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G.1 Background
G.1.1 Radiation

Radiation exposure and its consequences are topics of interest to the general public. For this reason, this
Site-Wide Environmental Impact Statement for the Continued Operation of the Department of
Energy/National Nuclear Security Administration Nevada National Security Site and Off-Site Locations
in the State of Nevada provides the reader with the following information regarding the nature of
radiation, the consequences of exposure to radiation, and the basic concepts used to evaluate the health
effects resulting from radiation exposure.

Radiation is energy and/or mass transferred in the form of particles or waves. Globally, human beings are
exposed constantly to radiation from cosmic sources (outer space); terrestrial sources, such as the Earth’s
rocks and soils; and radionuclides that are naturally present in the human body. This radiation contributes
to the natural background radiation that always surrounds us. Manmade sources of radiation also exist,
including medical and dental x-rays, household smoke detectors, and materials released from nuclear and
coal-fired power plants.

All matter in the universe is composed of atoms. Radiation comes from the activity of tiny particles
within an atom. An atom consists of a positively charged nucleus (the central part of an atom) and a
number of negatively charged electron particles that orbit the nucleus. There are two types of particles in
the nucleus: neutrons, which are electrically neutral, and protons, which are positively charged. Atoms
with different numbers of protons are known as elements. There are more than 100 natural and manmade
elements. An element has equal numbers of electrons and protons. When atoms of an element differ in
their number of neutrons, they are called isotopes of that element. All elements have three or more
isotopes, some or all of which could be unstable (i.e., change over time).

Unstable isotopes undergo spontaneous change, known as radioactive disintegration or radioactive decay.
The process of continuously undergoing spontaneous disintegration is called radioactivity. The
radioactivity of a material decreases with time. The time it takes a material to lose half of its original
radioactivity is its half-life. An isotope’s half-life is a measure of its decay rate. For example, an isotope
with a half-life of 8 days will lose one-half of its radioactivity in that amount of time. In 8 more days,
one-half of the remaining radioactivity will be lost, and so on. Each radioactive element has a
characteristic half-life. The half-lives of various radioactive elements vary from millionths of a second to
millions of years.

As unstable isotopes change into more-stable forms, they emit energy and/or particles (mass). A particle
may be an alpha particle (a helium nucleus), a beta particle (an electron), or a neutron, with various levels
of kinetic energy. Sometimes these particles are emitted in conjunction with gamma rays. The particles
and gamma rays are referred to as “ionizing radiation.” Ionizing radiation means that the particles and
gamma rays can ionize, or electrically charge, an atom by stripping off one or more of its electrons. Even
though gamma rays do not carry an electrical charge, they can ionize atoms by ejecting electrons as they
pass through an element, indirectly causing ionization. Ionizing radiation can change the chemical
composition of many things, including living tissue (organs), which can affect the way they function.
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When a radioactive isotope of an element emits a particle, it changes to an entirely different element or
isotope, one that may or may not be radioactive. Eventually, a stable element is formed. This
transformation, which may take several steps, is known as a decay chain. For example, radium, a member
of the radioactive decay chain of uranium-238, has a half-life of 1,600 years. It emits an alpha particle
and becomes radon, a radioactive gas with a half-life of only 3.8 days. Radon decays first to polonium,
then through a series of further decay steps to bismuth, and ultimately to a stable isotope of lead. The
characteristics of various forms of ionizing radiation are briefly described below.

e Alpha (o) particles — Alpha particles are the heaviest type of ionizing radiation. They can travel
only a few centimeters in air. Alpha particles lose their energy almost as soon as they collide with
anything. They can be stopped easily by a sheet of paper or by the skin’s surface.

e Beta (B) particles — Beta particles are much (7,300 times) lighter than alpha particles. They can
travel a longer distance than alpha particles in the air. A high-energy beta particle can travel a
few meters in the air. Beta particles can pass through a sheet of paper, but may be stopped by a
thin sheet of aluminum foil or glass.

e Gamma (y) rays — Gamma rays (and x-rays), unlike alpha or beta particles, are a form of
electromagnetic radiation, similar to, but more energetic than, visible light. Gamma rays travel at
the speed of light. Gamma radiation is very penetrating and requires a large mass, such as a thick
wall of concrete, lead, or steel, to stop it.

e Neutrons (n) — Neutrons are particles that contribute to radiation exposure both directly and
indirectly. The most prolific source of neutrons is a nuclear reactor. Indirect radiation exposure
occurs when gamma rays and alpha particles are emitted following neutron capture in matter. A
neutron has about one-quarter the mass of an alpha particle. It will travel in the air until it is
absorbed by another element.

G.1.1.1 Radiation Measurement Units

During the early days of radiological experimentation, there was no precise measurement unit for
radiation. Therefore, various units were used to identify the amount, type, and intensity of radiation.
Amounts of radiation or its effects can be measured in units of curies, radiation absorbed dose (rad), or
dose equivalent (roentgen equivalent man, or rem). These units are described below.

e Curie — The curie, named after the scientists Marie and Pierre Curie, describes the “intensity” or
activity of a sample of radioactive material. The rate of decay of 1 gram of radium was the basis
of this unit of measure. Because the measured decay rate kept changing slightly as measurement
techniques became more accurate, 1 curie was subsequently defined as exactly 37 billion
disintegrations (decays) per second.

e Rad — The rad is used to measure the physical absorption of radiation. The total energy absorbed
per unit quantity of tissue is referred to as the “absorbed dose” (or simply dose). As sunlight
heats pavement by giving up an amount of energy to it, radiation similarly gives up energy to
objects in its path. One rad is equal to the amount of radiation that leads to the deposition of
0.01 joules of energy per kilogram of absorbing material (a joule is a metric unit of energy,
equivalent to 1 watt-second or 0.239 calories of energy per kilogram of absorbing material).

e Rem — The rem is used to measure dose equivalent. The dose equivalent in rem equals the
absorbed dose in rad in tissue multiplied by the appropriate quality factor (the biological
effectiveness of a given type of radiation) and possibly other modifying factors. The rem is used
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to measure the effects of radiation on the body similar to the way degrees Celsius or Fahrenheit
(°C or °F) are used to measure the effects of sunlight heating pavement. Thus, 1 rem from one
type of radiation is presumed to have the same biological effects as 1 rem from any other kind of
radiation. This allows comparison of the biological effects of radionuclides that emit different
types of radiation. One-thousandth of a rem is called a millirem.

e Person-rem — The person-rem is used to measure collective radiation dose, i.e., the sum of the
individual doses received by a population or group from exposure to a specified source of
radiation.

The units of measure for radiation in the International System of Units are becquerels (used to measure
source intensity [activity]), grays (used to measure absorbed dose), and sieverts (used to measure dose
equivalent).

An individual may be c?xposed to iopizing radiation Equivalent Radiation Units in the
externally (from a radioactive source outside the body) or International System of Units
internally (from ingesting or inhaling radioactive material). Traditional International
The external dose is different from the internal dose raul '_(:na ; e:na '3"1
because an external dose is delivered only during the actual nt ystem 2ni
time of exposure to the external radiation source, while an 1 curie 3.7x10"° becquerels (Bq)
1nt§mal . dose continues to be delivered as long as the 1 rad 0.01 grays (Gy)
radioactive source is in the body. The dose from internal _

. . . 1rem 0.01 sieverts (Sv)
exposure is typically calculated over 50 years following the

initial exposure. Both radioactive decay and elimination of
the radionuclide by ordinary metabolic processes decrease the dose rate with the passage of time.

Doses projected from normal operations and from accidents are reported in terms of total effective dose
equivalent, the sum of the effective dose equivalent due to penetrating radiation from sources external to
the body and the committed effective dose equivalent from internal deposition of radionuclides. The
committed effective dose equivalent is an estimate of the radiation dose to a person resulting from
inhalation or ingestion of radioactive material that takes into account the radiation sensitivities of different
organs and the time (up to 50 years) a particular substance stays in the body (further discussed in
Section G.1.1.3).

G.1.1.2 Sources of Radiation

The average American receives a total dose of approximately 620 millirem per year from all sources of
radiation, both natural and manmade (see Table G—1); approximately 311 millirem per year of this total
are from natural sources (NCRP 2009). The sources of radiation can be divided into six different
categories: (1) cosmic radiation, (2) external terrestrial radiation, (3) internal radiation, (4) medical
diagnosis and therapy, (5) consumer products, and (6) other sources. These categories are discussed in
the following paragraphs.
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Table G-1 Ubiquitous Background and Manmade Sources of Radiation Exposure to Individuals
Unrelated to the Nevada National Security Site

Source Effective Dose (millirem per year) *
Ubiquitous Background 311
Cosmic radiation 33
External terrestrial radiation 21
Internal radiation (other than radon) 29
Radon 228
Medical 300
Computed tomography 147
Radiography, fluoroscopy 76
Nuclear medicine 77
Consumer 13
Other less than 1
Total (rounded) 620

* Averages for an individual in the U.S. population.
Source: NCRP 2009.

Cosmic radiation. Cosmic radiation is ionizing radiation resulting from the energetic charged particles
from space that continuously hit the Earth’s atmosphere. These particles, as well as the secondary
particles and photons they create, constitute cosmic radiation. Because the atmosphere provides some
shielding against cosmic radiation, the intensity of this radiation increases with the altitude above sea
level. The average dose to a person in the United States from this source is approximately 33 millirem
per year.

External terrestrial radiation. External terrestrial radiation is the radiation emitted from the radioactive
materials in the Earth’s rocks and soils. The average individual dose from external terrestrial radiation is
approximately 21 millirem per year.

Internal radiation. Internal radiation results from inhalation or ingestion of natural radioactive material.
Natural radionuclides in the body include isotopes of uranium, thorium, radium, radon, polonium,
bismuth, potassium, rubidium, and carbon. The major contributors to the annual dose equivalent for
internal radioactivity are the short-lived decay products of radon, which contribute approximately
228 millirem per year. The average individual dose from other internal radionuclides is approximately
29 millirem per year.

Medical diagnosis and therapy. Radiation is an important tool for the diagnosis and treatment of
medical conditions and illnesses. Diagnostic x-rays, including fluoroscopy and computed tomography,
result in an average dose of 223 millirem per year. Nuclear medical procedures result in an average dose
of 77 millirem per year.!

Consumer products. Consumer products also contain sources of ionizing radiation. In some products,
such as smoke detectors and airport x-ray machines, the radiation source is essential to the product’s
operation. In other products, such as televisions and tobacco, the user is incidentally exposed to radiation
as the products function. The average dose from consumer products is approximately 13 millirem per
year.

1 Exposures from nuclear diagnostic and medical procedures vary over a wide range, depending on the procedure. The
reported values are average annual doses in the U.S. population (NCRP 2009).

G-4



Appendix G
Human Health Impacts

Other sources. There are a few additional sources of radiation that contribute minor doses to individuals
in the United States. The dose from nuclear fuel cycle facilities (e.g., uranium mines, mills, and fuel
processing plants) and nuclear power plants has been estimated to be less than 1 millirem per year.
Radioactive fallout from atmospheric atomic bomb tests, emissions from certain mineral extraction
facilities, and transportation of radioactive materials contribute less than 1 millirem per year to the
average dose to an individual. Air travel contributes approximately 1 millirem per year to the
average dose.

G.1.1.3 Exposure Pathways

As stated earlier, an individual may be exposed to ionizing radiation both externally and internally. The
different routes that could lead to radiation exposure are called exposure pathways. Each type of
exposure and its associated exposure pathways are discussed separately in the following paragraphs.

External exposure. External exposure results from exposure to radiation outside the body via any of
several different pathways, including exposure to a cloud of radiation passing over the receptor
(an exposed individual), standing on ground that is contaminated with radioactivity, and swimming or
boating in contaminated water. If the receptor departs from the source of radiation exposure, the dose rate
will decrease. It was assumed that external exposure occurs uniformly during the year. The appropriate
dose measure for external pathways is called the effective dose equivalent.

Internal exposure. Internal exposure results from a radiation source entering the human body through
either inhalation of contaminated air or ingestion of contaminated food or water. In contrast to external
exposure, once a radiation source enters the body, it remains there for a period of time that varies
depending on its biological half-life (the time required for a radioactive material taken in by a living
organism to be reduced to half the initial quantity by a combination of biological elimination processes
and radioactive decay). The absorbed dose to each organ of the body is calculated for a period of
50 years following the intake. Various organs have different susceptibilities to harm from radiation. The
calculated absorbed dose is called the committed dose equivalent; this quantity takes these different
susceptibilities into account and provides a broad indicator of the risk to the health of an individual from
radiation. The committed effective dose equivalent is a weighted sum of the committed dose equivalent
in each major organ or tissue. The concept of committed effective dose equivalent applies only to internal
pathways.

G.1.1.4 Radiation Protection Guides

Various organizations have issued radiation protection guides. The responsibilities of the main radiation
safety organizations, particularly those that affect policies in the United States, are summarized below.

International Commission on Radiological Protection (ICRP). The ICRP is responsible for providing
guidance in matters of radiation safety. The operating policy of this organization is to prepare
recommendations that address basic principles of radiation protection, leaving to the various national
protection committees the responsibility to prepare detailed technical regulations, recommendations, or
codes of practice that are best suited to the needs of their countries.

National Council on Radiation Protection and Measurements. In the United States, this council is the
national organization responsible for adapting and providing detailed technical guidelines to implement
ICRP recommendations. The council consists of technical experts who are specialists in radiation
protection and scientists who are experts in disciplines that form the basis for radiation protection.

National Research Council/National Academy of Sciences. The National Research Council, which
functions under the auspices of the National Academy of Sciences, integrates the broad science and

G-5



Draft Site-Wide Environmental Impact Statement for the Continued Operation of the Department of Energy/National Nuclear
Security Administration Nevada National Security Site and Off-Site Locations in the State of Nevada

technology community with the Academy’s mission to further knowledge and advise the Federal
Government. The National Research Council’s Committee on the Biological Effects of Ionizing
Radiation (BEIR Committee) prepares reports to advise the Federal Government on the health
consequences of radiation exposure.

U.S. Environmental Protection Agency (EPA). EPA has published a series of documents under the title
Radiation Protection Guidance to Federal Agencies. This guidance is used as a regulatory benchmark by
a number of Federal agencies, including the U.S. Department of Energy (DOE), for the purpose of
limiting public and occupational workforce exposures to the greatest extent possible.

U.S. Nuclear Regulatory Commission (NRC). NRC regulates source materials, special nuclear
materials, and byproduct materials used by commercial entities, such as nuclear power plants, either
directly or through state agreements. NRC has promulgated “Standards for Protection Against Radiation”
in Title 10 of the Code of Federal Regulations (CFR), Part 20 (10 CFR Part 20), which apply to
commercial uses of the materials listed above.

U.S. Department of Energy. DOE establishes requirements for radiological protection at DOE sites in
regulations and orders. Requirements for worker protection are included in “Occupational Radiation
Protection (10 CFR Part 835). Radiological protection of the public and environment is addressed in
Radiation Protection of the Public and the Environment (DOE Order 458.1).

G.1.1.5 Radiation Exposure Limits

Radiation exposure limits for members of the public and radiation workers are derived from ICRP
recommendations. EPA uses National Council on Radiation Protection and Measurements and ICRP
recommendations to set specific annual exposure limits (usually lower than those specified by the ICRP)
in its radiation protection guidance to Federal agencies. Each regulatory organization then establishes its
own set of radiation standards. The various exposure limits set by DOE and EPA for radiation workers
and members of the public are given in Table G-2.

Table G-2 Radiation Exposure Limits for Members of the Public and Radiation Workers

Public Exposure Limits Worker
Guidance Criteria (Organization) at the Site Boundary Exposure Limits
10 CFR Part 835 (DOE) - 5,000 millirem per year *
10 CFR 835.1002 (DOE) - 1,000 millirem per year °
DOE Order 458.1 (DOE) ¢ 100 millirem per year (all pathways) -

40 CFR Part 61, Subpart H (EPA) | 10 millirem per year (all air pathways) -

40 CFR Part 141 (EPA) 4 millirem per year (drinking-water pathway) -

CFR = Code of Federal Regulations; EPA = U.S. Environmental Protection Agency.

¢ Although this measurement is a limit (or level) that is enforced by DOE, worker doses must be managed in accordance
with as low as reasonably achievable principles. Refer to footnote b.

This measurement is a control level. DOE established this level to assist in achieving its goal of maintaining radiation
doses as low as reasonably achievable. DOE recommends that facilities adopt a more-limiting 500-millirem-per-year
Administrative Control Level (DOE 2008). Facility operators must make reasonable attempts to maintain individual
worker doses below these levels.

Consistent with 10 CFR Part 20. DOE Order 458.1 invokes the requirements of 40 CFR Part 61, Subpart H, and 40 CFR
Part 141 for the air pathway and drinking water, respectively.
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G.1.1.6 Human Health Effects due to Exposure to Radiation

To provide the background for discussions of impacts, this section explains the basic concepts used in the
evaluation of radiation effects. Radiation can cause a variety of damaging health effects in humans. The
most significant effects are induced cancer fatalities, called latent cancer fatalities (LCFs) because the
onset of cancer may take many years to develop after the radiation dose is received. In this site-wide
environmental impact statement (SWEIS), LCFs are used to measure the estimated risk due to radiation
exposure.

Cancer is a group of diseases characterized by the uncontrolled growth and spread of abnormal cells.
Cancer is caused by both external factors (tobacco, infectious organisms, chemicals, and radiation) and
internal factors (inherited mutations, hormones, immune conditions, and mutations that occur from
metabolism). For the U.S. population of about 310 million, the American Cancer Society estimated that,
in 2010, about 1,529,560 new cancer cases would be diagnosed and about 569,490 cancer deaths would
occur. Approximately one-third of U.S. cancer deaths are estimated to be caused by tobacco use and
about one-third are related to overweight or obesity, physical inactivity, and poor nutrition. The average
U.S. resident has about 4 chances in 10 of developing an invasive cancer over his or her lifetime
(44 percent probability for males, 38 percent for females). Nearly 25 percent of all deaths in the
United States are due to cancer (American Cancer Society 2010).

The National Research Council’s BEIR Committee has prepared a series of reports to advise the Federal
Government on the health consequences of radiation exposure. Based on its 1990 report, Health Effects
of Exposure to Low Levels of lonizing Radiation, BEIR V (National Research Council 1990), the former
Committee on Interagency Radiation Research and Policy Coordination recommended cancer risk factors
of 0.0005 per rem for the public and 0.0004 per rem for working-age populations (CIRRPC 1992).
In 2002, the Interagency Steering Committee on Radiation Standards (ISCORS) recommended that
Federal agencies use conversion factors of 0.0006 fatal cancers per rem for mortality and 0.0008 cancers
per rem for morbidity when making qualitative or semi-quantitative estimates of risk from radiation
exposure to members of the general public. No separate values were recommended for workers. The
DOE Office of Environmental and Policy Guidance subsequently recommended that DOE personnel and
contractors use the risk factors recommended by ISCORS, stating that, for most purposes, the value for
the general population (0.0006 fatal cancers per rem) could be used for both workers and members of the
public in National Environmental Policy Act (NEPA) analyses (DOE 2003).

Recent publications by both the BEIR Committee and the ICRP support the continued use of the
ISCORS-recommended risk values. Health Risks from Exposure to Low Levels of lonizing Radiation:
BEIR VII Phase 2 (National Research Council 2006) reported fatal cancer risk factors of 0.00048 per rem
for males and 0.00066 per rem for females in a population with an age distribution similar to that of the
entire U.S. population (average value of 0.00057 per rem for a population with equal numbers of males
and females). ICRP Publication 103 (Valentin 2007) recommends nominal cancer risk coefficients of
0.00041 and 0.00055 per rem for adults and the general population, respectively, and estimates the risk
from heritable effects to be about 3 to 4 percent of the nominal fatal cancer risk (see Table G-3).

Accordingly, a risk factor of 0.0006 LCFs per rem was used in this SWEIS to estimate risk due to
radiation doses from normal operations and accidents. For high individual doses (greater than or equal to
20 rem), the health risk factor was multiplied by 2 (NCRP 1993).

Using the risk factors discussed above, a calculated dose can be used to estimate the risk of an LCF. For
example, if each member of a population of 100,000 people were exposed to a one-time dose of
100 millirem (0.1 rem), the collective dose would be 10,000 person-rem (100,000 persons times 0.1 rem).
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Using the risk factor of 0.0006 LCFs per person-rem, this collective dose is expected to cause 6 additional
LCFs in this population (10,000 person-rem times 0.0006 LCFs per person-rem).

Table G-3 Nominal Health Risk Estimators Associated with Exposure to Ionizing Radiation 2

Exposed Population Cancer" Genetic Effects Total
Worker (adult) ¢ 0.00041 0.00001 0.00042
Whole 0.00055 0.00002 0.00057

* Risk per rem (individual dose) or person-rem (population dose). For individual doses equal to or greater than 20 rem, the
health risk estimators are multiplied by 2.

® Risk of all cancers, adjusted for lethality and quality-of-life impacts.

¢ Ages 18-64 years.

Source: Valentin 2007:Table A.4.4.

Calculations of the number of LCFs sometimes do not yield whole numbers and may yield a number less
than 1. For example, if each individual of a population of 100,000 people were to receive an annual dose
of 1 millirem (0.001 rem), the collective dose would be 100 person-rem, and the corresponding risk of an
LCF would be 0.06 (100,000 persons times 0.001 rem times 0.0006 LCFs per person-rem). A fractional
result should be interpreted as a statistical estimate. That is, 0.06 is the average number of LCFs expected
if many groups of 100,000 people were to experience the same radiation exposure situation. For most
groups, no LCFs would occur; in a few groups, 1 LCF would occur; in a very small number of groups,
2 or more LCFs would occur. The average number of LCFs over all of the groups would be 0.06 (just
like the average of 0, 0, 0, and 1 is 1 divided by 4, or 0.25). In the preceding example, the most likely
outcome for any single group would be 0 LCFs. In this SWEIS, LCFs calculated for a population are
presented as both the rounded whole number, representing the most likely outcome for that population,
and the calculated statistical estimate of risk, which is presented in parentheses.

