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GLOSSARY

Absorbed dose. The energy imparted to matter by onizing radiation per unit mass of irradiated
material. The unit of absorbed dose is the rad, which equals 100 ergs per gram

Alpha particle. A positively charged particle ¢jected spontanecusly from the nucle of some radioactive
elements. [t is identical to a helium nucleus that has a mass number of 4 and an electronstatic charge of

+2,

Aquifer. A body of rock that contains enough saturated permeable material to transmit groundwater and
to yield significant quantities of groundwater to wells and springs

Background radiation. Kadiation arising from radioactive material other than that directly under
consideration. Radiation from cosmic sources and from radicactive materials that are naturally occurring
in the environment. Background radiation due to cosmic rays and natural radioactivity is always present,

Baseline. The initial environmental conditions against which the environmental conseguences of various
alternatives are evaluated.

Beta particle. A charged particle cmitted from a nucleus during radioactive decay, with a mass equal to
1/1837 that of a proton. A negatively charged beta particle is identical 1o an electron. A positively
charged beta particle i= called a positron.

Carcinogens. Substances known to cause cancer in humans, or are known 1o cause cancer in animals
and therefore may be capable of causing cancer in humans,

Collective effective dose equivalent (person-rem). A summation of the radiation doses received by
individuals in an exposed population dose. See population dose.

Consequence. The situation or effect produced as a result of something occurring.
Cumulative impact. The impact on the environment that results from the incremental impact of the
action when added 1o other past, present, and reasonably foreseeable future actions, Cumulative impacts

can result from individual minor actions that may be collectively significant over a period of time.

Curie (Ci). A unit of radiation that describes the number of stoms undergoing nuclear transformations
per unit time. The curie is equal to 37 billion {i.e., 3.7 x 10") disintegrations per sccond.

Direct impact. Effects resulting solely from the proposed program.

Direct effects. Beneficial or deleterious impacts that are cansed by an action and occur a1 the same time
and place.

Dispersion factor. A numencal term that accounts for the reduction in the concentration of a
contaminant through natral mixing and dispersion in the atmosphere, surface water, or groundwater.
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Dose (or radiation dose). A peneric term that means absorbed dose, or effective dose equivalent, as
defined elsewhere in this glossary,

Dose conversion factor, Any factor that is wsed 0 change an environmental measurement to dose in the
units of concern. Freguently used as the factor that expresses the committed effective dose eguivalent to
a persen from the intake (inhalation or ingestionh of a unit activity of a given radionuclide.

Dose-response relationship, A curve showing the percentage of organisms with observable toxic
effects to the dose administered.

Dose to health effect correlation factor. A numcrical term that estimates the probability that a health
effect will occur as a result of exposure to & unit quantity of radiation or hazardous chemicals. Also
referred 10 as health risk factor, Fxample: 000005 latent cancer fatality per rem of radiation dose
received by the general population. If a population received a collective dose of 2,000 person-rem, the
cstimated number of latent cancer Tatalities 15 estimated as (2,000 person-rem b x {00005 latent cancer
fatality per rem) = 1 latent cancer fatality.

Effective dose equivalent. The sum over specilied tissues of 1) the prodects of the dose equivalent in a
tissue and 27 the weighting factor for that tssue. [t s the amount of damage to the exposed individuoal’s
body as a result of radiation exposure.

Environmental Impact Statement. A detailed written statement that helps public officials to make
decisions that are based on understanding of environmental conseguences and to take sctions that
protect, restore, and enhance the envircnmeni,

Environmental transport medium. The object that transfers the source term to a buman (i.e., the air,
watler, food chain, ete.)

Eolian. Applied to deposits armanged by the wind, Wind hlown,
Ergs. A measure of energy. One erg s equivalent fo L x 10-7 joules,
Exposure route. The method by which 2 comtamimant may reach a person,

Fatal cancers. Cancers for which the cure rate is low and for which the period between diagnosis and
death is usually short,

Fiscal year. A 12-month period of time to which the annual budget applies and at the end of which its
financial position and the result of its operations are determined. Clark County, the city of Las Vegas,
the city of North Las Vegas, Nye County, the towns of Tonopah and Pahrump, and the Clark County
School District and MNye County School District fiscal years run from July 1 theough the following June
3. Federal fiscal vears are from October | through the following September 30.

Fissile. Capable of undergoing fission by interaction with thermal {slow) neutrons. The three primary
fss5ile materials are uramiom=233, wramiwm=235, and plutoniem-239.

Fission, A nuclear transformation characterized by the splitting of a nucleus and the simultaneous
release of energy.
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Fugitive dust. Particulate matter composed of soil. Fugitive dust may include emissions from haul
roads, wind erosion of exposed soil surfaces, and other activities in which soil is either removed or
redistributed.,

Fugitive emissions. Emissions released directly into the atmosphere that could not reasonably pass
through a stack, chimney, vent, or ather functionally equivalent opening.

GGamma ray. Shor wavelength clectromagnetic radiation, with no mass, that is emined from the
nucleus.

Genetic disorders. Serious disabilities that may be trunsferred to offspring of parents that have been
exposed to mutagens.

Groundwater. Subsurface water within the zone of saturaiion.

Half-life. The length of time required for an initial amount of radicactive substance 10 be reduced down
to 4% of its original amount due to radioactive decay.

High-level waste (HLW). Highlv radioactive waste that results from the reprocessing of spent nuclear
fuel, that contains a combination of transuranic waste and fission products in concentrations requiring
permanent isclation.

Human environment. The natural and physical environment and the relationship of people with the
environment

Human receptor. The person or group of people that can be or 15 exposed 1o the contaminant.

Hydrocarbons. Any of a vast family of compounds containing hydrogen and carbon. May include
many organic compounds in various combinations. Most fossil fuels are composed predominately of
hydrocarbons.

Latency. A term used to describe the period of time between the point of exposure and the resulting
effect of the exposure on the human body.

Latent cancer fatality. A fatal cancer with a delayed onset of up to twenty years, or longer, from the
time of exposure to the time of manifestation in the individual.

Low-level waste (LLW), Radioactive waste not classified as high-level waste, transuramic waste, or
spent nuelear Fuel, of the tailings or wastes produced by the extraction or concentration of uranium or
thoriwm. Test specimens of irradiated fissionable material may be classifed as LLW, provided the
concentration of fransuranic clements 15 less than 1) panccuries per gra.

Maximum individual dose, A radiation dose received by a hypothetical individual whose location and
habiis arg such that the dose received is the maximuom expected 10 result from some given operalion or
aecident,

Mitigation. Actions and decisions that { |} avoid impacts altogether by not taking a certain sction or
parts of an action, (2) minimize impacts by limiting the degree or magnitude of an action, {3 ) rectifyving
the impact by repairing, rehabilitating, or restoring the affected environment, (4} reducing or eliminating
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the impact over time by preservation and maintenance operations during the life of the action, or (3)
compensate for an impact by replacing or providing substitute resources or environments.

Mixed waste. Waste containing both radicactive and hazardous components os defined by the Atomic
Energy Act and the Resource Conservation and Recovery Act, respectively.

Mutagenicity. The capahility of a substance to cause permanent alteration of genetic material within
living cells contained in the human hody.

Noncarcinogens. Substances that may not be known to cause cancer, but may be capable of causing
harm, such as invoking mutagenicity in a human.

Nonfatal cancers, Cancers for which the fatality rates may be low, bt for which there can be either
physical or psychological reasons Tor a reduced quality of life.

MNotice of Intent. A notice thal an environmental impact statement will be prepared and considered.
Nuclear testing, An underground nuelear weapons test of either a single underground nuclear explosion
or two or more underground nuclear explosions conducted at the N TS within an area delineated by a
circle having a diameter of two Kilometers and comducted within a total period of time of 0.1 second.
The vield of a test shall be the aggregate vield of all explosions in the test

Person-rem. The collective total dose to a population. Person-rem is caleulated by summing the
individual doses of each member of the population.

Picocurie {pCi). One tnlhonth of a curie, (ve, 1x 107 Cojalso see Core).

Population dose (person-rem). A summation of the radiation dose received by individuals inan
exposed population. Equivalent to collective dose.

Probability. A number expressing the likelihood of occurrence of a specific event.
Quality factor. A measure of the relative biclogical effectiveness of a given type of radiation. This is
directly related to the linear energy transfer of that radiation, i.e., the energy deposited per unit of path

length (ke per micron).

Radiation. The spontancous emission of particles and energy from unstable atoms that occurs as these
unstable atoms decay.

Radiation absorbed dose (Rad). The amount of energy absorbed by a material.
Radiation detriment. Adverse effects due to radiation exposure, not including latent cancer fatalities.

Radioactive decay. The process in which a nucleus emits radiation and undergoes spontangous
transformation into one or more different nucler.

Radioactive waste. Solid, liquid, or gaseous material that contains radicactive nuclides regulated under
the Atomic Energy Act of 1954, as amended, and is of negligible economic value given the cost of
recovery.
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Risk. A quantitative expression of possible loss that considers both the probability that a hazard causes
harm and the consequences of that event.

Hoentgen. A unit of radiation that measures the amount of ionizations in air produced by gamma energy
per unit time.

Hoentgen equivalent man (Rem). The number of ionizations in air that translates 1o a similar dose for a
PErSOI,

Scenario. A proposed situation or sequence of events.

Scope. Consists of the range of actions, alternatives, and impacts to be considered in an environmental
impact statement.

Source term. The contaminant{s] released 1o the envirenment.
Specific activitv. A unit mass of radioactive material {i.e.. | curie per gram).

Spent fuel. Muclear reactor fuel that, through nuclear reactions, has been sufficiently depleted of fissile
material to require its removal from the reactor,

Stockpile stewardship. The science and technology aspects of ensuring the safety, secunity. and
reliability of the stockpile, including research and development to provide the technologies required for
stockpile management. This includes a program of activities to maintain confidence in the safery,
reliability, and performance of the Nation's nuclear weapons.

Storage. The collection and containment of waste or spent nuclear fuel in such a manner as not to
constitute disposal of the waste or spent nuclear fuel for the purposes of awaiting treatment or disposal
capacity.

Threshold concept. A concept that suggests most toxic substances will produce no effect on a
biological organism, if the substances are given in small cnough amounts.

Transuranic waste. Radipactive waste containing 14 nanocuries per gram or more of alpha-emitting
radionuclides that have an atomic number greater than 92, and half-lives greater than 20 years,

Transuranic radionuclide. Any radionuclide having an atomic number greater than 92.

Uptake. The sorption of a substance into and onto an erganism during an ¢xposure 1o that substance.
Waste acceptance criteria. The requirements specifying the characteristics of waste and waste
packaging acceptable to a waste receiving facility and the documents and processes the gencrator needs
to certify thal waste meets applicable requirements,

Waste management. The planning, coordination, and direction of those functions related to generation,
handling, treatment, storage, transportation, and disposal of waste, as well as associated surveillance and

mainienance activities.

Waste management facility. All contiguous land, structures, other appurtenances, and improvements
on the land, used for treating, storing, or disposing of waste or spent nuclear fuel,
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Watershed, The land area that drains into a strewm or river.

X-ray. A bundle of high energy with no mass. Similar to a gamma ray, except for its orngin and, in
general, its energy level.
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SUMMARY

Proposed changes in the Mevada Test Site (NT5)
operafions, as well as the U5, Depariment of
Energy (DMOE) policy of reviewing sitewide
Mational Envirenmental Policy Act (NEPA)
documents, have resulted in the need for the U.S,
Department of Energy, Nevada Operations Office
(DOEMNVY Operations (MFice (o prepare a new
Environmental Impact Statement (EIS) for the
NTS, This report has heen prepared to assess the
human health and safety impacts from operations
expected to be carried out under each of the four
altcrnatives defined in the WTS EIS.  These
alternatives are:

+  Alternative |, Continue Current Operations
{Mo Action)

¢ Alterpative 2, Discontinue Operations
. Alternative 3, Expanded Use

o Alternative 4, Altermate Use of Withdrawn
Lands

Five program areas are evaluated to the extent that
they apply to each of the four NTS EIS
alternatives. These are defense, environmental
restoration, waste management, aondefense
research and development, and work for others. In
addition o these five program areas, site support
services,  such  as  fire  protection  amd
communications needed to support each of thess
program areas, are also evaluated,

This assessment was accomplished by evaluating
effects upon human health of radiological,
chemical, and tu:micnlngic:ul substances, as well as
physical hazards associated with construction,
maintenance, and operations activities. To perform
this assessment, scenanos (proposed situations and
evenis envisioned o occur as a result of the
implementation of one of the EIS alternatives)
were created, The scenarios were then evaluated
for human health and safety impacts on workers as
well as the public.

The results of this study are presented in three
parts: 1) the risks associated with the subsurface
migeation of ritium-contaminated groundwater; 2)
the risks associated with activities performed under
WTS EIS alternatives and program areas; and 3) the
health and safery impacts of the maximum
regsonably  foreseeable  accidents under each
alternative,

Risks Associated with Migration of Tritium-
Contaminated Crroundwater, Tritizm-
contaminated groundwater exisis in the subsurface
as a result of past underground testing of nuclear
WEAHINS, Underground weapons tests were
performed within the MTS and at two offsite
lecations, the Project Shoal Area and the Central
Mevada Test Area, The migration of tritium-
contaminated proundwater from fest locations
within the WTS is estimated to be maximized for
the flow path from Pahute Mesa to Qasis Valley.
Based on the combined resulis of swudies
performed by various authors, the estimated range
of peak tritium concentrations at the closest
uncontrolled use area varies from 5 x 107 pCifL
arriving 150 years after the beginning of migration
to 3,800 pCvL arriving in 25 to ™ vears. These
concentrations  are  well  below  the 115
Environmental  Protcction Agency  (EPA)
maximum allgwable tritium  concentration  in
drinking water of 20,000 pCi/L.. The hypothetical
maximally exposed public individual at this
location is estimated to have a lifetime probability
of contracting a fatal cancer between § x 107"
{about one in one trillion) and 1 x 107 (about | in
100, D0,

The  migration  of  iFlum-contaminated
groundwater from the iest location af the Project
Shoal Area could result in peak concentrations of
280 to IO pCiL arriving at the controlled
area boundary 71 fo 206 vears afier the pest,
Although no public wetls currently exists at this
location, a hypothetical ndividual consuming well
water at this location for 2 standard lifetime of 70
years would have a lifetime probability of
comtracting o fatal cancer between 2 x 107"

-1
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{about one in five billion) and 2 x 107 {about | in
5000, AL the nearest existing public well, a
hypothetical maximally exposed public individual
15 estimated to have a lifetime probability of
gontracting a fatal cancer between 4 x 0%
{essentiallv zero) and 2 x 107 (ahout one in five
millken).

The  migration of  tritium-contaminated
groundwater from the test location at the Central
Mevada Test Area was predicted to have reached a
peak concentration of about 1.2 x 10" pCi/L at the
southern boundary approximately 8 to 15 vears
after the test (between the vears 1976 and 1983,
This predicted concentration has oot been
confirmed by groundwater sampling and analysis.
Mo public well currently exists at the boundary of
the Central Mevada Test Area. But il a well did
exist, a hypothetical individual consuming well
waler at this location for a standard lifetime of 7i
vears around  the tme of peak  mitiom
concentrations would have a lifetime probability of
contracting a fatal cancer between 1.4 x 107 (about
orne in T0,0007 and 5.5 x 10 {about ane in 2007,
At the nearest existing public well, a hypothetical
maximally exposed public individual is estimated
to have a lifetime probability of contracting a fatal
cancer between 1.7 x 107 {essentially zero) and
3.2 % 10" (abowut one in three billion).

Risks Associated with Activities Performed
Under NTS EIS Alternalives and Program
Areas, In general, human health risks under each
of the aliernatives are expecied to be dominated by
occupational  injuries o workers engaged in
activities such as construction, maintenance,
excavation, etc. By conducting activities for ten
vears under the varicus alternatives listed in the
MWTS EIS, it is estimated that the following number
of injuries and fatalities would occur: Alternative
| = 204 injuries and 3 fatalities; Alernative 2 - 3
injuries and no fatalities, Alternative 3 - 775
injuries and 9 faalities; and Alternative 4 - 104
imjuries and 1 fatality. The Waste Management
Program had the greatest number of human health
risks associated with it, when compared to all other
program areas. [t is unlikely that a single fatal
cancer or other detrimental health elTect would
occur as a result of radiation exposure to workers

of e public under any of the WT% EIS
alternatives.  Hozardous chemical spills could
resull in noncancer health effects to workers in
operations conducted under Altermatives 1, 3 and £,

Impacis  Associated with  the Maximuom
Reasonably Foreseeable Accident. The maximum
reasongbly foresecable accidents azsociated with
activities under the MTS EIS Alternatives would he
as follows:

Alternative |

The maximum reasonably foreseeable radiological
accident involves a non-nuclear explosion in an
Arca 27 nueclear weapons storage magazine., The
accident has a probability of | x 107 per year and
could result in injurics or deaths to nearby workers
due to the phyvsical impacts of the explosion or
delaved radiation  health  effects. Radiation
exposure from the accident could result in 6 latent
cancer fatalities in the worker population at the
next nearest facility, and from 3 to 55 latent cancer
fatalities in the offsite population within 50 miles.

The maximum reasonably foresecable chemical
accident involves an airplane crash into the Liquid
Gaseous Fuel Spill Test Facility. The accident has
i probability of | x 107 per year and could result in
injuries or deaths 1o nearby workers due to the
physical impacts of the crash or toxic effects of
chemicals. Workers at the next nearest facility
¢ould experience non-lite threatening health effects
from exposure to airborne chemicals. The off-site
population within 30 miles could experience up to
3 latent cancers as m result of this accident.

Allernative 2

The maximum reasonably foreseeable radiological
aceident involves a failure of an artillery fired test
assembly at the Tonopah Test Range. The sccident
has a probability of 1 x 107 per vear., MNearbwy
workers would be under cover when the device
fired, but up o 6 latent cancer fatalities could
oceur in workers af the next nearest Facility. The
off-site population within 50 miles would have an
increased likelithood of 0.009 to 0.16 of a single
latent cancer fatality.
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The maximum reasonably foreseeable chemical
gccident invalves a multi-container fire at the
Arca 5 hazardous waste storage unit prior to final
shipment of these wastes off-site. The accident has
a probability of & x 10 per year. Workers
immediately downwind of the fire could be
exposed to life-threatening air concentrations of
hazardous chemicals. The off-site population
within 30 miles would net be expected o
experience any nen=cancer health effects, and the
hikelihood of a single cancer in the population
would increase by 00002 to 0,004,

Alternative 3
The maximum reasonably foreseeable accidents for

Alternative 3 are the same as those described for
Alternative 1.

Allemative 4

The maximum reasonably foreseeable radiological
accident involves an airplane crash into the Area 5
transuranic waste storage unit, The accident has a
probability of 6 x 107 per vear and could result in
injuries of deaths o nearby workers dug to the
physical impacts of the crash or delayed radiation
health effects. The worker population at the next
nearest facility would have an increased likelihood
of 0.04 of a single latent cancer fatality. The off-
site population within 50 miles could experience 1
to 13 latent cancer fatalities.

