institute a 3-5 year review process to ensure that the
selected remedies are still protective.
o Complete record keeping of all sampling data in comparable units of
measurement over time is essential, and must be archived in permanent yet
accessible digital storage
o Risk assessment methodologies must be corrected to reflect accurately the
cumulative hazardous and radioactive exposures that mixed waste sites
generate
USDOE Environmental Management must continue its investments in research
into new cleanup technologies. The TRU and Mixed Waste Focus Area, which
provided a central information-sharing resource for identifying technology needs
and emerging technologies, was abolished in 2002. USDOE needs a clear forward
strategy and funding for continuing to develop the new technologies needed to
address the mixed waste problem. One possible approach is the formation of a
research consortium of leading universities specifically to address mixed waste
issues.
USDOE facilities, as publicly funded institutions, have a responsibility to make
all efforts to reduce waste generation, and to discover and disseminate methods of
waste and emissions reductions that can be adopted by states, municipalities, and
other public and private institutions.
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TABLES AND FIGURES
Table 1: Categorizing Mixed Waste

Waste
Classification

Description

Regulatory
Agency

Treatments

Comments

High Level Waste

Spent nuclear fuel
(NRC definition of
HLW includes this,
DOE’s does not)

NRC; EPA for
permanent storage

Contains 95% of all
radioactivity in nuclear
waste; waste that requires
permanent isolation; DOE
has some spent fuel, too;
as does the Navy

Waste from
reprocessing of
spent nuclear fuel to
recover plutonium or
uranium; takes the
form of supernate,
sludge, "salt cake,"
and vitrified waste
Not HLW; has
alpha-emitting
isotopes greater
than 100
nanocuries/gram;
has half-life greater
than 20 years
Not HLW, spent fuel,
TRU waste, or
byproduct;

DOE

Despite efforts to
change the definition of
HLW to a risk- or
standards-based one, it
has remained a sourcebased definition under
NRC and DOE
Permanent storage

USDOE under AEA

permanent
storage/WIPP

USDOE under AEA

Various remediation or
containment
approaches; natural
attenuation; institutional
controls; eligible for
shallow land burial

Combined
radioactive and
hazardous waste

USDOE under AEA;
RCRA (EPA or State)

Low-level mixed
waste: -DOE:
Federal Facilities
Compliance Act,
agreements with
states; RCRA

Various remediation or
containment
approaches; separation;
permanent storage
natural attenuation;
institutional controls
Conflict between need
for treatment of
hazardous component,
and minimal contact
handling for radioactive
component

Has atomic numbers
higher than uranium (92),
meaning they are not
naturally occurring
isotopes; almost all TRU
waste is from weapons
production
Can include both short
and long-lived
radionuclides; NRC has
classes A, B, C, and
greater than C, but DOE
defines LLW solutions
differently for each site
Can contain long-lived
radionuclides

TRU mixed waste -DOE: selfregulation
-some EPA
regulations apply for
mixed TRU

Will be moved and
stored at WIPP, no
planned remediation of
hazardous component
due to danger of TRU
radionuclides

Transuranic (TRU)
Waste

Low-Level Waste

Mixed Waste

DOE would like to be able
to treat hazardous
component of mixed waste
through an EPA
exemption in existing
onsite landfills or trenches,
but they are not RCRAcompliant
Comprises 8% (52,189
cubic meters) of the total
mixed waste inventory
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High-level mixed
waste

Contaminated
Media

High level waste is most
often mixed high-level
waste, so this is not a
commonly used
classification

Contaminated
environmental
media are materials
such as soil,
sediment, surface
water, groundwater,
and that are
contaminated at
levels requiring
cleanup
Ex-Situ
Contaminated
Media – has been
moved from its
original disposal or
storage location

planned to be
remediated by: 1)
removing from the
ground/environment; 2)
treating; and 3)
disposing of these
media
likely to be remediated,
without excavation, by
using strategies that
destroy, isolate, or
prevent any further
spread of contaminants
into the surrounding
environment

In-Situ
Contaminated
Media – present at
its original disposal
or storage location

11e(2) Waste (mill
tailings)
Airborne
radionuclides
Radionuclides in
Drinking Water

Slated for onsite or
Yucca Mountain; no
treatment of hazardous
component is possible
with current technology

Byproducts of
uranium or thorium
mining
Tritium;

USEPA Clean Air Act
NESHAPs
USEPA Safe Drinking
Water Act

Sources: IEER 1997b; Lowenthal 1997.
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Table 2: Location, Quantity, and Form of DU at the SMWL
Location
Trench A
Trench B
Trench C
Trench D
Trench E
Trench F
Trench G
Pit SP-1
Pit SP-2
Pit SP-3
Pit SP-4
Pit SP-5
Pits 1, 2, 3A, 3B, 4,
5, 6, 8, 9
Pit 7
Pit 10
Pit 11
Pit 12
Pit 13
Pit 14
Pit 15
Pit 16
Pit 17
Pit 18
Pit 19
Pit 21
Pit 24
Pit 25
Pit 26

Reported Quantity
2600 kg
Quantity unknown
377 kg
Quantity unknown
8 kg
Quantity unknown
None reported
None reported
None reported
Quantity unknown
None reported
None reported
Quantity unknown
846 kg
178 kg
42 kg
103 kg
None reported
178 kg
167 kg
2390 kg
457 kg
762 kg
621 kg
1731 kg
140 kg
143 kg
5525 kg

Pit 27
Pit 28
Pit 30
Pit 31
Pit 32
Pit 33
Pit 34
Pit 35
Pit 36
Pit 37
Pit U-1

3246 kg
Quantity unknown
None reported
2460 kg
549 kg
125 kg
1676 kg
686 kg
673 kg
Empty
1589 kg

Pit U-2

5119 kg

Pit U-3

1114 kg

Examples of waste forms
DU in graphite matrix
DU metal shavings and cuttings
Scrap metal contaminated with DU from burn test
DU residue, turnings, metal workings and cuttings
2500 cu.ft. of DU-contaminated soil
DU-contaminated glove box

Fine particles of DU
Each of these pits reports DU as the only contaminant; e.g.,
DU-contaminated weapon components
DU-contaminated weapon components
DU-contaminated weapon components
Form unknown
Form unknown
DU-contaminated weapon components
DU-contaminated weapon components
Form unknown
DU scrap and machine parts
DU-contaminated weapon components
DU-contaminated muffle furnace
DU-contaminated weapon components
DU-contaminated weapon debris
DU- contaminated electric furnace
DU-contaminated penetration ballast, noses, and aft
simulators
DU penetrators
6 each 55 gal drums with DU debris
DU ballast plugs
DU-contaminated lithium tetraborate
DU sphere
Not listed
4 each 55 gal drum DU from White Sands Missile Range
Not listed
DU in chips, machine turnings, shavings, cuttings, residue,
and scrap
DU in chips, machine turnings, shavings, cuttings, residue,
and scrap
1000 lbs. of Burn Site DU-contaminated soil and debris

Total minimum quantity of Depleted Uranium at SMWL: 33,505 kg = 32.8 Tons
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Table 3: Specific Activities of Various Chemical Forms of Depleted Uranium, TRU Waste
and 0.2% Uranium Ore
Chemical form

Specific activity, nCi/g

uranium metal (U)

360

uranium oxide (U3O8)

300

uranium tetrafluoride (UF4)

270

uranium hexafluoride (UF6)

240

transuranic activity in TRU waste

100
(See note 2)

0.2 % uranium ore

4
(See note 3)

Notes for Table 1:
1. Specific activities of the four forms of uranium have been rounded to two significant figures, and that of
uranium ore to one significant figure.
2. The minimum limit of 100 nanocuries/gram of transuranic elements for waste to be classified as TRU
waste includes only those isotopes of transuranic elements with half-lives greater than 20 years. The most
common isotope in TRU waste that is eliminated from the counting in this way is plutonium-241, which
has a half-life of 14.4 years. However the decay product of plutonium-241, americium-241 is included in
TRU waste because it has a half-life of about 432 years. All these uranium isotopes we are dealing with in
these comments have half-lives far longer than 20 years.
3. The specific activity of 0.2 percent uranium ore shown includes all decay products of uranium-238 up to
and including radium-226, assuming they are in secular equilibrium with uranium-238. Radon-222, and its
decay products are not included.
Source: Reprinted with permission from IEER, Comments of the Institute for Energy and Environmental
Research on the Department of Energy Notice of Intent addressing the Alternative Strategies for the LongTerm Management and Use of Depleted Uranium Hexafluoride. (http://www.ieer.org/latest/duf6-96.html,
accessed March 2004)
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Table 4: Demineralizer Resins at SMWL
Location