The numerical estimates of LCFs presented in this SWEIS were obtained using a linear extrapolation
from the nominal risk estimated for lifetime total cancer mortality resulting from a dose of 0.1 grays
(10 rad). Other methods of extrapolation to the low-dose region could yield higher or lower numerical
estimates of LCFs. Studies of human populations exposed to low doses are inadequate to demonstrate the
actual level of risk. There is scientific uncertainty about cancer risk in the low-dose region below the
range of epidemiologic observation. However, a comprehensive review of available biological and
biophysical data supports a “linear no-threshold” risk model in which the risk of cancer proceeds in a
linear fashion at lower doses without a threshold and the smallest dose has the potential to cause a small
increase in risk to humans (National Research Council 2006).

G.1.2 Chemicals

The reprocessing of nuclear fuels, the manufacture of nuclear materials, and the processing of fuel cycle
waste entail the use of chemicals. Some of the more-hazardous chemicals could pose risks to human
health, even to the point of being fatal, if they are accidentally released to the environment or if they come
into contact with workers in an occupational setting. The risks from exposure are of two general types:
toxic, noncarcinogenic (non-cancer-causing) effects and cancer-inducing effects. In addition, the
presence of some chemicals may pose a physical hazard to humans, such as chemical burns of the skin or
internal organs, explosions or thermal hazards, displacement of oxygen, or runaway chemical reactions
that cause high-energy release events.
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G.1.2.1 Toxic or Hazardous Chemical

Nearly every chemical that exists can be detrimental to human health under specific exposure conditions.
A large number, both carcinogenic (cancer-causing) and noncarcinogenic, are specifically addressed in
Occupational Safety and Health Administration (OSHA) regulations. The exposure limit or guideline for
any given substance depends on the basic toxic or hazardous properties of the material; its physical
properties (solid, liquid, gas, or vapor); the circumstances of exposure (inhalation, consumption of water
or food, or contact with soil or contaminated surfaces); and whether the exposure occurs at a low rate
during normal operations or at a high rate as a result of an accident. Occupational exposure limitations
and other controls for specific toxic or hazardous chemicals are provided in various sections of the
“Occupational Safety and Health Standards” (29 CFR Part 1910). Acute exposure concentration
guidelines for more than 3,000 chemicals have been developed by DOE and others for use in hazard
analysis and emergency planning and response (DOE 2008).

G.1.2.2 Chemical Usage

Chemical usage categories include process chemicals and nonprocess chemicals that support and maintain
waste management operations. Process chemicals are those required in the direct processing of waste.
The specific chemicals used depend on the specific processes chosen. The waste being processed, with its
various chemical constituents, also falls into the category of process chemicals. Nonprocess chemicals
that support and maintain waste management operations are typically cleaning fluids and lubricants.

G.1.2.3 Exposure Pathways

To cause toxic effects on human biological systems, chemicals must make contact with or be introduced
into the body. There are three general means of entry into the body: inhalation, ingestion, and dermal
(skin) contact. The effects through a particular pathway depend essentially on the properties of the toxic
chemical, its concentration in one or more environmental media (air, water, and soil), and human
behavior. Exposure may be dominated by contact with chemicals in a single medium or may reflect
concurrent contacts with multiple media.

G.1.2.4 Chemical Exposure Limits and Criteria

Exposure to chemicals in occupational settings is limited to levels within applicable OSHA Permissible
Exposure Limits (29 CFR Part 1910) or the American Conference of Governmental Industrial Hygienists
Threshold Limit Values (ACGIH 2002). Exposures are typically maintained below the levels specified in
these references by either engineered controls or the use of protective equipment.

The flammable and explosive hazards associated with chemicals are typically controlled through
standards promulgated by OSHA (29 CFR 1910.106). These standards address chemical storage and
labeling, as well as the information required to be provided to the worker.

For accidental airborne releases of hazardous chemicals into the environment, DOE has specified criteria
to be used as indicators of human health impacts resulting from acute exposures (DOE Guide 151.1-2).
For each specific hazardous chemical of concern, criteria are drawn from one of the following systems
(listed in order of preference): the Acute Exposure Guideline Levels (AEGLs) promulgated by EPA; the
Emergency Response Planning Guidelines (ERPGs), published by the American Industrial Hygiene
Association; and the Temporary Emergency Exposure Limits (TEELs), developed by DOE. The system
of AEGLs includes values for five exposure periods, ranging from 10 minutes to 8 hours. However, the
ERPG and TEEL systems provide values only for exposures of 1 hour. To allow the systems to be used
together, DOE has specified that the 1-hour (60-minute) AEGL values are to be used. For the chemicals
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addressed by each system, three exposure levels (i.e., thresholds), expressed in terms of airborne
concentrations, have been developed. Although the specific definitions vary slightly between the
systems, the levels of human health impact associated with exposure for 1 hour to each airborne
concentration level can be paraphrased as follows: exposures of up to 1 hour at or below level 1 may
result in mild, transient, adverse health effects; exposures of up to 1 hour above level 1 and up to level 2
should not result in irreversible or other serious health effects or symptoms that could impair a person’s
ability to take protective action; exposures of up to 1 hour above level 2 and up to level 3 should not
result in an experience or development of life-threatening health effects; and exposures of up to 1 hour
above level 3 could result in life-threatening health effects or death. DOE has specified that level 2 is the
threshold above which unacceptable human health effects may be experienced. At concentrations above
level 2, action should be taken to avoid, reduce, or mitigate human exposure. Level 3 has been identified
as the threshold above which severe human health effects are expected.

G.1.2.5 Health Effects of Hazardous Chemical Exposure

Various chemicals invoke different types of damage to human biological systems. The harm may even
vary according to the sensitivity of each individual person exposed. Hazardous chemical releases from
routine operations generally are expected to result in concentrations below levels that would cause acute
toxic health effects. Acute toxic health effects generally result from short-term exposure to relatively
high concentrations of the toxic contaminant, such as those resulting from accidental releases. Long-term
exposure to lower concentrations can produce adverse chronic health effects, both carcinogenic and
noncarcinogenic. Excess incidences of cancer are the endpoint of carcinogenic effects. However, a
spectrum of chemical-specific noncancer health effects (e.g., headaches, skin irritation, neurotoxicity,
immunotoxicity, reproductive and genetic toxicity, liver/kidney toxicity, and developmental toxicity)
could be observed due to exposure to noncarcinogenic compounds.

G.2 Radiological Impacts from Normal Operations

Estimated public radiological impacts from normal operations were determined via two separate modes:
(1) the use of established dose information contained in recent documentation, including annual site
environmental reports and National Emission Standards for Hazardous Air Pollutants (NESHAPs)
reports; and (2) the modeling of additional sources that have not been explicitly analyzed in such
reporting mechanisms. Total estimated impacts from these two modes were then summed to provide a
high-sided projected aggregate of the impacts that could be incurred by the public from the alternatives
analyzed in this SWEIS. The GENII [Hanford Environmental Radiation Dosimetry Software System]
Version 2 (GENII-2) computer code (PNNL 2007), described in Section G.6.1, was used to model
impacts from normal operations that result in more-chronic emissions. The MACCS2 [MELCOR
Accident Consequences Code System] Version 1.13.1 computer code, discussed in Section G.6.2, is
usually used to evaluate the impacts of accidents. It was used to assess certain normal operational
impacts that are expected from planned activities such as detonations involving depleted uranium at the
Big Explosives Experimental Facility (BEEF), as well as tracer experiments (for more information on
these activities, see the descriptions provided in Chapter 3 and Appendix A of this SWEIS). Although
MACCS?2 is not conventionally utilized for modeling normal operational impacts, it was deemed more
appropriate for modeling depleted uranium detonation and tracer experiment scenarios than GENII-2 due
to the acute nature of the scenarios’ associated puff releases.

Radiological impacts of chronic releases during normal operations were calculated using GENII-2
(PNNL 2007). Site-specific input data were used, including location, meteorology, population, and
source terms.
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Appendix G
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G.2.1 GENII-2 Input Data

To perform dose assessments for this SWEIS, different types of data were collected or generated. This
section discusses the various data and the assumptions that were made in performing the dose
assessments.

Normal operational dose assessments were modeled for members of the general public for the Nevada
National Security Site (NNSS) Dense Plasma Focus Facility (DPFF) and the North Las Vegas Facility
(NLVF) to determine the incremental doses that would be associated with operations at these facilities
under the alternatives addressed in this SWEIS. Incremental doses for members of the public were
calculated (via GENII-2) for two different types of receptors:

e Maximally exposed individual (MEI) — The MEI for air releases was assumed to be an individual
member of the public located at a position on the site boundary that would yield the highest
impacts during normal operations. For a given facility (or point of release), the specific MEI
location may be different than the MEI location for another facility. The MEI locations that were
used for GENII-2 modeling were 9.1 miles due east of BEEF (Expanded Operations Alternative)
and 1.4 miles due east of the Area5 Radioactive Waste Management Complex (RWMC)
(No Action and Reduced Operations Alternatives) for DPFF and 0.06 miles due east of NLVF.
(See Section G.2.1.4 for MEI locations.)

e Population — The general population living within 50 miles of DPFF (conservatively modeled
from the nearby Area 5 RWMC) and NLVF. (See Section G.2.1.2 for population distributions.)

G.2.1.1 Meteorological Data

The NNSS meteorological data used for modeling normal operational scenarios using GENII-2 were in
one of two formats that are compatible with the code: joint frequency distribution format or SAMSON
[Solar and Meteorological Surface Observational Network] format (PNNL 2007). The joint frequency
distribution files were based on measurements taken over a period of 5 years (2004 to 2008) at the NNSS.
The joint frequency distribution data from Meteorological Station 5 (located in Area 5) are presented in
Table G—4. The data in Table G—4 are provided in terms of percentages, for which each value represents
the fraction of time the wind blows in a certain direction, in a certain windspeed category, and within a
certain stability class. For modeling emissions from NLVF, hourly data files (in SAMSON format) for
the city of Las Vegas were acquired from EPA’s website (EPA 2010). The most recently available
5 years of data (1986 to 1990) were used to provide an average representation for Las Vegas meteorology.
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Table G—4 Joint Frequency Distribution Data Files Used for Normal Operational Analyses at the Nevada National Security Site

Nevada National Security Site Meteorological Station 5 (2004-2008)
Data Collected at a 10-Meter Height

Average Wind Direction (from)
Windspeed

(m/s) SC N NNE NE ENE E ESE SE SSE S SSwW SW WSW W WNW NW NNW
A 0.13 0.12 0.1 0.08 0.03 0.06 0.05 0.08 0.13 0.17 0.16 0.19 0.2 0.14 0.14 0.2
B 0.81 0.66 0.51 0.34 0.29 0.27 0.34 0.32 0.42 0.6 0.74 0.76 0.92 1.01 1 0.88
C 0.09 0.08 0.1 0.1 0.14 0.08 0.09 0.07 0.1 0.09 0.13 0.13 0.09 0.07 0.11 0.12

0.77 D 0.1 0.11 0.09 0.06 0.1 0.04 0.07 0.07 0.06 0.09 0.09 0.1 0.1 0.13 0.16 0.12
E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
F 0.29 0.32 0.32 0.47 0.57 0.49 0.44 0.33 0.26 0.33 0.4 0.3 0.2 0.2 0.28 0.28
G 1.84 1.84 2.03 2.44 3.18 2.68 2.45 1.76 1.74 1.99 2.54 2.24 1.8 1.69 1.71 1.75
A 0.03 0.04 0.03 0.02 0.01 0.02 0.02 0.03 0.05 0.16 0.39 0.31 0.06 0.02 0.02 0.03
B 0.22 0.23 0.18 0.11 0.08 0.06 0.09 0.15 0.15 0.35 0.85 0.53 0.16 0.22 0.4 0.28
C 0.06 0.08 0.07 0.08 0.07 0.05 0.08 0.07 0.07 0.15 0.15 0.07 0.04 0.04 0.05 0.05

2.57 D 0.28 0.29 0.19 0.12 0.17 0.13 0.16 0.11 0.19 0.4 0.48 0.2 0.17 0.24 0.32 0.27
E 0.05 0.04 0.08 0.1 0.1 0.06 0.08 0.07 0.11 0.11 0.11 0.07 0.06 0.06 0.06 0.06
F 0.45 0.47 0.44 0.46 0.51 0.56 0.52 0.4 0.47 0.62 0.67 0.34 0.28 0.28 0.33 0.38
G 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
B 0.05 0.06 0.04 0.02 0.01 0.02 0.03 0.05 0.06 0.24 0.62 0.3 0.04 0.04 0.09 0.05
C 0.15 0.15 0.06 0.03 0.06 0.03 0.07 0.04 0.08 0.4 0.84 0.33 0.04 0.03 0.09 0.08

4.37 D 0.33 0.38 0.22 0.07 0.07 0.06 0.11 0.08 0.13 0.52 1 0.29 0.08 0.05 0.14 0.19
E 0.5 0.63 0.34 0.14 0.1 0.08 0.08 0.07 0.16 0.52 0.77 0.28 0.09 0.1 0.11 0.17
F 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
G 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
B 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C 0.08 0.03 0.02 0 0.01 0.02 0.02 0.01 0.04 0.4 0.57 0.09 0.01 0.02 0.04 0.03

6.95 D 0.77 1.08 0.28 0.07 0.07 0.08 0.14 0.05 0.18 1.96 3.5 0.49 0.07 0.11 0.21 0.29
E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
F 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
G 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

DPDAN JO 21D)S Y] Ul SUOIDIOT ANIS-HJO) pup 231§ (J14NI2S [PUOYDN DPDAIN UOYDISIUIUPY AJ1INDDS
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Nevada National Security Site Meteorological Station 5 (2004-2008)

Data Collected at a 10-Meter Height

Average Wind Direction (from)
Windspeed
(m/s) SC N NNE NE ENE E ESE SE SSE N SSW SW WSW w WNW NW NNW
A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
B 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C 0.01 0.01 0 0 0 0.01 0.01 0 0 0.05 0.02 0 0 0 0.01 0.01
9.77 D 0.21 0.16 0.04 0 0 0.03 0.05 0.01 0.07 1.54 1 0.05 0.01 0.04 0.08 0.08
E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
F 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
G 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
B 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C 0 0.01 0 0 0 0 0 0 0 0.03 0 0 0 0 0.01 0.01
10.8 D 0.04 0.01 0 0.01 0 0.01 0.04 0.01 0.07 0.57 0.13 0 0 0 0.03 0.02
E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
F 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
G 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

m/s = meters per second; SC = stability class.

Note: To convert meters to feet, multiply by 3.2808.
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G.2.1.2 Population Data

Population distributions used in the impact assessments were based on U.S. Department of Commerce
state population census numbers (DOC 2008; ESRI 2008) and the most recently available U.S. census
information (the 2000 U.S. census). The population estimates are projected to the approximate middle
year of the 10-year period of operations examined in this SWEIS (year 2016). Population distributions
were spatially distributed on a circular grid with 16 directions and 10 radial distances up to 50 miles.
Grids were centered at the locations from which radionuclides were assumed to be released. Population
distributions centered on each potential release point are provided below in Table G—5 and were used, as
applicable, as input to either GENII-2 or MACCS2 modeling. The population estimates presented in
Table G5 differ from the 50-mile population presented in Chapter 4, Section 4.1.12. Chapter 4 describes
the affected environment, and the population of 42,871 cited in Section 4.1.12 represents an estimate of
the number of people living within 50 miles of the Area 6 Control Point (DOE/NV 2005).

Table G5 Population Distribution within 50 Miles of Release Points

Distance (miles)
Direction | 0-1 | 12 | 23 | 34 | 45 | 510 | 1020 | 2030 | 3040 | 40-50
Big Explosives Experimental Facility
NNE 0 0 0 0 0 0 0 11 30 50
NE 0 0 0 0 0 0 9 30 42 54
ENE 0 0 0 0 0 0 16 30 42 54
E 0 0 0 0 0 0 17 30 42 54
ESE 0 0 0 0 0 0 15 30 41 60
SE 0 0 0 0 0 0 9 29 38 476
SSE 0 0 0 0 0 0 0 10 588 3,707
S 0 0 0 0 0 0 0 17 908 1,429
SSW 0 0 0 0 0 0 0 0 390 557
SW 0 0 0 0 0 0 0 44 381 343
WSW 0 0 0 0 0 0 0 48 251 275
w 0 0 0 0 0 0 0 11 127 208
WNW 0 0 0 0 0 0 0 0 0
NW 0 0 0 0 0 0 0 0 0
NNW 0 0 0 0 0 0 0 0 0 0
N 0 0 0 0 0 0 0 0 0 23
Total 0 0 0 0 0 0 66 290 2,880 7,290
50-Mile Total 10,526
Device Assembly Facility

NNE 0 0 0 0 0 0 3 19 38 54
NE 0 0 0 0 0 0 15 30 42 54
ENE 0 0 0 0 0 1 18 30 42 54
E 0 0 0 0 0 2 18 29 41 92
ESE 0 0 0 0 0 1 16 27 38 157
SE 0 0 0 0 0 0 13 247 1,544 824
SSE 0 0 0 0 0 0 141 1,212 2,512 1,554
S 0 0 0 0 0 0 46 760 1,124 27,598
SSw 0 0 0 0 0 0 146 640 665 123
SW 0 0 0 0 0 0 3 224 382 26
WSW 0 0 0 0 0 0 0 200 373 118
W 0 0 0 0 0 0 0 63 254 254
WNW 0 0 0 0 0 0 0 5 89 121
NW 0 0 0 0 0 0 0 0 0
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Distance (miles)

Direction 0-1 1-2 2-3 34 4-5 5-10 10-20 20-30 30-40 40-50
NNW 0 0 0 0 0 0 0 0 0 0
N 0 0 0 0 0 0 0 0 0 3
Total 0 0 0 0 0 4 419 3,486 7,144 31,032
50-Mile Total 42,085

Joint Actinide Shock Physics Experimental Research Facility
NNE 0 0 0 0 0 0 0 7 26 44
NE 0 0 0 0 0 0 6 30 42 54
ENE 0 0 0 0 0 0 12 30 42 54
E 0 0 0 0 0 0 13 27 38 111
ESE 0 0 0 0 0 0 36 323 634 305
SE 0 0 0 0 0 0 353 2,196 1,436 2,667
SSE 0 0 0 0 0 0 361 1,107 1,737 12,115
S 0 0 0 0 0 53 482 803 18,906 14,829
SSwW 0 0 0 0 0 63 413 467 107 26
Sw 0 0 0 0 0 5 173 303 28 26
WSW 0 0 0 0 0 0 56 303 132 26
\Y 0 0 0 0 0 0 39 278 257 133
WNW 0 0 0 0 0 0 3 78 241 239
NW 0 0 0 0 0 0 0 0 5 1
NNW 0 0 0 0 0 0 0 0 0 0
N 0 0 0 0 0 0 0 0 0 0
Total 0 0 0 0 0 121 1,947 5,952 23,631 30,630
50-Mile Total 62,281
Area 5 Radioactive Waste Management Complex
NNE 0 0 0 0 0 2 17 30 42 54
NE 0 0 0 0 0 4 18 30 42 54
ENE 0 0 0 0 1 4 18 30 42 54
E 0 0 0 0 1 5 17 28 60 120
ESE 0 0 0 0 0 4 16 27 81 182
SE 0 0 0 0 0 4 16 651 750 1,640
SSE 0 0 0 0 0 1 42 2,144 1,471 2,963
S 0 0 0 0 0 0 300 1,037 2,938 31,820
SSW 0 0 0 0 0 0 135 801 951 2,746
SwW 0 0 0 0 0 0 97 433 427 59
WSW 0 0 0 0 0 0 0 68 424 219
w 0 0 0 0 0 0 0 35 253 307
WNW 0 0 0 0 0 0 0 0 52 134
NwW 0 0 0 0 0 0 0 0 0 0
NNW 0 0 0 0 0 0 0 0 0 0
N 0 0 0 0 0 0 1 6 12 19
Total 0 0 0 0 2 24 677 5,320 7,545 40,371
50-Mile Total 53,939
Tonopah Test Range

NNE 0 0 0 0 0 0 12 20 28 36
NE 0 0 0 0 0 0 10 20 28 50
ENE 0 0 0 0 0 0 1 16 28 40
E 0 0 0 0 0 0 0 19 31
ESE 0 0 0 0 0 0 0 0 0 2
SE 0 0 0 0 0 0 0 0 0 0
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Distance (miles)

Direction 0-1 1-2 2-3 34 4-5 5-10 10-20 20-30 30-40 40-50
SSE 0 0 0 0 0 0 0 0 0 0
S 0 0 0 0 0 0 0 0 0 159
SSwW 0 0 0 0 0 0 0 0 72 202
SW 0 0 0 0 0 0 0 57 81 64
WSW 0 0 0 0 0 0 2 66 50 64
w 0 0 0 0 0 0 2 36 48 60
WNW 0 0 0 0 0 0 1 29 50 60
NwW 0 0 0 0 0 0 9 34 3,078 52
NNW 0 0 0 0 0 0 12 20 28 37
N 0 0 0 0 0 1 12 20 28 37
Total 0 0 0 0 0 1 61 322 3,538 894
50-Mile Total 4,816

North Las Vegas Facility

NNE 145 333 1,350 2,904 3,774 9,966 61 108 144 164
NE 696 3,218 2,864 4,621 2,029 13,043 142 280 371 3,056
ENE 1,641 6,436 9,684 11,061 6,665 9,180 3,554 385 539 2,853
E 2,307 7,124 7,569 3,399 4,890 24,527 1,359 382 508 424
ESE 2,682 10,581 11,894 16,806 12,754 34,331 5,024 324 397 509
SE 1,571 6,271 12,547 13,587 19,013 89,840 94,433 20,813 337 499
SSE 1,556 6,529 13,129 16,476 15,294 98,239 154,747 11,340 285 366
S 1,492 5,297 9,349 13,003 14,564 83,409 173,530 16,057 2,708 351
SSW 367 3,633 3,771 5,718 10,358 73,040 56,510 11,165 10,148 2,288
SW 479 3,497 6,277 5,795 7,774 105,909 | 115,422 9,053 14,713 322
WSw 729 3,238 7,524 10,291 15,079 116,209 | 71,713 1,164 9,718 11,155
w 750 1,821 2,477 6,182 13,803 104,554 | 41,276 4,787 1,021 25,794
WNW 726 4,251 8,288 9,644 7,874 61,626 35,115 660 1,693 3,025
NwW 676 5,243 6,059 10,404 12,670 64,392 27,240 330 983 227
NNW 701 2,798 4,200 11,904 14,816 24,110 235 100 78 57
N 563 1,883 4,235 6,033 6,421 9,502 61 101 141 112
Total 17,081 72,153 111,217 147,828 | 167,778 | 921,877 | 780,422 | 77,049 | 43,790 51,202
50-Mile Total 2,390,397
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G.2.1.3 Food Production and Consumption Data

Generic food consumption rates are available as default values in GENII-2. The default values are
comparable to those established in NRC Regulatory Guide 1.109 (NRC 1977), which provides guidance
for evaluating ingestion doses from consuming contaminated plant and animal food products using a
standard set of assumptions for crop and livestock growth and harvesting characteristics.

