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4. ENVIRONMENTAL IMPACTS OF REPOSITORY
CONSTRUCTION, OPERATIONS, MONITORING, AND
CLOSURE

This chapter describes preclosure environmental impacts that could result from the Proposed Action,
which is to construct, operate, monitor, and eventually close a geologic repository for the disposal of
spent nuclear fuel and high-level radioactive waste at Yucca Mountain.

Preclosure refers to the time from the beginning of construction to final repository-closure and includes
the construction analytical period, operations analytical period, monitoring analytical period, and
closure analytical period that the U.S. Department of Energy (DOE or the Department) analyzed.
Chapter 5 of this Final Supplemental Environmental Impact Statement for a Geologic Repository for the
Disposal of Spent Nuclear Fuel and High-Level Radioactive Waste at Yucca Mountain, Nye County,
Nevada (DOE/EIS-0250F-S1) (Repository SEIS) discusses the environmental consequences of
postclosure repository performance—that period out to 10,000 years and beyond after repository-closure.
Chapter 6 discusses the environmental consequences of transportation, and Chapter 7 discusses the
environmental consequences of the No-Action Alternative.

Section 4.1 describes potential environmental impacts from activities at the repository site and from
offsite manufacturing of repository components [for example, transportation, aging, and disposal (TAD)
canisters, waste packages, and drip shields]. It also describes the impacts from proposed special-use
airspace above the repository. The methods DOE used in the analyses to predict the potential impacts in
this section were conservative. This means that the predicted results are likely to be higher than the actual
values that would be measured or observed. Examples of conservative methods included not considering
best management practices for dust suppression in the predictive release and concentration analyses for
particulate matter, not taking credit for demonstrated successful remediation and reclamation efforts in
the disturbed land analyses, and not applying DOE radiation protection program objectives such as As
Low As Reasonably Achievable into worker radiation exposure analyses. The occupational and human
health and safety and accident analyses used multiple methods that were conservative, which increases
the likelihood that the predicted results would be higher than the actual measured or observed values.
Each of the resource sections in this chapter and any associated appendices provide the specifics of the
analyses.

Since DOE completed the Final Environmental Impact Statement for a Geologic Repository for the
Disposal of Spent Nuclear Fuel and High-Level Radioactive Waste at Yucca Mountain, Nye County,
Nevada (DOE/EIS-0250F; DIRS 155970-DOE 2002, all) (Yucca Mountain FEIS), it has modified its
repository design and operational plans. These modifications have resulted in changes to information for
the analyses of potential environmental impacts and, therefore, resulted in new impact analyses for each
of the 15 resource and subject areas evaluated in this Repository SEIS. Land disturbance, water and fuel
use, number of repository workers, and credible accidents from repository-related activities are examples
of information DOE used for analysis of impacts that have changed since the completion of the FEIS.
This new information, in turn, resulted in changes to the impact analyses for multiple resource areas. For
example, new information for land disturbance required a reevaluation of impacts to land use and
ownership, air quality, hydrology, biological resources and soils, cultural resources, aesthetics, and noise.
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DEFINITIONS OF DURATION TERMS

Repository SEIS analytical periods:
Four timeframes are defined for use in this Repository SEIS to best evaluate potential
preclosure environmental impacts:

+ Construction analytical period: 5 years—Begins upon receipt of the construction
authorization from the NRC and ends prior to receipt of a license to receive and possess
radiological materials. Activities would include site preparation, surface construction, and
subsurface development.

* Operations analytical period: 50 years—Begins upon receipt of a license to receive and
possess radiological materials and ends upon emplacement of the final waste package.
Activities would include receipt, handling, aging, emplacement, and monitoring of waste, as
well as continued construction of surface and subsurface facilities.

* Monitoring analytical period: 50 years—Begins upon emplacement of the final waste
package. Activities would include maintaining active ventilation of the repository for as long
as 50 years, remotely inspecting waste packages, and continuing investigations in support
of predictions related to postclosure performance.

* Closure analytical period: 10 years—Overlaps the last 10 years of the monitoring period
and includes activities that would begin upon receipt of a license amendment to close.
Activities would include decommissioning and demolishing surface facilities, emplacing drip
shields, backfilling subsurface-to-surface openings, restoring the surface to its approximate
condition before repository construction, and constructing monuments to mark the site.

Operational phases:
Four phases used in DOE’s application for construction authorization to indicate when specific
facilities are expected to be operational under the planned phased construction. Operational
phases are Phase 1, Phase 2, Phase 3, and Phase 4.

Preclosure:
The timeframe from construction authorization to repository closure.

Postclosure:
The timeframe after permanent closure of the repository through the 1 million years analyzed
in this Repository SEIS.

Repository-closure:
The point in time when activities associated with the closure analytical period, such as decom-
missioning and demolishing surface facilities and backfilling subsurface-to-surface openings,
have been completed. Permanent closure of the repository would be complete; postclosure
timeframe would begin.

Where noted in this chapter of the Repository SEIS, DOE summarizes, incorporates by reference, and
updates Chapter 4 of the Yucca Mountain FEIS (DIRS 155970-DOE 2002, pp. 4-1 to 4-128) and presents
new information, as applicable, from studies and investigations that continued after the completion of the
FEIS. If the Department did not use information from the FEIS, but rather based the impact analysis in a
subsection on new information, the introduction to that subsection so states and does not reference the
FEIS. To ensure that the source of the information is clear, DOE states it is summarizing, incorporating
by reference, and updating the FEIS in the introduction to each applicable section or subsection of
Section 4.1.
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Section 4.2 describes potential environmental impacts of waste retrieval if this option became necessary.
The current concept for retrieval has not changed from that which DOE analyzed in the Yucca Mountain
FEIS, which is summarized and incorporated by reference.

Section 4.3 presents a new section that evaluates actions that include repair, replacement, or improvement
of existing Yucca Mountain Project facilities that would enable DOE to continue ongoing operations,
scientific testing, and routine maintenance until the U.S. Nuclear Regulatory Commission (NRC) decides
whether to authorize construction of a repository. DOE needs to improve the Yucca Mountain site
infrastructure not only to ensure safety for workers, regulators, and visitors, but also to comply with
applicable environmental, health, and safety standards and DOE Directives. The Department could
implement these specific elements before it received construction authorization from the NRC. Before
implementation, a Record of Decision on this Repository SEIS will present any decisions DOE might
make in relation to the improvements. These actions would be independent of repository construction.

4.1 Preclosure Environmental Impacts of Construction,
Operations, Monitoring, and Closure of a Repository

This section describes the preclosure environmental impacts from the Proposed Action. DOE has
described these impacts by the analytical periods of the Proposed Action—construction, operations,
monitoring, and closure—and the activities (some of which overlap) associated with them.

The following paragraphs summarize the periods and associated activities DOE has evaluated in this
Repository SEIS. Chapter 2 (Table 2-1) of this Repository SEIS describes these periods and activities in
detail.

Construction Analytical Period (5 Years)
The construction analytical period would begin when the NRC authorized DOE to build the repository.

For analysis purposes, this Repository SEIS assumes construction would begin in about 2012 and would
be complete upon receipt of the NRC license to receive and possess radiological materials. Site
preparation would include such activities as the demolition or relocation of existing facilities, excavation
of fill material down to the original ground contours, and placement and compaction of engineered
backfill in the areas of facility construction. The Department would construct new surface facilities and
balance of plant facilities (which would include infrastructure) necessary for initial receipt and
emplacement of spent nuclear fuel and high-level radioactive waste. In addition, DOE would begin
development (excavation and preparation for use) of the subsurface facility.

Operations Analytical Period (up to 50 Years)

For this analysis, DOE assumed that repository operations would begin in 2017, after it received a license
from the NRC to receive and possess spent nuclear fuel and high-level radioactive waste. The operations
analytical period would include continued construction of surface facilities and development (excavation
and preparation for use) of the subsurface repository, receipt and handling of spent nuclear fuel and high-
level radioactive waste in surface facilities, and emplacement of these materials in the completed portions
of the repository. Surface facility construction activities would continue for approximately 5 years into
the operations period. Development activities would last 22 years and would be concurrent with handling
and emplacement. Handling and emplacement activities would last up to 50 years.
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Monitoring Analytical Period (50 Years)

Monitoring of the emplaced material and maintenance of the repository would start with the first
emplacement of a waste package and would continue through the closure analytical period. After the
completion of the operations analytical period (emplacement), the monitoring analytical period that DOE
used for analysis in this Repository SEIS would begin. Monitoring would be the primary activity. DOE
would maintain the repository in a configuration that enabled continued monitoring and inspection of the
waste packages, continued investigations in support of long-term repository performance (the ability to
isolate waste from the accessible environment), and the retrieval of waste packages, if necessary. This
period would last 50 years. DOE has also analyzed the potential for a monitoring period of up to 250
years. This analysis is included in Appendix A, Section A.6.

Closure Analytical Period (10 Years)

Repository closure would occur after DOE applied for and received a license amendment from the NRC.
Closure would take 10 years and would occur during the last 10 years of the monitoring analytical period.
The closure of the repository facilities would include the following activities:

¢ Emplacing the drip shields,

¢ Removing and salvaging reusable equipment and materials,

e Backfilling and sealing subsurface-to-surface openings,

¢ Constructing monuments to mark the area,

e Decommissioning and demolishing surface facilities, and

e Restoring the surface to its approximate condition before repository construction.

411 IMPACTS TO LAND USE AND OWNERSHIP

This section describes potential land use and ownership impacts from activities under the Proposed
Action. The region of influence for land use and ownership impacts is the analyzed land withdrawal area
and an area to the south that DOE proposes to use for offsite facilities and an access road from

U.S. Highway 95. Congress would define the actual land withdrawal area. The analysis considered
impacts from direct disturbances in relation to proposed repository construction, operations, monitoring,
and closure as well as construction and operation of the access road and offsite facilities. It also
considered impacts from the transfer of lands to DOE control. Section 4.1.1.1 summarizes, incorporates
by reference, and updates Section 4.1.1.1 of the Yucca Mountain FEIS (DIRS 155970-DOE 2002, pp. 4-5
and 4-6). Section 4.1.1.2 provides a new analysis based on the modified design and operational plan.
Section 4.1.15 describes the requirement for airspace restrictions and the impacts to airspace use from
these restrictions.

4111 Impacts to Land Use and Ownership from Land Withdrawal

To develop a repository at Yucca Mountain, DOE would have to obtain permanent control of the geologic
repository operations area, currently under the control of DOE (National Nuclear Security
Adminsitration), the U.S. Department of Defense (U.S. Air Force), and the U.S. Department of the
Interior (Bureau of Land Management). This would require Congressional action. The geologic
repository operations area would occupy a small portion of a larger area [600 square kilometers (230
square miles or approximately 150,000 acres)], which would include a buffer zone. Because Congress
has not withdrawn this land, this Repository SEIS refers to the 230 square miles as the analyzed land
withdrawal area.
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At present, the Bureau of Land Management administers approximately 180 square kilometers

(44,000 acres) of the analyzed land withdrawal area. Most of this area is associated with the current right-
of-way (N-47748) for previous site characterization activities. As such, with the exception of about
17.22 square kilometers (4,255.50 acres) near the site of the proposed repository (67 FR 53359) and an
existing patented mining claim, these lands are available for public uses such as mineral exploration,
recreation, and grazing. Congress granted these rights under various federal laws, such as the Federal
Land Policy and Management Act of 1976, as amended (43 U.S.C. 1701 et seq.).

The Bureau of Land Management would conduct mineral examinations to assess valid existing rights in
all mining claims within the lands subject to the permanent legislative withdrawal. DOE would provide
just compensation for the acquisition of such valid property rights. DOE, in consultation with the U.S.
Air Force and the Bureau of Land Management, as appropriate, would manage the withdrawn land in
accordance with the Federal Land Policy and Management Act of 1976, the conditions of the permanent
legislative withdrawal set forth by Congress, and other applicable laws.

41.1.2 Impacts to Land Use and Ownership from Construction, Operations,
Monitoring, and Closure

During the construction, operations, and monitoring analytical periods, DOE would disturb or clear land
for subsurface and surface facility construction. The total land disturbance for the proposed repository,
access road, and offsite facilities would be approximately 9 square kilometers (2,200 acres).

Land disturbances would include approximately 8.5 square kilometers (2,100 acres) of small
noncontiguous areas inside the analyzed land withdrawal area. Most of the surface facilities and
disturbed land would be in the geologic repository operations area (Chapter 2, Section 2.1.2). Repository
activities would not conflict with current land uses on adjacent lands under control of the Bureau of Land
Management, U.S. Air Force, and DOE.

The Proposed Action would disturb approximately 0.57 square kilometer (140 acres) of Bureau of Land
Management land outside the analyzed land withdrawal area for construction of offsite facilities and an
access road from U.S. Highway 95. DOE would relocate the current access road intersection with

U.S. Highway 95 approximately 0.39 kilometer (0.24 mile) to the southeast to line up with the
intersection of Nevada State Route 373 and U.S. Highway 95. The projected volume of traffic could be
handled by acceleration and deceleration lanes and a controlled access at the Gate 510/State Route
373/U.S. Highway 95 intersection. The estimated area for such an intersection would be approximately
0.11 square kilometer (28 acres). Because the existing highway through this area uses approximately
0.065 square kilometer (16 acres), only about 0.049 square kilometer (12 acres) of new land would be
necessary. Approximately 0.097 square kilometer (24 acres) would be necessary for 1.6 kilometers

(1 mile) of new road about 61 meters (200 feet) wide. Relocation of the road would require cooperation
with Nye County plans for the Amargosa Valley area, a right-of-way from the Bureau of Land
Management, and coordination with the Nevada Department of Transportation.

The analysis assumed a training facility, the Sample Management Facility, a marshalling yard and
warehouse, and temporary housing for construction workers would be near Gate 510 on Bureau of Land
Management land outside the analyzed land withdrawal area. As noted in Section 3.1.1.1 of this
Repository SEIS, the Bureau of Land Management has designated for disposal a portion of the land south
of the analyzed land withdrawal area and Nye County has formally notified the Bureau of its intent to
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purchase up to 1.2 square kilometers (296 acres) for development that could host these facilities (DIRS
182804-Maher 2006, all). The training facility would require a 0.02-square-kilometer (5-acre) parcel for
the facility, associated parking, landscaping, and access. The Sample Management Facility would require
0.012 square kilometer (3 acres). DOE could build the Sample Management Facility inside the analyzed
land withdrawal area; however, to be conservative, the analysis assumed it would be outside the land
withdrawal area. The marshalling yard and warehouse would require fencing, offices, warehousing, open
laydown, and shops on 0.2 square kilometer (50 acres). Temporary housing accommodations for
construction workers would require approximately 0.10 square kilometer (25 acres), but DOE would
reclaim the lands when it no longer needed to use them. DOE could use the temporary accommodations
for railroad construction workers in the Crater Flat area, which is part of the proposal in the Rail
Alignment EIS. Depending on the need for housing, the Department could use the rail construction camp
either in lieu of temporary accommodations at the southern boundary or in addition to those
accommodations.

The Bureau of Land Management controls lands to the south of the analyzed land withdrawal area and
manages them in accordance to the Record of Decision for the Approved Las Vegas Resource
Management Plan and Final Environmental Impact Statement (DIRS 176043-BLM 1998, all). This plan
designates corridors in its planning area to avoid Areas of Critical Environmental Concern. The proposed
activities outside the analyzed land withdrawal area would not overlap such areas (DIRS 103079-BLM
1998, Map 2-7) and, therefore, they do not conflict with the Bureau’s management plan.

Chapter 6 discusses land use and impacts from construction and operation of a railroad in Nevada and
associated rail facilities.

Before any ground disturbing activities, DOE would identify geodetic control monuments in areas that
could be disturbed. If there was a need to relocate a monument, DOE would notify the Office of the
Director of the National Oceanic and Atmospheric Administration, National Geodetic Survey no less than
90 days before any planned activities that could disturb or destroy the monument. During closure, DOE
would restore disturbed areas it no longer needed to their approximate condition before repository
construction.

Surface disturbance inside the analyzed land withdrawal area of approximately 8.5 square kilometers
(2,100 acres) would represent a small amount of the 600 square kilometers (150,000 acres) of the
withdrawal. Further, 2.43 square kilometers (600 acres) were previously disturbed (Chapter 3, Section
3.1.1.2). DOE also would disturb approximately 0.48 square kilometer (120 acres) of previously
undisturbed land outside the analyzed land withdrawal area but would avoid conflicts with surrounding
land uses to the extent possible. Therefore, land use impacts from activities under the Proposed Action
would be small.

41.2 IMPACTS TO AIR QUALITY

This section updates potential impacts to air quality in the Yucca Mountain region from release of
nonradiological air pollutants during construction, operations, monitoring, and closure of the proposed
repository since completion of the Yucca Mountain FEIS. DOE based its reanalysis of impacts to air
quality for this Repository SEIS on the modified design that Chapter 2 describes. The region of influence
is an area with a radius of approximately 84 kilometers (52 miles) around the Yucca Mountain site.
Appendix B discusses the methods DOE used for air quality analysis for this Repository SEIS, including
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the new model for estimation of the annual and short-term (24-hour or less) air quality impacts at the
proposed repository, and provides additional data and intermediate results the Department used to
estimate air quality impacts. Section 4.1.7.2 discusses health impacts associated with radiological air
quality.

Sources of nonradiological air pollutants at the PARTICULATE MATTER
repository site would include fugitive dust emissions

from land disturbances and excavated rock handling; . . .
fugitive dust emissions from concrete batch plant P-amCUIate e W-Ith il actod)namic
} diameter of 2.5 micrometers or less
operations; and nitrogen dioxide, sulfur dioxide, (about 0.0001 inch).
carbon monoxide, and particulate matter emissions
from fossil-fuel use. DOE used the American . . .
Meteorological Society/Environmental Protection P_artlculate matter W-Ith M aerocynamis
diameter of 10 micrometers or less
Agency Regulatory Model (AERMOD) computer (about 0.0004 inch).
program to estimate the annual and short-term (241
hour or less) air quality impacts. The Department
evaluated impacts for five criteria pollutants: carbon
monoxide, nitrogen dioxide, sulfur dioxide, ozone,
and particulate matter. The analysis did not
quantitatively address the criteria pollutant lead because there would be no significant sources of airborne
lead at the repository (Appendix B, Section B.1). DOE used the National Ambient Air Quality Standards,
described in Chapter 3, Section 3.1.2.1, to analyze air quality impacts. These standards set limits to
protect public health, including the health of sensitive populations such as asthmatics, children, and the
elderly. In addition to the criteria pollutants, DOE evaluated potential impacts from cristobalite, a form of
silica dust that is the causative agent for silicosis and might be a carcinogen. Erionite is an uncommon
zeolite mineral that underground construction could encounter, but it appears to be absent or rare at the
proposed repository depth and location. Erionite would not affect air quality in the area around the
repository, and DOE did not consider it in the analysis. Ozone is not emitted directly into the atmosphere,
but is created by complex chemical reactions of precursor pollutants in the presence of sunlight. The
precursor pollutants are nitrogen oxides (including nitrogen dioxide) and volatile organic compounds.
The major source for volatile organic compounds and nitrogen dioxide is the burning of fossil fuels.
DOE’s analysis of ozone evaluated the emissions of these precursors. Section 4.1.2.6 of this Repository
SEIS discusses greenhouse gases, primarily carbon dioxide.

PM, .:

PM10:

As a frame of reference, the diameter of the
average human hair is approximately 70
micrometers.

The air quality analysis evaluated impacts at the potential locations of maximally exposed individual
members of the public. (Section 4.1.7.1 presents impacts to workers.) The analysis defined the locations
as the nearest points of unrestricted public access outside the analyzed land withdrawal area. For periods
of 1 year or longer, the analysis assumed maximally exposed individuals were at the southern boundary of
the land withdrawal area, the closest location they could be for long periods during repository activities.
The maximum air quality impact (that is, air concentration) that would result from repository activities
could occur at different locations along the boundary of the land withdrawal area depending on the release
period and the averaging time. The maximally exposed individual would be the person at the location
with the highest concentration per release period and averaging time. Appendix B, Section B.3 describes
the locations of maximally exposed individuals in greater detail.
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CONFORMITY

Section 176(c)(1) of the Clean Air Act (42 U.S.C. 7401 et seq.) requires federal agencies to ensure that
their actions conform to applicable implementation plans for the achievement and maintenance of
National Ambient Air Quality Standards for criteria pollutants. To achieve conformity, a federal action
must not contribute to new violations of standards for ambient air quality, increase the frequency or
severity of existing violations, or delay timely attainment of standards in the area of concern (for
example, a state or smaller air quality region). The U.S. Environmental Protections Agency (EPA)
general conformity regulations (40 CFR Part 93, Subpart B) contain guidance for determination of
whether a proposed federal action would cause emissions to be above certain levels in locations that
EPA designhated as nonattainment or maintenance areas. If there are not enough air quality data to
determine the status of attainment of a remote or sparsely populated area, the area is listed as
unclassifiable. The quality of the air in the region of influence is unclassifiable because of limited air
quality data (40 CFR 81.329). For regulatory purposes, EPA considers unclassifiable areas to be
in attainment.

A portion of Clark County is in nonattainment for carbon monoxide, PM1g, and the 8-hour ozone
standard (40 CFR Part 81). These nonattainment areas are outside the 84-kilometer (52-mile) region
of influence for air quality. A portion of Inyo County, California, is in nonattainment for the PMqq
standard (40 CFR Part 81). This nonattainment area is also outside the 84-kilometer region of
influence for air quality. A portion of Nye County near the town of Pahrump has a maintenance status
for PM4o. This maintenance area is at the edge of the 84-kilometer region of influence for air
quality.

The provisions of the conformity rule apply only where the action is in a federally classified
nonattainment or maintenance area. As already specified, there are no nonattainment areas in the
region of influence for air quality. The repository would be less than 84 kilometers (52 miles) from a
PMjo maintenance area, and PMq impacts from repository activities would be very small. Although
the conformity regulations would not apply to the Proposed Action, DOE would work with Nye County
to ensure that the Proposed Action would not contribute to additional violations of PM4q air quality
standards in the maintenance area.

This conformity review applies only to those portions of the Proposed Action that are in the
84-kilometer (52-mile) region of influence for air quality. The conformity review for the balance of the
rail alignment is in the Rail Alignment EIS.

41.21 Impacts to Air Quality from Construction

This section describes nonradiological air quality impacts that could occur during the construction
analytical period of the proposed repository. For analytical purposes, DOE assumed that the construction
period would last 5 years and that construction activities would be evenly distributed over the period.
Activities during this period would include infrastructure upgrades, excavation of fill material, subsurface
excavation to prepare the repository for initial emplacement operations, construction of surface facilities
in the geologic repository operations area and South Portal development area, and construction of
ventilation shafts and associated access roads. Table 2-1 of this Repository SEIS lists activities during the
construction period.

Construction activities would result in emissions of air pollutants from subsurface and surface activities.
These emissions would include the following:
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e Fugitive dust in the form of PM,, (particulate matter with an aerodynamic diameter of
10 micrometers or less) during site preparation from the excavation of undocumented fill in the
geologic repository operations area;

e Fugitive dust (PM;) from land-disturbing activities during surface construction, which would include
the access road, utility corridor, surface facilities, Aging Facility, and Rail Equipment Maintenance
Yard and other rail facilities;

e Fugitive dust (PM;,) from the placement and maintenance of excavated rock at a surface storage pile;
e Particulate matter (PM,,) from ventilation exhausts during subsurface excavation;
e Particulate matter (PM,,) from three concrete batch plants; and

e QGaseous criteria pollutants (carbon monoxide, nitrogen dioxide, sulfur dioxide) and particulate matter
with an aerodynamic diameter of 2.5 micrometers or less (PM,; 5) from fossil fuel consumption by
construction vehicles.

Table 4-1 lists the maximum estimated impacts to air quality at the boundary of the analyzed land
withdrawal area for repository activities that would occur in that area. Maximum concentrations of
carbon monoxide, nitrogen dioxide, sulfur dioxide, and PM, s at the analyzed land withdrawal area
boundary would be small. The maximum concentration of PMo would be within the regulatory limit.
Although normal dust suppression measures such as watering the ground surface would reduce the PM,,
concentration, the analysis did not consider such measures.

The maximum annual concentration of the ozone precursor nitrogen dioxide would be less than

0.05 percent of the regulatory limit, and the annual emissions would be less than 4 percent of the total
estimated nitrogen oxide emissions of approximately 1.3 million kilograms (1,400 tons) in Nye County
during 2002 (DIRS 177709-EPA 2006, all). The other ozone precursor, volatile organic compounds,
would have estimated annual emissions of about 5,300 kilograms (about 12,000 pounds) from repository
construction activities. Because Yucca Mountain is in an attainment area for ozone, the analysis
compared the estimated annual release of volatile organic compounds to the Prevention of Significant
Deterioration of Air Quality emission threshold for volatile organic compounds for stationary sources
(40 CFR 52.21). The volatile organic compound emission threshold is 36,000 kilograms (80,000 pounds)
per year, so the peak annual release from the repository would be well below the level. The impact of
these pollutants on ozone formation should not cause violations of the ozone standard.

Cristobalite is one of several naturally occurring crystalline forms of silica (silicon dioxide) that occur in
Yucca Mountain tuffs. Cristobalite is principally a concern for workers who could inhale the particles
during subsurface excavation operations (Section 4.1.7.1). Prolonged high exposure to crystalline silica
might cause silicosis, a disease characterized by scarring of the lung tissue. Research has shown an
increased cancer risk to humans who already have developed adverse noncancer effects from silicosis, but
the cancer risk to otherwise healthy individuals is not clear.

Cristobalite would be emitted from the subsurface by the ventilation system during excavation operations,
and there would be releases in the form of fugitive dust from the excavated rock pile. Fugitive dust from
the rock pile would be the largest potential source of cristobalite exposure to surface workers and to the
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Table 4-1. Maximum construction analytical period concentrations of criteria pollutants and cristobalite
at the land withdrawal area boundary (micrograms per cubic meter).*”

Averaging Regulatory Maximum Percent of
Pollutant time limit® concentration’ regulatory limit
Carbon monoxide® 8-hour 10,000 16 0.16
1-hour 40,000 130 0.32
Nitrogen dioxide® Annual 100 0.043 0.043
Sulfur dioxide* Annual 80 0.00016 0.00020
24-hour 365 0.023 0.0062
3-hour 1,300 0.18 0.014
PM;° 24-hour 150 59 40
PM, 5° Annual 15 0.0024 0.016
24-hour 35 0.34 1.0
Cristobalite Annual 10" 0.048 0.48"

a.  Appendix B describes the analysis of maximum concentrations and percent of regulatory limits.

b.  All numbers except regulatory limits are rounded to two significant figures.

c. Regulatory limits for criteria pollutants are from 40 CFR 50.4 through 50.11 and Nevada Administrative Code
445B.22097 (Table 3-5).

d.  Sum of highest estimated concentrations at the accessible land withdrawal boundary regardless of direction (Appendix B
contains more information). Does not include background concentrations. Table 3-2 in Chapter 3 lists the highest
measured background concentrations at Yucca Mountain. The maximum concentrations would not exceed the regulatory
limits after adding the highest background concentrations.

e. DOE assumed that construction vehicles would be between model years 2006 and 2010 and would meet Tier 3 emission
standards.

f.  There are no regulatory limits for public exposure to cristobalite. DOE used a comparative benchmark of 10 micrograms
per cubic meter (Section 4.1.2.1 and Appendix B, Section B.1).

public. DOE would perform evaluations of airborne crystalline silica at Yucca Mountain during routine
operations and tunneling. For this analysis, DOE assumed that 28 percent of the fugitive dust from the
rock pile and subsurface excavation would be cristobalite. This reflects the maximum cristobalite content
of the parent rock, which ranges from 18 to 28 percent (DIRS 104523-CRWMS M&O 1999, p. 4-81).
Using the parent rock percentage overestimates the airborne cristobalite concentration because studies of
ambient and occupational airborne crystalline silica have shown that most of the silica is coarse (not
respirable) and that larger particles do not stay airborne but rapidly deposit on the surface. Table 4-1 lists
estimated cristobalite concentrations at the analyzed land withdrawal boundary during the construction
analytical period.

There are no regulatory limits for public exposure to cristobalite, even though there are regulatory limits
for worker exposure (29 CFR 1910.1000). Due to the lack of regulatory limits for public exposure to
cristobalite, this analysis used a comparative benchmark of 10 micrograms per cubic meter. A

U.S. Environmental Protection Agency (EPA) health assessment stated that the risk of silicosis is less
than 1 percent for a cumulative exposure of 1,000 micrograms per cubic meter multiplied by years (DIRS
103243-EPA 1996, p. 1-5). Over a 70-year lifetime, this benchmark would correspond to an annual
average exposure concentration of approximately 14 micrograms per cubic meter. For added
conservatism, the analysis used an annual concentration of 10 micrograms per cubic meter as the
benchmark. Table 4-1 compares the estimated cristobalite concentrations and this assumed benchmark.
The postulated annual average exposure would be less than 0.5 percent of the benchmark. DOE would
use common dust suppression techniques (such as water spraying) to reduce releases of fugitive dust, and
thus cristobalite, from the excavated rock pile.
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Surface construction outside the analyzed land withdrawal area (that is, off the Yucca Mountain site)
would occur during the construction analytical period. Offsite construction would include an intersection
at U.S. Highway 95, the Sample Management Facility, and other areas such as a training facility and an
offsite marshalling yard for construction materials. Because these activities would be outside the
analyzed land withdrawal area, the potential location of the maximally exposed individual member of the
public would not be at the boundary of that area, as with activities within the area. The maximally
exposed member of the public would be adjacent to the offsite construction. Table 4-2 lists the maximum
estimated impacts to air quality as a result of offsite construction. The maximum concentrations are for
individuals 100 meters (330 feet) from the construction activities (Appendix B, Section B.3). Although
DOE would use dust suppression measures to reduce the PM,( concentration, the impact analysis did not
consider such measures.

Table 4-2. Maximum construction analytical period concentration of criteria pollutants 100 meters (330
feet) from offsite construction activities (micrograms per cubic meter).

Averaging Regulatory Maximum Percent of
Pollutant time limit® concentration regulatory limit
Carbon monoxide” 8-hour 10,000 21 0.21
1-hour 40,000 170 0.42
Nitrogen dioxide” Annual 100 1.0 1.0
Sulfur dioxide® Annual 80 0.0040 0.0051
24-hour 365 0.032 0.0088
3-hour 1,300 0.24 0.019
PM[O 24-hour 150 64 43
PM, 5 Annual 15 0.057 0.38
24-hour 35 0.49 1.4

Note: All numbers except regulatory limits are rounded to two significant figures.

a. Regulatory limits for criteria pollutants are from 40 CFR 50.4 through 50.11 and Nevada Administrative Code
445B.22097 (Table 3-5).

b. DOE assumed construction vehicles would be between model years 2006 and 2010 and would meet Tier 3 emission
standards.

The maximally exposed individual member of the public who was near offsite construction would also be
exposed to concentrations of criteria pollutants from activities in the land withdrawal area. Therefore, the
maximum air quality impact for a person near offsite construction must include a contribution from
activities in the land withdrawal area. Because PMq is the criteria pollutant that would be closest to
reaching its regulatory limit, DOE selected it for air quality impact analysis. Individuals near offsite
construction could be affected by a maximum PM,, concentration of 53 micrograms per cubic meter from
repository construction activities in the land withdrawal area. This is less than 36 percent of the PM;,
regulatory limit. Therefore, the total maximum PM, air quality impact near the offsite construction could
be about 78 percent of the regulatory limit. DOE calculated this value by adding the less than 36 percent
of the regulatory limit from activities in the land withdrawal area to the 43 percent of the regulatory limit
from offsite construction activities. (The scenario does not consider background concentrations of PM;.
Table 3-2 in Chapter 3 lists the highest measured background concentration of PM;, at Yucca Mountain.)
This most conservative case assumes that peak offsite construction would occur simultaneously with peak
construction in the land withdrawal area. It does not consider normal dust suppression methods. The
actual air quality impact for PM,, should be less than the most conservative case.
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41.2.2 Impacts to Air Quality from Operations

This section describes potential nonradiological air quality impacts during the operations analytical period
of the Yucca Mountain Repository. For analytical purposes, this period would begin on receipt of an
NRC license amendment to receive and possess spent nuclear fuel and high-level radioactive waste, and
would include receipt, handling, aging, emplacement, and monitoring of these materials. DOE plans to
continue surface construction during the first 5 years and to continue subsurface development during the
first 25 years of this period. The maximum air quality impacts would occur during the first 5 years of the
period, when surface construction and operation activities would occur at the same time. The operations
analytical period would last up to 50 years and would end on emplacement of the last waste package.

Continued subsurface development would result in the release of fugitive dust (PM,) from the ventilation
exhausts. Activities at the surface would result in the following air emissions during this period:

e Fugitive dust (PM;) from continued land-disturbing construction activities on the surface, which
would include the North Construction Portal, remaining facilities at the North Portal, and a
remaining aging pad;

e Fugitive dust (PM,) from the excavation, placement, and maintenance of rock at the excavated rock
storage pile;

e C(ristobalite emissions from subsurface excavations and the excavated rock storage pile;
e Particulate matter (PM,,) from the concrete batch plants;

e QGaseous criteria pollutants (carbon monoxide, nitrogen dioxide, and sulfur dioxide) and particulate
matter (PM,; 5) from vehicles during surface construction and the emplacement of waste packages; and

e Gaseous criteria pollutants and particulate matter (PM, s) from diesel boilers and standby and
emergency diesel generators.

Table 4-3 lists the maximum estimated impacts to air quality at the boundary of the analyzed land
withdrawal area during the operations analytical period.

As listed in Table 4-3, the maximum offsite concentrations of carbon monoxide, nitrogen dioxide, sulfur
dioxide, and PM, s would be small. The public maximally exposed individual would be exposed to less
than 3 percent of the applicable regulatory limits. The maximum offsite concentration of PM;,could be
about 7.6 percent of the applicable regulatory limits. The analysis did not take credit for standard
construction dust suppression measures, which DOE would implement to further lower projected PM;,
concentrations by reducing fugitive dust from surface-disturbing activities. These suppression methods
would have little effect on PM, 5 concentrations because fugitive dust is not a major source of this
pollutant.

The maximum annual concentration of the ozone precursor nitrogen dioxide during the operations
analytical period would be about 0.12 percent of the regulatory limit and the annual emissions would be
about 10 percent of the total estimated nitrogen dioxide emissions of 1.3 million kilograms (1,400 tons) in
Nye County during 2002 (DIRS 177709-EPA 2006, all). Nitrogen dioxide forms primarily from

4-12



Environmental Impacts of Repository Construction, Operations, Monitoring, and Closure

Table 4-3. Maximum operations analytical period concentrations of criteria pollutants and cristobalite at
the land withdrawal area boundary (micrograms per cubic meter).*

Averaging Regulatory Maximum Percent of
Pollutant time limit® concentration’ regulatory limit
Carbon monoxide® 8-hour 10,000 68 0.68
1-hour 40,000 550 1.4
Nitrogen dioxide® Annual 100 0.12 0.12
Sulfur dioxide* Annual 80 0.00078 0.00098
24-hour 365 0.11 0.030
3-hour 1,300 0.89 0.068
PM;° 24-hour 150 11 7.6
PM, 5° Annual 15 0.0064 0.043
24-hour 35 0.91 2.6
Cristobalite Annual 10" 0.0021 0.021"

a. Appendix B describes the analysis of maximum concentrations and percent of regulatory limits.

b.  All numbers except regulatory limits are rounded to two significant figures.

c. Regulatory limits for criteria pollutants are from 40 CFR 50.4 through 50.11 and Nevada Administrative Code
445B.22097 (Table 3-5).

d.  Sum of highest estimated concentrations at the accessible land withdrawal boundary regardless of direction (Appendix B
contains more information). Does not include background concentrations. Table 3-2 in Chapter 3 lists the highest
measured background concentrations at Yucca Mountain. The maximum concentrations would not exceed the regulatory
limits after adding the highest background concentrations.

e. DOE assumed that all construction vehicles during the first 5 years of the operations analytical period would be between
model years 2006 and 2010 and would meet Tier 3 emission standards.

f.  There are no regulatory limits for public exposure to cristobalite. DOE used a comparative benchmark of 10 micrograms
per cubic meter (Section 4.1.2.1 and Appendix B, Section B.1).

combustion of fossil fuels from sources such as standby diesel generators, emergency diesel generators,
and fossil-fuel vehicles. The Proposed Action would consume only about 2.2 percent of diesel fuel use in
Clark, Nye, and Lincoln counties in 2004 and only about 0.04 percent of the gasoline (Section 4.1.11.4).
The other ozone precursor, volatile organic compounds, would have an estimated maximum annual
emission of about 14,000 kilograms (about 30,000 pounds) during the first 5 years of the operations
period. As discussed in Section 4.1.2.1, this would be significantly below the Prevention of Significant
Deterioration of Air Quality emission threshold for volatile organic compounds. DOE anticipates that the
impact of these pollutants on ozone formation would not cause violations of the ozone standard.

Table 4-3 also lists cristobalite concentrations at the land withdrawal area boundary. As Section 4.1.2.1
discusses for the construction analytical period, the analysis of the operations analytical period assumed
that 28 percent of the fugitive dust releases from the excavated rock pile would be cristobalite. There are
no public limits for exposure to cristobalite, so the analysis used an approximate annual average
concentration of 10 micrograms per cubic meter as a benchmark. The estimated exposures to cristobalite
from repository operations would be approximately 0.002 microgram per cubic meter, or less than 0.03
percent of the benchmark.

Concentrations of PM;o would be less during the operations analytical period than during the construction
analytical period due to a decrease in surface disturbance and a reduction in concrete batch plant
operations. Concentrations of cristobalite also would decrease during the operations analytical period
even though the amount of subsurface excavation and the size of the excavated rock pile would increase.
Concentrations of gaseous criteria pollutants would increase during the first 5 years of the operations
period over those of the construction period due to vehicle emissions from construction activities and
repository operations and to emissions from diesel generators and boilers.
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No air quality impacts would result from facilities outside the land withdrawal area during the operations
analytical period. The training facility and marshalling yard would not be significant sources of criteria
pollutants. The amount of fuel that vehicles would use at the facilities would not be large. Standard dust
suppression methods would mitigate potential fugitive dust (PM,o) emissions at the marshalling yard.