The maximum reasonably foresecable chemical
accident is the same as that described for
Alternative 1 {airplane crash into the Liguid
Gaseous Fuel Spill Test Facility),

8=l
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MEVARA TEST SIVE FINAL ENVIRONMENTAL IMPACT STATEMENT

1O INTRODUCTION

1.1 Purpose

The Mevida Test Sive (NTS) is a multi-facility site
that supparts a diverse range of U.S. Depantment of
Energy {(DOE) mission objectives.  Although the
principal mission of the NTS has been to conduct
nuclear weapons-related tests, and mone recently to
maintain a readiness o conduct nuclear tests, the
MTS also supports other DOE activities.  These
activitics include various tvpes of research and
development, as well as operations associated with
radipactive wisie management, and environmental
restoration [ g

Im recem vears, changes in nuclear testing policy
have occurred in the international community.
These palicy changes have resulted in the pursuit
of additional DOE and non-DOE activities being
proposed for siting at the NTS. These proposed
changes in NTS operations, as well as the DOE s
policy  of  reviewing  sitewide  National
Environmental Policy Act (WEPAY documents,
have resulted in the need for the LS, Department
of Energy Nevada Operations (ffice (DOEMNY )
o prepare a new Environmental Impact Statement
{E1S) for the W15, [t is the infent that this EIS
serve as a support tool for pelicy makers and
stakeholders; by providing an evaluation of the
potential envirenmental impacls associated with
various alternative uses of the NTS and s
resomrces, being considered by the DOE.

This  swdy  Tollows  [DOE's  EIS  guidance
Recommendations  for e Preparation of
Enviranmenial Asvessomenis and Exviconsiental
Irprace Nieremenrs (DOE. 1993), Tor ag,gn:s-_-;ing
human health and safety impacis, This asscssment
was accomplished by evaluating cffects upon
human healih from radiclogical. chemical, and
toxicolegical substances: os well as physical
hazards associtted with constroction, maintenance,
and operations To perform  this
pssessment scenarios, proposed situations and
evenls envisianed o occur @y a result of ke
implementation of cne of the EIS altcrnatives),
weere crealed. The scenarnios were then evaluated

selivitices,

for human health and safery impacts on workers as
well as the public,

Fach scenario was evaluated for its impacts upon
human health and safety, using a three-fold
approach. First, for cach seenario, a detrimental
effect (deemed “consequence” ) upon human health
and safety, that could foreseeably result from an
action or the lack of action was assessed. Second,
the likelihood that a specific detrimental effect
could materialize under each scenario (deemed
‘probability™) was estimated, Numerical values
were then assipned w both the consequence and
probability  parameters,  illustrating  each
parameter’'s relative degree of importance with
regard to this human health and safety evaluation.
Third, the values assigned 1o the parameters of
consequence and probability were multiplied
together, creating a parameter value that is known
as 'risk’. This valee denofes the amount of risk
that is associated with each scenamio, [t i this
value that will assist decision makers in making
relative comparisons between the ElS alternatives
that are directly associated with each of the
SCCMArios,

Hoewever, it is important 10 note that the sole
parameter of Crisk’ may not always  fully
communicate the magnitude of potential adverse
consequences, because the consequences are
weighted by the probability. As such, in this study
accident scenarios that were assumed to inflict the
maximum impact te human health and safety, are
presented in terms of their separate components of
comsequence and probability.  These  accident
scenarios, referred to as maximum reasonably
lereseeable accoidents, illustrates the maximum
consequences that are reasonzbly foreseeable in the
event that an accident actually occurs,

1.2 Scope of Study

The public scoping period for the NTS EIS began
with the publication of the Motice of Intent {to
prepare an E1S) on Augost 10, 1994, During the
scoping period and in subseguent meetings with
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the DOE, some members of the public, elected
officials, American Indian tribal governments, and
private issue-advocacy groups expressed concern
about the DOE's onpoing and  expanding
radivactive  waste  and  nuclear  materials
management activities at the NTS. These groups
asked the DOE 1o provide more information about
the potential misks 0 human health that may he
associated with the proposed aiternatives. This
report saddresses those concerns as they relate to
the specific allernatives identified in the NTS EIS.
This report, however, does not address risks 1o
human  health  that  are  associated  with
tranzparialion aclivilies or rouling air emissions
from WTS activities.  Tramsporation issues are
evaluated separately in Appendix | of the NTS EIS.
Air quality impacts 10 human bealth are discussed
in Chapter 5.0 of the NTS EIS document.

1.2.1  Alternatives Evaluated

Hecause the MTS EIS covers actions that are
currenfly ongoing or proposed lor the MWTS
berween 19% and 2003, this evaluation examines
human health and safety impacts from activities
conducted for a peried of no more than 10 years,

The four alternatives, as they are wlentafied in the

MTS EIS, are:
Alternative | Coatinue Cuerrent Operations

(Mo Action)

Driscontinee Cperations

Expanded Use

Alternate Use of Withdrawn

Lands

Alternative 2
Allernative 3
Alrernative 4

Altermanve | 1s defined as the continuation of
cagoing DOE and inferagency programs, activities,
and operations at the NTS and other associated
areas within the Stare of Nevada. The No Action
Alternative would also allow for comtinuation of
past operations, as required,

Under Alternative 2 all current and planned
program  activities and operations would be
discontinued. Only monitoring and other functions
mecessary for human health, safety, and security

st be maintaimed,

Under Alternative 2 utilization of the NTS and its
resources would be expanded to support national
prograims, both of 4 defense and non-defense
alume.

Implementation of Alternative 4 would involve
discoptinuing all defense-related activities and
most Work for Others programs. Certain programs
and activities that are not  included as
responsibilities within the scope of the current NTS
mission are also evaluated, This alternative could
include other activities that would be dependent
upon future land-use designations and withdrawal
status, such as the relinguishment of portions of
land froam the WS,

1.2.2  Program Areas Evaloated

Examined in the EIS are programs and activities,
including those associated with the realignment of
the national DOE mission as they relate to the
DOE-utilized sites examined in this EIS.  Five
program  areas and  support infrastruciure  are
evaluated, to the extent that they apply 1o each of
the four alternatives. These program areas are
brie Ay described below:

«  Defense Program - The primary missions of
defense  programs  are  the  stockpile
stewardship and the maimtenance of readiness
L gconduct underground nuclear tests.

»  Waste Management - This program provides
for the safe and permanent disposal of waste
through disposal on the NTS, or at off-site
commercial wisle treatment/disposal
facilities.

. Environmental Restoration - The goal of this
program is to dentify contampinated areas, and
fo memediate or contain these contaminated
areas that might pose a risk to human health
or the environment.

+  Nondelfense Research and Development - This
program mcludes onginal research efforts by
ihe DOE, umiversities, industry, and other
federal agencies,
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s Work for Others - This program provides for
the use of NTS arcas and facilities by other
groups and agencies oflicr than the DO, for
wetivibies such as milifary training exengises,

#  Site support activitics - Included o this
program area arc e infrastruciune activilics
and  functions  reguircd o support all
operations being conducied at the NTS. These
functions include; environmental monitoring,
seCurity communications,
utilities services, and general building and
road mamntenance.

supvelllance,

1.2.3  Sites Evalosted

The WTS EIS examines exasting and potential
impacts to the environment that have, or could
result from current and proposed [DOE operations
in southern Mevada, The DOE-ubilized sites
examined in this E15 arc the NT% and the Tonopah
Test Range (TTRY {which are both surrcunded by
portions of the Mellis Air Force Range [NAFR
Complex]). the Central Wevada Test Area (CNTA),
the Project Shoal Arca, Covote Spring Valley, Dry
Lake Valiey, and Eldorado Valley {Figure H-1).

It should be noted that although all of these sites
have been evaluated initiallv, not all gecgraphical
locations are expected (o be impacted by cach
programi of altermative,  Table -1 provides a
matrix  of the peographical sies potentially
affected by specific proprams being performed

under the varous altermalives,
1.3 Organiration of This Docament

The purpose of this report s e privide an
assessment of human health risks and safety

performed under the various altermatives being
comsiderad in the NTS EIS. Chapier 1 locuses on
the purpose and need for an assessment of human
health risks and safety impacts resulting from NTS
cperations. The remaming chapters describe how
this assessment has been performed, as well as
providing the assessment’s results. In particular:

«  Chapter 2 provides a discussion on general
risk assessment concepts and how they are
used to provide a measure of human health
risks. The methadology used to perform the
analysis is also outlined in this section.

+  Chapter 3 defines the various site operations,
as  they pertain o each  program
arex/aliernalive combination,

= Chaper 4 outlines routine operation scenarios
and accident seenarios used in the evaluation
of the various program  area/alternatiave
combinations,

»  Chapter 3 provides the numerical results of
the analysis, as well as a brief discuzsion of
the findings for each alternative.

«  Chapter 6 presents conclusions from this
study, including potential prevention and
mitigation measures o reduce risk.

v« Chapier 7 provides a list of documents
containing information that was uulized for
this study, or documents confaining additional
information that may be of interest 0 the
public,

o Aftachment A is a defailed summary of
reazonably forcseeable accidents evaluated for
each alternative and program area.
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Figure H-1. NTS and Selected Areas of Interest
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Tahle 1-1. Matrix of Alternatives Versus Programs Applicable to Each Site

e ————— .

=
I____ Mopmdefense
W ple Enviranmentsl Research and Wark for Shie Support
1M e mse Manngement Hestoralon Delemse (¥thers Activities
Alternative #1 MR M5 NTS MTH NS MNTS
Mo Acixm = TTR CNTA TTH TTR
Cantnaie Current "rofect Sl Area
CIperaiipns TTR
MAFR Complex
M Alernative &3 I'Ie Mo DOEMNY W HOEMN Y Mo DOENY I'Tet MTS
Disconiinee AClivipies Acihivitics Acivibies TTR
Liperations
Altermative #3 HWTS IS NTS HTS NTS TS
Expandid Use TR CMTA Cayate Spring TTR TR
Pridect Shonl Arei Valley
TR Eldarsda Yalley
MAFR Comples Dirv Lake Valley
TTR
Allernutive #4 e WTE HMT% WNTE TTR NTS
Alemnate Lise af CMTA Cayabs Spring TTH
Withdruwn Froject Shoal Arca Wolley
L:nds I'TR Ebdorada Valley
MAFE Caomplex Liry Lake Valley
I'TR
——— e
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2.0

Risk assessment i3 the quantitative process of
cstimating the conseguences o human health
resulting from a release of contaminants to the
environment, This risk assessment study focuses
on the assessment of both radiological and
chemical comaminants and their effects upon
human health, as well as risks posed o human
safety from occupational hazards. A brief
discussion on the gereral concepts of risk
assessment; as well as specifics conceming
radiological, chemical, and safety assessments are
presented below,

1.1 General Risk Assessment Concepis

Risk assessment is a multidisciplinary subject
requiring the identification of events with the
potential for a failure that could lead e am
undesirable outcome {scenario), the prediction of
contaminant types subject 1o release and their
concentrations, the description of envirommental
transport {the identification of potential exposure
pathways) the caleulation of internal and external
dose, and the extrapolation of this dese to human
health effects, The purpose of a risk assessment is
to illustrate the relationship between the types and
quantities of centaminants released, and the effects
thev are expectad te bave on human health. The
rizk assessment process follows the contaminant of
interest from its point of origin along various
pathways in the environment. [naddition, the risk
asscssiment process is used o evaluate the various
mechanisms that enable the framsport of the
contaminant o a human.  These fransport
mechaniams can be either air, waler, soil, or food.
Onece the contaminant’s transport mechanism and
the amount of contamination the human can be
exposed to (ihe scorce Jemm) are defermined, the
dose (e actual amount of contamination that the
human’s body will be subjected fo) and the
resulting risk o human health can be calculated.
L1.1  Sowrce Term and Its Link to Human
hose

The source term is a description of the chemical,

RISK ASSESSMENT CONCEPTS AND METHODOLOGY

radicactive, and toxic constituents that a hwman
has the potential 10 be exposed to in a given
scenario, The source term must not only identify
the contaminants of concem, but their expected
concentrations as well, The identification of the
source term i a significant part of the nisk
assessment process, It is significant not only
because the effect of each contaminant will be
assessed for its impact upon human health, but
multiple effects created from the presence of a
combination of contaminants will also have to be
evaluated,

The primary mechanisms used to transport the
source ferm within fhe environment are air, surface
water, and groundwater. To assess the degree to
which a contaminant may become maobile in an
environment, a few key parametcrs must be
defined. These  parameters  include  the
contaminants chemical form, solubility in air and
water, and physical state (e.g., liquid, solid, or gas).
Cme main objective of a risk  assessment is
1o predict the concentrations of comtaminams
that will reach  humans, either through direct
paths (e.p.. inhalation, absorption), or indirect
paths {e.g., consumption of contaminated water).
Environmental transport modeling is used to
estimate the amount of contamination present in a
transport mechanism (e.g., air, water, soil, or food),
and estimate the amount of contamination that is
available to a person.

Human consumption rates of various food/water
eommaodities as well as human metabalic rates are
important hnks between the source term that is
available to a human, and the actual intake dose o
which the human body may be subjected. Once
the human dose has been caloulated, the detriment
to human health can be estimated by multiplying
this number by one or more risk factors. A risk
lactor is a numerical correlation between a dose,
and the effect it will have on a human, Risk
factors are based largely on epidemiological data,
primarily from studies examining radiological and
chemical health cifects.

2<1
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2.1.2  Radiological Effects

Radionuclides present in air. warer, soil, o food
can be inhaled ngested into the human body,
becoming incorporated milo tissues and organs,
causing resulting in internal irradiation of body
organs.  [n addition, umans can be exposed to
radionuclides as their skin absorhs radiation that is
being emitted from exiernal sources.  Topics
discussed here will include radiactive particles,
radioactive decay, [ssion, fusion, and radioactive
waste categorics, as well as the terminology
associated with the asscssment of radiological
EXPOSUTE,

2021 Nuclear Rewctivny: Radivactive Deviy,
Fission, and Fusion, Al matter 15 composed of
atoms. Through natueal or ian-made processes,
atoms of elements can ke placed into an unstable
state. When an atom is in an unstable state, its
nucleus {made up of protons and nedtrons) will
release energy in order to regain ils stability. This
alteration ocewrs as o resull ol ecither the
radioactive decay, fission, or fusion process.

Radivactive decay s a process whereby the nucle
(plural of nucleus) of unstable atoms release or
emit energy to regain their siability. This cnergy 15
emitted in the torm of alpha particles, beta
particles, or gamma rays, termed ionizing
radiation. As fhis cnergy passes through a
material, it can change the chemical structure as
well as the behavior of the matenal’s atoms. [t is
through this process of chemical structural change
that radiation can lead to biological damage in
humans, The level of damage s dependant upon
several factors, including the amount of cnergy
taken in by the human body.

Fission is the process whenchy a large nucleus
(e.g.. uranium-235) splits into two fragments,
resulting in the release of cnergy. In each fission
neutrony are released. These meutrons may go on
to produce Assions of nearby neclen 10 newtron
goes on to cause additional Nsskons amd the process
15 repeated agamn and again, the cifeet is a self-
sustained chain resciion.  This condition is termed
as the amainment of "critbealiny.” When the encrgy
releazed in the process of Nssion is controlled {as
it 15 within a nuelear eeactor), ils wse can be

beneficial. Muoch of the bow-level waste that has
been shipped o the NTS Trom other DOE sites
contains radioactvity that was generated from the
operation of nuclear reactors, The fission process
is also one of the fundamental nuclear reactions
that may be mvolved when an underground nuckear
weapons test is condugted.

Fusion is the process wherehy two light nuclei
(g, isotopes of hvdrogen such as dewterivm and
tritium’ collide and Tuse 1ogether o form one
heavier nuclews amd one lighter aucleus, In the
process, mass is converbed 1o cnergy. This nuclear
repction is the process that energizes the sun. The
amount of energy released per pound of heavy
hvdrogen s about foar times as much as the
amount of energy released per pound o wranium or
plutonium in a fssion reaction. The fusion process
15 ancther nuclear reaction that may be involved
when an underground nuciear weapons test is
conducted.

I'he processes of radicactive decay, fission, and
fusion produce three main types of jonizing
radiation: alpha paricles, beta particles, and
gamma rays. Mone of these can be detected by our
senses, Each tvpe of radiation can have a different
level of energy, and thus have varying abilites o
penctrate and harm the human body. Because each
type of radiation poses a unigue hazard to human
tissue, ndividual charsctenstics must be noted
when assessing radiological impacts upon human
health.

20.2.2 Uwity of Measnre, The binloacal effects
of onizing radiaten vary sceording 10 the tvpe of
radiation, the dose received. and the tvpe of cell
affected. Any dose of radiation con damage body
cells. Howewer, al low radiation levels, such as
those administered 10 paments receiving x-rays or
those that may be received by workers handling
rudicactive wasies, domage o the cells is so slight
(il Whseew cam wsually either repair themselves or be
replaced by the regeneration ol healthy cells.
Special standards of measurement are wsed 1o
gauge radiation and its effects. The most common
units associated with radiobogical properties are the
curie, picocuric, rocntgen, radiation absorbed dose
(rad}), roemtgen cquvalent man (rem ), person-rem,
and etfective dose equivalent. For purposes of
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radiation  protection  and  the  calculation  of
population dose, one mist also know the half-lives
of pll radionuclides that make up the source term.
Drefimitions of these wenms are provided below.

o cwwie fOT - 05 8 ol of radiation that
deseribes the numbers ol s
undergoing rodinsctive decay in a period
of ime, Ooe cune s equal o 37 billion
disintegrations per seeend,

s A mpicocurie (plT) = s one trillioath of a
curte (I 107 Ci

¢ Roentpen- measures the amount of gnergy
(o Genisation)  produced by gamma
raddiation

e Rowfidion absorked dose Fogdl - in the
amount of energy absorbed by a material,

= Roewigen equiveleinl mok irei) = 15 used o
cquiate the biological damage done 1w
organisms resulting from radiation.  The
unit rem is used, regardless of the 1vpe of
wmizing  radiation bemg  evaluated.
Meither the roentgen nor the rad gives an
indication of biological damage.

s Popzom-rpen - 15 deflined as the collective
total dose to a population.  Person-rem is
calculated by summing the individual
doses of cach member of the population.
For example, if 100 workers cach received
(h.1 rem. then the callective dose would be
10 person-rem 100 persons x (01 rem}.

o Effeciive dove eqguivident = measures the
amount  of damage o the exposed
individial’s body a5 a result of the
radiation exposure.  The effective dosc
equivalent can be used to estimate fhe
exposed individual's nisk of health effects.
Effective dose equivalent makes into
account variables, such as the different
susceptibilities of certnin body tissues o
different forms of radiation. The cffective
dose equivalent 15 often referred w simply
as “dose.” and 15 measured in units of rem.

# A pelioloeicod al-fife - s the length of
time pequired for an initial amount of a
eadicactive substance o be reduced down
o Aoof 0s onginal amount, due o
radicactive decoy,

Human exposures are offen classilied into twa
categories, acule exposure and chronic exposure.
An acule exposure is o large dose that is received
by un individual over a fow howrs or less, With
chromic exposure an individeal is exposed to small
doses repeatedly, over @ long period of time
{months to wears). 10 is the general conscnsus that
there is no threshold for vsdiation induced health
effects based on dhe  linear  mon-threshold
hivpothesis.

123 Radivactive Waste Types. Naotural and
man-made radiation area is produced on earth
many ways, Natural forms of radiation include
background radiaticn. such as the decay of
raturailyv=-oceuring radicactive elements located in
the earths crust,  [n addition, radicactivity exisis
naturally withim e human body, 1§ comes mostly
from potassiom, which is an essential element for
human health,  Scientizts have also deliberately
created sources of wnizing radiation as a result of
conducting various practices.  These practices
include nuelear-power generation of ebeciricily,
disgnostic and therapeutic medical technigues,
non-destructive eating of pipes and welds, and the
produstion and wsting of nuclear weapons, These
praciices result i the cencration of  radioactive
wasle,

The DOL manages varous Ivpes of radicactive
wastes, generated in a large panl dug 1o weapons
production and nuclear-power production research
programs. Radioactive waste is defined as a solid,
liguid, or gasecus material that  contains
radicactive nuclides regulated under the Atomic
Energy Act of 1954, as amended, and is of
negligible econpomic value given the cost of
recovery,  Such wastes may be classified as low-
level, mixed wastes, transuranic or high level
Drescriptions of these waste types that are managed
by DOEMNY are provided below.