Contents

Trench A

17 each 55-gallon drums
containing MFP-contaminated demineralizer resin

Trench C

12 each 55-gallon drums of MFP-contaminated
spent demineralizer resin

Trench D

13 each 55-gallon drums containing MFP-contaminated spent
demineralizer resin

Trench E

38 each 55-gallon drums of MFP-contaminated spent demineralizer resin;

Trench F

6 each 55-gallon poly drums
containing MFP-contaminated spent demineralizer resin

Trench G

2 each 55-gallon poly drums containing MFP-contaminated spent
demineralizer resin

Total: 88 drums of MFP-contaminated spent demineralizer resin
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Table 5: Criteria Air Pollutants at LLNL

A. From Local Air Districts
LLNL Main Site
TOG 5.5 Tons/Yr
ROG 3.7 Tons/Yr
CO

3.7 Tons/Yr

NOX 9.7 Tons/Yr
SOX

0.1 Tons/Yr

PM

0.8 Tons/Yr

PM10 0.8 Tons/Yr
PM2.5 0.8 Tons/Yr

LLNL Site 300
TOG 0.7 Tons/Yr
ROG 0.5 Tons/Yr
CO

0.1 Tons/Yr

NOX 0.5 Tons/Yr
SOX

1 Tons/Yr

PM

0 Tons/Yr

PM10

0 Tons/Yr

PM2.5

0 Tons/Yr

Source: CA Air Resources Board Emissions Data.

B. From LLNL
Table 4-2. Nonradioactive air emissions, Livermore site and Site 300, 2002
Pollutant
Estimated releases
(kg/day)
Livermore
Site 300
site
Organics/volatile
16
0.23
organics
Nitrogen oxides
67
1.1
Carbon monoxide
17
1.0
Particulates (PM-10)
6.1
0.09
Sulfur oxides
2.8
0.07
Source: LLNL 2002 Environmental Report.

58

C. From LLNL Site-Wide EIS, 2004.
TABLE 4.10.4.3–1.—Emission Rates for Criteria Air Pollutants and Precursors
Estimated releases (kilograms per day)
Pollutant
Precursor
organic
compounds
Nitrogen
oxides
Carbon
monoxide
Particulates
(PM10)
Oxides of
sulfur

1998
259

Livermore Site
1999 2000 2001
24
20
19

2002
16

1998
0.90

Site 300
1999 2000
1.2
0.4

2001
0.1

2002
0.23

56

81

54

52

67

2.1

3.2

2.3

0.9

1.1

11

24

14

14

17

0.48

0.71

0.5

1.1

1.0

5.7

8.6

5.5

5.5

6.1

0.53

0.33

0.2

0.3

0.09

0.72

0.98

0.6

0.6

2.8

0.15

0.28

0.2

0.1

0.07
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Table 6: State of California and Federal Ambient Air Quality Standards

Ambient Air Quality Standards
Pollutant

Ozone (O3)

Respirable
Particulate
Matter
(PM10)

Fine
Particulate
Matter
(PM2.5)

Carbon
Monoxide
(CO)

Averaging
Time

Lead

Federal Standards

Concentration

Method

Primary

Secondary

Method

1 Hour

0.09 ppm (180
3
ug/m )

Ultraviolet
Photometry

0.12 ppm
3
(235 ug/m )

Same as
Primary
Standard

Ethylene Chemiluminescence

8 Hour

-

Annual
Geometric
Mean

30 ug/m

24 Hour

Inertial Separation and
Gravimetric Analysis

50 ug/m

Same as
Primary
Standard

Annual
Arithmetic
Mean

-

Same as
Primary
Standard

Inertial Separation and
Gravimetric Analysis

None

Non-dispersive Infrared
Photometry (NDIR)

Same as
Primary
Standard

Gas Phase Chemiluminescence

0.08 ppm
3
(157 ug/m )
3

Size Selective Inlet
Sampler ARB
Method P (8/22/85)

3

Annual
Arithmetic
Mean

65 ug/m
No Separate State Standard

8 Hour

9.0 ppm (10
3
mg/m )

1 Hour

20 ppm (23 mg/m )

Annual
Arithmetic
Mean

150 ug/m
50 ug/m

24 Hour

8 Hour (Lake
Tahoe)

Nitrogen
Dioxide
(NO2)

California Standards

15 ug/m

3

3

3

3

9 ppm
3
(10 mg/m )
3

Non-dispersive
Infrared Photometry
(NDIR)

3

-

6 ppm (7 mg/m )

-

Gas Phase
Chemiluminescence

1 Hour

0.25 ppm (470
3
ug/m )

30 days
average

1.5 ug/m

Calendar
Quarter

-

3

35 ppm
3
(40 mg/m )

0.053 ppm
3
(100 ug/m )

-

AIHL Method 54
(12/74) Atomic
Absorption

-

1.5 ug/m

-

3

Same as
Primary
Standard

High Volume Sampler and Atomic
Absorption

60

Annual
Arithmetic
Mean

Sulfur
Dioxide
(SO2)

24 Hour

3 Hour

1 Hour

Visibility
Reducing
Particles

8 Hour
(10 am to 6
pm, PST)

Sulfates

24 Hour

Hydrogen
Sulfide

1 Hour

-

0.030 ppm
3
(80 ug/m )

-

Fluorescence
0.04 ppm (105
3
ug/m )
-

0.25 ppm (655
3
ug/m )
In sufficient amount to produce an
extinction coefficient of 0.23 per
kilometer-visibility of ten miles or more
(0.07-30 miles or more for Lake Tahoe) due
to particles when the relative humidity is
less than 70 percent. ARB Method V
(8/18/89)
25 ug/m

3

0.03 ppm
3
(42 ug/m )

Turbidimetric Barium
Sulfate-AIHL Method 61
(2/76)

Pararosoaniline
0.14 ppm
3
(365 ug/m )

-

-

0.5 ppm
3
(1300 ug/m )

-

-

No
Federal
Standards

Cadmium Hydroxide
STRactan

Source: Feather River Air Quality Management District website. (http://www.fraqmd.org/aaqs.htm,
accessed July 2004).
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Table 7: Air Pollutant Emission Rates from LLNL Site-Wide Environmental Impact
Statement 2004.
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Table 8: Hazardous Air Pollutants Emissions for LLNL

A: Estimated emissions from CA Air Resources Board
Site 300
1,2,4TriMeBenzene 8.3 Lbs/Yr
Acrolein

0

Lbs/Yr

Ammonia

0

Lbs/Yr

Arsenic

0

Lbs/Yr

Benzene

7.5 Lbs/Yr

Beryllium

0

Lbs/Yr

Cadmium

0

Lbs/Yr

Chloroform

26.9 Lbs/Yr

Copper

0.1 Lbs/Yr

Cr(VI)

0

Gasol vapors

139 Lbs/Yr

HCl

6.4 Lbs/Yr

HF

0

Manganese

0.1 Lbs/Yr

Nickel

0.1 Lbs/Yr

Sodium Hydroxide

10

Lbs/Yr

Lbs/Yr

Lbs/Yr

Main Site:
1,1,1-TCA

218.3 Lbs/Yr

1,4-Dioxane

5.6 Lbs/Yr

Acetaldehyde

3.2 Lbs/Yr

Arsenic
Benzene

0 Lbs/Yr
8.8 Lbs/Yr

Beryllium

0 Lbs/Yr

Cadmium

0 Lbs/Yr

Chlorobenzn

7.6 Lbs/Yr

Cr(VI)

0 Lbs/Yr

EGBE

348.1 Lbs/Yr

Ethyl Benzene

0.8 Lbs/Yr
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Formaldehyde
HCl

40 Lbs/Yr
0.1 Lbs/Yr

Lead

0 Lbs/Yr

Manganese

0 Lbs/Yr

Mercury

0 Lbs/Yr

Methanol

90 Lbs/Yr

Methylene Chloride
Nickel
TCE

55.5 Lbs/Yr
0.1 Lbs/Yr
134.4 Lbs/Yr

Toluene

10493.6 Lbs/Yr

Xylenes

23.7 Lbs/Yr

Source: http://www.arb.ca.gov/app/emsinv/facinfo/facinfo.php, search for Lawrence Livermore National
Lab, accessed May 2004.