41.2.3 Impacts to Air Quality from Monitoring

This section describes potential nonradiological air quality impacts during the monitoring analytical
period of the proposed repository. For analytical purposes, this period would begin with the emplacement
of the final waste package and continue for 50 years after the end of the operations analytical period.
Activities during this period would include maintenance of active ventilation of the repository for as long
as 50 years, remote inspection of waste packages, retrieval of waste packages to correct detected
problems (if necessary), and continuing investigations to support predictions of postclosure repository
performance. Section 4.2 discusses air quality impacts of the retrieval contingency.

After the completion of emplacement activities, DOE would continue monitoring and maintenance
activities. During this period, air pollutant emissions would decrease. Surface construction, subsurface
excavation, and subsurface emplacement activities would be complete, resulting in a lower level of
emissions in comparison to previous periods. Pollutant concentrations at the analyzed land withdrawal
area boundary would be substantially lower than those in Table 4-3.

No air quality impacts would result from facilities outside the land withdrawal area during the monitoring
analytical period. There would be significantly less activity at offsite facilities such as the training facility
and marshalling yard, so they would not be significant sources of criteria pollutants.

41.2.4 Impacts to Air Quality from Closure

This section describes potential nonradiological air quality impacts during the closure analytical period of
the proposed repository. This period, which would last 10 years and would overlap the last 10 years of
the monitoring analytical period, would begin on receipt of a license amendment to close the repository.
Activities would include closure of subsurface repository facilities, backfilling, sealing of subsurface-to[’]
surface openings, decommissioning and demolition of surface facilities, construction of monuments to
mark the site, and reclamation of remaining disturbed lands. These activities would result in the
following air emissions during this period:

e Fugitive dust (PM;,) emissions from the handling, processing, and transfer of backfill material to the
subsurface;

e Fugitive dust (PM,) releases from demolition of buildings, removal of debris, and land reclamation;
e Cristobalite releases from the handling and storage of excavated rock; and

e (Gaseous criteria pollutants (carbon monoxide, nitrogen dioxide, and sulfur dioxide) and particulate
matter (PM,5) from fuel consumption.

Table 4-4 lists the maximum estimated impacts to air quality at the boundary of the analyzed land
withdrawal area during the closure analytical period.
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Table 4-4. Maximum closure analytical period concentrations of criteria pollutants and cristobalite at the
land withdrawal area boundary (micrograms per cubic meter).*”

Averaging Regulatory Maximum Percent of
Pollutant time limit* concentration’ regulatory limit
Carbon monoxide® 8-hour 10,000 29 0.029
1-hour 40,000 24 0.059
Nitrogen dioxide® Annual 100 0.023 0.023
Sulfur dioxide* Annual 80 0.000045 0.000056
24-hour 365 0.0065 0.0018
3-hour 1,300 0.052 0.0040
PI\/[[()e 24-hour 150 29 16
PM, 5 Annual 15 0.0013 0.0090
24-hour 35 0.19 0.55
Cristobalite Annual 10 0.0026 0.026"

a.  Appendix B describes the analysis of maximum concentrations and percent of regulatory limits.

b.  All numbers except regulatory limits are rounded to two significant figures.

c.  Regulatory limits for criteria pollutants are from 40 CFR 50.4 through 50.11 and Nevada Administrative Code
445B.22097 (Table 3-5).

d.  Sum of highest estimated concentrations at the accessible land withdrawal boundary regardless of direction (Appendix B
contains more information). Does not include background concentrations. Table 3-2 in Chapter 3 lists the highest
measured background concentrations at Yucca Mountain. The maximum concentrations would not exceed the regulatory
limits after adding the highest background concentrations.

e. DOE assumed that all construction vehicles would be between model years 2006 and 2010 and would meet Tier 3
emission standards.

f.  There are no regulatory limits for public exposure to cristobalite. DOE used a comparative benchmark of 10 micrograms
per cubic meter (Section 4.1.2.1 and Appendix B, Section B.1).

Gaseous criteria pollutants would result primarily from vehicle exhaust. During the closure analytical
period, the maximum concentrations of carbon monoxide, nitrogen dioxide, sulfur dioxide, and PM, s
would be small. Concentrations of carbon monoxide, nitrogen dioxide, and sulfur dioxide would be less
than 0.1 percent of the regulatory limits, and concentrations of PM, s would be less then 1 percent of the
regulatory limits. The maximum offsite concentration of PM;, would be less than 17 percent of the
regulatory limit. The analysis did not take credit for standard construction dust suppression measures,
which DOE would implement and would further lower projected PM;y concentrations by reduction of
fugitive dust from surface-disturbing activities. These suppression methods would not affect the
concentrations of PM, s because fugitive dust is not a major source of that pollutant.

As with the construction analytical period (Section 4.1.2.1), the analysis of the closure analytical period
assumed that 28 percent of the fugitive dust releases from the excavated rock pile would be cristobalite.
Table 4-4 lists estimated cristobalite concentrations for the maximally exposed offsite individual during
closure. As noted in Section 4.1.2.1, there are no public limits for exposure to cristobalite, so the analysis
used an approximate annual average concentration of 10 micrograms per cubic meter as a benchmark.
The estimated exposures to cristobalite from repository closure would be approximately 0.0026
microgram per cubic meter, or less than 0.03 percent of the benchmark.

41.2.5 Total Impacts to Air Quality from All Periods

The nonradiological air quality analysis examined concentrations of criteria pollutants at the boundary of
the land withdrawal area in comparison with the National Ambient Air Quality Standards for periods
ranging from 1 hour to an annual average concentration of pollutant. The analysis calculated the
maximum project impact from the highest unit release concentrations of the AERMOD computer model
from the years modeled (Appendix B describes the analysis). The highest concentrations of all criteria
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pollutants except PM;, would be less than 3 percent of applicable standards in all cases. The highest
concentrations of PM, from activities in the land withdrawal area could be 40 percent of the 24-hour
limit during the construction analytical period.

41.2.6 Impacts from Greenhouse Gases

The burning of fossil fuels such as diesel and gasoline emits carbon dioxide, which is a greenhouse gas.
DOE’s use of fossil fuel at the repository would be greatest during the construction and operations
analytical periods for construction equipment, surface vehicles, boilers, and generators. Although human
activities can produce other greenhouse gases such as methane and nitrous oxide, construction and
operations activities would release only carbon dioxide in meaningful quantities (Appendix B, Section
B.9). Therefore, DOE has considered only carbon dioxide in this Repository SEIS. Appendix B, Section
B.9 describes the methodology and emission factors DOE used to determine carbon dioxide emissions.

Greenhouse gases can trap heat in the atmosphere and have been associated with global climate change .
The Intergovernmental Panel on Climate Change, in its Fourth Assessment Report issued in 2007, stated
that warming of the Earth’s climate system is unequivocal, and that most of the observed increase in
globally averaged temperatures since the mid-20th Century is very likely due to the observed increase in
anthropogenic greenhouse gas concentrations (DIRS 185132-Parry et al. 2007, Summary). The Panel
describes a range of potential environmental impacts associated with climate change at a global and
regional level. In North America, for example, the Panel stated that warming in western mountains is
projected to cause decreased snowpack, more winter flooding, and reduced summer flows, exacerbating
competition for over-allocated water resources. Among other potential impacts for North America cited
in the full report were an increased number, intensity and duration of heatwaves, and an extended period
of high fire risk.

Greenhouse gases are well mixed throughout the lower atmosphere, such that any anthropogenic
emissions would add to cumulative regional carbon dioxide emissions and to global concentrations of
carbon dioxide. DOE quantified carbon dioxide emissions from the Proposed Action of this Repository
SEIS and presents the results together with estimates of recent State of Nevada and national carbon
dioxide emissions. The Energy Information Administration has estimated that 47.9 million metric tons
(52.8 million tons) of carbon dioxide emissions would be produced in Nevada in 2004 (DIRS 185316[]
EIA n.d., all). Overall estimated U.S. emissions of carbon dioxide were 6,089 million metric tons
(6,712.5 million tons) in 2005 (DIRS 185248-EPA 2007, all). Neither the State of Nevada nor the
Federal Government has carbon dioxide emissions caps, thresholds, or targets. Carbon dioxide emissions
from the Proposed Action would add to state and national emissions, making a relatively small
incremental contribution to cumulative emissions of carbon dioxide. DOE is not aware of any
methodology to correlate the carbon dioxide emissions exclusively from a specific proposed project to
any specific impact on global climate change.

4.1.2.6.1 Greenhouse Gases from Construction Activities

Carbon dioxide emissions during the construction analytical period would result primarily from the
burning of fossil fuels by construction equipment and the manufacture of concrete at concrete batch
plants. The maximum annual diesel use during construction would be about 5.5 million liters

(1.5 million gallons) and the maximum annual gasoline use would be about 180,000 liters

(47,000 gallons). The annual concrete use would be about 65,000 cubic meters (85,000 cubic yards).
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Using the methodology and emission factors in Appendix B, Section B.9 of this Repository SEIS, the
maximum annual carbon dioxide emissions during the construction period would be about 36,000 metric
tons (39,000 tons). This would be 0.075 percent of the carbon dioxide emissions in the State of Nevada
in 2004 and 0.00059 percent of the carbon dioxide emissions in the United States in 2005.

4.1.2.6.2 Greenhouse Gases from Operations Activities

Carbon dioxide emissions during the operations analytical period would result primarily from the burning
of fossil fuels by construction equipment, surface vehicles, boilers, and generators. Concrete batch plants
would also be operating early in the operations period while construction continues. The maximum
annual diesel use during full operations would be about 20 million liters (5.3 million gallons) and the
annual gasoline use would be about 850,000 liters (220,000 gallons). The annual concrete use would be
41,600 cubic meters (54,000 cubic yards) during construction. Using the methodology and emission
factors described in Appendix B, Section B.9, the maximum annual carbon dioxide emissions during the
operations period would be about 69,000 metric tons (76,000 tons). This would be less than 0.15 percent
of the carbon dioxide emissions in the State of Nevada in 2004 and less than 0.0012 percent of the carbon
dioxide emissions in the United States in 2005.

4.1.2.6.3 Greenhouse Gases from All Analytical Periods

Carbon dioxide emissions during all analytical periods (up to 105 years) would result from the burning of
fossil fuels by construction equipment, surface vehicles, boilers, and generators and by the manufacture of
concrete. The total diesel use during all analytical periods would be about 740 million liters (195 million
gallons) and the total gasoline use would be about 31 million liters (8.2 million gallons). The total
concrete use would be about 490,000 cubic meters (640,000 cubic yards). Using the methodology and
emission factors described in Appendix B, Section B.9, the total carbon dioxide emissions during all
analytical periods would be about 2.2 million metric tons (2.4 million tons).

413 IMPACTS TO HYDROLOGY

This section summarizes and incorporates by reference applicable portions of Section 4.1.3 of the Yucca
Mountain FEIS (DIRS 155970-DOE 2002, pp. 4-19 to 4-31). In addition, it addresses potential impacts
that could change as a result of modifications to repository design and operational plans.

This section describes potential environmental impacts to the hydrology of the Yucca Mountain region
from construction, operations, monitoring, and eventual closure of a repository at Yucca Mountain. It
identifies and evaluates potential surface-water and groundwater impacts separately, as DOE did in the
Yucca Mountain FEIS. The region of influence and the assessment attributes, or criteria, are the same as
those in the FEIS. Chapter 5 discusses postclosure impacts from the long-term performance of the
repository.

The attributes DOE used to assess surface-water impacts were the potential for the introduction and
movement of contaminants, potential for changes to runoff and infiltration rates, alterations in natural
drainage, and potential for flooding to worsen any of these conditions. The region of influence for
surface-water impacts includes construction and operation sites that would be susceptible to erosion, areas
that permanent changes in surface-water flow could affect near these sites, and downstream areas that
eroded soil or potential spills of contaminants would affect. The evaluation of surface-water impacts is
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very similar to that in the Yucca Mountain FEIS, but DOE modified it to address a slightly larger amount
of land disturbance, two additional wastewater evaporation ponds, and a tentative facility layout that
more specifically incorporates stormwater detention ponds into its design.

The attributes DOE used to assess groundwater impacts included the potential to change infiltration rates
that could affect groundwater, the potential for the introduction of contaminants, the availability of
groundwater for project use, and the potential for such use to affect other groundwater users. The region
of influence for the groundwater analysis includes aquifers under the areas of construction and operations,
aquifers from which DOE could obtain water, and downstream aquifers that repository uses could affect.
The evaluation of groundwater impacts is very similar to that in the Yucca Mountain FEIS, but addresses
changes to the estimated water demand from the Proposed Action.

4.1.3.1 Impacts to Surface Water from Construction, Operations, Monitoring,
and Closure

There are no perennial streams or other permanent, surface-water bodies in the Yucca Mountain region of
influence, and instances when precipitation and runoff are sufficient to generate flowing water in drainage
channels are infrequent and short lived. Nevertheless, the manner in which the Proposed Action would
accommodate or otherwise affect these infrequent conditions determines potential impacts to surface
water. The primary impact areas for the Proposed Action are the following:

e Discharges of water to the surface,
e The potential for introduction of contaminants that could spread to surface water,
e The potential for changes to surface-water runoff or infiltration rates, and

e The potential for alteration of natural surface-water drainage, which would include effects to
floodplains (or flood zones).

4.1.3.1.1 Discharge of Water to the Surface

DOE would pump groundwater at the site and store it in tanks to support the following uses: fire
protection, deionized water, potable water, cooling tower makeup, and makeup to other water systems.
There would be few discharges of water. DOE would pipe sanitary sewage to septic tank and leach field
systems, so there would be no production of surface water, and the processes that routinely produced
other wastewater would involve discharges to one of four or possibly five lined evaporation ponds as
follows:

1. South Portal evaporation pond for dust control water returned from subsurface development,

2. North Construction Portal evaporation pond for dust control water returned from subsurface
development,

3. North Portal evaporation pond for process wastewater,

4. Central operations area evaporation pond for process wastewater, and
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5. Small evaporation pond (possibly) for concrete batch plant wastewater.

DOE would provide water to the subsurface during the development of the underground areas of the
proposed repository. The Department would collect excess water from dust suppression applications and
water that percolated into the repository drifts, if any, and send the water to evaporation ponds at the
South Portal development area or the North Construction Portal. The South Portal evaporation pond
would have double polyvinyl chloride liners and a leak detection system. The evaporation pond at the
North Construction Portal would be of similar construction.

The North Portal evaporation pond, which DOE would locate adjacent to the facilities in the central
operations area just outside the geologic repository operations area, would receive wastewater in the form
of cooling tower blowdown and water softener regeneration solutions from facility heating and air
conditioning systems. DOE would send water from floor and equipment drains of the surface facilities
and the emplacement side of the subsurface to the North Portal evaporation pond after verification that it
was not contaminated. (The Department would manage contaminated water as low-level radioactive
waste.) The North Portal evaporation pond, at a minimum, would have a polyvinyl chloride liner. The
fourth evaporation pond, also in the central operations area, would receive process water from two oil-
water separators and superchlorinated water from maintenance of the drinking water system.

Table 4-5 lists the combined quantities of water discharges to the North Construction Portal and the South
Portal ponds, which would be similar to those in the Yucca Mountain FEIS. As listed in the table, the
estimates include two phases of underground development (called “heavy” and “light” only in relation to
each other) after completion of the primary surface construction analytical period. The estimated quantity
of water DOE would discharge to the North Portal evaporation pond would be no different than that in the
Yucca Mountain FEIS; that is, about 34,000 cubic meters (9 million gallons) per year for the operations
analytical period.

Table 4-5. Combined annual water discharges to the North Construction Portal and the South Portal
evaporation ponds.

Analytical Duration® Annual discharge”
period (years) (cubic meters) (million gallons)
Construction 5 4,500 1.2
Operations
Heavy development 8 6,800 1.8
Light development up to 17 2,900 0.77

a. Discharge to this pond would occur only during subsurface development activities.
b. Estimated discharge volumes would be 13 percent of the process water sent to the subsurface based on Exploratory
Studies Facility construction experience.

With proper maintenance, the lined evaporation ponds should remain intact and produce no adverse
impacts at the repository site. DOE would build another, much smaller lined evaporation pond, as
appropriate, in the general area of the concrete batch plants to facilitate the collection and management of
equipment rinse water. As an option, DOE could divert wastewater from the batch plants to the South
Portal evaporation pond.

The water that DOE would use for dust suppression is a type of discharge. DOE studied dust suppression
during characterization activities at Yucca Mountain because of the concern that any water added to the
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surface or subsurface could have effects on the subsurface area of the proposed repository. The amount
of water used for dust suppression would result in neither runoff nor infiltration. DOE would establish
controls as necessary to ensure that dust suppression would not involve unnecessary quantities of water.

Repository facility operations would involve other uses of water, but they would have little, if any,
potential to generate surface water. DOE would collect wastewater from the Wet Handling Facility pool,
decontamination stations, surface facility drain system, and various equipment drains and, if sampling of
the collection tanks and sumps indicated the presence of contamination, would manage that water as low-
level radioactive waste.

Discharges to the surface during the monitoring and closure analytical periods would be similar to but less
than those for the construction and operations analytical periods. The evaporation ponds would have little
or no use, but other manmade sources of surface water would be similar—water storage tanks would be in
use, there would be sanitary sewage, and dust suppression would occur as necessary.

4.1.3.1.2 Potential for Contaminant Spread to Surface Water

There would be no permanently piped, routine, liquid effluents from surface or subsurface facilities to
surface water or drainage channels. The potential for contaminants to reach surface water or surface
drainages would be limited to the simultaneous occurrence of a spill or leak and heavy precipitation or
snowmelt. Because there are no natural perennial surface waters in the Yucca Mountain region of
influence and no readily available sources of contamination, it would take both events to result in a
surface spread of contamination.

Potential contaminants during construction would consist mostly of fuels (diesel, propane, and gasoline)
and lubricants (oils and grease) for equipment. Fuel storage tanks would be in place early in the
construction analytical period, and DOE would construct or install them with appropriate secondary
containment (consistent with 40 CFR Part 112). Other potential contaminants, such as paints, solvents,
strippers, and concrete additives, also would be in use during construction, but in smaller quantities and
much smaller containers. Such materials would probably be in 210-liter (55-gallon) or smaller drums and
containers. DOE would minimize the potential for spills and, if they occurred, would minimize
contamination by adherence to its Spill Prevention, Control, and Countermeasures Plan for Site Activities
(DIRS 172055-DOE 2004, all), which it would update for repository construction. The plan would
describe actions DOE would take to prevent, control, and remediate spills, and the reporting requirements
for a spill or release.

DOE management of the spent nuclear fuel and high-level radioactive waste at the proposed repository
would start at the beginning of the operations analytical period. After acceptance at the site and before
emplacement in the subsurface facility, DOE would keep these materials in the restricted area of the
geologic repository operations area. Spent nuclear fuel and high-level radioactive waste, mostly in
canisters, would also be in transportation casks, aging overpacks, transfer casks, or waste packages.
These containers would minimize the potential for releases and would shield people, to a large extent,
from radiation exposure during the transfer of spent nuclear fuel and high-level radioactive waste between
facilities in the geologic repository operations area. In the waste handling buildings, facility system and
component design would reduce the likelihood of inadvertent releases to the environment; for example,
drain lines would lead to internal tanks or catchments, air emissions would be filtered, and the pool of the
Wet Handling Facility would have a stainless-steel liner and leak detection.

4-20



Environmental Impacts of Repository Construction, Operations, Monitoring, and Closure

DOE would use fuels and lubricants during the operations analytical period for equipment operation and
maintenance, and would manage them in the manner described above for the construction analytical

period. The Department would use other chemicals and hazardous materials during the operations period, |
particularly in the Low-Level Waste Facility, which would use sodium hydroxide and sulfuric acid in
treatment processes. In addition, activities during the operations period would require relatively small |
quantities of cleaning solvent. With the exception of fuels, which would be in outdoor tanks with

secondary containment, DOE would use and store these hazardous materials inside buildings, and would
manage all the materials in accordance with applicable environmental, health, and safety standards and

the Spill Prevention, Control, and Countermeasures Plan. Therefore, the potential for spills and leaks of
contaminants would be small and, if they occurred, there would be little potential for contaminants to

spread far beyond the point of release.

DOE would manage liquid low-level radioactive waste from the waste handling facilities in, or adjacent
to, the Low-Level Waste Facility and would maintain the waste in monitored containers. It would
maintain and move hazardous and mixed wastes in closed containers before shipping them to a permitted
treatment facility. These conditions would minimize the potential for spills and releases.

There would be a decrease in general activities at the site after emplacement was complete and the
monitoring analytical period began. There would be a corresponding decrease in the potential for spills
and releases from routine activities during the operations analytical period. However, decontamination
actions that would follow the operations or monitoring period could present other risks due to the use of
decontamination solutions and the start of new work. DOE would continue to implement plans and
controls to limit the potential for contaminant spread by surface water. In addition, DOE would perform
environmental monitoring during the operations and monitoring periods to identify the presence of
contaminants that could indicate a release.

In addition to measures to reduce the potential for spills or releases to reach or be spread by surface water,
DOE would take measures to prevent runoff and flood waters from reaching areas where they could
contact contaminated surfaces or cause releases of hazardous materials. The Department would protect
surface facilities that were important to safety (basically those in the restricted area of the geologic
repository operations area) against the probable maximum flood by building the structures above the
corresponding flood elevation or by using engineered barriers such as dikes or drainage channels. It
would build other facilities to withstand a 700-year flood, which is consistent with common industrial
practice and DOE policy. Inundation levels for any flood level, even the probable maximum flood, would
present no hazard to the subsurface facilities because the portals would be at higher elevations than the
flood-prone areas. The construction of stormwater retention and detention ponds in appropriate areas
would address potential flooding and stormwater pollution issues. DOE would augment the effectiveness
of the stormwater ponds, as necessary, by providing diversion channels to move runoff away from surface
facilities and aging pads.

The closure analytical period would include further reductions in the potential for contaminant spread, but
DOE would continue to implement engineering controls, monitoring, and release-response requirements
to ensure that the potential was minimal, which would include during the demolition of surface facilities
when water use for dust control would be likely to increase.
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4.1.3.1.3 Potential for Changes to Surface-Water Runoff or Infiltration Rates

Areas disturbed due to the construction of surface facilities at Yucca Mountain probably would
experience changes in the rates of infiltration. Areas where infiltration rates decreased would experience
a corresponding increase in surface-water runoff. The Proposed Action could disturb as much as 9 square
kilometers (2,200 acres) of land, which would include about 2.43 square kilometers (600 acres) already
disturbed as a result of Yucca Mountain characterization activities. In this area of disturbance, areas
where soil was loosened or scraped away from fractured rock probably would experience increased
infiltration rates, and covered or compacted surface areas probably would experience decreased
infiltration rates. Most land disturbed during construction would fit into the latter scenario that involved
compaction of natural surfaces or the installation of relatively impermeable surfaces like asphalt pads,
concrete surfaces, or buildings.

Overall, there would be less infiltration and more runoff from the site. However, DOE expects the change
in the amount of runoff that would reach the drainage channels to be small, with small impacts, for two
reasons. First, the Department would build the surface geologic repository operations area and the
balance of plant facilities (that is, the area where most of the facilities and built-up areas would be) with
integral stormwater detention ponds. DOE would control all the runoff from this surface area in this
manner and, as a result, runoff increases would not adversely affect existing drainage channels outside
this surface area. The second reason applies to the relative scale of the disturbed area and its location.
The stormwater detention ponds would minimize the most serious concern from increased runoff from
built-up areas, so other increases or decreases in runoff would involve a relatively small amount of the
natural drainage. For example, the natural drainage area of Drill Hole Wash, which includes the Midway
Valley drainage, represents the area the Proposed Action would affect the most. About 4.8 square
kilometers (1,200 acres) of land would be disturbed in and adjacent to the geologic repository operations
area. This disturbed area is about 12 percent of the 40 square kilometers (9,900 acres) that make up the
drainage area of Drill Hole Wash by the time it reaches Fortymile Wash. On a larger scale, most if not all
of the total land disturbance of 9 square kilometers (2,200 acres) would be in the natural drainage area for
Fortymile Wash. The disturbed area would be approximately 1 percent of the Fortymile Wash drainage,
which is about 820 square kilometers (200,000 acres) where the wash leaves the Nevada Test Site near
U.S. Highway 95 (DIRS 169734-BSC 2004, Table 7-3). Further, because of the isolated location of these
drainage channels, there are no downstream facilities that the minor changes in runoff could reasonably
affect.

The Proposed Action would disturb no additional land during the monitoring analytical period and,
therefore, there would be no adverse impacts to runoff rates. Reclamation of previously disturbed land
would restore preconstruction runoff rates.

Closure of the repository would involve only previously disturbed land. Removal of structures and
impermeable surfaces coupled with reclamation efforts would help restore infiltration and runoff rates to
nearly predisturbance conditions. DOE would construct monuments to provide long-term markers for the
site such that their locations would be impervious to infiltration, but the affected areas would be small.

4.1.3.1.4 Potential for Altering Natural Surface-Water Drainage

Construction could involve the placement of structures, facilities, or roadways in or over drainage
channels or their associated floodplains (or flood zones). These actions could affect Fortymile, Midway
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Valley (Sever), Drill Hole, and Busted Butte (Dune) washes and their associated floodplains. DOE would
control surface-water drainage in these washes with diversion channels, culverts, stormwater detention
ponds, or similar drainage control measures.

Pursuant to Executive Order 11988, Floodplain Management, and its implementing regulations at 10 CFR
Part 1022, DOE must, when conducting activities in a floodplain, take action to reduce the risk of flood
damage; minimize the impacts of floods on human safety, health, and welfare; and restore and preserve
the natural and beneficial values served by floodplains. Appendix C of this Repository SEIS contains a
floodplain/wetlands assessment that describes the actions DOE could take. The analysis indicated that
consequences of DOE actions in or near the floodplains of the four washes would be minor and unlikely
to increase the impacts of floods on human health and safety or harm the natural and beneficial values of
the affected floodplains.

The closure analytical period would involve no actions that would alter natural drainage beyond those
affected in prior periods. DOE would grade areas where it demolished or removed facilities to match the
natural topography to the extent practicable. The Department would not build monuments where they
would alter important drainage channels or patterns.

4.1.3.2 Impacts to Groundwater from Construction, Operations, Monitoring, and |
Closure

The groundwater-related impacts of primary concern are as follows:

e The potential for changes in infiltration rates that could increase the amount of water in the
unsaturated zone and adversely affect performance of waste containment in the repository, or
decrease the amount of recharge to the aquifer;

e The potential for migration of contaminants from the surface to reach the unsaturated zone or
aquifers; and

e The potential for project water demands to deplete groundwater resources to an extent that could
affect downgradient groundwater use.

4.1.3.2.1 Potential Infiltration Rate Changes

Surface-disturbing activities would alter infiltration rates in and around the geologic repository operations
area, as described in Section 4.1.3.1. Because impermeable surfaces and compacted ground would cover
much of the disturbed land, DOE anticipates a net decrease in infiltration and a corresponding increase in
runoff over the disturbed area. In the semiarid environment of Yucca Mountain, much of the total |
infiltration occurs in areas of higher elevation, areas with thin or no soil cover, or in the upper reaches of
washes. The amount of projected recharge along Fortymile Wash is very small in comparison with the
recharge of the aquifers from farther north. The increased runoff from the disturbed surface area from the
Proposed Action could cause more water to reach Fortymile Wash, and the stormwater detention ponds
would represent new areas of temporary water accumulation. As a result, additional infiltration could
occur in these locations in comparison with existing conditions. However, the areas potentially subject to
increased infiltration would be localized and small in comparison with infiltration that occurred over the
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entire Fortymile Wash drainage area. Any increase in infiltration would be unlikely to affect overall
groundwater recharge or flow patterns.

Surface disturbance along the crest of Yucca Mountain and on the steeper slopes above the proposed
repository could present different scenarios for infiltration rate changes because the depth of
unconsolidated material (that is, soil and gravel) in these areas is generally thin, and there would be a
higher probability that disturbance could expose fractured bedrock where precipitation and runoff could
enter cracks and crevices and more readily reach deep portions of the unsaturated zone. Ventilation shafts
to the subsurface area and access roads to those locations are the primary examples of surface
disturbances that would occur in the upper areas of Yucca Mountain. The amount of disturbed land in
these areas would be small in comparison with the undisturbed area, and any net change in infiltration
would be small.

Subsurface activities could change groundwater recharge rates, primarily due to the amount of water that
DOE would pump to the subsurface for dust suppression and tunnel boring during development activities.
This potential for increased recharge would be offset by measures to collect and remove accumulating
water back to the surface (to the North Construction Portal and the South Portal evaporation ponds), by
removal of wet excavated rock to the surface, and by keeping the work areas ventilated, which would
promote evaporation of the remaining water. During the excavation of the Exploratory Studies Facility,
DOE tracked water introduced to the subsurface because water that remained in the subsurface could
affect DOE’s understanding of postclosure performance of the proposed repository. Tracking of the use
of water in the subsurface would continue under the Proposed Action, and DOE anticipates that changes
in recharge through Yucca Mountain would have small impacts to the groundwater system.

No additional land disturbance would occur during the monitoring and closure analytical periods, so
further effects on infiltration rates would be unlikely. Soil reclamation and revegetation would accelerate
a return to more natural infiltration conditions. Monuments that DOE constructed to provide long-lasting
markers for the site would probably result in impermeable locations, but the surface area covered by the
monuments would be small in relation to the surrounding areas.

4.1.3.2.2 Potential for Contaminant Migration to Groundwater

Section 4.1.3.1 discusses the types of contaminants that DOE could use at the proposed repository site
and the possibility of spills or releases of these materials to the environment. Adherence to regulatory
requirements and a Spill Prevention, Control, and Countermeasures Plan (Section 4.1.3.1) would
minimize the potential for spills or releases to occur and would require appropriate responses to clean up
or otherwise abate any such incident. Natural conditions, which include depth to groundwater, thickness
of alluvium in most areas, and arid environment, would help ensure that significant contaminant
migration did not occur before DOE could take action. Section 4.1.8 discusses the potential for onsite
accidents that could involve releases of contaminants. Chapter 5 discusses the postclosure release of
contaminants from the waste packages in the repository.

4.1.3.2.3 Potential for Depletion of Groundwater Resources

The quantity of water necessary to support the Proposed Action would be greatest during the initial
construction analytical period and early in the operations analytical period, when DOE would need water
for surface soil compaction and dust suppression as well as subsurface development. The evaluation of
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impacts for this Repository SEIS addressed potential impacts from this water demand only during these
heavy-use periods. Table 4-6 summarizes water demands during these two periods of heavy water use.
Water demand during the monitoring and closure analytical periods would be lower and of less concern
and would be likely to remain as presented in the Yucca Mountain FEIS.

Table 4-6. Annual water demand for construction and operations.

Duration® Annual water demand
Analytical period (years) (cubic meters) (acre-feet)”

Construction 5 330,000 to 570,000 270 to 460
Operations

Emplacement plus continued underground 5 220,000 to 410,000 180 to 330

development and surface construction”

Emplacement and continued underground up to 25 270,000 to 300,000 220 to 240

development

Emplacement up to 20 240,000 195

a.  Several of the project periods are flexible in the number of years they could last. In such cases, values are “up to” with a
breakout representative of the maximum length and most conservative high water demand expected. For example, DOE
expects the operations analytical period to last up to 50 years; within that period, subsurface development could last up to
a total of 30 years. If development took less time, the last phase of emplacement could be longer than 20 years, so the
total would still be 50.

b. This table lists acre-feet because of common statutory and public use of this unit of measure for groundwater resources.

c. Although the analysis assumed that the formal construction analytical period would be 5 years, some construction
activities could extend into the operations analytical period (Chapter 2, Table 2-1).

Figure 4-1 shows annual water demands during construction and the first few years of the operations
analytical period. It shows water demand during the construction analytical period because it would be
the period of greatest fluctuation and would include the year of peak water demand. Figure 4-1 also
shows estimated water demands for the 3 years prior to the start of repository construction. The first year
depicts the minor amount of water that would be necessary to operate and maintain existing facilities.

The next 2 years show increased water demand under the assumption that the infrastructure improvements
described in Section 4.3 would start before repository construction.

Water demand would be highest during the initial construction analytical period and would range from
about 330,000 to 570,000 cubic meters (270 to 460 acre-feet) per year (Table 4-6 and Figure 4-1). During
the first 5 years of the operations analytical period, construction of surface and subsurface facilities would
occur along with emplacement of spent nuclear fuel and high-level radioactive waste; water demand
would range from about 220,000 to 410,000 cubic meters (180 to 330 acre-feet) per year. Other than an
increase in the second and third years of this 5-year period, annual water demand would start leveling off
to a quantity more representative of the rest of the operations period. Subsurface development could
continue for up to the next 25 years, but water demand would generally level off at about 270,000 cubic
meters (220 acre-feet) per year. After the development of the subsurface area was complete, the primary
operations would consist of waste receipt and emplacement. Water demand would drop slightly to about
240,000 cubic meters (195 acre-feet) per year during this period.

DOE would meet water demand by pumping from existing wells, and possibly one new well, in the
Jackass Flats hydrographic area. The new well, if installed, would support operations at Gate 510.
Table 4-6 and Figure 4-1 do not include Nevada Test Site activities in this area, which would require
groundwater during the same period. During the 7-year period from 2000 to 2006, the average Nevada
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Year 1 of repository construction

Year 5 after start of repository construction

Year 10 after start of repository construction

Annual Water Demand (in acre-feet)

Infrastructure Concurrent emplacement, Concurrent emplacement and

; Initial repository
construction construction period subsurface development, subsurface development

assumed to start and continued surface
2 years before construction
repository

construction

Notes: Work activities are described during the period — between arrows — in which they occur. Each tick mark at the
bottom of the graph represents 1 year, but the relative placement of work activities is simplified and approximate.

To convert acre-feet to cubic meters, multiply by 1,233.49. This figure lists acre-feet because of common statutory
and public use of this unit of measure for groundwater resources.

00763DC_059_R4.ai

Figure 4-1. Annual water demand during the construction analytical period and the initial phases of
operations.

Test Site water withdrawal from this hydrographic area was about 83,000 cubic meters (67 acre-feet) per
year (DIRS 181232-Fitzpatrick-Maul 2007, all). In a 2002 analysis, the Test Site indicated there were no
planned expansions of existing operations that would affect water use, but potential future programs could
involve additional water use (DIRS 162638-DOE 2002, pp. 4-18 and 4-19). The following evaluation
assumed that this recent use represents a reasonable estimate of Nevada Test Site water demand from
Jackass Flats, at least in the near term (5 to 10 years). However, DOE recognizes that Test Site demand
could increase in the future. As shown in Table 4-6 and Figure 4-1, water demand for the Proposed
Action would generally decrease and level off after completion of surface construction activities. This
additional water demand for the Nevada Test Site is part of the cumulative impacts analysis in Chapter 8
of this Repository SEIS. At least for the peak water demand years of the Proposed Action, the estimated
additional water demand for Nevada Test Site activities would be 83,000 cubic meters (67 acre-feet).

DOE used the three approaches it used in the Yucca Mountain FEIS to evaluate potential impacts of water
demand on groundwater resources:

e Comparison with impacts observed or measured during past water withdrawals,

e Comparison of the proposed demand with estimates of perennial yield of the aquifer, and
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¢ Groundwater modeling efforts to assess changes the proposed demand would have on groundwater
elevations and flow patterns.

The following paragraphs address potential impacts from the construction and operations analytical
periods, when water demand would be highest. Impacts from water demand during the monitoring

analytical period would be small in comparison, except during the first 3 years, when they would be
comparable to those for operations. Impacts during the closure analytical period would be small in

comparison.

4.1.3.2.4 Comparison with Impacts from Past Water Withdrawals

The peak water demand would be about 650,000 cubic meters (530 acre-feet) per year [that is,

570,000 cubic meters (460 acre-feet) from the Proposed Action from Table 4-6, plus 83,000 cubic meters
(67 acre-feet) for Nevada Test Site needs]. This demand would be 33 percent higher than the peak
withdrawal of about 490,000 cubic meters (400 acre-feet) during the past 15 years from the Jackass Flats
area (Chapter 3, Section 3.1.4.2.2; DIRS 155970-DOE 2002, Table 3-16, p. 3-66). However, water
demand at this level would occur for only 2 years, and the average annual water demand over the 5-year
construction analytical period would be about 530,000 cubic meters (430 acre-feet) with the Nevada Test
Site needs. This demand would be quite similar to the groundwater withdrawals during the busier period
of the Yucca Mountain site characterization activities. During the next 5-year period, when underground
development and some surface construction would occur simultaneously with emplacement operations,
annual water demand would average about 410,000 cubic meters (330 acre-feet). Based on the past
history of groundwater withdrawals from the Jackass Flats hydrographic area and the corresponding
minor changes in groundwater elevations (Chapter 3, Table 3-5), the proposed water demand amounts
would be unlikely to affect the stability of the water table in the area adversely.

4.1.3.2.5 Comparison with Estimates of Groundwater Perennial Yield

Perennial yield is the estimated quantity of groundwater that can be withdrawn annually from a basin
without depletion of the reservoir. As discussed in Chapter 3, Section 3.1.4.2.1, the estimated perennial
yield of the aquifer in the Jackass Flats hydrographic area is between 1.1 million and 4.9 million cubic
meters (880 and 4,000 acre-feet). The source of the low end of this range is an estimate of the annual
groundwater recharge that occurs in the Jackass Flats hydrographic area, so it includes no underflow that
enters the area from upgradient groundwater basins. This low estimate can be further reduced, to be more
conservative, by attributing 720,000 cubic meters (580 acre-feet) to the western two-thirds of the Jackass
Flats hydrographic area (where the Proposed Action would withdraw water) and 370,000 cubic meters
(300 acre-feet) to the eastern one-third. This last reduction accommodates the belief of some
investigators that the two portions of Jackass Flats have different general flow characteristics. These
yield values (from the low estimates, associated only with local recharge, to the highest estimate, which is
more than 4 times greater) occur not only in groundwater studies but also in the Nevada State Engineer’s
rulings that address water appropriation requests for Jackass Flats groundwater (DIRS 105034-Turnipseed
1992, pp. 9 and 12).