+«  Low-level Waste (LLW} - Radioactive
waste nof classified as high-level waste,
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transuranic waste, spent nuclear fuel, or
the tatlimgs or wastes produced by the
extraction or concentration of uranium or
thorium.  Test specmens of irradiated
Nissionable material may be ¢lassified as
LLW, provided the concentration of
transuranic elements is less than 100
NANOCUNIES per gram.

o Mined Waste (MW) - Waste containing
both radivactive  and  hazardous
components as defined by the Atomic
Energy Act and the Besource Conservation
and Kecovery Act of 1934 as amended,
respectively.

*  Transuranic Waste - Radicactive waste
coitaiming 100 panocuries per gram or
more of alpha-emitting radionuclides that
have an atomie sumber greater than 92,
and half-lives greater than 20 years.

#  The highly radiosctive waste material that
resulis from the reprocessing of spent
nuclear  fuel, including  liguid  waste
produced directly in reprocessing of any
solid waste derived from the hguid, that
containg o combination of transurenic
waste  amd  fission products n
conceniralions  Teguinng  permanent
isplation, This will make the document
consistent with the waste definittons found
in Section 2.4.2 of Volume |, Chapter 2.

21,3 Chemical Effects

When certain natural or man-made materials or
substances have harmful effects that are nol
randoem, the materials or substances are described
as toxic (Ottoboni, 1991). Specific chemicals or
biological substances may be labeled as toxic for
many reasons, including such things as their ability
to cause cancer; to harm or destroy tissue or
organs; or to harm systems within the body, such
as  reproductive, immuone, blood-Torming, or
nervous systems. A brief discussion on the types
of toxic substances is provided below:

e Carcinogens are substances known fo
cause cancer in humans, or are known i

cause cancer in animals and therefore may
be capable of causing cancer in humans,
Examples of human carcinogens include
ashestoz, benzene, and winyl chloride
(Kamrin, 198¥). Cancers For which the
cure rate is low and for which the period
between diagnosis and death is usually
short, are termed fated cancers. Cancers
for which the tatality rates may be low, but
for which there can be either physical or
psychological reasoms for & reduced
quality of life, are termed nonfatal cancers

+  Moncarcinogens are substances that may
not be known (o cause cancer, bul may be
capahle of causing harm, such as invoking
mutagenicity ina human. Mutagenicity is
the capability of a substance to cause
permanent alteration of genetic material
within living cells contained in the human
body. Serious disabilities that may be
transferred 1o offspring of parents that
have been exposed (o mutagens are termed
penetic disorders. Latency is a term used
to describe the period of time between the
point of exposure and the resulting effect
of the exposure on the human body.

Even though chemical or biological substances
may be determined to be toxic, many factors
influence whether the inhalation or ingestion of a
particular substance may have a toxic effect on a
human. These factors include:

*  How much of the substance the person
comes into contact with, and

*  Whether the person inhales or ingests
the substance in a shon period of time {an
acule exposure], or inbales or ingests
relatively small amounis of the substance
repeatedly, over long periods of time (a
chronic exposure).

Scientists determine a substance’s toxic cffect
(known as toxicity ) by perfonming controlled tests
on biological organisms. During these tesis
specific parameters are examined to measure the
toxicity of a substance on a biological organism.
These parameters include the dose-response
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relationship, and the threshold concept,

*  Dose-response  Relationship - The
dosc-response relationship 15 a curve
showing the percentage of orgamisms
with observable ioxic effects versus the
dose administered,  This curve is
established as a result of controlled
tests on biological organisms. Once a
dose is administered, it is increased
until all of the biological organisms
heing tested are atfected, and then is
degreased until none of the biological
organisims being tesied are affecied.

*  Thresheld Congept - The threshold
concepl  suggests that most  toxic
substances will produce ne effect on a
biovlogical organism if the substances
are given in small enough amounis,
Thus, the threshold can be defined as
the largest amount of a paricular
substance that will ot affect an
GrEanism,

2.1.4  Exposure Pathways

The magnitude of a human’s exposure to &
contaminant, whether it be radiological or
chemical, is dependent on how  the contaminant
travels throughout the environment. The sequence
of events which enables the contaminant 1o reach
a person after it has been released into the

environment 15 tenmed the “exposure pathway.”

Exposurc pathways can be both numerous and
varied. In some cases exposure pathways arc
relatively simple, such as the direct exposure 1o
radiation. In other cases exposure pathways may
be complex processes. For example; radioactive
particles may be released into the air due to an
explosion, they then may fall out of the air and be
deposited onto prass, the grass may then be eaten
by a cow, radicnuclides ingested by the cow may
be transferred into its milk, which iz then
consumed by humans.

Mormal and emergency operations al some DOE
facilities have the potential to expose workers and
members of the public 1o radioactive or [oxic

materials,  To mamtain high levels of safety,
specialists analyae exposure scenarios possible for
normal operations and accidents.  The matcrials
involved and any protective measures in place. that
miay lessen the consequences, are considened when
evaluating these scenarios,  The followmge List
describes the four conditions that must exist o
form a scenario, by which radioactive or 1oxic
materials  can  be  fransported  through  the
enviranment to workers or the public:

o Source Term - The  contaminant(s)
released o the environment,

«  Enwircomental Transport Mediom = Adr,
surface water, groundwater, or the food
chain

¢ Exposure Rewte - The method by which a
contaminant may reach a person.

¢ Human Kecepor - The person or group of
pecple that can be or 15 exposed 1o the
contanminan.

Llsing these elements in an example, one SCenarie
maght involve gases contaiming a contarminant (the
source term) released from a stack, These gases
are trapsported by the wind (the environmental
transport medium) The air containing the
contaminants 15 inhaled {the exposure route) by a
waorker {the human receptor). Mo matier which
cxposure pathevay a scenario invalves, local
envirgnmental factors such as the density of the
region's population, its  sources of water,
agricultural practices. and weather patterns, may
play a big role in determining whether or not the
contaminant will reach a human receptor.

2.1.5  Occupational Risks

Human health can be at risk net only  from
radiological and chemical substances, but can also
be at risk from phvsical hazards that are routinely
present at a place of work, or from accidents that
may happen during the course of performing
rouling activities at work,

Routine cccupational hazards have the potential 1o
inflict bodily injury upon personnel  that are
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performing normal day-to-day work activities.
Examples of these hazards may include electrical
shock, slipping or falling. fafling ohjects and
hazards normally associated with various types of
equipment usage. Scenarios portraying routine
occupational activities are examined o estimate
the risks associated with  performing  these
aclivities.

Oecupational hazards that may oocur as a result of
an aecident are alse examined. Examples of
occupational hazards that may occur as a resuli of
an accident may include bodily injuries resulting
from equipment malfunctions due to & design flaw
or due to human error; material spills or leaks, or
accidents resulting from natural phenomenaon, such
as tomados or earthquakes. Scenarios portraving
occupational hazards associated with accidents are
also examined to estimate the risks associated with
performing rouline operations within unstable
ENYINONments.

1.2 Risk Assessment Methodology

This study takes a two-fold approach to the
assessment of human healih risks and safery
impacts, First, human health risks are caloulated
for proposed activities within each E1S alternative.
As noted earlier, risk is defined as the product of
probability and consequence. The sum of the risks
for all sctivities within an aliernative 15 the total
risk associated with that aliermative.  The
systematic evaluation of risk across all aliernatives
allows decision makers 0 make relative
comparisons among alternatives on the basis of
risk. Although useful as a decision-making tool 1o
discriminate among alternatives, risk by itself does
nol convey information on the magnitude of
adverse consequences in the event that an accident
actually occurs. Therefore, to supplement the
assessment of risks, the second part of this
assessment  evaluates the probability and
consequences of the maximum  reasonably
foreseeable accident within each alternative. This
allows for the identification of maximum impacts
that could be expected if an accident actually
OCCUTS,

To evaluate human health risk, three componcnts;
seenario, kikelibood, and consequence must be

identified.  The first compenent, the scenario is
made up of cither onc basic failure event or an
imitial failure event, followed by subseguent
failures that lead to an outcome which may or may
not be desirable.  The second component,
likelihood deserbes how often the scenario s
expected to occur. Likelibood may be expressed as
a probability, which 12 a subjective expression of
the belief that something will, or will not, occur
(e.g., there is a 70 percent chance of showers
tomorrow). Probability 15 a unitless number and 15
always between zero and one.  Likelihood may
also be expressed as a frequency or rate, c.g., (LO7
imjuries from consiruction accidents per year. The
third component needed 1o evaluate human health
risks iz consequence which is the results of a
scenario,  To evaluate consequences, specific
hazards within the scenario must be defined. For
example, o evaluate the consequences of a release
of hazardous material, the source term (what
substance 1s released, how much 15 released, and
what form it takes) muost be defined and s
dispersion predicted. From the exposure caused by
the release, a dose s calculated, That dose leads io
a predicted health effcet, which is the consequence,

Based on DOE guidance ([XDE, 1993), events
having a probability of occurrence that is mone
than once in L0 million vears {1 x 107 per vear) are
considered to be reasonably foreseeable, and need
1o be examined o satisfy the purposes of a NEPA
review. The sccident  with  the highest
consequences o human health having a probabiliy
of occurrence greater than or equal 1o 1 x 107 per
vear is defined as the maximum reasonably
forescecable accident,

2.2.1 Scenario Development

Scenarios that contribute to the risk of proposed
activitics under the EIS alternatives include both
routine operations and accidents. In either case,
the identification of scenarios important g human
health risk begins with the identification of the
principal activities associated with cach altcmative
and the hazards specific fo those activities. For
example, construction activities may not involve
radiological  harards, bt instead  invelve
occupational hazards that could result in injuries or
fatalities to workers. Section 3 of this report
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identifies the operations proposed for each
program  arca under each of the fowr EIS
alternatives, These operations are the basis for the
identification of hazards and the development of
risk scenarios used in this study.

Seenarios For routine operations are not initiated by
the failure of any safety system or procedure. [n
these scenarios, the activity itself imvolves risk
which 15 managed within acceplable hmits as
defined by current standards for worker and public
safety. Rouotine operations scenarios include
events that could result in exposure of workers or
the public w levels of radiation andor toxic
materials within regulatory limits,

Accident scenarios are developed based on the
asscasment of the hazards associated with specific
activities and the engineered designs and safety
systems in place 1o prevent hazards from impacting
the health and safety of woerkers and the public.
Accident scenarios require the faillure of one or
more safety systems or design features to result in
an adverse health risk beyond the risk associated
with routine operations. For example, a worker
handling a drum of radicactive material is exposed
to radiation within controlled limits during routine
operations, but a handling accident that breaches
the drum (a design feature) could result in release
of radioactivity from the drum and expose the
worker to radiation higher than normal {controlled
limits) levels. In addition, if the high efficiency
particulate air {(HEPA) filters on the building
ventilation system (a safely system) also fail,
airborme radioactivity could be released 1o the
environment above normal operating levels and
resull in potential radiation exposure to other
workers or members of the public. Section 4.1 of
this report summarizes the scenarios wsed for
assessing  risk  from  routing  operations  and
accidents for each EIS alternative,

The general categories of accrdents that are
reasonably foreseeable for the types of activities
proposed in the NTS EIS include construction

sccidents, mechanical  upsels  (eg., fTorklift
accidents), spills  involving  radioactive  or
chemically  hazardous  materials,  fires,  and

explosions. A potential accidental venting of
radionuclides from an underground nuclear-yield
test is also evaluated. The occurrence of any

accident requires an initiating event that causes the
failure of design features or safety systems. The
initiating event can be operations related, such as
husman error or equipment failure; or i can be an
external event, suweh as an earthiguake, high winds,
era fMoed.

2.1 Probability Analysis

An analysis of probakility is not needed for routine
operations scenarios because the evenls are
assumed to occur.  Therefore, the prohability of
routing operations scenarios is always 100 percent.

Accident scenarios require an initiating event that
is accompanied by the failure of one or more safety
svatems or design fealures. Determination of the
probability of an accident scenario requires the
calculation of individual probabilities for the
initiating event, and the failere probabilities of the
safety features designed to prevent the accident.
For example, the probability of an carthquake (the
mitiating event) in the vicinity of a radioactive
waste storage facility may be once i 1000 years
(1 x ¥ per year). The probability that the
earthquake is of sufficient magnitude to cause the
building structure o fal and allow a release of
radigactivity into the environment may be one out
af 10 earthquakes {0.1). The probability that waste
drums are breached {a design failure) from falling
or crushing forces may be one out of ten (0,1).
Because the total probability of this accident
scenario is the product of the individeal event
probabilities that make up the scenario, the
probability of this scenario oceurring is caleulated
as P={1 x 10* per year) x (0.17x (0.1} = 1 x 10
peer wear, or onee i DO0, M vears,

Data for the calculation of accident scenario
probabilitics are derived from a variety of sources
and include scientific studies of natural phenomena
hazards, structural design guidelines for nuclear
facilities, equipment faillure rates, and accident
statistics that have been compiled over many years
by the DOE and other government agencies.

123 Consequence Analysis

The activities proposed under the NTS EIS
alternatives could result in hwman health

-7
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consequences occurring as a result of nonmal
operalions or accidents. These conseguences may
result  from  either  physical  hazards  (eg.,
construction accidents, industrin! accidents) or
material hazards {e.g-. exposure to radioactive or
toxic materials), The principal conseguences of
routine operations include small increases in the
likelihood of cancer or other detrimental health
effects to workers and the public from exposung 1o
regulated amounts of radiation or loxic materials,
The consequences of accident scenarios may
include injuries or Falalities (o workers from
physical hazards. as well as increased likelihood of
cancer or other detrimemal health cifects to
workers and the public from accidental releases of
radicactive or toxic materials,

The analysis of consequences for releases of
radivactive or toxic materials 15 a multiple-step
process.  For a given scenario, the analyst lirsd
determines the material at risk (which is the
amount of radicactive or toxic material affected in
the scenario). In the case of an airhorne releasc
scenaria, the event will cause some fraction of the
material at msk o become airbome.  Helease
fractions have values berween 2ero and 10K percent
depending on the physical and chemical properties
of the material and the type of accident (e.g., spill,
fire, explosion, etc.). The product of the material
at risk and the release fraction is the amount of
material that actually  becomes airborne  this
girbisme material is referred o as the source term.
The source lerm may be reduced by mechanisms
such as Niltration, gravitational settling, radicactive
decay, or other factors depending on the path the
material must travel to reach a human receptor,

Once the source term is developed, the analyst
must assess the possible exposure  pathways
through which the material could impact workers
or the public. The exposure pathways identified as
being of most importance to risk in this study were
inhalation of arbome contamination, ingestion of
contaminated well water, and direct exposure to
radiation. Other pathways that were evaluated
include absorption of contamination through skin
contact, consumption of contaminated crops,
livestock, and milk.

For most scenarios, a transport mechamsm s

required 1o move the radinactive or toxic material
from its source to a location where a person could
be exposed. For example, building ventilation and
wind ¢an result in the atmospheric transport of
contamination.  Infiltration ol precipitation into
coptaminated soil and evennsally the groundwater
can result in subsurface transport of contamination.
The transport and dispersion of contaminants
released were modeled vsing compuier programs
designed 1o simulate the atmospheric  and
hydrologic characteristics of the region. The result
of this amospheric or gronmdwater  iranspor
modeling is a dispersion factor. This dispersion
factor s uscd to calcwlate the amount of
contaminants that & homan receptor could be
exposed 10 downwind or downstream from the
paint of the release by accounting for natural
processes  of mixing  and  dispersal in  the
almosphers or groumd waler,

In the sccident scemario, o 15 assumcd that the
human  receptor 05 expossd by inhaling
contaninated  air or  ingesting  contaminated
groundwater. The dose (the amount of radiation
or chemicil substance that a persom receves) is
caleulated bhased on the concentration of the
contaminated material taken into the body by
breathing air or drnking water, as well as an
average individual s breathing ratefingestion rate,
and the deration of the exposure. Potential health
gffects are  estimated by multiplving the
dose by health sk factors  developed by
the International Commission on Radiclogical
Protection (JCRP, 19911 and  the Environmental
Protection Apency in fewith Effects Assessmend
Sy Tabfes (REASTL FY-T995 Anwual (EPA
L995a), and in the fegrared Risk fmformeaiion
Swstem AARIN) (For Microcompuiers)  (EPA,
19950},

Exposure 1o direct radiation s a pathway of
imporiance principally for workers who work in
close proximity 1o sources of radiation.  Worker
exposure by this pathway 5 estimated based on
previous  records  of  occupabional  radiation
exposure for workers engaged i similar work
getivities, and estimates of the number of workers
expected to be involved in cach program activity.
For example, 0 workers engaged in waste
handling  activitics have previously  received
average individual doses of 0.1 rem per vear, 10
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workers would be estimated 1o receive a collective
dose of | person-rem per year (0.1 x [0}, or 10
persan-ren i 1) vears.

Consequences of accidents involving physical
impacts to workers include injuries or fatalities,
and are estimated using  accident  statistics
developed by the US. Department of Labor and
other sources,

2.2.4 Healih Effect Rizsk Factors

Potential human health effects from exposure to
radiation are estimated using risk factors developed
by the ICRP, (1991) and are shown in Table 2-1.
The predominant risk from radiation exposure is
death from cancer. Radiation-induced cancers may
have a latency period, that 15 a delaved onsel of up
to 20 years or longer. Therefore, this health effect
is referred io as latent cancer fatality (LCFY.
Radiation exposure can also result in other
detrimental health effects such as non-fatal cancers
and genetic effects,

In this study, these ofher health effects are
collectively referred to as radiation detriment,
High deses of radiation in short periods of time can
produce other health cffects, including death.
Potential human healh effects from exposure 1o
toxic chemical materials may include cancer as
well a3 a wide range of other health effects
depending on the foxicology of the material.
Cancer risks are estimated using risk factors
developed by the EPA. Risk factors are values
wsed to estimate the potential of an individual
developing cancer 25 a resull of exposure
o & carcinogenic substance  {EPA, 1995g;
EPA, 1995h). MNoncancer health effects  are
evaluated in terms of a hazard index. Most
noncancer health effects have a threshold dose
which is the amount of & particular toxic substance
below which no adverse effect has been observed.
The hazard index is caloulated by dividing the
estimated dose by the threshold dose.