Food consumption parameters used to evaluate each alternative are presented in Tables G—6 and G-7.

Table G—6 GENII-2 Usage Parameters for Consumption of Plant Food (Normal Operations)

Agriculture Characteristics Maximally Exposed Individual General Population
Yield Holdup Consumption Holdup Consumption
Growing (kilograms per Time* Rate (kilograms Time* Rate (kilograms
Food Type Time (Days) square meter) (days) per year) (days) per year)

Leafy vegetables 90 1.5 1 30 14 15
Root vegetables 90 4 5 220 14 140
Fruit 90 2 5 330 14 64
Grains/cereals 90 0.8 180 80 180 72

* Holdup time is the time between absorption of radionuclides and consumption of a food product.
Note: To convert kilograms to pounds, multiply by 2.2046; square meters to square feet, multiply by 10.764.
Source: NRC 1977; PNNL 2007.

Table G—7 GENII-2 Usage Parameters for Consumption of Animal Products (Normal Operations)

Stored Feed Fresh Forage
Growing Yield Storage Growing Yield Storage
Food Diet Time (kilograms per Time Diet Time (kilograms per Time
Type Fraction (days) square meter) (days) Fraction (days) square meter) (days)
Beef 0.25 90 0.8 180 0.75 45 2 100
Poultry 1 90 0.8 180 - - - -
Milk 0.25 45 2 100 0.75 30 1.5 0
Eggs 1 90 0.8 180 - - - -
Maximally Exposed Individual General Population
Food Consumption Rate Holdup Time* Consumption Rate Holdup Time*
Type (kilograms per year) (days) (kilograms per year) (days)
Beef 80 15 70 34
Poultry 18 1 8.5 34
Milk 270 1 230 3
Eggs 30 1 20 18

* Holdup time is the time between absorption of radionuclides and consumption of a food product.

Note: To convert kilograms to pounds, multiply by 2.2046; square meters to square feet, multiply by 10.764.

Source: NRC 1977; PNNL 2007.
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G.2.1.4 Additional Modeling Parameters

Other key parameters used in GENII-2 modeling include the following:

Potential MEI locations at the NNSS site boundary were initially evaluated for all 16 compass
directions; the MEI was determined to be at the boundary location that yielded the highest total
effective dose equivalent for a given release/dispersion scenario. Two locations were ultimately
determined and used in the normal operations analysis (9 miles due east of BEEF and 1.4 miles
due east of Area 5). These two locations and four additional MEI site boundary locations around
the NNSS and the Nevada Test and Training Range (6.6 miles due east of the Device Assembly
Facility [DAF], 1 mile due north of the Tonopah Test Range [TTR], 7.2 miles due east of the Ula
Complex, and 7 miles south-southwest of the Joint Actinide Shock Physics Experimental
Research facility [JASPER]) were ultimately determined and used for the assessment of accidents
(see Figures G—1 and G-2).

Radiological airborne emissions were assumed to be released to the atmosphere at a height of
0 feet (ground level). The emissions from the normal operations activities are not from tall
stacks, but occur at or near ground level, given the outdoor/open-air nature of many activities. It
is noteworthy that, from a dose-modeling perspective, ground-level releases always maximize
impacts on nearby noninvolved workers and typically maximize impacts on MEIs as well,
depending upon how far away a site boundary is located. Impacts on offsite populations from
ground-level releases (especially at appreciable distances from release locations), however,
typically are lower. The primary reason behind this general pattern is that plumes that are
released higher in the atmosphere (by a tall stack, buoyancy from heat, or an energetic release)
carry contaminants farther before they settle out and are near the ground, where they would affect
receptors.

For GENII-2 normal operations calculations, emission of the plume was assumed to continue
throughout the year. In parallel with this assumption, the following scenarios were employed:
(1) all public receptors were assumed to breathe effluents from this plume throughout an entire
year’s time (8,760 hours); (2) the MEI was assumed to be externally exposed to the plume for
0.7 years (6,132 hours); (3) the general population was assumed to be externally exposed to the
plume for 0.5 years (4,380 hours); and (4) all public receptors were assumed to be exposed to
ground contamination resulting from plume deposition throughout an entire year’s time
(8,760 hours). Plume and ground deposition exposure parameters used in the GENII-2 model for
the exposed offsite individual and the general population are provided in Table G-8.

The exposed individual or population was assumed to have adult human characteristics and habits
with respect to food consumption and breathing. As noted in Section G.1.3, the dose-to-risk
factors used are appropriate for the age distribution of the U.S. population.

Members of the population were assumed to spend some time indoors. This is further illustrated
in Table G-S8.

A Pasquill-Gifford plume model was used for the air immersion doses.
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Table G—8 GENII-2 Usage Parameters for Exposure to Plumes (Normal Operations)

Maximally Exposed Individual General Population
External Exposure Inhalation of Plume External Exposure Inhalation of Plume
Ground Exposure | Breathing Rate Ground Exposure | Breathing Rate
Plume Contamination Time (cubic centimeters | Plume Contamination Time (cubic centimeters
(hours) * (hours) ® (hours) per second) (hours) ¢ (hours) ® (hours) per second)
6,132 8,760 8,760 270 4,380 8,760 8,760 270

* Assumes 70 percent of the hours per year are outdoor exposure, with the balance indoors.
® Assumes 70 percent reduction in dose due to shielding for time indoors.

¢ Assumes 50 percent of the hours per year are outdoor exposure, with the balance indoors.
Note: To convert cubic centimeters to cubic inches, multiply by 0.061024.

Source: NRC 1977; PNNL 2007.

G.2.2 Source Term Data

Source terms (that is, the quantities of radioactive material released to the environment over a given
period) for the No Action Alternative normal operational releases were based on measured annual release
quantities of all radionuclides reported in annual site environmental reports from various recent years.
These annual site environmental reports identify both airborne and liquid radiological releases; however,
the airborne pathway is predominant, given the arid nature of the NNSS and its surrounding areas.
Source terms for the two action alternatives (Expanded Operations and Reduced Operations) were
developed based on specific implementing activities described in technical reports for these alternatives
and their annual estimated airborne releases for risk-dominant radionuclides. GENII-2-modeled airborne
radiological releases from normal operations were estimated on an annual basis as the following: No
Action at DPFF — 2,000 curies of tritium; Expanded Operations at DPFF — 20,000 curies of tritium;
Reduced Operations at DPFF — 1,000 curies of tritium; all alternatives at NLVF, Building A-1 — 0.0111
curies of tritium.

MACCS2-modeled radiological releases used for calculating impacts of two other normal operational
scenarios, depleted uranium explosion testing and tracer experiments, as well as postulated accidents, are
discussed below in Sections G.2.3.1, G.2.3.2, and G.3, respectively.

G.2.3 Radiological Consequences from Normal Operations

Table G-9 provides the annual dose associated with airborne radiological releases from normal
operations to the MEI and the total population, as well as the average dose to a member of the general
population for the duration of the implementation of each alternative. Essentially 0 (0.0005) fatal cancers
in the surrounding population are expected to result from the maximum annual impacts (0.89 person-rem)
anticipated under the Expanded Operations Alternative at the NNSS. Similarly, essentially 0 (2 x 107)
fatal cancers in the surrounding population are expected to result from the annual impacts (4.1 x 10~
person-rem) anticipated under the No Action and Reduced Operations Alternatives at NLVF.

The following sections provide additional details regarding radiological impacts on an MEI and the offsite
population resulting from depleted uranium testing and tracer experiment activities. For discussions of
expected activities at DPFF and environmental restoration/decontamination and decommissioning, see
Chapter 3 and Appendix A of this SWEIS.
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Table G-9 Annual Doses to Members of the Population from Airborne Radiological Releases
(Normal Operations)

NNSS
No Action Expanded Operations Reduced Operations
Average Average Average
Total Dose to Total Dose to Total Dose to
MEI Population | Member of MEI Population | Member of MEI Population | Member of
Dose Dose Population Dose Dose Population Dose Dose Population
(millirem (person- (millirem | (millirem (person- (millirem (millirem (person- (millirem
Source per year) rem) per year) | per year) rem) per year) per year) rem) per year)
Baseline 2.6 0.47 0.011 2.6 0.47 0.011 2.6 0.47 0.011
(site-wide) *
BEEEF high- 0 0 0 0.62 0.067 0.0064 0 0 0
explosives
experiments °
DPFF © 0.14 0.027 5.0x10* 0.6 0.27 0.0050 0.07 0.013 2.5%x10*
Environmental <0.01 <0.002 <4.7x10° | <0.01 <0.002 <4.7x10°° <0.01 <0.002 <4.7x10°°
restoration/
D&D
(site-wide) *
Tracer N/A N/A N/A <1 <0.076 <0.0014 N/A N/A N/A
experiments "
TOTAL ¢ 2.8 0.5 0.012 4.8 0.89 0.024 2.7 0.48 0.011
NLVF (All Alternatives)
Average Dose to
MEI Dose Total Population Dose Member of Population
Source (millirem per year) (person-rem) (millirem per year)
Building A-1 3.5%x10* 4.1x10° 1.7x10*

= less than; BEEF = Big Explosives Experimental Facility; D&D = decontamination and decommissioning; DPFF = Dense Plasma Focus
F acility; MEI = maximally exposed individual; N/A = not applicable; NLVF = North Las Vegas Facility; rem = roentgen equivalent man.
* Values based on the NNSS annual site environmental reports and National Emissions Standards for Hazardous Air Pollutants reports.
Values modeled using the MACCS2 [MELCOR Accident Consequences Code System] computer code. For conservatism in modeling
population dose impacts, tracer experiments were assumed to be conducted in Area 5 because it is closer to southern population centers
than most other areas that might be used. For the MEI calculation, tracer experiments impacts were conservatively assumed to occur at the
closest BEEF site boundary location (9 miles east of BEEF).
Values modeled using the GENII-2 [Hanford Environmental Radiation Dosimetry Software System Version 2] computer code and were
conservatively assumed to be released from Area 5, which is proximal to DPFF in Area 11. The MEI at the Area 5 site boundary location
(east of the Area 5 Radioactive Waste Management Complex) was modeled for No Action and Reduced Operations; the MEI at the BEEF
site boundary location (9 miles east of BEEF) was modeled for Expanded Operations.
4 Totals may not equal the sum of the individual contributing components due to rounding.
Source: DOE/NV 2005, 2006, 2007, 2008, 2009.

b

G.2.3.1 Normal Radiological Impacts from Detonations of Depleted Uranium at the Big
Explosives Experimental Facility

Radiological impacts from expected BEEF operations would be primarily due to detonation of depleted
uranium with high explosives. Although amounts of depleted uranium and high explosives may vary by
experiment, it was assumed that a typical experiment would involve 200 pounds of depleted uranium and
the explosive equivalent of 600 pounds of TNT [2,4,6-trinitrotoluene].

Under the No Action Alternative and the Reduced Operations Alternative, no experiments using depleted
uranium would occur at BEEF. Under the Expanded Operations Alternative, the National Nuclear

Security Administration (NNSA) assumed 20 experiments using depleted uranium would occur annually
at BEEF.
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Because these experiments would result in a quick puff-type release of aerosolized depleted uranium with
the explosion, the radiological impacts were modeled using the MACCS2 computer code, which is
typically used for accident analyses.

It was conservatively assumed that 20 percent of the 200 pounds of depleted uranium would be
aerosolized and respirable (DOE 1994). The site boundary location at which the highest potential
combined dose would occur from depleted uranium releases at BEEF, releases associated with tracer
experiments assumed to be conducted at or near BEEF, and releases from DPFF in Area 11 was
determined to be 9 miles east of BEEF. The maximum combined annual dose would be approximately
2.2 millirem from the three sources under the Expanded Operations Alternative (0.62 millirem from
depleted uranium, 1 millirem from tracer experiments, and 0.6 millirem from DPFF) operating at their
highest expected levels. Under the No Action and Reduced Operations Alternatives, the total estimated
dose to the MEI from these three activities would be 0.07 millirem per year.

The projected normal radiological release impacts on the MEI and population solely from depleted
uranium experiment activities are presented in Table G—10 under the Expanded Operations Alternative.

Table G-10 Expanded Operations Alternative Projected Annual Radiological Release Impacts
from Depleted Uranium Experiments at the Big Explosives Experimental Facility

Release * MEI Dose at Population Dose
(pounds of 9 Miles East MEI LCF within 50 Miles Population
Scenario depleted uranium) (millirem) Risk (person-rem) LCFs®
20 experiments at BEEF 4,000 0.62 4 x107 0.067 0 (4 x10°)

BEEF = Big Explosives Experimental Facility; LCF = latent cancer fatality; MEI = maximally exposed individual;

rem = roentgen equivalent man.

* The 4,000-pound quantity is the total annual inventory. It was conservatively assumed that all of the material would be
released and aerosolized. Twenty percent of the released depleted uranium was assumed to be respirable (DOE 1994). The
planned usage would be 20 experiments annually, with up to 200 pounds of depleted uranium per experiment, which
equates to the 4,000-pound total.

® The number of LCFs in the population must be a whole number. The value in parentheses is the result of multiplying the
population dose by the factor of 0.0006 LCFs per person-rem.

G.2.3.2 Normal Radiological Impacts from Radioactive Tracer Experiments

Under the Expanded Operations Alternative, up to 3 underground and 12 open-air radioactive tracer
experiments per year would be conducted. The highest potential for offsite radiological impacts from
typical tracer experiments would be from the underground release of radioactive gases or particulates and
their transport to the surface. The underground experiments present the greatest potential impact because
of the quantities of radioactive materials that could be used. Of the proposed experiments, the
radiological impacts on the aboveground environment and the public would be greater for
Experiments 1 and 3.

With Experiment 1, a vessel of radioactive noble gases (up to 27,000 curies each of argon-37, krypton-85,
xenon-127, xenon-131m, and xenon-133) would be buried underground with explosive materials, taking
advantage of experiments intended for use by the seismic research community. Upon detonation of the
explosives, the vessel would rupture, energetically releasing radioactive noble gases underground. These
noble gases would be transported to the surface through various physical processes, and atmospheric and
soil gas samples would be collected. This experiment may be performed several times in a variety of
conditions (burial depth, geomorphology, explosive force, etc.). Explosions from nearly 0 up to 1 kiloton
may be warranted to develop models to scale up to nuclear tests.
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Experiment 3 involves releasing short-lived radioactive particulates (up to 27,000 curies each of
rubidium-86, zirconium-95, technetium-99m, molybdenum-99, ruthenium-103, cesium-136, barium-140,
cerium-141, neodymium-147, and samarium-153) from relatively shallow explosions. In this case, some
venting to the surface is expected. This experiment may be performed several times in a variety of
conditions (burial depth, geomorphology, explosive force, etc.). Explosions from nearly 0 up to 1 kiloton
may be used.

Because these experiments are still at the conceptual stage, the actual amounts of radioactive materials
that might reach the surface and be available for transport to the public are unknown. One of the purposes
of the experiments is to develop a better understanding of the fraction of the various isotopes that would
be transported from the underground explosion site to the surface. These fractions are generally expected
to be quite small.

As with other NNSS experiments, such as those that occur at the Nonproliferation Test and Evaluation
Complex (NPTEC), protocols and safety and environmental criteria would be developed to ensure that the
public and environment are protected with each experiment. This is especially important because the
specific location and geology for each experiment would likely change to better understand the factors
that lead to transport of the radionuclide from the explosion site to the surface. For these experiments, the
radiological source inventories would be adjusted such that the levels that reach the surface are detectable
to accomplish the goals of the experiment, but are far below the levels that might cause a radiological
concern for the public or environment.

For purposes of this SWEIS, it was assumed that the tracer experiments would have safety and
environmental goals such that they would not present a substantial risk of causing an exceedance of the
overall NNSS NESHAPs airborne radiation limit of 10 millirem per year to the MEIL Individual
experiments would be designed to control the combination of explosives, quantities of radionuclides, and
medium to meet the goal of 1 millirem per year for all experiments that would be conducted.

To bound the potential population doses that might occur with these releases, as well as the
reasonableness of the goal of 1 millirem per year for all experiments, ground-level puff-type releases for
the complete inventories of Experiments 1 and 3, assuming a release of the maximum quantity of
27,000 curies of each isotope, were modeled from Area 5 for the general population using the MACCS2
computer code. As discussed in Section G.2.3.1, however, the MEI was modeled (for the Expanded
Operations Alternative) at the site boundary location (9 miles due east of BEEF) that would yield the
highest combined dose from tracer and depleted uranium experiments and DPFF releases.

The totaled results from modeling a puff release of 27,000 curies of each of the short-lived radioactive
particulates (rubidium-86, zirconium-95, technetium-99m, molybdenum-99, ruthenium-103, cesium-136,
barium-140, cerium-141, neodymium-147, and samarium-153) and 27,000 curies of each of the
radioactive noble gases (argon-37, krypton-85, xenon-127, xenon-131m, and xenon-133) are presented in
Table G-11.
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Table G-11 Projected Normal Radiological Release Impacts from Radioactive Tracer Experiments

Population within
Scale Noninvolved Worker MEI at 9 Miles 50 Miles
Factor to Dose
Release Equal MEI Dose Dose (person-
Scenario (curies) Dose Goal | (millirem) | LCFs (millirem) LCF Risk rem) LCFs*
Total Release of All 2.7%10° 6.7x10* | 8x107 | 9.9x10° 6x107 1.5 x 10° 1 (0.9)
Particulates
Total Release of All 1.35 x 10° 6.5%10° | 4x107 1.2 % 10° 7 x 10" 4.9 0 (3107
Noble Gases °
MEI Dose Goal for 5.0x10"
Each Experiment
Type
Normal Operations 13.7 5.06 x 107 3.4 2x10° | 50x10" 3x107 | 7.4x107 |0 (4x10%)
Part Release
(Particulates) = Dose
Goal ¢
Normal Operations 58 430 x 10™ 2.8 2x10° | 5.0x10" 3x107 | 2.1x10° |0 (1x10°)
Gas Release (Noble
Gases) = Dose Goal °
Total Dose 6.2 4 %10 1.0 6x107 | 7.6x10% | 0 (5x107)

LCF = latent cancer fatality; MEI = maximally exposed individual; rem = roentgen equivalent man.

* The number of LCFs in the population would be a whole number. The value in parentheses is the result of multiplying the
population dose by the factor of 0.0006 LCFs per person-rem.

Calculated results are based on the entire inventory being released by the experimental explosion. Controls to limit the
release would be imposed.

Based on designing experiments with an annual dose goal of 1 millirem to the MEI, the radionuclide release would be
controlled to the levels indicated, resulting in the corresponding doses.

Note: Represented impacts on the MEI and population include dose components from the long-term (chronic) ingestion
pathway.

G.2.3.3 Sensitivity Analysis

A sensitivity analysis was performed to determine the differences in the impacts of considering the
surrounding population out to a distance of 80 miles (rather than 50 miles) from the release points for
both normal operations. Normal operational releases under the Expanded Operations Alternative
(e.g., tracer experiments being conducted at Area 5 [the closest modeled release point to the greater
Las Vegas metropolitan area]) were considered. The total population increases from about 54,000 (at
50 miles) to about 2.3 million (at 80 miles). The population dose change from about 0.076 person-rem
(for the 50-mile population) to about 0.12 person-rem (for the 80-mile population) would be an increase
of about 58 percent. The population increase between a 50-mile radius and an 80-mile radius is about
4,000 percent. The average annual dose to an individual living within 50 miles of the release point would
be about 0.0014 millirem; the average annual dose to a member of the population living between 50 and
80 miles of the release point would be 2 x 10~ millirem, or about 1.4 percent of the dose to a member of
the population in the first 50 miles. Thus, even though there would be a calculated increase in the
population dose when considering an 80-mile radius, the increase would be due to very small incremental
individual doses to a large number of people. The increased annual risk of an LCF to an individual from
this small dose would be essentially 0 (8 x 10™).
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G.3 Impacts of Accidents
G.3.1 Introduction to Accident Evaluations

This section provides information and details of the analysis of the impacts of potential facility accidents
presented in Chapter 5. It includes, in Section G.3.2, an evaluation of the present applicability of the
methodology and accident data that were reported in the Final Environmental Impact Statement for the
Nevada Test Site and Off-Site Locations in the State of Nevada (1996 NTS EIS) (DOE 1996b) to inform
the reader of the differences in analyses between that document and this SWEIS.