The peak annual demand of 570,000 cubic meters (460 acre-feet) would be below the lowest estimates of
the perennial yield of the Jackass Flats area, even if that is the amount attributable to the western two-
thirds of the area. With the addition of water demand for the Nevada Test Site, the peak annual demand
would still be below the lowest estimate of yield from the western two-thirds of the area; that is, a demand
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of 650,000 cubic meters (530 acre-feet) in comparison with the lowest estimate of perennial yield of
720,000 cubic meters (580 acre-feet). A comparison of the peak annual water demand (with the demand
from Test Site activities) with the highest estimate of the Jackass Flats perennial yield indicated only

13 percent of the highest value.

Based on these comparisons of the proposed water demand with estimates of the perennial yield of the
Jackass Flats area, DOE has concluded that the Proposed Action would not deplete the groundwater
reservoir. The Department recognizes that annual recharge can change significantly from year to year,
depending on the area weather patterns. For the peak year, water demand could exceed groundwater
recharge in the western two-thirds of the Jackass Flats hydrographic area. However, water demand at that
high level and similar levels would be relatively short-term. If water demand exceeded local recharge for
a few years (longer durations would be unlikely based on the estimates of average annual recharge), there
could be some shifting of the general flow patterns in the Jackass Flats area. Shifts in flow patterns
would be small because the peak annual water demand would be a small portion of the highest estimate of
perennial yield, 4.9 million cubic meters (4,000 acre-feet), which would include underflow from
upgradient groundwater basins.

As noted in the Yucca Mountain FEIS, the heaviest water demand in the region of influence for the
Proposed Action would be in the Amargosa Desert. The water demand for the Proposed Action would, to
some extent, decrease the availability of water in the downgradient area because it would reduce the long-
term underflow that reached the Amargosa Desert. However, the peak annual water demand of

650,000 cubic meters (530 acre-feet) for proposed repository and Nevada Test Site activities in Jackass
Flats would be small (about 4 percent) in comparison with the average annual withdrawal of 16 million
cubic meters (13,000 acre-feet) in the Amargosa Desert between 2000 and 2004 (Chapter 3, Table 3-4)
for activities other than the Proposed Action or the Test Site. The demand of repository and Test Site
activities in Jackass Flats would be an even smaller fraction of the perennial yield of 30 million to

42 million cubic meters (24,000 to 34,000 acre-feet) in the Amargosa Desert.

Comparisons between water demand and estimates of perennial yield (Chapter 3, Table 3-4) must
recognize the wide range of perennial yield estimates for the hydrographic areas of Jackass Flats and
Amargosa Desert as well as the adjacent hydrographic areas. One estimate of perennial yield in State of
Nevada documentation is 30 million cubic meters (24,000 acre-feet) for the combined area of Jackass
Flats, Amargosa Desert, Rock Valley, Buckboard Mesa, and Crater Flat (DIRS 182821-Converse
Consultants 2005, p. 100), in comparison with the 30-million-cubic meter estimate just for Amargosa
Desert. The state uses estimates of perennial yield as a tool (with other considerations) in the
management of groundwater resources and evaluation of requests for groundwater appropriations. The
other side of the evaluation of potential impacts on groundwater resources is that, independent of the
physical availability of water, the groundwater of the Amargosa Desert is over-appropriated in
comparison with many estimates of perennial yield. As noted in Section 3.1.4.2.1, the amount of water
actually withdrawn each year from the Amargosa Desert hydrographic area has averaged only about half
of the total appropriations in recent years. However, a recent ruling by the Nevada State Engineer (also
described in Section 3.1.4.2.1) describes the State’s position that the spring discharges in the Ash
Meadows area are part of the committed water taken from the hydrographic area along with the amount
pumped from wells. Under this scenario, the combined annual water withdrawals and discharges in the
Amargosa Desert hydrographic area exceed the perennial yield value of 30 million cubic meters

(24,000 acre-feet).
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4.1.3.2.6 Modeled Effects on Groundwater Elevations and Flow Patterns

This section summarizes the two modeling efforts described in the Yucca Mountain FEIS, one by Thiel
Engineering Consultants for DOE (DIRS 145966-CRWMS M&O 2000, all) and the other by the

U.S. Geological Survey (DIRS 145962-Tucci and Faunt 1999, all). DOE used the results of these
analyses to estimate effects the Proposed Action could have on groundwater elevations and flow patterns.
Both modeling efforts generated baseline groundwater conditions from historical water withdrawals from
the Jackass Flats area, then generated future groundwater conditions with the assumption of an additional
water demand of 530,000 cubic meters (430 acre-feet) per year for the Proposed Action. As indicated in
Figure 4-1, the water demand DOE evaluated for the Proposed Action would exceed the model-assumed
withdrawal rate for 2 years during repository construction. Because the model conclusions used a long-
term withdrawal rate of 530,000 cubic meters per year, those conclusions are very conservative. Over the
first 10 years of the Proposed Action, when the peak annual demand would occur, the average annual
water demand would be only 390,000 cubic meters (320 acre-feet). Over the life of the Proposed Action,
the average annual water demand would be much less. Results from the modeling efforts indicated there
would be groundwater elevation differences attributable to the Proposed Action, as follows:

e The Thiel Engineering Consultants study predicted a water elevation decrease of up to 3 meters
(10 feet) within about 1 kilometer (0.6 mile) of the Yucca Mountain production wells. The
U.S. Geological Survey model predicted a similar water level decrease of less than 2 meters (6.6 feet)
at distances a few kilometers from the production wells.

e The models predicted water elevation decreases at the town of Amargosa Valley that ranged from less
than 0.4 to 1.1 meters (1.2 to 3.6 feet). [In this case, the predictions were for groundwater roughly at
the junction of U.S. Highway 95 and Nevada State Route 373, about 13 kilometers (8 miles) south of
well J-12.]

e The Thiel Engineering Consultants study estimated a reduction in the underflow from the Jackass
Flats hydrographic area to the Amargosa Desert hydrographic area of about 160,000 cubic meters
(130 acre-feet) per year after 100 years of pumping. The U.S. Geological Survey effort estimated an
underflow reduction of 180,000 cubic meters (150 acre-feet) per year at steady-state conditions.

The Thiel Engineering Consultants modeling effort looked at numerous locations and pumping scenarios
throughout the region and concluded in all areas of the Amargosa Desert that groundwater elevation
decreases attributable to the Proposed Action, though possibly moderate by themselves, would be minor
in comparison with decreases from the pumping scenarios without the Proposed Action. Both modeling
efforts assumed a conservatively high value for the water demand of the Proposed Action, so the
predicted impacts, even though moderate in scale, are conservatively high.

4.1.3.3 Summary of Impacts to Hydrology

The following summarize the conclusions of the evaluations in this section:
e Repository construction and operation would result in minor changes to runoff and infiltration rates.

e The potential for flooding at the repository that could cause damage of concern would be extremely
small.
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e The highest annual water demand for the Proposed Action would be below the Nevada State
Engineer’s ruling of perennial yield (the amount that can be withdrawn annually without depleting
reserves) for the Jackass Flats hydrographic area, including the lowest estimated value of perennial
yield [720,000 cubic meters (580 acre-feet)] for the western two-thirds of this hydrographic area. The
water demand for the Proposed Action, coupled with that projected for Nevada Test Site activities in
Jackass Flats, would still be below the lowest estimated value of perennial yield for the western two-
thirds of the hydrographic area.

e The Proposed Action would withdraw groundwater that would otherwise move into aquifers of the
Amargosa Desert, but the combined water demand for the repository and Nevada Test Site activities
in Jackass Flats would have, at most, small impacts on the availability of groundwater in the
Amargosa Desert area in comparison with the quantities of water already being withdrawn there.

41.4 IMPACTS TO BIOLOGICAL RESOURCES AND SOILS

The region of influence for biological resources and soils in this Repository SEIS is the area that contains
all potential surface disturbances that would result from the Proposed Action plus additional areas to
evaluate local animal populations, roughly equivalent in size to the analyzed land withdrawal area that
DOE assessed in the Yucca Mountain FEIS, as well as land DOE proposes for an access road from

U.S. Highway 95 and land where DOE could construct offsite facilities. The Department has reanalyzed
impacts to biological resources and soils for this Repository SEIS based on the modified design that
Chapter 2 describes. The evaluation of impacts to biological resources and soils considered the potential
for effects to vegetation and wildlife, which included special-status species of plants and animals and their
habitats; jurisdictional waters of the United States, which included wetlands; riparian areas; and soil
resources. The evaluation also considered the potential for impacts to migratory patterns and populations
of game animals. DOE expects the overall impacts to biological resources would be small because plant
and animal species in the Yucca Mountain region are typical of the Mojave and Great Basin deserts and
generally are common throughout those areas. The removal of vegetation from the area that DOE would
require for construction and operation of the repository and the small impacts to some wildlife species
from disturbance or loss of individuals or habitat would not affect regional biodiversity and ecosystem
function.

41.41 Impacts to Biological Resources from Construction, Operations,
Monitoring, and Closure

As discussed in Section 4.1.7 of this Repository SEIS, routine releases of radioactive materials from the
repository during its operation would consist mainly of naturally occurring radon-222 and its decay
products. These releases would result in doses to plants and animals around the repository that would be
lower than the International Atomic Energy Agency thresholds for detrimental effects to radiosensitive
species in terrestrial ecosystems (DIRS 103277-IAEA 1992, p. 53). No detectable impacts to surface
biological resources would occur as a result of normal releases of radioactive materials from the
repository; therefore, the following sections do not consider these releases.

4.1.41.1 Impacts to Vegetation

The construction of surface facilities and the disposition of excavated rock from subsurface construction
would remove or alter vegetation in the analyzed land withdrawal area and within the 37-square kilometer
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(9,100-acre) offsite area directly to the south. Approximately 2.5 square kilometers (620 acres) of the
construction would occur in areas (both in the land withdrawal area and in the offsite area to the south) in
which site characterization activities had already disturbed the vegetation; however, construction also
would occur on as much as 6.5 square kilometers (1,600 acres) of undisturbed areas near the previously
disturbed areas. Subsurface construction would continue after emplacement operations began, and the
disposal of excavated rock would eliminate vegetation in the area under the excavated rock pile.

Table 4-7 lists the amount of land that DOE would clear of vegetation for the majority of repository
facilities by land cover type and compares this disturbance to the amounts of each land cover type in the
Mojave and Nellis mapping zones in the State of Nevada. Removal of vegetation would result in impacts
to small amounts of widely distributed land cover types that are common in the affected mapping zones
(Chapter 3, Section 3.1.5.1.1 describes mapping zones), and these impacts would not cause a significant
loss to any particular cover type. The largest losses would be to the Sonora-Mojave Creosotebush-White
Bursage Desert Scrub land cover type, with disturbance of approximately 0.25 percent of the cover type
in the Nellis and Mojave mapping zones in Nevada, and to the Sonora-Mojave Mixed Salt Desert Scrub
land cover type, with disturbance of approximately 0.15 percent of the cover type in those mapping zones.
Activities during repository construction, operations, monitoring, or closure would not reduce any other
land cover type by more than 0.05 percent in the affected mapping zones.

Biological soil crusts likely occur within the region of influence in some areas where there has been no
surface disturbance. Because insufficient data exist to assess the amount of biological crusts in the region
of influence, and because attempts to locate or map occurrences of biological crusts could result in their
disturbance or destruction, it would be extremely difficult for DOE to quantify the predicted impacts of
repository construction or operations on biological crusts. However, any biological crusts in areas
disturbed by repository construction or operations would be lost.

In cooperation with the U.S. Fish and Wildlife Service, DOE developed a site reclamation plan, in part to
satisfy the terms and conditions of the 2001 Biological Opinion. DOE would reclaim lands it no longer
needed for repository construction or operations and would monitor those lands to determine if
reclamation efforts were successful. As stated in the Reclamation Implementation Plan, DOE considers
reclamation successful if plant cover, density, and species richness are equal to, or exceed, 60 percent of
the value of the same parameters in undisturbed reference areas (DIRS 154386-YMP 2001, pp. 33 and
34). If reclaimed sites meet these criteria, they can be released from further remediation and monitoring.
As of April 2007, the Department had successfully reclaimed 119 sites [a total of 0.174 square kilometer
(43 acres)] and released them from reclamation monitoring.

Repository construction activities that resulted in land disturbances and removal of vegetation could result
in colonization by invasive plant species in additional areas. Invasive species that are currently present on
the site (Chapter 3, Section 3.1.5.1.1) would be the most likely to colonize disturbed areas. Invasive
species could suppress native species, although the reclamation actions described above could reduce the
likelihood that they would overtake native species on reclaimed lands. To control the spread of
undesirable species further, DOE would develop and implement methods to control invasive species and
noxious weeds on disturbed sites during construction and operation of the repository.

With an increase in invasive annual plants there could be an increase in fire fuel load from dried annual
plants. Because the area that construction activities disturbed would be small in comparison with the total
undisturbed vegetated area in the region of influence (Table 4-7), and because DOE would reclaim areas
no longer in use as practicable, impacts to native species and the threat of increased fires would be small.
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Table 4-7. Land cover types in the region of influence.”

Area in Mojave and Nellis
mapping zones in the State of

Disturbed area under the Proposed

Nevada” Action®

Land cover type square kilometers  square miles square kilometers square miles
Great Basin Pinyon-Juniper Woodland 4,000 1,500 0 0
Great Basin Xeric Mixed Sagebrush Shrubland 6,300 2,400 0.0023 0.00088
Inter-Mountain Basins Big Sagebrush Shrubland 8,000 3,100 0 0
Inter-Mountain Basins Cliff and Canyon 410 160 0 0
Inter-Mountain Basins Greasewood Flat 1,400 540 0.0054 0.0021
Inter-Mountain Basins Mixed Salt Desert Scrub 25,000 9,800 0 0
Inter-Mountain Basins Montane Sagebrush Steppe 20 7.8 0 0
Inter-Mountain Basins Semi-Desert Grassland 78 30 0 0
Inter-Mountain Basins Semi-Desert Shrub Steppe 4,500 1,700 0.15 0.058
Invasive Annual Grassland 55 21 0 0
Mojave Mid-Elevation Mixed Desert Scrub 3,600 1,400 1.7 0.65
North American Warm Desert Active and Stabilized Dune 2.9 1.1 0 0
North American Warm Desert Bedrock Cliff and Outcrop 350 140 0 0
North American Warm Desert Lower Montane Riparian Woodland and
Shrubland 24 93 0 0
North American Warm Desert Playa 220 85 0.030 0.011
North American Warm Desert Volcanic Rockland 8.2 32 0 0
North American Warm Desert Wash 33 13 0 0
Sonora-Mojave Creosotebush-White Bursage Desert Scrub 1,200 480 3.0 1.2
Sonora-Mojave Mixed Salt Desert Scrub 940 360 1.4 0.54
Totals® 57,000 22,000 6.3 2.4

Source: Derived from digital land cover map (DIRS 179926-USGS National Gap Analysis Program n.d., all) and land cover descriptions (DIRS 174324-NatureServe 2004, all)

with the use of a geographic information system.

a. Numbers are rounded to two significant figures; therefore, totals might differ from sums.

b. Chapter 3, Section 3.1.5.1.1 contains a description of mapping zones.

c. Disturbed land cover area calculated only for disturbances for which a location has been identified. Total disturbance would be approximately 9 square kilometers.
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Some invasive species would remain along permanent roads and drainage ditches where reclamation
opportunities were limited, and these species could spread and overcome native species under certain
conditions. Reclamation or other weed management strategies on long-term topsoil stockpiles and other
disturbed areas would help control the abundance of invasive annuals such as red brome (Bromus rubens),
and would minimize potential fire fuel load and disruption to native plant communities.

The Yucca Mountain FEIS cited studies that indicate that site characterization activities had very small
effects on vegetation adjacent to DOE activities at Yucca Mountain. Therefore, impacts to vegetation
from construction probably would occur only as a result of direct disturbance, such as during site clearing,
and indirect disturbance, such as an increase in invasive annual plants as described above. Little or no
disturbance of additional vegetation would occur as a result of monitoring and maintenance activities
before closure.

Closure of the repository would involve the removal of structures and reclamation of areas that DOE
cleared of vegetation for the construction of surface facilities as practicable and as delineated in the
license amendment that DOE would have to obtain before closure. Final reclamation could include
backfilling and grading to restore natural drainage patterns and create a stable landform; spreading and
contouring topsoil that had been stockpiled during construction; creating erosion-control structures;
ripping, seeding, spreading, and anchoring mulch; and fencing to reduce loss of new vegetation to
herbivores. Figures 4-2, 4-3, and 4-4 illustrate the reclamation process the Department undertook during
site characterization for Yucca Mountain, which has improved the success rate of vegetation
reestablishment and helps control encroachment of invasive species. DOE would use such activities in
the future to limit impacts of the Proposed Action.

00763DC_003_R1.ai :

Figure 4-2. Fill material is spread and contoured on the site of a decommissioned borrow area at Yucca
Mountain.
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Figure 4-3. Decommissioned borrow area at Yucca Mountain that has been recontoured prior to seeding
and mulching.

00763DC_005_R1.ai -

Figure 4-4. Decommissioned borrow area at Yucca Mountain 4 years after reclamation.
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4.1.4.1.2 Impacts to Wildlife

This section summarizes, incorporates by reference, and updates the Impacts to Wildlife portion of
Section 4.1.4.2 of the Yucca Mountain FEIS (DIRS 155970-DOE 2002, pp. 4-34 and 4-35). Direct
impacts to wildlife would occur through four mechanisms: (1) loss of habitat from construction of
facilities and infrastructure; (2) localized deaths of individuals of some species, particularly burrowing
species of small mammals and reptiles, and deaths of individual animals from vehicle collisions;

(3) fragmentation of undisturbed habitat that created a barrier to wildlife movement; and (4) displacement
of wildlife because of an aversion to the noise and activity from construction, operations, monitoring, and
closure of the repository.

The effect of these impacts on wildlife would be small because: (1) habitats similar to those at Yucca
Mountain (identified by land cover type) are widespread locally and regionally; (2) animal species at the
proposed repository site are generally widespread throughout the Mojave or Great Basin deserts, and the
deaths of some individuals due to repository construction, habitat loss, and vehicle collisions would have
small impacts on the regional populations of those species or on the overall biodiversity of the region;
(3) large areas of undisturbed and unfragmented habitat would be available away from disturbed areas;
and (4) impacts to wildlife from noise and vibration, if any, would be limited to the vicinity of the source
of the noise (for example, heavy equipment, diesel generators, and ventilation fans). Overall, no species
would be threatened with extinction, either locally, regionally, or globally. Several animals classified as
game species by the State of Nevada [such as Gambel’s quail (Callipepla gambelii), chukar (Alectoris
chukar), and mule deer (Odocoileus hemionus)] are present in low numbers in the region of influence.
Adverse impacts to these species would be unlikely and hunting opportunities would not change as DOE
would continue to prohibit hunting in the area where most construction activities would occur. There
would be no impact to desert bighorn sheep (Ovis canadensis nelsoni) in the offsite area to the south of
the analyzed land withdrawal area, or their winter habitat in the Striped Hills, because the proposed
addition to the access road to the Yucca Mountain site is more than 1.6 kilometers (1 mile) west of the
nearest potential habitat for sheep and there is no nearby suitable habitat to the west of the road.
Construction and operations of other facilities or structures in the offsite area, such as new electric
transmission lines, the Sample Management Facility, and a temporary construction camp, would have no
impact on desert bighorn sheep because these actions would be far from important bighorn sheep habitat.

To avoid and minimize adverse impacts to migratory birds during repository construction, DOE would
implement best management practices, which would include avoidance of groundbreaking activities to the
maximum extent practicable in nesting habitat during the critical nesting period, which the Bureau of
Land Management defines as May 1 through July 15. If groundbreaking or land clearing activities were
necessary during the nesting season, DOE would conduct surveys for migratory bird nests before any
such activities. The Department would prohibit all activities that would harm nesting migratory birds or
result in nest abandonment.

Wildlife would be attracted to the water in lined evaporation ponds in the vicinity of the geologic
repository operations area. Individuals of some species could benefit from the water, but some animals
could become trapped in the ponds depending on the depth and the slope of the sides. Previous
experience has shown that a wide variety of animal species use such ponds and that DOE could avoid
losses of animals by reduction of the pond slopes or by an earthen ramp at one corner of the pond.
Appropriate engineering would minimize potential losses to wildlife.
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As Chapter 3, Section 3.1.12.1 discusses, DOE could construct a landfill for construction debris and
sanitary solid waste, although it has not determined a site for it. The landfill could attract scavengers such
as coyotes (Canis latrans) and ravens (Corvus corax). Frequent covering of the sanitary waste in the
landfill would minimize use by scavenger species.

After the completion of waste emplacement, human activities and vehicle traffic would decline, as would
impacts of those actions on wildlife, with further declines in activities and impacts after repository
closure. Animal species could reoccupy the areas DOE reclaimed during the closure period.

4.1.4.1.3 Impacts to Special-Status Species

This section summarizes, incorporates by reference, and updates as indicated by new references the
Impacts to Special Status Species portion of Section 4.1.4.2 of the Yucca Mountain FEIS (DIRS 15597001
DOE 2002, pp. 4-35 and 4-36). The desert tortoise (Gopherus agassizii) is the only resident animal
species in the analyzed land withdrawal area that is listed as threatened under the Endangered Species Act
(16 U.S.C. 1531 et seq.). Further, there are no endangered or candidate animal species and no species that
are proposed for listing (Chapter 3, Table 3-7). Repository construction would result in the loss of a
small portion of desert tortoise habitat at the northern edge of the range of this species in an area where
the abundance of tortoises is low.

Based on past experience, DOE anticipates that human activities at the site could directly affect individual
desert tortoises. DOE has successfully relocated two tortoise nests and 27 individual tortoises to protect
them from potential threats. Since July 1997, three tortoises have been killed on access roads, none by
construction activities (DIRS 182586-Spence 2007, all). Therefore, although some tortoises could be
killed on roads during repository construction and as a result of increased vehicle traffic during repository
operation, DOE anticipates the number of tortoise deaths due to vehicle traffic and construction activities
during the repository construction, operations, monitoring, and closure analytical periods would be small.
However, the abundance of ravens, which are natural predators of juvenile desert tortoises, could increase
as a result of infrastructure construction (the birds could use electric transmission lines and light posts as
perches, for example) and could result in increased predation on young tortoises. Frequent covering of
the sanitary waste in the potential landfill would limit the attraction of the repository area to ravens.

Although these losses would cause a small decrease in the abundance of desert tortoises in the immediate
vicinity of the repository site, they would not affect the long-term survival of the local or regional
population of this species. Yucca Mountain is surrounded to the east, south, and west by large tracts of
undisturbed tortoise habitat on government property, and desert tortoises are widespread at low densities
throughout this region.

The U.S. Fish and Wildlife Service has concluded that tortoise populations are depleted for more than

1 kilometer (0.6 mile) on either side of heavily used roads (DIRS 155970-DOE 2002, p. 4-36). The
increase in traffic to Yucca Mountain would contribute to the continued depression of populations along
U.S. Highway 95, but would not increase the threat to the long-term survival of tortoise populations in
southern Nevada.

As required by Section 7 of the Endangered Species Act, DOE has entered into consultations with the
U.S. Fish and Wildlife Service on the effects of proposed repository activities on the desert tortoise. The
Fish and Wildlife Service issued a Biological Opinion in 2001, which concluded that “construction,
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operation and monitoring, and closure of a geologic repository at Yucca Mountain is not likely to
jeopardize the continued existence of the threatened Mojave population of the desert tortoise. These
actions do not affect any area designated as critical habitat; therefore, no destruction or adverse
modification of that habitat is anticipated” (DIRS 155970-DOE 2002, Appendix O, pp. 21 to 22). The
Biological Opinion included reasonable and prudent measures, and terms and conditions required to
achieve these measures, to ensure that implementation of the Proposed Action would not jeopardize the
desert tortoise. Chapter 9, Section 9.2.4.1 of the Yucca Mountain FEIS listed these measures and
described how DOE is implementing them (DIRS 155970-DOE 2002, pp. 9-9 to 9-11). DOE would
reinitiate consultation with the Fish and Wildlife Service if any of the conditions in 50 CFR 402.16
occurred, for example, if DOE exceeded the limit the Biological Opinion specified on the amount of
tortoise habitat that DOE could disturb [6.65 square kilometers (1,643 acres)] (DIRS 155970-DOE 2002,
Appendix O, p. 29).

The bald eagle (Haliaeetus leucocephalus) was observed once on the Nevada Test Site and might migrate
through the Yucca Mountain region. If present at all, eagles would be transient and repository activities
would not affect them. The State of Nevada classifies the bald eagle as endangered.

Several animal species considered sensitive by the Bureau of Land Management (Chapter 3, Table 3-7)
occur in the region of influence. Impacts to bat species would be small because of their low abundance
on the site and broad distribution. Impacts to the common chuckwalla (Sauromalus ater) and Western
burrowing owl (Athene cunicularia hypugaea) from disturbance or loss of individuals would be small
because they are widespread regionally and are not abundant in the land withdrawal area. Impacts to the
Western red-tailed skink (Eumeces gilberti rubricaudatus) would be small because it is widespread
regionally and occupies small pockets of isolated habitat that would not be overly affected by any
proposed disturbances. Giuliani’s dune scarab beetle (Pseudocotalpa giulianii) has been reported only in
the southern portion of the land withdrawal area away from any proposed disturbances and, therefore,
would not be affected.

Monitoring and closure activities at the repository would have little impact on desert tortoises or Bureau
of Land Management sensitive species because the repository workforce would be smaller than during the
operations analytical period. Over time, vegetation would recover on disturbed sites and indigenous
species would return. As the habitat recovered over the long term, desert tortoises and other special-status
species at the repository site could recolonize areas abandoned by humans.

4.1.4.1.4 Impacts to Wetlands

This section summarizes, incorporates by reference, and updates the Impacts to Wetlands portion of
Section 4.1.4.2 of the Yucca Mountain FEIS (DIRS 155970-DOE 2002, pp. 4-36 and 4-37). There are no
known naturally occurring wetlands subject to permitting requirements under Section 404 of the Clean
Water Act (42 U.S.C. 1251 et seq.) on the repository site, so no impacts to such wetlands would occur as a
result of repository construction, operations, monitoring, or closure. In addition, repository activities
would not affect the manmade well pond in the land withdrawal area. Repository-related structures could
affect as much as 2.8 kilometers (1.7 miles) of ephemeral washes, depending on the size and location of
the facilities. After selecting the location of the facilities, DOE would conduct a formal delineation of
waters of the United States near the surface facilities and, if necessary, develop a plan to avoid when
practicable and otherwise minimize impacts to those waters. If repository activities would affect waters
of the United States, DOE would consult with the U.S. Army Corps of Engineers and obtain permit
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coverage for those impacts. If the activities were not covered under a nationwide permit, DOE would
apply to the Corps of Engineers for a regional or individual permit. By implementation of the mitigation
plan and compliance with other permit requirements, DOE would ensure that impacts to waters of the
United States would be minimized. Appendix C of this Repository SEIS contains a floodplain and
wetlands assessment for the proposed repository.

41.4.2

Table 4-8 lists the results of the DOE evaluation of the impacts to biological resources.

Table 4-8. Impacts to biological resources.

Evaluation of Severity of Impacts to Biological Resources

Analytical Special-status
period Flora Fauna species Wetlands Overall
Construction
Small; removal of  Small; loss of Small; loss of None Small; loss of
vegetation from small amount of small amount of small amount of
up to 9 square habitat and some desert tortoise widespread but
kilometers (2,200  individuals of habitatand few undisturbed
acres) in some species tortoises habitatand small
widespread number of
communities; individuals
maximum loss to
any one land
cover type in the
affected mapping
zones would be
0.25 percent
Operations
Small; Small; deaths of Small; potential  None Small;
disturbance of small number of deaths of few disturbance of
vegetation in individuals due to  individuals due common land
areas adjacent to vehicle traffic and  to vehicle traffic cover types and
disturbed areas human activities loss of small
number of
individual
animals
Monitoring
Small; no new Small; same as for  Small; same as None Small; very small
disturbance of operations, but for operations, number of
natural vegetation  smaller due to but smaller due individual
smaller workforce  to smaller animals killed by
workforce vehicles
Closure

Small; decline in

Small; decline in

Small; decline in None

Small; decline in

impacts due to number of number of impacts due to
reduction in individuals killed  individuals killed reduction of
human activity by traffic annually by traffic human activity
annually
Overall rating
of impacts Small Small Small None Small
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4.1.4.3 Impacts to Soils from Construction, Operations, Monitoring, and
Closure

This section summarizes and incorporates by reference Section 4.1.4.4 of the Yucca Mountain FEIS
(DIRS 155970-DOE 2002, p. 4-38 and 4-39); there have been no soil surveys that covered the region of
influence since completion of the FEIS. The evaluation of impacts to soils considered the potential for
soil loss in disturbed areas, recovery of soil viability (that is, the physical, chemical, and biological
properties of soil that foster plant growth) after disturbance, and the potential for the spread of
contamination due to the relocation of contaminated soils (if present). DOE would use erosion control
techniques to minimize erosion. Because soil in disturbed areas would be slow to recover, during the
closure analytical period DOE would revegetate the areas it had not reclaimed after the temporary
disturbances following construction.

4.1.4.3.1 Soil Loss

Activities during the construction, operations, and monitoring analytical periods would disturb varying
amounts of land depending on the final design for the repository. DOE would disturb as much as

9 square kilometers (2,200 acres) of land during the construction phase, which could expose bare soil to
wind and water erosion.

During earlier activities, DOE established a reclamation program with a goal to return disturbed land to a
condition similar to its predisturbance state (DIRS 154386-YMP 2001, all). One of the benefits of such a
goal is the minimization of soil erosion. The program includes the implementation and evaluation of
topsoil stockpiling and stabilization efforts that would enable the use of topsoil removed during
excavation in future reclamation activities. Final reclamation would include spreading and contouring
topsoil that was stockpiled during construction; creating erosion control structures; ripping, seeding,
spreading, and anchoring mulch; and fencing to reduce loss of new vegetation to herbivores. The
reestablishment of vegetation to stabilize stockpiled topsoil would reduce the construction loss of the
most critical type of soil.

DOE would use fugitive dust control measures, which would include water spraying, chemical treatment,
and wind fences as appropriate, to minimize wind erosion of the stockpiled topsoil and excavated rock.
The Department would minimize soil erosion by minimizing areas of surface disturbance and using
engineering practices to stabilize disturbed areas. These practices could include such measures as control
of stormwater runoff through the use of holding ponds, baftles, and other devices, and the stabilization of
disturbed ground, relocated soil, or excavated material. Based on past experience and the continuing
topsoil protection and erosion control programs, DOE anticipates little soil loss due to erosion during any
period of the project.

41.4.3.2 Recovery

Studies during the Yucca Mountain site characterization effort and experience at the Nevada Test Site
indicate that natural succession on disturbed desert soils would be a very slow process. Soil recovery
would be unlikely without reclamation. DOE remains fully committed to the reclamation of disturbed
areas (DIRS 154386-YMP 2001, Section 1.2).
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Land disturbances can compromise or destroy soil viability through salvaging, stockpiling, and
compaction. Topsoil handling and stockpiling can have negative impacts on the physical, chemical, and
biological properties of the soil, which include decreased soil stability and porosity, increased bulk
density, increased ammonium concentrations, decreased nutrients and microbial populations, decreased
viable seed populations, and decreased organic matter. While DOE could not avoid most of these
impacts, the use of proper techniques for soil handling, stockpiling, and stabilization would minimize
them. DOE studied stockpiling and stabilization during site characterization and identified methods that
had little effect on chemical and physical proprieties, nutrient content, or microbial content of the soil
(DIRS 150174-CRWMS M&O 1999, all). DOE used the study results and information from literature
searches to develop a topsoil management plan (DIRS 154386-YMP 2001, Section 4.2). Use of the
techniques in this plan would result in minimum impacts on soil viability from salvaging and stockpiling
activities.

4.1.4.3.3 Contamination

There would be a potential for spills or releases of contaminants under the Proposed Action (Section
4.1.3.1.2), but DOE would implement an updated version of its Spill Prevention, Control, and
Countermeasures Plan for Site Activities (DIRS 172055-DOE 2004, all) to prevent, control, and
remediate soil contamination. The Department would train workers in the handling, storage, distribution,
and use of hazardous materials to provide practical prevention and control of potential contamination
sources. Fueling operations and storage of hazardous materials and other chemicals would take place in
bermed areas and away from floodplains when possible to decrease the probability of unexpected water
flow spreading an inadvertent spill. DOE would provide rapid-response cleanup and response capability,
techniques, procedures, and training for potential spills.

41.5 IMPACTS TO CULTURAL RESOURCES

This section summarizes, incorporates by reference, and updates the information in Section 4.1.5 of the
Yucca Mountain FEIS (DIRS 155790-DOE 2002, pp. 4-39 to 4-41). In this Repository SEIS, the region
of influence for cultural resources includes the analyzed land withdrawal area, land that DOE proposes for
an access road from U.S. Highway 95, and land where DOE would construct offsite facilities.

Cultural resources are nonrenewable resources with values that physical disturbance could diminish. The
Yucca Mountain FEIS evaluation of impacts to cultural resources considered the potential for disruption
or modification of the character of cultural resources. The evaluation placed particular emphasis on
identification of the potential for impacts to archaeological and historic sites and other cultural resources
important to sustaining and preserving American Indian cultures.

For this Repository SEIS, direct comparison of disturbed land as the predominant indicator enables
determination of impacts to cultural resources. The primary sources of short-term impacts from
construction, operations, monitoring, and closure would be facility construction and operations and
human activities.

Overall, estimated impacts to cultural resources identified in this Repository SEIS would be small, as the
following sections describe.
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4.1.51 Impacts to Cultural Resources from Construction, Operations,
Monitoring, and Closure

The following sections discuss archaeological and historic resources in the region of influence and the
American Indian viewpoint on DOE activities related to the proposed repository and their impacts on
these resources.

4.1.5.1.1 Archaeological and Historic Resources

The Yucca Mountain FEIS identified direct and indirect impacts to archaeological and historic resources.
Direct impacts would be those from ground disturbances or activities that destroyed or modified the
integrity of archaeological or historic sites, and indirect impacts would result from activities that could
increase the potential for intentional or unintentional adverse impacts (for example, increased human
activity near resources could result in illicit collection or inadvertent destruction). The FEIS concluded
that although there could be some indirect impacts, the overall effect of the proposed repository on the
long-term preservation of archaeological and historic sites in the analyzed land withdrawal area would be
beneficial. Limited access to and use of the area would protect archaeological and historic resources in
most of the area from most human intrusion.

The Yucca Mountain FEIS recommended that 51 of the 830 archaeological and historic sites were eligible
for inclusion in the National Register of Historic Places. In consultation with the Nevada State Historic
Preservation Office, DOE has revised its recommendation to include 232 sites (DIRS 182189-Rhode
2007, all). The revised number reflects recent investigations for the U.S. Highway 95 access road and a
reevaluation of the importance of obsidian artifacts. Recent studies suggest that obsidian artifacts can
provide important information on prehistoric American Indian settlement systems. The large increase in
the number of eligible archaeological sites since completion of the FEIS reflects this finding and includes
extractive (for example, toolstone quarrying, hunting, and seed gathering) and processing (for example,
animal butchering, milling plants, or cooking) localities where obsidian toolstone is present.

Potential impacts to National Register-eligible archaeological sites could occur from land disturbances
due to construction. An evaluation by the Desert Research Institute identified 57 archaeological sites and
75 isolated artifacts (DIRS 182189-Rhode 2007, all) in the construction areas. Three of these 57 sites
have been recommended for inclusion in the National Register of Historic Places. The National Register-
eligible sites consist of two prehistoric temporary camps and one resource processing locality. Before
construction began, DOE would avoid or mitigate impacts to archaeological and historic resources, so
direct adverse impacts from construction and operation of the facilities would be small.

Improved access to the area could lead to indirect impacts from unauthorized excavation or collection of
artifacts. DOE would mitigate these impacts through personnel training, archaeological and historic site
monitoring, and long-term management. These measures would protect archaeological and historic
resources from most human intrusions in the analyzed land withdrawal area. This added protection would
result in a beneficial effect.

A draft programmatic agreement among DOE, the Advisory Council on Historic Preservation, and the
Nevada State Historic Preservation Officer has been prepared for cultural resources management related
to activities that would be associated with development of a repository at Yucca Mountain. While this
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agreement is in ongoing negotiation among the concurring parties, DOE is abiding by the process set
forth in Section 106 of the National Historic Preservation Act of 1966 (16 U.S.C. 470 et seq.).

4.1.5.1.2 American Indian Viewpoint

In the Yucca Mountain FEIS, DOE summarized the American Indian view of resource management and
preservation, which is holistic in its definition of cultural resources and incorporates all elements of the
natural and physical environment in an interrelated context. In the FEIS, DOE committed to continue the
Native American Interaction Program throughout implementation of the Proposed Action to enhance the
protection of archaeological sites and cultural items important to American Indians. The FEIS reported
that construction activities would have no direct impacts on several delineated American Indian sites,
areas, and resources in or immediately adjacent to the analyzed land withdrawal area. However, because
of the general level of importance that American Indians attribute to these places, which they believe are
parts of an equally important integrated cultural landscape, American Indians consider the intrusive nature
of the proposed repository to be a significant adverse impact to all elements of the natural and physical
environment. Based on Tribal Update Meetings for members of the Consolidated Group of Tribes and
Organizations held since the completion of the FEIS, the American Indian viewpoint is unchanged.