Because the mathodology used to estimate the non-
carcinogenic effects of hazardous substances is
based on the assumption of linear time-
independent dose response, Emergency Response
Planning Guideline (ERPG) values associated with
cach chemical substance were defined. The ERPG

values were used to identily any immediate health
effects that could occur as a result of an acute
expozure 108 chemical substance,

1,25 Maodeling of Risks from Subsurface

Radivactivity

Residual radioactivity from underground nuclear
weapons fos.s remains at various logations on the
NTS and at two offsite test areas,  Tritium, a
radioactive isotope of hydrogen, is the material of
principal concern because of its mobility in the
form of water and s higher concentration
compared to other radionuclides. The migration of
tritivmy from  underground  test  areas to
locations  outside  the  current contral of the
LS. government has been evaluated in several
studies: Risk-Based Soreening Ancivsis of Grownd
Water Contaminated By Rudionuclides Introduced
At The Nevada Test Site ¢{NTS) {Daniels et al.,
VO493). A Fractuwe/Povouy Media Madel of Tritium
Tramspors In The Underground Weapons Testing
Area, Newads  Test Bie (GeoTrans, 1995);
Exposure Assexswent of Growndwmer Transpovt of
Tritiime From The Shoal Sire {Chapman et al.,
1995Y;, and Exposure Avsessment of Growndwater
Peamsport of Tritium From The Central Nevada
Test Avea (Pohlmann et al., 1995}, The first o
studies  evaluated  fritium  migration  from
underground test sites located within the NTS
boundaries. The other studies evaluated tritium
migration from underground test sites in Nevada at
the Shoual and Central Nevada Test Areas, which
are focated off of the NTS in Churchill and Nye
counties, respectively.  For efficiency and because
of dilfferences m scale, different model codes were
used in these evaluations. The MC _TRANS
maodel was used for the NTS; and for the off-
site locations, the approach detailed in Daniels
et al. (1993}, was employed Both models account
for standard transport phenomenon {adveciion,
dispersion, decay, sorption, and mass transfer).
The transport analysis in the GeoTrans study
included an evaluation of the effects of matrix
diffusion (the movement of radionuclides from
fractures into the unfractured rock). Such an
approach 15 considered appropriate for the regional
scale NTS model, because it is known that
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Table 2-1. Risk of Latent Cancer Fatalities and Other Detrimental Health Effects

from Exposure to Radiation*"

Population® Latent Cancer Fatality Radiation Detriment*
Workers 0_(H0Ck4 (000 6
Cieneral Public (.0005 00023

When applied 1o an indeyidual, anits e lifetime probabilicy of fotent cancer Tatakities per rem Cor 1,000 millirem) of rudiation

dase. When opplied 10 0 popalation of individuals, unils are excess number of cancers per personsrem of radindion dosc,

B Saurce: ICRIM1991)

diralled (TR, 193,

For individual doses greater than 20 rem or 10 rermvhour dese rate, the TCRP pesk factors for LOF and ather detnnsent are

1 he difference hetween the warker risk and the general public risk is abtributable 1w the s than the peneral papulation
tnchedies more individuals in sensilive age groups (Tha s, less than 18 vears of ape amd aver G3 v edes of age).
Baclialion detrienent mcludes haglth <{Tecis sich as nontatol concers and gensise effect;

transport through many miles of fractured rock is
necessary before any ransport o site boundaries
could oceur, Given the differences between the
tvpes of sites, the nature of transport at each site,
and the numerical solutions used, the results of the
bwor different models provide comparable resulis,
Additional  evaluations  of  key  transpord
characteristics are underway as part of the
Enviconmental  Restoration  Program for  the
underground testing areas.

L2510 Underground Test Locations Within
NTE Boundaries. Transport of tritium from test
locations on the WTS has been evaluated n a
number of recent studies.  Daniels et al. {1993
and Andricevic et al. (1994 examined the
groundwater flow path from Pahute Mesa to Oasis
Valley and performed a screening assessment of
potential risks to a hypothetical member of the
public at the nearest uncontrolled  area  boundary
m Oasis Yalley., A more recent study conducied
by GeoTrans (1995) also examined the flow path
from Pahute Mesa to Oasis Valley, evaluated flow
paths from Pahute Mesa to Amargosa Valley, and
from Yuwcca Flat to the boundary of the NTS south
of Mercury, MNevada, Each of the three studies
based their radioactivity source ferms on a
compilation of chserved concenirations in tes
cavily samples, The maximum  observed
concentration of tritium was 7.6 x 10% pCiL
obtained from the Cambric shot cavity in 1977,
her samples that have been collected had lower
concentrations.  Damiels et al. {(1993)  and

Andricevic et al, (19945 assumed all groundwater
at the source is contaminated to the highest
ohserved tritium concentration of 7.6 x 107 pCi/L,
while CreoTrans (1995) assumed an average
groundwater concentration of tritinm at the source
of 1 x 10F pCil..

Daniels et al. (19927 and Andricevic enal, (1994)
calculated potential buman beslth risks associaed
with HAr=S TRy of  rbieme=coniaminaicd
proundwater over a TO-vear lifetime.  The
committed effective dose o the maximally
exposed individual was calculated by summing
over the Tlvear exposure pericd the products of
the annual estimate of mtium concentration in
groundwater, the age-related annual intake of tap
water, and the age-specific dose conversion factor
for each vear of a 70-vear lifespan. The risk of
fatal cancer from the lifetime committed effective
dose was caleulated using the risk factor of 5 x 107
latent Fatal cancer per rem (ICRP, 1990 ). Details
of the human health risk caleulations can be found
in Daniels et al, (1993 ).

CeoTrans (1995 ) calculated tritium concentrations
at potential recepior locations but did not caleulate
human health risk.  This EIS estimated the
committed effective dose to the maximally
exposed individual by assuming  ingestion of
tritium-contaminated proundwater over a T0-year
lifctime at the maximum concentrations caleulated
in GeoTrans {1995 The fallowing equation was
used for this calculation:
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Dy = CxlxTad

where,

Dy = Baose from T0-vears ingestion of tritium in
waEteT {rem)

C = Tritium concentration in well water {pCil)

I = Annual residential water consumption
(Lfyr}

T = Exposure time (yr}

= Internal dose conversion factor for tritium
{rempCi)

Health effect n=sks from the estimated doses were

caleulated using the risk factors for the general
public listed in Table 2-1.

2.2.5.2 Underground Test Locitions Outside NTS
Bowurmdaries.  Assessment of the groundwater
transport ol tritium from o off-site test locations,
the Shoal site and the Central Nevada Tesl Acea,
were performed by the Desert Research Institute
{(Chapman et al,, 1995, Pohlmann et al., 1993),
Both assessments calculate the transport of tritium
in groundwater from the test locations to the
boundary of the eurent DOE land withdrawal,
where no wells currently exist, and to the firsi
existing wells along the flowpaths.  Exposure
scenarios  assume  an  ndivideal  drinks
contaminated water for 70 years around the time of
peak tritium concentration,

The committed effective dose to the maximally
exposed individual was caleulated by summing
over the 70-year exposure period the products of
the annual estimate of tritium concentration in
groundwater, the age-related annual intake of ap
water, and the age-specilic dose converston factor
for each year of a T-year lifespan. The risk of
fatal cancer from the lifetime committed effective
dose was calculated wsing the risk factor of 5 x 10
latent fatal cancer per rem (ICRP, 1991, Details
of the human health risk caleulations can be found
in (Daniels et al., 1993}

The health risks  calculated by thess  two
asseasments are included i the results presented in
Section 5 of this study.

226 Maodeling of Risks from Rowline
Operations and Accident Scenarios

Section 4 of this study identifies the scenarios used
for the estimation of risks for routing operations
and accidents. This study evalumes 33 wypes of
scenarios and calculates human health risks using
the three components of risk (scenario, probability,
and consequence) discussed earlier,

The detailed mefhodology Tor risk o workers
associated with nomal cocupational radiation
exposere; and the psk of phvsical injury or Fatality
t workers due 10 eguipment sccidents, falls,
hoisting and rigging, and other activities is
described in Summery of the Human Heolth Risks
for Safety Impacts Sty for che Enviconmental
frepnct Seatement for the Nevada Test Sive and Off-
Nite Localions in the Sate of Nevada (DOEMNY,
[9%6).

The methodology for risk to workers and the public
associated with reazonably foresecable accidental
release of rdicactivity or hazardous chemicals is
summarized n Amachment A and described in
detaid in docident Awvgssments For Nevoada Tese
Nite Facifities And Off-Sie Locartons (SAIC,
1996). The accident assessment followed a
systematic  approach to  dentify all facilities
and operations  involving radicactive material or
hazardous chemicals associated with the fowr
proposed alternatives, the five program areas, and
the NTS and offsite locations.  Attachment A
summuarizes the methods wsed 10 select and model
the consequences of reasonably  foresecable
accidents, and provides tables showing the
probability and consequence of each postulated
accident by alternative, program arca, and location.
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3.0 NORMAL SITE OPERATIONS BY ALTERNATIVES

The MTS has been involved in supporting DOE as
well as other national-security related research,
development, testing  programs, and  wasie
management, General descriptions of programs
and activities that accompany these policies are
presented in Section 3.1 below. Individual
programs and activities that are associated with
cach of the four alternatives being evaluated in the
WTS E1S are tdentified in Section 3.2

3.1 Programs and Activities Associated
with the NTS

The MTS plays a major role in the implementation
of DOE policies by participating in full partnership
with the scientific and academic communities,
business and industry, and community groups. The
ways in which the NTS fulfills this role, through
the programs and activitees are discussed below,

For management purposes, the projects and
activities at the NT5 have been categorized into
five program areas. These are  defense,
environmental restoration, waste management,
nondeflense research and development, and work
for others,  In addition 1o theze fve program
arcas, serviees, such as fire protection and
communications needed to support each of these
program arcas, are placed into a sixth category of
infrastructurne.

3.1 Defense Program

The primary missions of the Defense Progeam at
the NTS involve helping 10 ensure the safety and
reliability of the nation's nueclear weapons
stockpile. The NTS has a long history in
participating in the nation’s stockpile stewardship
program. This stewardship program  includes
maintaining the readiness and capability to conduct
underground nuclear weapons tests,  and 1o
conduct such 1ests if so directed by the President.
A potential accident associated with an under-
ground nuclear-vield test is considered in the

human health risk assessment for Alternatives 1
and 3.

Although there have been no underground nuclear
tests conducted at the NTS since entering into the
test-ban passed by Congress, research and weapons
test veriNecation setivities have been conducted in
the past sl the Project Shoal Area, the Central
Mevada Test Area, the Mellis Air Force Range, the
Tonopah Test Range (TTR), and the NTS. This
past testing resulted in a release of radioactive
confaminanis inte the surrounding environment.
Currently, the DOE s working in cooperation with
other agencies to define remediation and clean-up
levels for these geographical areas.  These
activities are included within the Environmental
Restoration Program.

3.1.2  Esvironmental Restaration

The goal of the Environmenial Restoration
Program 15 10 ensure that risks to the environment
and to human health and safety, as posed by
mactive and surplus facilities and sites, are
eliminated or reduced to protective  levels.
Specific investigations and risk assessments are
being conducted to determine the extent of
comamination, the potential human health or
environmental exposure to that contamination, and
to compare that exposure to established standards
for protection of human  health  and  the
envircnment.

Prior to the carly 1980s, the major focus of
environmental restoration was the decontamination
of lesting  arcas  for  Fuature  wse, and  the
identification of contaminated areas that required
restricted  access. Starting in  the [980s,
environmental restoration at the NTS grew
significantly as compliance with the nation’s
environmental statutes WS cnforced.
Environmental site characterizations, remediations,
and closures were primarily driven by the Rezource
Conservation and Recovery Act (RCRA). During
this time, underground sforage tanks and PCBs
were removed, and hazardous waste disposal
trenches were closed.  The DOE remains
committed to the goal of cleaning up contaminaled
areas to safeguard human health.  Ongoing

i
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assessments o identify and  remediafe
confamination  will continue in pursuit of this
poal.  The shift in emphasis from weapons
development,  testing,  amd  production (o
environmental restoration has resulved in a much
greater volume of waste being generated.  This
generation of waste has created a continuing need
for the evolvement of the Mevada Test Site’s
Waste Management Program,

A3 Waste Managemeni

The MTS presently serves as a disposal sile for
loow-level waste and as o storage site for a limited
amaunt of ransuranic mixed wastes. A Tormalized
Waste Management Program at NTS was starfed in
1261, The management of radicactive wastes
generted at the NTS and other DOE-approved
facilities across the United Siates has been an
ongoing mission of the WTS, Wastes have been
and are penerated as a resull of a variety of DOE
activities  including  nuclear energy  research,
defense programs, and more recently, as a result of
envirommental restoration programs, The DOE has
a need to continue a practical, cost-effective, and
environmentally sound means of radicactive waste
disposal,

Al.4  Nondefense Research and Development
The DMOIE has historically supported a variety of
rescarch and development activities at the N'TS and
other sites in Mevada in cooperation  with
universities, industry, and other federal agencies,
Examples of this include:

. The Mational Environmental Research Park
Program, supports environmental research
activitics at the NTS, such as research on the
safety aspects of handling, shipping, and
storing hazardous fluids and liquetied paseous
fucls.

- The Corporation for Solar Technology and
Fenewabhle Resources, with ﬁ.mu:ling provided
by the DOE, is studying the feasibility of
locating and constructing a solar energy
facility within the state of Mevada.

»  Although the Tonopah Test Range provides

research and development fest support for
DOE-funded weapons projects, it represents a
unbque test environment both in location and
capabilities, and is available for use by ather
povermiment agencies and heir contrclors,

315 Work for Others

The Work for Chibers Program, hosted by the DOE,
includes the shared use of certain facilities and
resources with otfer federal apencies. Historically,
this has been done when these agencies require a
large, remote, and secured area, such as thar
offered by the WTS, Typical users of the past have
ulilized the MTS o condust training exercises and
research and development projecis,

The WTS has also played a key role in the areas of
nuclear nonproliferation  and  verification  of
associated international ireaties, Sensitive isolope
analysiz  fechniques, derived from  nuclear
chemisiry applications 1o 1esis, are being developed
for treaty moemitoring and intelligence analysis.
Development is being advanced by the analysis of
undergroumd  test  mesidwe  conducted  within
environmental studies at the NTS,  Additionally,
nonnuclear high-explosive experiments at the NTS
support design calculations for technologies aimed
at disarming nuclear devices. The performance of
research in the area of hydrodvmamics, is also
performed under Work for Ofthers Programs.,

A6 Kite Support Activities

The various programs being conducted at the NTS
requirg a number of support services.  These
services include transporiation, commwnication,
utilitics, monitoring, security sysiems, as well as
equipment and personnel to render  facility
construction and maintenance scrvices,

3.2 Programs by Alternative

The implementation of each alternative will have
Varying affecis upon the programs taking place al
the NTS. Table 3-1 idemilies activities carried out
under cach of the major program areas. The
following sections summarize which programs will

be carried out under each of the proposed
altermatives,

YVolume 1, Appenalsx H
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321 Programs Under Alternative 1 -

Continue Current Operations

Under Altemative |, the TIOE would continue to
Support ciigoing program operations, bt no mew
imitiatives  would be  pursued. Stockpile
stewardship and maintaining a state of readiness to
conduct underground nuclear tests would continue
under the scope of defense programs. Work for
Others program  ectivities would continue  at
present levels.  The National Environmental
Research Park Program would continue to support
environmental research activities al the NTS.
Rescarch on the safety aspects of handling,
shipping, and storing  hazardous  fluids  and
liquetied gaseous Muels would continue at the Spill
Test Facility. The Corporation for  Solar
Technology, with Tunding provided by ihe DOE,
wollld continue to study the feasibility of locating
and constructing a solor energy Facility in the State
of Nevada; and the Envirenmental Restoration and
Waste Management Programs would continue o
conduct research and development focused on
pvercoming major ohstacles wo progress in cleaning
up the DOE sites, and handling the waste penerated
from these aclivities,

3232 Programs Under Alernative 2 -
Discontinue Operations

Under this Alternalive, operations at the NTS
would be severely limited. Only services required
o continue the profection of human health and
safety would be performed, These services would
imclide environmental momtoring operations, as
well as the continsance of communications,
utilities, security, and transportation services on a
modest scale.

3.2.3  Programs Under Alternative 3 -

Expanded Use

The implementation of this alternative wiould not
only result in the continuation of current pragrams,

but would result in the expansion of scope for
many of thes¢ programs.  For environmental
resioration  programs  this would  mean  the
expansion of cumrent remediation activities. The
Waste Management Program would be expanded
to include the construction of a number of facilities
to enable a wider range of waste management
activities to be performed at the NTS. Defense
programs would be expanded to include activities
such as the storage and disposition of fssile
materials, tritivm recyeling, and the construgtion of
& facility that would enable the stockpile of noclear
weapons to be managed at a higher level. Work
for Others program activities would expand based
on the requirements needs of other groups and
agencies to use the NTS, For the Nondefense
Research and Development Program
implementation of this alternative would mean the
construction and operation of Solar Production
Facilities, and expansion of the Alternate Fuel
Demonstration Project. Because of the increased
operations and activity, the infrastructure and
support services would have to be increased
accordingly.

324 Programs Under Alternative 4 -
Altermate Use of Withdrawn Lands

This alternative would result in the discontinuation
of most of the activities being performed under
defense programs, but would increase activities
umder “Waste Manag:menl ard Environmental
Restoration Programs.  Activities that would be
pursued under these programs include acceleration
of remediation activities, as well as construction of
wasle characterization and treatment Facilities.
Linder the Nondefense Research and Development
Program the construction and operation of the
Solar  Production  Facihtes would also  be
performed.  Infrastructure and support services
would Bave 1o be increased accordingly.

-7
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NEFADA FENT SIVE FINAL ENVIRONMENTAL IMPACT STATEMENT

4.0

The activities described 0 Section 2.0 of this
study  were examined o idestify the routine
operations and potential accidents impartant fo the
assessment of human healih risk, For existing
activities, the study reviewed operational records,
safety analysis reports, and previous environmental
ZiI'I'IPE.EI slalcments m’cnvir@nm{:nla] assessments 1o
identify activities most important to safety and
risk. For new activities, the identification of
activities most important to safely and risk was
performed by comducting a review of planning
documents, preliminary design data  {where
available), and by comparison with similar
activities for existing operations and facilities. The
result of this identification process 15 the
development of specific scenarios that can be
analyzed quantitatively to estimate the human
health risks associated with both routine operations
and aceidenis,

Section 4.1 identifies the scenarios developed for
routing operafions and accidents,  Section 4.2
summarizes the program activities proposed under
each WTS EIS allernative and the scenarios used 1o
quantify the human health risks associated with
those activities. The results of the risk assessment
are presented in Section 5.0 of this stedy.

4.1 Scenarios for Houtine Operations
and Accidents

Activities expected o be performed during routine
operations whose eftects may be detrimental to
human health or safety were included in several
scenartos.  These activities included radicactive
materials  operations, waste  handling,  waste
packaging, waste ireatment, construction,
decontamination and decommissioning,
maintenance, and excavation. They were proposed
to result in the direct exposure of personnel to low

RISK ASSESSMENT SCENARIOS BY ALTERNATIVES

levels of radiation or the inhalation by personnel of
small amecums of radioactive materials  and
chemicals, up to limits identified by DOE and
Occupational Safety and Health Admanistration
(DEHA) safety guidelines.

Three broad categories of accident scenarios are
evaluated in this study, First, scenarios are
developed for cocupational accidents that could
resull in worker injuries or fatalities during waste
handling, construction, mantenance, sxcavation,
or  decontamination  and  decommissioning
operations,  Secomnd, scenarios are developed to
assess impacts to workers and the public from
accidental releases of radioactive material. Third,
scenarios are developed to assess impacts (o
workers and the public from accidental releases of
carcinogenic and toxic chemicals, The accident
scenarios selected in this study cover a range of
regsonably  foreseeable  accidents, from  high
probabdlity accidents with low consequences to low
probability accidents with higher consequences.
See Table 4-1 for Rewtine Operations and Accident
Scenarios,

4.2 Seenarios by Program Areas and
Aliernatives

Tables 4-2 {hrough 4-5 iWdentify the scenarios that
are used in this study to assess the human health
risks associated with activities under each program
are for each of the four NTS EIS alternatives,
Scenario GWI is a future scenario that s not
expected to have impacts within the 10-vear time
frame of this EI5, This scenario is independent of
any of the four NTS EIS alternatives and does not
appear in Tables 4-2 through 4-5, The results of
this scenario are reported in Section 5.1 of this
study.
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MNEVADS TEST SITE FINAL ENPIRONMENTAL IMPACT STATEMENT

Table 4-2. Routine Operations and Accidents Scenarios, Alternative 1 (Poge 1 of 2)

Scemario ldentification Mumber

Program Area'Activities Houtine | Accidents
efense Progroms
= Stnckpile 3ewardship HH1 CPRIDPRES, PRS, GRS
= Muclear Emerpency Response 1R LR
* Tomopah Test Range Stockpile Stewardship HI PRI CHERA DFH LM H
I
‘Wasie Management
* Area 3
- Disposal HR CIRD, 003,
= Climure lki 1R
= Area §
= Dispumial TRl ORI, G2
- Rotige Hiz WMELWRMEL W MR
WAL WREIIZ WRH S
= Facility comstraction activitics HEI a3
= Ulpedare ackivities HRY 1IR3
= Alva b
- Bjornpge activitics HEI "
- Daspidal activiles LD N
= Area |
= Treabimeml gclivelics HEL N
Environmental Restorition
* Linderpround Test Arca Siles 1Rl ORY, B
» Bnils Medin Sives HED ERR1ERKZ ERRIERHIL,
ERHLERHE, ORI, EPI
= Indusirial Sites HR1 ERE ] ERKIERREERIN.
ERNZERHE, ORI, EPFL
+ D3 Foekliees 1R ERR L ERRZFRASERHI,
ERH2Z ERHE R, EPI
» [h:lense Nucleor Agoncy Sites HRI OR3, EPRI
* Tonopah Test Range IR ERELE RR.FII:IITRH.'-, [IR3,
= Cenlzd] Meviada Tésdl Anea HR]1 O3, BRI
= Praject Shaal Arca HREI R, EP
Mondefense R&D
+ Establish Solar Enterprise Zene HIRLI BHE
* Hgill Test Facibiey HE1 W RDH NOREE,
MORIHA
* Enverenimental Rescarch Fack HE1 .

a3

YWodume 1, Appendis H



NEVADA TEST SITE FINAL ENVIRONMENTAL IMPACT STATEMENT

Table 4-2. Routine Operations and Accidents Scenarios, Alternative 1 {Page 2 of 2)

Seemario Mdentification Mumber
Program ArcalActivities Rotine | Accidents

Work Ter (dihers

* Treaty Werilication LI .