The occupational and public health and safety evaluations addressed and presented in the /1996 NTS EIS
(DOE 1996b) were based on various ongoing missions, as described for each alternative, with the
addition of new activities within each program. As discussed in Chapter 3 of this SWEIS, some activities
analyzed in the 1996 NTS EIS have been either completed or discontinued. Planned or proposed activities
at the NNSS (and other offsite locations in Nevada) are described in detail in Chapter 3 of this SWEIS.
Available accident scenario, impact, and risk information for the proposed activities was compared to the
evaluations presented in the /1996 NTS EIS. Proposed activities with a potential for accidental release of
nuclear and chemical materials are discussed.

Two computer codes were used to analyze the postulated accidents and to estimate their impacts:
(1) MACCS?2 for radiological releases; and (2) ALOHA [Arial Locations of Hazardous Atmospheres] for
chemical releases. These computer codes are described in Section G.6.

G.3.1.1 Accident Scenario Development Methodology

The methodology used to develop accident scenarios and their associated parameters involved several
steps. First, other relevant EISs and the DOE Handbook: Airborne Release Fractions/Rates and
Respirable Fractions for Nonreactor Nuclear Facilities (DOE Handbook) (DOE 1994) were evaluated to
develop a list of likely accident scenarios. This evaluation examined the types of structures and
equipment at the NNSS and the TTR that are expected to contain any significant residual radioactivity in
the form of fixed or mobile chemical or physical forms of radionuclides. Experience from previous EISs
involving nonreactor facilities was also used to establish accident scenarios. This first step led to the
conclusion that accidents at the NNSS and the TTR could fall into one of the following categories:

e Drops

e Punctures
e Spills

e Leaks

e Fires

e Explosions

e Seismically induced structural failures

¢ Seismically induced structural failures followed by fires and/or explosions
e Nuclear criticality events

e Chemical reactions
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Workers involved in project activities may experience the most severe consequences of the accidents
analyzed in this SWEIS. Accidents involving exposure to radiologically contaminated solids, liquids, and
volatile compounds could result in minor to significant health impacts due to external exposure,
inhalation, and ingestion. Accidents involving seismic events or explosions could result in severe injury
or death, most likely from physical injury. This SWEIS does not calculate any specific impacts on
workers with regard to such an accident scenario because of the wide range of locations and actions of
such workers and the wide range of potential impacts (identified above). All accident consequences and
risks were calculated for a noninvolved worker, the MEI, and the offsite population.

G.3.1.2 Radiological Source Term Methodology

The accident source term is the amount of respirable radioactive material released to the air or particles
released to the water, in terms of curies or grams, assuming the occurrence of a postulated accident.
Exposures via releases to water were not considered reasonable due to the arid climate and the dearth of
surface waters that leave NNSA’s Nevada sites. The airborne source term is typically estimated by the
following equation:

Source term = MAR x DR x ARF x RF x LPF

where:

MAR = material at risk

DR = damage ratio
ARF = airborne release fraction
RF = respirable fraction

LPF = leak path factor

The MAR is the amount of radionuclides (in curies of activity or grams for each radionuclide) available
for release when acted upon by a given physical stress or accident. The MAR is specific to a given
process in the facility of interest. It is not necessarily the total quantity of material present, but is that
amount of material in the postulated scenario of interest that would be available for release.

The DR is the fraction of material exposed to the effects of the energy, force, or stress generated by the
postulated event. For the accident scenarios discussed in this analysis, the DR value varies from
0.1 to 1.0.

The ARF is the fraction of material that becomes airborne due to the accident. In this analysis, ARFs
were obtained from the DOE Handbook (DOE 1994).

The RF is the fraction of airborne radionuclides that can be transported as particles through air and
inhaled into the human respiratory system and is commonly assumed to include particulate matter with an
aerodynamic diameter of 10 micrometers or less.

The LPF is the fraction of airborne material that is transported from a source through some confinement
mechanism to the environment.
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G.3.1.3 Accident Source Terms

After the spectrum of accidents was identified, it was necessary to estimate a release fraction for each of
the accidents. Release fraction estimates were developed based on review of available information on
facility design and operation, as well as information in the DOE Handbook (DOE 1994), relevant EISs
(DOE 1995, 1996b, 1998, 1999, 2001, 2002a, 2002b, 2004b, 2004c, 2007a), and various hazards analyses
and documented safety analyses developed for the NNSS and TTR facilities (e.g., DOE 1996a, 2010a;
LLNL 2005, 2006, 2007; NSTec 2008, 2009a, 2009b, 2009c, 2009d, 2010a; SAIC 1996; SNL 2005).
The release fractions selected were also reviewed against each other to ensure that the relative magnitude
was considered reasonable.

The release fraction is the fraction of MAR that becomes airborne and could be inhaled by humans,
causing a radiation dose. It is calculated by multiplying the four factors, DR, ARF, RF, and LPF.

G.3.1.4 Accident Frequency

The annual frequency of each accident is used to calculate the annual risk of an LCF associated with each
accident. The annual accident risk was calculated by multiplying the accident risk of an LCF by the
annual frequency of the accident. Each specific accident’s annual frequency was determined using data
from operational experience or from an analysis of the sequence of events necessary for the accident to
occur. In general, accidents with an annual frequency of less than 1 x 10 per year or 1 in 1 million are
not analyzed in this appendix because they are so unlikely to occur that their risks are extremely small;
exceptions to this, however, include scenarios involving (1) aircraft crashes and (2) DAF.

G.3.2 Data and Analysis Changes from the 1996 NTS EIS

The 1996 NTS EIS (DOE 1996b) analyzed radiological and chemical accident scenarios for several
alternatives, including the Expanded Use Alternative. The accident scenarios for the Expanded Use
Alternative were re-evaluated in the Supplement Analysis for the Final Environmental Impact Statement
for the Nevada Test Site and Off-Site Locations in the State of Nevada (DOE 2002a) and the Draft
Supplement Analysis for the Final Environmental Impact Statement for the Nevada Test Site and Off-Site
Locations in the State of Nevada (DOE 2007a).

Since 1996, NNSA has prepared (or updated) and reviewed safety analyses, such as hazards analyses and
document safety analyses, or NEPA documents, such as environmental assessments.

For this SWEIS, the accident scenarios and potential source terms from the /996 NTS EIS and subsequent
supplement analyses were reviewed and evaluated to determine whether changes in operations at the
NNSS and offsite locations, as well as changes in accident analysis methodology, indicated a need for a
revision of the calculated accident consequences and risks to the public and noninvolved workers. The
radiological and chemical accidents addressed in the 7996 NTS EIS and other NEPA documents
considered and evaluated in this SWEIS are presented in Table G-12.
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Table G-12 Accident Scenarios Involving Release of Radioactive or Chemical Material Considered

in the 71996 NTS EIS (Expanded Use Alternative)

1996 NTS EIS
Identification Accident | Scenarios Evaluated since the
Number Scenario Description* Type 1996 NTS EIS"
NNSS Activities | National Security/Defense Mission
DPRI1 P-Tunnel: mechanical release of plutonium during handling Rad Considered/Evaluated
DPR2 DAF: explosion involving 55 pounds of high explosives and Rad Considered/Evaluated
5 kilograms of plutonium
DPRS5 Area 27: explosion in interim-stored nuclear weapons Rad Not Applicable
DPR6 Accidental venting from an underground test (fast and slow) Rad Not Applicable
WFORI1 BEEF: 100-curie tritium release Rad Considered/Evaluated — normal
release — not an accident
WFOR2 BEEF: 1,000-curie tritium release Rad Considered/Evaluated — normal
release — not an accident
WFOH1 BEEF: heavy metal release Chemical | Considered/Evaluated — normal
release — not an accident
WHOH?2 BEEF: beryllium and depleted uranium release Chemical | Considered/Evaluated — normal
release — not an accident
NNSS Activities | Environmental Management Mission
WMRI Area 5: explosion/fire in two TRU waste containers Rad Considered/Evaluated
WMR2 Area 5: explosion/fire in multiple TRU waste containers Rad Considered/Evaluated
WMR3 Area 5: airplane crash into TRU waste storage unit Rad Considered/Evaluated
WMHI1 Area 5: explosion/fire in two hazardous waste containers Chemical | Considered/Evaluated
WMH2 Area 5: explosion/fire in multiple hazardous waste Chemical | Considered/Evaluated
containers
WMH3 Area 5: airplane crash into hazardous waste storage unit Chemical | Considered/Evaluated
ERR1 Environmental restoration waste spill in plutonium- Rad Considered/Evaluated
contaminated soil (evaluated for both the NNSS and
the TTR)
ERR2 Environmental restoration waste fire in plutonium- Rad Considered/Evaluated
contaminated soil (evaluated for both the NNSS and
the TTR)
ERR3 Airplane crash into environmental restoration site containing Rad Considered/Evaluated
plutonium-contaminated soil (evaluated for both the NNSS
and the TTR)
ERHI Fire involving one container-equivalent in composite Chemical | Considered/Evaluated
hazardous environmental restoration site at the NNSS
ERH2 Fire involving multiple container-equivalents in composite Chemical | Considered/Evaluated
hazardous environmental restoration site at the NNSS
ERH3 Airplane crash into composite hazardous environmental Chemical | Considered/Evaluated
restoration site at the NNSS
NDRDH1 NPTEC: spill of one container of hazardous chemicals Chemical | Considered/Evaluated ©
NDRDH2 NPTEC: tank failure Chemical | Considered/Evaluated ¢
NDRDH3 NPTEC: airplane crash into tank farm area Chemical | Considered/Evaluated ¢
TTR Activities | National Security/Defense Mission
DPR3 TTR: mechanical release of plutonium from test assembly Rad Not Applicable
DPR4 TTR: failure of artillery fired atomic projectile during firing Rad Not Applicable
DPHI TTR: explosion of rocket test assembly containing depleted | Chemical | Not Applicable
uranium and beryllium
DPH2 TTR: rocket propellant storage area fire Chemical | Not Applicable
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1996 NTS EIS
Identification Accident | Scenarios Evaluated since the
Number Scenario Description * Type 1996 NTS EIS"
TTR Activities | Environmental Management Mission
ERR1 Environmental restoration waste spill in plutonium- Rad Considered/Evaluated
contaminated soil (evaluated for both the NNSS and
the TTR)
ERR2 Environmental restoration waste fire in plutonium- Rad Considered/Evaluated
contaminated soil (evaluated for both the NNSS and
the TTR)
ERR3 Airplane crash into environmental restoration site containing Rad Considered/Evaluated
plutonium-contaminated soil (evaluated for both the NNSS
and the TTR)

BEEF = Big Explosives Experimental Facility; DAF = Device Assembly Facility; NNSS = Nevada National Security Site;

NPTEC = Nonproliferation Test and Evaluation Complex (originally the Liquefied Gaseous Fuels Spill Test Facility, then the

National HAZMAT Spill Center, and now NPTEC); Rad = radiological; TTR = Tonopah Test Range; TRU = transuranic.

# Scenarios drawn from DOE 1996b unless otherwise indicated.

® Scenarios were considered/evaluated in this SWEIS except for scenarios that are no longer applicable (e.g., activities have
ceased or operations have changed) unless otherwise indicated.

¢ Scenarios drawn from DOE 2004b.

The evaluation of accidents consisted of three principal steps:

1. Determine whether any changes in operations at the NNSS would result in new accident scenarios
or whether the operations evaluated in the /996 NTS EIS are no longer applicable.

2. Evaluate the /1996 NTS EIS accident scenarios to assess whether there have been changes in the
assumptions or input parameters that would affect their consequences or risks.

3. Analyze accident consequences and risks, as appropriate, if changes have been noted in
Steps 1 or 2.

Radiological accident scenarios from the 71996 NTS EIS (DOE 1996b) were examined in this SWEIS for
determination of their applicability and were evaluated in terms of the factors that affect their calculated
radiation doses, LCFs, and annual LCF risk to both the public and noninvolved workers. Accident
locations were assumed to be at DAF (Area 6), the TTR, JASPER (Area 27), the Area 5 RWMC, Area 3,
and BEEF (Area 4). Similarly, chemical accident scenarios addressed in the /1996 NTS EIS (Expanded
Use Alternative) were reviewed and evaluated.

Several new facilities with the potential for radiological and chemical accidents that might affect the
public or noninvolved workers have become operational since the 1996 NTS EIS. Each of these was
considered in this appendix to determine if they might present a risk to the public or the environment.

Accidents analyzed for this SWEIS were categorized by two mission areas served by operations at the
facility where the accident was postulated. At the NNSS, these missions are the National
Security/Defense Mission and Environmental Management Mission; those associated with the
Nondefense Mission were identified, but were not analyzed. Different levels of activity would exist for
each of these missions under the three alternatives. The differences in the levels of activities delineated
under the three alternatives in Chapter 3 of this SWEIS affect the number of tests or experiments, but not
the fact that the same facility operations would occur. Many of the differences in activities among the
three alternatives do not affect baseline quantities of radiological or chemical substances (i.e., MAR).
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Proposed activities under each of the alternatives were reviewed and compared with the activities
identified in the /996 NTS EIS, as well as the safety basis and NEPA documents for specific activities and
facilities at the NNSS and other Nevada facilities overseen by DOE and NNSA. Accident scenarios
analyzed for this SWEIS were developed using the presence of these substances (i.c., the potential MAR
for release to the environment from an accident event) and a means for their release to the environment.
Accident analyses from the 71996 NTS EIS, along with updated documents for NNSS facilities and new
NNSS operations, formed the basis for selecting accident scenarios for each alternative. Table G—13
identifies the facilities and locations for which accidents were evaluated under each alternative.
Accidents evaluated in prior NEPA documents, as shown in Table G—12, that were carried forward in this
SWEIS would occur at one of the facilities or locations listed in Table G—13.

For most facilities, some operations would occur under each of the alternatives and the potential accident
scenarios would be similar. The levels of activities would vary among the alternatives, which can
potentially influence a quantitative variation in an accident's probability of occurrence. These changes in
probability would typically be on the order of less than a factor of 2 in situations where the overall
uncertainty in probability is typically plus or minus a factor of 10. Thus, for the majority of cases, the
differences in accident types, source terms, consequences, probabilities, and, ultimately, risk do not vary
substantially among the alternatives. In this SWEIS, substantial differences in accident types or risks are
highlighted as those discriminators that might be important in making decisions among the alternatives.

Table G-13 Accident Scenario Location and Applicability under Each Alternative

No Action Reduced Operations | Expanded Operations
Facility or Function NNSS Area Alternative Alternative Alternative
NNSS — National Security/Defense Mission
Device Assembly Facility 6 v v v
Criticality Experiments Facility 6 v v v
JASPER 27 v v v
Tracer experiments multiple locations N/A N/A v
Big Explosives Experimental 4 and other N/A N/A v
Facility locations
Radiological/Nuclear
Countermeasures Test and 6 v v v
Evaluation Complex
: ‘ ‘ ‘
Ula Complex 1 v v v
Atlas Facility 6 v v v
Dense Plasma Focus Facility 11 v v v
G-Tunnel 12 v N/A v
NNSS - Environmental Management Mission
Waste management 3,5,6 4 4 v
Environmental restoration N/A v v v
TTR/NTTR — National Security/Defense Mission
TTR \ TTR | v \ v | v
TTR - Environmental Management Mission
Environmental restoration ‘ TTR/NTTR | v ‘ v | v

JASPER = Joint Actinide Shock Physics Experimental Research Facility; N/A = not applicable; NNSS = Nevada National
Security Site; NTTR = Nevada Test and Training Range; TTR = Tonopah Test Range.
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After a review of ongoing and planned activities and projects at the NNSS under each of the alternatives,
no new accident scenarios with high consequences or risks were identified for this SWEIS. Although the
activities at the site have changed since the 71996 NTS EILS, the potential consequences for the offsite
public and onsite workers were found to be dominated by some of the same accidents identified in the
1996 NTS EIS. Aircraft accidents were initially screened as initiating events in numerous scenarios under
all missions for both the 7996 NTS EIS and this SWEIS. In the final analysis, they were evaluated under
the Environmental Management Mission as reasonably foreseeable from a probabilistic basis. However,
a number of changes in assumptions and analytical input parameters were identified that affect the
calculated radiological and chemical accident public and noninvolved worker consequences and risks. In
addition, the computer models used to evaluate radiological and chemical consequences were changed.

An accident's risk (i.e., number of LCFs) is the product of its probability and consequences. Although the
risks for some radiological accident scenarios changed for this SWEIS, the absolute magnitude of the
risks of the largest accidents remained very small, principally due to the remote location of activities, the
low probabilities (frequencies) of such accidents, or both. The aforementioned "largest accidents,"
although exhibiting high consequences, also have extremely low probabilities, resulting in very small
overall risk values.

In general, the chemical accident analysis for this SWEIS resulted in comparable or lower health
consequences for an MEI and noninvolved worker than projected in the /996 NTS EIS; because of the
localized nature of chemical accidents and the remote locations where they might occur, offsite
populations would not be affected by chemical accidents.

G.3.3 Nevada National Security Site Radiological and Chemical Accident Scenarios and Source
Terms

Current safety basis and NEPA analyses were reviewed for each of the proposed activities under the
No Action, Expanded Operations, and Reduced Operations Alternatives to identify the accident scenarios
for the NNSS and other Nevada locations. The following sections summarize the findings and identify
the consequences- and risk-dominant scenarios for each site.

In cases where there might be substantial differences in accident types or risks among the alternatives,
those differences are highlighted as discriminators that may be important in making decisions among the
alternatives.

Because of the sensitive nature of some of the work at the NNSS and the supporting safety documents,
this section reports the conclusions of the supporting safety documents, but does not report the
sensitive details regarding the material inventories or the exact nature of what might be required to
propagate the accident identified. Similarly, the material released is often reported in terms of
plutonium-239—equivalent masses. In these cases, the isotopic characteristics of the material may be
different from plutonium-239, but the radiological impacts can be represented by a dose-equivalent mass
of plutonium-239.

G.3.3.1 Nevada National Security Site National Security/Defense Mission

Since the /996 NTS EIS, Stockpile Stewardship and Management Program activities at the NNSS have
changed substantially, such that some of the activities in the 7996 NTS EIS that resulted in high-
consequence accidents no longer occur. For example, nuclear weapons are no longer stored in the
Area 27 storage bunker.

The activities that would result in higher offsite radiological consequences are accidents at DAF that
might result in the explosive dispersal of plutonium from the facility. Other experimental activities, such
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as those at JASPER and BEEF, involve smaller quantities of radioactive material with very limited
potential for accidental dispersal to have impacts on people other than involved workers. Many of the
activities under the Stockpile Stewardship and Management Program have no reasonably foreseeable
accident scenarios that could result in exposure to noninvolved workers or the public. Involved worker
impacts were not evaluated for any accident scenarios under this program; safety programs would limit
potential impacts on such workers in events where containment or mitigation was possible. In
catastrophic accident scenarios, however (i.e., events that would have substantial impacts outside the
facility), it was assumed that the involved worker would be subjected to severe injury or fatality from
radiation or chemical exposure or physical trauma.

G.3.3.1.1 Device Assembly Facility

Based on the 1996 NTS EIS and subsequent safety analyses (LLNL 2007; NSTec 2009b), the accidents
with the highest potential consequences that are associated with the National Security/Defense Mission at
the NNSS are accidents at DAF in Area 6. In these cases, there are larger quantities of both radioactive
materials and explosives in close proximity, so there is a potential mechanism to disperse the radioactive
material and release it to the atmosphere. Because DAF was designed for these activities, all of the
accidents that would result in the release of radioactive material to the environment would require
multiple failures of safety systems and are, therefore, extremely unlikely. These accidents would more
likely fall in the “beyond extremely unlikely” category because they have probabilities in the range of 10
to 107 per year or lower. If one of these explosive dispersal-type accidents were to occur within DAF,
1 to 5 kilograms of plutonium could be released within the building, but would still most likely be largely
confined.

A wide range of potential accident scenarios has been evaluated in DAF safety documents
(NSTec 2009b), and conservative estimates of their probabilities, MAR, and potential release to the
building and the environment have been developed. The operational accident with the highest combined
probability and mitigated release to the environment (i.e., highest risk) is an explosion that results in
about 1,000 grams of plutonium being released to the environment. The mitigated frequency is
conservatively estimated to be 8 x 10 per year. A realistic estimate of the probability of a release of this
magnitude is likely much lower.

The only credible mechanism that would result in substantial releases would be a severe seismic event
that initiates an explosive dispersal event and fails the confinement functions of the building in such a
manner that a release to the environment could occur. Regarding a design-basis earthquake with a return
interval of about 2,000 years, neither an explosive dispersal within the building or failure of confinement
is expected. At some much lower probability, a seismic event could be postulated that initiates both the
accident and failure of confinement. This probability is estimated to be much lower than 10 per year.
For purposes of this SWEIS, a beyond-design-basis earthquake was postulated to initiate an explosive
dispersal of plutonium within the building, and confinement was postulated to fail in such a manner that
1 to 5 kilograms of plutonium might be released to the environment. The estimated probability range of
this seismically induced accident and failure of confinement is estimated to be in the 10 to 107 per year
or lower range. DAF was specifically designed to isolate activities and potential accidents occurring in
one cell or bay from the balance of the facility. Therefore, an accident, such as an explosion in one part
of the facility that initiates an explosion in another location in the facility, was not considered a credible
accident sequence.

More-severe accidents at DAF have much lower probabilities than explosions that would disperse
plutonium. The highest-potential-consequence accident postulated in the DAF safety analyses is an
inadvertent nuclear detonation. The physical conditions that would be required to get the plutonium and
explosive materials in a configuration that might result in a nuclear yield are extraordinarily unlikely. It is
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much more likely that accidents involving both high explosives and plutonium would result in explosive
dispersal of plutonium with no nuclear yield. An inadvertent nuclear yield accident is considered in the
DAF safety analyses as a beyond-design-basis accident, and safety controls are in place to prevent such
an accident. The safety controls that prevent the explosive dispersal of plutonium would also prevent the
even less likely conditions that might result in an inadvertent detonation. The DAF safety analyses
indicate that “this event has a vanishingly small likelihood (i.e., well below 10 per year)” and is at least
two orders of magnitude less likely than a high-explosives dispersal accident (LLNL 2007; NSTec
2009b). When the mitigation controls are considered, the likelihood of an inadvertent nuclear yield
occurring as a result of an accident is expected to be far below the 10 to 107 per year range and is not
considered further in this SWEIS.