B. Estimated HAPs Emissions from BAAQMD Annual Report 2002
Lawrence Livermore National Laboratory (P# 255)
7000 East Avenue
Livermore, CA 94550
Benzene
Formaldehyde
Trichloroethylene

9.3 (lbs/year)
42
131
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Table 9: Radionuclides in Use at LLNL in 2002

Source: LLNL NESHAPs Report 2002.
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Table 10. Toxicity Summary for selected HAPs
HAP

Source

Selected toxicity

Cancer
Classification
likely human
carcinogen

TCE

degreaser, extraction
solvent

neurological, liver
and kidney toxicity.
Developmental
effects

Toluene

mixture added to
gasoline, used to
produce benzene

not classifiable as
human carcinogen

Benzene

present in motor
fuels and as solvent

Central Nervous
System, respiratory
system toxicity,
developmental
toxicant
Blood disorders,
especially bone
marrow. Immune
system toxicity

Formaldehyde

manufacturing of
urea-resins, and
particle board

Respiratory and
eyes. Lung and
nasalpharyngeal
cancer

probable human
carcinogen

Known human
carcinogen

MRLs*, RfDs**, RfCs***
(RfC) is 0.04 mg/m3and
Inhalation Chronic Reference
Dose (RfD) is 0.0114 mg/kgday; CalEPA’s chronic
inhalation reference exposure
level is 0.6 mg/m3.
RfC 0.4 mg/m3 based on
neurological effects; RfD 0.2
mg/kg-day
MRL 0.2 mg/m3 (0.05 ppm) on
immunological effects; CalEPA
chronic reference exposure
0.06 mg/m3 based on blood
toxicity
RfD 0.2 mg/kg-day. Inhalation
MRL 0.003 ppm (0.004 mg/m3)
based on respiratory effects

* Minimal Risk Level
** Reference Dose
*** Reference Concentration
Source: USEPA Air Toxics Website.
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Figure 1: Low-level Ionizing Radiation Damage to Cells and Chemicals
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Figure 2: Potential Fate of Uranium Released Into Air
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Figure 3: Chemical and Radiation Potential Interaction and Cancer Development
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Figure 4: Shifting Baselines: Decreasing Maximum Dose Levels
50
40
External
Annual
Maximum
Exposure
Levels for
Radiation
Workers
(in rems)

30
20
10
5

1934

1949

1956

1977*

1987

Year
* In 1977, the 5 rem exposure level was altered to include the sum of internal and external exposures,
in effect lowering the maximum dose, though the level remained 5 rem
Sources: National Council on Radiation Protection
and Measurements website (http://www.ncrp.com, accessed May 2004); International Commission on
Radiological Protection website (http://www.icrp.org, accessed May 2004).
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Childhood
Maximum
30
Blood Lead
Levels (in
milligrams
per deciliter 20
mg/dL)
10