* Mon-Proliferation Projects HE I '

» Caumer Proliferation Rescarch & Develogment HR I WEDHI, DR

= Camventional Weapons Demilicarization HRI OR3

= Delense Research and Developoment HEI OR3
it Smpport Agtivilies

¢ Litilinies HE | .

= Cammunications HH ! .

* Transportation Systems HEL "

= Om-Site Suppon HRI QR

s Landlord-Relaed Consruction & Mamtenance HRI OR3

* Mo regsonably Foreseeable aecidents imponiant 10 human health risk identified.

Yolume |, Appendix | 4




NEVADA TEST SITE FINAL ENVIRONMENTAL IMPACT STATEMENT

Table 4-3. Routine Operations and Accident Scenarios, Alternative 2

Scenario Mumber

Propram ArealActivitles Rostine

Acchdenis

Defense Frograms

= Tapdpah Test Kange Stockpils Siewardship HELT

DPRI. DR DPH L D
HZ

Waste Management

e Area § Storage Pluse oul

W AR WL WA L,

W RAHLE

Enviroamental Hestoration

» Mo Activities | : :
Mondefense RiD

* N Activities | ) ’
Waork for Others

= Mo Activitics ’ ’ .
Infrastructore

* Litiliies {3 .

* CommEnications HR | N

« (in=%ite Suppart HE (R3

Mal applicable = no aclivizies,
® Wi rensonably (oresccable sceidenls imponant 1o buman kealth risk identified,

Volame |, Appendix H



NEVALA TEST STTE FINAL ENTTRONMENTAL IMPACT STATEMENT

Table 4-4. Routine Operations and Accident Scenarios, Alternative 3 rape 1 0r2)

Program Aren/Activilies

Seenario Namber

Ruouting I Accldenis
Defense
= Btovk pile Stewardship TR DPRLIPRS, (RS
= Stockpibe Mamngenent HER1 LIS, (A3
= Mulear Emerpency Reaponss 1R N
= Tratiuim Supply and Recyeling HEI 914
- F:-Il.lrilgl.' arnd Thspasition o Weapans Lsshle Fissike 11R1 PR O3
Mnterials
+ Constroel Mew ar hModify Tanncl Complexes TR R
= [néaeasnd Kobmlic Technology Experiment HERI k]
= Comstruct Mow or Modily Existing Sinaciares HRI1 R
= Tonopah Tes Hange Steckpile Stewardshin 1E1 PR IR, DEH L DPHD
O3
Waste Management
= Aren 3
- |zposal 1K1 ORD, OR2
- Clasury HRI R3
= Consiraction K| (IE3
= Ared 3
- Disposal HE1 OR1, OR2
- Shorage HR1 WRERLD WAB2 WAIRS,
WAL WATHT Wi H
= Faziliny constmction activitics [1°H (R
= Ulisure sctivilics HE1 CHLE
= Treatmem fGoility HEI LR
= Area
- Mlorops gelivilees HEL i
= Treanmenl #&lwvilies HEL {1
= Dispesal activitios HEIL a
= Mrea 0
= Treatment activitied TN a
Enivirenmenial Restoration
= Linderground Test Ares Sites R OR3, EPI
* Sodls Mediu Sites HRI ERRI. ERR2, ERR3,
CRHI. ERI, ERHS,
TR, ikl
= Inadusapal Sies Hit1 ERRI, EREZ ERRI,

LERENL, ERNE, ERHA
s, E*]

Yolume 1. Appensix E




NEVADA TEST SITE FINAL ENVIRONAUHENTAL IMPACT STATEMENT

Table 4-4.

Routine Operations and Accident Scenarios, Alternative 3 (Page 2 a1 2)

Program Area/Activities

Scenario Momber

Routing Accidents
= &0 Facalities HREI FRELERRIFRRESERH
LERHZ ERHE, ORE,
EFI
= Dlefense Muclear Apency Sites HREI OR3 EPi
» Tomopah Test Range el ORE EPI
* Central Mevado Test Area HE ERRL, ERR2, ERR3,
CVR3, EP|
* Fedpect Shaad Arca LR (V3. EF]
Nondefense Research and Development
* Fstablish Sodar Emerprise Lone FiR1 (M3
= Construch and Operate Selar Production Facilities HEI (3
= Apill Test Facility HR1 SNERIIHIT, NTRDHE,
MOHIDEE
= Alscrwate Fuel Demonsiration Prajec HR1 OR3
* Envirgnmenial Reseurch Fark HEI !
Work for Others
¢ Treaty Werification HEI !
= Mon-Proliferstion Projects HE] !
+ Cowenter Proliferstion Rescarch & Development HEI WEORL, WRORE,
WIFOH T, WFOH2, ORE
= Convestional Weapons [hemilitarization Hit1 ke
* Diefense Reseanch and Developmemt HE1 OR3
Sile Support Activities
* Utilities HR1 i
* Communications HR1 :
* Tramsporintion Systems HE1 !
* Lin=hite Suppon [IRI 3
* Landbosd-Felated Construction & Mainbenance IE] RS

Mo reasennbly foreseeable accidents important to humsan heakth risk identificd.

Wolame 1, Appendis H



NEVADA TEST SITE FINAL ENVIRONMENTAL IMEACT STATEMENT

Tahle 4-5.  Routine Operations and Accident Scenarios, Alternative 4 (Page 1 of 1)

F‘r{lgrn.rn ArealActivities

Scemario Number

Koutine Accidents
Defense Frograms
= Tanopoh Test Range Stockpile Stewardship HER I DPRI, DPRY, DEHI,
D2
Wasle Manspemeni
= Areq
- [Hspasal HEil Ofl, OR2
- Closuee HR1 3
« Area 5
- lJi.*pn:-sal HRI OR1, OR2
= Storage HEI WAk, WiiR2,
WRRD, WMITLL
WARIH2, Wh{H2
= Pacility consiroction aciivitics [JIEA} OR3
« Closure activities HRE1 FRS
- Trenimsenn faciliry HE1 R
= A
- Storoge netivities HEL '
= Treatmend aciivities HE I R
« Disposal activities HRI :
s Area ]l
< Trcalment sclivitics FIKD "
Environmental Restoration
+ Underground Test Arca Kites HEI 3, £l
= Soils Media Sites HEI EREI, ERRZ ERES,
ERHI, ERHZ, ERIL3
O3, EF
= Indusirial Sies HEI EREI, ERRL ERR],
ERHI, ERFI2, ERHI
[] A
¢ Decontamination and Mecommissioning Facilities 1R EREL, ERR2, ERRD,
ERHI, EKE. ERH3
CIR3, EPL
» Defenss Muckear Apency Siles HELL QOR3 ERY

Valume |, Appendiy H
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NEVADA TEST 3ITE FINAL ENVIRONMENTAL IMPACT STATEMENT

Table 4-5. Routine Operations and Accident Scenarios, Alternative 4 (Page 201 2)

Program Area’Activities

HSeenario Mamber

Rowtine Accidents
» Tamopith Test Range HIz1 ERRI, ERR2, ERR],
OR3, EFL
* Centrad Newvadn Test Area HR1 ORI EPI
o Priject Shoal Area HE OR3, EPI
Mondefense Research and Development
* Establish Solar Enterprise Zops HR1 OR3
= Conatruct and Oyperite Solas Produciion Faclities HE1 #k]
= Spill Test Facility HR] MNIFEDH], WDRINHZ,
MNIXRDH3
= Albernate Fuel Demonsieaibon Projecy HELI (3
= Envirpnmenial Rescarch Park iiR1 '
Waork for Others
= Mo Achivities ’ '
Site Support Activities
- Unilities HRI '
* Commenications HER.1 '
* Transpomotion Syspems HR1 '
» Omn=5ite Support HE IR}
* Landlord-Felaed Construclion & Maimtenance HE1 (IR

* Mot applicable - Mo activities.

F Mo ressonahly foreseeable socidents imponant 1o buman kealth risk identified

a0

Wolume |, Appendix H
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NEVADA TEST SITE FINAL ENVIRONWENTAL IMPACT STATEMENT

5.0 RESULTS OF THE HUMAN HEALTH AND SAFETY ANALYSIS

The results of the human health risks and safety
impacts study are presented in three parts. First,
the rizks te the public associated with the
subsurface migration of tritium-contaminated
groundwater from past underground test locations.
Mext. the risks associated with NTS program
activities are presented for each proposed NTS E15
alternative.  Finally, the safety impacts of the
maximum repsonably foreseeable secidents for
cach program arca and cach alternative are
discussed.

= | Risks to the Public from Subsurface
Radioactivity

Tritwm-contaminated groundwater exists in the
subrurface as a result of past underground testing
of nuclear weapons,  The proposed NTS ElS
alternafives are expected to result in Litle change 1o
the amount of subsurface contamination that is
present, even i underground esting resumes. As
such, the results of the risk assessment for
scerarios involving ingestion of contaminated well
water by the public are identical for each
alternative and are presented separately. These
impacts to the public are not expected 1o occur
within the 10-vear timeframe addressed in the
scope of the NTS EIS. For WTS workers tritium is
nol detectable in on-site drinking water wells, The
existing monitoring  programs and  controls
preclude inadvertent consumption of contaminated
well water by workers,

Table 3-1 summarizes the results of the analysis of
tritivim migration to public lainds and the potential
risks to a hypothetical individual who consumes
contaminated well water for a standard lifetime of
70 years,

For underground tests conducted within the NTS
boundaries, groundwater modeling studies have
been performed by Danicls et al. (1993), and
GeoTrans (1995). Both of these studies evaluated
the migration of tritium from test Jocations on
Pahiiie Mesa o Oasis Vallev., In addition, the
GeoTrans study examined migration flow paths
from Pahute Mesa 10 Amargosa Valley and from

Yucea Flar to the boundary of the NTS south of
Mercury, Nevada, The results of the GeoTrans
analysis showed that for two of the moedeled flow
paths, Pahute Mesa 1o Amargosa Valley and Yucca
Flat to  Mercury, iritium  concentrations in
uncontrolled areas are never expected to excecd
I x 107 pCiil., which is well below the limit of
detection {about 1 pCiL) of present-day analvtical
cguipment. (MWote:  the  predicted  ritivm
concentralions  presented  in this  Appendix
represent incremental increases above the natural
hackground level of tritium which is in the range of
| o 10 pCifL).

T imigration of  irtum=contaminated
groundwater from Pahute Mesa to Oasizs Valley
approximates the maximum health risks to a public
individual., However, the resulis of studies by
Drantels et al. (1993 ) and GeoTrans {1993 for this
flow path provide mised results. In the earlier
study performed by Daniels e al. (1993), estimates
of peak tritium concentrations in groundwater
ranged from 890 pCrl to 3,800 pCil at the
nearest uncontrolled warea boundary in Oasis
Valley. These concentrations are above the natural
background level of tritium but are below the
EPA's maximuin allowable tritium concentration
in drinking water of 20,000 pCifl. Al
approximately the same location, GeoTrans (19935)
estimated peak (ritium concentrations in the range
of 5 % 107 pCill. 10 0.1 pCiL. The results by
Daniels et al. (1993}, are higher due o the
preliminary, or screening, basis  of  their
calculations, For example, both studies base their
source terms on shot cavity samples, but Daniels et
al. {1953} assumed all groundwater at the source is
contaminated to the highest observed trittum
concentration of 7.6 ¥ 10° pCi/L, while GeoTrans
(1995) assumed an average concentration of
tritivm at the source of | x 0¥ pCul. Other
assumptions used by Daniels et sl (1993} were
conservative, or worst case, estimates that would
lead 1o somewhat higher concentration and risk
estimates than the average case cstimates used by

GeoTrans {[995),

5-1
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NEVADA FERT SITE FINAL EXNVIRONMENTAL IMPACT STATEMENT

Table 5-1.

Health risks to a Maximally Exposed Public IndividuaP from Subsurface
Hadioactivity

I -1 1
Peak Arrival
Cone, Time* of Peak
Test Receptor (pCinly at Cone, Dhose (rem) Radiathon Radiatien
Location Lascatiom Receplor {vr) LLCF Detriment?
Location
Oasis Valley Aot 25 T.Isi0? Il Ex10r
Pahute cliEesi I [} 1o 1] [
hlesa” uricunirled 1,8(HK1 150 1.6x10% dx i dx [
s e’
AT
Pahules Vallew clnsest Less than e Lzes than [e=s than |.ess than
Mesa' uncanirolled T 0% astimabed 3.3k by | a0 T A0
e st
NTS froumndary
Yucca |l snath af Less than Mol iLzss than Less than Less than
Munury® 1x10° cstimanzil 1310 I b 10" T A0
Priject Eastern R0 Tl dx [0 Ty |r1e G DT
Shial Aren’ LENTE TR {16} I8} L T3] {5]
121, K] 204 4 2ulir? g [ I'I
I'roject Meareal public i1 HE Bx 0 A |0 Tyl
Shoal Afca’ weldl in fia by Y i
20,0 278 A 10 Iy Iy A )
|
Central B 2 Ex o 14xi0? fhdxla®
Ieeyadn Boundarye [eadllg lis L ] o
Test Arca' 15 (MEAL 5510t TExlD?
Cendral Muarcal public Sx i’ 1y 3y ot 1Tl TRn A
Mevada wigll 1o L1 1o b b
Test Arca’ {4 410 g 32x 0 I [
e e e

The maximally exposed pablic idividual 15 8 hypsbatical persan assumed g ablain all their drinking watsr from a well
at the receptor hucatwm for o lifetime of 70 vears, centered around the time of peak sritium concentration in the well water.
T e p-:riud Fronm the urdergromend test date o the arrival of the peak (ritium concentraiian in well warer at the

Lifetimee proshabilisy that the by pothetical individual will experience Eient cancer fataliy [ram the radiation dase
Lalgteme profa iy that the I|';'|'-:l|l|l.'l.il:$.' ridivicddul will experience other dcimmental health effects from the mdiation

Rezulbls for upper end of ringe hased oo (Daniels etal , 19935 resules far Beawver emld .:_.:'ra,nga bBearsed v anilysis p.:r['nfﬂ:.m

Results based an wmalveis performed by (Ger Fruns, | 993%),
Ma pusblic well currently cxists ag these lcations,

b
receptor fovation
[
recenviéd
4
dose recerved
[ 4
by (Cien Drams, 1995)
[
E
b

Reesalis binsesd anm aralyas performed By (Chapdisn <1 al.. 1'995),
Resulis bnsed on nnalveis performed by (Pahlmann ¢ al . 1995
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NEVADA TEST SITE FINAL ENVIRONWENTAL IMPACT STATEMENY

Based on the combined results from the studies
performed by Daniels ef al. (1993) and GeoTrans
(1995, the estimated range of peak fritium
concentrations at the closest uncontrolled wse
area varies from 5 x 10* pCi/L amriving 150 vears
after the beginning of migration to 3,800 pCill
arriving in 25 to 94 years. The hypothetical
maximally exposed public individual at this
location ts estimated to have a lifetime probability
of contracting a fatal cancer between § = 1G7Y
{about one in one trillion) and 1 x 107 (about one
in 104,004, Table 3-1 also shows the results of
analysis for underground test locations outside
MNTS boundaries. For both the Project Shoal Area
and the Central Mevada Test Area, health effects
were  estimated  using  scenarios  that  have
hypothetical receptors at the boundary of the test
areas, where no public wells currently exisi, and
receptors at the nearest existing well.

Health impacts to the public from Project Shoal
subsurface radioactivity have been estimated by
Exposure Assessment of Groundwater Transport
from the Shoeal Site (Chapman et al., 1995) based
on future predictions of tritium concentrations in
well water. Future tritium concentralions were
predicied at the nearest existing public well, and at
the boundary of the Project Shoal Arca where no
public wells currently exist.  These impacts arg
nol expected to occur within the 1d-year time
frame of the NTS EIS. The public exposure
scenarios assume that a hypothetical individual
consumes contaminated well water for 70 years
centered  around the time of peak tritium
concentration n well water. Caloulations were
performed  for both eastward and  westward
groundwater flow because of the uncertainty in
flow direction at the Project Shoal Area. The
calculations also considered variability in key
groundwater modeling parameters such as flow
velocity and hydraulic conductivity. Accounting
for the uncertainties in modeling parameters
resulied in a large range of predicted tritium
concentrations and potentinl health effects, For
example, considering  eastward flow 1o a
hypothetical well at the boundary of the Project
Shoal Area (the transport pathway with the highest
concentrations),  calculated  peak  tritium
concentrations vary from 280 pCuUL, arriving 206

vears after the test, w 720,000 pCiL arriving 71
yvears after the test. For comparison, the EPA's
maximum allowable tritium  concentration in
drinking water is 20,000 pCiL. The hypothetical
maximally exposed public individual at this
location is estimated to have a lifetime probability
of contracting a fatal cancer berween 2 x 107
{about one in five billion) and 2 x 1077 {about one
in 5003, At the nearest existing public well, a
hypothetical maximally exposed public individual
is cstimated to have a Nlifetime probability of
contracting a famal cancer between 4 x 10
{essentially zero) and 2 x 107 (about one in five
million). Table 5-1 shows the predicted range of
health effects for bath the hyvpothetical well at the
eastern Project Shoal Area boundary and the
nearest extsting public well,

Health impacts affecting the public from the
Central Nevada Test Area subsurface radioactivity
have been estimated by (Pohlmann et al., 1995),
based on future predictions of  tritium
concentrations in well water, and assuming that a
public well could be installed at the southern
boundary of the Central Nevada Test Area. Al the
existing public well nearest to the Central Nevada
Test Area, the tritium concentrations are never
expected to exceed 1 picocarie per liter, and the
highest concentration will not reach the well until
at least 117 years after the test date (about the year
2083). The maximally exposed public individual
i estimated to have a lifetime probability of
contracting & fafal cancer belween 1.7 = 107
{essentially zero) and 3.2 x 107" (about one i three
Billicn). Mear the southern boundary of the Central
Mevada Test Area, where no public well currently
exists, iritium concentrations are predicted o have
reached a peak of about 1.2 x 10 pCill
approximately 8 to 13 vears after the fest {between
1976 and 1983). 1f a public well were w be drilled
at a location near the southemm boundary of the
Ceniral ™Nevada Test Area, and assuming a peak
tritium concentration of about 1.2 x 10° pCi/L, it is
estimated that the maximally exposed public
individoal would have a lifetime probability of
contracting a fatal cancer between 1.4 x 107 {about
one in TO000) and 5.5 x 107 (about one in 200).
The predicted mpacts o a hvpothetical individual
near the southern boundary of the Central Mevada

53
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Test Area are based on a peak tritium
concentration calculated to have passed the
boundary in about 1983, By the year 1996, the
peak tritium concentration would have traveled
further downgradient and would be reduced by a
combination of radicactive decay and diffusion.
Radioactive decay would result in a 50 percent
reduction by the year 1996, and additional
reductions in peak concentration would result from
diffusion within the aguifer. These predicted
tritium concentrations near the southern boundary
of the Central Mevada Test Arca have not heen
confirmed by groundwater sampling and analysis.
5.2 Risks from NTS Program Activities
Dietailed results of the human health risk and safety
imp.n::ts analysis are provided in DOENY (] 994)
and SAIC (1996). A summary of the results of
these studies is presented in this section, Results
are provided for each NTS EIS alternative and for
each MTS program area, with the exception of the
results of the scenarios for  ingestion of
contaminated well water by the public.