G.3.3.1.2 Criticality Experiments Facility located at the Device Assembly Facility

Since the 7996 NTS EIS, the Criticality Experiments Facility was moved from Los Alamos National
Laboratory to DAF. The decision to move this facility was made after completion of the Final
Environmental Impact Statement for the Proposed Relocation of Technical Area 18 Capabilities and
Materials at the Los Alamos National Laboratory (DOE 2002b). Operations at the Criticality
Experiments Facility have also been the subject of safety analyses (LLNL 2006; NSTec 2010a). The
maximum foreseeable accident for the Criticality Experiments Facility is a reactivity-induced accident
that could result in a release equivalent to about 2.6 grams of plutonium to the environment. Two
beyond-design-basis accidents, with an estimated probability of less than 10 per year, an unmitigated
vault fire and an excess reactivity insertion with the Godiva critical assembly (one of the critical
experiment apparatuses employed at DAF), were conservatively estimated to result in releases equivalent
to about 130 grams and 250 grams of plutonium, respectively.

G.3.3.1.3 Joint Actinide Shock Physics Experimental Research Criticality Experiments Facility
located at the Device Assembly Facility

Since the 1996 NTS EIS, JASPER was constructed in Area 27 of the NNSS. Prior to operation, hazards
analyses were performed for JASPER, a documented safety analysis (LLNL 2005; NSTec 2008) was
developed, and controls were identified to prevent or mitigate all hazards based on the DOE risk-based
approach. These analyses considered the complete spectrum of hazards and accidents that could result
from facility operations or external initiators that would result in potential accident consequences for
workers, the public, and the environment. A number of radionuclides (including plutonium-238,
plutonium-239, various isotopes of uranium, and, to a lesser degree, other actinides) may be used as target
materials in shock physics experiments. These actinides would be impacted by projectiles within a
primary target chamber nested inside of a secondary confinement chamber.

The maximum foreseeable accidents identified were a failure of the ultrafast closure valve system that
would result in the release of 8.82 x 10™* grams of plutonium-239 and 4.78 x 10 grams of plutonium-238
to the environment, and a target building fire that would potentially release 6 x 10° grams of
plutonium-239 and 2.1 x 107 grams of plutonium-238. The estimated frequency of the ultrafast closure
valve system failure accident is 10" to 107 per year; the estimated frequency of the target building fire
accident is 10 to 10 per year. The worst consequence for the environment would be minor local
contamination. The risks to the public from JASPER operations would be minimal.

G.3.3.1.4 Tracer Radionuclides Experiments
As discussed in the normal operations section, under the Expanded Operations Alternative, up to

3 underground and 12 open-air radioactive tracer experiments per year would be conducted. These
experiments are not included under the No Action and Reduced Operations Alternatives. The details of
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how these experiments would be conducted and the exact radionuclide inventories to be used have not
been established. Under normal operations, the large curie releases of noble gases or particulates would
occur underground and only a very small fraction would reach the surface. The exact operational details
that would occur under the Expanded Operations Alternative would dictate the actual potential for
accidental releases. To bound the potential accident impacts of the proposed tracer radionuclide
experiments, an aboveground explosion involving the maximum proposed inventory of each of the short-
lived radioactive particulates (up to 27,000 curies each of rubidium-86, zirconium-95, technetium-99m,
molybdenum-99, ruthenium-103, cesium-136, barium-140, cerium-141, neodymium-147, and
samarium-153) was postulated for initial analysis in this SWEIS. This should be an easily prevented
accident; therefore, the accident probability falls into the extremely unlikely category, 10 to 10° per
year. Even though the configuration of the tracer experiments are not known, it is likely that they would
be designed to efficiently aerosolize a measurable quantity of the particulates; therefore, it was assumed
that 1 to 10 percent of the particulates would be aerosolized and respirable in a surface accident. For
purposes of performing a conservative analysis of the potential impacts of a surface accident, 10 percent
of the particulates were assumed to become airborne and respirable.

The impact results, per isotope, from modeling a puff release of 27,000 curies of each of the short-lived
radioactive particulates (rubidium-86, zirconium-95, technetium-99m, molybdenum-99, ruthenium-103,
cesium-136, barium-140, cerium-141, neodymium-147, and samarium-153) and 27,000 curies of each of
the radioactive noble gases (xenon-127, xenon-131m, xenon-133, krypton-85, and argon-37) are
presented in Table G—14.

Table G—14 Tracer Experiment Full-Scale Results per Isotope

Noninvolved Worker
at 110 Yards MEI at 1.4 Miles Population within 50 Miles
Release Dose LCF Dose LCF Dose
Scenario (curies) (rem) Risk (rem) Risk (person-rem) LCFs*

Rubidium-86 2.7 %x10* 44 3x107 2.0x 10" 1x10* 3.7% 10" 0 (2x10%
Zirconium-95 2.7 x10* 21 2x 102 9.6 x 107 6x10™ 1.7 0 (1x107
Technetium-99m | 2.7 x 10 0.17 1x10" 8.4x10° 5x10° 1.3 x 107 0 (8x10°
Molybdenum-99 2.7 %x10* 3.1 2x107 1.4 x 10" 9 x 107 2.6x10" 0 (2x10%
Ruthenium-103 2.7 %x10* 13 8 x 107 6.0 x 107 4x 10" 1.1 0 (6x10%
Cesium-136 2.7 x10* 8.6 5x107° 1.8 1x107 3.2 0 (2107
Barium-140 2.7 % 10 43 3x107° 2.2 %107 1x10* 40x10" 0 (2x10%
Cerium-141 2.7 % 10 5.3 3x107° 2.5% 107 1x10* 44 % 10" 0 (3x10%
Neodymium-147 | 2.7 x 10 5.2 3x107° 2.4 %107 1x10* 43 x 10" 0 (3x10%
Samarium-153 2.7 % 10 13 8x10™ 6.0 x 107 4x10”° 1.1x10" 0 (6 x107)
Total Release of | 2.7 x 10° 67 4 %10 4.5 3x10° 8.1 0 (5x107%)
All Particulates

Argon-37 27x10* | 1.4x107 8§ x 10" 23x%10" 1x10M" 6.0x10® 0(4x10"
Krypton-85 27%10* | 45x107 3x107° 1.3x107° 8% 107 3.8x10° 0(2x10°
Xenon-127 2.7 % 10 5.5 3x107° 2.5% 107 2x10* 4.6x10" 0 (3x10%
Xenon-131m 27x10* | 3.6x10" 2x 10" 1.7 x 107 1x10” 3.0 x 107 0 (2x107)
Xenon-133 27x10* | 6.5x10" 4x10* 3.0 x 107 2x107 5.4 x 107 0 (3x107)
Total Release of | 1.3 x 10° 6.5 4x10° 3.0 x 10" 2x10* 55x10" 0 3x10%
All Noble Gases

LCF = latent cancer fatality; MEI = maximally exposed individual; rem = roentgen equivalent man.

* The number of LCFs in the population would be a whole number. The value in parentheses is the result of multiplying the
population dose by the factor of 0.0006 LCFs per person-rem.

Note: Impacts for an acute accident release do not include the long-term (chronic) ingestion pathway; actions would be taken to

ensure doses from this pathway were a small fraction of the dose from the plume. In contrast, for normal operational tracer

experiment impacts presented in Table G—11, the ingestion pathway was included.
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Based on the results of this modeling, surface releases of particulates would have greater radiological
impacts than releases of comparable quantities of noble gases.

G.3.3.1.5 Big Explosives Experimental Facility

Details of the BEEF analyses are presented in Appendix F of the 71996 NTS EIS. Since the 1996 NTS EIS,
BEEF has been operational in Area 4 of the NNSS. Prior to operation, hazards analyses were performed
for BEEF, a safety analysis was developed, and controls were identified to prevent or mitigate all hazards
based on a DOE risk-based approach. These analyses considered the complete spectrum of hazards and
accidents that could result from the operations or external initiators that would result in potential accident
consequences for workers, the public, and the environment. For these experiments, the releases are
intentional and no reasonably foreseeable accidents were identified that would have substantial impacts
on noninvolved workers, the public, or the environment.

As discussed above, detonation of depleted uranium was considered for normal operational impacts from
explosive operations at BEEF exclusively. For those analyses, it was assumed that a typical experiment
would involve 200 pounds of depleted uranium and the explosive equivalent of 600 pounds of TNT.

Results of the analysis for a single BEEF experiment using depleted uranium are shown in Table G-15.
For the analysis of an accident at BEEF, it was assumed that all of the depleted uranium becomes
acrosolized and respirable, rather than only 20 percent, as was assumed for normal operations.

Involved worker impacts were not evaluated under this mission; rather, safety programs are present to
limit potential impacts on such workers in the event that containment and/or mitigation are possible.
However, in scenarios of catastrophic proportion (i.e., events that would yield extremely high impacts on
noninvolved workers), it was assumed that the involved worker would be subjected to prompt fatality
from radiation overdose, physical trauma, or another life-threatening episode.

Table G-15 Big Explosives Experimental Facility Experiment with Depleted Uranium

Release Noninvolved Worker
(pounds of at 110 Yards MEI at 1.4 Miles Population within 50 Miles
depleted Dose 110-yard Dose LCF Dose
Scenario uranium) (rem) LCFs (rem) Risk (person-rem) LCFs"
BEEF (ME] at 9 200 0.0012 7 %107 0.00015 9x 108 0.017 0 (1x107)
miles)

BEEF = Big Explosives Experimental Facility; LCF = latent cancer fatality; MEI = maximally exposed individual; rem = roentgen equivalent
man.

* For the accident analysis, impacts are calculated assuming that all of the depleted uranium becomes airborne and is
respirable. Per DOE Handbook 3010 (DOE 1994), the fraction that might be respirable with an explosive release is
20 percent. The 20 percent fraction is applied to the BEEF experiment normal operational values presented in Table G-10.

® The number of LCFs in the population would be a whole number. The value in parentheses is the result of multiplying the
population dose by the factor of 0.0006 LCFs per person-rem.

No accidents were identified that would result in higher radiological releases/impacts than those identified
as part of normal operations.

G.3.3.1.6 Radiological/Nuclear Countermeasures Test and Evaluation Complex

The Radiological/Nuclear Countermeasures Test and Evaluation Complex is located near DAF in Area 6.
The potential for accidents and public health and safety impacts associated with operation of the facility
was considered in the Radiological/Nuclear Countermeasures Test and Evaluation Complex, Nevada Test
Site, Final Environmental Assessment (DOE 2004c), as well as safety basis documents (NSTec 2009¢).
Because the activities involve nondestructive evaluation and observations of sealed containers and
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shipping containers, no reasonably foreseeable accidents were identified that would have substantial
impacts on noninvolved workers, the public, or the environment.

G.3.3.1.7 Nonproliferation Test and Evaluation Complex

The potential human health impacts of tests and experiments involving the release of biological simulants
and low concentrations of chemicals at various locations within the NNSS were evaluated in the 2004
Final Environmental Assessment for Activities using Biological Simulants and Releases of Chemicals
(DOE 2004b). That environmental assessment stated, “During releases, administrative and access
controls, and area monitoring would prevent exposures to involved and non-involved workers and the
general public. No impacts to involved or uninvolved workers or the public from injury or illness would
be expected...”

For these experiments, the releases are intentional and no reasonably foreseeable accidents were identified
that would have substantial impacts on workers or the general public. The evaluations indicate that
reasonable controls and safety programs would continue to ensure that any potential human health risks to
involved workers, onsite personnel, and the public from accidents would be minimal. Criteria established
in the environmental assessment for experimental releases include limiting concentrations of hazardous
material beyond controlled areas to acceptable limits.

Future experimental activities could include evaluating the potential impacts of a release of larger
quantities of chemicals such as chlorine. Any such proposed experiments would undergo a thorough
environmental and safety review prior to authorization of a test involving larger quantities of hazardous
materials. In most cases, an accident involving such hazardous materials would release the materials in
an unplanned and uncontrolled manner. As such, proper procedures may not be in place, workers may
not be properly sheltered, and weather conditions may not be the same as those for planned experiments.
Accidents involving hazardous materials have the potential to affect both involved and noninvolved
workers and to release the materials at a higher rate than planned in a controlled experiment.

To evaluate the potential environmental impacts of future experiments at the NNSS involving hazardous
chemicals, two accident scenarios involving large accidental releases of chlorine gas were postulated in
this SWEIS. The first scenario was an accidental release of chlorine gas from a tractor-trailer tank car
engaged in transporting the material on site, or a handling accident involving unloading such a tank, either
of which results in the release of the contents of a 20-ton tank car. The second scenario was the
catastrophic accidental release of the contents of a 90-ton railcar used to store chlorine for experiments at
NPTEC. Both of these accidents are in the “extremely unlikely” to “beyond extremely unlikely”
frequency categories, i.e., in the 10™ to 10 per year frequency range or beyond.

G.3.3.1.8 Other Nevada National Security Site National Security/Defense Mission Activities

Other National Security/Defense Mission activities that might occur under each of the alternatives that
were also reviewed include the following:

e Pulsed-power experiments at the Atlas Facility
e Plasma physics and fusion experiments

¢ Stockpile management activities, including:

- Disposition of damaged U.S. nuclear weapons

- Staging, disassembly, modification, and maintenance of nuclear weapons
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- Quality assurance testing of weapons components

- Storage and staging of special nuclear material, including pits

e  G-Tunnel operations
e Ula Complex operations

Hazard, safety, and environmental analyses, as appropriate, were performed for each of these operations
(e.g., DOE 2001, NSTec 2009d). These analyses showed that any radiological or chemical releases to the
environment from normal operations would be small and would be accounted for in the site baseline dose
(see Table G-9). No reasonably foreseeable accidents were identified that would have substantial impacts
on noninvolved workers, the public, or the environment beyond those already identified. The impacts of
accidents involving these activities would be less than or comparable to other activities that were
evaluated in more detail in this SWEIS (e.g., potential accident scenarios associated with DAF
operations). Existing safety analyses for these activities indicate that reasonable controls are and would
continue to be in place to ensure that any potential human health risks to workers, onsite personnel, and
the public from accidents would be minimal.

In addition to these existing facilities, development and evaluation of a new, portable high-energy
accelerator capable of producing up to 60 megaelectron volt x-rays for active interrogation or radiography
of items in support of the U.S. Department of Defense (DOD) and U.S. Department of Homeland Security
(DHS) has been proposed. This would be similar to existing accelerators used radiography at the Device
Assembly Facility and the Radiological/ Nuclear Countermeasures Test and Evaluation, but would have
higher accelerator energy to enable better radiography of items under examination. The DOD and DHS
plans call for the active interrogation activities to be conducted in a variety of outdoor locations at the
NNSS that are reflective of real-world conditions where the system could be used; that is, using mobile
accelerator (x-ray) units using a variety of targets that could be either fixed or mobile. Special nuclear
material or other radioactive materials would be used in the process as targets. Initially, the nuclear or
radioactive materials would be in either sealed sources or Type B containers, and accelerator energies
would be limited to no more than 60 megaelectron volts. As the project progresses, larger energies and
other nuclear materials containerization concepts would be considered. Safety controls would be similar
to other portable outside radiography activities. The direct beam presents a hazard to anyone within its
path, but is easily controlled and managed. Because of the energy of the proposed unit, its range would
be longer than some units, so, as with all radiography devices, care would have to be exercised to ensure a
clear beam path. The potential for accidents and public health and safety impacts associated with
operation of the accelerator are similar to the active interrogation operations that were considered in the
Radiological/Nuclear Countermeasures Test and Evaluation Complex, Nevada Test Site, Final
Environmental Assessment (DOE 2004c), as well as safety basis documents for the existing facility
(NSTec 2009¢) and the new accelerator (NSTec 2010b, 2010c). Because the activities involve
nondestructive evaluation and observations of sealed containers and shipping containers, no reasonably
foreseeable accidents were identified that would have substantial impacts on noninvolved workers, the
public, or the environment (NSTec 2010b, 2010c¢).

G.3.3.2 Nevada National Security Site Environmental Management Mission

The 1996 NTS EIS identified maximum reasonably foreseeable accidents for the Environmental
Management Mission as an explosion, fires, and aircraft crashes into the Area 5 waste management areas;
spills and fires associated with containers of contaminated soils; or an aircraft crash in an area of the
NNSS with contaminated soils. Based on more-recent safety analyses, these accidents are still considered
the maximum reasonably foreseeable scenarios.
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G.3.3.2.1 Radioactive and Hazardous Waste Facilities in Nevada National Security Site
Areas 3 and 5

The 71996 NTS EIS accidents for the Environmental Management Mission were an explosion, fires, and
aircraft crashes in the Area 5 waste management areas, identified as accident scenarios WMR1, WMR2,
WMR3, WMH1, WMH2, and WMH3. These accident scenarios are still considered relevant. Since the
1996 NTS EIS, additional safety analyses for the Area 3 and 5 radioactive waste management facilities
have been developed, including a documented safety analysis. Activities that have a potential for
accidents that might result in high offsite radiological consequences all involve an impact and a
subsequent fire involving containers with large quantities of radioactive material. In all cases, these
containers are designed and maintained in such a configuration that vehicle impacts are very unlikely, and
rupture of a container and subsequent fire are even less likely. All of the accidents that might result in a
substantial release of radioactive materials from the container are categorized as “extremely unlikely” or
beyond, in the 10™ to 10 per year or lower probability range. Because wastes are typically stored in
containers that would be appropriate for over-the-road transportation, the likelihood that an onsite impact
would substantially damage one or more containers is low. Many of the activities under the Waste
Management Program have no reasonably foreseeable accident scenarios that could result in exposure to
noninvolved workers or the public.

Based on recent safety analyses (DOE 2010a), accidents that are extremely unlikely (10 to 10°° per year),
but still credible, include vehicle impacts and fires in containers of low-level radioactive waste or
transuranic material, and a design-basis earthquake. Similar events were postulated for the Area 3
hazardous waste storage area. Radiological accidents such as a vehicle impact or fire were postulated to
result in a release equivalent to about 24 to 126 grams of plutonium to the environment.

For the Area 3 hazardous waste storage area, the accidents identified in the 7996 NTS EIS are still
considered conservative. Based on current or reasonably foreseecable levels of activity at Area 3, the
quantities of hazardous materials assumed in the 7996 NTS EIS would not be present under the any of the
alternatives.

G.3.3.2.2 Nevada National Security Site Environmental Restoration Program

Since the 71996 NTS EIS, Environmental Restoration Program activities at the NNSS have continued such
that the accidents identified in the 71996 NTS EIS continue to represent maximum reasonably foreseeable
accidents for these activities. Because the waste packages and waste handling and storage practices are
designed for these activities, all of the accidents that would result in a release of radioactive material to
the environment would require multiple failures of safety systems and, therefore, are extremely unlikely.
The accidents analyzed involve the release of radioactive material due to a single-container spill, a
multiple-container fire, and an aircraft crash into multiple containers. Only small quantities of
radiological materials would be involved and potentially released, and there would be extremely low
radiological and chemical risks to noninvolved workers and the public.

The 71996 NTS EIS evaluated three classes of events for Environmental Restoration Program activities for
plutonium contamination at the NNSS: an abnormal event (frequency range of 107 per year or greater),
which is represented by the spill of one container of environmental restoration waste; a design-basis event
(frequency range of 10 to 10™ per year), which is represented by a fire involving the contents of three
containers (or a front-end loader) of environmental restoration waste; and a beyond-design-basis accident
in which a military aircraft crash results in a large fire that involves contaminated soil (i.e., an aircraft
crash that is categorized and analyzed as an "initiating event"). Since the /996 NTS EIS, annual sortie
operations at Nellis Air Force Base have increased from 16,000 to 27,000 per year (USAF 2007), or by a
factor of 1.69. Thus, the estimated probability of the aircraft crash, based on the approximately
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27,000 sorties per year (USAF 2007) assumed to occur over or near the NNSS, has increased from
7 x 107 per year to 1.2 x 10 per year.

Review of ongoing and projected environmental restoration activities at the NNSS indicates that these are
still reasonable accident types for all of the SWEIS alternatives. The 1996 NTS EIS assumed maximum
soil contamination levels of 2,000 picocuries per gram at the NNSS. Current information indicates that
the maximum existing contamination at the TTR is 51,200 picocuries of plutonium-239 per gram of soil
at Clean Slate 3 GZ Mound; therefore, the source terms for this SWEIS were increased proportionally.

G.3.4 Remote Sensing Laboratory Radiological and Chemical Accident Scenarios

No credible accidents that would present other than negligible radiological or hazardous chemical impacts
on or risks to involved or noninvolved workers, the public, or the environment were identified for the
Remote Sensing Laboratory under any of the alternatives.

G.3.5 North Las Vegas Facility Radiological and Chemical Accident Scenarios

Discussions were held with facility personnel at the A-01 building concerning the inventories of
radionuclide sources and their typical operational practices. These discussions indicated that all of the
sources were “sealed” and packaged in such a manner that they were not vulnerable to the range of
operational events, external events, or natural phenomena events. No safety basis or NEPA documents
were identified.

A wide range of accidents at NLVF was considered, including accidents involving sealed sources, as well
as airplane crashes. All potential scenarios, however, were found to be of such low probability that they
were ultimately eliminated (i.e., screened out) from detailed evaluation in this SWEIS. Therefore, it was
concluded that no credible accidents that would present other than negligible radiological or hazardous
chemical impacts on or risks to the noninvolved worker, the public, or the environment were applicable to
NLVF under the any of the alternatives.