41.6 SOCIOECONOMIC IMPACTS

This section describes potential socioeconomic impacts from construction and operation of the proposed
Yucca Mountain Repository. The analysis for the Yucca Mountain FEIS examined the potential for
socioeconomic impacts in Clark, Lincoln, and Nye counties in southern Nevada. For this Repository
SEIS, the region of influence consists of Clark and Nye counties (Chapter 3, Section 3.1.7).

Evaluations of the socioeconomic environment—in Nye County where the repository would be and in
Clark County where most workers would live—considered changes to employment, population, three
economic measures (real personal disposable income, spending by state and local government, and Gross
Regional Product), housing, and some public services. The evaluation used the Regional Economic
Models, Inc. (REMI) model, Policy Insight, Version 9, to estimate and project baseline socioeconomic
conditions from 2005 to 2067 for employment and population changes that would be due to the Proposed
Action. To present a more complete profile of potential impacts, DOE also examined a second residential
distribution, where many of the workers would live in Nye County, and analyzed potential impacts to
socioeconomic variables from the scenario. The alternative distribution includes an analysis of changes
in employment, population, three economic measures, and demand for housing and some public services.
Appendix A, Section A.4 contains the results of the analysis.

DOE developed baselines for Gross Regional Product, real disposable personal income, and spending by
state and local governments for Clark and Nye counties and for the State of Nevada (DIRS 178610-Bland
2007, all). Chapter 3, Section 3.1.7 presents baseline information that describes the current
socioeconomic environment in the region of influence. The potential for changes in the socioeconomic
environment would be greatest in the Yucca Mountain region of influence where most of the repository
workers would live. Although the analysis focused on regional impacts, DOE acknowledges that Clark
County, which has 50 times as many people as Nye County, dominates the region and often obscures
impacts in Nye County. DOE has noted when the impact in Nye County would differ meaningfully from
regional impacts.
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DOE examined the employment that would be necessary for construction and operation of a repository.
The Yucca Mountain FEIS analysis projected baseline population and employment in the region of
influence to 2035. For this Repository SEIS analysis, DOE included anticipated incremental changes
above and below the employment and population projections to 2067 that could result from the Proposed
Action. In addition, this section provides estimates and projections through 2067 of baseline values for
several economic parameters and estimates of incremental changes attributable to the construction and
operation of the proposed repository above and below the baselines for Clark and Nye counties and the
State of Nevada.

Socioeconomic impacts described in this Repository SEIS would vary from impacts DOE identified in the
Yucca Mountain FEIS because of different underlying assumptions. For the FEIS, the data for analysis of
the potential impacts to socioeconomic variables, all of which would be driven by changes in the number
of jobs, were based on the employment levels of construction and operations workers assigned to the
proposed repository site. That analysis did not include other project jobs, engineering and project safety
for example, because those jobs would be off the site, primarily in the Las Vegas area.

The analysis for this Repository SEIS included present and projected offsite workers as well as onsite
workers. In addition, estimated worker requirements in this document are specific to the modified
repository design and operational plans, while the Yucca Mountain FEIS considered several operating
modes and, to bound the evaluation, based potential impacts on the mode that would require the greatest
number of workers. The analysis used updated baselines for the evaluated socioeconomic variables. As a
result of the refined data, potential impacts to Gross Regional Product, real disposable personal income,
spending by state and local governments, housing, and public services from changes in employment and
population would be smaller than the impacts the FEIS reported.

4.1.6.1 Socioeconomic Impacts from Construction and Operations
4.1.6.1.1 Impacts to Employment

Surface and subsurface construction would begin in 2012. DOE would scale back surface construction in
2016 as emplacement began (in 2017). Subsurface construction would begin in 2012, escalate in 2018,
moderate at approximately 170 employees by 2026, and continue until 2042. The number of employees
for subsurface construction would be considerably EMPLOYMENT TERMS
fewer than the number of workers for surface

construction. In 2014, the peak year of direct Direct Employment:
Jobs that are expressly associated with

project activity.

employment during the initial construction
analytical period, DOE would employ about 2,590
workers (which would represent about 1,090 newly | Indirect Employment:

created jobs) for the Proposed Action. About Jobs that are created as a result of
1,860 of these workers would be employed on the expenditures by directly employed project

. . workers (for example, restaurant workers
site and 730 workers would work off the site, or childcare providers) or jobs that are

primarily in the Las Vegas area. Construction created by project-related purchases of
workers would include skilled craft workers and goods and services (for example, sales
professional and technical support personnel manager of a concrete supply store).
(engineering, safety analysis, safety and health, and

; . Composite Employment:
other field personnel). Onsite employment during Sum of direct and indirect employment.

construction would peak in 2016 with about
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1,920 workers as DOE transferred offsite positions and responsibilities from Clark County sites to the
repository in Nye County.

Figure 4-5 shows composite (direct and indirect) employment changes due to construction activities under
the Proposed Action by county of residence. Incremental employment increases during the construction
analytical period would peak in 2014 with the addition of about 1,000 jobs in the region of influence
(about 690 in Clark County and 310 in Nye County). The number of additional jobs in the region of
influence would be virtually identical to the number of additional jobs in the State of Nevada because the
direct jobs would be confined to Clark and Nye counties, where DOE assumed all workers would reside,
and thus new indirect jobs would probably be in the same jurisdictions. The change in the number of new
jobs would be less than the number of onsite jobs because some of those would be filled by construction
workers who had completed another assignment and some would be filled by individuals who joined the
construction industry from another field and were, therefore, part of the baseline employment estimates.
Not all project-related jobs would require that individuals move into the region of influence. Employment
in the construction industry is constantly in flux and assignments begin and end in a relatively short
period, so workers already in the region would fill some repository jobs. The number of onsite jobs
would increase as the number of offsite professional and technical positions decreased. The dynamics of
the economies in each county and the number of directly employed workers who lived in each county
would influence the numbers and locations of indirect jobs. The Proposed Action would increase overall
employment in the region of influence from the projected baseline (employment without the repository
project) of approximately 1,329,000 jobs to slightly less than 1,330,000 positions—a regional change
ofapproximately 0.08 percent, but 1.5 percent in Nye County. These changes would be small. REMI
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Figure 4-5. Increases in composite regional and State of Nevada employment during construction.
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uses historical patterns of spending and in-migration to predict changes. Table 4-9 summarizes peak
construction year changes in direct employment by county of worker residence.

Table 4-9. Expected peak construction year (2014) changes in direct employment by county of worker
residence.

Area Employees®
Clark County 758
Nye County 328
Region of Influence 1,090

Source: DIRS 182205-Bland 2007, all.
Note: Numbers are rounded to three significant figures.
a.  Excludes 216 current onsite workers and 1,286 offsite workers.

Table 4-10 lists the expected distribution of project job locations during the initial construction analytical
period. Chapter 3, Section 3.1.7 discusses residential distribution patterns of Yucca Mountain Project
workers. Emplacement would begin in 2017. Although subsurface construction would continue until
about 2042, this Repository SEIS refers to the period from 2017 to 2067 as the operations analytical
period. Emplacement activities could continue for up to 50 years from the beginning of emplacement in
2017 until 2067.

Table 4-10. Repository direct employment during the initial construction analytical period by county of
job location.”

Area 2012 2013 2014 2015 2016
Clark County (offsite) 709 711 730 648 589
Nye County (onsite) 1,010 1,480 1,860 1,900 1,920
Total project employment 1,720 2,200 2,590 2,550 2,510

Source: DIRS 182205-Bland 2007, all.
Note: Numbers are rounded to three significant figures; therefore, totals might differ from sums.
a. Includes current positions.

Direct operations peak employment would occur in 2019 when repository operations would require about
2,690 workers. About 2,070 of these workers would be on the site, and the remaining 620 would work in
the Las Vegas area. Project-related direct employment would range from 2,600 to 2,300 from 2017 to
2024, then range from 2,300 to 2,000 until 2040. Employment levels from 2041 to 2067 would be
essentially stable at about 700 workers (DIRS 182205-Bland 2007, all).

Table 4-11 lists the expected distribution of changes in regional employment in the peak year of
employment (2021) during the operations analytical period. The table lists the estimated number of
repository-induced jobs in Clark and Nye counties and in Nevada in 2021. Employment in the region of
influence would peak with approximately 1,300 workers. The employment baselines in Clark and Nye
counties have grown rapidly since completion of the Yucca Mountain FEIS. New indirect jobs result
from new direct jobs unless there is some capacity of existing business to meet the increased demand for
goods and services. The region, especially Clark County, probably has sufficient excess capacity and
impacts would be spread over a number of communities in Clark County, such that the number of indirect
jobs would be lower. This would result in a small incremental increase of regional employment from the
estimated baseline of about 1,425,000 jobs to about 1,426,000 jobs, a change of less than 0.1 percent from
the estimated employment baseline for 2021.
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Table 4-11. Expected peak year (2021) increases in the operations analytical period composite

employment in the region and in the State of Nevada.

Area Employees Percent change
Clark County 861 0.06
Nye County 437 2.0
Total increase in jobs in region of influence 1,300 0.09
State of Nevada 1,300 0.07

Note: Numbers are rounded to three significant figures; therefore, totals might differ from sums.

Source: DIRS 182642-Bland 2007, all.

Table 4-12 summarizes direct repository employment from 2017 to 2067 by expected county of job
location. Figure 4-6 shows changes in regional employment for Clark and Nye counties and for the State
of Nevada. Beginning in 2042, the rate of employment growth in the region would slow as the need for

Table 4-12. Repository direct employment” during the operations analytical period by county of job

location, 2017 to 2067.

Area 2017 2020 2025 2030 2045 2067
Clark County (offsite) 572 585 470 470 144 108
Nye County (onsite) 1,940 2,000 1,820 1,800 562 421
State of Nevada 2,510 2,590 2,290 2,270 706 529

Source: DIRS 182205-Bland 2007, all.
Note: Numbers are rounded to three significant figures.
a. Includes current positions.
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Figure 4-6. Changes in composite regional employment from repository operations activities in the

region and in Nevada.
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repository workers dropped. The growth would slow by about 148 jobs in 2042, to about 312 jobs in
2045, and would continue slowing by about 230 jobs through 2067. Given the expected economic growth
in the region of influence, the region could readily absorb declines in repository employment as
subsurface construction and emplacement activities ended. The Yucca Mountain Project would continue
to contribute positively to the economy, but losses of offsite jobs would result in the slower growth of
jobs in the region. Impacts to regional employment, employment in Clark County and Nevada from
repository-related construction and operations would be small, less than 1 percent. Impacts in Nye
County would be greater, but not more than 2 percent of the baseline.

4.1.6.1.2 Impacts to Population

DOE based assumptions about future residential distribution on worker preferences consistent with
historical preferences (Chapter 3, Section 3.1.7). Historical patterns of behavior, including choice of
preferred county of residence, might not be an accurate barometer of future trends because of the
uncertainties in prediction of human behavior. The analysis based estimates of impacts to socioeconomic
variables in the region on the assumption that 80 percent of the workers at the site would live in Clark
County and 20 percent would live in Nye County. DOE assumed those persons working in Clark County
would live in Clark County.

The analysis projected that regional population would grow from about 2,480,000 residents in 2012 to
approximately 5,130,000 in 2067 (DIRS 178610-Bland 2007, all). The peak year (2035) population
contribution in the region of influence attributable to the repository would be approximately 2,280 people,
or about 0.06 percent of the estimated population baseline of 3,630,000 people (DIRS 178610-Bland
2007, all). In general, increases in population occur several years after increases in employment because
some workers delay relocation. Clark County would experience the peak increase in population in 2034,
and Nye County would experience a peak in 2039. This phenomenon would be largely because Clark
County has such a large labor pool, and most project workers and family members would already live
there and would not in-migrate to the county. Because the labor force is smaller in Nye County, many
project workers or workers who filled the new indirect jobs and who lived in Nye County would represent
a new household in the county. The increase in population would represent a small increase, about

1.2 percent of the county’s baseline population in 2039. The Proposed Action would have only small
effects on population growth in the region of influence. Figure 4-7 shows the projected population
increases from the repository project for Clark and Nye counties and the State of Nevada. Prediction of
specific residential preferences for one community over another in a county is inexact, so the estimated
and projected residential distribution patterns are at the county and state levels rather than the community
level.

Table 4-13 lists estimated incremental population increases that would result from repository activities.
The incremental peak population increase in Clark County would be about 0.04 percent. Population
growth from repository activities would be more evident in Nye County. The county’s population
increase would be approximately 1.2 percent of the projected population of 84,000 (DIRS 178610-Bland
2007, all) for the county in 2035, which would be the peak period for potential repository population
impacts.

4-47



Environmental Impacts of Repository Construction, Operations, Monitoring, and Closure

2,900

2,400

1,900

1,400 =

Ion INnCrease

Populat

900 —- —m - I

~

o

o
|

100 ' ' '
2017 2020 2025

2030 2035 2040 2045 2067
Year

O Clark County

B Nye County ] State of Nevada

Source: DIRS 182642-Bland 2007, all.
00763DC_138_R3ai

Figure 4-7. Regional population increases from

The estimated changes in population from
repository activities would be small in Clark and
Nye counties. The workers’ choices of place of

operations, 2017 to 2067.

Table 4-13. Estimated population increase in
Clark County, Nye County, and the State of
Nevada from the Proposed Action (2035.

residence would have a large influence on Arca Total population”
population increases above the projected baselines. Clark County 1,260
To present a more complete profile of potential Nye County . 1,020
impacts, DOE examined a residential distribution State of Nevada 2,310

where many of the repository workers would live

Source: DIRS 182642-Bland 2007, all.
a. Numbers are rounded to three significant

in Nye County. Appendix A, Section A.4 contains figures.

the results of that analysis.

b. Includes population outside of the region of
influence.

4.1.6.1.3 Impacts to Economic Measures

Table 4-14 lists estimated changes in economic measures that would result from repository activities

during the construction analytical period (values

are in 2006 dollars). Repository-induced impacts

measured by these economic variables would essentially be confined to the region of influence and,
therefore, would be the same for the State of Nevada. Increases in real disposable personal income in the
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Table 4-14. Increases in economic measures in Clark County, Nye County, and the State of Nevada from
repository construction, 2012 to 2016 (millions of 2006 dollars).

Area 2012 2013 2014 2015 2016
Clark County
State and local government spending 0.2 0.6 1.2 1.8 2.3
Real disposable personal income 4.2 23.9 41.7 40.5 384
Gross Regional Product 6.2 333 58.9 583 54.9
Nye County
State and local government spending 0.1 0.2 0.4 0.5 0.7
Real disposable personal income 7.6 12.2 16 16.6 17.1
Gross Regional Product 10 16.1 21.6 20.8 22.7
State of Nevada
State and local government spending 0.3 0.8 1.7 2.4 3
Real disposable personal income 12 36.5 58.3 57.8 56.1
Gross Regional Product 16.2 49.3 80.3 79.1 77.6

Source: DIRS 182642-Bland 2007, all.

region of influence would peak in 2014 with an increase of about $57.8 million or $41.7 million, or 0.05
percent in Clark County and $16.0 million, or 1.1 percent in Nye County. Increases in Gross Regional
Product would also peak in 2014 at about $80.5 million. About $58.9 million or 0.05 percent of the
change in Gross Regional Project would happen in Clark County. The impact in Nye County would be
1.4 percent above the baseline or $21.6 million. Regional expenditures by the State of Nevada and local
governments, which include school districts, would peak at $3 million

in 2016. Clark County expenditures would account for $2.3 million GROSS REGIONAL
of the change in spending. The change in both counties would be less PRODUCT

than 0.03 percent. Economic measures for the region of influence The value of all final goods
would increase by less than 0.1 percent over the projected baseline and services produced in
(estimated economic measures without the repository project). the region of influence.

Table 4-15 lists the changes in economic measures, for representative

years that would result from the repository project during the operations analytical period. Increases in
Gross Regional Product would peak in 2034 at about $98.7 million, or 0.05 percent in Clark County and
$68.9 million, or a small 2.7 percent above the baseline in Nye County for a total of $168 million.
Increases in regional real disposable personal income would also peak in 2034 at $85.7 million. Clark
County would experience a 0.05-percent increase of $58.3 million and Nye County would experience
about $27.4 million, or a 1.3-percent increase.

Increases in regional expenditures by state and local government would peak in 2035 at about

$10.7 million. Most of the incremental spending would occur in Clark County, about $5.7 million, which
would be a small increase of 0.04 percent. Spending in Nye County would be about $5 million or

1.3 percent of the baseline. The impacts in Nye County would be proportionately greater because the
repository would be in Nye County. Economic activity, which would include incidental spending by
workers who lived in Clark County but worked in Nye County, would be responsible for this
phenomenon. In addition, Nye County would experience many indirect jobs with consequent income and
taxes. Economic measures for the region of influence would increase by less than 0.1 percent over the
projected baseline. Impacts in the State of Nevada and the region of influence would be essentially the
same because changes from economic baselines would be driven largely by changes in employment and
population, and those changes would occur almost exclusively in Clark and Nye counties.
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Table 4-15. Changes in economic measures in Clark County, Nye County, and the State of Nevada from
emplacement activities, 2017 to 2067 (millions of 2006 dollars).

Area 2017 2020 2025 2030 2035 2045 2067
Clark County

State and local government spending 3.0 4.0 5.0 5.0 5.7 2.0 0.0
Real disposable personal income 40.0 57.0 53.0 55.0 56.2 -34.0 -38.0
Gross Regional Product 58.0 89.0 87.0 92.0 95.0 -92.0 -105.0
Nye County

State and local government spending 1.0 2.0 3.0 4.0 5.0 4.0 4.0
Real disposable personal income 18.0 21.0 23.0 25.0 27.5 16.0 23.0
Gross Regional Product 34.0 47.0 57.0 63.0 68.8 31.0 42.0
State of Nevada

State and local government spending 4.0 6.0 8.0 10.0 10.9 6.0 4.0
Real disposable personal income 59.0 79.0 77.0 81.0 84.9 -16.0 -15.0
Gross Regional Product 91.0 136.0 144.0 155.0 164.3 -60.0 -64.0

Source: DIRS 182642-Bland 2007, all.
4.1.6.1.4 Impacts to Housing

Given the size of the projected regional employment, the number of workers who would in-migrate to
work on the repository would be relatively small. Because the in-migration would be small, the increased
demand for housing would be small. Because the maximum change above the population baselines
would be so small in Clark County (about 1,260 persons) and in Nye County (about 1,050 persons),
demands on the regional housing inventory should be similarly small. In general, housing stock increases
at approximately the same ratio as the population. Impacts to housing would be minimal because (1) the
expected increase in regional population would be small, (2) the demand would primarily be in
metropolitan Clark County, (3) there are no municipal or state growth control measures that limit housing
development, and (4) the region of influence has an adequate supply of undeveloped land to meet
expected future demands.

Impacts to housing would be more pronounced in Nye County, particularly in Pahrump. Because Nye
County and Pahrump have recently experienced rapid and largely unanticipated growth, the county has a
limited housing inventory to absorb new workers and worker families. Much of the infrastructure to
support housing development is at capacity.

During the late 1990s and early 21st century, the Bureau of Land Management sold approximately

13,500 acres of public land within a specific boundary around Las Vegas. Much of the land was sold to
the private sector, and particularly to developers of large master-planned communities. These additional
lands have helped to accommodate population growth in the greater Las Vegas area. Nye County has also
acquired land to facilitate and accommodate the orderly development of land uses that repository
activities could trigger.

DOE analyzed potential impacts to housing at the county level. The Department did not attempt to
predict incremental housing demand at the community level because housing preferences (mobile home,
modular assembly, stick-built), density or cluster choices (single family, multifamily), and desired lot
sizes are difficult to predict. Because the incremental increase in population from repository-related
activities would occur over a long period and be more predictable, the private sector housing market
could readily adapt. In addition, given the very large housing inventory in the region, the region’s
baseline growth would mask the changes that were due to the repository.
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4.1.6.1.5 Impacts to Public Services

Repository-generated impacts to public services such as schools, public safety, and medical services in
the region of influence from population changes attributable to construction and operation of the
repository would be small. Population changes from repository-related employment would be a small
fraction of the anticipated population growth in the region. Even without the addition of repository jobs,
the annual regional growth rate would increase by an estimated 1.4 percent through 2050, which would
minimize the need to alter plans already in place to accommodate projected growth. As mentioned above,
the majority of in-migrating workers would probably live in the many communities of metropolitan Clark
County, thereby dispersing the increased demand for public services.

Southern Nye County, particularly Pahrump, would experience an increased demand for public services.
However, because the anticipated increases over the baseline population in the county would be small and
would occur incrementally over a long period, the county might be able to absorb increased demands in
education, law enforcement, and fire protection (public safety) as the local government expanded the
levels of these services to accommodate the anticipated non-repository-related growth. The county and
communities in the county would continue to provide services as the revenue base grew. Although these
public services are currently at capacity, it is uncertain what the infrastructure capacity would be as
repository operation began or when the repository-related population increase reached its peak in 2039
with about 1,050 residents or a small increase of 1.2 percent above the baseline. Repository-related
population increases in Nye County would be less than 1.3 percent during the entire construction and
operations analytical periods. DOE facilities have historically had cooperative agreements with local
governments for mutual aid and support of emergency services. If DOE implemented such an agreement
in conjunction with the Proposed Action, strains on regional emergency services infrastructure would be
reduced. Repository-generated impacts to public services such as education and public safety could
require mitigation because the current structure for the generation of local government revenues,
primarily from property taxes, would not support the expanded level of services that additional residents
would require. The recently opened hospital in Pahrump and the ample services in the metropolitan Las
Vegas area could serve to alleviate the scarcity of medical services in Nye County.

4.1.6.2 Summary of Socioeconomic Impacts

For all five socioeconomic parameters that DOE evaluated over the construction and operations analytical
periods, the regional impacts would be small, less than 1 percent of the baselines. The operations period
would result in higher impacts to employment, population, Gross Regional Product, real disposable
personal income, and state and local government spending. Changes in regional employment, which
would include direct and indirect workers, would peak in 2021. The increase of about 1,300 workers
would represent a 0.09-percent increase above the projected baseline for that year. Gross Regional
Product would peak in 2034 because of consumption of goods and services due to construction activities.
The estimated increase in Gross Regional Product for 2034 would be about $168 million in 2006 dollars
or 0.08 percent of the baseline. Population increases from increased employment opportunities would
peak in 2035 at about 2,280 or 0.06 percent of the baseline for that year. Government spending would
also peak in 2035 at an increase of $10.7 million or 0.07 percent of the baseline. Real disposable personal
income would be highest during the operations period and would peak in 2034 at $85.7 million or

0.07 percent more than the baseline. The regional impacts as measured by all five parameters would be
small in all years, as they would be in Clark County. The impacts would be greater, but still small, in Nye
County. As a percentage, the greatest population impact would be 1.2 percent in 2034 or 2035, and
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employment impacts would reach 2.0 percent in 2021. Spending by local government would peak at
1.3 percent in 2019, and real disposal personal income would increase by 1.4 percent in 2019. The Nye
County Gross Regional Product would increase by 2.8 percent in 2023.

41.7 OCCUPATIONAL AND PUBLIC HEALTH AND SAFETY IMPACTS

This section describes potential health and safety impacts to workers (occupational impacts) and to
members of the public (public impacts) from construction, operations, monitoring, and eventual closure of
the proposed repository. Members of the public would be outside the land withdrawal area. The analysis
estimated occupational health and safety impacts separately for involved and noninvolved workers for
each repository analytical period—construction, operations, monitoring, and closure. Involved workers
would be craft and operations personnel who were directly involved in facility construction and operation
activities, which would include excavation; receipt, handling, packaging, aging, and emplacement of
spent nuclear fuel and high-level radioactive waste; monitoring of the conditions and performance of the
waste packages; and closure. Noninvolved workers would be managerial, technical, supervisory, and
administrative personnel who would not be directly involved in those activities.

CONCEPT OF INVOLVED AND NONINVOLVED WORKERS

Nonradiological Impacts:
Involved workers would be those doing the physical work of constructing, operating, monitoring,
and closing the repository.

Noninvolved workers would be managerial, technical, supervisory, and administrative personnel
onsite.

There would be no nonradiological impacts to DOE workers at the Nevada Test Site.

Radiological Impacts:
Involved workers would be those directly engaged in developing subsurface facilities during the
construction and operations analytical periods and spent nuclear fuel and high-level radioactive
waste processing, emplacement and maintenance during operating, monitoring, and closing the
repository.

Noninvolved workers would be managerial, technical, supervisory, and administrative personnel
on the site and workers engaged in surface construction during the construction analytical period
and the first several years of repository operations, when surface and subsurface construction
and operations would proceed in parallel.

DOE workers at the Nevada Test Site were treated separately as a noninvolved worker
population.

This section summarizes, incorporates by reference, and updates as necessary Section 4.1.7 of the Yucca
Mountain FEIS (DIRS 155970-DOE 2002, pp. 4-48 to 4-63). Potential health and safety impacts to
repository workers would include those from industrial hazards common to the workplace, from exposure
to naturally occurring and manmade radiation and radioactive materials in the workplace, and from
exposure to naturally occurring nonradioactive airborne hazardous materials. Members of the public
could be exposed to airborne releases of naturally occurring and manmade radionuclides and naturally
occurring hazardous materials. The analysis based estimates of public health impacts from
nonradioactive sources on the air quality information in Section 4.1.2.
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4.1.71 Nonradiological Impacts
4.1.7.1.1 Impacts to Occupational and Public Health and Safety During Construction

This section describes estimates of nonradiological health and safety impacts to repository workers and
members of the public for the 5-year construction analytical period. Activities would include site
preparation, infrastructure construction, construction of surface facilities, and initial construction of
subsurface facilities. Potential health and safety impacts to workers could occur from industrial hazards,
exposure to naturally occurring cristobalite and erionite in the rock at Yucca Mountain, and unexploded
ordnance. Potential health impacts to members of the public could occur from exposure to airborne
releases of naturally occurring hazardous materials (cristobalite and erionite) and from criteria pollutants.

Occupational Health and Safety Impacts
Industrial Hazards. The Repository SEIS analysis estimated health and safety impacts to workers from

industrial hazards using the same method as the Yucca Mountain FEIS (DIRS 155970-DOE 2002,

p. 4-50). The Computerized Accident/Incident Reporting System (CAIRS) database provided industrial
accident statistics from DOE experience with activities similar to those proposed for repository
construction (DIRS 182198-DOE 2007, all; DIRS 182199-DOE 2007, all). DOE uses CAIRS to collect
and analyze reports of injuries, illnesses, and other accidents that occur during its operations. Information
from the database included two impact categories—total recordable cases; and Days Away, Restricted, or
On Job Transfer cases. The latter category is equivalent to the U.S. Department of Labor Bureau of
Labor Statistics lost workday cases category.

INDUSTRIAL HAZARDS TERMINOLOGY

Total Recordable Cases:
The total number of work-related deaths, illnesses, or injuries that resulted in the loss of
consciousness, restriction of work or motion, transfer to another job, or required medical
treatment beyond first aid (DIRS 182204-DOE 2004, all).

Lost Workday Case:
A case that involves days away from work or days of restricted work activity, or both. Equivalent
to Days Away, Restricted, or On Job Transfer case in CAIRS (DIRS 182204-DOE 2004, all).

Fatality:
Any death that results from workplace activities.

Full-Time Equivalent Worker Years:
The number of employees who would be involved in an activity calculated from work hours. Each
full-time equivalent worker year consists of 2,000 work hours (the number of hours DOE
assumed for one worker in a normal work year).

CAIRS provides total recordable cases and lost workday cases incidence rates per 100 full-time
equivalent worker years and provides fatality statistics used to calculate fatality incidence rates per
100,000 worker years. Table 4-16 lists the incident rates for involved construction workers and
noninvolved workers at DOE facilities from the past 5 years. To estimate impacts to workers from
industrial hazards, DOE multiplied those rates by the number of full-time worker years during the
construction analytical period for the proposed repository and divided the results by 100. The statistics
for noninvolved workers are from the Government and Service Operation categories. CAIRS contains no
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Table 4-16. Health and safety statistics for estimation of occupational safety impacts for involved and
noninvolved construction workers.”

Rate of total recordable cases Rate of lost workday cases
Worker type per 100 FTEs per 100 FTEs®
Involved worker 2.0 0.86
Noninvolved worker 1.5 0.69

Note: Numbers are rounded to two significant figures.

a.  Construction worker statistics from 2002 to 2006 from CAIRS (DIRS 182199-DOE 2007, all).
b. Equivalent to Days Away, Restricted, or On Job Transfer in CAIRS.

FTE = Full-time equivalent worker year.

involved construction worker and 1 noninvolved worker fatality at DOE facilities during the past 5 years.
The fatality rate for noninvolved workers was calculated as 0.55 per 100,000 full-time equivalent worker
years. To be conservative, the analysis used the fatality rate of 0.55 per 100,000 full-time equivalent
worker years to estimate worker fatalities from industrial hazards for both involved and noninvolved
workers. For comparison, there have been no reported fatalities as a result of workplace activities forthe
Yucca Mountain Project. Table 4-17 lists the estimated numbers of full-time equivalent worker years
during the construction analytical period for involved and noninvolved workers. Table 4-18 lists the
estimated impacts to workers for the construction period from industrial hazards.

Table 4-17. Estimated full-time equivalent worker years during the construction analytical period.

Worker group Number

Involved workers® Surface construction 5,500
Subsurface construction 340

Involved workers total 5,800

Noninvolved workers® Noninvolved workers total 2,200

Source: DIRS 182205-Bland 2007, all.
Note: Numbers are rounded to two significant figures; therefore, totals might differ from sums.
a.  Workers at site; does not include employees in Las Vegas offices.

Table 4-18. Impacts to workers from industrial hazards during the construction analytical period.

Worker group Impact category Number
Involved workers Total recordable cases 120
Lost workday cases® 50

Fatalities 0.032
Noninvolved workers Total recordable cases 34
Lost workday cases® 15

Fatalities 0.012
All workers (totals) Total recordable cases 150
Lost workday cases® 66

Fatalities 0.044

Note: Numbers are rounded to two significant figures; therefore, totals might differ from sums.
a. Equivalent to Days Away, Restricted, or On Job Transfer in CAIRS.

Naturally Occurring Hazardous Materials. Workers at the Yucca Mountain site could encounter two
types of naturally occurring hazardous materials—cristobalite, a form of crystalline silica (silica dioxide),
and erionite, a naturally occurring zeolite. Both have the potential to become airborne during repository
excavation and tunneling operations, or the excavated rock pile could release them as dust. Cristobalite is
in the welded tuff at the repository level and makes up between 18 and 28 percent of the tuff mineral
content (DIRS 104523-CRWMS M&O 1999, p. 4-81). Erionite is an uncommon zeolite mineral that
forms wool-like fibrous masses and occurs in rock layers below the proposed repository level. Based on
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geologic studies to characterize the repository horizon, most repository operations should not disturb
erionite because it appears to be absent or rare at the repository level (Chapter 3, Section 3.1.8.3).
Erionite could become a hazard during vertical boring operations if the operations passed through an
erionite-bearing rock layer (which would be unlikely). Appendix F, Section F.1.2 of the Yucca Mountain
FEIS contains more detail on the potential hazards of these minerals (DIRS 155970-DOE 2002, pp. F-12
to F-14).

DOE would use engineering controls (as part of best management practices) during subsurface work to
control exposures of workers to silica dust. These controls would include the use of dust shields and air
curtains on tunnel boring machines, water sprays and atomizing nozzles, isolated work areas, air stream
scrubbing, and provision of fresh air to work areas through duct lines. In addition, DOE would design
and operate the ventilation system to control ambient air velocities to minimize dust resuspension. The
Department would monitor the work environment to ensure that dust concentrations did not exceed the
applicable limits for cristobalite. If engineering controls were unable to maintain dust concentrations
below the limits, DOE would use administrative controls such as access restrictions or respiratory
protection until the engineering controls could establish acceptable conditions. The Department would
apply similar controls, if necessary, for surface workers. DOE anticipates that exposure of workers to
silica dust would be below the applicable limits and potential impacts to subsurface and surface workers
would be small.

The engineering controls for exposure to silica dust would apply to potential exposure to erionite. DOE
does not expect to encounter erionite layers at the proposed repository depth and location. If there was an
erionite encounter, DOE would seal off the area and evaluate remediation methods to eliminate worker
exposure throughout the repository tunnels.

Unexploded Ordnance. There have been U.S. Air Force and other military training activities in the
region in the past. Portions of the construction area could have unexploded ordnance in surface locations.
Unexploded ordnance could include shell casings, projectiles, or fragments, as well as live small arms
ammunition, bombs, and rockets. DOE would coordinate with the Air Force about construction activities
and would follow standard and established procedures for unexploded ordnance. An unexploded
ordnance specialist would develop a plan, including evaluation of potential types of unexploded ordnance,
depths, and other factors. Unexploded ordnance technicians would screen areas where there was a
potential for unexploded ordnance before construction crews began work.

Public Health Impacts
Naturally Occurring Hazardous Materials. Section 4.1.2.1 presents estimated annual maximum

concentrations of cristobalite at the boundary of the analyzed land withdrawal area where exposures to
members of the public could occur during the construction analytical period. There are no regulatory
limits for public exposure to cristobalite. An EPA health assessment (DIRS 103243-EPA 1996, p. 1-5)
stated that the risk of silicosis is less than 1 percent for a cumulative exposure of 1,000 micrograms per
cubic meter multiplied by the number of years of exposure. The analysis established a benchmark annual
average concentration of 10 micrograms per cubic meter over a 70-year lifetime. The estimated
cristobalite concentrations at the boundary of the land withdrawal area would be about 0.048 microgram
per cubic meter. Health impacts to the public would be unlikely. Quantities and resultant concentrations
of erionite, if present, would be much lower. Health impacts would be unlikely.
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Criteria Pollutants. Section 4.1.2.1 presents estimated maximum concentrations of criteria pollutants
(carbon monoxide, nitrogen dioxide, sulfur dioxide, and particulate matter) at the boundary of the
analyzed land withdrawal area where exposures to members of the public could occur during the
construction analytical period. (As Section 4.1.2 describes, the maximum air concentration from
repository activities could occur at different locations along the boundary of the land withdrawal area
dependent on the release period and the averaging time of a particular criteria pollutant. The maximally
exposed individual would be the person at the location with the highest concentration per release period
and averaging time.) The analysis estimated that concentrations would be less than 1 percent of the
regulatory limits for all criteria pollutants except particulate matter. PM, s could have a maximum
concentration of about 1 percent of the 24-hour regulatory limit, and PM, could have a maximum
concentration of about 60 percent of the 24-hour regulatory limit. Although DOE would use dust
suppression measures to reduce the PM, concentration, the impact analysis did not consider such
measures. Health impacts to the public would be small.

4.1.7.1.2 Impacts to Occupational and Public Health and Safety During Operations

This section describes potential health and safety impacts to workers and members of the public during
the operations analytical period. For analytical purposes, this period would begin with receipt of a license
amendment to receive and possess spent nuclear fuel and high-level radioactive waste and would include
waste receipt, handling, aging, emplacement, and monitoring. Subsurface development and surface
facility construction would continue during the period. The operations analytical period would last up to
50 years and would end with emplacement of the last waste package. Potential health and safety impacts
to workers could occur from industrial hazards and exposure to naturally occurring cristobalite and
erionite in the rock at Yucca Mountain. Potential health impacts to members of the public could occur
from exposure to airborne releases of naturally occurring hazardous materials and from criteria pollutants.

Occupational Health and Safety Impacts

Industrial Hazards. The analysis used the method DOE established in the Yucca Mountain FEIS (DIRS
155970-DOE 2002, pp. 4-54 and 4-55) to estimate health and safety impacts to workers from industrial
hazards. Table 4-19 lists the estimated number of full-time equivalent worker years during the operations
analytical period.

Table 4-19. Estimated onsite full-time equivalent worker years during the operations analytical period.

Worker group Number
Involved workers® Surface construction 2,700
Subsurface construction 4,300
Emplacement operations 12,000
Emplacement operations: Maintenance 4,900
Involved worker total 23,000
Noninvolved workers? Noninvolved workers total 36,000

Source: DIRS 182205-Bland 2007, all.
Note: Numbers are rounded to two significant figures; therefore, totals might differ from sums.
a.  Workers at site; does not include employees in Las Vegas offices.

The incident rates for involved construction workers (which would include subsurface development
workers) and noninvolved workers during the operations analytical period would be identical to the
incident rates for the construction analytical period (Table 4-16). Table 4-20 lists the incident rates for
involved workers who would be engaged in operations activities during the remainder of the operations
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Table 4-20. Health and safety statistics for estimation of occupational safety impacts common to the
workplace for operations analytical period involved workers.a

Rate of total recordable cases Rate of lost workday cases
per 100 FTEs per 100 FTEs®
14 0.58

Note: Numbers are rounded to two significant figures.

a. Statistics from 2002 to 2006 for activities at Savannah River Site, Idaho National Laboratory, and Oak Ridge National
Laboratory from CAIRS (DIRS 182198-DOE 2007, all).

b. Equivalent to Days Away, Restricted, or On Job Transfer in CAIRS.

FTE = Full-time equivalent worker year.

period. The rates are statistics from similar activities at DOE facilities (Savannah River Site, Idaho
National Laboratory, and Oak Ridge National Laboratory) for 2002 through 2006. No fatalities were
recorded at the three DOE facilities during the 5-year reporting period. Therefore, to be conservative,
DOE used the fatality rate of 0.55 per 100,000 full-time equivalent worker years that it used for repository
construction. Table 4-21 lists the estimated industrial hazards impacts to workers for the operations
period.

Table 4-21. Impacts to workers from industrial hazards during the operations analytical period.