52.1  Altermative 1

Table 3-2 summarizes the results of the risk
analysis for NTS program activities proposed
under Allernative 1. The results of this analysis
indicate that under Alternative 1, hueman health
risks ane expecied to be dominated by occupational
injurses and fatalities to workers engaged in
aclivifies such as construction, maintenance,
excavation, etc. Ower the 10-year period evaluated
by the NTS EIS, about 204 occupational injuries
and 3 fatalities are expected as a result of
performing all NTS activities. Most of the injuries
and fatalities are expected to be associated with
Waste Manapement Program activities. In
contrast, the risks associated with occupational
exposure to radiation are smaller. The probability
that a single latent cancer fatality will occur in the
entire worker population as a result of the radiation
exposure received over |0 years 1s estimated to be
about 0,12 {or about | in 8). The probability of
any other deftrimental health effect occurring in

the worker population is estimated (o be abouwt
0.7 {about 1in 215

The probability that accidental occupational
exposure 10 hazardous chemicals over 10 years
could resuli in a single cancer in the entire worker
population is estimated to be about 4.1 X 10%{1 in
240,000}, An accidental occupational exposure to
life-threatening concentrations of noncarcinogenic
chemicals has a probability of occurrence of 0,58
during the 10 vears evaluated in the EIS. The
public health risks presented in Table 5-2 represent
risks from reasonably foresecable accidents that
could result in the release of radioactive and
chemically hazardous material to the environment.
The probability of a single latent cancer fatality in
the offsite population being caused as a result of
radiological accidents at the NTS over the 10
wvears evaluated by the EIS s about 5.5 x 107 (1 in
18,000, The probability of any other detrimental
health effect accurring in the off-site population is
estimated o be about 2.5 x 10* (about 1 in
40,0007}, Should DOE be directed by the President
to conduct underground nuclear-yield testing under
Alternative 1, the probability of a single latent
cancer faality in the offsite population being
caused as a result of rad iolegical accidents over the
10 vears evaluated by the EIS would be about
0.00055 (2bout one in [80). The probability of any
other detrimental health effect occurring in the
offsite population would be about 0.0025 (about
one in 400,

The probability that accidental releases of
hazardows chemicals over the 10 vears evaluated in
the EIS could result in a single cancer in the off-
site population is estimated o be about 2.3 x 107
{1 im 4,000% No noncancer health effects from
accidental releases of hazardous chemicals would
be expected in the off=site population.

5221 Alternative X

Table 3-3 summarizes the results of the nisk
analysis for NTS Program activities proposed
under Alernative 2. Under Altermnative 2, all
operations at the NTS would cease except for
security and environmental monitoring functions
necessary for human health, safety and security.
Minimal human health impacts are estimated for
the five major program areas because all projects
and activities are discontinued. Transuranic and

Volame 1, Appendix 1
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Table 5-1. Health Risks to Workers and the Public from Program Activities, Alternative 1

——ar —
Warker Healih Hiks Pabiic Health Risks
Program Area Crecupalicnal Oecupational Oecupatiomal Chemical Public Rodiation Public Chemical Risks
Saftery Risks Radiathon Hishs Risks Risks
Injuries | Fataliies | Radistios | Radiatien Chempeal Chemisal Radiation | Radistloa | Chemical | Chemicsl Hazard
LCFs* | Beriment” | Camoers® | Hazard Indes® L Fs® Detriment® | Cencers® Indey”
[efense
NTS [wishoud 1estingh 6H oA LU1E 012 ] & ENES I 1 Bz & 3
MTS [ with iestingh - - FLRIER Y] U R ] £ e {00054 {DO0TS) & £
TTR 15 (1144 04025 00010 Eaxlot & piy? 9 10 d.1xlo® xla® G 07
Wasie Management 151 149 i {121 (kRN LRLY I 4B £ lxio?t bE M 2 i0® SEx i
Hev. Hesloralion
WTS [} anii (LR EERE ] ! .14 FAxl0® [ ET LR & O |0 2w i
I'TR po0ds | aTiot | ozdni0” | aslo @ " 1. 2300? £ ] #
Fraject Shoal pagio? | Liwdd? | LTt | eoxine e £ f f ¢ €
CRTA Paslot | 30007 | L7200t | ol & e i § e e
Mondelense Research 14 33 [ARETEY] L0135 R SH r F 1.5 0% 1.8 14
amd Development
Wrk lfor (Mhers 1] Lol DOES DAMT2 6 Ex 1" 4 4500 i i 2 G 0T B M
Site Suppot Adtivmes [ LUAEER] ERIT ] LRI [ 3 f | [ e
Fodml {without 1estimg) I 3 (VR 1T ERTAI .58 55000 280" T (T
{wilh lesting) {015 [LOER {LLD0ES) (LAHIZS)
e —

* Pumber o rsmhiabon-induced lalont canser

Blinics in (b expeind populathi associaled with activigies conducied over the 10 vear penod of analysis

* Mumber of radiaton-inducod deirimenal kealth effecis {e g., nonfaal cancers, genetic effects) in ibe exposed popelation assecised with activiles ondueciod
over [O-vear perivd of analysis.

-

Mumiher af chemical-induced cancers (Ftal and nondiial ) e dee exposed popilation associated with activisies cosducied over the 10-vear pericd of analysis
A hawmrd index of greater than one indicates that the nos-cancer chemecal effecss could be life-threateming b andividuals exposed for ane har ar mose
M remsonabdy foreseeahle scenarios resulving in exposare o chemically hazarfaus materials have been identified.
Wa reasonshly Tonesenghle sconarios messllang m expsrsure 1o radistion have b idendified
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Table 5-3. Health Risks to Workers and the Public from Program Activities, Alternative 2

—_——————— s
Worker Henlth Risks Public Health Risks
Checupational Safety | Oecupationsl Radiation | Oecupations] Chemiesl Risks Pubdic Hadiation Risks Public Chemical
Program Ares Mgk Hisks Risks
Iegiiers | Fatalities | Radiation | Radistien Chienmvical Chemical Hudiation Radistion Chemical Cheemical
L.CFs Dedriment” Cancers’ Hazard Index? LCFs Dedriment™ Cancers? Hazard Imdes®
[efenze
MTS & e o £ e e o e € C
1R 15 R E] {1LHIS K0 Hax ot I&xjir® Qe ir® 4 dwio® (Y R 0 g |17
Wase Miragemen h h L& [k £’ L 4 0! sl 2 FAx10*
Enw, Restorming
WS & £ £ z = = c e 14 [
TTE [ & £ & = = £ 1 £ =
Project Shoal e « € & € € € & 2 =
CMTA [ £ & [ [ - € & £ @
Mondefonse Rescanch 4 @ & & 5 8 ] ¢ & ¢
and Dievelopmemi
Wk for Dihers e 3 e e e C [ e C C
Site Supporl Activitics [ 1 (LHIZS ] 1 T '3 B I 1
Tuotal 15 TCIEE] (LR [T EY 5,200 48 4.7zi0? iul® Tixia? 4. Bxi0*

* beumber of mediaton-induced Lemi crncer fmalities in ik exposed popalaiban assacised with activities conducied over the |0- year pericad of analysis
* Mumber of radiason-induced dewrienemal heahh Tects (&g, nonfaal cancers, gensic effecis) in the exposed papulation asseciabad with sctiveiiesconducied pver the H-yvear

period af analysis.

Mo activilics

- = m B

Mo reasonshly foreseeable seenarios resalling i exposure (o chemically hasmbous malernials bave been identified
Mo reasomably foresesable scenarios resulling in exposure o radiation have been sdentified
Mo ruudine operations amicipated, enly shipment and disposal of currem waste invesipry

Mumber of chemical-induced cancers (fmal and nonfatal ) in the exposed pepalason assacisted with activities comducled over the | 0-year period of analysis
A Bazand index of greacer than ene indicates that the nem-cancer chemical effects could be life-threatending 1o indivieduals exposed for ane hoar ar more.
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harardous wastes would continue to be stored until
arrangements  could be made to ship these
materials  off-site. Consequently,  accidemt
scenarios asscciated with storage and handling of
these wastes could be considered a reasonably
foreseeable sccident scemario for the Waste
Management Program under Allernative 2, Site
support  activities  related 0 security  and
envircnmental monitoring functions are expecied
to result in occupational exposure 1o radiation.
About 3 occupational injuries and no fatalitics are
expected as a result of NTS activities for this
alternative. The probability that » single latent
cancer fatality will occur in the entire worker
population as a result of the radiation exposure
received over the [0 yvears evaluated in the EIS is
calimated to be 0021 {or about | in 47). The
probability of any other detrimental health effect
OCEUTINE in the worker population 1s estimated to
be 0.0084 {about 1 in 120,

The probability that accidental occupational
exposure to hazardous chemicals over the 10 years
evaluated in the EIS could result in a single cancer
in the entire worker population is estimated to be
about 5.2 x 1077 {about | in 2 million).  An
accidental  occupational  exposure o life-
threatening concentrations of noncarcinogenic
chemicals has a probability of cccurrence of 0,48
during the 10 vears evaluated in the EIS.

The probabilivy of a single Yatent cancer fatality in
the offsite population being caused as a result of
radiological accidents at the NTS and off-site arcas
over the 10 years evaluated by the EIS is abouwt
4.7 x 107 (about 1 in 20,0080). The probability of
any other detrimental effect occurning in the off-
site population is estimated to be about 2.1 x 107

The probability that accidental releases of
hazardous chemacals over the 10 vears evaluated n
the EIS could result in a single cancer in the off-
site population is estimated to be abour 2 x 107
{1 in 30,000). No noncancer health effects from
accidental releases of harardous chemicals would
be expected in the off-site population.

523 Alternative 3

Table 5-4 summarizes the results of the risk
analysis for NTS program activities proposed
uider Allernative 3. As with Alternative |, the

resubls of the anabyvsiz mdicale that human health
risks under Alernative 3 are expected to be
dominated by occupational injuries and fatahities o
workers cngaged in activities such as construction,
maintenance, excavabion, ¢ic. Over the | fevear
period evaluated in the NTS EIS, about 775
oceupational imuries and 9 fatalities are expected
for all NTS activitics.  Most of the injuries and
fatalities are expected 10 be associated with Waste
Management Program activities. In contrast, the
risks associated with occupational exposure 1o
radiation are smaller. The probabiling that a single
Intent cancer fatality will occur in the entire worker
population as a result of the radiation exposure
received over the 10 wears evaluated in the EIS is
estimated to be abow 0.13 (or about 1 in B). The
prabability of any other detrimental health effect
occurrimg in the worker population is estimated to
be about 0,051 (about 1 in 20),

The probability  that accidental occupational
exposure o hazardous chemicals over 10 years
coubd result in o single cancer in the entire worker
population iz estimated 1o be about 4.0 x 10 (1 in
240,000, An accidental occupational exposure to
life-threatening concentrations of noncarcinogenic
chemicals has a probability of occumence of |
during the [0 vears evaluated in the EIS.

The public heahh risks presented in Table 5-4
represent  risks  from  reasonably  foresecable
accidents that could reselt in the release of
radicactive and chemically hazardous maternal to
the environment. The prohability of a single [atent
cancer fatality in the offsite population as a result
of radiologieal accidents ab the NTS over the 10
vears gvaluated by the EIS is about 5.6 x 10
(ahout one in 18,0007, The probability of any other
detrimental health eflect oceurning in the off-site
population is estimated to be about 2.5 » 107
{ahout | in 43.000). 1Fthe DOE is directed by the
Prezident to conduct underground nuclear-yield
testing under Alternative 3, the probability of &
single lateni cancer fatality in the off-site
population being cavsed as a result of radiobogical
accidents over the 10 vears evaluated by the E1IS
wousld be about 00055 (about one in 180%, The
probability of any other detrimental health effect
occurring in the off-site population would be about
(L0253 (about one in 400
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Tahle 5-4. Health Risks to Workers and the Public from Program Activities, Alternative 3

Waorker Healih Ilish.:

Fublic Health Risks

PR

Decupational Oecupational Oecopational Chemical Puldic Radiation Public Chemical Risks
Program Area Safety Risks Kadiation Hisks Risks Risks
Injuwries | Fatalities | Hadiation | HRadintssn | Chemical | Chemical Hazard | Badiation | Hadestion Chemical | Chemical Hazard
LOFs* | DBetriment™ | Cancers® Index® LOFs* | Deiriment” | Cancers’ Index’

I3efense
WTS {wathoar e=ting) % .12 a4t [F T2k I i 44500 Jil b ) I
WTS {wnth esting) - 2 [RE{RE PR | I r {0.0054) [UEHEZ S ) I
TTR ey 0HR& DOU2E | Hdx ot 1. Ex 10 S0 10* 4. 1x10* Lagia™ G IO
Waste Bsnagernenl 467 K7 ik (Wi Q) £ 4% Swin? it pE A LI ER N
Esv. Bestormion”

HTS 11 niass Al ORI AR IREE N [INE 2™ [HEY [l tdls 10* 2dx

TTR ELILT o 2.6 10 [ 4% 10” ) f [ lipy LR LI r )

Frujeut Shisl LT | Sdwnrt | LSt | Thwlil® V f g E r r

CRTA LA | Bdalot 1.gxl0" T b I f i E { f
Mondefense Rescarch 2] LLLE) B QAR (RLH] ey [ LR i B [ ] 1 5w it
zmd Development
Wark for Chbers I {LiRES OHISS TR0 Zaxin® 24 o4 [ B Ixlo? 42000 a0
Séte auppon Adivilies 200 a7 [REILE! Aozl f f E i P [
Tdal (witheul lesting) Er-] 4 013 LIRS d lnlid® Id Shxli® I5uliy? P EY [l 1.5l

{with testim (L 1H) MLITZ) 0L (MRS5S ([ 2%}

Wumber vl raditivs-andeed 1ot cancer Tmalicies in the exposed populstion associaled wilh sctivilbes oondwcted over tbe 10=-year penod ol analyas
¥ Mumber of mdigive-indeced detrinenial health effects (e, sonfalal cancers, penclic cffects ) in the exposed population asocialed wilh activilies comnducted over The
lE-wear period of analysis
bamber of chemacal-induced canwers (Fatal and sanfatal) e ks exposed o pualigion sssociated with activitess condicoed over the |-year perind af analysis

A hazard mdex ol less than one indsates sa chemical-induced noncancer health effects are expecied v ncour

Imctudles Enwvironemenial Restoranion activities a1 MTS, Tonopah Test Kange, Project Shoad Aren, and Cendral Mevada Test Area.
M reasansbly foreseeatle scenaries resuling in warker or publec exposares fo carcimogenic chemicals have been identified.
M rensonably furesesable scenanos resulting in public expossres (v mdiation have been identified
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The probability that accidental releases of
harardous chemicals over the 10 vears evaluated in
the EIS could result in a single cancer in the
off-site  population is cstimated 10 be about
2.3 x 104 (1 in 40001, No noncancer eftects from
accidental releases of hazardous chemicals would
be expected in the off-site population,

5.2.4 Alternative 4

Table 5-5 summarizes the results of the risk
analysis for NTS Program activities proposed
under Alternative 4, Under Alternative 4, no
activitics are expected to occur associated with
Defense Programs or Work for Others Programs,
The results of the analysis indicate that human
health risks are expected to be dominated by
occupational injuries and fatalities to workers, but
the overall risks are smaller compared to
Alternatives | and 3, Ower the 10-vear period
evalvated by the  NTS EIS, abowt 1M
occupational injuries and | fatality are expected for
all NTS activities. Most of the injuries and
fatalities are expected to be associated with Waste
Management Program activities. In contrast, the
risks associated with cccopational exposure to
radiation are smaller. The probability that a single
latent cancer fatality will occur in the enfire worker
population as a result of the radiation exposure
received over the 10 vears evaluated in the EIS is
estimated o be about 077 (or abowt | in 13}, The
probability of any other detrimental health effect
occurring in the worker population is estimated to
be about 0,033 (about 1 in 30).

The probability that accidental occupational
exposure to hazardous chemicals over the 10 years
evaluated in the EIS could result in a single cancer
in the entire worker population 15 estimated 1o be
about 4.0x10® {1 in 250,000). An accidental
occupational  exposure o life-threatening
concentrations of noncarcinogenic chemicals has a
probability of occurrence of 058 during the 10
vears evaluated in the EIS, The public health risks
preseited in Tabie 5-5 represent risks from
regsonahly foreseeable accidents that could resuli
n the melease of radicactive and chemically
hazardous material to the environment. The
probability of a single latent cancer fatality in the
off-site population being caused as a result of

radiological accidents at the NTS over the 10 years
evaluated in the EIS t5 about 5.1 x 10 (abowut | in
20,000,

The probability of any other detrimental health
effect occurring in the off-site population is
estimatad 0 be about 2.3 x 107 {about 1 in
43,000),

The probability that accidental releases of
hazardous chemicals over the 10 vears evaluated in
the EIS could resalt inoa single cancer in the off-
site population is estimated to be about 2.3 x 107
{1 in 4,000). No noncancer health effects from
accidental releases of hazardous chemicals would
be expected in this off-site population.

5.3 Impacts from the Maximom Heasonably
Foresecable Accident

The impacts described in Section 5.2 above are a
compilation of the risk from NTS program
activities to workers and the public feom normal
operations and reasonably foreseeable accidents
with a range of probabilitics (Attachment A). The
maximum  reasonably  foresecable  accidents
described in this section show the highest impacts
that could occur as a result of worst-case accident
conditions under each proposed alternative. The
objective of analyzing maximum reasonably
forcsecable accident is to determine events that
would produce effects that would be as severe or
more severs than any other accidents that might be
reasonably forgsecable under each proposed
alternative.

5.3.1 Alternative 1

Defense Program. The maximum peasonably
foresceable  radiological Defense  Program
accident at the NTS would be an explosion of
high explosives associated with interim stored
nuclear weapons at the Area 27 storage bunkers.
This accident has a probability of occurrence of
1 s 107 (1 in 10 million) per year. The following
conseguences are estimated if this accident occurs:

o lpvolved worker in the

explosion,

fatally  injured

58

Viodume |, Appendix H



14 xipuaddy ©| sune

ai-¢

Table 5-5. Health Risks to Workers and the Puoblic from Program Activities, Alternative 4

! Worker Health Hisks Pablic Health Risks
Program Area ocupational Safety | Occupatiomal Radintion | Oecopations] Chemical | Pablic Rsdistion Risks Fublic Chemical Hisks
Hisks Risks Hisks
Injurles | Fatalities | Radistion | Hadiation | Chemeesl Chembeal Radisitlen | Radiation | Chemical {Chemicsl
LCFs* | Detrement® | Cancers’ | Hizard Index | LCFs* | Detriment® | Caneers” [ Hazard [nden”
Disfenss
M [ g ] & € & [ 4 5 [
TTE 25 LI 025 LR Edxlo" 1.8=10" Ll [ 400" 10w 1™ E e i
Wases Managemeni fed [FL 020 (L{HFH 4 Ay " IR E axii? At i [ 1A
Ervironenesial
Fe=ioraliom
MTS 11k .03 (LO0RS M 34 Imio" a4 PRV Laspo™ 0 10 Y [
Tk EESH S L IR R = R i T SR 1 f i 1.2=00 R ) r
Praject Shoal Laxli | Aaxin® P A R 1 i E i f i
THTA Lexlo® | dsin® 1 Tsi0® L i [ I [] E E r I
I!‘u'ml:l:l'm'ar Hescarch B O 5 L ] e | .58 B B 1.8 00" 1500
and [revebopment
Work lor (ahers [ & & [ & & [ £ G &
Site Suppon Activities 1% FLA R {11 [RE(TE] f f I i [ ]
Lalo® PR

* Mumber of radagion-induced lment cancer fatalivies in the exposed population assocansd with activities conducted aver the 10-year penod of anadves

P Mumber of tadistion-induced detomental heshi effeces de g, nonfatal cancers, penctes effects) i the exposed pepulation addoecaated with sclivilies comducted aver
the |(year peniod of analysis.