G.3.6 Tonopah Test Range Radiological and Chemical Accident Scenarios
G.3.6.1 Tonopah Test Range National Security/Defense Mission

Stockpile Stewardship and Management Program. Since the /996 NTS EIS, Stockpile Stewardship
and Management Program activities at the TTR have changed substantially such that the activities that
resulted in the maximally reasonably foreseeable accidents identified in the /996 NTS EIS no longer
occur. For example, the activity that resulted in the maximum reasonably foreseeable radiological
accident, the failure of an artillery-fired test assembly, no longer occurs or is expected under any of the
alternatives evaluated in this SWEIS.

Under each of the alternatives in this SWEIS, the maximum reasonably foreseeable accident involved the
release of radioactive and toxic material due to a structural failure, drop, seismic event, fire, explosion, or
aircraft impact involving a joint test assembly, which is part of the nuclear explosive-like assembly. Only
small quantities of uranium, lithium, and beryllium would be involved and potentially released.
Radiological and chemical impacts on noninvolved workers and the public would be minimal
(DOE 1996a; SNL 2005).

The TTR safety analysis does consider a range of fire and explosion-type events involving rocket,
missiles, and artillery rounds. The most serious events involve the ignition of high explosives or
propellants. The mitigated consequences of these events are typically negligible outside of the local area,
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but could result in worker fatalities. Safety programs are in place to prevent or mitigate these events
(SNL 2005).

G.3.6.2 Tonopah Test Range Environmental Management Mission

Since the 1996 NTS EIS, Environmental Restoration Program activities at the TTR have continued such
that the accidents identified in the /996 NTS EIS continue to represent those activities proposed under all
alternatives in this SWEIS. The accidents involve the release of radioactive material due to a single-
container spill, a multiple-container fire, and an aircraft crash into multiple containers. Because the waste
packages and waste handling and storage practices are designed to mitigate most of these events, most of
the accidents that would result in the release of radioactive material to the environment would require
multiple failures of safety systems and, therefore, are extremely unlikely. Only small quantities of
radiological materials would be involved and potentially released. The analyzed accident for which waste
packages and waste handling and storage practices are not designed involves an aircraft crash followed by
a fire, which is an extremely unlikely event. Radiological and chemical risks of these accidents to
noninvolved workers and the public would be minimal.

The 1996 NTS EIS evaluated three classes of events for Environmental Restoration Program activities for
plutonium contamination at the TTR: an abnormal event (frequency range of 10~ per year or greater),
which is represented by the spill of one container of environmental restoration waste; a design-basis event
(frequency range of 10 to 107 per year), which is represented by a fire involving the contents of three
containers (or a front-end loader) of environmental restoration waste; and a beyond-design-basis accident
in which a military aircraft crash results in a large fire that involves contaminated soil. The estimated
probability of the aircraft crash, based on the approximately 16,000 sorties per year that occur over the
TTR and are also assumed to occur over the NNSS, was 1 x 10 per year. Since the 1996 NTS EIS, the
annual sortic operations at Nellis Air Force Base have increased from 16,000 to 27,000 per year
(USAF 2007), or by a factor of 1.69. Thus, the estimated probability of the aircraft crash, based on the
approximately 27,000 sorties per year assumed to occur over the TTR (USAF 2007), has increased from
1 x 107 per year to 1.7 x 10 per year.

Review of ongoing and projected environmental restoration activities at the TTR indicates that these are
still reasonable accident types for each of the proposed SWEIS alternatives. The 1996 NTS EIS assumes
maximum soil contamination levels of 2,000 picocuries per gram at the NNSS. Current information
indicates that the maximum existing contamination at the TTR is 51,200 picocuries of plutonium-239 per
gram of soil at Clean Slate 3 GZ Mound; therefore, the source terms for this SWEIS were increased
proportionally.

G.3.7 Radiological and Chemical Accident Impacts

Accident consequences and risks are a function of the source term, number, and location of worker and
public dose receptors; meteorology; LCF dose-to-risk conversion factor; and annual accident frequency.
Source terms, the location of the MEI, and meteorology data were updated from those used in the
1996 NTS EIS accident assessment scenarios (DOE 1996a); furthermore, the total 50-mile population,
dose-to-LCF risk conversion factor, public dose receptor breathing rate, and certain accident frequencies
have also changed. The population changed because the /1996 NTS EIS population was based on the
1990 census, whereas this SWEIS uses an updated population based on the 2000 census that is
extrapolated to the year 2016. The dose-to-LCF conversion factor used in this SWEIS (0.0006 fatal
cancers per person-rem) changed due to updated information on cancer rates in exposed populations that
was evaluated by a U.S. intergovernmental task force and resulted in new recommended factors
(DOE 2003). The changes in public breathing rate are based on DOE accident dose calculation
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methodology recommendations for the MACCS2 computer code (DOE 2004a). The higher aircraft sortie
rate from Nellis Air Force Base resulted in higher accident frequencies for three scenarios (USAF 2007).

The mean consequences of accidental radiological releases, given variations in meteorological conditions
at the time of the accident, are calculated as radiological doses in terms of rem. The mean consequences,
or the expected consequences of the accident, are an appropriate statistic for use in risk estimates. The
consequences are also expressed as the additional potential or likelihood of death from cancer for the
noninvolved worker and the MEI, as well as the expected number of incremental LCFs among the
exposed population. For purposes of this SWEIS, long-term impacts due to ingestion of radioactive
materials accidentally released are not reported because it is reasonable to assume that interdiction would
occur to minimize any longer-term doses due to accidents.

G.3.7.1 Nevada National Security Site Radiological and Chemical Accident Results

The analysis results for the NNSS accident scenarios are presented in Table G-16. The results are
presented in terms of the total effective dose equivalent for the 50-mile radius population, the MEI, and a
noninvolved worker, as well as the LCF risks associated with these doses. LCF risks were calculated
using the risk factor of 0.0006 LCF per rem discussed in Section G.1.1.3. The risk factor was doubled to
0.0012 LCF per rem for doses greater than 20 rem (NCRP 1993).

A large accidental chlorine gas release from NPTEC was postulated to illustrate the maximum credible
accident involving hazardous chemicals with future NNSS operations. No other new chemical accident
scenarios are expected for this SWEIS. However, a comparison of the ERPG values used in the
1996 NTS EIS (NIOSH 1990) against those currently recommended by DOE (DOE 2007b) shows that a
number of ERPG values have decreased. These lower ERPG values may affect the consequences of
chemical accidents; therefore, all chemical accident consequences were re-analyzed using the ALOHA
Version 5.2.3 computer code (EPA 2004) (see Section G.6.3).

As discussed above, chemicals were analyzed using the chemical accident scenarios addressed in the
1996 NTS EIS (Expanded Use Alternative). In general, different source terms, meteorological dispersion
parameters, and receptor locations were applied for this SWEIS compared to the /996 NTS EIS. The
chemical accident scenarios and their acute health effects on the noninvolved worker and MEI are
presented for both the 71996 NTS EIS and this SWEIS in Table G-17. Because multiple chemicals are
involved in each accident scenario, the ERPG levels indicated in Table G—17 reflect the highest ERPG
level for the noninvolved worker and the MEI for any of the chemicals.
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Table G-16 Nevada National Security Site Radiological and Chemical Facility Accidents,

Source Terms, and Consequences

Onsite Worker Offsite Population
Maximally
Noninvolved Worker at Exposed Population to

Accident Source Term 110 Yards *® (100 meters) Individual ® 50 Miles ¢
National Security/ Defense Mission
DAF explosion involving 1,000 grams plutonium 6.5 rem 0.18 rem 23 person-rem
55 pounds high equivalent 0.004 LCF 0.0001 LCF 0 (0.01) LCF
explosives and release of
1 kilogram plutonium
DAF design-basis 5,000 grams plutonium 2800 rem 0.86 rem 113 person-rem
earthquake equivalent 1°LCF 0.0005 LCF 0 (0.07) LCF
Criticality Experiments 2.6 grams plutonium 1.5 rem 0.00045 rem 0.059 person-rem
Facility equivalent 0.0009 LCF 3 x 107 LCF 0 (4x107)LCF
Godiva-burst reactivity-
induced accident
Criticality Experiments 130 grams plutonium 74 rem 0.022 rem 2.9 person-rem
Facility equivalent 0.09 LCF 1 x10° LCF 0 (0.002) LCF
beyond-design-basis vault
fire — unmitigated
Criticality Experiments 250 grams plutonium 130 rem 0.048 rem 6.3 person-rem
Facility equivalent 0.2 LCF 3 x10° LCF 0 (0.004) LCF
beyond-design-basis
Godiva excess reactivity
insertion
JASPER 8.82 x 10™ grams Pu-239 | 9.1 x 10™ rem 2.9x107 rem 9.9 x 107 person-rem
UCVS failure 478 x 10" grams Pu-238 | 5 x 107 LCF 2 x 10" LCF 0 (6 x 10™) LCF
JASPER 3.78 x 107 curies Pu-239 | 2.5 x 107 rem 8.0 x 10” rem 2.8 x 10" person-rem
target building fire 3.57 x 10" curies Pu-238 | 2 x 10 LCF 5% 10" LCF 0 (2 x10”) LCF
Bounding tracer 2,700 curies each of 6.7 rem 0.45 rem 0.81 person-rem
radionuclide experiments | Rb-86, Zr-95, Tc-99m, 0.008 LCF 3 x 10" LCF 0 (5% 10*)LCF

surface explosion
Areas 5, 12, 15, 16, 19, 20
(results for Area 5)

Mo-99, Ru-103, Cs-136,
Ba-140, Ce-141, Nd-147,
and Sm-153

NPTEC catastrophic
chlorine gas release from
90-ton railcar

90 tons of chlorine gas

Potential worker fatalities
to about 5 miles
downwind without

Chlorine gas concentrations at levels that
pose an irritant, but most likely in

unoccupied areas

(chemical accident) evacuation

Environmental Management Mission — Waste Management

Area 5 transuranic waste 23.79 grams plutonium 7.9 rem 0.36 rem 0.65 person-rem
container — vehicle impact | equivalent 0.005 LCF 2 x 10" LCF 0 (0.0004) LCF
and fire

Area 5 — classified 65.7 grams plutonium 20.5 rem 0.83 rem 1.8 person-rem
transuranic material equivalent 0.02 LCF 5x10* LCF 0 (0.001) LCF
container - vehicle impact

and fire

Area 5 design-basis 1.58 grams plutonium 0.49 rem 0.02 rem 0.043 person-rem
earthquake equivalent 0.0003 LCF 1 x 10° LCF 0 (3 x107) LCF
Area 5 TRUPACT 126 grams plutonium 39 rem 1.6 rem 3.4 person-rem
Type A container drop, equivalent 0.05 LCF 1 x10° LCF 0 (0.002) LCF

breach, and fire
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Onsite Worker Offsite Population
Maximally
Noninvolved Worker at Exposed Population to
Accident Source Term 110 Yards ™° (100 meters) Individual 50 Miles ©
Environmental Management Mission — Environmental Restoration °
One-container spill Curies: 1.0 x 10° rem 4.8 x 107 rem 8.7 x 107 person-rem
U-234 1.10 x 107° 6 x 10° LCF 3 x 10" LCF 0 (5% 10" LCF

U-235 8.45x 107
U-238 7.94x 10
Pu-238 1.74 x 107
Pu-239 1.59 x 10°®
Pu-240 1.54 x 107
Pu-241 4.10 x 10
Pu-242 3.33 x 107"
Am-2411.02 x 107

Three-container fire Curies: 8.8 x 107 rem 3.6 x 10 rem 7.8 x10° gerson rem
U-234 9.73 x 107"° 5x10® LCF 2 x 10°LCF 0 (5% 10”) LCF

U-235 7.68 x 107"
U-238 7.17 x 107

Pu-238 1.54 x 107
Pu-239 1.43 x 107
Pu-240 1.38 x 10
Pu-241 3.58 x 10°
Pu-242 3.07 x 10!
Am-2419.22 x 107

Aircraft crash and fire Curies: 1.0 rem 0.0474 rem 0.090 person-rem
U-234 1.08 x 107 6 x 10* LCF 3 x 10° LCF 0 (5% 107 LCF
U-235 8.19 x 107
U-238 7.68 x 107
Pu-238 1.69 x 107
Pu-239 1.56 x 10"
Pu-240 1.51 x 107
Pu-241 4.10 x 10"
Pu-242 3.07 x 107
Am-2411.02 x 107

Ba = barium; Ce = cerium; Cs = cesium; DAF = Device Assembly Facility; JASPER = Joint Actinide Shock Physics Experimental
Research; LCF = latent cancer fatality; Mo = molybdenum; Nd = neodymium; NPTEC = Nonproliferation Test and Evaluation
Complex; Pu = plutonium; Rb = rubidium; rem = roentgen equivalent man; Ru = ruthenium; Sm = samarium; Tc = technetium;
TRUPACT Transuranic Packaging Transporter; UCVS = ultrafast closure valve system; Zr = zirconium.

* Individual radiation doses in excess of a few hundred rem would result in acute (near-term) health effects or even death from causes
other than cancer. In some cases, medical intervention may be effective in reducing the dose, mitigating health impacts, or both.
The listed doses are calculated assuming that no protective action occurs during the period of exposure and that no subsequent
medical intervention occurs.

Increased risk of an LCF to an individual, assuming the accident occurs.

Increased number of LCFs for the offsite population, assuming the accident occurs. The number of LCFs in the population would
be a whole number. The value in parentheses is the result of multiplying the population dose by the factor of 0.0006 LCFs per
person-rem.

Because this represents the increased likelihood of an individual developing an LCF, a value of 1 indicates that the person would
likely develop a cancer. The value cannot exceed 1.

Environmental restoration activities conservatively assumed to be located at the Area 5 Radioactive Waste Management Complex.
This location has the closest proximity to a site boundary (1.4 miles to the east) of all potential environmental restoration areas and
is also closest to the bulk of the population centers.

Note: The dose at 110 yards is highly dependent on the modeling assumptions, especially the energy involved and, hence, the
effective release height. Very high doses might be expected if the release were mostly at near-ground level. If lots of energy were
assumed, the plume might rise to sufficient height that it might pass over the 110-yard location and not reach the ground for several
hundred yards. Thus the dose at 110 yards should only be used as an indicator of potential doses.

o

o
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Table G-17 Comparison of Chemical Accident Health Consequences

Noninvolved Noninvolved
Scenario Identification Accident Annual Worker, Worker, this MEI, 1996 ME]I, this
and Location Frequency * 1996 NTS EIS * SWEIS NTS EIS * SWEIS
DPHI1, TTR 6 x 10 ERPG-2 ERPG-3 ERPG-3 ERPG-3
DPH2, TTR 1.6 x 10 ERPG-1 None ERPG-1 None
WMHI, Area 5 2.96 x 107 ERPG-3 ERPG-3 None None
WMH2, Area 5 8 x 107 ERPG-3 ERPG-3 None None
WMH3, Area 5 1 x 107 (EIS) ERPG-3 ERPG-3 ERPG-1 None
1.7 x 107 (SWEIS)
ERHI1, TTR or NTTR 0.11 ERPG-3 ERPG-3 None None
ERH2, TTR or NTTR 8§ x 107 ERPG-3 ERPG-3 None None
ERH3, TTR or NTTR 7 x 1077 (EIS) ERPG-3 ERPG-3 None None
1.2 x 10 % (SWEIS)
NDRDHI, Area 5 1.7 x 107 ERPG-3 ERPG-3 ERPG-1 None
NDRDH2, Area 5 1x10* ERPG-3 ERPG-3 ERPG-1 None
NDRDH3, Area 5 1 x 107 (EIS) ERPG-3 ERPG-3 ERPG-2 ERPG-1
1.7 x 107 (SWEIS)
WFOHI, Area 4 1x107%to 1 x 107 ERPG-1 ERPG-2 None None
WFOH?2, Area 4 1x10%to 1 x 107 ERPG-3 ERPG-3 None None
Nonproliferation Test and 1x10%t01x10° Not included ERPG-3 Not included ERPG-1
Evaluation Complex or lower possible

EIS = environmental impact statement; MEI = maximally exposed individual; NTTR = Nevada Test and Training Range;

SWEIS = site-wide environmental impact statement; TTR = Tonopah Test Range.

* Source: DOE 1996a, 1996b; USAF 2007.

ERPG-1 Values: Exposure to airborne concentrations greater than ERPG-1 values for a period greater than 1 hour results in
an unacceptable likelihood that a person would experience mild transient adverse health effects or perception of a clearly
defined objectionable odor.

ERPG-2 Values: Exposure to airborne concentrations greater than ERPG-2 values for a period greater than 1 hour results in
an unacceptable likelihood that a person would experience or develop irreversible or other serious health effects or
symptoms that could impair one's ability to take protective action.

ERPG-3 Values: Exposure to airborne concentrations greater than ERPG-3 values for a period greater than 1 hour results in
an unacceptable likelihood that a person would experience or develop life-threatening health effects.

The analysis for this SWEIS shows that most of the chemical accidents result in concentrations above
ERPG-3 values for the noninvolved worker. The noninvolved worker assumed to be 110 yards from the
release is the modeling construct used in accident impact analyses. It is unlikely that there would be
noninvolved workers near the postulated accident. The accident scenario with the highest frequency that
could result in a noninvolved worker fatality is ERH1 at the TTR or Nevada Test and Training Range,
which has an estimated annual frequency of 0.11 (1 chance in 9).

The only accident scenario that exceeds ERPG-3 values for the MEI is DPH1 at the TTR. This accident
scenario has an estimated annual frequency of 6 x 10 per year, equivalent to 1 chance in 167,000 that
this accident would occur. Accident scenario NDRDH3 could result in mild transient adverse health
consequences for the MEL Accident scenario NDRDH3 has an estimated annual frequency of 1.7 x 107
per year, equivalent to 1 chance in 5.9 million that it would occur. The NPTEC chlorine accident would
also potentially exceed ERPG-3 concentrations for the MEI. The estimated annual frequency of this
accident is up to 1 x 10™ per year, equivalent to 1 chance in 10,000. All other chemical accidents result in
no health effects on the MEIL. Several accident scenarios (DPH2, WMH3, NRDH1, and NRDH2) that
resulted in health consequences for the MEI in the /996 NTS EIS were shown to have no health
consequences in the analyses performed for this SWEIS. The lower consequences for these accident
scenarios are due to the different values used in the analysis of ERPG-1 in this SWEIS for the chemicals
involved, as well as the assumption of neutral 50 percent meteorology for the noninvolved worker and
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METI in this SWEIS (the /996 NTS EIS assumed stable 95 percent meteorology). The assumption of
50 percent meteorology is consistent with other current DOE NEPA hazardous chemical accident
analyses. In general, the chemical accident analysis results in this SWEIS show lower health
consequences for the noninvolved worker and MEI than the analysis results in the /996 NTS EIS.

Table G-18 shows the facility accident risks to the offsite population, the MEI, and a noninvolved
worker after accounting for the estimated frequency of the postulated accidents. The accident presenting
the highest risk to the offsite population would be the DAF accident involving about 55 pounds of high
explosives and 1 kilogram of plutonium. For the offsite population, there would be an increased risk of
1 x 10” (1 in 100,000) per year of operation of a single LCF occurring in the population. The annual risk
of an LCF from this accident would be 9 x 10™ (about 1 in 11 million) for the MEL The annual risk of an
LCF to the noninvolved worker would be about 3 x 10 (about 1 in 330,000 ).

Table G-18 Nevada National Security Site Radiological and Chemical Facility Accident Risks

Onsite Worker Offsite Population
Noninvolved Worker | Maximally
Frequency at 110 Yards Exposed | Population to
Accident (events per year) (100 meters) * Individual * 50 Miles "
National Security/ Defense Mission
DAF explosion involving 55 pounds of high 8 x 10 or lower 3x10° 9x10°® 1 %107
explosives and release of 1 kilogram of
plutonium
DAF beyond-design-basis earthquake <1010 107 1x10° 5x 10710 7x10°%
Criticality Experiments Facility Godiva- 107 t0 10™ 9x10° 3x107 4107
burst reactivity-induced accident
Criticality Experiments Facility <10°® 9x 1078 1x10™" 2x107
beyond-design-basis vault fire — unmitigated
Criticality Experiments Facility <10 2 %107 3 x 107! 4x10°
beyond-design-basis Godiva excess reactivity
insertion
JASPER 10" to 107 5x10° 2x10™" 6x 107
UCVS Failure
JASPER 10*to0 10°° 2x 107" 5% 10710 2x 10"
Target Building Fire
Bounding Tracer Experiment surface explosion 10*to 10°° 4 %107 3x10°% 5x%10°%
of short-lived particulates (Expanded Operations
Alternative only)
Environmental Management Mission — Waste Management
Area 5 transuranic waste container - vehicle 10%t0 10 5% 107 2x107® 4x10°®
impact and fire
Area 5 — Classified transuranic material 10%t0 10 2x10° 5x10°® 1x107
container — vehicle impact and fire
Area 5 design-basis earthquake 5x10* 2x 107 5x10° 2x10%®
Area 5 TRUPACT Type A container drop, breach 10%t0 10 5x10° 1x107 2x107
and fire
Environmental Management Mission — Environmental Restoration
One-container spill 3 %102 2x 10710 9x 10" 2x 10
Three-container fire 4% 10° 2x 107" 8 x 10" 2x10™"
Aircraft crash and fire 1.2 x 10° 7x10" 4x10™" 6x10"

< = less than; DAF = Device Assembly Facility; JASPER = Joint Actinide Shock Physics Experimental Research;

TRUPACT = Transuranic Packaging Transporter; UCVS = ultrafast closure valve system.

 Increased risk of an LCF to an individual per year.

® Increased number of LCFs for the offsite population per year. The number of LCFs in the population would be a whole
number. The value in parentheses is the result of multiplying the population risk by the factor of 0.0006 LCFs per person-
rem.
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Table G—18 shows that the accident with the highest risk to an MEI would be a TRUPACT [Transuranic
Packaging Transporter] container drop and breach, followed by a fire. The risk to the MEI would be
highest for this accident because it is postulated to occur in Area 5 and the distance to the site boundary is
shorter than the distance from DAF to the site boundary. In the analysis, an MEI was assumed to live at
the site boundary, 1.4 miles east of the accident location. This is a conservative assumption because the
land beyond the site boundary is part of the Nevada Test and Training Range and is closed to the public.
For the offsite population, there would be an increased risk of 2 x 10”7 (1 in 5 million) per year of
operation of a single LCF occurring in the population. The annual risk of an LCF to the MEI from this
accident would be 1 x 107 (about 1 in 10 million). The annual risk of an LCF to the noninvolved worker
would be about 5 x 10 (about 1 in 500,000).