1960s

1975

1985

1990

Year
Source: National Research Council 1993. Measuring Lead Exposure in Infants, Children, and Other
Sensitive Populations. Committee on Measuring Lead in Critical Populations.
(http://books.nap.edu/books/030904927X/html/index.html, accessed May 2004).
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Figure 5: Sandia Mixed Waste Landfill Timeline
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APPENDICES
Appendix 1: Inventory of the Sandia Mixed Waste Landfill
The following inventory by pit and trench was compiled from classified and unclassified
disposal records, interviews with current and retired employees, solid waste information
sheets, and nuclear material management records. Considerable effort was made to
maintain consistency in nomenclature and units. Commonly used acronyms are as
follows:
1) MFP -multiple fission products: the nuclei (fission fragments) formed by the fission
of heavy elements, plus the nuclides formed by the fission fragment's radioactive decay.
2) DU-depleted uranium
3) activation -the process of making a material radioactive by bombardment with
neutron, protons or other nuclear radiation.
4) induced activity -radioactivity that is created when stable substances are bombarded
by neutron e.g., the stable isotope Co-59 becomes the radioactive isotope Co-60 under
neutron bombardment.
TRENCH A
Differential amplifiers; thermocouples; compressors; MFP- and tritium-contaminated
fume hoods, ducting, motors, fans, and plenums; T cameras, tripods, and telemetry
components; MFP-contaminated cooling systems, coils, surge tanks (5 ft diameter X 11 ft
long), piping, pumps, couplings, and ales; experimental stainless steel canisters; 17 each
55-gallon drums containing MFP-contaminated demineralizer resin; 2 each 55-gallon
drums of MFP-contaminated concrete; empty oxygen cylinders; boxes of fluorescent
light bulbs; roll-up door and associated equipment from a TA-5 “K;” shield door from
reactor pit; voltage-controlled oscillators, calibrators, and gyros; irradiated diodes,
transistors, capacitors, resistors, circuit boards, voltage regulators, and other
miscellaneous electrical components; tritium luminary dials; military radium altimeters
and gauges; Ni-63 tube; parachute; Sr-90 nuclear cells; flash heating equipment and
associated parts; MFP-contaminated L-shaped aluminum chassis; DU in graphite matrix;
stainless steel ducting; 61 each spark gap tubes (100 mrem/hr on contact); aluminum
sleeve with lead ballast; tritium beds and ales; shock jigs with tubes; 31 each 0.5 Ci Kr85 tubes and cells; one each 20 ft long X 2 ft diameter heat exchanger, coolant pumps,
piping, and valving; air conditioners; tritium targets (10 Ci each) and tubes (100 mCi
each); wooden ladder; MFP-, DU-, and tritium-contaminated vacuum cleaners; vacuum
pumps and skids; stainless steel sample tubes; irradiated metal samples (5 rem/hr on
contact); ion generators; 5-gallons of oil absorbed on vermiculite in sealed AIN can; 128
ft2 of sheet metal; skid loaded with 300 lbs. of paraffin; 12 each skids of MFPcontaminated concrete blocks, MFP-contaminated lead bricks; 2,600 kg DU.
943 ft3 of TA-5 routine operational and miscellaneous decontamination waste.
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TRENCH B
HEPA filters, fiberglass filters, final and prefilters; MFP-, DU-, and tritium-contaminated
vacuum cleaners; cables; ultra-sonic air samplers; irradiated diodes, transistors,
capacitors, resistors, circuit boards, voltage regulators, and other miscellaneous electrical
components; MFP- and tritium-contaminated fume hoods, ducting, motors, fans, and
plenums; boxes of fluorescent light bulbs; sanding disks; neutron generator tubes;
backing plates from TA-5 experimental apparatus; packing materials and wooden
shipping crates; metal drums from NTS containing DU; alpha-contaminated gas bottles;
empty liquid scintillation vials; Ta-182 contaminated platinum-tungsten scrap; heater
elements; 10 Ci tritium targets; neutron generator magnets; 14 each empty steel gas
cylinders contaminated with DU; 9 each MFP-contaminated ceramic tubes; 1.5-gallons of
solvents absorbed on vermiculite in sealed A/N cans; 6 each small storage cabinets;
vacuum system components including water circulators, ales, diffusion pumps, fittings,
gas analyzers, and vacuum pumps; gas sample bottles from NTS; tritium-contaminated
tools; DU metal shavings and cuttings; Victoreen Sr-90 ion chambers; glove box and
work bench; demineralizer vessel from reactor; neutron radiograph equipment; thermal
reflecting rings; micro scales; Kr-85 light sources; II kg deuterium containing 0.25 Ci of
tritium; I-gallon toluene absorbed on vermiculite in sealed A/N can; static meter; Ta-182
pellets; demineralization and radiography tubes.
1326 ft3 of TA-5 routine operational and miscellaneous decontamination waste.
TRENCH C
Nuclear fuel shipping cask cleanup debris; tritium and C-141abeled amino acids and
tritium labeled uridine; scrap metal contaminated with DU from burn test; 7.1 Ci tritium
pellets; uranyl nitrate; "dining car" test hardware; MFP-, DU-, and tritium-contaminated
vacuum cleaners; vacuum hose contaminated during cleaning of thorium cloth and
thorium cloth debris; concrete crucibles used in reactor safety studies; Kr-85 particle size
analyzer; 1,000 lead bricks contaminated with tritium and Na-22; 43 MFP-contaminated
lead bricks; 73 each integrated circuits; Ba-133 reactor bolts; flexible glove box ducting;
2 each mechanical vacuum pumps; Sr-90 contaminated carpet; Cs-137 spark gaps; Na-22
cleanup materials, source holders, and shield (1.5 rem/hr on contact); DU-contaminated
waste containers; tritium-contaminated vacuum system and power supply; DU billet,
hemisphere, and sphere; Pu-238 contaminated hood exhaust hose; Co-60 debris from
trailer used to support nuclear fuel shipping cask; MFP-contaminated hot exhaust system
prefilters, REP A filters, and absolute pressure filters; containerized DU residue, turnings,
metal workings, and cuttings; surge voltage arrester; tritium-contaminated pump;
irradiated diodes, transistors, capacitors, resistors, circuit boards, voltage regulators, and
other miscellaneous electrical components; wooden shipping crates; 13 each Po-21 0
contaminated static eliminators; one each 62 mCi Se-75 source and one each 1.0 mCi Ta182 source in sealed A/N can; tritium-contaminated fume hood and exhaust plenum; 2.0
kg deuterium absorbed on vermiculite in sealed A/N can; 12 each 55-gallon drums of
MFP-contaminated spent demineralizer resin; DU-contaminated Lucite table; 4 each T
cameras; tritium-contaminated ion pump; I-gallon tritium-contaminated acetone
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solidified with Safe-T-Set; 24 kg lithium-6 fluoride; 4 each irradiated high speed
cameras, lenses, and one telescope; one each 0.1 mCi Ra-226/Be source encapsulated in
concrete-filled A/N can; 2 each DU-contaminated glove boxes; 32.1 Ci tritium; 377 kg
DU.
Trace Eu-152, Ba-133, I-129, Na-22, Sr-90, Ni-63, Tc-99, Gd-153, Ag-110m, Pm-147,
Sr-85, Sb-125, Ta-182, Ge-68, Mn-54, and Fe-55.
1,159 ft3 of TA-5 routine operational and miscellaneous decontamination waste.
TRENCH D
Compensator and cables from TA-l; tritium-contaminated water and erbium tritide
powder; DU-contaminated rocket motors; broken Ra-226 source in plastic holder;
corroded and broken 6-ft aluminum step ladder; 13 each 55-gallon drums containing
MFP-contaminated spent demineralizer resin; DU residue, turnings, metal workings, and
cuttings; MFP-contaminated tape recorders, transmitters, and ideo cameras; MFPcontaminated compensated ion chamber; irradiated diodes, transistors, capacitors,
resistors, circuit boards, voltage regulators, and other miscellaneous electrical
components; 4 each aluminum “K” doors from reactor; PEG housing and lid from NTS;
MFP-contaminated fuel holsters; ultra filters and ultra filter plenums; MFP-contaminated
hot exhaust system prefilters, absolute pressure filters, and plenums; HEPA filters; MFPcontaminated conduit and sheet metal; 2 each sealed Cr-57 sources; TA-l bldg. 802
construction materials and scrap; MFP-, DU-, and tritium-contaminated vacuum cleaners;
TA-5 liquid waste disposal system drain pipes; "Cypress" packaging material from NTS;
“Ming aso” rad test debris from NTS; "Snap 27" test debris; "Hudson Moon" cleanup and
packaging materials from NTS; "Mint Leaf' packaging and cleanup materials from NTS;
"Dna Mist" packaging and cleanup materials from NTS; "Thor" cleanup and packaging
materials from NTS; old "K" floor including sheet-rock, wood, and miscellaneous waste
from installation of new "K" floor; MFP-contaminated spent demineralizer columns and
cartridges; thor crucibles and tubing; old reactor boiler with associated radiators, piping,
and ales; activated reactor stainless steel support tower, cryostat tube and head; empty
thorium impact capsules; empty wooden shipping crates for fuel elements; tritiumcontaminated power supply, balance, volt meter, ammeter, bridge, vacuum pump,
microscope mount, plug-in units, and glass tubes; neutron radiography tube and beam
catcher; ultra-sonic bath and power unit; obsolete Bell Labs experimental core tube (10
rem/hr on contact).
2,315 ft3 of TA-5 routine operational and miscellaneous decontamination waste.
TRENCH E
38 each 55-gallon drums of MFP-contaminated spent demineralizer resin; 7 each 55gallon drums from Three Mile Island containing MFP-contaminated cables, instruments,
and electronic components; 11 each Po-210 contaminated static eliminators; 10-gallons
Cs-137 solution solidified with Safe-T-Set in sealed A/N can; oil from lapidary shop