Y Mumber of chemical-induced cancers (fsal and nonfatal) im the expased population associsted with activities condecied over the | Geyear peniod of mnalysis

' A hazasd index of greaser than ome indicates that the nom-cancer chemical effects could be Nfe-threateming io andavidualz exposed for ane hodr or marne:

T Wa sclivilies

! Mo reasanably Foreseeablde scemarios resuling in exposure to chemascally harardows materials have been idemified,
¥ Mo reasonahly foresesable scenanios resulting in eaposure o radiaiion basve been identified
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e Maximally exposed pon-invelved worker:
62,000 rem (2,700 rem in first  vear affer
exposure), acute radiation effects  could

e Mop-inyoplved worker population at the

eizarest major Tacility area: 16,000 person-rem,

6.4 latent cancer fatalittes, 2.6 other

detrimental effects,

34 rem,
34 x 107 chance of latent cancer fatality,
I.6 x 107 chance of other detrimental effecis,
¢ Population within 50 miles: 5,800 to 110,000
person rem, X fo 55 latent cancer  fatalities, |

to 25 other detrimental effects.

Mo Defense Program  accident  resulting  in
measurable chemically hagardous effects at the
NTS has been identified.

The maximum reasonably foreseeable radiological
Defense Program accident at the Tonopah Test
Range would be a failure of an artillery fired test
assembly. This accident has a probability of
occurrence of 1 x 107 (1 in 10 million) per vear.
The following conseguences are estimated if this
accident occurs:

*  Inyplved worker: Mot applicable; involved
workers are under cover when the device is
fired
MMaximally exposed non-invilved worker: 71
rem, 0.057 chance of latent cancer fatality,
0023 chance of other detrimenial effects,

= Mon-invol W plati
negrest major facility arga: 7,100 person-rem,
5.7 latent camcer fatalitbies, 2.3 other
detrimental effect,

. Maximall L aft-site individual ot d
peargst point of public access: 2.3 rem, 0.0012
chance of latent cancer fatality, 5.3 = 107
chance of other detrimental effects,

*  Population  within 30 miles: 18 o 310
person-rem, 0.009 to (.16 chance of a single
latent cancer fatzlity, 0.004 to 0.071 chance
of any cther detrimental effecis,

For Defense Program hazardous chemical effects
at the Tonopah Test Range, the maximum
reasonably  foreseeable aceident would be an
explosion of a rocket test assembly containing
depleted  wraniom  and beryllium. This

accident has a  probability of occurrence of
B 10" m 17000800 per vear, The following
consequences are estimated if this accident occurs:

s Imvolved worker:
explosion,

» Maximally exposed non-involved workgr:
[.4 % 10°% chance of cancer, 030 nponcancer
hazard index for potentially life-threatening
ome-hour concentration,

i i1 (L4 x 107 chance of
a single cancer, 0.30 noncancer hazard index
for  potentially  Life-threatening  one-hour
conceniration,

- aximall ! ft-zite indivi h
neargst point of public agcess: 4.1 x 107
chance of cancer, 1.0 noncancer hazard index
for potentially life-threatening  one-hour
codeentralion,

+ Populgtion within 30 miles: 1.7x10° to
1.1x 107" chance of a single cancer, 0.03 to
0.016 noncancer hazard index for potentially
life-threatening one-hour concentration.

fatally injured in fhe

Waste Management Program. The maximum
reasonably  foreseeable  radiological Waste
Management Program accident at the NTS would
be an airplane crash into the Area 5 transuranic
wasle storage wnil, which has a probability of
occurrence of 6 x 107 (1 in 1,700,000) per vear.
The following consequences are estimated if this
accident ocours:

v Invplved worker: fatally injured in the crash,

& Hﬂﬁiﬂ]ll“!ﬂ EEEPEEEI unu-ln!‘s]hﬂ Wir kgl
3,500 rem {154 rem in the first vear after
exposure), 1.0 chance of cancer fatality, 1.0
chance of other detrimental effects,

+ Mon-ipvolygd worker population at  the
neargst major facility grea: 99 person-rem,
0.04 chance of a single latent cancer fatality,
0.016 chance of any other detrimental effects,

«  Maximally exposed  off-site individual

Ic 1 I public :
1.5 rem, 1.8 x 10 chance of latenl cancer
fatality, 8.0 x 10 chance of other detrimental

effects,
*  Population within 30 milgs: 1,400 10 25,000

person rem, 1 to 13 Jatent cancer fatalities,

Wolume 1, Appendix H
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0t & other detrimenial effects.

For Wastc Management Program  hazardous
chemical effects, the masimom  reazonably
foresecable accident would be an airplane crash
into the Area 5 hazardous waste storage unit, This
accident has a probability of occurrence of 1 x 107
(1 in 10 millien) per vear, The following
consequences are estimated if this accident cocurs:

»  lowolved worker: fatally injured in the crash,
6.6 x 107 chance of cancer, 340 noncancer
hazard index for potentially life-threatening
one-hour concentration,

- H!H] ;“fﬂh‘ﬂ;l w;;ﬂg;t ;H!ng“!!“ ﬂ! ;IE
nearest major facility area: 1.1 x 107 change
of a single cancer, 0,09 noncancer hazard
index for potentially life-threatening one-hour
concentration,

. imally -site _indivi
the nearest point of public access; 2.4 x 107
chance of cancer, L0113 noncancer hazard
index for potentially life-threatening one-hour
coneentration,

*  Population within 30 miles: 0.027 1o 0.50
chance of a single cancer, 0,003 o 0,01
noncancer hazard index for potentially life-
threatening one-hour conceniration,

Environmental Restoration Program. The
maximum  reasonably  foreseeable radiological
Environmental Restoration Program accident ar ihe
MTS would be an airplane crash into the Area |13
site. This accident has a probability of occurrence
of T x 107 {1 in 1.400,000) per yvear. The
following conseguences are estimated if this
accident ocours:

¢ Ipvolved worker: fatally injured in the crash,

»  Maximally exposed non-ipvelved worker:
0.0011 rem, 4.4 x 107 chance of latent cancer
fatality, 1.8 x 107" chance of other detrimental
eflects,

»  Mon-involved worker population at the
nearest major facility area: 0.0055 person-
rem, 2.2 x 10° chance of a single latent
cancer fatality, 8.8 x 107 chance of any other
detrimental effects,

*  Maximally exposed off-site individual at the
pearest point of public access: 0.0022 rem,
1.1 x 10 chance of latent cancer fatality,
5.1 x 107 chance of other detrimental effects,

= Population within 30 miles: 9.04 10 0,71
peraon rem, 2.1% 107 to 3.6 & 107 chance of a
single latent cancer fatality, 9.4 x 10+ to
1.6 x 107 chance of any other detrimental
effects.

The maximum reascnably foreseeable radiclogical
Environmental Restoration Program accident at the
Tonepah Test Range would be an airplane crash
into the Project Roller Coaster site, which has a
probability of occurrence of | x 107 {1 in
[ 000,00 per vear, The following consequences
are estimated if this accident ocours:

¢ Invelved worker: fatally injured in the crash,

- i a=inwclv W :
0.012 rem, 4.8 x 107 chance of latent cancer
fatality, 1.9 x 10™ chance of other detrimental
effects,

*  Non-involved worker population at the
nearest major facility grea: 1.2 person-rem,
4.8 x 10% chance of a single latenl cancer
fatality, 1.9 x 107 chance of any other
detnmental efTects,

«  Maximally exposed off-site individual at the
nearest point of public access: 0.0034 rem,
1.7 5 107 chance of latent cancer fatality,
7.8 x 107 chance of other detrimental effects,

*  Population within 50 miles: 0.2 10 3.3 person
rem, 9.5 ¥ 1070 1.7 % 107 chance of a singhe
latent cancer fatality, 4.4 x 1010 7.6 x 10X
chance of any cther defrimental effecis,

For Envirgnmental Restoration Program hazardouws
chemical effects, the maximum reasonably
foresceable accident would be an airplane crash
inte a hypothetical environmental restoration site
consisting of a composite of hazardous sites across
the NTS . This accident has a probability of
occurrence of 7 x 107 (1 in 1,400,000) per year.
The following consequences are estimated if this
accident ocours:

» In¥olved worker: fatally injured in the crash,

Valume 1. Appendex H




NEFADA TEST SITE FINAL ENVIRONMWENTAL IMPACT STATEMENT

0008 chance of cancer, 45 noncancer hazard
index for potentially life-threatening one-hour
concentration,

. -inyelved w opuilat] earest
major facility arga: 9.4 x 107 change of a

single cancer, 0.0097 noncancer hazerd index

for  potentially  life-threatening  one-hour
copcentralion,
+  Maximally ft-site individual at th

nearest  point of public access: 8.5 x 10
chance of cancer, 9.8 x 10* noncancer hazard
index for potentially life-threatening one-hour
conceniratiom,

«  Populgtion within 50 miles: 1.5 x 107 1o
3.3 x 107 chance of a singbe cancer, 6.1 x 10
to 6.5 x 107 poncancer hazard index of
potentially life-threatening ope=hour
concentration.

Mo Environmental Restoration Program accidents
resulting in measurable radiological or chemically
hazardous effects at the Project Shoal Area or the
Central Mevada Test Arca have been identificd

Mondefense Hesearch and  Development
Program. Mo Mondefense Research  and
Development Program  accident resulting  in
measurable radiological effects at the NTS has
been identified.

For Mondefense Research and Development
Program hazardous chemical effects, the maximum
reasonably foresecable accident would Be an
airplanc crash into the tank farm at the Liguid
Gaseous Fuel Spill Test Facility, This accident
has a probability of occumence of 1x 107
(1 in 10 million) per year. The following
consequences are estimated 1F this accident oocurs,

*  Involved worker: Fatally ijured in the crash,

+  Maximally exposed pon-ipvolyed worker: 1.0
chance of cancer, [,O00 noncancer harard
index for potentially life-threatening one-hour
COnceniranion,

*  Nop-involved worker population at the
nearest major facility area; 0,054 chance of a
single cancer, 0.80 noncancer hazard index

for potentially  life-threatening  one-hour
concentration,

ividuyal
JIEM&LMM 8.8 x 10
chance of cancer. 0.34 noncancer hazard
index for potentially life-threatening one-hour
'Ii‘-'lJﬂﬂ'E-TlII!'iI[:II'_'II"I

= Population within 50 miles: O to 3 cancers,
.01 to 019 noncancer hozard index for
potentially life=threatening one-hour
CONCENIration.

Work for Others Program. Mo Work for Others
Program  accident  resulling  in measurable
radiological effects at the NTS has been identificd.

For Work for Others Program hazardouws chemical
effects, the maximum reasonably foresesable
accident would be a heavy metal release as a result
of an unplanned detonation of & 1est assembly at
the Big Explosives Experimental Facility, This
aecident has a probability of occurrence of 1 & 10°
(1 in 100} per vear. The following consequences
are estimated if this accident occurs:

explosion,

*  Maximally exposed non-involved worke::
[.B x 107 chance of cancer, 0.044 noncancer
hazard index for potentially life-threatening
One-our CONCeniration,

" n=jmvoly wiork prion
pearest major facility area: 6.1 x 107 chance
of a single cancer, 4.0 x 10+ noncancer hazard
index for patentially life-threatening one-hour
concentration,

. ThALL ) -

ng i : .
I.4 x 107 chance of cancer, 1.9 x 107
noncancer hazard index for potentially life-
threatening one-hour concentration,

«  Population within 50 _miles: 2.9 x 10" to
L3 x 107 chance of a single cancer, 1.9
x 107 noncancer hazard index for podentially
life-threatening one-hour concentration,

fatally i the

injured

532 Alternafive 2

Defense Program. Mo Defense Program activities
would be conducted at the NTS under Alternative
2. The maximum reasonably foreseeable

513
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radiological Defense Program accident at the
Tonopah Test Range would be the same as
Alernative 1 (a failure of an artillery fired test
assembly, which has a probability of oceurrence of
1 1071 in 10,000,000} per year),

For Defense Program hazardous chemical effects
at the Tonopah Test Range, the maximurm
reasonably foreseeable sccident also would be the
same as Alternative | (an explosion of a rocket rest
assemhbly containing  depleted  wranium  and
beryllium, which has a probability of occurrence of
6 x 10 {1 in 170,000) per vear).

Waste Management Program. Removal of
transuranic and hazardous waste from the NTS
under Alternative 2 was assumed to require some
period of time to fully implement, and accidents
could occur during the implementation period.
The maximum reasonably foresceable radiological
Waste Management Program accident at the NTS
would be a muiti-container fire at the Area 3
transuranic waste storage wnit, which has a
probability of occurrence of | x 107 {1 in
100,000 per year. The following consequences
are estimated if this accident occurs:

+  lnvolved worker: plume rise from the fire
carries the plume over close-in workers,

o Maximally exposed non-involved worker: 3.7
rem, OB chamce of  latent cancer
fatality, 5.9 x 10" chance of other detrimental
effiects,

* n-imviol WO
nearest major facility area; 0,10 person-rem,
40 x 107 chance of a single latent cancer
fatality. 1.6 » [0 chance of any other
detrimental effects,

g simally expos ite individual a
nearest point of public access: 00036 rem,
1.8 x 10" chance of latent cancer Tatality,
8.3 x 107 chance of other detrimental effects,

*  Population within 50 miles: 1.5 to 26 person
rem, 7.5 x 107 to 0.013 chance of a single
latent cancer fatality, 3.5 = 10 7 to 0,006
chance of any other detrimental effects,

For Waste Management Programs hazardous
chemical offects, the maximum reasonably

foreseeable accident would be a multi-container

fire at the Area 5 hazardous waste storage unit,
which has a probability of eccurrence of 8x10°
(1 in 13000) per wear The following
consegquences dre estimated if this accident occurs:

*  Involved worker: plume rise from the fire
carries the plume over close-in workers

»  Maximally exposed pon-involved worker:
B8 x 10" chance of cancer, 51 noncancer
hazard  index  for  potentially  life-
threatening one-hour concentration,

+  Mop-ipvolved  worker population gt the
nearest major facility arga: 1.0 x 107 chance
of a single cancer, 0.013 noncancer hazard
index for potentially life-threatening one-hour
concentration,

" i ied off- individ

hlj ess: 1.2 x 107
chanee of cancer, 00019 noncancer hazard
index for polentially life-threatening one-hour
congentration,

*  Population within 30 miles: 0.002 to 0,004
chance of a single cancer, 0.0019 noncancer
hazard index for potentinily life-threatening
one-hour concentration,

Environmental Restoration Program. Mo
Environmental Restoration Program  activities
would be conducted at the NTS, Tonopah Test
Range, Praject Shoal Area, or Central Mevada Test
Ared under Alternative 2,

Nondefense  Hesearch  and  Development
Program. Mo Mondefense Research and
Development  Program  activities would be

conducted at the MTS upder Alternative 2,

Work for Others Program. No Work for Others
Program activities would be conducted at the NTS
under Altemative 2.

533  Alernative 3

Defense Program, The maximum reasonably
foreseeable radiological Defense Program accident
at the WTS would be the same as Adternative | (an
explosion of high cxplosives associated with
interim stored nuclear weapons at the Area 27
storage bunkers. This accident has a probability of

Volume |, Appendix H
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occurrence of 1 x 1071 in 10,000,000 per year).

Mo Defense Program  accident resulting in
measurable chemically hazardous effects at the
MT% has been identified.

The maximum reasonably foreseeable radiological
Defense Program accident at the Tonopah Test
Range would be the same as Alternative |
(a failure of an artillery fired test assembly). This
accident has a probability of occurrence of | x 107
(1 in 10 millkon) per vear.

For Defense Program hazardous chemical effects
at the Tomopah Test Range, the maximum
reasonably foreseeable accident would also be the
same as Altermative | {an explosion of a rocket lest
assembly  containing  depleted  wranium  and
berviliom),  This accident has a probability of
oceurrence of 6 5 107 (1 in | 70,0000 per vear.

Waste Management Program, The maximum
reaspnably  foreseeable  radiclogical  Waste
Management Program accident at the NTS would
be the same as Alternative | (an airplane crash info
the Area 5 wansuranic waste storage unit). This
accident has a probability of occurrence of 6 x 107
{1 am L 700,000% per vear.

For Waste Management Programs hazardous
chemical effects, the maximum reasonably
foreseeable accident would also be the same as
Alternative 1 (an airplane crash into the Area 5
harardous waste storage unit),  This accident
has a probability of occurrence of 1x 107
(1 in 10,000,000} per vear,

Environmental Restoration Program. The
maximum reasonably foreseeable radiological
Enviranmental Restoration Program accident at the
MWTS would be the zame as Alternative | (an
a:irpla.ne crash into the Area 1Y site, which
has a probability of occurrence of 7x 107
(! im 1 400,000 per year.

The maximum reasonably foresecable radiological
Environmetnal Restoration Program accident at the
Tonopah Test Range would also be the same as
alterntive | (an airplane crash into the Project

Roller Coaster site).  This accident has a
probability of occurrence of 1 x 10 {1 in
| O00,000) per vear,

For Environmental Restoration Program hazardous
chemical effects., the maximum reasonably
foresceable accident would be the same as
Altemative 1 (an airplane crash into a hypothetical
environmental restoration site consisting of a
composite of hazardous sites across the NTS),
This accident has a probability of occurrence of
Tx 0[] in 1,400,000 per vear).

No Environmental Restoration Program accidents
resulting in measurable radiclogical or chemically
hazardous effects ar the Project Shoal Area or the
Central Nevada Test Area have been identified.

Nondefense Research and Development
Program., Mo Mondefense Research  and
Development  Program  sccident  resulting in

measurable radiological effects at the NTS has
been identifed,

For Momdefense Research and  Development
Program hazardous chemical effects, the maximum
reasonably foresesable accident would be the same
as Alternative | {an airplance crash o the tank
farm at the Liguid Gascous Fuel Spill Test
Facility)., This accident has a probability of {1 in
| mallion} per year.

Wark for Cvhers Program. The maximum
reasonably  foresecable radiclogical Work for
Others Program accident al the N TS would be an
inadvertent detonation of a test assembly at the Big
Explosives Experimental Facility and release of
1,000 curies of trittum. This accident has a
probability of occurrence of 3 x 107 {1 in 33,0009
per year.  The following consequences are
estimated iF this sceident occurs:

+  lovolved worker: fatally injured in the
explosion,

«  Maxi 1 - ' '
0.35 rem, 1.4 x 10 chance of latent cancer

fatality, 5.6 x 10" chance of other detrimental
effects,

13
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= Mon-iny d w at
nearest major facility grea: 0.006 person-rem,
2.4 x 10° chance of a single latent cancer
fatality, 9.6 x 107 chance of any other
detrimental effects,
ncarest point of public access: 4.7 x 10 rem,
24 x 10" chance of latent cancer fatality,
.1 x 10" chance of other detrimental effects,

* tion _withi les: 002 to 035
person rem, 1.0 x 107 to 1.8% x 107 chance of
latent cancer Fatality, 4.6 x 10% w0 B0 x 107
chance of other detrimental effects.