G.3.7.1.1 Nevada National Security Site National Security/Defense Mission
Stockpile Stewardship and Management Program.

The accidents that would result in the highest offsite radiological consequences are those that are
postulated to occur at DAF. These include an accident that might result in the explosive dispersal of
plutonium from the building or a design-basis earthquake. The other experimental activities, such as
those at JASPER, the Ula Complex, and BEEF, involve smaller quantities of radioactive material with
very limited potential for accidental dispersal in quantities that would affect persons other than involved
workers. Many of the activities under the Stockpile Stewardship and Management Program have no
reasonably foreseeable accident scenarios that could result in exposure to the public or noninvolved
workers.

The accidents with the highest potential consequences, as shown in Table G—18, are those associated with
accidents at DAF. In these cases, there are larger quantities of both radioactive materials and explosives
in close proximity, so there is a potential mechanism to disperse the radioactive material and release it to
the atmosphere. Because DAF was designed for these activities, all of the accidents that would result in a
release of radioactive material to the environment would require multiple failures of safety systems and,
therefore, are extremely unlikely. The accident with the highest combined probability and mitigated
release to the environment (maximum reasonably foreseeable accident) at DAF is the explosive dispersal
of about 1 kilogram of plutonium to the environment. The estimated probability of this type of event is in
the range of 8 x 10 or lower per year of operation. If the accident were to occur, the MEI would receive
a dose of 0.86 rem, which corresponds to an LCF risk of 0.0005 (1 chance in 2,000). The offsite
population within 50 miles would receive a dose of 113 person-rem; the calculated number of LCFs
associated with this dose is 0.07, implying that the most likely outcome would be no additional LCFs in
the exposed population. An involved worker within DAF could be fatally injured in the explosion. A
noninvolved worker outside of DAF could receive a dose of 2,800 rem, which would result in an acute
fatality due to receipt of a lethal dose. When the annual probability of the accident occurring is taken into
account, the increased risk of an LCF to the MEI would be 3 x 107 (1 chance in 3.3 million); the
increased risk of a single LCF in the exposed population would be 4 x 107 (1 chance in 25,000); and the
increased risk of an LCF to a noninvolved worker would be 0.0005 (1 chance in 2,000).

More-severe accidents at DAF would have much lower probabilities than the explosions that result in
dispersion of plutonium. As discussed in Section G.3.3.1.1, the accident with the highest potential
consequences that was postulated in the DAF safety analyses is an inadvertent nuclear detonation. The
physical conditions that would be required to get the plutonium and explosive materials in a configuration
that might result in a nuclear yield are extraordinarily unlikely. It is much more likely that accidents
involving both high explosives and plutonium would result in explosive dispersal of plutonium with no
nuclear yield. An inadvertent nuclear yield accident is considered in the DAF safety analyses as a
beyond-design-basis accident, and safety controls are in place to prevent such an accident. The safety
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controls that prevent the explosive dispersal of plutonium would also prevent the even less likely
conditions that might result in an inadvertent detonation. The DAF safety analyses indicate that “this
event has a vanishingly small likelihood (i.e., well below 10 per year)” and at least two orders of
magnitude less likely than a high-explosives dispersal accident. When the mitigation controls are
considered, the likelihood of an inadvertent nuclear yield occurring as a result of an accident is expected
to be far below the 10 to 107 per year range and is not considered further in this SWEIS.

Nonproliferation Test and Evaluation Complex. A large accidental chlorine gas release from a railcar
at NPTEC was postulated to illustrate the maximum credible accident involving hazardous chemicals to
be used in future NNSS operations.

Future experimental activities could include evaluating the potential impacts of releases of larger
quantities of chemicals such as chlorine. It is anticipated that any such proposed experiments would
undergo a thorough environmental and safety review prior to authorization of a test involving larger
quantities of hazardous materials. Most experiments at NPTEC are designed to release chemical or
biological simulants to the environment. In most cases, an accident involving such hazardous materials
would release the materials in an unplanned and uncontrolled manner. As the proper test procedures may
not be in place under accident conditions, workers may not be properly sheltered, and weather conditions
may not be the same as those for the planned experiments. Therefore, accidents involving hazardous
materials have the potential to affect both involved and noninvolved workers and to release the materials
at a higher rate than that planned in the controlled experiment.

To evaluate the potential environmental impacts of future experiments at the NNSS involving hazardous
chemicals, two accident scenarios involving large accidental releases of chlorine gas were postulated in
this SWEIS. The first scenario was an accidental release of chlorine gas from a tractor-trailer tank car
engaged in transporting the material on site, or a handling accident involving unloading such a tank, either
of which would result in the release of the contents of a 20-ton tank car. The second scenario was the
catastrophic accidental release of the contents of a 90-ton railcar used to store chlorine for experiments at
NPTEC. Both of these accidents are in the “extremely unlikely” to “beyond extremely unlikely”
frequency category, i.e., in the 10 to 10 per year frequency range or beyond.

Catastrophic accidents involving a full, 90-ton railcar of chlorine have resulted in fatalities, including a
January 6, 2005, accident involving three 90-ton chlorine railcars in Graniteville, South Carolina. In that
accident, about 60 tons of chlorine escaped through a fist-sized hole in one of the railcars and nine people
were killed (NTSB 2005).

Potential impacts of an accidental chlorine release from a railcar are highly dependent on the specific
conditions of the accident because chlorine within the tank car exists as both a liquid and gas. Release
rates are highly dependent on the size of the hole in the tank and the vertical height of the hole above the
bottom of the tank. If the hole is below the liquid level, typically about a third of the vertical height,
releases will be in liquid form. The rate that the released liquid evaporates and forms a heavier-than-air
cloud depends on the ambient conditions (wind, temperature, and topography). Emergency response
guidance (DOT 2008, page 300) indicates that, for large spills, first responders should isolate the area of
the spill in all directions for 200 meters (2000 feet) and then protect persons downwind for 2.2 miles
(3.5 kilometers) under daytime conditions and for 5.0 miles (8.0 kilometers) under nighttime conditions.
An incident involving a railcar would be considered a potentially very large spill.
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The ALOHA modeling results, assuming the release occurs quickly over 1 hour, indicate that potentially
fatal concentrations (exceeding EPRG-3 levels) could extend downwind for 5 to 6 miles under typical
daytime conditions and for more than 6 miles under typical nighttime conditions. Concentrations that
could lead to potentially serious impacts (exceeding EPRG-2) could extend downwind even further,
potentially affecting noninvolved workers. Concentrations that could lead to odor and irritation
(exceeding EPRG-1) could extend off site. Because of the nature of chlorine and the complexities of
trying to model the dispersion of the heavier-than-air gas, substantial uncertainties are associated with
these results.

Nuclear Emergency Response, Nonproliferation, and Counterterrorism Programs. No reasonably
foreseeable major accident scenarios that could result in exposure to noninvolved workers or the public
were identified for the ongoing or near-term activities of the Nuclear Emergency Response,
Nonproliferation, and Counterterrorism Programs that are proposed under the No Action Alternative. The
activities involving radiological materials utilize sealed sources or well-packaged, unopened materials for
which substantial radiological accidents are not expected.

If the need arose for the disposition of nuclear and radiological dispersion devices, the impacts of an
accident would be comparable to those resulting from an intentional destructive act. Potential impacts of
intentional destructive acts were evaluated in a separate, classified appendix to this SWEIS.

Work for Others. No reasonably foreseeable major accident scenarios that could result in exposure to
noninvolved workers or the public were identified for the ongoing or near-term Work for Others Program
activities hosted by NNSA. Activities at shared facilities, such as BEEF, NPTEC, the
Radiological/Nuclear Countermeasures Test and Evaluation Complex, and the T-1 Training Area present
minimal risks to noninvolved workers and the public.

G.3.7.1.2 Nevada National Security Site Environmental Management Mission

Waste Management Program. The accident with the highest potential consequences, as shown in
Table G—17, would be the drop and breach of a TRUPACT container, followed by a fire. This accident is
postulated to result in the dispersal of up to 126 grams of plutonium. The estimated probability of this
type of event is in the range of 10™ to 10 per year of operation. If this accident were to occur, the offsite
population within 50 miles would receive a dose of 3.4 person-rem; the calculated number of LCFs
associated with this dose is 0.002, implying that the most likely outcome would be no additional LCFs in
the exposed population. The MEI would receive a dose of 1.6 rem, which corresponds to an LCF risk of
0.001 (1 chance in 1,000). A noninvolved worker within Area 5 could receive a dose of 39 rem. This
dose could result in radiological injury without prompt medical treatment and represents an LCF risk of
0.05 (1 chance in 20). When the probability of the accident occurring is taken into account, the increased
annual risk of a single LCF occurring in the offsite population would be 2 x 107 (1 chance in 5 million).
The annual risk of an LCF to the MEI would be 1 x 107 (1 chance in 10 million) and the increased risk of
an LCF to a noninvolved worker would be 5 x 10 (1 chance in 200,000).

The following section, which evaluates potential accidents involving Environmental Restoration Program
activities, includes a scenario in which an airplane crashes into environmental restoration waste containers
in Area 5. A similar accident was not evaluated for Waste Management Program activities because other
accidents with large releases have a higher estimated frequency (by two orders of magnitude) than an
airplane crash.
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Environmental Restoration Program. Accidents postulated for Environmental Restoration Program
activities involve the release of radioactive material due to a single-container spill, a multiple-container
fire, and an aircraft crash into multiple containers. These accidents could happen any place on the NNSS
where environmental remediation occurs. For purposes of analysis, these accidents were modeled as
occurring at the Area 5 RWMC; because this location is towards the southern end of the site and near the
site boundary, the calculated population and MEI doses would be higher than if these accidents were
assumed to occur in most other locations at the NNSS. Only small quantities of radiological materials
would be involved and potentially released. Radiological and chemical impacts on noninvolved workers
and the public would be minimal.

The accident with the highest consequences for Environmental Restoration Program activities at the
NNSS would be an aircraft crash and fire. The estimated probability of this type of event is 1.2 x 10
(1 chance in 833,000) per year of operation. If this accident were to occur, the offsite population within
50 miles would receive a dose of 0.090 person-rem; the calculated number of LCFs associated with this
dose is 5 x 107, implying that the most likely outcome would be no additional LCFs in the exposed
population. The MEI would receive a dose of 0.047 rem, with a corresponding LCF risk of 3 x 107
(1 chance in 33,000). A noninvolved worker outside the immediate area of the crash could receive a dose
of 1.0 rem, with an associated LCF risk of 6 x 10 (1 chance in 1,700). When the probability of the
accident is taken into consideration, the risk to the offsite public or a noninvolved worker would be
essentially 0 (less than 7 x 10™°, or 1 chance in 1 billion).

Nondefense Mission. No reasonably foreseeable major accident scenarios that could result in exposure
to noninvolved workers or the public were identified for the ongoing or near-term Nondefense Mission
activities proposed for the NNSS under the No Action Alternative.

G.3.7.2 Tonopah Test Range Radiological Accident Results

The results for TTR accident scenarios are presented in Table G—19. Results are presented in terms of
the total effective dose equivalent to the 50-mile radius population, the MEI, and a noninvolved worker,
as well as the LCF risks associated with these doses. The LCF risks for all accidents were calculated
using the risk factor of 0.0006 LCF per rem discussed in Section G.1.1.3.

Table G-20 shows the facility accident risks to the offsite population, the MEI, and a noninvolved
worker after accounting for the estimated frequency of the postulated accidents; the risks from all
accidents are extremely small. The accident presenting the highest risk would be an aircraft crash into
environmental restoration waste containers, followed by a fire.  The annual risk of a single LCF
occurring in the offsite population as a result of this accident would increase to 1 x 10™"' (1 in 100 billion)
per year of operation. The annual risk to the MEI of an LCF would be 3 x 10" (1 in 3 trillion). The
annual risk of an LCF to a noninvolved worker would be about 2 x 10” (1 in 500 million).

G-50



Appendix G

Human Health Impacts

Table G-19 Tonopah Test Range Radiological and Chemical Facility Accidents,

Probabilities and Consequences

Accident

Source Term

Noninvolved Worker at
110 Yards »°

Offsite Population

Maximally Exposed
Individual "

Population to
50 Miles ©

National Security/ Defense Mission

Joint Test Assembly — Curies 0.075 rem 1.7 x 10° rem 5.9 x 10* person-rem
radiological Uranium-234 2.48 x 107 5% 10 LCF 1 x10®* LCF 0 (4 x107) LCF
Uranium-235 7.8 %107
Joint Test Assembly — Grams Lithium: 0.295 mg/m’ Lithium: ~0 mg/m’ -
chemical Lithium 20 << 55 mg/m’ IDLH, << 55 mg/m’ IDLH
Beryllium 5 but > than 0.025 mg/m’
OSHA limit
Beryllium: 0.074 mg/m’ | Beryllium: ~0 mg/m’
<< 10 mg/m’ IDLH, but | << 10 mg/m’ IDLH
>0.002 mg/m’ OSHA
limit
Sealed source aircraft Curies 1.2 x 10™ rem 2.5% 10”7 rem 1.1 x 107 rem
impact — fire Cobalt-60 1.89 x 107 7 x 10° LCF 2 x 10" LCF 0 (7 x 10" LCF
Environmental Management Mission — Environmental Restoration
One-container spill Curies: 1.5 % 10” rem 3.4 x10” rem 1.2 x 107 person-rem
Uranium-234 1.10 x 10™° 9 x 10° LCF 2 x 10" LCF 0 (7x10"") LCF
Uranium-235 8.45x 1072
Uranium-238 7.94 x 10710
Plutonium-238 1.74 x 10°®
Plutonium-239 1.59 x 10°
Plutonium-240 1.54 x 107
Plutonium-241 4.10 x 10°
Plutonium-242 333 x 102
Americium-241 1.02 x 107
Three-container fire Curies: 1.2 x 10* rem 2.5% 10" rem 1.1 x 10 person-rem
Uranium-234 9.73 x 107" 7 x 10® LCF 2x 10" LCF 0 (7 x 10" LCF
Uranium-235 7.68 x 10"
Uranium-238 7.17 x 107
Plutonium-238 1.54 x 107
Plutonium-239 1.43 x 107
Plutonium-240 138 x 10°
Plutonium-241 3.58 x 107
Plutonium-242 3.07 x 10"
Americium241 9.22 x 107
Aircraft crash and fire Curies: 1.5 rem 0.00034 rem 0.012 person-rem
25.6 x 1996 NTS EIS | Uranium-234 1.08 x 107 9 x 10™* LCF 2x 107 LCF 0 (7 x 10°) LCF
1 x 10° x single- Uranium-235 8.19 x 107
container spill Uranium-238 7.68 x 107
Plutonium-238 1.69 x 10°
Plutonium-239 1.56 x 10"
Plutonium-240 1.51 x 102
Plutonium-241 4.10x 10"
Plutonium-242 3.07 x 107
Americium-241 1.02 x 102

> = greater than; << = much less than; IDLH = Immediate Danger to Life and Health; LCF =

per cubic meter; OSHA = Occupational Safety and Health Administration; rem = roentgen equivalent man.
? Individual radiation doses in excess of a few hundred rem would result in acute (near-term) health effects or even death from causes
other than cancer. In some cases, medical intervention may be effective in reducing the dose, mitigating health impacts, or both. The
listed doses are calculated assuming that no protective action occurs during the period of exposure and that no subsequent medical

intervention occurs.

o

o

Increased risk of an LCF to an individual, assuming the accident occurs.
Increased number of LCFs for the offsite population, assuming the accident occurs.

latent cancer fatality; mg/m’® = milligrams

The number of LCFs in the population would be

a whole number. The value in parentheses is the result of multiplying the population dose by the factor of 0.0006 LCFs per person-

rem.
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Table G20 Tonopah Test Range Radiological and Chemical Facility Accident Risks

Onsite Worker Offsite Population
Frequency Noninvolved Worker at Maximally Exposed | Population to
Accident (events per year) 110 Yards * Individual * 50 Miles ®

National Security/ Defense Mission
Joint Test Assembly radiological 6x10° 3x10™"° 6x10™ 2x 10"
Joint Test Assembly chemical 6x10° Lithium: 0.295 mg/m’ Lithium: ~0 mg/m’ -

<< 55 mg/m’ IDLH, but << 55 mg/m’ IDLH

> than 0.025 mg/m’ OSHA limit

Beryllium: 0.074 mg/m’ Beryllium: ~0 mg/m’

<< 10 mg/m’ IDLH, but << 10 mg/m’ IDLH

>0.002 mg/m’ OSHA limit
Sealed source aircraft impact — 10*to 10° 7x10™" 2x 1071 7x107"
fire
Environmental Management Mission — Environmental Restoration
One-container spill 3% 107 3x10™° 6x10M 2x 10"
25.6 x 1996 NTS EIS
Three-container fire 4%10° 3x107" 8 x 10" 3x 107"
25.6 x 1996 NTS EIS
9 x single-container spill
Aircraft crash and fire 1.7%10° 2x10” 3x10" 1x10™"
25.6 x 1996 NTS EIS
1 x 10° x single-container spill

> = greater than; << = much less than; IDLH = Immediate Danger to Life and Health; mg/m’= milligrams per cubic meter;

OSHA = Occupational Safety and Health Administration.

* Increased risk of an LCF to an individual per year.

® Increased number of LCFs for the offsite population per year. The number of LCFs in the population would be a whole number.
The value in parentheses is the result of multiplying the population risk by the factor of 0.0006 LCFs per person-rem.

G.3.7.2.1 Tonopah Test Range National Security/Defense Mission

Stockpile Stewardship and Management Program. The accident postulated for Stockpile Stewardship
and Management Program operations at the TTR involved a release of radioactive and toxic material due
to a structural failure, drop, seismic event, fire, explosion, or aircraft impact involving a joint test
assembly, which is part of a nuclear explosive-like assembly. Only small quantities of uranium, lithium,
and beryllium would be involved and potentially released. If an accident were to occur, the offsite
population dose would be 5.9 x 10, which would have the expected result of 0 LCFs (calculated number
of 4 x 107). The dose and risk of an LCF to the MEI would be 1.7x 10™ rem and 1 x 10® (1 chance in
100 million), respectively. The dose and risk of an LCF to the noninvolved worker MEI would
respectively be 0.075 rem and 5 x 10” (1 chance in 20,000). When the estimated annual frequency of the
accident of 6 x 10 is considered, the risk to the offsite public and the worker is essentially 0.

G.3.7.2.2 Tonopah Test Range Environmental Management Mission

Waste Management Program. No reasonably foreseeable accident scenarios that could result in
exposure to noninvolved workers or the public were identified for the ongoing or near-term Waste
Management Program activities at the TTR.

Environmental Restoration Program. Environmental restoration activities at the TTR would involve
the cleanup of contaminated surface soil. All of the postulated accidents for environmental restoration
activities would result in very low consequences and essentially no risk to the offsite public or a
noninvolved worker. Regarding Environmental Restoration Program activities at the TTR, the accident
with the greatest impacts would be an aircraft crash and fire. The estimated probability of this type of
accident is in the range of 1.7 x 10 (1 chance in 590,000) per year of operation. If this accident were to
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occur, the offsite population within 50 miles would receive a dose of 0.012 person-rem; the calculated
number of LCFs associated with this dose is 7 x 10, implying that the most likely outcome would be no
additional LCFs in the exposed population. The MEI would receive a dose of 0.00034 rem, with a
corresponding LCF risk of 2 x 107 (1 chance in 5,000,000). A noninvolved worker outside the
immediate area of the crash could receive a dose of 1.5rem, with an associated LCF risk of
9 x 10 (1 chance in 1,100). When the probability of the accident is taken into consideration, the risk to
the offsite public or a noninvolved worker would be essentially 0.

G.3.7.2.3 Tonopah Test Range Nondefense Mission

No reasonably foreseeable accident scenarios that could result in exposure to noninvolved workers or the
public were identified for the ongoing or near-term Nondefense Mission activities at the TTR.

G.3.8 Accident Radiological and Chemical Impacts Conclusion

As discussed above, radiological analyses of the accidents at the NNSS and TTR for all three alternatives
were performed using the MACCS2 computer code. As shown in the prior tables, radiation doses were
calculated for the MEI, noninvolved worker, and the population within 50 miles. Doses were converted
to LCFs and annual risk, based on 0.0006 LCFs per rem and the annual frequency for each accident
scenario. The highest accident consequences and risks to the MEI and population under each alternative
are summarized in Table G-21. For purposes of comparison, Table G—21 also shows the doses an
individual and the population within 50 miles would receive from natural background radiation.

An evaluation of the nature and quantity of toxic chemicals was performed to determine whether a
postulated accident could cause a release of these chemicals that could result in a hazard to workers or the
public. Although the annual frequency of a postulated accident involving the release of toxic chemicals is
equivalent to the radiological release accidents, in most cases, the relatively low quantity and physical
characteristics of the toxic chemicals preclude any significant health hazards in the event of an accidental
release of toxic liquids or gases. An accident resulting in a large chlorine release was postulated that
could result in significant impacts on onsite workers and lesser effects at offsite locations.

Table G-21 Highest Accident Radiological Consequences and Risks to the Public

Receptor/ No Action Reduced Operations | Expanded Operations
Accident Parameter Alternative Alternative Alternative
MEI/Area 5 dose (rem) 1.6
TRUI,) ACT Type A LCF if the accident occurs 0.001
container, drop, - -
breach, and fire annual risk 3 x 10
dose from natural background 0.36
radiation Same as No Action Same as No Action
Population/DAF dose (person-rem) 113
LCF if the accident occurs 0(0.07)
annual risk 3x10°
dose from natural background 15,000
radiation *

DAF = Device Assembly Facility; LCF = latent cancer fatality; MEI = maximally exposed individual; rem = roentgen

equivalent man; TRUPACT = Transuranic Packaging Transporter.