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solidified with soil in sealed A/N can; irradiated diodes, transistors, capacitors, resistors,
circuit boards, voltage regulators, and other miscellaneous electrical components; 6 each
irradiated 9 ft 10 in. long X 9 in. d. stainless steel storage tubes and holding rings;
activated top and bottom reactor vessel sections; hydraulic pumps; ion pumps; steel frame
and motor assembly from "K" door; burned wood from weapons experiment; 2 each
burned empty 55-gallon drums; MFP-contaminated vacuum pumps; obsolete and old test
equipment and materials used in reactor fuel tests; DU-contaminated glove box; HEPA
filters from hot exhaust plenum; DU-contaminated vacuum and filtering system bracket
and assembly; DU-contaminated machine shop cabinets, work tables, filters, and ground
cloths; 4 each. T cameras; 45 Ci neutron generator tubes; DU-contaminated crucibles;
janitorial barrels; vacuum pumps; file cabinets; 70 lbs. thor-contaminated soil; tritiumcontaminated ion pump; one damaged DU-contaminated shake table or "vibrator" for
sieving powdered DU; 10,000 lbs. of decommissioned reactor debris from extensive
modifications to the reactor including ventilation ducts, conduit, PC, nuts and bolts, hot
water radiators, metal support parts, concrete, insulation, cable, air blowers, camera
equipment, light bulbs, metal stands, electronic equipment, vacuum cleaners, pumps,
coveralls, lumber, scaffolding, tables, chairs, gauges, regulators, ales, glove boxes, and
stainless steel; 2,500 ft3 of DU-contaminated soil; plywood ventilation duct; Mettler
balance; Sartorius balance; fume hood; Magniwhirl bath; lab furnace; obsolete fire alarm
system and associated electrical equipment; scrap wire; 11 each 55-gallon drums
numbered 1 through 11: drums 1 through 3 contain 18 nanocuries/gram alpha emitters,
drums 4 through II contain 8 nanocuries/gram alpha emitters; 2 kg thorium; 8 kg DU; 122
Ci tritium.
Trace amounts of Ce-144, K-40, Zr-95, Nb-95, Sr-85, Eu-152, Eu-155, Ni-63, and Po210.
Radioactive waste from the Inhalation Toxicology Research Institute (ITRI): ITRI
typically disposed of their radioactive waste at the commercial radioactive waste disposal
site in Beatty, Nevada. The state of Nevada closed this radioactive disposal site in 1979.
SNL, NM accepted a shipment of 119 each 55-gallon drums and 13 plywood boxes of
radioactive waste from ITRI in October 1979. A copy of the ITRI radioactive shipment
record dated 4/28/80 is attached.
1,093 ft3 of routine operational waste and miscellaneous decontamination waste.
TRENCH F
Tritium and DU-contaminated glove boxes; ducting; stainless steel; 6 each 55-gallon poly
drums containing MFP-contaminated spent demineralizer resin; wooden shipping crates;
steel cladding and zirconium insulation; dilute nitric acid neutralized with CaCO3,
Na2CO3, and NaHCO3 and solidified with yellow powder material; Electro-glo
electropolishing agent solution with concentrated phosphoric acid neutralized with
Na2CO3 and NaOH and solidified with yellow powder material; lab benches; metal
table; two each glove boxes; HEPA and prefilters.
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There are 5 spent, nuclear fuel-shipping casks of various sizes in Trench F. They include
the Hallam cask, the Helicopter cask, the IF-100 cask, the 1F-200 cask, and the Yankee
cask. These casks were subject to various destructive tests in the mid-1970's to meet
Nuclear Waste Policy Act certification requirements for shipping spent nuclear fuel
assemblies. These casks, soon to be retired, were removed from active service for
destructive testing. The casks were equipped with fuel mock-ups for destructive testing.
The Nuclear Power Facility provided the Hallum cask to Sandia National Laboratories
for torch fire tests. The Hallum cask is 19 ft long x 3 ft in diameter and weighs 40 tons.
The cask consists of two stainless steel cylinders separated by 8.5 inches of lead shielding
in the annulus.
Pratt and Whitney provided the Helicopter cask for drop tests from 2,000 ft above ground
surface. The Helicopter cask is a pot-type cask weighing 3 tons. The interior cavity is 4
inches in diameter and 17.5 inches high surrounded by 10 inches of lead
The Yankee cask and its Atlas railcar were provided by Westinghouse for sled-track
impact tests. The Yankee cask is 13 ft long x 5 ft in diameter and weighs 37 tons. The
cask consists of two stainless steel cylinders separated by 8.5 inches of lead shielding in
the annulus.
The IF-100 and IF-200 casks were provided by General Electric for sled-track impact
tests. The IF-100 cask is 13 ft long x 32 inches in diameter and weighs 22 tons. The cask
consists of two stainless steel cylinders separated by 8.5 inches of lead shielding in the
annulus. The IF-200 cask is 13 ft long x 3 ft in diameter weighing 25 tons. The cask
consists of two stainless steel cylinders separated by 8.5 inches of lead shielding in the
annulus.
A semi-tractor trailer or "carriage" used for transporting spent, nuclear fuel shipping
casks is buried in Trench F. The trailer was contaminated with Cs-137. The trailer was
contaminated by a leaking shipping cask that contained a spent, nuclear fuel assembly
destined for TA-5. The cask that contained the spent, fuel assembly leaked water during
shipment. The cask was decontaminated and returned to Savannah River another trailer,
however, the contaminated trailer was designated non-recoverable and buried A picture
of the trailer buried in Trench F is attached.
792 ft3of routine operational and miscellaneous decontamination waste.
TRENCH G
Trench G was the last operational disposal trench. It contained very little waste, as
indicated by the geophysics in the MWL Phase 2 RFI Report, when the MWL was closed
in December 1988.
Thorium and uranium alloyed aluminum Polaris missile sections; 3 each glove boxes; one
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Mettler balance and fume hood contaminated with fission products; MFP-contaminated
concrete; 2 each 55-gallon poly drums containing MFP-contaminated spent demineralizer
resin; fluorescent light bulbs; HEPA and prefilters; MFP-contaminated T camera; 1,000
cubic yards of dirt from the reactor berm removal.
581 ft3 of routine operational wastes and miscellaneous decontamination waste.
PIT SP-l
Two each depleted tritium beds; 3-gallons NaOH; 3-gallons acid waste; 1 poly bottle
uranium solution; out-dated standard solutions; 30-gallons tritium water; miscellaneous
chemicals with beta/gamma contamination; 4 kg enriched lithium; 4 kg Li-6; 408 grams
U-235.
PIT SP-2
A plutonium arc tunnel is buried in SP-2. The plutonium arc tunnel was used to simulate
ballistic missile re-entry into the earth's atmosphere. Pu-238 microspheres, ranging from
2 to 20 micrometers in diameter, were injected into the arc tunnel under the influence of
plasma to determine temperature and pressure effects on nuclear weapon components.
The apparatus is 4 ft x 4 ft x 10 ft long with a 2 ft x 2 ft x 5 ft central section. Glove
boxes are attached at each end. Approximately 20 microspheres remained in the tunnel
when it was buried in 1968.
PIT SP-3
A beryllium catcher is buried in SP-3. The Be-catcher was used to "catch" projectiles
fired from various guns and howitzers. Experimental projectiles containing Be and DU
were retrieved and studied in tests. The BE-catcher contained fine particles of Be and DU
when buried in 1968.
PIT SP-4
Nuclear reactor vessel plates from a decommissioned nuclear reactor are buried in SP-4.
The vessel plates came from a nuclear reactor in the San Fernando alley. The reactor,
when decommissioned in 1978, was cut to pieces and shipped to Beatty, Nevada for
disposal. Six-foot sections of the outer vessel were salvaged and shipped to Sandia for
fission product and Co-60 activation studies. The sections were stored in SP-4 and never
tested and remain there to this day. The vessel plates, at the time of burl, measured 2
rem/hour on contact. SP-4 is lined with concrete culvert and concrete bottom-cap making
it the only lined pit at the MWL.
PIT SP-5
A 10,000 Ci Co-60 source is buried in SP-5. The 10,000 Ci Co-60 source was
manufactured by Oak Ridge National Laboratories in 1960 and delivered to Sandia
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National Laboratories for deployment in the gamma irradiation facility. The source
consists of 12 stainless steel rods, 12 inches long x 0.5 inches in diameter, each
containing 8 cobalt metal pellets. Each cobalt pellet is 0.5 inches long. The cobalt metal
pellets are located in the center of each rod with 4 inches of lead as shielding filling each
end. Each cobalt rod contained approximately 840 Ci in September 1961. The Co-60
source was removed from service and transferred to SP-5 in June 1987. The Co-60 source
was buried in a 6.7 ft3 lead burl cask, which was in turn encased in a 24 yd3 concrete burl
cask. The original 10,000 Ci source will have decayed to 76 Ci as of September 1998, or
6.4 Ci per rod.
PIT 1
DU-contaminated weapons components; mass of DU unknown.
PIT 2
DU-contaminated debris bed; DU-contaminated weapons components; mass of DU
unknown.
PIT 3A
DU-contaminated weapons components; 22 kg DU.
PIT 3B
DU-contaminated Mark III missile sections; mass of DU unknown.
PIT 4
DU-contaminated weapons components; mass of DU unknown.
PIT 5
DU-contaminated weapons components; mass of DU unknown.
PIT 6
DU-contaminated weapons components; mass of DU unknown.
PIT 7
DU-contaminated weapons components; 846 kg DU.
PIT 8
DU-contaminated weapons components; mass of DU unknown.