Worker group Impact category Number
Involved  Surface construction Total recordable cases 53
workers Lost workday cases” 23
Fatalities 0.015
Subsurface construction Total recordable cases 87
Lost workday cases® 37
Fatalities” 0.024
Emplacement operations Total recordable cases 160
Lost workday cases® 67
Fatalities” 0.064
Emplacement operations: Maintenance  Total recordable cases 68
Lost workday cases” 28
Fatalities 0.027
Noninvolved workers Total recordable cases 540
Lost workday cases” 250
Fatalities” 0.20
All workers (totals) Total recordable cases 910
Lost workday cases® 400
Fatalities” 0.33

Note: Numbers are rounded to two significant figures; therefore, totals might differ from sums.
a. Equivalent to Days Away, Restricted, or On Job Transfer in CAIRS.
b. Fatality impacts based on fatality rate from Section 4.1.7.1.1.

Naturally Occurring Hazardous Materials. As Section 4.1.7.1.1 discusses for the construction
analytical period, cristobalite and erionite have the potential to become airborne during continuing
repository excavation and as fugitive dust from the excavated rock pile. DOE would use engineering
controls and, if necessary, administrative measures to control and minimize impacts to workers from
releases of cristobalite and erionite during the operations analytical period. Impacts would be small.
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Public Health Impacts
Naturally Occurring Hazardous Materials. Section 4.1.2.2 presents estimated annual maximum

concentrations of cristobalite at the boundary of the analyzed land withdrawal area where exposures to
members of the public could occur during the operations analytical period. The analysis estimated
concentrations of cristobalite of about 0.002 microgram per cubic meter. This would be about

0.02 percent of the benchmark concentration of 10 micrograms per cubic meter. Health impacts to the
public would be unlikely. Quantities and resultant concentrations of erionite, if present, would be much
lower at locations of public exposure.

Criteria Pollutants. Section 4.1.2.2 presents estimated maximum concentrations of criteria pollutants
(carbon monoxide, nitrogen dioxide, sulfur dioxide, and particulate matter) at the boundary of the land
withdrawal area where exposures to members of the public could occur during the operations analytical
period. The analysis estimated that concentrations would be less than 2 percent of the regulatory limit for
all criteria pollutants except particulate matter. PM, s would have a maximum concentration of less than
3 percent of the 24-hour regulatory limit, and PM;, would have a maximum concentration of less than

9 percent of the 24-hour regulatory limit. Health impacts to the public would be unlikely.

4.1.7.1.3 Impacts to Occupational and Public Health and Safety During Monitoring

This section describes estimated health and safety impacts to workers and members of the public during
the monitoring analytical period. For analytical purposes, this period would begin with the emplacement
of the final waste package and would continue for 50 years. Activities during this period would include
ventilation maintenance; remote inspection of waste packages; retrieval, if necessary, of waste packages
to correct detected problems; and investigations to support predictions of postclosure repository
performance. Health and safety impacts to workers could occur from industrial hazards and exposure to
naturally occurring cristobalite and erionite in the rock at Yucca Mountain. Health impacts to members
of the public could occur from exposure to airborne releases of naturally occurring hazardous materials
and from criteria pollutants.

Occupational Health and Safety Impacts
Industrial Hazards. The analysis conservatively assumed that health and safety impacts for the

monitoring analytical period would be similar to those in the Yucca Mountain FEIS (DIRS 155970-DOE
2002, Table 4-27, p. 4-57) even though the duration of the period in the FEIS was 26 years longer. The
total recordable cases for all workers could be 380. The estimated lost workday cases for all workers
would be 160, and the estimated fatalities for all workers would be 0.36.

Naturally Occurring Hazardous Materials. Monitoring activities would be unlikely to generate large
quantities of dust for extended periods. For the monitoring analytical period, DOE would use engineering
controls and administrative worker protection measures such as respiratory protection as necessary to
control and minimize impacts to workers from releases of cristobalite and erionite during monitoring
activities (Section 4.1.7.1.1).

Public Heath Impacts
Naturally Occurring Hazardous Materials. Section 4.1.2.3 presents air emissions impacts during the

monitoring analytical period. After completion of emplacement, DOE would continue monitoring and
maintenance activities. Subsurface excavation would be complete, so there would be less emissions of
naturally occurring hazardous materials in comparison to previous periods. Cristobalite concentrations at
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the analyzed land withdrawal area boundary would be substantially lower than those during the
construction and operations analytical periods. Health impacts to the public would be unlikely.
Quantities and resultant concentrations of erionite, if present, would be much lower than during previous
periods.

Criteria Pollutants. During the monitoring analytical period, criteria pollutant emissions would decrease
in comparison with previous periods because construction, excavation, and emplacement activities would
be complete. Pollutant concentrations at the land withdrawal area boundary would be substantially lower
than those for the construction and operations analytical periods. Health impacts to the public would be
unlikely.

4.1.7.1.4 Impacts to Occupational and Public Health and Safety During Closure

This section describes estimated health and safety impacts to workers and members of the public during
the closure analytical period. For analytical purposes, this period would begin with receipt of a license
amendment to close the repository, would last 10 years, and would overlap the last 10 years of the
monitoring analytical period. Activities during this period would include closure of subsurface repository
facilities, backfilling, removal of surface facilities, erection of monuments, and reclamation of disturbed
lands. Health and safety impacts to workers could occur from industrial hazards and exposure to
naturally occurring cristobalite and erionite in the rock at Yucca Mountain. Health impacts to members
of the public could occur from exposure to airborne releases of naturally occurring hazardous materials
and from criteria pollutants.

Occupational Health and Safety Impacts

Industrial Hazards. The analysis assumed that health and safety impacts for the closure analytical
period would be similar to those in the Yucca Mountain FEIS (DIRS 155970-DOE 2002, Table 4-30, p.
4-59). The estimated total recordable cases for all workers would be 370. The estimated lost workday
cases for all workers would be 180. The estimated fatalities for all workers would be 0.2.

Naturally Occurring Hazardous Materials. Closure activities could generate dust (for example, during
preparation and emplacement of excavated rock for backfill). The potential for dust generation,
especially in the underground environment, would be less than that for subsurface excavation during the
construction and operations analytical periods. As necessary, DOE would use the engineering controls
and worker protection measures (Section 4.1.7.1.1) it developed for the construction analytical period to
control and minimize potential impacts to workers. Potential impacts would be small.

Public Health Impacts

Naturally Occurring Hazardous Materials. Section 4.1.2.4 presents estimated annual maximum
concentrations of cristobalite at the boundary of the analyzed land withdrawal area where there could be
exposures to members of the public during the closure analytical period. The analysis estimated
concentrations of about 0.0026 microgram per cubic meter. This would be less than 0.03 percent of the
benchmark concentration of 10 micrograms per cubic meter. Health impacts to the public would be
unlikely. Quantities and resultant concentrations of erionite, if present, would be much lower at locations
of public exposure.

Criteria Pollutants. Section 4.1.2.4 presents estimated maximum concentrations of criteria pollutants
(carbon monoxide, nitrogen dioxide, sulfur dioxide, and particulate matter) at the boundary of the land
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withdrawal area where there could be exposures to members of the public during the closure analytical
period. The estimated concentrations would be less than 0.06 percent of the regulatory limit for all
criteria pollutants except particulate matter. PM, s could have a maximum concentration of about

0.5 percent of the 24-hour regulatory limit, and PM, could have a maximum concentration of about
19 percent of the 24-hour regulatory limit. Health impacts to the public would be unlikely.

4.1.7.1.5 Total Impacts to Occupational and Public Health and Safety for All Analytical
Periods

This section presents estimates of the total impacts to workers from industrial hazards from activities at
the proposed repository. For this analysis, the entire project duration would be 105 years and would
consist of a 5-year construction analytical period, a 50-year operations analytical period, a 50-year
monitoring analytical period, and a 10-year closure analytical period that would overlap the last 10 years
of the monitoring period. As noted above, health impacts to the public from naturally occurring
hazardous material and criteria pollutants would be unlikely. Therefore, DOE did not quantify total
health impacts to members of the public.

Table 4-22 lists total impacts to workers from industrial hazards for the entire project.

Table 4-22. Total impacts to workers from industrial hazards for all analytical periods.

Worker group Impact category Number
Involved workers Total recordable cases 1,100
Lost workday cases” 490

Fatalities 0.62
Noninvolved workers Total recordable cases 680
Lost workday cases® 310

Fatalities 0.30
All workers (totals) Total recordable cases 1,800
Lost workday cases® 800

Fatalities 0.92

Note: Numbers are rounded to two significant figures; therefore, totals might differ from sums.
a. Equivalent to Days Away, Restricted, or On Job Transfer in CAIRS.

41.7.2 Radiological Impacts

This section describes potential radiological health and safety impacts to workers and members of the
public from construction, operations, monitoring, and closure activities. The analysis estimated health
and safety impacts separately for involved and noninvolved workers for each analytical period. The types
of potential health and safety impacts to workers would include those from exposure to naturally
occurring and manmade radiation and radioactive materials in the workplace. The estimated radiological
impacts include potential doses and radiological health impacts for the maximally exposed involved
workers and the involved worker populations; radiological health impacts for the maximally exposed
noninvolved workers and the noninvolved worker populations; and the estimated collective dose and
radiological health impacts for the combined worker population. Radiological health impacts for

| maximally exposed workers would be the estimated increase in the probability of a latent cancer fatality
that would result from the received radiation dose. Radiological health impacts for affected populations
would be the number of estimated latent cancer fatalities that would result from the collective radiation

| doses. Annual radiological dose impacts from manmade radioactive materials associated with the spent
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nuclear fuel and high-level waste to the maximally exposed individual member of the public and worker
are included in this section and Appendix D, as part of the application submitted by DOE for construction
authorization, to demonstrate that the preclosure performance objectives specified in 10 CFR 63.111(a)
and 10 CFR 63.111(b) can be met for the proposed design and operations of repository during normal
operations.

There would be exposure of members of the public to airborne releases of naturally occurring and
manmade radionuclides from repository activities. The analysis estimated radiation doses and health
impacts for the maximally exposed offsite individual and the potentially exposed population. The
maximally exposed offsite individual would be a hypothetical member of the public at a point on the
analyzed land withdrawal boundary who would receive the highest radiation dose and resultant
radiological health impact. This location would be 19 kilometers (12 miles) in the south-southeast
direction for releases from the surface geological repository operations area and 18 kilometers (11 miles)
in the south-southeast direction for releases from subsurface facilities (DIRS 183160-BSC 2007, Tables
24 and 25).

Appendix D describes the methodology, data, and calculation of estimated radiological health and safety
impacts to workers and members of the public and includes detailed results. Chapter 5 discusses the
potential human health impacts of postclosure repository performance.

CONSERVATIVE ASSUMPTIONS USED IN RADIOLOGICAL IMPACT ANALYSIS

Radiological Impacts to Workers:

The maximally exposed involved worker would be a worker whose entire working lifetime would
span the total operations analytical period up to 50 years for handling of spent nuclear fuel.
The involved worker population would be exposed to conservatively estimated dose rates
emitted from the casks based on the design-basis commercial spent nuclear fuel characteristics
used for shielding design. This conservative approach would result in overestimation of the
impacts to workers by a factor of about 3 if dose rates were based on the average spent fuel
nuclear fuel characteristics that DOE would process at the proposed repository.

DOE applied no administrative limits to reduce individual exposures for its conservative
estimates of involved worker doses.

Impacts to Members of the Public:
The location of the maximally exposed member of the public would be a hypothetical individual
who would reside continuously for 70 years at the unrestricted public access area in the
prevailing downwind direction from the repository that would receive the highest radiation
exposure.

41.7.21 Changes Since Completion of the Yucca Mountain FEIS

The following paragraphs summarize the primary changes from the Yucca Mountain FEIS analysis to that
for this Repository SEIS.

Population Distribution Data

The duration of the operations analytical period would be 50 years and would begin in 2017. Because
this Repository SEIS assesses radiological impacts to the population within 84 kilometers (52 miles) of
the repository, the analysis updated the population projection to 2067 based on projected changes in the
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region, including the towns of Beatty, Pahrump, Indian Springs, and the surrounding rural areas
(Chapter 3, Section 3.1.8).

Airborne Release Radionuclide Composition

To estimate the magnitude of the airborne radioactive releases under normal operations, this Repository
SEIS analysis conservatively assumed that all pressurized-water-reactor spent nuclear fuel would consist
of the same radionuclide composition as that estimated for a pressurized-water-reactor fuel assembly with
4.2-percent initial enrichment, 50,000 megawatt-days per metric ton of heavy metal (MTHM) burnup
rate, and 10 years cooling time, and all boiling-water-reactor spent nuclear fuel would consist of the same
radionuclide composition as that estimated for a boiling-water-reactor fuel assembly with 4-percent initial
enrichment, 50,000 megawatt-days per MTHM burnup rate, and 10-year cooling time (DIRS 1801850
BSC 2007, Section 7). As described in Appendix D, these fuel compositions bound the expected annual
average characteristics of the fuel that has the potential to contribute to airborne releases during normal
operations in the Wet Handling Facility during TAD canister loading of uncanistered fuel and fuel from
dual-purpose canisters (DIRS 180185-BSC 2007, Section 7).

Dose Assessment Computer Programs

The analysis used the GENII computer program (DIRS 179907-Napier 2007, all) and biosphere model
parameters developed for Amargosa Valley (DIRS 177399-SNL 2007, all) to calculate estimated doses to
the maximally exposed individual of the public from manmade radionuclide releases. GENII Version
2.05 calculates doses from exposure to radionuclides in the environment based on site-specific biosphere
model parameters including food consumption rates and periods and external and inhalation exposure
times (DIRS 179907-Napier 2007, all).

The analysis used the CAP88-PC computer program (Version 3) (DIRS 179923-Shroff 2006, all), an
atmospheric transport model for assessment of dose and risk from radioactive air emissions, to calculate
collective dose to the public and the dose from radon releases to the maximally exposed individual.
CAPS88-PC is EPA-approved for the demonstration of compliance with the National Emission Standards
for Hazardous Air Pollutants [40 CFR 61.93(a)]. EPA validated the program through comparison of
predictions of annual average concentrations with actual environmental measurements at five DOE sites
(DIRS 179923-Shroff 2006, Section 1.4). The program provides capabilities for radon release dispersion
and exposure calculations that include receptor radon progeny concentrations in working levels. It
incorporates updated dose factors that follow the Federal Guidance Report 13 method (DIRS 175452(
EPA 1999, all). The Federal Guidance Report 13 factors are based on the methods in Publication 72 of
the International Commission on Radiological Protection (DIRS 172935-ICRP 2001, all).

Meteorological Data

Meteorological input data to CAP88-PC used the joint frequency distribution of wind speed, direction,
and atmospheric stability class based on onsite meteorological measurements from 2001 to 2005 (DIRS
177510-BSC 2007, all and Attachment III).

Updated Latent Cancer Fatality Conversion Factors

For this Repository SEIS analysis, DOE updated the latent cancer fatality conversion factor to

0.0006 latent cancer fatality per person-rem for conversion of worker and public doses to health effects.
This conversion factor is from current DOE guidance (DIRS 178579-DOE 2004, pp. 22 to 24; DIRS
174559-Lawrence 2002, p. 2 and Appendix D).
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4.1.7.2.2 Radiological Health Impacts During Construction

Activities during the 5-year construction analytical period would include site preparation and construction
of infrastructure that included the Initial Handling Facility, the balance of plant facilities that would

support initial receipt of waste, a Canister Receipt and Closure Facility, an Aging Facility, the Wet |
Handling Facility, and initial construction of subsurface facilities for emplacement. DOE would construct
the Initial Handling Facility and the balance of plant facilities first; construction of the Canister Receipt

and Closure Facility, Aging Facility, and Wet Handling Facility would proceed in parallel.

Radiological health and safety impacts to workers could occur from exposure to naturally occurring

radionuclides in the rock and from exposure to airborne releases of naturally occurring radionuclides
(radon-222 and its decay products). Column 2 of Table 4-23 (in Section 4.1.7.2.6) lists estimates of
radiological impacts to workers for the construction analytical period.

Health Impacts to Workers

There would be no spent nuclear fuel and high-level radioactive waste at the repository site during the
construction analytical period, so they would not contribute to radiological impacts. Radiological health
impacts to involved and noninvolved workers in subsurface facilities during the construction period
would be from two sources: internal exposure from inhalation of radon-222 and its decay products that
emanated from the host rock, and external exposure from naturally occurring radionuclides in the drift
walls. Measurements in the Exploratory Studies Facility indicated an underground ambient external dose
rate from radionuclides in the drift walls of about 50 millirem per worker year of 2,000 hours
underground (DIRS 155970-DOE 2002, p. 3-99).

During the construction analytical period the only source of radiation would be from naturally occurring
radionuclides in the subsurface, so subsurface facility construction workers would incur most of the
radiological health impacts to the workforce. The estimated increase in the number of latent cancer
fatalities for workers would be about 0.02 and the estimated increase in probability of a latent cancer
fatality for the maximally exposed worker would be about 0.0003.

Public Health Impacts

Potential radiological health impacts to the public during the 5-year construction analytical period would
come from exposure to airborne releases of naturally occurring radon-222 and its decay products in the
subsurface exhaust ventilation air. Column 2 of Table 4-24 (in Section 4.1.7.2.6) lists estimates of
radiological impacts to the public for the construction period. The estimated number of latent cancer
fatalities in the public from repository construction would be about 0.05 in a projected population of
about 117,000 persons within 84 kilometers (52 miles) of the repository. The estimated increase in
probability of a latent cancer fatality for the maximally exposed member of the public would be
0.0000025 over the 5-year period.

The increase in radiological impacts to the public population since DOE completed the Yucca Mountain
FEIS is primarily a result of the reduced stack height of the subsurface ventilation exhausts from

60 meters (200 feet) to close to ground level. DOE adopted this design change to improve safety in
relation to potential external events such as an airplane crash, earthquake, and high winds. The primary
parameters that contribute to the increase are (1) a factor of about 5 from reduced stack height from

60 meters to about ground level, (2) a factor of about 2 from varied changes of site meteorological
parameter height data (for wind speed and frequency toward the population centers) from 60-meter
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height to ground level, and (3) a factor of 1.5 from increased population projection within 84 kilometers
(52 miles) of the repository.

4.1.7.2.3 Estimated Radiological Health Impacts During Operations

The operations analytical period would begin with the receipt of an NRC license to receive and possess
radiological materials and would include receipt, handling, aging, and emplacement of waste. During the
operations period, surface facility construction would continue and include a Receipt Facility and
additional Canister Receipt and Closure Facilities. DOE would add aging pads as needed. The operations
period would last up to 50 years and would end with emplacement of the last waste package. Subsurface
construction (development) would continue into the operations period for approximately 22 years.

Health Impacts to Workers

Occupational radiological health impacts during the operations analytical period would be a combination
of impacts to surface workers during spent nuclear fuel and high-level radioactive waste handling
operations and impacts to subsurface workers during development and emplacement operations. The
principal contributors to radiological health impacts during the operations period would be surface facility
operations, which would involve the receipt, handling, and packaging of spent nuclear fuel and high-level
radioactive waste for aging and emplacement. Column 3 of Table 4-23 (in Section 4.1.7.2.6) lists the
estimated radiological impacts to workers for the operations period.

The estimated number of latent cancer fatalities in the worker population for up to a 50-year operations
analytical period would be 2.6 latent cancer fatalities (Table 4-23 in Section 4.1.7.2.6). The estimated
increase in probability of a latent cancer fatality for the maximally exposed worker would be 0.018.

Public Health Impacts
Potential radiological health impacts to the public during the operations analytical period would result

from (1) exposure to naturally occurring radon-222 and its decay products in subsurface exhaust
ventilation air and (2) exposure to potential releases to the air of gases and particulates from resuspension
of radioactive contamination from external surfaces of spent nuclear fuel containers and airborne releases
from opening spent nuclear fuel containers during handling operations in the Wet Handling Facility and
resuspension of surface contamination from TAD canisters and dual-purpose canisters inside aging
overpacks during staging at the Aging Facility. The manmade radionuclides from the spent nuclear fuel
would contribute small radiological impacts—Iess than 0.4 percent of the dose—in comparison with that
from radon-222 and its decay products. Column 3 of Table 4-24 (in Section 4.1.7.2.6) lists estimates of
radiological impacts to the public for repository operations.

For the operations analytical period, the estimated increase in probability of a latent cancer fatality in the
maximally exposed member of the public would be about 0.0002. The estimated number of latent cancer
fatalities in the affected population would be about 4.

4.1.7.2.4 Estimated Radiological Health Impacts During Monitoring

The monitoring analytical period would begin with emplacement of the last waste package and continue
for 50 years. The first 3 years of this period would include decontamination of surface handling facilities.
The last 10 years would overlap with the closure analytical period. Columns 4 of Tables 4-23 and 4-24
(in Section 4.1.7.2.6) list the estimates of radiological impacts to workers and the public, respectively, for
monitoring the repository.
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Health Impacts to Workers
Occupational radiological health impacts during monitoring would be a combination of impacts to surface

workers during facility decontamination and subsurface workers during monitoring and maintenance
activities. The principal contributor to radiological health impacts would be from subsurface facility
monitoring and maintenance activities.

The estimated number of latent cancer fatalities in the worker population for the first 40 years of the
monitoring analytical period would be about 0.6. The estimated radiological health impacts to the
maximally exposed worker would be 13 rem, which would represent an increase in probability of latent
cancer fatality of 0.008.

Public Health Impacts

Potential radiological health impacts to the public from monitoring activities would result from exposure
to releases of naturally occurring radon-222 and its decay products in subsurface exhaust ventilation air.
DOE does not anticipate that decontamination activities would generate releases of radioactive material to
the environment or radiation doses to the public.

Table 4-24 in Section 4.1.7.2.6 lists the estimates of dose and potential radiological health impacts to the
public for the first 40-years of the monitoring analytical period. The increase in probability of a latent
cancer fatality in the maximally exposed member of the public would be 0.00018, and the number of
latent cancer fatalities that could occur in the affected population would be 3.7.

4.1.7.2.5 Estimated Radiological Health Impacts During Closure

The closure analytical period would begin at the completion of the first 40 years of monitoring and last
10 years.

Health Impacts to Workers
During the closure analytical period, subsurface workers would be exposed to radon-222 in the drift

atmosphere, to external radiation from naturally occurring radionuclides in the drift walls, and to external
radiation from waste packages. Most of the radiation dose and potential radiological health impacts for
this period would be to subsurface workers, and the maximally exposed worker would be a subsurface
worker. There would be low potential for exposure of surface workers. Column 5 of Table 4-23 (in
Section 4.1.7.2.6) lists the estimated radiological impacts to workers for the closure period. The
estimated number of latent cancer fatalities in the worker population for the 10-year closure period would
be 0.25. The estimated radiological health impacts to the maximally exposed worker would be 1.6 rem
with an increase in probability of latent cancer fatality of 0.001.

Public Health Impacts
Potential radiological health impacts to the public from closure activities would result from exposure to

releases of radon-222 and its decay products in the subsurface exhaust ventilation air. The estimated dose
and radiological health impacts for this period would be small. Table 4-24, column 5 (in Section
4.1.7.2.6) lists estimates of radiological impacts to the public for the closure period. The increase in
probability of a latent cancer fatality in the maximally exposed member of the public for the closure
period of 10 years would be about 0.00002. The estimated number of latent cancer fatalities in the
affected population would be about 0.5.
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4.1.7.2.6 Estimated Radiological Health Impacts for Entire Project Period

This section summarizes the radiological human health and safety impacts to workers and members of the
public from activities at the proposed repository. The project duration would be 105 years and would
include 5 years of construction, 50 years of operations, 50 years of monitoring, and 10 years of closure,
which would overlap the final 10 years of the monitoring analytical period. In general, the highest
potential health and safety impacts would occur during the operations and monitoring periods.

Radiological Health Impacts to Workers for Entire Project

Table 4-23 (last column) lists total radiation dose and radiological health impacts to workers for the entire
project (all analytical periods). Doses and impacts for the maximally exposed worker are for the
operations analytical period. The collective dose to the worker population and potential radiological
health impacts are for the entire project duration of 105 years.

Table 4-23. Estimated radiation doses and radiological health impacts to workers, each analytical period
and entire project.”

Worker group and impact Entire
category Construction Operations Monitoring” Closure project’

Maximally exposed worker

Maximum annual dose from
manmade radionuclides (rem per

year)
Involved 0.0 1.3 0.20 0.039 1.3
Noninvolved 0.0 0.010 0.00001 0.00001 0.010
Total dose (rem)
Involved 0.49 30 13 1.6 30
Noninvolved 0.052 0.25 0.21 0.028 0.25
Increase in probability of LCF
Involved 0.00029 0.018 0.0078 0.00097 0.018
Noninvolved 0.000031 0.00015 0.00012 0.000017 0.00015
Worker population
Collective dose (person-rem)
Involved 33 4,200 890 400 5,500
Noninvolved 4.7 190 26 18 240
Nevada Test Site noninvolved 0.12 9.2 8.9 1.2 19
Totals® 38 4,400 930 420 5,800
Number of LCFs
Involved 0.02 2.5 0.54 0.24 33
Noninvolved 0.0028 0.12 0.016 0.011 0.14
Nevada Test Site noninvolved 0.000074 0.0055 0.0053 0.00073 0.012
Totals’ 0.023 2.6 0.56 0.25 3.5

a. Figure D-2 in Appendix D shows the projected worker population for each analytical period.

b. Doses are for the 40-year monitoring analytical period under active ventilation operating mode.

c¢. Maximally exposed worker doses are for the worker’s entire working lifetime spanning the 50-year operations analytical
period. Population doses are for the entire 105-year project duration.

d.  Numbers are rounded to two significant figures; therefore, totals might differ from sums.

LCF = Latent cancer fatality.

The maximally exposed worker would be a surface facility worker whose entire working lifetime would
span the total operations analytical period for handling of spent nuclear fuel. The model assumes this
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worker would be a cask operator who handled spent nuclear fuel. The estimated radiation dose would be
30 rem if DOE did not apply administrative limits to reduce individual exposures. The increase in
probability of a latent cancer fatality would be about 0.02 for this individual.

The estimated total worker population radiation dose for the entire project duration of 105 years would be
5,800 person-rem. Seventy-six percent of the dose would occur during the operations analytical period
for the repository workforce. The principal source of exposure would be external radiation from handling
of spent nuclear fuel in surface facilities and monitoring and maintenance activities in the subsurface
facility. Exposure to naturally occurring radioactive sources would account for 29 percent of the total
worker dose. Inhalation of radon-222 and its decay products by subsurface workers would contribute

17 percent of the total dose, and ambient radiation exposure to subsurface workers would contribute

12 percent.

To put the 5,800-person-rem dose to the worker population in perspective, the same worker population,
which represents about 86,000 full-time equivalent worker years, would receive 29,000 person-rem from
the natural background radiation exposure of 340 millirem per year (Chapter 3, Section 3.1.8.1) over the
entire project period of 105 years. Therefore, the addition of 5,800 person-rem would represent an
increase of about 20 percent due to the Proposed Action. The estimated increase in number of latent
cancer fatalities that could occur in the repository workforce from the received radiation doses over the
entire project would be 3.5. This can be compared to the 17 latent cancer fatalities that could result from
the 29,000 person-rem the same worker population would normally incur over the entire project period
from exposure to natural background radiation.

Radiological Health Impacts to the Public for Entire Project
Table 4-24 (last column) lists the estimated radiation dose and potential radiological health impacts to the

public for the entire project (all analytical periods). Doses and radiological impacts would be for the
offsite maximally exposed member of the public who resided continuously for 70 years at the site
boundary location in the prevailing downwind direction. The increase in probability of a latent cancer
fatality to this individual from exposure to radionuclides from the repository during the preclosure period
would be about 0.0003. About 99.8 percent of the potential health impact would be from exposure to
naturally occurring radon-222 and its decay products in subsurface exhaust ventilation air. The highest
annual radiation dose would be 7.6 millirem, which is less than 3 percent of the annual average natural
background radiation exposure of 340 millirem per year to members of the public (Chapter 3, Section
3.1.8.1). This background radiation dose includes a 200-millirem dose from ambient background levels
of naturally occurring radon-222 and its decay products (Chapter 3, Section 3.1.8.2) but excludes
potential radiation dose from repository subsurface radon release.

The estimated collective dose for the population within 84 kilometers (52 miles) for the entire project
duration of 105 years would be 13,000 person-rem (Table 4-24). The corresponding number of latent
cancer fatalities for this collective dose would be 8 in a projected population in 2067 of about 117,000
persons within 84 kilometers of the repository. For comparison, the analysis examined the number of
expected cancer deaths that would occur from other causes in the same population during the same
periods. The analysis calculated the expected number of cancer deaths that would not be related to the
repository project on the basis of current statistics from the Centers for Disease Control and Prevention,
which indicated that 24 percent of all deaths in the State of Nevada were attributable to cancer of some
type and cause during 1998 (DIRS 153066-Murphy 2000, p. 8). The comparison indicates that over the
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Table 4-24. Estimated radiation doses and radiological health impacts to public, each analytical period
and entire project from normal operations.*

Entire
Dose and health impact Construction  Operations  Monitoring® Closure project
| Maximally exposed offsite
individual®
Maximum annual dose from 0.0 0.055 0.0029 0.0029 0.055
manmade radionuclides (millirem
per year)
|  Maximum annual dose (millirem 1.4 7.6 7.5 7.5 7.6
per year)
|  Total for period duration 42 310 300 41 530
(millirem)
|  Probability of latent cancer fatality 2.5x10° 1.9 x 10" 1.8x10%  25x10° 32 x10*
| Exposed 84-kilometer (52-mile) population”
Collective dose (person-rem) 85 6,400 6,100 840 13,000
Number of latent cancer fatalities 0.051 3.8 3.7 0.51 8
| a.  About 99.8 percent of the total dose and impact would be from naturally occurring radon-222 and decay products.
b. Numbers are rounded to two significant figures; therefore, totals might differ from sums.
c.  Doses are for the 40-year monitoring analytical period under active ventilation operating mode.
d. Doses are for the entire 105-year project duration.
e. A hypothetical individual who would reside continuously for 70 years at the site boundary location in the prevailing

downwind direction.
f.  The projected population includes about 117,000 persons within 84 kilometers of the repository.

105-year project duration the incremental chance of latent cancer fatalities among the projected
population of about 117,000 would be about 2 in 10,000.

41.8 ACCIDENT AND SABOTAGE SCENARIO IMPACTS

This section describes the impacts from potential accident and sabotage scenarios for the Proposed
Action. Section 4.1.8.1 discusses changes in the methods and data DOE used to evaluate impacts from
potential accidents since it completed the Yucca Mountain FEIS. Sections 4.1.8.2,4.1.8.3, and 4.1.8.4
describe the analyses for radiological accident impacts, nonradiological accident impacts, and impacts
from hypothetical sabotage events, respectively. DOE calculated impacts for (1) the maximally exposed
offsite individual, (2) the noninvolved worker, and (3) the offsite population, which, for purposes of this
analysis, includes members of the public who resided within about 84 kilometers (52 miles) of the
proposed repository. Because all waste handling operations would be remote, involved workers would be
in enclosed facility operating rooms isolated from the waste. Involved workers would be unlikely to
receive significant exposures to radioactive materials that an accident could release for the following
reasons:

| e For releases that occurred in waste handling buildings (11 of the 14 accident scenarios), operators
would be in enclosed operating areas that would isolate them.

e For the two fire scenarios that would involve low-level radioactive waste and a truck transportation
cask, the fire would cause the release to be lofted into the atmosphere, so workers close to the release
would not receive meaningful exposure.
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e For the seismic scenario, the event would be likely to injure or kill workers in the Low-level Waste
Facility, and the dose to the noninvolved worker at 60 meters (200 feet) would be representative of
the dose to involved workers outside the facility. Appendix E contains details of the analysis method.

The impacts to offsite individuals from repository accidents under 95th-percentile weather conditions
(conditions that resulted in doses that would only be exceeded 5 percent of the time) would be small, with
calculated doses of 35 millirem or less to the maximally exposed offsite individual. Doses to a
noninvolved worker would be higher than those to offsite individuals, up to 3.5 rem.

The accident analysis for this Repository SEIS is consistent with the preclosure safety analysis included
in the application that DOE has filed with the NRC for construction authorization for the Yucca Mountain
Repository.

4.1.8.1 Changes Since Completion of the Yucca Mountain FEIS

Since it completed the Yucca Mountain FEIS, DOE has acquired new information and analytical tools
that have contributed to the understanding of the potential impacts for accident analyses. The following
sections describe the changes in potential accident impact analysis. Appendix E provides a more detailed
evaluation of these changes.

4.1.8.1.1 Commercial Spent Nuclear Fuel Characteristics

The analysis for this Repository SEIS used a commercial pressurized-water-reactor spent nuclear fuel
assembly with the bounding radiological characteristics of 80,000 megawatt-days per metric ton of
uranium burnup and a 5-year cooling time for accidents that would involve commercial spent nuclear
fuel. This fuel bounds other commercial fuel types (boiling-water-reactor and mixed-oxide spent fuel)
because it would result in the highest accident scenario consequences. Appendix E, Section E.3 provides
details.

4.1.8.1.2 Population Distribution

For this Repository SEIS, the projected duration of the operations analytical period is 50 years, which
would begin in 2017. The projected population for the 84-kilometer (52-mile) region of influence would
be about 117,000 persons in 2067 (Chapter 3, Section 3.1.8, Figure 3-16).

4.1.8.1.3 Accident Analysis and Atmospheric Dispersion Models

For this Repository SEIS, DOE used the GENII computer program to calculate radiation doses from a
release of radioactive material (DIRS 100953-Napier et al. 1988, all). These calculations require site-
specific dispersion factors (factors that measure the dilution of the downwind atmospheric plume). DOE
used an NRC-developed atmospheric dispersion model to develop the dispersion factors. Appendix E,
Section E.4.1 discusses the GENII program and the atmospheric dispersion model in more detail.

4.1.8.1.4 Commercial Spent Nuclear Fuel Oxidation

Additional information on fuel oxidation has become available since the completion of the Yucca
Mountain FEIS. Fuel oxidation could occur during an accident if commercial spent nuclear fuel pellets at
an elevated temperature were exposed to air. The oxidation would involve conversion of the uranium
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dioxide fuel pellet material to uranium trioxide. Uranium trioxide is a powder more respirable than the
uranium dioxide fuel pellet material and would increase the downwind dose. For this Repository SEIS, if
damaged commercial spent nuclear fuel was involved in an accident, the analysis, when appropriate,
modeled that oxidation would contribute to the release over a period of 30 days. It also conservatively
modeled that these accidents would occur without any measures to mitigate consequences (for example,
evacuation or interdiction of food consumption) for this 30-day period to enable a conservative prediction
of the radiological consequences. Appendix E, Section E.3.3.1 discusses fuel oxidation further, and
Section E.4.3 provides a quantitative evaluation of the effect of mitigation measures.

4.1.8.1.5 Radiation Dosimetry

DOE changed the radiation dosimetry it used to evaluate consequences in this Repository SEIS to
incorporate International Committee on Radiation Protection Publication 72 (DIRS 172935-ICRP 2001,
all), the most recent dosimetry guidance available from the Committee. Appendix D, Section D.1
contains the details of this change.

4.1.8.1.6 Latent Cancer Fatalities

Current DOE guidance recommends that estimates of latent cancer fatalities be based on the received
radiation dose and on radiation dose-to-health effect conversion factors recommended by the Interagency
Steering Committee on Radiation Standards. For this Repository SEIS, DOE used the updated guidance
for workers and members of the public, which is 0.0006 fatality per person-rem (DIRS 174559-Lawrence
2002, p. 2).

4.1.8.1.7 Location of Maximally Exposed Offsite Individual

In this Repository SEIS, the analysis used locations for the maximally exposed offsite individual of either
7.8 kilometers (4.8 miles), the nearest location in the southeast sector of the repository, or 18.5 kilometers
(11 miles), the nearest location in the south-southeast quadrant of the repository, depending on which
location would receive the highest calculated dose from the specific accident scenario using the GENII
program. Tables 4-25 and 4-26 later in this section specify the location of the maximally exposed offsite
individual for each accident. The analysis determined these locations as those that would produce the
highest site boundary doses of any of the 16 radial sectors around the site based on sector-specific
dispersion factors that the GENII program uses to calculate doses.

4.1.8.2 Radiological Accidents

The first step in the radiological accident analysis was to examine the initiating events that could lead to
facility accidents. These events could be external or internal. External initiators originate outside a
facility and affect its ability to confine radioactive material; they can include human-caused events such
as aircraft crashes, external fires, and explosions and natural phenomena such as seismic disturbances and
extreme weather conditions. Internal initiators occur inside a facility and can include human errors,
equipment failures, or combinations of the two. DOE analyzed initiating events applicable to repository
operations to define subsequent sequences of events that could result in releases of radioactive material or
radiation exposure. For each event in these accident sequences, the analysis estimated and combined
probabilities to produce an estimate of the overall accident probability for the sequence. Last, it evaluated
the consequences of the accident scenarios by estimating the potential radiation dose and radiological
impacts.
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The materials at risk for various accident scenarios could include several types of radioactive materials—
spent nuclear fuel from boiling- and pressurized-water commercial reactors in TAD or dual-purpose
canisters, or uncanistered fuel in transportation casks; DOE spent nuclear fuel canisters; naval spent
nuclear fuel canisters; high-level radioactive waste canisters; and weapons-grade plutonium immobilized
in a high-level radioactive waste glass matrix or as mixed-oxide fuel, both in canisters. Appendix A of the
Yucca Mountain FEIS presented many details on the materials DOE would dispose of in the repository
(DIRS 155970-DOE 2002, pp. A-1 to A-71).

Under the Proposed Action, up to 90 percent of the commercial spent nuclear fuel would arrive at the
repository in TAD canisters. DOE would handle the remaining fuel as uncanistered spent fuel assemblies
in the Wet Handling Facility and place it in TAD canisters for disposal. Appendix E, Section E.3
discusses materials at risk and the source terms DOE used for the accident analysis. In addition, the
analysis examined accident scenarios that would involve the release of low-level waste that DOE
generated and handled at the repository.