* Based on an annual average natural background dose of 0.355 rem per person (see Table 4-51 of this SWEIS) and a
population within 50 miles of DAF of 42,085.

Note: Different accident scenarios can represent the highest consequences (dose and LCFs if accident occurs) and risks

(annual risk).
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G.4 Industrial Accidents

Annual industrial accidents were projected according to recent U.S. Bureau of Labor Statistics and DOE
accident statistics. The fatal occupational injury rate was estimated for the construction activities using a
rate of 3.7 fatalities per 100,000 full-time equivalent workers for the commercially constructed solar
facility and a rate of 1.1 fatalities per 100,000 full-time equivalent workers for NNSA construction
activities (DOE 2010b; DOL 2010a). Accident rates across the DOE complex are lower than those of
general industry. Estimates of fatalities are shown in Table G-22. Table G-23 shows the projected total
recordable cases (TRCs) and the days away from work, restricted duty, or transferred (DART) cases. The
rates used for the solar power facility, based on general industry, are 4.1 TRCs and 2.1 DART cases per
200,000 hours worked (DOL 2010b). The rates used to project incidences for NNSA activities are
1.5 TRCs and 0.7 DART cases per 200,000 hours worked.

Table G-22 Project Annual Incidences of Fatal Industrial Accidents

No Action Expanded Operations Reduced Operations
Location/Activity Alternative Alternative Alternative
Nevada National Security Site Construction (per year) 0.0 0.029 * 0.0
Commercial Solar Power Generation Facility 0.055° 0.10° 0.0419
Construction (per construction project)

? Based on 250 full-time equivalent workers per year.

® Based on 500 full-time equivalent workers for a 35-month construction period.
¢ Based on 750 full-time equivalent workers for a 42-month construction period.
4 Based on 400 full-time equivalent workers for a 32-month construction period.
Sources: DOE 2010b; DOL 2010a.

Table G—23 Projected Annual Incidences of Nonfatal Industrial Accidents

No Action Expanded Operations | Reduced Operations
Alternative Alternative Alternative
Location/Activity TRC DART TRC DART TRC DART
Nevada National Security Site — Site Operations 26 11 32 14 23 10
Nevada National Security Site — Construction 0 0 3.8 1.7 0 0
Commercial Solar Power Generation Facility — 6.2 3.2 83 4.2 5.2 2.7
Operations
Commercial Solar Power Generation Facility — 60 31 110 56 44 23
Construction (per project duration) *
North Las Vegas Facility — Site Operations 22 9.5 27 12 20 8.6
Remote Sensing Laboratory — Site Operations 2.0 0.9 2.0 0.9 2.0 0.9
Tonopah Test Range Industrial — Site Operations 1.6 0.7 0.7 0.3 0.6 0.3

DART=days away, restricted, or transferred; TRC=total recordable cases.

* Based on 500 full-time equivalent workers for a 35-month construction period for the No Action Alternative; 750 full-time
equivalent workers for a 42-month construction period for the Expanded Operations Alternative; and 400 full-time equivalent
workers for a 32-month construction period for the Reduced Operations Alternative.

Sources: DOE 2010b; DOL 2010a.

G.5 Intentional Destructive Acts

NNSA has prepared a separate, classified analysis of the potential impacts of intentional destructive acts
related to activities at the NNSS. Intentional destructive acts involving NLVF activities were also
considered. There were no intentional destructive acts postulated to occur at the Remote Sensing
Laboratory or the TTR that would result in greater impacts than those evaluated for the NNSS and NLVF.
NNSA will consider the analysis when developing the Record of Decision for this SWEIS.
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G.6 Computer Code Descriptions
G.6.1 GENII-2 Computer Code Description

Radiological impacts of releases during normal operations were calculated using GENII-2 (PNNL 2007).
GENII-2 is designed to model atmospheric and liquid releases of radionuclides and their human health
consequences. Site-specific input data were used, including location, meteorology, population, and
source terms. This section briefly describes GENII-2 and outlines the approach used for normal
operations.

The GENII-2 computer model, developed by Pacific Northwest National Laboratory, is an integrated
system of computer modules that analyzes environmental contamination resulting from acute or chronic
releases to, or initial contamination of, air, water, or soil. The model calculates radiation doses to
individuals and populations. The GENII-2 computer model is well documented for assumptions,
technical approach, method, and quality assurance issues. The GENII-2 computer model has gone
through extensive quality assurance and quality control steps, including comparing results from model
computations with those from hand calculations and performing internal and external peer reviews
(PNNL 2007).

Available release scenarios include chronic and acute releases to water or to air (ground-level or elevated
sources), and initial contamination of soil or surfaces. GENII-2 implements NRC models for surface-
water doses that were developed using the LADTAP computer code. Exposure pathways include direct
exposure via water (swimming, boating, and fishing), as well as soil, air, inhalation, and ingestion.
GENII Version 1.485 implemented dosimetry models recommended by the ICRP in Publications 26, 30,
and 48 and approved for use by DOE Order 458.1. GENII-2 implements these models, as well as those of
ICRP Publications 56 through 72 and the related risk factors published in Federal Guidance Report
No. 13 (EPA 1999). Risk factors in the form of EPA-developed slope factors (a special subset of the
Federal Guidance Report No. 13 values) are also included. These dosimetry and risk models are
considered state of the art by the international radiation protection community and have been adopted by
most national and international organizations as their standard dosimetry methodology (EPA 1999;
PNNL 2007).

GENII-2 consists of four independent atmospheric models, one surface water model, three independent
environmental accumulation models, one exposure module, and one dose/risk module, each with a
specific user interface code. The computer programs are of several types: user interfaces (i.e., interactive,
menu-driven programs to assist the user with scenario generation and data input), internal and external
dose factor libraries, environmental dosimetry programs, and file-viewing routines. The Framework for
Risk Analysis in Multimedia Environmental Systems Program serves as the interface for operating
GENII-2. For maximum flexibility, the code has been divided into several interrelated, but separate,
exposure and dose calculations (PNNL 2007).

G.6.2 MACCS2 Code Description

The MACCS2 computer code V.1.13.1 (Chanin and Young 1997) was used to estimate the radiological
doses and health effects that could result from postulated accidental releases of radioactive materials to
the atmosphere. MACCS?2 was used to analyze the health impacts of postulated accidents. MACCS2
uses actual hourly meteorological data (i.e., windspeed, wind direction, rainfall, atmospheric dispersion
stability) from the site. The use of actual hourly data is more accurate in calculating the probabilistic dose
distribution for accident analyses. MACCS2 has the capability to model the effects of population
evacuation or relocation during or after an accident. Nevertheless, for the purpose of realistically and
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conservatively predicting potential population movement in response to an accident, it was assumed that
no evacuation or relocation would take place.

The specification of the release characteristics, designated a “source term,” can consist of up to four
Gaussian plumes that are often referred to simply as “plumes.” The radioactive materials released were
modeled assuming they would be dispersed into the atmosphere while being transported by the prevailing
wind. During transport, particulate material can be modeled as being deposited on the ground. The
extent of this deposition can depend on precipitation. If contamination levels exceed a user-specified
criterion, mitigating actions can be triggered to limit radiation exposure.

Atmospheric conditions during an accident scenario’s release and subsequent plume transport are taken
from an annual, hourly meteorological data file. Scenario initiation was assumed to be equally likely
during any hour contained in the file’s data set, with plume transport governed by the succeeding hours.
The model was applied by calculating the exposure to each receptor for accident initiation during each
hour of the 8,760-hour data set. The mean results of these samples, which include contributions from all
meteorological conditions, are presented in this SWEIS. Data sets from nearby Meteorological
Stations 5, 6, 26, and 49 were used in assessing impacts for the various modeled accident locations across
the NNSS and the TTR.

Two aspects of the code’s structure are important to understanding its calculations: (1) the calculations
are divided into modules and phases, and (2) the region surrounding the facility is divided into a
polar-coordinate grid. These concepts are described in the following sections.

MACCS?2 is divided into three primary modules: ATMOS, EARLY, and CHRONC. The three phases
following an accident are defined as the emergency, intermediate, and long-term phases. The
relationships among the code’s three modules and the three phases of exposure are summarized in the
following text. In this SWEIS, the ATMOS and EARLY modules were used to evaluate the potential
impacts during the emergency phase of an accident. This is the phase during which a receptor would
receive the largest radiation dose.

The ATMOS module performs all of the calculations pertaining to atmospheric transport, dispersion, and
deposition, as well as the radioactive decay that occurs before release and while the material is in the
atmosphere. It uses a Gaussian plume model with Pasquill-Gifford dispersion parameters. The
phenomena treated include building wake effects, buoyant plume rise, plume dispersion during transport,
wet and dry deposition, and radioactive decay and in-growth. Local topography is not modeled for
calculating atmospheric dispersion, which results in conservatively higher plume concentrations, doses,
and risks to the public. The results of the calculations are stored for subsequent use by EARLY and
CHRONC. In addition to the air and ground concentrations, ATMOS stores information on wind
direction, arrival and departure times, and plume dimensions.

It is noted that dispersion calculations such as those used in MACCS?2 are generally recognized to be less
applicable within 110 yards (100 meters) of a release than they are to distances further downwind
(DOE 2004a); such close-in results frequently overpredict the atmospheric concentrations because they do
not account for the initial momentum or size of the release or the impacts of structures and other obstacles
on plume dispersion. Most of the results presented in this SWEIS are for distances at least 110 yards
(100 meters) downwind from a hypothesized release source.

The EARLY module models the period immediately following a radioactive release. This period is
commonly referred to as the “emergency phase.” The emergency phase begins at each successive
downwind distance point when the first plume of the release arrives. The duration of the emergency
phase is specified by the user and can range between 1 and 7 days. The exposure pathways considered
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during this period are direct external exposure to radioactive material in the plume (cloud shine), exposure
from inhalation of radionuclides in the cloud (cloud inhalation), exposure to radioactive material
deposited on the ground (ground shine), inhalation of resuspended material (resuspension inhalation), and
skin dose from material deposited on the skin. Mitigating actions that can be specified for the emergency
phase include evacuation, sheltering, and dose-dependent relocation. However, as a conservative
measure, no evacuation or relocation was assumed in any of the accident scenario modeling performed for
this SWEIS.

The CHRONC module performs all of the calculations pertaining to the intermediate and long-term
phases. CHRONC calculates the individual health effects that result from exposures to radiation via
ingestion of contaminated foodstuffs, contact with contaminated ground, and/or inhalation of resuspended
materials. The CHRONC module was not utilized in any of the accident scenario modeling of this
SWEIS due to the acute high exposures that are expected from a post-accident situation (i.e., direct
inhalation and external [cloudshine and cloud immersion] exposure only) as compared to the lower dose
long-term exposures. For the accident analyses in this SWEIS, various time segments were employed for
the assumed duration(s) of the emergency phase(s), depending on specific accident scenario
characteristics, such as whether there was a fire involved, the energy of the incident/plume, or other
characteristics that would denote material volatility or dispersal capacity.

The intermediate phase begins at each successive downwind distance point upon conclusion of the
emergency phase. The user can configure the calculations with an intermediate phase that has a duration
as short as zero or as long as 1 year. In the zero-duration case, there is essentially no intermediate phase,
and a long-term phase begins immediately upon conclusion of the emergency phase. Intermediate models
are implemented assuming that the radioactive plume has passed and the only exposure sources (ground
shine and resuspension inhalation) are from ground-deposited material.

The mitigating action model for the intermediate phase is very simple. If the intermediate phase dose
criterion is satisfied, the resident population is assumed to be present and subject to radiation exposure
from ground shine and resuspension for the entire intermediate phase. If the intermediate phase exposure
exceeds the dose criterion, then the population is assumed to be relocated to uncontaminated areas for the
entire intermediate phase.

The long-term phase begins at each successive downwind distance point upon conclusion of the
intermediate phase. A number of protective measures, such as decontamination, temporary interdiction,
and condemnation, can be modeled in the long-term phase to reduce doses to user-specified levels. As
discussed above, however, the food ingestion pathway was not modeled.

The decisions on mitigating action in the long-term phase are based on two sets of independent actions:
(1) decisions related to whether land at a specific location and time is suitable for human habitation
(habitability), and (2) decisions related to whether land at a specific location and time is suitable for
agricultural production (ability to farm). For this SWEIS, mitigation or special protective/remedial
measures were assumed for the accident exposure calculations and, hence, the accident doses do not
include contributions from long-term ingestion.

All of the calculations of MACCS?2 are stored based on a polar-coordinate spatial grid with a treatment
that differs somewhat between calculations of the emergency phase and calculations of the intermediate
and long-term phases. The region potentially affected by a release is represented with a (r, 8 ) grid system
centered on the location of the release. Downwind distance is represented by the radius “r.” The
angle, “0,” is the angular offset from the north, going clockwise.
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The user specifies the number of radial divisions as well as their endpoint distances. The angular
divisions used to define the spatial grid are fixed in the code. They correspond to the 16 points of the
compass, each being 22.5 degrees wide. The 16 points of the compass are used in the United States to
express wind direction. The compass sectors are referred to as the “coarse grid.” Population values are
assigned to each of these grid segments in the process of calculating the dose to the surrounding
population to a distance that the user specifies. All accidents were modeled out to a distance of 50 miles
from all applicable release points; however, as discussed above in the normal operations subsection, a
sensitivity analysis for the DAF design-basis earthquake was performed to assess the potential differences
in total population doses, given that most of the greater Las Vegas metropolitan area is included within an
80-mile, not a 50-mile, radius of most release points at the NNSS. This accident was chosen because,
even though the release location is several miles farther away from the Las Vegas population than Area 5,
its dose consequences are several orders of magnitude higher than the largest accident at Area 5. The
difference in total population between a 50- and 80-mile radius from DAF is about 2.03 million people
(~42,000 out to 50 miles and ~2.07 million out to 80 miles). An expected increase in the population dose
of 1,312 person-rem (1,160 percent) occurs, from 113 person-rem to 1,425 person-rem. Because the
population dose is divided by a much greater population number, however, there is an associated
77 percent decrease in the average dose to a member of the population (2.7 millirem per person to
0.63 millirem per person).

Because emergency phase calculations use dose-response models for early fatalities and early injuries that
can be highly nonlinear, these calculations are performed on a finer grid basis than the calculations of the
intermediate and long-term phases. For this reason, the calculations of the emergency phase are
performed with the 16 compass sectors divided into 3, 5, or 7 equal angular subdivisions. The subdivided
compass sectors are referred to as the “fine grid.”

Lifetime doses are the conventional measure of detriment used for radiological protection. These are
50-year dose commitments to a weighted sum of tissue doses defined by the ICRP and referred to as the
“effective dose equivalent.” Lifetime doses may be used to calculate the stochastic health effect risk
resulting from exposure to radiation. The calculated lifetime dose was used in cancer risk calculations.

G.6.3 ALOHA Code Description

Consequences of accidental chemical releases were determined using the ALOHA computer code
(EPA 2004). ALOHA is an EPA- and National Oceanic and Atmospheric Administration-sponsored
computer code that has been widely used in support of chemical accident responses and also in support of
safety and NEPA documentation for DOE facilities. The ALOHA code is a deterministic representation
of atmospheric releases of toxic and hazardous chemicals. The code can predict the rate at which
chemical vapors escape (such as from puddles or leaking tanks) into the atmosphere; a specified direct
release rate is also an option.

ALOHA performs calculations for chemical source terms and resulting downwind concentrations. Source
term calculations determine the rate at which the chemical material is released to the atmosphere, the
release duration, and the physical form of the chemical upon release.

The term “cloud” is used in this document to refer to the volume that encompasses the chemical emission.
In general, the released chemical may be a gas, a vapor, or an acrosol. The aerosol release may consist of
either solid (fume, dust) or liquid (fog, mist, spray) particles that are suspended in a gas or vapor medium.
Liquid particles are also referred to as “droplets.” The analyst specifies the chemical and then
characterizes the initial boundary conditions of the chemical with respect to the environment through the
source configuration input. The ALOHA code allows the source to be defined in one of four ways (direct
source, puddle source, tank source, or pipe source) to model various accident scenarios. The source
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configuration input is used either to specify the chemical source term or to provide ALOHA with the
necessary information and data to calculate transient chemical release rates and the physical state of the
chemical upon release. ALOHA calculates time-dependent release rates for up to 150 time steps
(EPA 2004). ALOHA then averages the release rates from the individual time steps over one to five
averaging periods, each lasting at least 1 minute (EPA 2004). The five averaging periods are selected to
accurately portray the peak emissions. The five average release rates are inputs to the ALOHA
algorithms for atmospheric transport and dispersion (EPA 2004).

ALOHA tracks the evolution of the mean concentration field of the five separate chemical clouds and
calculates the concentration at a given time and location through superimposition. ALOHA limits
releases to 1 hour.

Evolution of the mean concentration field of the chemical cloud is calculated through algorithms that
model the turbulent flow phenomena of the atmosphere. The prevailing wind flows and associated
atmospheric turbulence serve to transport, disperse, and dilute the chemical cloud that initially forms at
the source. For an instantaneous or short-duration release, the chemical cloud will travel downwind as a
puff. In contrast, a plume will form for a sustained or continuous release.

The wind velocity is a vector term defined by a direction and magnitude (windspeed). The wind direction
and speed determine where the puff or plume will go and how long it will take to reach a given downwind
location. For sustained or continuous releases, the windspeed has the additional effect of stretching out
the plume and establishing its initial dilution. It also determines the relative proportion of ambient air that
initially mixes with the chemical source emission. Atmospheric turbulence causes the puff or plume to
mix increasingly with ambient air and grow (disperse) in the lateral and vertical direction as it travels
downwind. Longitudinal expansion also occurs for a puff. These dispersion effects further enhance the
dilution of the puff or plume. The two sources of atmospheric turbulence are mechanical turbulence and
buoyant turbulence. Mechanical turbulence is generated from shear forces that result when adjacent
parcels of air move at different velocities (either at different speeds or directions). Fixed objects on the
ground, such as trees or buildings, increase the ground roughness and enhance mechanical turbulence in
proportion to their size. Buoyant turbulence arises from vertical convection and is greatly enhanced by
the formation of thermal updrafts that are generated from solar heating of the ground.

The ALOHA code considers two classes of atmospheric transport and dispersion based on the assumed
interaction of the released cloud with the atmospheric wind flow.

e For airborne releases in which the initial chemical cloud density is less than or equal to that of the
ambient air, ALOHA treats the released chemical as neutrally buoyant. A neutrally buoyant
chemical cloud that is released to the atmosphere does not alter the atmospheric wind flow;
therefore, the term “passive” is used to describe the phenomenological characteristics associated
with its atmospheric transport and dispersion. As a passive contaminant, the released chemical
follows the bulk movements and behavior of the atmospheric wind flow.

e Conversely, if the density of the initial chemical cloud is greater than that of the ambient air, then
the possibility exists for either a neutrally buoyant or a dense-gas type of atmospheric transport
and dispersion. In dense-gas atmospheric transport and dispersion, the dense-gas cloud resists the
influences of the hydraulic pressure field associated with the atmospheric wind, and the cloud
alters the atmospheric wind field in its vicinity. Dense-gas releases can occur with gases that
have a density greater than air due either to a high molecular weight or to being sufficiently
cooled. A chemical cloud with sufficient aerosol content can also result in a bulk cloud density
that is greater than that of the ambient air. Dense-gas releases undergo what has been described
in the literature as “gravitational slumping.”
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Gravitational slumping is characterized by significantly greater lateral (crosswind) spreading and reduced
vertical spreading, compared to the spreading that occurs with a neutrally buoyant release.

In addition to the source term and downwind concentration calculations, ALOHA allows specification of
concentration limits for the purpose of consequence assessment (such as assessment of human health risks
from contaminant plume exposure). ALOHA refers to these concentration limits as “level-of-concern
concentrations.” Safety analysis work uses ERPGs and TEELs for assessing human health effects for
both facility workers and the public. While ERPGs and TEELs are not explicitly part of the ALOHA
chemical database, ALOHA allows the user to input any value, including an ERPG or TEEL value, as the
level-of-concern concentration. The level-of-concern value is superimposed on the ALOHA-generated
plot of downwind concentration as a function of time to facilitate comparison. In addition, ALOHA
generates a footprint that shows the area (in terms of longitudinal and lateral boundaries) where the
ground-level concentration reached or exceeded the level of concern during puff or plume passage (the
footprint is most useful for emergency response applications).

The ALOHA code uses a constant set of meteorological conditions (such as windspeed and stability class)
to determine the downwind atmospheric concentrations. The sequential meteorological data sets used for
the radiological accident analyses were reordered from high to low dispersion by applying a Gaussian
dispersion model (such as that used by ALOHA) to a representative downwind distance. The median set
of hourly conditions for each site (that is, mean windspeed and mean stability) was used for the analysis;
this is roughly equivalent to the conditions corresponding to the mean radiological dose estimates of
MACCS2.

ALOHA contains physical and toxicological properties for the chemical spills included in this SWEIS
and for approximately 1,000 additional chemicals. The physical properties were used to determine which
of the dispersion models and accompanying parameters were applied. The toxicological properties were
used to determine the levels of concern. Atmospheric concentrations at which health effects are of
concern (that is, ERPG-2 or ERPG-3 levels) are used to define the footprint of concern. Because the
meteorological conditions specified do not account for wind direction (that is, it is not known a priori in
which direction the wind would be blowing in the event of an accident), the areas of concern can be
defined by a circle of radius equivalent to the downwind distance at which the concentration decreases to
levels less than the level of concern. In addition, the concentration at 110 yards (100 meters) (potential
exposure to a noninvolved worker) and at the nearest public access, typically the site boundary distance,
(exposure to the MEI) are calculated and presented.
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