79

PIT 9
DU-contaminated weapons components; mass of DU unknown.
PIT 10
DU-contaminated weapons components; 178 kg DU.
PIT 11
7 NTS test shapes; 42 kg DU.
PIT 12
Neutron generator tubes; 1 kg thorium; 103 kg DU.
PIT 13
One each 1,800 Ci Co-60 source sealed in a lead and steel burl cask encapsulated in two
truckloads of concrete; one each 98 microCi Ra-226 source, one each 1.3 microCi Ra226 source, two each 5.0 microCiRa-226 sources, and one each 1.0 microCi Ra-226
source encapsulated in concrete-filled A/N can.
PIT 14
One each sealed 5.0 microCi Po-210 source and source holder; one each sealed 1.0
microCi Po-210 source; miscellaneous uranium and beryllium waste; "Cypress" test
debris from NTS; DU- contaminated vacuum cleaner; 3 Ci tritium water; 100 mCi tritium
oxide; Pu-238, Po-210, and tritium-contaminated miscellaneous operational and lab
waste; tritium-contaminated pumps and ales; Pu-238 contaminated air sampler; neutron
generator tubes; a large weapon shell (18 megaton WWII vintage); DU-contaminated
weapons components; 178 kg DU.
PIT 15
One each 102.1 microCi Ra-226/Be source and one each 5.5 microCi source in a
encapsulated in concrete-filled 55-gallon drum; fume hood filters and filter housings;
reactor fuel element ends (5 rem/hr on contact); "Cypress" test debris from NTS; neutron
generator tubes and targets; DU-contaminated weapons components; Pershing missile
debris; 167 kg DU; 49 grams U-235; 30 Ci tritium.
PIT 16
One each sealed 2.5 Ci Co-60 source encapsulated in a concrete-filled lead cask; two
each non-functional 1.5 mCi Ra-226 ionization alphatron gauges encapsulated in a
concrete-filled A/N can; nine each Ba-133 reactor bolts; 2 each 52 Ci Co-60 pencils
encapsulated in a lead-lined
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concrete-filled 55-gallon drum; 2 each 10.0 microCi Ra-226/Be sources in lead container
encapsulated in a concrete-filled 5-gallon A/N can; one each 1,000 Ci Co-60 source
encapsulated in a lead-lined, concrete-filled 55-gallon drum; ionization chambers and
current regulators; one each 0.8mCi Kr-85 source encapsulated in a concrete-filled A/N
can; one each 40 mCi Am-241 source encapsulated in a concrete-filled A/N can; one each
18.9 Ci Kr-85 nuclear battery in a steel tube encapsulated in concrete-filled A/N can;
SER control rod guides encapsulated in a lead-lined, concrete-filled A/N can (50 rem/hr
on contact); thorium metal scrap; one each Sb-124 source projectile (10 rem/hr on
contact); 20 each 5.0 microCi Ra-226/Be sources in lead container encapsulated in
concrete-filled A/N can; 2 kg thorium oxide; 2,390 kg DU; 75 Ci tritium.
PIT 17
"Casseto" and "Triga" parts from NTS; one each 0.5 mCi Ra-226/Be source, one each 36
Ci Co- 60 source, and one each 6.0 Ci Sr-90 source each in a lead container encapsulated
in concrete- filled 55-gallon drum; 11 each Kr-85 cells (8.1 mCi total); 2 each uranium
carbide nose cones; uranium and zirconium scrap in a 55-gallon drum; 30 Ci tritium lab
waste in brass tube; neutron generator tubes; dummy DU reservoir; DU scrap and
machine parts; test specimens; brazed to aluminum; fusing and firing assemblies; DUcontaminated weapon components; 3 kg thorium oxide; 457 kg DU.
PIT 18
Pu-238 contaminated paper, gloves, small equipment, components, wire, and sockets; 12
each spark gap tubes; 7 each 10 microCi Ra-226/Be sources in a lead container
encapsulated in concrete-filled 55-gallon drum; Pu-238 contaminated vacuum pump;
radioactive rock; electrical cables from junction box; reactor fuel element ends (5 rem/hr
on contact); neutron generator tubes; Pershing missile test debris; DU-contaminated
weapons components; 155 mm gun projectile with a Sb-124 source; 762 kg DU; 45 Ci
tritium.
PIT 19
Tritium-contaminated buckets, clothing, swipes, rags, paper, work gloves, vacuum
cleaner, and decontamination materials; reactor fuel element ends (5 rem/hr on contact);
one each Sb-124 source projectile (10 rem/hr on contact); neutron generator tubes; scrap
metal, DU-contaminated muffle furnace; irradiated diodes, transistors, capacitors,
resistors, circuit boards, voltage regulators, and other miscellaneous electrical
components; one each 3.5 microCi Co-60 source and one each 4.1 microCi Co-60 source
in a lead container encapsulated in concrete-filled 55gallon drum; Pershing missile test debris; tritium bed; scrap iron; Pu-238/239
contaminated filters; 621 kg DU; 60 Ci tritium.
PIT 21
Two each 3.4 microCi Co-60 sources, one each 31.8 microCi Sr-90 source, one each 100
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microCi Co-60 source, one each leaking Sb-124 source, and one each spent Cs-137
source in a lead container encapsulated in concrete-filled 55-gallon drum; NTS irradiated
material; DU-contaminated paper, towels, and poly bottles; plutonium oxidecontaminated filters, towels, tape, paper, cleaning and decontamination materials; 4 each
irradiated thermal batteries; oil diffusion pump and baffle; irradiated diodes, transistors,
capacitors, resistors, circuit boards, voltage regulators, and other miscellaneous electrical
components; neutron generator tubes; Pershing missile test debris; DU-contaminated
weapons components; 16 kg thorium; 1,731 kg DU; 0.1 grams Pu-238; 30 Ci tritium.
PIT 24
"Hudson Moon" and "Mint Leaf' test debris from NTS; 3 each 500 microCi Ra-226
ionization alphatron gauges encapsulated in a concrete-filled A/N can; one each 45 Ci
Co-60 source in a lead shield housing; irradiated diodes, transistors, capacitors, resistors,
circuit boards, voltage regulators, and other miscellaneous electrical components; reactor
fuel element ends (5 rem/hr on contact); tritium-contaminated General Electric vacuum
system, trigger gauge, transducers, hoods, vacuum pump, and panels; Pu-238, Pu-239, U235, and U-238 contaminated glove box, gamma probe, and stereo microscope; neutron
generator tubes; Pershing missile test debris; DU-contaminated weapons debris; 140 kg
DU; 60 Ci tritium.
PIT 25
Stainless steel sample cylinders; tritium-contaminated flexible vent; Pu-239 contaminated
microscope slide and slide clamps; "Hudson Moon" test debris from NTS; irradiated
diodes, transistors, capacitors, resistors, circuit boards, voltage regulators, and other
miscellaneous electrical components; one each 3.5 Ci Ir-192 source encapsulated in
concrete-filled 5-gallon A/N can; Ta-182 wire, needles, and foil in lead pigs; 4 each 10
microCi Ra-226/Be sources in a lead container encapsulated in concrete-filled 55-gallon
drum; one each 30 Ci 1r-192 source encapsulated in concrete-filled to-gallon A/N can;
Ba-133 reactor bolts; DU ballast, machine chips, cuttings, and turnings; head filters and
prefilters; DU-contaminated penetration vehicles; one each Pu-238 contaminated stereo
microscope, glove box, balance, and manipulator arm; reactor fuel element ends (5
rem/hr on contact); DU-contaminated ceramic base plates and electric furnace; irradiated
scrap nickel and reactor material; DU-contaminated sputtering shield, O-rings, and steel
wool; 15 each irradiated fission chambers; Be-contaminated glove box and balance;
irradiated floor and exhaust hood coverings; tritium-contaminated ion pump; MFPcontaminated transistors, diodes, resistors, circuits, paper, and plastic; one each iridium
iriditron, one each 11.6 microCi Ra-226 dew pointer in brass cylinder, one each DU aft
simulator; neutron generator tubes; SRAM missile test debris; DU-contaminated weapons
components; 1,431 kg DU; 76.5 Ci tritium.
PIT 26
Co-57 contaminated cleanup debris; DU machine chips, turnings, and cuttings; irradiated
diodes, transistors, capacitors, resistors, circuit boards, voltage regulators, and other
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miscellaneous electrical components; 5 each carbon rings; DU-contaminated cloth,
towels, and paper; MFP-contaminated machining wastes; 4 each 4.0 Ci Co-60 sources in
a lead container encapsulated in concrete-filled 55-gallon drum; 100 microCi Na-22; DUcontaminated Pershing missile debris; DU-contaminated Sierra Army Depot debris; 18
each 1.8 microCi Ra-226 ionization alphatron gauges encapsulated in concrete-filled 32gallon A/N can; Ta-182 wires in a lead pig; 3 each Victoreen Sr-90 ion chambers; DUcontaminated penetration ballast, noses, and aft simulators; 5 each sealed 389 microCi
Ba-133 sources; 5 each sealed 160 microCi Ra-226 sources; 2 each sealed 10 microCi
Ra-226 check sources; 2 each sealed 2.2 microCi Cs-137 check sources; 3 each sealed 4.6
microCi Co-60 solution in glass ampules; one each sealed 1.0 microCi Sr-90 solution in a
glass ampule; and one each sealed 0.6 microCi Kr-85 gas in a glass ampule; firing and
fusing sets; DU-contaminated weapons components; 5,525 kg DU; 88.5 Ci tritium.
PIT 27
One each DU nose ballast; one each tritium-contaminated shipping container; DU plates;
3 each empty steel gas cylinders; tritium targets; 2 each DU penetrators; enriched
uranium tensile bars alloyed with Fe-50; 1 kg thorium oxide; neutron generator tubes;
155 mm gun debris; 3,246 kg DU; 81 Ci tritium.
PIT 28
6 each 55-gallon drums containing DU debris; Cs-137 contaminated debris in sealed A/N
can; one each 100 microCi Victoreen Sr-90 ion chamber; 10 each irradiated headers; DUcontaminated tapered cantilever and double cantilever; neutron generator tubes.
PIT 30
20 each 0.4 Ci neutron activated aluminum reflector plates encapsulated in concrete; 4
each 187 Ci Co-60 neutron activated stainless steel tubes encapsulated in concrete;
activated stainless steel pipe containing reactor instrumentation (1,000 rem/hr on
contact); thor capsules and fragments.
PIT 31
Cs-137 contaminated reactor waste in sealed A/N can; 8 each DU ballast plugs; DU
machine chips, turnings, and cuttings; 19 each highly oxidized DU plates; miscellaneous
operational and cleanup wastes including towels, paper, packing material, wire, gloves,
and tape; one each 10 microCi Ra-226 ionostat; one each 45 mCi Kr-85 ion generator;
prefilters from exhaust systems; one each 4 mCi Ra-226/Be source, 4 each DU plates; 3
each uranium/zirconium samples; one each 16 mCi Se- 75 source in steel block; 2 each
55-gallon drums contaminated with DU oxide; quartz cloth contaminated with thorium;
1-gallon toluene absorbed on vermiculite in sealed A/N can; neutron generator tubes and
targets; DU-contaminated weapons test debris; Pershing missile test debris; 2,460 kg DU;
27.7 Ci tritium.
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PIT 32
Two pints deuterium water absorbed on vermiculite in sealed 2-gallon A/N can; one each
150 mCi Ta-182 source in lead pig; 2 each Ta-182 plugs removed from a rain erosion
rocket in sealed A/N can; neutron generator tubes and targets; DU-contaminated inner
shield assembly; Ra-226, Na-22, Ba-133, Co-60, Co-57, Mo-54, mixed isotopes (1.0
mCi) in lead pig; 6 each 1.0 mCi Se- 75 sources in lead pig; 6 kg DU-contaminated
lithium tetra-borate; 10 each Po-2l 0 static eliminators; 25 each obsolete 240 mCi Po-210
static eliminators; one each 300 mCi Ba-226 source in sealed A/N can; one each 1.0
microCi Sm-151 source in sealed A/N can; one each 0.1 mCi Pm-147 source in a sealed
A/N can; tritium-contaminated glove box; 549 kg DU; 55.6 Ci tritium.
Trace Gd-153, Eu-152, Ce-l44, Sr-85, Ba-133, Ag-110m, Tc-199, Ni-63, Na-22, and Pm147.
PIT 33
One each 24 kg DU sphere; one each 86 Ci Co-60 source in 4,000 lb. lead cask; 15 each
70 mCi Co-60 sources, one each 1.0 mCi Pm-147 source, one each 350 mCi Se-75
source, 15 each 85 mCi Cs-137 sources, and 10 each 25 mCi Ra-226 sources
encapsulated in concrete-filled 55-gallon drums; thorium-contaminated quartz cloth; 200
grams uranium hydride; one each 50 Ci Kr-85 source encapsulated in a concrete-filled
A/N can; activated stainless steel roller plate; TA- 5 hot cell decontamination debris; one
each irradiated balance; fuel element cladding and associated parts from reactor
instrumented fuel elements, vacuum system, filters, and tools (2 rem/hr on contact);
irradiated, disassembled pressure vessel and crucible; tritium targets and tubes; Three
Mile Island radiation detector; 1.6 kg Be; 2,125 kg DU; 822 Ci tritium; 1kg thorium.
PIT 34
One each 110 Ci Co-60 radiography source encapsulated in concrete-filled A/N can; one
each ultra-sonic thermometer consisting of a stainless steel tube loaded with copper,
cobalt, tantalum, thor, nickel, and iron (15 rem/hr on contact); activated stainless steel
tubing (2 rem/hr on contact); obsolete experimental equipment and parts (3 rem/hr on
contact); one each Cs-137 contaminated WESF capsule; neutron generator tubes and
targets; 200 grams activated silver; firing sets; uranyl nitrate coatings of foil; trough
assembly used in fuel element cleanup; 1,676 kg DU; 328 Ci tritium.
PIT 35
Neutron generator tubes and targets; neutron activated brass; 4 each 55-gallon drums DU
from White Sands Missile Range; one each activated stainless steel containment canister;
686 kg DU; 203 Ci tritium.
PIT 36
Neutron generator tubes and targets; one each microcomputer; irradiated diodes,
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transistors, capacitors, resistors, circuit boards, voltage regulators, and other
miscellaneous electrical components; 3 each activated stainless steel containment
canisters wrapped in polyethylene sheeting; one each weapon shipping and handling
container; thorium-contaminated Polaris missile sections; rings from reactor fuel
elements (1.7 rem/hr on contact); 4 each 55-gallon drums containing wastes contaminated
with fission products; 673 kg DU; 13.1 kg lithium.
PIT 37
Empty, no contents.
PIT U-I
1,589 kg DU in chips, machine turnings, shavings, cuttings, residue, and scrap.
PIT U-2
5,119 kg DU in chips, machine turnings, shavings, cuttings, residue, and scrap; one each
irradiated melt chamber; one each copper crucible containing DU scrap.
PIT U-3
1,114 kg DU in chips, machine turnings, shavings, cuttings, residue, and scrap; 1,000 lbs.
of Bum Site DU-contaminated soil and debris; one each DU-contaminated 300 lb.
crucible.
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Appendix 2: Social and Economic Factors Affecting Decisions about the
SMWL Environmental Management Process
Albuquerque’s Projected Growth
The Sante Fe aquifer which lies some 500 feet under the SMWL is a sole-source aquifer
for the city of Albuquerque. Between 1990 and 2000, the Albuquerque area grew by
16%. Year 2000 population data indicate a City of Albuquerque population of 448,607,
and there are approximately 715,000 people total in the Metro area. By the year 2050, the
USGS estimates that 1.55 million persons will inhabit the Albuquerque Metro region.142
One aspect of the coming population boom in Albuquerque is the plan for the Mesa Del
Sol development, parts of which will be located within one mile of the SMWL. This
development is planned as an “infill” project – development that takes place within and
between existing urban areas and therefore does not contribute to sprawl – and at capacity
will house 39,000 households, or as many as 100,000 people, by 2050.
The Mesa del Sol development could face tremendous obstacles due to its proximity to
the SMWL. According to studies conducted in the 1980s by the Nevada Nuclear Waste
Project Office and reports in Technology Review:143 “Americans suggested that they
would rather live near a chemical-waste landfill, oil refinery or pesticide plant than a
nuclear-waste repository. Indeed, those surveyed said that, even if they were convinced
that a repository was harmless, the stigma of living near one would reduce the desirability
of their communities, lower housing prices, deter tourists and job seekers, and create a
detrimental environment in which to raise children.”
In light of these types of attitudes toward nuclear waste, a group of Albuquerque realtors
banded together and sent a letter to Governor Bill Richardson requesting cleanup of the
SMWL. Their reasons were simple: with a major new development planned for the city,
they would be unable to sell properties to the majority of families who would not favor
living close to a nuclear dump. Mesa del Sol will be a highly undesirable place to live
unless the landfill is cleaned up.