The analysis considered radiological consequences of the postulated accidents for the following:

¢ Noninvolved worker (collocated worker). A worker who would not be directly involved with
material unloading, transfer, and emplacement activities, who DOE assumed to be 60 meters
(200 feet) downwind of the facility where the release occurred. The 60-meter distance corresponds to
the location of the exclusion fence around the waste handling buildings. (Some accidents could result
in severe consequences for involved workers).

e Maximally exposed offsite individual. A hypothetical member of the public at a point on the site
boundary who would be likely to receive the maximum dose. The analysis determined that the
location with the highest potential exposure from an accidental release of radioactive material would
be either (1) about 18.5 kilometers (11 miles) from the accident location (at the south boundary of the
analyzed land withdrawal area), or (2) about 7.8 kilometers (4.8 miles) from the accident location (at
the east boundary of the land withdrawal area).

e Offsite population. Members of the public within 84 kilometers (52 miles) of the repository site
(Chapter 3, Section 3.1.8).

A review of the possible hazards and initiating events for the most current design concepts and planned
operations identified 14 accident scenarios that DOE analyzed in detail. They included accidents in the
Initial Handling Facility, the Wet Handling Facility, a Canister Receipt and Closure Facility, the Receipt
Facility, and the Low-Level Waste Facility. The accident scenarios considered drops and collisions that
involved transportation casks, TAD canisters, dual-purpose canisters, and uncanistered fuel assemblies; a
fire that involved low-level radioactive waste and a transportation cask on a truck; and a seismic event.
DOE analyzed the scenarios under average (50th-percentile) meteorological conditions (conditions that
result in average doses over the spectrum of possible weather conditions) and unfavorable (95th!
percentile) meteorological conditions (conditions that result in higher doses that would be exceeded only
5 percent of the time). Appendix E, Section E.2 contains details of the analysis. For this Repository
SEIS, DOE did not evaluate the seismic collapse of a waste handling building that it evaluated in the
Yucca Mountain FEIS because the Department intends to enhance the capability of the buildings to
withstand ground motion associated with seismic events. Further, no bare fuel assemblies would exist in
air in any of the waste handling buildings, so a building collapse would be unlikely to produce large
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impacts. In addition, DOE did not evaluate the transporter runaway accident it analyzed in the Yucca
Mountain FEIS because the event is unlikely and the consequences are expected to be smaller than those
of the transporter derailment event analyzed in the FEIS.

Tables 4-25 and 4-26 list the results of the radiological accident scenarios DOE modeled for this
Repository SEIS for 95th- and 50th-percentile meteorological conditions, respectively. Impacts to the
noninvolved worker would result from the inhalation of airborne radionuclides and external radiation
from the passing plume. Impacts to the maximally exposed offsite individual and the offsite population
would result from these exposure pathways and from long-term external exposure to radionuclides the
plume deposited on soil during passage, subsequent ingestion of radionuclides in locally grown food, and
inhalation of resuspended particulates. The analysis assumed neither DOE nor other government agencies
would implement mitigation measures, such as evacuation, to limit long-term radiation doses. Appendix
E, Section E.4.3 evaluates the effect of this assumption.

The accident scenario with the highest consequences in Table 4-25 would involve a seismic event that
caused the release of radioactive material from high-efficiency particulate air filters, ducts, and low-level
radioactive waste. The estimated health impacts to the offsite population would be 0.19 additional latent
cancer fatality in the exposed population of 104,000 in the sector with the largest population (south-
southeast) for the 95th-percentile weather condition. The maximum dose to the maximally exposed
noninvolved worker could be 3.5 rem, which could result in an increased probability of a latent cancer
fatality to the individual of 0.0021.

4.1.8.3 Nonradiological Accidents

A potential release of hazardous or toxic materials would be minimal because the repository would not
accept hazardous waste under the Resource Conservation and Recovery Act (42 U.S.C. 6901 et seq.).
However, some potentially hazardous metals, such as arsenic or mercury, could be present in the
high-level radioactive waste inventory. Nonradioactive hazardous or toxic substances, such as cleaning
solvents, sodium hydroxide, sulfuric acid, and solid chemicals, would be present in limited quantities at
the repository as part of operational requirements. Impacts to members of the public would be unlikely
due to the limited quantities and because the chemicals would be mostly liquid and solid, so a release
would be confined to the site. The generation, storage, and offsite shipment of solid and liquid hazardous
wastes from operations would represent minimal incremental risk from accidents. Section 4.1.7 describes
potential impacts to workers from normal industrial hazards in the workplace (which would include
industrial accidents). DOE derived the statistics in the analysis from accident experience at other sites.

4.1.8.4 Sabotage

In response to the terrorist attacks of September 11, 2001, and to intelligence information that has been
obtained since then, the United States Government has initiated nationwide measures to reduce the threat
of sabotage. These measures include security enhancements to prevent terrorists from gaining control of
commercial aircraft, such as (1) more stringent screening of airline passengers and baggage by the
Transportation Security Administration, (2) increased presence of Federal Air Marshals on many flights,
(3) improved training of flight crews, and (4) hardening of aircraft cockpits. Additional measures have
been imposed on foreign passenger carriers and domestic and foreign cargo carriers, as well as charter
aircraft.
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Table 4-25. Estimated radiological consequences of repository operations accident scenarios for unfavorable (95th-percentile) sector-specific

meteorological conditions.

Expected occurrences
over the preclosure period ~ Maximally exposed offsite

(annual frequency)® individual® Population Noninvolved worker
Dose
. . Internal Seismic (personl]
Accident scenario events events Dose (rem) LCFf rem) LCF,’ Dose (rem) LCF
1. Seismic event resulting in (not 8 x 107 3.5%x 107 2.1x107 3.1 x10° 1.9 x 10" 3.5 x10° 2.1x10°
LLWF collapse and failure applicable) (2 %10
of HEPA filters and
ductwork in other facilities
2. Breach of sealed HLW <1x10*  <1x10" 26 %10° 1.6x10°  2.1x10" 13 %10 3.5%x 107 2.1%x10°
. ) -6 -6
canisters 1]? a sealed (< 2x10 ) (< 2x 10 ) (26 X 10-3)d (21 x lol)d (35 X 10-1)d
transportation cask
3. Breach of sealed HLW <1x10* 1x10* 2.6 x10* 1.6x107 2.1 10° 13x10° 3.5 x 107 2.1%x10°
cani(ster in an unsealed waste (<2 x 10°) (2 x10° (2.6 x 107 (2.6 x 102 (2.65 x 102!
package
4. Breach of sealed HLW 1 %102 <1x10" 1.0 x 10 6.0 x 1078 8.5x 10" 5.1 x10* 1.4 x 102 8.4 x10°
) . -4 -6
Sarl:)l;sste:n(tlgglri(g)tg:rr;sfer (one (2x107) (<2x107) (1.0 102 (8.5 x 10")° (1.4 x 10%¢
5. Breach of uncanistered 1x10" not 1.0 x 107 6.0 x 107 27 %107 1.6 x 107 83 x 1072 5.0x 107
commercial SNF in a sealed (2 %107 applicable®
truck transportation cask in
air
6. Breach of uncanistered 7x10™ 2x10™ 9.4 x10™ 5.6 x 107 2.6 x10" 1.6 x 10 5.2 %107 3.1x107
commercial SNF in an (1 x107) (4% 10
unsealed truck transportation
cask in pool
7. Breach of a sealed DPC in 9x107° not 9.1 x10° 5.5x10° 2.5 % 10? 1.5 x 10" 55x%x107 33x10°
air (2x10°)  applicable® . ' . . . '
8. Breach of commercial SNF <1x10* 2x10* 84 x 1073 5.0 x 10 2.3 x 10? 1.4 x 10" 7.4 % 10" 44x%x10*
in unsealed DPC in pool (<2x10°%  (4x10°
9. Breach of a sealed TAD 2x10° not 53 %107 3.2 x10° 1.4 x 107 8.4 x 107 43 x 10" 2.6 x10*
canister in pool (4 x 107) applicable®
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Table 4-25. Estimated radiological consequences of repository operations accident scenarios for unfavorable (95th-percentile) sector-specific
meteorological conditions (continued).

Accident scenario Expected occurrences
over the preclosure period Maximally exposed offsite
(annual frequency) individual® Population Noninvolved worker
Internal Seismic Dose (person!]
events events Dose (rem) LCEP rem) LCFDb Dose (rem) LCE}
10. Breach of commercial SNF 5x10" not 49 %10 2.8x10° 1.3 x 10° 78x107 29x10"  1.7x10*
n unsealed TAD canister in (1x107%) applicable®
pool
11. Breach of uncanistered 3x10" not 4.7 x 10 2.8 %107 1.3 x 10" 7.8 %107 2.7 x 10 1.6 x 107

commercial SNF assembly (6 x107)  applicable®
in pool (one drops onto

another)

12. Breach of uncanistered <1x10* not 23 x10* 1.4 x 107 6.4 x 10° 3.8 x10° 1.4 x 102 8.4 x 10
commercial SNF in pool (<2x10°%  applicable®

13. Fire involving LLWF 7x107 not 9.0 x 10™ 5.4 x107 8.4 x 10° 50x10°  8.1x10%  49x107
inventory (1x10%)  applicable®

14. Breach of a sealed truck 2 %102 not 4.4 %103 2.6%10° 42 % 10" 2.5%x 107 1.3 x10° 7.8 x10™
transportation cask due to a (4 x 10 applicable®
fire

a.  For accident scenarios potentially initiated by more than one Category 2 event sequence, the expected occurrence value is the maximum frequency of those Category 2
event sequences. For accident scenarios potentially initiated by only Beyond Category 2 event sequences, the expected occurrence value is less than the maximum
frequency of a Beyond Category 2 event over the preclosure period (i.e. <1 x 10%).

b. Assumed to be at the analyzed land withdrawal boundary either in the east sector [7.8 kilometers (4.8 miles)] or in the southeast sector [18.5 kilometers (11 miles)],
whichever produces the highest site boundary dose. For Accident Scenarios 3 through 10, DOE calculated the highest dose for the southeast sector. For all other accident
scenarios, DOE calculated the highest dose for the east sector.

c.  LCF;is the estimated likelihood of a latent cancer fatality for an individual who receives the calculated dose (rem). LCF, is the estimated number of cancers in the exposed
population from the collective population dose (person-rem). These values were computed based on a conversion of dose to LCFs as discussed in Section E.4.1.

. Unfiltered doses presented to illustrate that filtration systems might not be required for these accident scenarios.
e. The seismic event sequence quantification and categorization analysis (DIRS 183261-BSC 2007, Sect. 6.7 and 6.8) did not identify any seismic initiators for these

scenarios.
DPC = Dual-purpose canister. LLWF = Low-Level Waste Facility.
HEPA = High-efficiency particulate air (filter). SNF = Spent nuclear fuel.
HLW = High-level radioactive waste. TAD = Transportation, aging, and disposal (canister).

LCF = Latent cancer fatality.
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Table 4-26. Estimated radiological consequences of repository operations accident scenarios for annual average (50th-percentile) sector-specific
meteorological conditions.

Expected occurrences over

the preclosure period Maximally exposed offsite
(annual frequency)® individual® Population Noninvolved worker
) ) Internal Seismic Dose
Accident scenario events events Dose (rem) LCFy (person-rem) LCF,* Dose (rem) LCFy
1. Seismic event resulting in (not 8 x 107 6.4x10*  3.8x107 2.5x10° 1.5 %107 58 x10" 3.5x10™

LLWF collapse and failure applicable) (2 x 10™)
of HEPA filters and
ductwork in other facilities

2. Breach of sealed HLW <1x10* <1x10* 4.4 %107 2.6 x 10710 1.5% 103 9.0 x 107 5.8 x10™ 3.5 %107
canisters in a sealed (<2x10°%  (<2x10°)
transportation cask

3. Breach of sealed HLW <1x10* 1 x10* 4.4 x10° 2.6 x 107 1.5 x 10 9.0 x 10°° 5.8 %107 3.5%x10°
canister in an unsealed waste (<2 x 10°) (2 x 10°)
package

4. Breach of sealed HLW 1 x 107 <1x10* 1.8 x10° 1.1 x 107 5.9x 107 3.5%10° 2.3 %107 1.4 x10°
canister during transfer (one (2 x10% (<2 x10°)
drops onto another)

5. Breach of 1 x 10" not 2.6 x 107 1.6 x10® 2.7 x 10! 1.6 x 107 2.3 x 107 1.4 x10°
uncanisterecommercial SNF (2 x107) applicable*

in a sealed truck
transportation cask in air

6. Breach of uncanistered 7x10* 2x10™ 1.2 %107 7.2 %107 1.5x 10" 9.0 x 107 9.0 x 107 5.4 x10°
commercial SNF in an (1x10°) (4% 10
unsealed truck transportation
cask in pool

7. Breach of a sealed DPC in 9x 107 not 24 %10 1.4 x 107 2.5 % 10° 1.5x 107 2.1 %107 1.3 x 10™
air (2 x 109 applicable®

8. Breach of commercial SNF <1x10* 2 x10™ 1.1 x 10 6.6 x 10® 1.4 x 10° 8.4 x10* 8.1 %107 49 x 107
in unsealed DPC in pool (<2x10°%  (4x10°

9. Breach of a sealed TAD 2x103 not 1.4 x10™ 8.4 x10* 1.4 x 10° 8.4 x10* 1.2 x 107! 7.2 %107

canister in pool (4 x107%) applicable
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Table 4-26. Estimated radiological consequences of repository operations accident scenarios for annual average (50th-percentile) sector-specific
meteorological conditions (continued).

Expected occurrences
over the preclosure period Maximally exposed offsite

(annual frequency) individual® Population Noninvolved worker
Dose
. . Internal Seismic (person!
Accident scenario events events Dose (rem) LCF rem) LCF,,b Dose (rem) LCF"
10. Breach of commercial SNF n 5x 10" 2x10™ 6.2 %107 3.7x10% 7.9 x 10" 47 % 10™ 47x10%  28x10°
unsealed TAD canister in (1x107%) (4 x10°)
pool
11. Breach of uncanistered 3x107" not 5.9x10° 3.5x%x107° 7.5 %1072 4.5%10° 4.5x%107 2.7 %10
commercial SNF assembly in (6 x 107) applicable
pool (one drops onto another)
12. Breach of uncanistered <1x10* not 29x10° 1.7 x 107° 3.8x 1072 23 %107 22 %103 1.3 x10°
commercial SNF in pool (<2x10°  applicable®
13. Fire involving LLWF 3x10" not 1.7 x 107 1.0 x 10 73 %102 4.4 x10° 1.3 %102 7.8 x 10
inventory (6 x 107) applicable?
14. Breach of a sealed truck 2x107 not 54 %10 3.2 %107 3.4 x10° 2.0x 107 7.1x 10" 43x10*
transportation cask due to a (4 x 10™) applicable?
fire
a. For accident scenarios potentially initiated by more than one Category 2 event sequence, the expected occurrence value is the maximum probability of those Category 2
sequences. For accident scenarios potentially initiated by only Beyond Category 2 event sequences, the expected occurrence value is less that the maximum frequency of a
Beyond Category 2 event over the preclosure period (i.e. <1 x 107
. Assumed to be at the analyzed land withdrawal boundary in the east sector, which would produce the highest site boundary dose at a distance of 7.8 kilometers (4.8 miles).
c.  LCF;is the estimated likelihood of a latent cancer fatality for an individual who receives the calculated dose (rem). LCF, is the estimated number of cancers in the exposed
population from the collective population dose (person-rem). These values were computed based on a conversion of dose to LCFs as discussed in Section E.4.1.
d. The seismic event sequence quantification and categorization analysis (DIRS 183261-BSC 2007, all) did not identify any seismic initiators for these scenarios.
DPC = Dual-purpose canister. LLW = Low Level Waste Facility.
HEPA = high-efficiency particulate air (filter). SNF = Spent nuclear fuel.
HLW = High-level radioactive waste. TAD = Transportation, aging, and disposal (canister).
LCF = Latent cancer fatality.
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Over the long term (after closure), deep geologic disposal of spent nuclear fuel and high-level radioactive
waste would provide optimal security by emplacing the material in a geologic formation that would
provide protection from human intrusion, including potential terrorist activities. The use of robust metal
waste packages to contain the spent nuclear fuel and high-level radioactive waste more than 200 meters
(660 feet) below the surface would offer significant impediments to any attempt to retrieve or otherwise
disturb the emplaced materials.

In the short term (before closure), the proposed repository at Yucca Mountain would offer certain unique
features from a safeguards perspective: a remote location, restricted access afforded by federal land
ownership and proximity to the Nevada Test Site, restricted airspace above the site, and access to a highly
effective rapid-response security force.

NRC regulations (10 CFR 63.21 and 10 CFR 73.51) specify a repository performance objective that
provides “high assurance that activities involving spent nuclear fuel and high-level radioactive waste do
not constitute an unreasonable risk to public health and safety.” The regulations require the storage of
spent nuclear fuel and high-level radioactive waste in a protected area such that:

e Access to the material would require passage through or penetration of two physical barriers. The
outer barrier must have isolation zones on each side to facilitate observation and threat assessment, to
be continually monitored, and to be protected by an active alarm system.

e Adequate illumination must be provided for observation and threat assessment.
e The area must be monitored by random patrol.

e Access must be controlled by a lock system, and personnel identification must be used to limit access
to authorized persons.

NRC regulations would require a trained, equipped, and qualified security force to conduct surveillance,
assessment, access control, and communications to ensure adequate response to any security threat. NRC
requires liaison with response forces to permit timely response to unauthorized entry or activities. In
addition, the NRC requires (10 CFR Part 63, by reference to 10 CFR Part 72) comprehensive receipt,
periodic inventory, and disposal records for spent nuclear fuel and high-level radioactive waste in storage.
A duplicate set of these records must be kept at a separate location sufficiently remote from the original
records that a single event would not destroy both sets of records.

Whether acts of sabotage or terrorism would occur, and the exact nature and location of the events, or the
magnitude of the consequences of such acts if they were to occur is inherently uncertain—the possibilities
are infinite. Nevertheless, in response to public comments and to evaluate a scenario that would
approximate the consequences of a major sabotage event, DOE analyzed a hypothetical scenario in which
a large commercial jet aircraft crashed into and penetrated the repository facility with the largest
inventory of radioactive material vulnerable to damage from such an event.

The analysis conservatively modeled that the aircraft impact would compromise the confining capability
of the building and the resulting fire would convert 42 spent nuclear fuel assemblies to an oxide powder.
The results of this analysis indicate that the maximally exposed offsite individual could receive a dose of
3.0 rem resulting in an estimated likelihood of a latent cancer fatality of 0.0018, and the offsite public in
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the highest population sector (south-southeast), which in 2067 would consist of an estimated

104,000 individuals, could receive a collective dose of 9,900 person-rem for average weather conditions
resulting in an estimated 5.9 latent cancer fatalities. Appendix E, Section E.7 contains details of the
analysis.

41.9 NOISE AND VIBRATION IMPACTS

This section describes potential noise and vibration impacts to workers (occupational noise) and to the
public (nuisance noise) from activities under the Proposed Action. The region of influence for noise and
vibration impacts includes the Yucca Mountain site and existing and future residences to the south in the
town of Amargosa Valley. Section 4.1.9.1 summarizes and incorporates by reference the noise impacts
from construction, operations, monitoring, and closure of the repository in Section 4.1.9.2 of the Yucca
Mountain FEIS (DIRS 155970-DOE 2002, pp. 4-70). Section 4.1.9.2 and Section 4.1.9.3 provide new
analyses based on the modified design and operational plan. Section 4.1.9.2 discusses noise impacts from
construction of the access road from U.S. Highway 95 and the offsite facilities that DOE would build
south of the analyzed land withdrawal area. Section 4.1.9.3 discusses impacts from vibration.

Section 4.1.4.1.2 discusses noise impacts on wildlife.

41.91

Sources of noise impacts in the analyzed land withdrawal area during the construction analytical period
would include activities at the site development areas that involved heavy equipment (for example,
bulldozers, graders, loaders, cranes, and pavers),

Noise Impacts from Construction, Operations, Monitoring, and Closure

DECIBELS

ventilation fans, and diesel generators. Sources of

A-weighted decibels (dBA):
A measurement of sound that approximates
the sensitivity of the human ear, which is
used to characterize the intensity or
loudness of sound.

Vibration velocity decibels (VdB):
Vibration velocity in decibels with respect to
1 microinch per second. A measurement of
root-mean-square velocity for the evaluation
of ground vibration as an average or
smoothed vibration amplitude on a
logarithmic scale.

noise during the operations and monitoring
analytical periods would include diesel
generators, cooling towers, ventilation fans, air
conditioners, and concrete batch plant activities.
Ventilation fans would have noise suppressors
that would maintain noise levels below 85 A-
weighted decibels (ABA) at a distance of 3 meters
(10 feet). The Occupational Safety and Health
Administration standard for the maximum
permissible continuous noise level for workers,
without the use of controls, is 90 dBA for a
duration of 8 hours per day [29 CFR
1910.95(b)(2)]. The regulation, in calculating the

permissible exposure level, uses a 5-dB time-over-intensity trading relationship, or exchange rate. For a
person to be exposed to noise levels of 95 dBA, the permissible amount of time at this exposure level
must be halved to be within the permissible exposure level. Conversely, a person who is exposed to

85 dBA is allowed twice as much time at this level (16 hours). The National Institute for Occupational
Safety and Health and the American Conference of Governmental Industrial Hygienists both recommend
an exposure limit of 85 dBA for an 8-hour exposure, with a 3-dB exchange rate. Therefore, a worker can
be exposed to 85 dBA for 8 hours, but to 88 dBA for only 4 hours or 91 dBA for only 2 hours.

The point on the boundary of the analyzed land withdrawal area nearest to noise sources at the North
Portal area would be about 11 kilometers (7 miles) due west. The distance and direction from the South
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Portal development area to the nearest point on the boundary would also be about 11 kilometers due west.
The point on the boundary closest to a Ventilation Shaft Operations Area would be about 7 kilometers
(4 miles) due west.

To establish the propagation distance of repository-generated noise for this analysis, DOE used a
maximum sound level of 132 dBA. It is unlikely that construction activities would generate noise at this
high level. For comparison, heavy trucks generate sound levels of 70 to 80 dBA at 15 meters (50 feet).
However, the analysis determined that this high level of noise would attenuate to the lower limit of human
hearing (20 dBA) at a distance of 6 kilometers (3.7 miles). Therefore, noise impacts to the public would
be unlikely outside the analyzed land withdrawal area boundary.

Because the distance between repository noise sources and a hypothetical individual at the land
withdrawal area boundary would be large enough to reduce the noise to background levels or below, and
because there would be no residential or community receptors at the boundary [the nearest housing is in
the town of Amargosa Valley about 22 kilometers (14 miles) from the repository site], DOE expects no
noise impacts to the public due to activities at Yucca Mountain under the Proposed Action.

Construction noise is transitory in nature. At times, workers at the repository site would be exposed to
elevated levels of noise. Small impacts to workers such as speech interference and annoyance would
occur. However, DOE would control noise levels and worker exposures such that impacts (such as
hearing loss) would be unlikely. Engineering controls would be the primary method of noise control.
Workers would use personal hearing protection as necessary to supplement engineering controls.

Noise impacts during the closure period would be similar to those during construction and operations.

41.9.2 Noise Impacts from Construction of Offsite Infrastructure

Sources of noise impacts outside the analyzed land withdrawal area would include construction of the
access road from U.S. Highway 95 and multiple facilities south of the Yucca Mountain site near

Gate 510. Offsite facilities would include the Sample Management Facility, a training facility, a
marshalling yard and warehouse, and temporary housing for construction workers. Construction activities
would involve typical construction equipment (for example, bulldozers, graders, loaders, and pavers).
This type of construction equipment generates noise levels of about 85 dBA at 15 meters (50 feet). Noise
and sound levels would be typical of new construction activities and would be intermittent. The nearest
permanent residents would be in the town of Amargosa Valley, which is southwest of the intersection of
U.S. Highway 95 and Nevada State Route 373. The closest offsite construction activities to the residents
would take place at this intersection, where DOE would relocate the current Gate 510 road intersection
with U.S. Highway 95 to line up with the intersection of State Route 373 and U.S. Highway 95. Because
of the distance between construction activities and receptors and the temporary and intermittent nature of
construction noise, DOE does not anticipate noise impacts to the public from construction of the access
road or offsite facilities.

Traffic noise on the access road would not exceed or significantly add to the existing traffic noise on
U.S. Highway 95. Noise from operation of the offsite facilities would be typical of commercial
environments and would not cause impacts.
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| 4.1.9.3 Vibration Impacts from Construction, Operations, Monitoring, and
Closure

Construction activity can result in various degrees of ground vibration dependent on the equipment and
construction methods. Construction equipment causes vibrations that spread through the ground and
diminish in strength with distance. Activities that typically generate the most severe vibrations are
blasting and impact pile driving. DOE could use blasting in the excavation of the shafts and the turnouts
to the emplacement drifts. Blasting activity results in a typical velocity level of slightly less than

| 100 vibration velocity in decibels with respect to 1 microinch per second (VdB) at 15 meters (50 feet).
Use of bulldozers and other heavy tracked construction equipment results in typical velocity levels around
93 VdB at 15 meters. However, generalized surface vibration curves show that a vibration with a velocity

| level of 95 VdB at 3 meters (10 feet) drops to a velocity level of 67 VdB at 91.4 meters (300 feet). The
approximate threshold for human perception of vibration is 65 VdB (DIRS 177297-Hanson et al. 2006,
all). The point on the analyzed land withdrawal boundary closest to blasting activity would be about 7
kilometers (4 miles) due west. Groundborne vibration during the operations, monitoring, and closure
analytical periods would be imperceptible at the boundary. Because of the large distances between
Proposed Action activities and sensitive structures, there would be no adverse vibration impacts.

4110 AESTHETIC IMPACTS

This section describes potential aesthetic impacts from the Proposed Action. The region of influence for
aesthetics includes the approximate boundary of the analyzed land withdrawal area, an area west of the
boundary where ventilation stacks could be seen, and the area south of the boundary where DOE would
construct the access road from U.S. Highway 95 and several offsite facilities. The analysis considered the
natural and manmade physical features that give a particular landscape its character and value as an
environmental factor. It gave specific consideration to scenic quality, visual sensitivity, and distance
from observation locations. This section provides a new analysis of the aesthetic impacts of the Proposed
Action.

4.1.10.1 Approach

Because of the limited visibility of Yucca Mountain from publicly accessible locations, DOE identified
two general locations from which the public could see facilities: one to the south of the repository near
the intersection of Nevada State Route 373 and U.S. Highway 95, and the other to the west of the
repository where repository ventilation exhaust stacks could be visible. There would be no public access
to the north or east of the site to enable viewing of the facilities. DOE used the Bureau of Land
Management criteria in Table 4-27 to rate the predicted contrast between existing conditions and
conditions DOE expects from the Proposed Action at the two locations. To determine potential aesthetic
impacts, the analysis considered if the predicted contrast at these locations would be consistent with the
Bureau of Land Management visual resource management objectives in Table 4-28. Depending on the
visual resource management objective for a particular location, various levels of contrast are acceptable.

| 4.1.10.2 Aesthetic Impacts from Construction, Operations, Monitoring, and
Closure

The low elevation of the southern end of Yucca Mountain and Busted Butte would obscure the view of
repository facilities from the south near the intersection of Nevada State Route 373 and U.S. Highway 95
(location 1), approximately 22 kilometers (14 miles) away. Therefore, from this location, the proposed
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Table 4-27. Criteria for determining degree of contrast.

Degree of contrast

Criteria

None The element contrast is not visible or perceived.

Weak The element contrast can be seen but does not attract attention.

Moderate The element contrast begins to attract attention and begins to dominate the characteristic
landscape.

Strong The element contrast demands attention, will not be overlooked, and is dominant in the

landscape.

Source: DIRS 173053-BLM 1986, Section I11.D.2.a.

Table 4-28. Bureau of Land Management visual resource management classes and objectives.

Visual resource

class Objective Acceptable changes to land
Class I Preserve the existing Provides for natural ecological changes but does not preclude
character of the limited management activity.
landscape Changes to the land must be small and must not attract attention.
Class I1 Retain the existing Management activities can be seen but should not attract the
character of the attention of the casual observer.
landscape Changes must repeat the basic elements of form, line, color, and
texture of the predominant natural features of the characteristic
landscape.
Class III Partially retain the Management activities can attract attention but cannot dominate
existing character of the  the view of the casual observer.
landscape Changes should repeat the basic elements in the predominant
natural features of the characteristic landscape.
Class IV Provide for Management activities can dominate the view and be the major

management activities
that require major
modifications of the
existing character of the
landscape

focus of viewer attention.

An attempt should be made to minimize the impact of activities
through location, minimal disturbance, and repeating the basic
elements.

Source: DIRS 101505-BLM 1986, Section V.B.

repository would cause a weak degree of contrast that is consistent with the management of the Class II1
lands that surround U.S. Highway 95 (Figure 4-8).

During construction of the access road from U.S. Highway 95 and offsite facilities south of the analyzed
land withdrawal boundary, construction-related equipment, facilities, and activities would be potential
sources of impacts to visual resources. The presence of workers, vehicles, equipment, temporary

accommodations for construction workers, and the generation of dust and vehicle exhaust could be visible
or could attract the attention of a casual observer at location 1. Considering the effect of best
management practices for construction projects, construction activities would be noticeable but would not
dominate the attention of a viewer and, therefore, would create a weak degree of contrast at this location.

A weak degree of contrast is compatible with the Bureau of Land Management objectives for all classes
of lands and would cause small project-related visual impacts during construction of the access road and
offsite facilities.
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The new access road would intersect U.S. Highway 95 approximately 0.39 kilometer (0.24 mile) to the
southeast of the existing access road intersection with U.S. Highway 95 and would line up with the
existing intersection of Nevada State Route 373 and U.S. Highway 95. DOE would use simple
acceleration and deceleration lanes at the new intersection. Only about 0.049 square kilometer (12 acres)
of new land would be necessary for the intersection and approximately 0.097 square kilometer (24 acres)
would be necessary for 1.6 kilometers (1 mile) of new road that would be 61 meters (200 feet) wide. The
temporary accommodations would occupy about 0.10 square kilometer (25 acres) and would include |
housing for construction workers; a utility zone for power supply, temporary trash storage, wastewater,
and potable water treatment; eating facilities; laundry facilities; and office space. DOE would use gravel
fill for roads and parking areas and would install lighting for security and parking. The most visible
structures would be the housing facilities. The training facility would require approximately

0.02 square kilometer (5 acres) of land for the facility and associated parking, landscaping, and access.
The Sample Management Facility would require approximately 0.012 square kilometer (3 acres). The
marshalling yard and warehouse would require some fencing, offices, warehousing, open laydown, and
shops on approximately 0.2 square kilometer (50 acres). The access road and offsite facilities would
cause a weak degree of contrast against the landscape passing motorists could observe. A weak degree of
contrast is consistent with the management of the Class III lands that surround U.S. Highway 95 and
would result in small impacts to the visual setting. DOE would remove the temporary accommodations
for construction workers and reclaim disturbed areas after they were no longer necessary.

The only structures that could be visible from the west (location 2) and exceed the elevation of the
southern ridge of Yucca Mountain would be the ventilation exhaust shafts. The ventilation system would
include intake and exhaust stacks, support structures, and access roads near the crest of Yucca Mountain
on 0.243 square kilometer (60 acres) of land. The construction of pads and roads to the pads would be on |
0.08 square kilometer (20 acres) of undisturbed land. The remaining 0.16 square kilometer (40 acres) is
existing disturbed dirt roads that would access these locations. The design includes three intake shafts
and six exhaust shafts. The exhaust shafts would contain 15.2- to 18.3-meter (50- to 60-foot) stacks
(DIRS 185329-Morton 2007, all). The height of the ventilation intake structures would be lower than the
exhaust stacks, and DOE would build these structures at lower elevations. Therefore, the intake stacks
would not be as likely as the exhaust stacks to cause aesthetic impacts. The presence of exhaust
ventilation stacks on the crest of Yucca Mountain would be seen as an adverse aesthetic impact by
American Indians and would cause a moderate degree of contrast. Because of the height of the
ventilation stack structures at the top of Yucca Mountain, the U.S. Air Force might require flashing
beacon lights at the tops of the stacks. Such beacons could be visible for several miles, especially west of
Yucca Mountain, but would not be visible in Death Valley National Park.

DOE would provide lighting for operations areas at the proposed repository and at the offsite facilities.
Lighting would be typical for commercial properties except there would be no advertising lighting.
Outdoor lighting would be high-intensity-discharge, sodium-vapor lights for roadways, perimeter fencing,
and area lighting. Lighting levels would be as low as possible to save operating costs and avoid
degradation of the dark character of the night sky, but high enough for security. Repository lighting could
be visible outside the analyzed land withdrawal area, especially from the west (location 2) due to the
ventilation structures at the top of Yucca Mountain. Repository lighting would be unlikely to affect users
of Death Valley National Park. Because the towns of Amargosa Valley, Beatty, and Pahrump lie between
the park and the repository, they probably would cause greater impact to the nightly viewshed than
operations lighting at the repository. Lighting at the offsite facilities would be visible from location 1
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near the intersection of Nevada State Route 373 and U.S. Highway 95. The use of shielded or directional
lighting as a best management practice would minimize the amount of light that could be visible from
outside the lighted areas and mitigate light pollution and the degradation of the dark character of the night
sky. Overall, impacts from lighting would be small.

Closure activities, such as dismantling of facilities and site reclamation, would reduce the project-related
contrast. Adverse impacts to visual quality from closure activities would be unlikely.

4111 IMPACTS TO UTILITIES, ENERGY, MATERIALS, AND SITE SERVICES

This section updates the potential impacts to residential water and sewer, energy, materials, and site
services from construction, operations, monitoring, and closure activities at the proposed repository.
DOE based its reanalysis of impacts to utilities, energy, materials, and site services for this Repository
SEIS on the modified design that Chapter 2 describes. The scope of the analysis included the use of
electric power; fossil fuels, oil, and lubricants; construction materials; and onsite services such as
emergency medical support, fire protection, and security and law enforcement. The analysis compared
repository needs to available regional capacity and to anticipated regional demands. It used engineering
estimates of requirements for construction materials, utilities, and energy. Construction activities would
occur during the construction and operations analytical periods. The region of influence includes the
local, regional, and national infrastructure that would supply the needs.

Section 4.1.14 discusses impacts in relation to TAD canister, waste package, and drip shield fabrication.
Overall, DOE expects only small impacts from demand on residential water and sewer, energy, materials,
and site services from the Proposed Action.

4.1.11.1 Residential Water

The repository facilities would not use water utilities from outside the analyzed land withdrawal area.
DOE would use permitted wells to supply water for repository activities. DOE could build facilities
(including the Sample Management Facility, training facility, marshalling yard, and warehouse) outside
the land withdrawal area and would evaluate the most appropriate water sources once the locations and
designs were final.

Population growth that resulted from the Proposed Action could affect regional water resources. The
Proposed Action would result in an estimated maximum population increase in Clark County of
approximately 1,300 persons in 2034 and an estimated maximum population increase in Nye County of
approximately 1,000 persons in 2039. Other counties would be unlikely to have measurable population
increases as a result of the Proposed Action. (Section 4.1.6 describes the estimated maximum population
increases in Clark and Nye counties in greater detail.) Whether predominantly surface-water sources, as
is the case for most of Clark County, or groundwater sources, as for most of Nye County, satisfied
domestic water needs, these relatively small increases in population would have small impacts on existing
water demands.

The maximum project-related population increase for Clark County would be less than 0.07 percent of the
baseline 2005 population of 1.8 million (Chapter 3, Section 3.1.7.1, Table 3-10) and less than
0.04 percent of the county’s estimated population in 2034, the year of the maximum population impact
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from the Proposed Action. The associated increase in water demand in the county as a result of the |
project would be correspondingly small.

The maximum project-related population increase for Nye County would be less than 3 percent of the
baseline 2005 population of 41,000 (Chapter 3, Section 3.1.7.1, Table 3-10) and about 1.2 percent of the |
county’s estimated population in 2039, the year of the maximum population impact from the Proposed
Action. For Nye County, estimates of domestic water demand from public water supplies are about

1.32 cubic meters (350 gallons) per day per person (DIRS 173226-Buqo 2004, p. 48). At this rate, the
project-related increase in Nye County population would result in an additional water demand of about
500,000 cubic meters (410 acre-feet) of water during the maximum year (2039). This represents about
0.4 percent of the total water use of 120 million cubic meters (101,000 acre-feet) in Nye County in 2000.
If 100 percent of the project-related growth in Nye County occurred in Pahrump (the upper bound
condition), this would equate to adding about 500,000 cubic meters to Pahrump’s annual water demand.
This represents about 1.8 percent of the 2000 Pahrump Valley total water use of 28 million cubic meters
(23,000 acre-feet). By 2039, when project-related population growth would peak, Pahrump Valley’s
water demand will have increased above its 2000 level due to growth unrelated to the Proposed Action.
The project-related increase in water demand of 500,000 cubic meters would be an even smaller
percentage of the total Nye County and Pahrump water usage in 2039 than in 2000.

4.1.11.2 Residential Sewer

The repository facilities would not use sewer utilities from outside the analyzed land withdrawal area.
DOE would use septic tanks and leach fields for the sanitary waste system.

Population growth due to the Proposed Action could affect sewer utilities. In Clark County, the
maximum project-related population increase would be less than 0.07 percent of the 2005 baseline
population. Impacts to the populous areas of the county such as the Las Vegas Valley would be small.

In Nye County, the maximum project-related population increase (in 2039) would be less than 3 percent
of the 2005 baseline population. Growth in Nye County from the Proposed Action would likely be
primarily in the Pahrump area. Pahrump has no community-wide wastewater treatment system.
Individual septic tank and drainage field systems would provide the primary wastewater treatment
capacities.

4.1.11.3 Electric Power

During the construction analytical period, the demand for electricity would increase as DOE operated
tunnel boring machines and other electrical equipment. The estimated peak demand for electric power
during the construction period would be about 32 megawatts. Table 4-29 lists projected electric energy
use during the different analytical periods.

The current electric power supply line has a peak capacity of only 10 megawatts. Upgrades to the site
electrical system would be part of the Proposed Action.