For Work for Others Program hazardous chemical
cffects, the maximum reasonably foresceable
accident would be a depleted wranium and
bervllium release as a result of an unplanned
detonation of a test assembly at the Big Explosives
Expernmental Facility, which has a probability of
pccurrence of 1 x 107 {1 in 1,000) per vear. The
following consequences are estimated of this
accident ocours:

explosion,

«  Maximally exposed pon-involved worker:
B.0 x 107 chance of cancer, 240 noncancer
hazard index for potentially life-threatening
one-hour concentration,
nearest major facility area: 2.8 x 10 chance
of a single cancer, 0,023 noncancer hazard
index for potentially life-threatening one-hour
concentration,

« Maximall | offsite individ |

j i pgss 6% x 107
chance of cancer, 6.4 x 107 noncancer hazard
index for potentially hife-threatening one-hour
congentration,

»  Population within S0 mibes: 1.3 x 10° 0 5.6 x
107 chance of a single cancer, 6.4 x 10
noncancer hazard index for potentially life-
threatening one-hour concentration.

Fatally mjured in  the

534  Aliernative 4

Defense Program. Mo Defense  Program
activities would be copducted at the NTS under
Alternative 4. The maximum reasonably

foreseeable radiological Defense Program accident
at the Tonopah Test Range would be the same as
Alternative 1 (a failure of an artillery fired test
assembly).  This accident has a probability of
ocourrense of [ x 107 (1 in 10 million) per year.

For Defense Programs hazardous chemical effects
at the Tomopah Test Range, the maximuom
reasonably foreseeable accident also would be the
same as Alternative 1 {an explosion of a rocket
test assembly containing depleted wranium and
beryllium).  This accident has a probability of
ogcurrence of 6 x 107 (1 in 1 T0,000) per year).

Waste Management Propram. The maximum
reasonably  foreseeable  radiological  Waste
Management Program accident at the NTS would
be the same as Alternative 1 (an airplane crash into
the Area 5 transuranic waste storage unit). This
sccident has a probability of occurrence of 6 x 107
{1 in 1, 700,0007) per yvear.

For Waste Management Programs hazardous
chemical effects, the maximum reasonably
foreseeable accident would also be the same as
Alternative | (an airplane crash into the Area 3
harardous waste storage unit). This  accident
has a probability of occurrence of 1 x 107
(1 im DO000, 0000 per year.

Environmental Restoration Program. The
maximum reasonably foreseeable radiological
Environmental Restoration Program accident at
the WTS would he the same as  Alternative |
{an airplane crash into the Area 13 site). This
accident has a probability of occurrence of
Tx 1071 im 1,400,000} per year.

The maximum reascnably foreseeable radiological
Environmental Resioration Program accident at the
Tonopah Test Range would also be the same as
Alternative | {an  airplane  crash  into the
Project  Roller Coaster site). This  accident
has a probability of occurrence of | x 10°
(1 im 1,000,001 per vear.

For Environmental Restoration Program hazardous
chemical effects, the maximum reasonably
foresceable accident would be the same as
Ahemative | (an airplane crash into a hypothetical
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environmental restoration site consisting of a
composite of hazardous sites across the NTS). This
sccident has a probability of occurrence of 7 x 107
(1 in 1 400,000) per year.

No Environmental Restoration Program accidents
resulting in measurable radiological or chemically
hazardous effects at the Project Shoal Area or the
Central Nevada Test Area have been identified.

Mondefense Research and  Development
Program. Mo Mondefense Research  and
Development Program  accident  resulting in

measurable radiological effects at the NTS has
been identified. For MNondefense Research and
Develapment Program hazardous chemical effects,
the maximum reasonably foresceable accident
would be the same as Alernative | {an airplane
crash into the tank farm at the Liguid Gaseous Fuel
E'Fl"lll lest Faciliy which has a probability of
occurrence of occurrence of | x 107 {1 in 10
million} per year.

Work for Others Program. Mo Work for Others

Program activities would be conducted under
Alternative 4.

5T
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6.0 CONCLUSIONS

The oal of this study is 1o evaluate human health
rigsks as a result of proposed activities associaled
with the four alternatives identified in the NTS
EIS. The results indicate that the principal risks to
human health are associated with cocupational
activities and the risk is borme by NTS workers.
Because of the sparse population within 50 miles
(80 kilometers) of the NTS and the operational
safeguards associated with NTS facilitics and
activities, public health risks are unlikely to result
in a single fatal cancer or other detrimental healih
effect for each of the NTS E1S alternatives.

Thiz study concluded that worker health risks
related to WTS aclivities are expected to be
dominated by occupational safety risks, that is,
events that could cavse injury or death due to
phvsical hazards in the workplace, These rigsks are
reduced by sirict adherence o DOE and OSHA
safety standards, formal procedures Tor conduct of
operations, worker traiming, and imfernal awditz and
mssessments of work practices and procedures.
Clecupational  safety  risks are  highest  under
Alternative 3 and lowest under Alemative 2.
Alterrative | poses  the 2econd  highest
oecupational safety risks which are approximately
2530 percent of the potential risks  under
Alternative 3, For all alternatives except
Alternative 2, most of the occupational safety risk
is attribured o Waste Management Program
activities,

Although not trivial, worker health risks from
exposure to radiation and hazardous chemicals are
estimated to bhe low in comparison with
cccupational safery risks. It is unlikely that any
workers will contract fatal cancers as a result of
cxposure to radiation or hazardous chemicals,
However, involved workers, non-involved workers,
and the worker population may experience non-
carcinogenic health effects in the event of a
hazardous chemical accident associated with the
Defense, Waste Management, Environmental
Restoration, and WNondefense Research and
Development Program  Areas. Risks from
exposure to radiation and hazardous chemicals are

reduced by contmmment of radicastive  and
hazardous materials, strict adherence to DOE and
OSHA  limits  for  occupational  exposure o
radiation and hazardows chemicals, monitoring of
radiation and hazardous chemical exposure levels
in the workplace, formal procedures for conduct of
operations, worker training, and infernal audits and
assessments of work practices and procedures,

Estimated risks to the public as a result of NTS
activities are lower than worker risks, Subsurface
migration of fritivm in groundwater is not expected
to result in tritivm concentrations abowe EPA
drinking water standards at existing public wells at
any Time in the future. However, the results of
theoretical modeling of tritiated groundwater from
the Project Shoal Arca and the Central Nevada Test
Area suggest the need 1o conduct further
investigations prior to installing any new public
wills closer 1o these areas than the nearest existing
public wells.

In the event that a maximum reasonably
foreseeable accident actually occurred, cancer
fatalities and ciher detrimental health effects could
occur in the off-site population. However, when
the probability of these accidents 15 considered, it
15 unlikely that a single fatal cancer or other
detrimental health effect would occur in the off-
sile population as a resull of accidents at the NTS.

The LLS, Depariment of Energy’s Mational Safety
Policy geal can be used as a guide 1o compare
calculated risks and potential health effects (DOE
1991y, This Policy goal states, in parl. that the
cancer fatality risk to the population with 10 miles
of a DOE nuclear facility should not exceed one
tenth of one percent of the sum of all cancer
fatality risks from all other cases, The goal equals
a risk of approximately 2 x 10 per vear of latent
cancer fatality. With the exception of an accidental
venting of radionuclides from an underground
nuclear test, all reasonably foreseeable accidents
have risks of latent cancer fatality to the public
below the Policy Goal. For an accidental venling
froam an underground test, the risk of latent cancer

fi=1
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fatality to a maximally exposed member of the
public at the ncarest point of public access is
conservatively estimated to be 3 & 107 per test. [F
DOE is directed by the President to perform
underground testing under Alternatives 1 and 3,
and a member of the public were 1o be located at
the nearest point of public access during the test
(boundary with Bureaw of Land Management land
0 the north west), the Policy Goal could
podentially  be  exceeded  wnder  worsi-case
conditions.

The radiation and hazardous chemical exposure
estimated in this EIS for the various accident
scenarios is the exposure that would be received iof

only limited protective actions were taken. The
TS has detailed plans for responding to accidents
of the type described here, and the response
activities would be closely coordinated with state
and local officials.  Mitigative and preventive
measures that redece or eliminate the risk of
accidents to workers and members of the puhblic
include emergency procedures, routine inspection
and monitoring of facility areas and material
handling equipment, design criteria for facilities
and material packaging, safety reviews and safety
analvsis by gualified review teams/committecs,
worker triining programs, access restrictions, and
contrals on commercial and private flights over the
NTS and off-site arcas,

Volume 1, Appendix H
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A.l Introduction

A potential exists for accidents at facilities
associated with use, storage, and disposal of
radioactive and chemically hazardous materials.
Accidents can be categornized into events that are
abnormal (for example, spills), events a facility
was designed to withstand, and events a facility
was not designed to withstand (but  whose
consequences it may nevertheless mitigate). These
categories are termed design basis, and beyond
design basis accidents, respectively. Summarnzed
in this Attachment are consequences of possible
facility accidents in these categories for workers
and the public. Details of assessments of the
accidents are in Aocident Assessments for Nevada
Test Kite Facilitiey and (f-Site Location (SAIC,
1996). Volume |, Appendix [ { Transportation
Study) provides the assessment of transportation
accidents.

An accident is a series of unexpected or
undesirable events starting with an initiating event,
and leading to a release of radioactive or harardous
materials within a facility or to the environment.
Initiating events for accidents are defined in three
brood catepories:  external anitiators,  infternal
initiators, and natural phenomena initiators,  All
types of initiators were defined in terms of those
events that cause or may lead to a release of
materials and energy by failure or bypass of
confinement. The analyses of accidents are
intended to be conservative in the sense that where
uncertainties exist, assumptions that bound the
potential for credible environmental consequences
are used.

A2 Methodology

Radicactive and chemically hazardous materials
are invaolved in a wide variety of operations at the
Mevada Test Site (NTS) and off-site locations;
including  scientific research and  engineering
development, waste management,  and
environmental restoration. The hazard of a facilny
to workers and the public is directly related to the
quantity of radioactive or hazardous material
located at a facility that could be released to the

environment by an accident. Other important
factors include design of confinement systems and
structurcs, presence of energy sources such as
explosives or flammable materials, and the
distance to people that may be exposed to
accidental releases of radioactive or hazardous
materials. To obtain a perspective on potentiak
pccidents, the approach was to:

* [dentify facilities with quantities of radicactive or
chemically hazardous materials that could result
in impacts to workers or the public under
accident conditions,

+ Identity potential internal, external, and natural
phenomena events that could initiate accidents

* Perform  independent analyses of reasonably
foreseeable accidents.

To characterize potential impacts at NTS and off-
site locations, accidents with a range of frequencies
are reported for each proposed alternative. Three
broad frequency ranges are used: abnormal events
with frequencies greater than 107 per vear, design
basis accidents with frequencies in the range from
10 to 10* per year, and beyond design basis
accidents with frequencies in the range from 10" 10
10% per year. Within each frequency range, a
bounding accident is determined so that any other
reasonabiy foreseeable accident within a frequency
range would be expected to have smaller
consequences. The results are point estimates of
maximum reasonably foreseeable accidents by
frequency category rather than a cumulative
assessment of all possible accidents in each
category. Possible causes, assumptions, likelihood
of nccurrence, and consequences are discussed for
the bounding accident within each frequency
category analyzed. Details on the analyses,
including supporting references, are given in

(SAIC, 1996).

Hl
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A3 Accident Screening and Selection Process

Many types of postulated events could lead to an
accidental release of radicactive or hazardous
material, or both. Some of these postulated events
have the potential for only local {within controlled
site boundaries) consequences with no potential for
a release that would have consequences for a
member of the public at the nearest site boundary.

Internal and external initiators associated with a
wide range of activities nol necessarly covered in
existing safety analyses were considered. For
example, potential radiological accident scenarios
initiated by construction activities associated with
constructing new facilities or modifying existing
facilities (o5 proposed under the wvariows
alternatives) were postulated. Typically, events
involved in the construction of new facilities would
&ct as external imitiators while events invalved in
modifying existing facilities would act as internal
initiators. Examples of constrection or industrial-
vpe events considered included fires, confinement
impacts or puncture events, equipment failure,
terrorism, and human error,

Five major program areas are conducted at the
NTS and off-site areas. Each facility in the five
program areas were screened for quantities of
radioactive and hazardows material (including
materials in inventory) that have the potential for
being involved in a substantive release and thus
worthy of consideration. Initiating eventls were
defined in three broad categories:  external
initiators,  internal  initiators, and  natural
phenomena initiators.

» bExternal initiators originate cutside the facility
and may impact the ahility of the facility to
maintain confinement of radicactive or hazardous
material.  These may be related 1o fires and
explosions nearby, or caused by evenls at co-
located facilities

o Internal initiators (for example, equipment
failures or human error) originate within a

facility and arc a result of operating the facility.

* Natural phenomena imitiators include weather-

related and seismic events. All types of initiators
were defined in terms of those events that cause
or may lead to 2 release of materials by failure of
confinement or 2 bypass of confinement.

seismic events  (see  Environmental Impact
Statement Volume 1, Section 4) were found to be
the most likely common-cause initiators with the
potential to cause releases al mare than one facility
and involve more than one material type. Thus,
some individual impacts presented herein for
seismically initiated accidents could be additive,
However, because the screening methods focused
on facilities with the largest inventories rather than
all possible facilities, summing impacts from the
assessed seismic accidents could be misleading and
wiis nof attempted. Mo cases were found where an
accident in one facibity could cause an accident in
a co=logated facility.

Each facility area was screened for initiating events
with the potential to canse nonnegligible
consequences. Only those locations identified with
substantial quantities of materials were considered.
Accidents with bounding consequences were
assessed as discussed below,

A4 Analysis of Accident Consequences

For health effects to cecur, an accident must
mviolve {a) a direct radiation exposure or (b) a loss
of confinement of the hazardous and/or radioactive
material and a release of some fraction of the
material o the immediate environment. For the
latter, the material must then be transported to
people. Emergency preparedness plans discussed
in Vaolume [, Section 711, Occupational and
Public Health and Safety, can be ivaked to reduce
hwman exposures for scenarios where time is
available 1 take action. The gquantities of
materials that reach people, and the wavs the
materials interact with human beings are important
factors in determining health effects.

In determining the conseguences (radiclogical and
toxicological) associated with the postulated
maximum reasonably foreseeable accidents, the
fallowing definitions were used;
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¢ Invalved Worker.  The involved worker is
defined as an individual directly involved in
facility operations at the time of the accident, and
within 100 meters (328 feet) of the point of
release.

« Monmvelved Worker., The noninvolved worker
15 defined as an an-site individual located greater
than 100 meters (328 feet) from the point of
release,

« Worker Population. The worker population is
defined as the population of workers {both
imvobved and noninvolved) within the path of the
plume with the wind assumed blowing toward the
nearest populated on-site facility area.

+ Mearest Public Access. The nearest public access
i5 the location of the nearest point of land to the
release location where members of the public
have unrestricted access and could be present,

Maximally Exposed Individual (MEI}, The MEI
iz defined as a hypothetical individual located at
the nearest public access.

« Off-5Site Population.  The off-site population is
defined as the collective sum of individuals
located within an BO-kilometer (50-mile) radius
of the facility and within the path of the plume
with the wind blowing in the most populous
direction.

The ways radioactive material reach human beings,
hovw it is absorbed and retained in the body, and the
resulting health effects have been studied in great
detail. The International Commission on
Radiological Protection has made specific
recommendations for quantifying these health
effects. This organization is the recognized body
for establishing standards for proftecting workers
and the puhlic from the effects of radiation
exposure. Health effects include acute damage (up
to and including death ) and latent ¢ffects, mcluding,
cancers and genetic damage. An INEL-developed
computer code, The Radiological Safeiy Analvsis
Computer  Programy (RSAC-3), WINCO-TT23
' Wenzel, 1993), estimates potential radiation doses
to maximally exposed individuals or population
groups from accidental releases of radionuclides.
This computer code uses well-establizshed scientific
and engineering principles as the basiz for the
various calculational steps.  The code has been
validated o accepted standards for this kind of

compuler sofiware,

For hazardous materials, several government
agencies recommend quantifying health effects as
threshold values of concentrations in air or water
that cause short-term effects. The long-term health
consequences of exposure to hazardous materials
are not as well understood as those for radiation.
Thus, the potential health effects reported here for
hazardous matenals are more qualitative than for
radioactive materials.  EPlcode™ (Emergency
Prediction fmformation Mamwal } (Homann, 1988)
wits used to estimate human health  effects
pesociated  with  the  release of  chemically
hazardous materials,

A5 Accident Tmpacts
ASd

Impacts from Alternative 1, Continue
Current (perations (Mo Action)

The accident impacts from Alterpative 1 are
summarized in Table AS5.0-1 (radiological
pecidents) and Table A.5.1-2 (hazardous chemical
pecidents).

A52  Impacts from Alternative 1, Dhiscontinue
Operations

The accident impacts from Allernative 2 are
summarized in Table A52-1 (radiclogical
sccidents) and Table A.35.2-2 (hazardous chemical
accidents).

AS3  Impacts from Alternative 3,
Ulse

Expuanded

The accident impacts from Aliernative 3 are
summarized in Table AS53-1 {radiological
pecidents)y and Table A.5.3-2 (hazardous chemical
sreidents),

A5.4  Impacts from Alternative 4, Alermate

Lse of Withdrawn Lands

The accident impacts from Alternative 4 are
summarized in Table A.5.4-1 (radiological
accidents) and Table A.5.4-2 (hazardous chemical
aceidents).

A-3
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NEFALK TEST SITE FINAL ENVIRONMENTAL IMPACT STATEMENT

Table A.5.1-1 Nevada Test Site and Off-Site Areas Radiological Facility Accident Probahilities

and Consequences (Page 1 of 2}
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NEVADA TEST SITE FINAL ENVIRONMENTAL IMPACT STATEMENT

Table A.5.1-1 Nevada Test Site and Off-Site Areas Radiological Facility Accident Probabilities
(Page 2 of 1)

and Consequences

Alfernative 1

Aceideml Frequsency Imvalved
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Waorker
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Blaximnally
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NEVADA TEST SITE FINAL ENVIRONMENTAL IMPACT STATEMENT

Table A.5.1-2 Chemical Accident Probabilities and Consequences {Page | of 2)
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NEVADA TEST SITE FINAL ENVIBONMENTAL IMPACT STATEMENT

Table A.5.1-2 Chemical Accident Probabilities and Consequences

{Page 2 of 2)
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NEVADA TEST SITE FINAL ENVIRONMWENTAL IMPACT STATEMENT

Table A.5.2-1 Nevada Test Site and Off-Site Areas Radiological Facility Accident Probabilities
and Consequences
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NEFALA TEST SITE FINAL ENVIBONMENTAL IMPACT STATEMENT

Table A.5.2-2 Chemical Accident Probabilities and Consequences
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NEVADA TEST SITE FINAL ENVIRONMENTAL IMPACT STATEMENT

Table A.5.3-1 Nevada Test Site and Off-Site Areas Radiological Facility Accident Probabilities
and Consequences
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NEVADA TEST SITE FINAL ENFIBONMENTAL IMPACT STATEMENT

Tahle A.5.3-1 Nevada Test Site and OT-Site Areas Radiological Facility Accident Probabilities

and Consequences (Page 2 of 2}
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Table A.5.3-2 Chemical Accident Probabilities and Consequences {Page | of 2)
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Table A.5.3-2 Chemical Accident Probahilities and Consequences iPage 2 of 2}
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Table A.5.4-1 Nevada Test Site and Off-Site Areas Radiological Facility Aceident Probabilities
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Tahble A.5.4-2 Chemical Accident Probahilities and Consequences {Page 2 of 2)
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