Economic Factors
The DOE contends that cleanup of the SMWL is not a viable alternative due to two
factors: worker safety and cost. The worker safety issue has already been addressed in the
WERC Final Independent Peer Review144, and the review states, “The high radioactivity
of cobalt-60 is assumed by some to be a problem limiting the near-term excavation of the
MWL due to worker exposure. This is not likely to be the case.” In short, protection of
workers is available, and the Cobalt-60 source is shielded. The major concern is actually
the form of the Cobalt-60 waste, which if excavated would have to be reprocessed in
order to meet waste acceptance criteria.
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WERC 2003a.
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This last point leads directly to the economics of source removal at SMWL. Both WERC
independent peer reviewers and NMED have suggested a scenario where the SMWL is
excavated in the 30-40 year timeframe.
At present, three cost estimates exist for full cleanup including excavated and disposal of
the SMWL:
1984: $129,690,000145
1989: $181,570,000146
2003: $545,620,660147
These figures indicate that for the five-year period 1984-1989, costs for excavation
increased $10,376,000 per year, whereas in the fourteen-year period 1989-2003, costs for
excavation increased $26,003,619 per year. This may be an artifact of the different
estimating methods, but if we accept an average of $18,189,810 cost increase per year,
the cost to excavate SMWL in 2050 will be $1,400,541,707. An alternative method to
estimate the costs of cleanup in 2050 is to add in an average inflation rate to the 2003
figure projected to the year 2050. At inflation rates ranging from 1.3 to 3% per annum,
the figure would be $1,966,258,342. In either scenario, it is likely that costs will at the
very minimum triple over the next 47 years, assuming costs track inflation. This estimate
also does not account for the possibility of new information which could force
acceleration of the cleanup, nor for the ongoing costs of environmental monitoring of the
landfill. Clearly, no matter what the future cost would be under the “clean it later”
scenario, the burden would fall on future generations to fund the cleanup.
The DOE has had a long history in New Mexico, and has often touted its economic
benefits to the state; for example, in 1998 DOE claimed it was responsible for $10 billion
in economic activity in the state.148 The possible requirement to address new arsenic
standards alone (arsenic occurs at high natural background levels in New Mexico) is
estimated at $250-500 million in capital costs, with annual maintenance expenses ranging
from $5–25 million.149 This figure does not include possible new standards for drinking
water for radon or gross alpha activity. In sum, in the foreseeable future the economic
benefits of DOE’s strong presence in New Mexico may not produce a favorable
cost/benefit outcome when compared to its threat to New Mexico’s environment, and
especially on its overburdened water resources.
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Appendix 3: Toxic Air Contaminants (including USEPA HAPs)
Regulated by the State of California Air Resources Board150
Acetaldehyde
Acetamide
Acetonitrile
Acetophenone
2-Acetylaminofluorene
Acrolein
Acrylamide
Acrylic acid
Acrylonitrile
Allyl chloride
4-Aminobiphenyl
Aniline
o-Anisidine
Antimony compounds
Inorganic Arsenic and Arsenic compounds
(inorganic including arsine)
Asbestos
asbestiform varieties of serpentine (chrysotile),
riebeckite (crocidolite), cummingtonite-grunerite
(amosite), tremolite, actinolite, and anthophyllite
Benzene (including benzene from gasoline)
Benzidine
Benzotrichloride
Benzyl chloride
Beryllium Compounds
Biphenyl
Bis(chloromethyl)ether
Bis(2-ethylhexyl)phthalate (DEHP)
Bromoform
1,3-Butadiene
Cadmium and cadmium compounds
(metallic cadmium and cadmium compounds)
Calcium cyanamide
Caprolactam
Captan I
Carbaryl I
Carbon disulfide
Carbon tetrachloride (Tetrachloromethane)
Carbonyl sulfide
Catechol
150