During the operations analytical period, the development of emplacement drifts would continue in parallel
with emplacement activities. During this period, the peak electric power demand would be about
110 megawatts. Construction activities during the period would account for 30 percent of the peak load
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Table 4-29. Electricity and fossil-fuel use for the Proposed Action.

Analytical period Use (years)
Construction 5
Operations Up to 50
Monitoring 50
Closure (overlaps last 10 years of Monitoring) 10
Total Up to 105
Peak electric power (megawatts)
Construction® 32
Operations® 110
Monitoring” 7.7
Closure” 10
Maximum 110
Electricity use: annual maximum (1,000 megawatt-hours)
Construction 280
Operations 940
Monitoring® 63
Closure* 72
Maximum 940
Fossil fuel (million liters) (million gallons)
Construction®* 19 5.0
Operations™® 690 180
Monitoring® 53 14
Closure” 52 1.4
Totals 770 200
Oils and lubricants® (million liters) (million gallons)
Construction 2.6 0.69
Operations 8.5 2.2
Monitoring 9 24
Closure 2 0.53
Totals 22 5.8

Note: Numbers are rounded to two significant figures; therefore, totals might differ from sums.

a. Source: DIRS 185429-BSC 2008, Table 5.

Source: DIRS 155970-DOE 2002, p. 4-73.

Calculated based on average usage per year as stated in the Yucca Mountain FEIS (DIRS 155970-DOE 2002, p. 4-73).
Source: DIRS 182211-Morton 2007, p. 2.

Source: DIRS 182210-Morton 2007, all.

oao T

and operation of the repository would account for the remaining load of about 75 megawatts. The
maximum annual electric power use would be about 940,000 megawatt-hours.

After the completion of construction activities, the peak demand for electric power would drop to about
75 megawatts. The peak demand would continue to decrease after the operations analytical period. The
peak demand during the monitoring analytical period would be much less than the 75-megawatt demand
during operations. The closure analytical period would last for 10 years, during which the peak electric
power demand would be much less than that during operations.
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For 2021, during the operations analytical period, Nevada Power Company projects a peak demand of
8,763 megawatts (including planning reserve requirement) (DIRS 185100-Gecol 2007, p.33). The
maximum 110-megawatt demand the repository would require would be about 1.2 percent of the
projected peak demand in 2021. Although Nevada Power Company has demonstrated the ability to meet
customer demand in a high-growth environment through effective planning, it has stated that a projected
shortfall between demand and available resources could occur after 2011 and forecasts that additional
resources will be necessary. It expects system demand to grow by more than 37 percent from 2007 to
2021 [from 23 million to more than 31 million megawatt-hours (DIRS 185100-Gecol 2007, p. 33)]. DOE
did not attempt to identify the specific resources that could be required to meet the projected regional
demand. Rather, DOE compared the estimated repository electricity use with the projected electricity
requirements of the region to determine the impact the additional repository use would have on regional
demands. The repository requirements would be a small percentage of Nevada Power Company’s
projected electricity demands. The estimated maximum annual power use of 940,000 megawatt-hours for
the repository would be about 3 percent of the projected 2021 regional energy requirements.

4.1.11.4 Fossil Fuels and other Petroleum Products

Fossil-fuel use during the construction analytical period would include diesel fuel and gasoline. DOE
would use diesel fuel primarily to operate surface construction equipment and equipment to maintain the
excavated rock storage pile. Site trucks and automobiles would be the primary users of gasoline. During
construction, the estimated maximum annual use of diesel fuel and gasoline would be about 5.5 million
and 180,000 liters (1.5 million and 47,000 gallons), respectively. Total fossil-fuel use during the
construction period would be about 19 million liters (5.0 million gallons). The supply capacity of diesel
fuel is about 1.8 billion liters (480 million gallons) per year for the State of Nevada (DIRS 176397-EIA
2005, Table 4). This value is based on distillate fuel sales from 2004. The supply capacity of gasoline is
about 4.1 billion liters (1.1 billion gallons) per year for the state (DIRS 182203-EIA 2006, all). This
value is based on gasoline consumption in 2004. About half of the State of Nevada fossil-fuel
consumption is in the three-county region of Clark, Lincoln, and Nye counties, with the highest
consumption in Clark County (DIRS 155970-DOE 2002, p. 4-76). Table 4-29 lists fossil-fuel and oil and
lubricant use during the different analytical periods.

During the construction analytical period, maximum yearly repository consumption of diesel fuel would
be about 0.3 percent of the 2004 statewide consumption. Maximum yearly repository consumption of
gasoline would be less that 0.005 percent of the 2004 statewide consumption.

DOE would use fossil fuels during the operations analytical period for construction activities,
emplacement activities, onsite vehicles, boilers, and electrical generators. Maximum annual diesel fuel
use would be about 20 million liters (5.3 million gallons) and maximum annual gasoline use would be
about 850,000 liters (220,000 gallons). Total fossil-fuel usage during the operations period would be
about 690 million liters (180 million gallons). The maximum annual use of diesel fuel and gasoline
would be about 1.1 percent and 0.021 percent, respectively, of the 2004 capacities. The annual use would
be highest during full repository operations and would decrease substantially during the monitoring
analytical period.

During the closure analytical period, annual fossil-fuel use would be about 27 percent of that for the
construction analytical period. During all periods, the projected use of diesel fuel and gasoline would be
within the regional supply capacity and would cause little impact.
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DOE would use hydraulic oils and lubricants and non-fuel hydrocarbons to support operation of
equipment during all periods of the project. Consistent with the analysis in the Yucca Mountain FEIS
(DIRS 155970-DOE 2002, p. 4-77), the quantities of these materials used would be about 22 million liters
(5.3 million gallons). DOE would recycle and reuse these materials.

4.1.11.5 Construction Material

The primary materials for construction of the repository would be concrete, steel, and copper. DOE
would use concrete—which consists primarily of cement, fine and coarse aggregate, and water—for liners
in the main tunnels and ventilation shafts in the subsurface and for construction of surface facilities. The
Department would use aggregate available in the region for the concrete and would purchase cement
regionally. Table 4-30 lists the amounts of concrete and cement. During the construction analytical
period, the estimated use of concrete would be about 320,000 cubic meters (420,000 cubic yards). The
amount of cement required would be about 130,000 metric tons (about 140,000 tons).

Table 4-30. Construction material use for the Proposed Action.

Analytical period Use (years)
Construction 5
Operations up to 50
Monitoring 50
Closure (overlaps last 10 years of Monitoring) 10
Total up to 105
Concrete (1,000 cubic meters) (1,000 cubic yards)
Construction® 320 420
Operations® 170 220
Monitoring” 0 0
Closure” 3 3.9
Totals 490 640
Cement (1,000 metric tons) (1,000 tons)
Construction® 130 140
Operations® 65 72
Monitoring” 0 0
Closure” 1.2 1.3
Totals 190 210
Carbon steel" 280 (1,000 metric tons) 310 (1,000 tons)
Copper® 0.67(1,000 metric tons) 0.74 (1,000 tons)

Notes: Section 4.1.14 discusses titanium requirements from the manufacture of drip shields. Numbers are rounded to two
significant figures; therefore, totals might differ from sums.

a. Source: DIRS 182713-Morton 2007, all.

b.  Source: DIRS 155970-DOE 2002, p. 4-74.

c. Source: DIRS 182197-Morton 2007, all.

The average yearly concrete demand for the construction analytical period would be about 65,000 cubic
meters (about 85,000 cubic yards). Annual production of concrete in Nevada equals approximately

6.7 million cubic meters (8.8 million cubic yards) per year (DIRS 173400-NRMCA 2004, p. 2). The
annual quantity of concrete required during the construction period represents less than 1 percent of
concrete use in Nevada in 2004. Cement would be purchased through regional markets and shipped to the
site. Regional suppliers of cement have demonstrated the ability to keep pace with the annual production
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of concrete in Nevada. DOE expects little or no impact from increased demand for concrete and cement
in the region.

For the Proposed Action, DOE would need as much as 280,000 metric tons (310,000 tons) of carbon steel
for uses that would include rebar, piping, and track and about 670 metric tons (740 tons) of copper for
uses that would include electrical cables. DOE did not categorize the requirements for carbon steel and
copper by analytical period in Table 4-30 because total use would be very small in relation to annual
domestic production. The total use of carbon steel at the repository would be less than 0.3 percent of the
annual domestic production capability of about 100 million metric tons (about 110 million tons). The
total use of copper at the repository would be less than 0.07 percent of the annual domestic mine
production. Although worldwide demand for steel is increasing due to economic growth overseas
(primarily in China), the markets for steel and copper are worldwide in scope. DOE anticipates little or
no impact from increased demand for steel and copper in the region.

4.1.11.6 Site Services

DOE would rely on the existing support infrastructure during an emergency at the proposed repository
(Chapter 3, Section 3.1.11.3) until it completed new onsite facilities during the construction analytical
period. Once completed, the new facilities would provide onsite services.

The primary onsite response would occur through the multifunctional Fire, Rescue, and Medical Facility,
which would provide space for fire protection and firefighting services, underground rescue services,
emergency and occupational medical services, and radiation protection. The facility would have the
capability to provide complete response to most onsite emergencies. A helicopter pad would enable
emergency medical evacuation. DOE would coordinate the operation of this facility with facilities in Nye
County and at the Nevada Test Site to increase response capability, if necessary. Nye County developed
the Nye County Public Safety Report to recommend that Nye County and DOE integrate public safety
services for the repository site and the area just beyond the repository boundary to mitigate potential
repository impacts to public safety services. The report is summarized and incorporated by reference
(DIRS 182710-NWRPO 2007, all).

As stated in the Yucca Mountain FEIS, a site security and safeguards system would include surveillance
and safeguards functions to protect the repository from unauthorized intrusion and sabotage (DIRS
155970-DOE 2002, p. 4-78). The system would include site security barriers, gates, and badging and
automated surveillance systems operated by trained security officers. Support would be available from
the Nevada Test Site security force and the Nye County Sheriff’s Department, if necessary.

The emergency response system would provide responses to accident conditions at or near the repository
site. The system would maintain emergency and rescue equipment, communications, facilities, and
trained professionals to respond to fire, radiological, mining, industrial, and general accidents above or
below ground.

The planned onsite emergency facilities would be able to respond to and mitigate most onsite incidents,
which would include underground incidents, without outside support. Therefore, there would be no
meaningful impacts to the emergency facilities of surrounding communities or counties.
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4112 MANAGEMENT OF REPOSITORY-GENERATED WASTE AND
HAZARDOUS MATERIALS

This section describes the management of waste that DOE could generate as a result of construction,
operations, monitoring, and closure activities. The region of influence for waste and hazardous materials
consists of on- and offsite areas that include landfills and hazardous and radioactive waste processing and
disposal sites, in which DOE would dispose of waste it generated under the Proposed Action. The
evaluation of waste management impacts used available information to consider the potential for the
generation of particular waste types and estimates of the quantities that these activities could generate.
The types of waste the Proposed Action would generate would include sanitary and industrial waste,
industrial wastewater, low-level radioactive waste, sanitary sewage, and hazardous waste. DOE based
the estimates for the amount of generated waste in this section on construction and operating experience,
engineering data, material use estimates, and number of workers. The Department did not generate
estimated quantities for mixed and fransuranic waste because it anticipates that routine operations would
not produce these waste types. However, this section does discuss the management of such waste, if
generated.

DOE determined that modifications in the repository design and operational plans would require a new
analysis of repository-generated waste. Therefore, DOE has revised the construction and demolition
debris, sanitary sewage, and low-level radioactive waste estimates since completion of the Yucca
Mountain FEIS to reflect the modified design and operational plan changes. These changes have resulted
in the proposed construction of more but smaller facilities and slight changes in the estimated number of
workers for the project. DOE has also revised the low-level radioactive waste estimates to reflect the
implementation of the use of TAD canisters. The Department extrapolated revised waste estimates from a
variety of sources, including the FEIS, to calculate total waste over the duration of the project. The
industrial wastewater and sanitary and industrial waste estimates have not changed because the
operational aspects DOE used to generate these estimates for the FEIS are essentially the same.
Therefore, the estimates for these waste types are incorporated by reference from the Yucca Mountain
FEIS.

This section analyzes impacts from the disposal of repository-generated waste against current disposal
waste capacities for offsite and regional waste facilities.

4.1.12.1 Waste and Hazardous Materials Impacts from Construction, Operations,
Monitoring, and Closure

Table 4-31 lists the waste and hazardous materials that DOE could generate during the construction,
operations, monitoring, and closure analytical periods. The estimates reflect the repository design and
operations aspects that are in the application DOE has submitted to NRC. The construction and
demolition debris estimates include the dismantling of the temporary structures at the North Portal and the
existing Sample Management Facility at the Field Operations Center.

DOE would use one or more of the following to manage construction and demolition debris: disposal at
existing landfills at the Nevada Test Site, nearby municipal landfills, or a State-permitted landfill on the
Yucca Mountain site. In addition to the landfills at the Nevada Test Site, there are 20 operating municipal
solid waste landfills, which include four industrial landfills, in Nevada (DIRS 184969-NDEP 2007,
Appendix 3).
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Table 4-31. Total waste quantities expected to be generated.

Waste type Total amount
Construction and demolition debris® 476,000 cubic meters (620,000 cubic yards)
Industrial wastewater” 1.2 million cubic meters (320 million gallons)
Sanitary sewage 2.0 million cubic meters (530 million gallons)
Sanitary and industrial waste®® 100,000 cubic meters (130,000 cubic yards)
Hazardous waste” 8,900 cubic meters (12,000 cubic yards)
Low-level radioactive waste® 74,000 cubic meters (97,000 cubic yards)

a.  Estimate based on materials used.

b.  Value remains unchanged from the Yucca Mountain FEIS.

c.  Does not include construction and demolition debris.

d.  Estimate includes liquid low-level waste and emptied dual-purpose canisters managed as low-level waste.

DOE would use four onsite evaporation ponds or a wastewater treatment facility to manage industrial
wastewater. Industrial wastewater from surface facilities would flow to an evaporation pond in the
vicinity of the surface geologic repository operations area; wastewater from the subsurface would flow to
evaporation ponds at the South Portal development area and the North Construction Portal; and
wastewater from oil-water separators and superchlorinated water from maintenance of the drinking water
system would flow to evaporation ponds at the central operations area. The evaporation ponds would be
lined; DOE would test, treat, and dispose of residual sludge as appropriate, depending on the results of the
testing. Section 4.1.3 discusses the evaporation ponds. A wastewater treatment facility is not an element
of the modified design; if DOE did incorporate this facility, it could use it to treat specifically identified
industrial wastewater streams and sanitary sewage. The discharges would be permitted; DOE would test,
treat, and dispose of the associated sludge as appropriate, depending on the results of the testing.
Appendix A discusses the benefits and potential environmental impacts of a wastewater treatment facility.

DOE would use septic systems or possibly a wastewater treatment facility to manage sanitary sewage.
DOE would test, treat, and dispose of sludge from the septic systems as appropriate, depending on the
results of the testing. DOE would manage sanitary and industrial waste in the same manner it would
manage construction and demolition debris.

DOE would manage hazardous waste by shipment off the site for treatment and disposal. Hazardous
waste would be primarily from laboratories, health clinics, and vehicle maintenance shops; examples
include solvents, fuels, paints, corrosives, and cleansers. DOE would treat, store, and dispose of waste
from these substances appropriately in accordance with federal and state regulations. The Department
would not dispose of hazardous waste on the site. It would contract with permitted hazardous wastes
transporters to ensure the safe transport of all hazardous wastes from its facilities to a permitted offsite
hazardous waste facility for treatment or disposal. The transportation of hazardous materials would be in
accordance with federal and state regulations. The U.S. Department of Transportation Office of
Hazardous Materials Safety prescribes the regulations for the safe transportation of hazardous materials
(40 CFR Part 49).

DOE would control and dispose of site-generated low-level radioactive waste in a DOE low-level waste
disposal site, a site in an Agreement State, or an NRC-licensed site, subject to the completion of the
appropriate review pursuant to the National Environmental Policy Act (NEPA). Disposal in an
Agreement State site or in an NRC-licensed site would be consistent with applicable portions of 10 CFR
Part 20. Low-level radioactive waste would be in the form of solids and liquids from operations such as
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WASTE TYPES

Industrial waste:
Solid waste that is neither hazardous nor radioactive such as construction and demolition debris,
rubber, and miscellaneous plastic products. Examples of construction and demolition debris
include soil, rock, masonry materials, and lumber.

Industrial wastewater:
Liquid wastes from industrial processes that do not include sanitary sewage. Repository
industrial wastewater would include water for dust suppression, rinse water from concrete
production and transport, and process water from building heating, ventilation, and air
conditioning systems.

Sanitary sewage:
Domestic wastewater from sinks, showers, kitchens, floor drains, restrooms, change rooms, and
food preparation and storage areas.

Sanitary waste:
Solid waste that is neither hazardous nor radioactive. Sanitary waste streams include paper,
glass, and discarded office material. (State of Nevada waste regulations define this waste
stream as household waste.)

Hazardous waste:

Waste designated as hazardous by U.S. Environmental Protection Agency or State of Nevada
regulations. Hazardous waste, defined under the Resource Conservation and Recovery Act, is
waste that poses a potential hazard to human health or the environment when improperly
treated, stored, or disposed of. Hazardous wastes appear on special EPA lists or possess at
least one of the following characteristics: ignitability, corrosivity, toxicity, or reactivity. Hazardous
waste streams from the repository could include certain used rags and wipes contaminated with
solvents.

Low-level radioactive waste:
Radioactive waste that is not classified as high-level radioactive waste, transuranic waste,
byproduct material containing uranium or thorium from processed ore, or naturally occurring
radioactive material. The repository low-level radioactive waste would include personal
protective clothing, air filters, solids from the liquid low-level waste treatment process, adiological
control and survey waste, and used canisters (dual-purpose).

Transuranic waste:
Waste materials (excluding high-level radioactive waste and certain other waste types)
contaminated with alpha-emitting radionuclides that are heavier than uranium with half-lives
greater than 20 years and that occur in concentrations greater than 100 nanocuries per gram.
Transuranic waste results primarily from treatment and fabrication of plutonium and from
research activities at DOE defense installations.

cask, facility, and equipment decontamination with wipes and chemicals; pool system skimming and
filtration operations; used dual-purpose canisters; tooling and clothing; facility heating, ventilation, and
air conditioning filtration; chemical sumps; and carrier and transporter washing (DIRS 179303-BSC
2006, pp. 5 to 27). Activities during the operations, monitoring, and closure analytical periods would
generate about 74,000 cubic meters (97,000 cubic yards) of low-level waste. Dual-purpose canisters
would make up about 9,800 cubic meters (13,000 cubic yards) of low-level waste.

DOE would either process liquid low-level radioactive waste to remove contamination until it met release
limits for discharge to an evaporation pond or process the waste until it met applicable requirements for
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shipping it offsite for treatment or disposal (DIRS 179303-BSC 2006, p. 26). This analysis assumed the
Department would process liquid low-level radioactive waste for offsite shipment in order to generate a
conservatively high quantity of waste for offsite disposal. The estimated quantity of liquid low-level
waste is included in the 74,000-cubic-meter (97,000-cubic-yard) total. DOE does not anticipate the
generation of mixed or transuranic waste during routine operations, but if unusual activities generated
such waste it, would be minimal (DIRS 182319-Morton 2007, all), and DOE would dispose of it at an
offsite permitted facility.

4.1.12.2 Overall Impacts to Waste Management

Impacts from construction and demolition debris and sanitary and industrial wastes would be small
because of the number and capacity of offsite solid waste landfills. DOE could build onsite solid waste
facilities to accommodate the nonhazardous waste that repository activities generated. In addition, the
Department would implement best management practices to reduce waste generation and to avoid or
minimize the amount of waste disposed of at the Nevada Test Site or regional solid waste facilities.
Because DOE would minimize waste as much as possible, the additional waste disposed of at the Nevada
Test Site or regional facilities would be small, and these facilities have enough capacity to accommodate
such waste.

The regional capacity for treatment and disposal of hazardous waste is greater than the quantity that DOE
would generate. The estimated disposal capacity for hazardous wastes in western states is about 50 times
the demand for landfills and 7 times the demand for incineration until at least 2013 (DIRS 103245-EPA
1996, pp. 32, 33, 36, 46, 47, and 50). Based on this information, impacts to regional hazardous waste
facilities from waste generated from repository activities would be small.

Impacts to licensed disposal facilities from low-level radioactive waste would be small because the
amount of such waste would be small. Repository-related activities would generate approximately
638 cubic meters (834 cubic yards) of low-level waste annually over the life of the project. For
comparison, this accounts for only about 0.5 percent of the low-level waste disposed of in 2005 at
commercial low-level waste facilities nationwide (DIRS 182320-NRC 2007, all).

41.13 ENVIRONMENTAL JUSTICE

This section describes the DOE analysis of environmental justice (the potential for impacts to be
disproportionately high and adverse to minority or low-income populations). The region of influence for
environmental justice varies with resource area and corresponds to the region of influence for each
resource area. Since completion of the Yucca Mountain FEIS, the NRC has issued Policy Statement on
the Treatment of Environmental Justice Matters in NRC Regulatory and Licensing Actions

(69 FR 52040-52048, August 24, 2004). For this Repository SEIS, DOE has chosen to follow the NRC
guidance. In addition, the analysis used 2000 Census data available since the Yucca Mountain FEIS to
identify low-income population blocks.

4.1.13.1 Impact Assessment Methodology

Executive Order 12898, Federal Actions to Address Environmental Justice in Minority Populations and
Low-Income Populations, and the associated implementing guidance establish the framework for
identification of impacts to low-income and minority populations. The Executive Order directs federal
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agencies to identify and consider disproportionately high and adverse human health, social, economic, or
environmental effects of their actions on minority and low-income communities and American Indian
tribes and provide opportunities for community input to the process, which includes input on potential
effects and mitigation measures.

DOE performs environmental justice analyses to identify if any high and adverse impacts would fall
disproportionately on minority or low-income populations in accordance with guidance from the Council
on Environmental Quality. The potential for environmental justice concerns exists if the following occur
(DIRS 177702-CEQ 1997, pp. 26 and 27):

“Disproportionately high and adverse human health effects: When determining whether
human health effects are disproportionately high and adverse, agencies are to consider the
following three factors to the extent practicable:

a) Whether the health effects, which may be measured in risks and rates, are significant
(as employed by NEPA [42 U.S.C. 4321 et seq.]), or above generally accepted
norms. Adverse health effects may include bodily impairment, infirmity, illness, or
death; and

b) Whether the risk or rate of hazard exposure by a minority population, low-income
population, or Indian tribe to an environmental hazard is significant (as employed by
NEPA) and appreciably exceeds or is likely to appreciably exceed the risk or rate to
the general population or other appropriate comparison group; and

c) Whether health effects occur in a minority population, low-income population, or
Indian tribe affected by cumulative or multiple adverse exposures from
environmental hazards

Disproportionately high and adverse environmental effects: When determining whether
environmental effects are disproportionately high and adverse agencies are to consider the
following three factors to the extent practicable:

a) Whether there is or will be an impact on the natural or physical environment that
significantly (as employed by NEPA) and adversely affects a minority population,
low-income population, or Indian tribe. Such effects may include ecological,
cultural, human health, economic, or social impacts on minority communities,
low-income communities, or Indian tribes when those impacts are interrelated to
impacts on the natural or physical environment; and

b) Whether environmental effects are significant (as employed by NEPA) and are or
may be having an adverse impact on minority population, low-income populations,
or Indian tribes that appreciably exceeds or is likely to appreciably exceed those on
the general population or other appropriate comparison group; and

c) Whether the environmental effects occur or would occur in a minority population,
low-income population, or Indian tribe affected by cumulative or multiple adverse
exposures from environmental hazards.”
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The DOE analysis of environmental justice for this Repository SEIS considered the results of analyses of
potential impacts to the different resource areas that focused on consequences to resources that could
affect human health or the environment for the general population. In addition, the Department
determined if unique exposure pathways, sensitivities, or cultural practices would result in different
impacts on minority or low-income populations. If either assessment identified impacts, the
environmental justice analysis compared the impacts on minority and low-income populations to those on
the general population. In other words, if significant impacts on a minority or low-income population
would not appreciably exceed the same type of impacts on the general population, disproportionately high
and adverse impacts would be unlikely.

The Repository SEIS definition of a minority population is in accordance with the Bureau of the Census
racial and ethnic categories. The “Policy Statement on the Treatment of Environmental Justice Matters in
NRC Regulatory and Licensing Actions” (69 FR 52040-52048; August 24, 2004) states:

“...a minority or low-income community is identified by comparing the percentage of the
minority or low-income population in the impacted area to the percentage of the minority
or low-income population in the County (or Parish) and the State. If the percentage in the
impacted area significantly exceeds that of the State or the County percentage for either
the minority or low-income population then [environmental justice] will be considered in
greater detail. “Significantly” is defined by staff guidance to be 20 percentage points.
Alternatively, if either the minority or low-income population percentage in the impacted
area exceeds 50 percent [environmental justice] matters are considered in greater detail.”

Clark and Nye counties had a low-income population of 11 percent in the 2000 Census, as did the State of
Nevada. Inyo County had a low-income population of 14 percent. Twenty census block groups are
within the 84-kilometer (52-mile)-radius around Yucca Mountain. No census block group exceeded the
20 percentage-point poverty level and, therefore, no low-income population significantly exceeds that of
the state or county. Analysis of block data demonstrated several blocks where the minority population
equaled or exceeded 50 percent in all three counties (Chapter 3, Figure 3-19).

Regions of influence, and therefore potentially affected areas, vary with each resource area. If there
would be no significant impacts in a resource area’s region of influence, or if identified significant
impacts would not fall disproportionately on low-income or minority populations, there would be no
environmental justice impacts. DOE has identified land use, air quality, cultural resources,
socioeconomics, and public health and safety as resources that could be of particular interest to minority
or low-income populations. The following sections summarize the impacts to those resource areas.

4.1.13.2 Construction, Operations, Monitoring, and Closure

4.1.13.2.1 Land Use

Direct land use impacts from the Proposed Action would be small due to the existing and future
restriction of site access for most affected areas (Section 4.1.1). There are no communities with high
percentages of minority populations in the region of influence for land use.
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4.1.13.2.2 Air Quality

Impacts to air quality from the Proposed Action would be small (Section 4.1.2). Further, DOE would use
best management practices for all activities, particularly ground-disturbing activities that could generate
fugitive dust.

4.1.13.2.3 Cultural Resources

DOE has implemented a worker education program on the protection of archaeological sites and artifacts
to limit direct and indirect impacts to them. The Department would work collaboratively with the
Consolidated Group of Tribes and Organizations to involve tribal representatives in the worker education
program. Before construction began, DOE would avoid archaeological resources or mitigate its actions,
so any direct adverse impacts from construction and operation of the facilities would be small. DOE
would include American Indian monitors in all surveys to identify cultural sites in the affected areas. In
addition, the Department would conduct such activities in a manner that would preclude improper
disclosure of, or adverse impacts to, sensitive cultural sites or resources covered by applicable laws and
regulations (Section 4.1.5).

4.1.13.2.4 Socioeconomics

Socioeconomic impacts from repository construction and operation would be small. Regional
employment would increase an estimated 0.1 percent above baseline levels. Changes to the baseline
regional population would be no greater than 0.06 percent. Potential impacts to the Gross Regional
Product, real disposable personal income, and expenditures by state and local governments would be
small. While several communities have minority populations greater than 50 percent, there would be no
disproportionately high socioeconomic impacts on those communities (Section 4.1.6).

4.1.13.2.5 Public Health and Safety

The analysis determined that impacts that could occur to public health and safety would be small
throughout the Proposed Action (Section 4.1.7). There would be no nonradiological adverse health
effects for the public within the 84-kilometer (52-mile) radius around the repository. The elapsed time
between initiation of repository construction and closure would be 105 years. No subsection of the
population, including minority populations, would receive disproportionate impacts.

4.1.13.3 Environmental Justice Impact Analysis Results

As in the Yucca Mountain FEIS, this Repository SEIS analysis used information from Sections 4.1.1 to
4.1.12. DOE has not identified any high and adverse potential impacts to members of the general public.
Further, DOE has not identified subsections of the population, including minority or low-income
populations, that would receive disproportionate impacts, and it has identified no unique exposure
pathways, sensitivities, or cultural practices that would expose minority or low-income populations to
disproportionately high and adverse impacts. Therefore, this SEIS concludes that no disproportionately
high and adverse impacts would result from the Proposed Action.
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4.1.13.4 An American Indian Perspective

In 1987, DOE initiated the Native American Interaction Program to solicit input from tribes and
organizations on the characterization of the Yucca Mountain site and the possible construction and
operation of a repository for spent nuclear fuel and high-level radioactive waste. These tribes and
organizations—Southern Paiute; Western Shoshone; and Owens Valley Paiute and Shoshone people from
Arizona, California, Nevada, and Utah—have declared traditional ties to the Yucca Mountain area. The
Native American Interaction Program is part of DOE’s implementation of the Council on Environmental
Quality’s Environmental Justice Guidance Under the National Environmental Policy Act that “agencies
should recognize the interrelated cultural, social, occupational, historical, or economic factors that may
amplify the natural and physical environmental effects of the proposed agency action” (DIRS 1777020
CEQ 1997, all).

In the Yucca Mountain FEIS, DOE acknowledged that people from American Indian tribes have used the
proposed repository area as well as nearby lands, and that lands around the site contain cultural, animal,
and plant resources important to those tribes. The tribes presented their views in American Indian
Perspectives on the Yucca Mountain Site Characterization Project and the Repository Environmental
Impact Statement, which states (DIRS 102043-AIWS 1998, p.2-9):

“...we have the responsibility to protect with care and teach the young the relationship of
the existence of a nondestructive life on Mother Earth. This belief is the foundation for
our holistic view of the cultural resources, i.e., water, animals, plants, air, geology, sacred
sites, traditional cultural properties, and artifacts. Everything is considered to be
interrelated and dependent on each other to sustain existence.”

American Indian views on environmental justice are presented in Section 3.4.2.4. DOE acknowledges the
concerns of the American Indians and has consulted with the tribes. The Department would continue to
consult with the Consolidated Group of Tribes and Organizations throughout the life of the project. If
DOE implemented the Proposed Action, the Department would work closely with American Indians to
ensure that a Mitigation Action Plan was developed and to ensure compliance with Section 106 of the
National Historic Preservation Act.

41.14 IMPACTS FROM MANUFACTURING REPOSITORY COMPONENTS

This section discusses the potential environmental impacts from the manufacture of components that
DOE would require to move and dispose of spent nuclear fuel and high-level radioactive waste at a
geologic repository at Yucca Mountain. Repository components would include canisters, waste packages,
emplacement pallets, drip shields, aging overpacks, shielded transfer casks, and transportation casks.
Other repository-related items (for example, cranes and other heavy equipment, miscellaneous
mechanical components, electrical components, structural materials) are standard, commercially available
components that DOE could buy from several vendors. As a result, there would be no offsite
manufacturing environmental impacts specifically attributed to these other types of repository equipment
and components and they are not included in this evaluation. This section updates information in the
Yucca Mountain FEIS and summarizes and incorporates by reference Section 4.1.15 of the FEIS (DIRS
155970-DOE 2002, pp. 4-91 to 4-105). The primary updates or modifications since the FEIS evaluation
are the addition of TAD canisters to the list of repository components, slight changes in the numbers of
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other components, updated information on the environmental and socioeconomic settings of the reference
manufacturing facilities, and expansion of the analysis of air quality impacts to include PM; .

Section 4.1.14.1 provides an overview of the analysis basis. Section 4.1.14.2 discusses the components
that offsite manufacturers would fabricate and the manufacturing schedule. Section 4.1.14.3 describes the
components in detail. Section 4.1.14.4 discusses environmental settings for air quality, health and safety,
and socioeconomics. Section 4.1.14.5 describes environmental impacts on air quality, health and safety,
socioeconomics, waste generation, and environmental justice; in addition, this section contains an
evaluation of materials use that addresses the potential for impacts to materials markets and supplies.

4.1.14.1 Overview

This analysis and the corresponding analysis in the Yucca Mountain FEIS used the overall approach,
analytical methods and, in some cases, baseline data from the Department of the Navy Final
Environmental Impact Statement for a Container System for the Management of Naval Spent Nuclear
Fuel (DIRS 101941-USN 1996, all). The evaluation addressed ways in which the manufacture of
repository components could affect environmental attributes and resources at a representative
manufacturing site. DOE did not perform a site-specific evaluation because more than one manufacturer
probably would be necessary to meet the production schedule and, until competitive bidding was
complete, the Department would not know the locations of specific manufacturing facilities.

The analysis used a representative manufacturing site based on five existing facilities that produce casks,
canisters, and related hardware for the management of spent nuclear fuel with the use of NRC-certified
designs. The facilities, which are the same as those the Navy used in its EIS (DIRS 101941-USN 1996,
p. 4-17), are in Westminster, Massachusetts; Greensboro, North Carolina; Akron, Ohio; York,
Pennsylvania; and Chattanooga, Tennessee. Although the analysis used the existing facilities from the
earlier evaluation, it used updated information to characterize the environmental settings for the facility
locations.

The analysis assumed that the manufacturing facilities and processes at these locations are similar to the
facilities and processes that would be necessary to produce the repository components. Although the five
reference facilities might not fabricate components from titanium (which DOE would use in the drip
shields), the fabrication processes of rolling plate, forming, and welding that would be necessary to
produce a drip shield would be similar to the processes for casks and canisters from other structural
material. The analysis also assumed that manufacture of all components would occur at one
representative site. Although this is unlikely, it is conservative because potential impacts would be
concentrated and higher than if they were in several locations.

4.1.14.2 Components and Product Schedule

Table 4-32 lists the components and the quantities of components DOE included in the analysis; the table
includes TAD canisters (Section 4.1.14.3), which the Yucca Mountain FEIS did not address. The table
includes all repository components for naval spent nuclear fuel that the Department would emplace at
Yucca Mountain, but does not include the transportation casks, which the Navy would manufacture as
owner and manager of that spent fuel. The Navy EIS (DIRS 101941-USN, 1996, all) discusses these
casks and the potential environmental impacts of their production.
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Table 4-32. Quantities of offsite-manufactured components for the Yucca Mountain Repository.

Number to be
Component Description manufactured”
Rail transportatoin casks or Storage and shipment of SNF and HLW 79
overpacks
Truck transportation casks Storage and shipment of uncanistered fuel 30
Waste packages Outside container for SNF and HLW emplacement 11,200
in the repository
TAD canisters TAD canisters for commercial SNF 7,400b
Emplacement pallets Support for emplaced waste packages 11,200°
Drip shields Titanium covers for waste packages 11,500
Aging overpacks Metal and concrete storage vaults for aging® 2,500
Shielded transfer casks Casks for transfer of canisters between and in site 6-10
facilities

a. The number of components is an approximation based on the best available estimates.

b. Total number of empty TAD canisters includes those shipped to generator sites and to the repository.

c.  The number of emplacement pallets includes about 10,030 of the standard length and 1,150 of the short length.

d.  Only the metal components of the aging overpacks would be manufactured offsite.

HLW = High-level radioactive waste. TAD = Transportation, aging, and disposal (canister).
SNF = Spent nuclear fuel.

The analysis assumed the manufacture of all the components except drip shields would occur over

24 years to support the maximum rate of emplacement. The operations analytical period would last as
long as 50 years (Chapter 2, Table 2-1), so component manufacturing likely would be on a longer
schedule and still keep up with demand. However, the assumed faster pace is conservative because it
concentrates estimated impacts into a shorter timeframe. Manufacturing activity would begin 2 years
before repository operations started, would build up during the first 5 years, then would remain nearly
constant through the remainder of the 24-year period. Because DOE would not need the drip shields until
the closure analytical period, the analysis assumed the period for manufacture and delivery of them would
be 10 years and would not coincide in any year with the manufacture of the other components.

4.1.14.3 Components
4.1.14.3.1 Waste Packages

The waste package (which the Yucca Mountain FEIS called the disposal container) would be the final
outside container DOE would use to package the spent nuclear fuel and high-level radioactive waste for
emplacement in the repository. The basic design remains as it was in the FEIS; that is, it would be a
cylindrical vessel with an outer layer of corrosion-resistant, nickel-based alloy (4/loy 22) and an inner
liner of Stainless Steel Type 316. Both the inner liner and the outer layer would have lids of the
corresponding materials at both ends. The bottom lids would be welded to the cylindrical body at the
fabrication shop and the top inner and outer lids would be welded in place at the repository after insertion
of the canister (or canisters) with spent fuel or high-level radioactive waste. DOE has eliminated a third
lid for the closure end from the design in the FEIS.

The Yucca Mountain FEIS described the proposed use of about 10 different waste package configurations
to accommodate the different types of spent nuclear fuel and high-level radioactive waste. Although the
basic waste package design would be the same for the various waste forms, DOE has reduced the number
of configurations to six by standardizing the waste package for commercial spent nuclear fuel. The
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Department accomplished this standardization through the introduction of a TAD canister, which is
described below. In addition to waste package changes to accommodate the TAD canister and to
eliminate the third closure lid, other changes in proposed waste package configurations resulted in
changes to the size and mass of material. A notable change in several of the configurations was a slight
elongation of the package to allow a thick inner lid that also serves as a shield plug. The discussions in
this section incorporate these and other minor changes. The six waste package configurations range in
length from 3.7 to 5.9 meters (12 to 19 feet), with outside diameters of 1.8 to 2.1 meters (6 to 7 feet). The
mass of empty waste packages would range from 22 to 34.2 metric tons (24 to 38 tons).