California Air Resources Board website (http://www.arb.ca.gov/homepage.htm, accessed July 2004).
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Chloramben
Chlordane
Chlorinated dibenzo-p-dioxins and dibenzofurans
2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD)
Chlorine
Chloroacetic acid
2-Chloroacetophenone
Chlorobenzene
Chlorobenzilate
Chloroform
Chloromethyl methyl ether
Chloroprene
Chromium and Compounds
Chromium I (Hexaalent chromium)
Cobalt Compounds
Coke Oen Emissions
Cresols/Cresylic acid (isomers and mixture)
m-Cresol I
o-Cresol
p-Cresol
Cumene
Cyanide compounds
2,4-D, salts and esters I
DDE (p,p-Dichlorodiphenyldichloroethylene)
Dzomethane
Dibenzofuran
1,2-Dibromo-3-chloropropane (DBCP)
Dibutylphthalate
1,4-Dichlorobenzene (p-Dicholorobenzene)
3,3'-Dichlorobenzidene
Dichloroethyl ether (Bis(2-chloroethyl) ether)
1,3-Dichloropropene (Telone)
Dichloros (DDP) I
Diethanolamine
N,N-Diethyl aniline (N,N-Dimethylaniline)
Diethyl sulfate
3,3'-Dimethoxybenzidine
4-Dimethyl aminoazobenzene
3,3-Dimethyl benzidine (o-Tolidine)
Dimethyl carbamoyl chloride
Dimethyl formamide
1,1-Dimethyl hydrazine
Dimethyl phthalate
Dimethyl sulfate
4,6-Dinitro-o-cresol, and salts
2,4-Dinitrophenol
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2,4-Dinitrotoluene
1,4-Dioxane (1,4-Diethyleneoxide)
1,2-Diphenylhydrazine
Epichlorohydrin (1-Chloro-2,3-epoxypropane)
1,2-Epoxybutane
Ethyl acrylate
Ethyl benzene
Ethyl carbamate (Urethane)
Ethyl chloride (Chloroethane)
Ethylene dibromide (1,2-Dibromoethane)
Ethylene dichloride (1,2-Dichloroethane)
Ethylene glycol
Ethylene imine (Aziridine)
Ethylene oxide (1,2-Epoxyethane)
Ethylene thiourea
Ethylidene dichloride (1,1-Dichloroethane)
Fine mineral fibers
Formaldehyde
Glycol ethers
Heptachlor
Hexachlorobenzene
Hexachlorobutadiene
Hexachlorocyclopentadiene
Hexachloroethane
Hexamethylene-1,6-diisocyanate
Hexamethylphosphoramide
Hexane
Hydrazine
Hydrochloric acid
Hydrogen fluoride (Hydrofluoric acid)
Hydroquinone
Isophorone
Inorganic Lead and Inorganic lead compounds
(includes elemental lead)
Lead and compounds
(does not include elemental lead)
Lindane
Maleic anhydride
Manganese and compounds
Mercury and compounds
Methanol
Methoxychlor I
Methyl bromide (Bromomethane)
Methyl chloride (Chloromethane)
Methyl chloroform (1,1,1-Trichloroethane)
Methyl ethyl ketone (2-Butanone)
Methyl hydrazine
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Methyl iodide (Iodomethane)
Methyl isobutyl ketone (Hexone)
Methyl isocyanate
Methyl methacrylate
Methyl tertry butyl ether (MTBE) I
4,4'-Methylene bis(2-chloroaniline)
Methylene chloride (Dichloromethane)
4,4-Methylenedniline
Methylene diphenyl diisocyanate (MDI)
Naphthalene
Nickel and compounds
(metallic nickel & inorganic nickel compounds)
Nitrobenzene
4-Nitrobiphenyl
4-Nitrophenol
2-Nitropropane
N-Nitroso-N-methylurea
N-Nitrosodimethylamine
N-Nitrosomorpholine
Parathion
Particulate emissions from diesel-fueled engines
Pentachloronitrobenzene (Quintozene)
Pentachlorophenol
Perchloroethylene (Tetrachloroethylene) I
Phenol
p-Phenylenedmine
Phosgene
Phosphine
Phosphorus
Phthalic anhydride
Polychlorinated biphenyls (PCBs)
Polycyclic organic matter (POM)
Benzoapyrene
1,3-Propane sultone
beta-Propiolactone
Propionaldehyde
Propoxur (Baygon)
Propylene dichloride (1,2-Dichloropropane)
Propylene oxide
1,2-Propylenimine (2-Methyl aziridine)
Quinoline
Quinone
Radionuclides (including radon)
Selenium and compounds
Styrene
Styrene oxide
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1,1,2,2-Tetrachloroethane
Titanium tetrachloride
Toluene
2,4-Toluene dmine (2,4-Dminotoluene)
Toluene-2,4- diisocyanate
o-Toluidine
Toxaphene (Chlorinated camphene)
1,2,4-Trichlorobenzene
1,1,2-Trichloroethane
Trichloroethylene
2,4,5-Trichlorophenol
2,4,6-Trichlorophenol
Triethylamine
Trifluralin I
2,2,4-Trimethylpentane
inyl acetate
inyl bromide
inyl chloride
inylidene chloride (1,1-Dichloroethylene)
Xylenes (isomers and mixture)
m-Xylene
o-Xylene
p-Xylene
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