4.1.14.3.2 Transportation, Aging, and Disposal Canisters

Management of commercial spent nuclear fuel would be more standardized by the use of TAD canisters,
which the Yucca Mountain FEIS did not consider. TAD canisters would be cylindrical containers,
approximately 5.4 meters (18 feet) long with an outer diameter of about 1.7 meters (5.5 feet). The shell
of the canister would be stainless steel and the inner basket would be configured differently for different
types of spent nuclear fuel. The inner basket would include borated stainless steel to act as a neutron
absorber. The mass of an empty TAD canister would range from about 29 to 31 metric tons

(32 to 34 tons) depending on the internal basket configuration. Under the Proposed Action, about

90 percent of the commercial spent nuclear fuel would travel to the repository in TAD canisters; generator
sites would load and seal these canisters. The remaining 10 percent of the commercial spent fuel would
be transported in other types of canisters, or as uncanistered fuel (in casks), and DOE would repackage it
in TAD canisters at the repository site. This analysis includes TAD canisters as repository components
because they are an element of the repository design and the commercial nuclear facilities would have to
use them as appropriate.

4.1.14.3.3 Casks for Rail and Truck Shipments

DOE would mainly use rail casks to ship spent nuclear fuel and high-level radioactive waste to the
proposed repository, but would also use some truck casks. The Department would tailor the design of a
specific cask to the type of material it would contain. As in the Yucca Mountain FEIS, a typical rail or
truck cask or overpack would consist of inner and outer cylinders of stainless or carbon steel with a
depleted uranium or lead liner between the cylinders. The vessel bottom would have a similar layered
construction of plates welded to the cylinder ends. A cask would probably have an inner structure to keep
the contents secure, and an overpack would have no internal structures because it would be sized for a
specific disposable canister. A polypropylene sheath would be around the outside of the cylinder for
neutron shielding. After the spent nuclear fuel or high-level radioactive waste was placed inside the cask
or overpack, a cover with lead or depleted uranium shielding would be bolted to the top of the cylindrical
vessel. Large removable impact limiters of aluminum honeycomb or other crushable material would be
placed over the ends of the casks or overpacks for added protection during shipment. Typical casks and
overpacks would range from 4.5 to 6 meters (15 to 20 feet) long and about 0.5 to 2 meters (1.6 to 6.6 feet)
in diameter. Empty truck casks could weigh from 21 to 22 metric tons (about 23 to 24 tons) and empty
rail casks would typically weigh from 59 to 91 metric tons (65 to 100 tons).

4.1.14.3.4 Emplacement Pallets

The emplacement pallets would support the waste packages in the repository and would allow close
spacing [to within 10 centimeters (4 inches)] of the end-to-end waste packages. The design of these
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components is essentially unchanged from that in the Yucca Mountain FEIS. The pallets would have
V-shaped supports at either end on which the waste package would rest, and the end pieces of the pallets
would connect with structural tube members. The pallet assemblies would be a combination of Alloy 22
components (primarily plates) and stainless-steel tubes. Surfaces that would contact the waste package
would be Alloy 22. The shorter pallet would be 2.5 meters (8.2 feet) long and have a mass of 1.7 metric
tons (1.9 tons) (DIRS 184918-Morton 2007, all); DOE would use them only for the shortest waste
package for DOE spent nuclear fuel and high-level radioactive waste. The longer pallet would be

4.15 meters (13.6 feet) long and have a mass of 2 metric tons (2.2 tons) (DIRS 184918-Morton 2007, all);

DOE would use this pallet for all other waste packages.

4.1.14.3.5 Drip Shields

The drip shields would be rigid structures above the waste packages that would divert water around them
and provide protection from rockfalls. It would consist of Titanium Grade 7 surface plates, Titanium
Grade 29 structural members, and Alloy 22 for the base. DOE included palladium, a small-percentage
constituent of Titanium Grade 7, in the evaluation of materials in Section 4.1.14.5.4 because of its
potential market impact. DOE would install the continuous drip shield in sections, with one that
overlapped and interlocked with the opposite end of the next section. Each section would be 5.8 meters
(19 feet) long by 2.5 meters (8 feet) wide by 2.9 meters (9.5 feet) high with a mass of 4.9 metric tons (5.4
tons) (DIRS 184918-Morton 2007, all).

4.1.14.3.6 Aging Overpacks

Aging overpacks (which the Yucca Mountain FEIS called dry storage casks) would hold TAD canisters
of commercial spent nuclear fuel for aging to meet waste package thermal limits. Vertical and horizontal
aging overpacks would consist of an inner liner of about 5-centimeter (2-inch)-thick carbon steel
surrounded by a roughly 76-centimeter (30-inch)-thick layer of reinforced concrete, which might,
depending on the vendor, have an exterior carbon-steel shell of 2.5- to 5-centimeter (1- to 2-inch)
thickness (DIRS 184918-Morton 2007, all). This evaluation considered as components only the carbon-
steel shells that would be manufactured off the site. It assumed the carbon-steel elements of the aging
overpack would weigh about 43 metric tons (47 tons).

4.1.14.3.7 Shielded Transfer Casks

DOE would use shielded transfer casks to transfer TAD canisters and other canisters between and in the
site facilities. These components would essentially be transportation casks without impact limiters. The
analysis took estimates of their size and materials of manufacture directly from information on casks that
DOE would use for rail shipment, with a slight reduction to account for the fact that they would have no
impact limiters.

4.1.14.4 Existing Environmental Settings at Manufacturing Facilities

DOE based the assessment of potential impacts from the manufacture of repository components, as it did
in the Yucca Mountain FEIS, on the premise that existing facilities would meet the manufacturing
requirements. Therefore, there would be no new or expansion construction. As a result, there would be
no change in land use, and cultural, aesthetic, and ecological resources would remain unaffected. Minor
increases in noise, traffic, or utilities would be likely, but would not result in impacts on the local
environment. Water consumption and wastewater discharges would be typical of a heavy manufacturing
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facility, and the proposed manufacturing of repository components would probably result in minor
changes to existing rates. In the case of wastewater discharges, nothing unique would be likely as a result
of the Proposed Action that could cause difficulty in compliance with applicable local, state, and federal
regulatory limits. The following sections contain information on environmental settings for air quality,
health and safety, and socioeconomics. Section 4.1.14.5 describes potential environmental impacts for a
representative site.

DOE recognizes that the basic assumption of no new or expansion construction might not be the eventual
situation because the number of components to manufacture is large. However, at the current stage of the
Proposed Action, it would be highly speculative to assume construction would be necessary. In addition,
there would be too much uncertainty to attempt to address specific facility impacts that could be
associated with construction.

4.1.14.4.1 Air Quality

The analysis evaluated the ambient air quality status of the representative manufacturing location by
examining the air quality of the areas of the existing reference facilities. As the Yucca Mountain FEIS
described, most of the typical container and cask manufacturing facilities are in nonattainment areas for
ozone; that is, locations where ambient air quality standards are not being met and, as a result, are subject
to more stringent regulations. Since the completion of the FEIS, the EPA has established attainment and
nonattainment designations for ambient air concentrations of PM, 5. As of May 30, 2007, the EPA still
identified the five counties of the reference manufacturing facilities as being in nonattainment for ozone
and four of the five counties as being in nonattainment for PM, 5 (DIRS 181914-EPA 2007, all). Each of
the counties was in attainment for ambient air quality standards for the other criteria pollutants (carbon
monoxide, nitrogen dioxide, sulfur dioxide, and lead). Volatile organic compounds and nitrous oxides are
precursors for ozone and are indicators of likely ozone production and, because ozone was the only
nonattainment air pollutant at the time, they were the only air pollutants that DOE evaluated in the Yucca
Mountain FEIS. DOE has expanded the current evaluation to include PM,s. The five counties released
an average of approximately 2,730 metric tons (3,000 tons) of volatile organic compounds, 5,500 metric
tons (6,100 tons) of nitrous oxides, and 1,140 metric tons (1,300 tons) of PM, 5 to the environment in
1999 (DIRS 181916-EPA 1999, all; DIRS 181917-EPA 1999, all; DIRS 181918-EPA 1999, all; DIRS
181919-EPA 1999, all; DIRS 181920-EPA 1999, all).

4.1.14.4.2 Health and Safety

As in the Yucca Mountain FEIS, DOE based data on the number of accidents and fatalities in relation to
cask and canister fabrication at the representative manufacturing location on national incident rates for the
relevant sector of the economy. The FEIS used incident rates from 1992 of 3 fatalities per 100,000
workers and 6.3 incidents of reportable occupational illness or injury per 100 full-time workers. For this
evaluation, DOE has updated these rates with more recent data from the U.S. Department of Labor
Bureau of Labor Statistics. The incident rate for this Repository SEIS evaluation is 3.3 fatalities per
100,000 workers, which is the average of the 2003 to 2006 values for the standard industrial code for
boiler, tank, and shipping container manufacturing (DIRS 181921-BLS n.d., all; DIRS 181922-BLS n.d.,
all; DIRS 181924-BLS n.d., all; DIRS 185184-BLS 2008, all). The analysis used an incidence rate for
reportable occupational illness or injury in the evaluation of 9.1 per 100 full-time workers, which is the
average of the 2001 to 2006 values for the same standard industrial code (DIRS 181925-BLS n.d., all;

4-102



Environmental Impacts of Repository Construction, Operations, Monitoring, and Closure

DIRS 181926-BLS 2003, all; 181927-BLS 2005, all; DIRS 181928-BLS 2005, all; DIRS 181929-BLS
2006, all; DIRS 185185-BLS 2008, all).

As noted in the Yucca Mountain FEIS, facilities with extensive experience in similar types of work; well-
established procedures; appropriate equipment for fabrication of large, heavy metal components; and
experienced and trained personnel would perform the manufacture of repository components. As a result,
DOE anticipates that injury and illness rates would be equal to or lower than industry rates.

4.1.14.4.3 Socioeconomics

The five reference manufacturing facilities are in U.S. Bureau of the Census Metropolitan Statistical
Areas. Where available, this analysis used data for the Statistical Areas to define the affected
socioeconomic environment for each facility. This differs slightly from the analysis in the Yucca
Mountain FEIS, which used socioeconomic data for the counties of location. The populations of the
affected environments for the five facilities ranged from about 410,000 to 780,000 in 2005 (DIRS
181931-Bureau of the Census 2006, all). In 2002, output (the value of sales, shipments, receipts, revenue,
or business produced in the five areas) ranged from $21 billion to $50 billion (DIRS 182017-Bureau of
the Census 2005, all; DIRS 182018-Bureau of the Census 2005, all; DIRS 182020-Bureau of the Census
2005, all; DIRS 182021-Bureau of the Census 2005, all; DIRS 182022-Bureau of the Census 2005, all;
DIRS 182023-Bureau of the Census 2005, all; DIRS 182024-Bureau of the Census 2005, all; DIRS
182026-Bureau of the Census 2005, all; DIRS 182027-Bureau of the Census 2005, all; DIRS 182028(]
Bureau of the Census 2005, all). The income (wages, salaries, and property income) ranged from $11
billion to $26 billion in 2002, and the labor force ranged from 220,000 to 400,000 in 2004 (DIRS 181932
Bureau of the Census n.d., all; DIRS 181933-Bureau of the Census n.d., all). Based on averages of this
information, DOE estimated the representative manufacturing location would have a population of about
610,000, a labor force of about 320,000, local income of about $18 billion in 2002, and local output of
about $35 billion in 2002.

4.1.14.5 Environmental Impacts

As noted above, this evaluation assumed the use of existing manufacturing facilities, so DOE only
analyzed environmental impacts to air quality, health and safety, socioeconomics, material use, waste
generation, and environmental justice.

4.1.14.5.1 Air Quality

As in the Yucca Mountain FEIS, the analysis used the methods from the Navy EIS (DIRS 101941-USN
1996, Section 4.3) to estimate air emissions from manufacturing sites for the production of repository
components. However, DOE updated baseline data if available rather than using those in the original
methodology. The objective of the evaluation was to estimate emissions for comparison with typical
regional or countywide emissions to determine potential impacts on local air quality.

The evaluation addressed air emissions in relation to the manufacture of repository components that were
of most concern to the representative manufacturing location; that is, emissions that could aggravate
ambient air conditions already in nonattainment of applicable air quality standards. Based on the
reference locations, DOE assumed the representative manufacturing location would be in an area of
nonattainment for ozone and PM, s standards, but in compliance with standards for other criteria
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pollutants (Section 4.1.14.4). Ozone normally forms in a reaction of precursor chemicals (which include
volatile organic compounds and nitrous oxides) and sunlight, so this evaluation addresses emissions of
these precursors as well as of PM; .

DOE used the emissions from the manufacture of similar components to develop estimates for emissions
of volatile organic compounds and nitrous oxides (DIRS 101941-USN 1996, p. 4-6) and normalized, or
adjusted, them to the scale of the repository components in relation to the number of work hours for the
manufacturing process, as it did in the Yucca Mountain FEIS analysis. The Navy EIS (DIRS 101941
USN 1996, all) did not include emissions of PM, s in the record of emission from the manufacture of
similar components; DOE found no applicable emission rates in normal sources for such data, so it
developed an estimated emission rate from available local and national records. EPA maintains a
database of air emissions that contains data sortable by geographic area, emissions sources, and standard
industrial codes (DIRS 181916-EPA 1999, all; DIRS 181917-EPA 1999, all; DIRS 181918-EPA 1999,
all; DIRS 181919-EPA 1999, all; DIRS 181920-EPA 1999, all). County emission records were queried
for each reference manufacturing location and for sources that involve the manufacture of metal products.
PM,; 5 emissions tended to vary in proportion to nitrous oxide emissions more consistently than with those
of volatile organic compounds. Another query of the same records found that, on a nationwide basis, the
| standard industrial code for metal plate fabrication was responsible for emissions of 286 metric tons
(315 tons) of PM, s and 220 metric tons (240 tons) of nitrous oxides in 1999. Based on this information,
the evaluation assumed a ratio of 315 to 240 (the original values) to that of nitrous oxide to estimate the
PM, 5 emissions.

Table 4-33 lists the estimated annual average and estimated total emissions from the manufacture of
repository components. Estimated annual average emissions of volatile organic compounds would be
2.58 metric tons (2.8 tons) a year for the 24-year period and 0.646 metric ton (0.71 ton) per year for the

Table 4-33. Air emissions at the representative manufacturing location.

Emissions (metric tons)" and de minimis values (percent)

Period Measure Volatile organic compounds Nitrous oxides PM, 5
| 24-year period”  Annual average 2.58 3.34 4.38
24-year total 62 80 110
| Percent of de minimis® 28% 37% 4.8%
| 10-year period®  Annual average 0.646 0.837 1.1
10-year total 6.5 8.4 11
Percent of de minimis® 7.1% 9.2% 1.2%

| a. To convert metric tons to tons, multiply by 1.1023.
b.  The 24-year manufacturing period would be for all components except drip shields and would begin 2 years before
emplacement.
c¢.  De minimis level for an air quality region in extreme nonattainment for ozone is 9.1 metric tons (10 tons) per year of
volatile organic compounds or nitrogen compounds, and for any nonattainment for PM, 5 it is 91 metric tons (100 tons)
per year of PM, 5.
d.  The 10-year manufacturing period would be for drip shields only and would occur at repository closure.

PM, 5 = Particulate matter with an aerodynamic diameter of 2.5 micrometers or less.

10-year drip shield manufacturing period. Nitrous oxide emissions would be 3.34 metric tons (3.7 tons) a
year for the 24-year period and 0.837 metric ton (0.92 ton) a year for the 10-year drip shield
manufacturing period. PM, s emissions would be 4.38 metric tons (4.8 tons) a year for the 24-year period
and 1.1 metric tons (1.2 tons) a year for the 10-year drip shield manufacturing period. Annual average
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emissions from component manufacturing would be 0.09 percent, or less, of the typical regional
emissions of volatile organic compounds of 2,730 metric tons (3,000 tons) per year (Section 4.1.14.4);
0.06 percent, or less, of regional nitrous oxide emissions of 5,500 metric tons (6,100 tons) per year; and
0.4 percent, or less, of regional PM, 5 emissions of 1,140 metric tons (1,300 tons) per year. Emissions
from the manufacture of repository components would contain relatively small amounts of ozone
precursors and PM, 5 in comparison to other sources.

If the emissions were from new sources, they would be subject to emission threshold levels (levels below
which conformity regulations do not apply) set under 40 CFR 51.853. For an air quality region to be in
extreme nonattainment for ozone (most restrictive levels), the emission threshold level for both volatile
organic compounds and nitrous oxides is 9.1 metric tons (10 tons) per year and for any level of
nonattainment for PM, 5 the emission threshold level (for PM, ) is 91 metric tons (100 tons) per year.
Table 4-33 lists the percentage of volatile organic compounds, nitrous oxides, and PM, 5 from the
manufacturing of repository components in relation to the applicable emission levels (the analysis
assumed extreme nonattainment is the applicable threshold in the case of ozone). It is unlikely that
component manufacturing would fall under the conformity regulations because the closest emission to the
applicable threshold, or de minimis, levels is 37 percent. However, DOE would ensure the
implementation of the appropriate conformity determination processes and written documentation for
each manufacturing facility.

States with nonattainment areas for ozone or PM, s could place requirements on stationary pollution
sources to achieve attainment in the future. This could include a variety of controls on emissions of
volatile organic compounds, nitrous oxides, and PM,s. Options such as additional scrubbers,
afterburners, carbon filters, or physical filters would be available to control emissions of these compounds
to comply with limitations.

4.1.14.5.2 Health and Safety

The analysis used updated data from the Bureau of Labor Statistics to compile baseline occupational
health and safety information for industries that fabricate large metal objects similar to the repository
components. It computed the expected number of injuries and fatalities by multiplying the number of
work years by the injury and fatality rate for the applicable occupation. Table 4-34 lists the expected
number of injuries and illnesses and fatalities. Estimated incidents of reportable injury and illness would
be approximately 1,700 during the entire manufacturing period, but the probability of a fatality would be
less than 1.

Table 4-34. Occupational injuries, illness, and fatalities at the representative manufacturing location.”

Parameter Estimated values
Total work years (using 2,000 hours per labor year) 18,500
Injuries and illnesses 1,700
Fatalities 0.61
a. Impacts from 24 years for manufacture of all components except drip shields and 10 years for manufacture of drip

shields.

The required number of repository components would not place unusual demands on existing
manufacturing facilities, so the action would be unlikely to lead to a deterioration of worker safety and a
resultant increase in accidents. In addition, nuclear-grade components are typically built to higher
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standards and with methods that include detailed procedures, both of which lead to improved worker
safety.

4.1.14.5.3 Socioeconomics

The assessment of socioeconomic impacts from manufacturing activities involved three elements:
e Per-unit cost and labor data for the components (Table 4-32),
e Total number of components (Table 4-32), and

e Economic data for the environmental setting for each facility to calculate direct and secondary
economic impacts of repository component manufacturing on the local economy:

- The local economy would be directly affected as manufacturing facilities purchased materials,
services, and labor for manufacturing.

- In addition, the local economy would experience secondary effects as industries and households
that supplied the industries that were directly affected adjusted their own production and spending
behavior in response to increased production and income, which would thereby generate
additional socioeconomic impacts.

The analysis measured impacts in terms of output (the value of sales, shipments, receipts, revenue or
business), income (wages, salaries, and property income), and employment (number of jobs).

For the Yucca Mountain FEIS, the socioeconomic analysis of manufacturing used state-level economic
multipliers for fabricated metal products for each of the five states of the reference manufacturing plants.
The multipliers of interest were for products, income, and employment (DIRS 155970-DOE 2002, Table
4-48); DOE used them to account for direct and secondary effects on an area’s economy. For the FEIS
analysis, DOE obtained the state multipliers (DIRS 152803-Bland 1998, all) in accordance with
guidelines from the Bureau of Economic Analysis for use of the Regional Input-Output Modeling System,
and averaged them to produce composite multipliers for a representative manufacturing location. The
composite multipliers were as follows:

¢ Final demand multiplier for products (dollar value) —2.2233
¢ Final demand multiplier for earnings (dollar value) — 0.6308
e Direct effect multiplier for number of jobs — 2.5705

The evaluation of manufacturing for this Repository SEIS included an informal run of the same Regional
Input-Output Modeling System that used more recent, national level socioeconomic data as a sensitivity
analysis for the economic multipliers used previously. The results indicated that the multipliers DOE
used for the Yucca Mountain FEIS evaluation were still reasonable and that a formal modeling effort to
update the numbers for each of the reference manufacturing locations would provide little value.

The analysis estimated the direct and secondary impacts of manufacturing activities, but did not include
impacts on local jurisdictions such as county and municipal government and school district revenues and
expenditures. Because the analysis assumed that manufacturing activities would occur at existing
facilities alongside existing product lines, substantial population increases due to workers moving into the
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vicinity would be unlikely. As a result, impacts to demographics (that is, to characteristics of the
population) would be small and meaningful change in local government or school districts would be
unlikely. The analysis did not consider impacts on other areas of socioeconomic concern that population
increases would drive, such as housing and public services.

The analysis calculated average annual impacts for the manufacturing period of 10 years for drip shields
and 24 years for all other components. It compared the impacts to the baseline information from
Section 4.1.14.4, with escalation to 2006 dollars. Because the analysis was not site-specific, it made no
attempt to forecast local population or economic growth or inflation rates for the reference locations.
Table 4-35 lists impacts of component manufacturing on output, income, and employment at the
representative manufacturing locations. The table includes a comparison, in terms of percent, of the
values for component manufacturing to comparable baseline values for the representative location. As
listed in Table 4-35, socioeconomic impacts at the representative manufacturing location would involve
relatively minor increases to existing conditions. The largest forecasted increase would be an addition of
as much as 4.7 percent to the area’s output. Estimated impacts to the area’s average income and average
employment would be less.

Table 4-35. Socioeconomic impacts at the representative manufacturing location.

Economic parameter and descriptions of assessment values 24-year period” 10-year period®
Average annual output
Baseline output escalated to 2006 dollars (in $ millions)® 39,200 39,200 |
Output associated with manufacture of components (in $ millions) 1,800 890
Percent impact 4.7 2.3 |
Average annual income
Baseline income escalated to 2006 dollars (in $ millions)° 20,000 20,000 |
Income associated with manufacture of components (in $ millions) 520 250
Percent impact 2.6 1.3 |
Average annual employment
Baseline labor force (persons)® 320,000 320,000
Employment associated with manufacture of components (persons) 2,000 500
Percent impact 0.63 0.16

a. The 24-year manufacturing period would be for all components except drip shields and would begin 2 years before
emplacement.
The 10-year manufacturing period would be for drip shields only and would occur at repository closure.

c. Baseline output, income, and labor force values from Section 4.1.14.4. DOE applied an escalation factor of 1.12 to
the 2002 baseline output and income dollars to obtain the 2006 dollars listed in the table.

4.1.14.5.4 Impacts on Materials Use

The Yucca Mountain FEIS analysis based calculations of the quantities of materials for the manufacture
of each repository component, to the extent available, on engineering specifications for each hardware
component. DOE obtained the information and applicable references from the manufacturers of systems
either designed or under licensing review or from conceptual design specifications for technologies still in
the planning stages. This Repository SEIS evaluation started with the same information and augmented it
with preliminary design drawings of waste packages with minor modifications to the designs in the FEIS
and with specifications (DIRS 185304-DOE 2008, all) for the TAD canisters and specific items of
support hardware (transportation overpacks and aging overpacks). The analysis combined data on per-
unit material quantities for each component with information on the required number of components. In
addition, it assessed the impact of component manufacturing on total U.S. production (or availability if
not produced in this country) of each relevant input material.
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Table 4-36 lists the total quantities of materials DOE would need for the manufacture of repository

components and the average annual requirement for each material. The largest materials requirement by

weight would be steel at about 343,000 metric tons (378,000 tons). Table 4-36 also lists the annual

U.S. production or import (nickel and titanium) quantities from 2007 (DIRS 185186-USGS 2008, all) for

most of the materials. The exception is the quantity for depleted uranium, which is from the 1996 Navy
| EIS (DIRS 101941-USN 1996, p. 4-10). With the exceptions of nickel palladium, and titanium, the
requirement for each material would be less than 2 percent of the annual U.S. production. Therefore, the
use of aluminum, chromium, copper, lead, molybdenum, depleted uranium, or steel would not produce a
noteworthy increased demand and would not have a meaningful effect on the supply of these materials.
[Note: The Draft Repository SEIS presented the annual chromium demand as 3.4 percent of the annual
U.S. production. This value has dropped significantly, as listed in Table 4-36, because the most recent
source for the annual production values (DIRS 185186-USGS 2008, all) includes a change to the
evaluation method for chromium production. The new source document shows revised, higher
production values for past years as well as the higher value for 2007.]

Table 4-36. Total and annual materials use and comparison to annual production.

Annual U.S. Materials required for repository components
production or
imports* Total Annual Percentage of
Materials (metric tons)b (metric tons) (metric tons) annual production

Aluminum 3,900,000 850 81 0.002
Chromium® 240,000 100,000 4,200 1.8
Copper 1,350,000 140 5.9 0.0004
Depleted uranium 14,700 1,500 614 0.42
Lead 1,310,000 1,100 47 0.004
Molybdenum® 59,400 27,000 1,100 1.9
Nickel® " 140,000 120,000 5,000 3.6
Palladiumé® 13.5 80 8.0 59
Steel (and iron)" 97,800,000 343,000 14,300 0.015
Titanium"’ 24,200 54,000 5,400 22
Sources: Depleted uranium: DIRS 101941-USN 1996, p. 4-10; other materials: DIRS 185186-USGS 2008, year 2007 data,
pp. 22, 48, 54, 94, 112, 114, 86, and 180.

a.  Annual values include, as applicable, primary and secondary production.

To convert metric tons to tons, multiply by 1.1023.

Required chromium estimated as 18 percent of stainless steel and 22 percent of high-nickel alloy.

Required molybdenum estimated as 2.5 percent of stainless steel and 14.5 percent of high-nickel alloy.

Required nickel estimated as 57.2 percent of high-nickel alloy and 12 percent of stainless steel.

Production values for nickel and titanium are import quantities from 2007 (see explanation in text).

Required palladium estimated as 0.19 percent of Titanium Grade 7.

Required steel estimated as 100 percent of carbon steel and 52 percent of stainless steel. The data source identified steel
and iron as a single category, but noted that more than 95 percent of produced iron moves in molten form to steelmaking
furnaces at the same site, so the combined quantity is appropriate for comparison. The corresponding materials
requirements are for steel.

| i.  Required titanium estimated as 100 percent of Titanium Grade 7 and 90 percent of Titanium Grade 29.

F@ e oo o

The estimated annual requirement for nickel as a component in stainless-steel and corrosion-resistant,

| high-nickel alloy would be about 3.6 percent of the annual use, which in this case is all imported material.
The materials production data provide no U.S. production values for nickel, but rather lists a W, which
indicates the values were withdrawn to avoid disclosure of proprietary data. This indicates
U.S. production is limited and values could be easily tied to a specific production company (or

| companies). In addition to the quantity of imported nickel listed in Table 4-36, there is a relatively large
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U.S. market for nickel scrap. In 2007, 207,000 metric tons (228,000 tons) of this scrap were purchased
and about 57 percent of the nickel was recovered from it during the year (DIRS 185186-USGS 2008, p.
114). The sum of the imported nickel (Table 4-36) and the recovered nickel is 259,000 metric tons
(285,000 tons). The annual requirement for nickel to support the manufacture of repository components
would be 1.9 percent of that value. The world mine production for nickel was at an all-time high in 2007,
but barely kept up with demand (DIRS 185186-USGS 2008, p. 114). Although 1.9 percent would be a
small portion of the U.S. nickel market, potential impacts on supply would depend on the ability to
maintain import levels. Canada is a major world supplier of nickel and the largest U.S. supplier.

The estimated annual requirement for palladium as a constituent in the titanium drip shields (specifically
as a constituent of Titanium Grade 7) at only about 8.0 metric tons (8.8 tons) would be about 59 percent
of the annual U.S. mine production. The sum of domestic production of palladium in 2007 (Table 4-36)
and the amount imported in 2007 is 118 metric tons (130 tons) (DIRS 185186-USGS 2008, p. 126). The
annual requirement for palladium to manufacture repository components would be only 6.8 percent of
that value. Assuming imports remained at current levels, repository use of palladium would have a more
moderate, though significant, effect on supply. As noted for the manufacture of drip shields, DOE would
not need these materials until the repository closure analytical period, so there would be up to 90 years to
complete production or import additional material in advance of the need. Therefore, the annual
requirement for palladium listed in Table 4-36, which DOE based on an assumed 10-year production rate,
could be less by almost a factor of 10, and potential impacts on markets would be small.

The annual requirement for titanium for drip shields would be approximately 5,400 metric tons

(6,000 tons) and, at 22 percent, the most critical quantity, along with palladium, in terms of its available
supply in 2007. As with nickel, the titanium production in Table 4-36 is all in the form of imported
material. Similar to nickel, the materials production data provide no U.S. production values for titanium,
but rather lists a W to indicate the companies withdrew the values to avoid disclosure of proprietary data,
which in turn indicates limited U.S. production. The data indicate that the United States imports about
64 percent of the titanium it uses or exports (DIRS 185186-USGS 2008 p. 6), so the total quantity of
titanium used in the United States in 2007 was about 38,000 metric tons (42,000 tons) and the annual
amount required for production of repository components would decrease to 14 percent of the larger
quantity. Because of increasing demand for titanium in the world market, producers are adding capacity.
In the United States, two production facilities increased production in 2007, and a new facility should |
start production in 2008. Between these three facilities, estimated annual production would be about

31,000 metric tons (34,000 tons) by the end of 2008 in comparison to a 2007 U.S. capacity of about

20,200 metric tons (22,300 tons) per year (DIRS 185186-USGS 2008, p. 181). If the projected 2008
capacity represented all U.S. production and imports continued at current levels, titanium use in the

United States would increase to about 55,200 metric tons (60,800 tons) per year and the annual amount

for production of repository components would decrease to 9.8 percent. In addition, DOE would not need
the drip shields until the repository closure analytical period, so there would be adequate time (up to

90 years) to complete production of titanium or import additional material in advance of the need. Taking
advantage of this schedule, the assumed 10-year production rate for the annual titanium requirement

could be less by almost a factor of 10, and potential impacts on markets would be small.

4.1.14.5.5 Impacts of Waste Generation

The primary materials for the manufacture of repository components would be stainless steel, carbon
steel, high-nickel alloy, aluminum, copper, and titanium along with either depleted uranium or lead for
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shielding. The manufacture of shielding would generate a hazardous waste or low-level radioactive
waste, depending on the material. DOE has identified other types and quantities of waste the
manufacturing activities would generate. The analysis based estimates of annual quantities of waste
generation at the representative location on the methodology and data in the Navy EIS (DIRS 1019411
USN 1996, p. 4-13). It evaluated potential impacts in terms of existing and projected waste handling and
disposal procedures and regulations of relevant state and federal regulatory agencies. Manufacturers
would comply with existing regulations to control the volume and toxicity of the liquid and solid waste
they would produce. They would implement pollution prevention and reduction practices. The analysis
evaluated only waste from the manufacture of repository components from component materials; it did
not consider waste from mining, refining, and processing raw materials into component materials. The
analysis assumed that component materials would be available from supplier stock regardless of the status
of the repository project.

Liquid Waste
Liquid waste from manufacturing would consist of used lubricating and cutting oils from machining

operations and cooling of cutting equipment. Consistent with typical existing facilities, manufacturers
would recycle this material. They would treat water from cooling and washing operations and from
ultrasonic weld testing by filtration and ion exchange, which would remove contaminants and permit its
discharge to the sanitary sewer system. Table 4-37 lists the estimated amounts of liquid waste
manufacturers would generate by shaping, machining, and welding the repository components. The
average amount of liquid waste would be 7.5 metric tons (8.3 tons) per year during the 24-year
manufacturing period and 4.5 metric tons (5.0 tons) per year during the 10-year period. The small
quantities of waste from manufacturing would not exceed the capacities of existing equipment for waste
stream treatment at the manufacturing facility.

Table 4-37. Annual average waste generated (metric tons) at the representative manufacturing location.

Measure Liquid waste quantity Solid waste quantity
(metric tons) (tons) (metric tons) (tons)
24-year period” Annual average 7.5 83 1.0 1.1
10-year period” Annual average 45 5.0 0.62 0.68
a. The 24-year manufacturing period would be for all components except drip shields and would begin 2 years before

emplacement.
b. The 10-year manufacturing period would be for drip shields only and would occur at repository closure.

Solid Waste
Table 4-37 lists the solid waste that manufacturing operations would generate. The average annual

amount of solid waste would be about 1 metric ton (1.1 ton) per year during the 24-year manufacturing
period and about 0.62 metric ton (0.68 ton) per year during the 10-year period. The primary waste
constituents would probably be metals: steel, nickel, molybdenum, chromium, and copper.
Manufacturers could add these metals to existing manufacturing waste streams for treatment and disposal
or recycling.

The analysis assumed that depleted uranium would arrive at the manufacturing facility properly shaped to
fit as shielding for a transportation cask. As a result, the representative manufacturing location would not
generate or recycle depleted uranium waste and there would be no radiological health impacts. Lead for
shielding would be cast between stainless-steel components for the transportation casks. It is unlikely
that lead waste would occur in substantial quantities, and the manufacturers would recycle it.
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4.1.14.5.6 Environmental Justice

DOE performed the environmental justice assessment to determine if high and adverse health or
environmental impacts from the manufacture of repository components would disproportionately affect
minority or low-income populations, as Executive Order 12898 requires. A disproportionately high
impact (or risk of impact) in a minority or low-income community would be one that exceeded the
corresponding impact on the larger community to a meaningful degree. This section summarizes the
Navy EIS analysis (DIRS 101941-USN 1996, Section 4.8), which DOE adapted to the manufacturing of
components for the proposed repository. It is the same analysis as that for the Yucca Mountain FEIS.

The assessment used demographic data from the areas of the five reference facilities to provide
information on the degree to which minority or low-income populations could receive disproportionate
effects. It used a geographic information system linked to 1990 Census data to define the composition of
populations living within approximately 16 kilometers (10 miles) of the five facilities and to identify the
percentage of minority and low-income individuals in each area. The assessment used the percentages of
minority and low-income persons that comprise the population of the states in which the facilities are
located as a reference.

The original analysis indicated that in one manufacturing facility location the proportion of minority
population was higher than the proportion of the minority population in the state. The difference between
the percentage of the minority population within the 16-kilometer (10-mile) radius and in the state was
1.5 percent (DIRS 101941-USN 1996, p. 4-18). DOE did not update the detailed evaluation in the Yucca
Mountain FEIS, but evaluated more recent data to determine if there were notable changes to minority
population distributions. According to Bureau of the Census data for 2003 (DIRS 181937-Bureau of the
Census n.d., all; DIRS 181938-Bureau of the Census n.d., all), only one of the Metropolitan Statistical
Areas in which the reference facilities are located had a higher percent minority population than the
applicable state as a whole. The difference in minority populations between the smaller area and of the
state was 1.6 percent. Based on this more current census data, distribution of minority populations has
probably remained similar to that for the FEIS. The conclusion remains the same; that is, DOE
anticipates small impacts for the total population from manufacturing activities, so there would be no
disproportionately high and adverse impacts to the minority population near the location of the
representative facility.

The original analysis indicated that in one reference manufacturing facility location the proportion of low-
income population was higher than the proportion of the low-income population in the state. The
difference was 0.9 percent (DIRS 101941-USN 1996, p. 4-18). As noted above, DOE did not update the
evaluation in the Yucca Mountain FEIS, but evaluated more recent data. Bureau of the Census data for
the 1999-t0-2000 timeframe (DIRS 181939-Bureau of the Census 2006, Table C-2; DIRS 181940-Bureau
of the Census n.d., Table 690) indicate none of the Metropolitan Statistical Areas had a percent of low-
income individuals higher than the applicable state as a whole. Based on the more recent data,
distribution of low-income populations probably has remained similar, and possibly even improved, in
comparison to that for the FEIS assessment. DOE anticipates small impacts to individuals and to the total
population, and no special circumstances would cause disproportionately high and adverse impacts to the
low-income population near the representative facility.

The analysis for this Repository SEIS determined that no high and adverse health and environmental
impacts would occur to the population as a whole from the manufacture of repository components.
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Further, there were no identified impact pathways that would be specific to minority or low-income
populations. Therefore, no high and adverse impacts to minority or low-income populations would be
expected from these activities.

4115 AIRSPACE RESTRICTIONS

The region of influence is the airspace over the analyzed land withdrawal area and airspace immediately
adjacent, within approximately 48 kilometers (30 miles) of the repository’s North Portal. This section
describes DOE’s requirement for airspace restrictions and the impacts of those restrictions.

4.1.15.1 Requirement for Airspace Restrictions

During the operations analytical period, there would be spent nuclear fuel in buildings, in transportation
casks, or on aging pads in protective overpacks at the proposed repository. DOE evaluated the potential
for an aircraft crash into these areas to determine the probability of a release of radioactive material from
the repository (Section 4.1.8 and Appendix E). Aircraft flights in the vicinity of the site are an important
consideration in the accident analysis DOE conducted as part of this Repository SEIS and in the safety
analysis documentation that DOE has prepared to support the application for construction authorization.
That analysis considered commercial, military, and general aviation aircraft activity in the area of the
repository. It included specification of limits on military aircraft flight altitude and number of flights per
year over the repository. Specifically, the analysis assumed that a maximum of 1,000 fixed-wing military
aircraft flights per year would cross the airspace defined by a 9.0-kilometer (5.6-statute-mile) radius from
the North Portal of the repository at an altitude of at least 4,300 meters (14,000 feet) above mean sea
level. It also assumed that no aircraft fly below 14,000 feet mean sea level within a 9.0-kilometer
(5.6-statute-mile) radius of the North Portal.

As Chapter 3, Section 3.1.1.4 describes and Figure 4-9 shows, much of the airspace in the vicinity of
Yucca Mountain is special-use restricted airspace. DOE has controlling authority over restricted airspace
R-4808N, shown in Figure 4-9. Controlling authority means that DOE authorizes and specifies the use of
the airspace although it does not provide air traffic control. Less than one-quarter of the airspace defined
by a 9.0-kilometer (5.6-statute-mile) radius from the North Portal of the repository is not presently
designated as restricted airspace. This “triangle” covers approximately 48 square kilometers

(19 square miles) and is denoted on Figure 4-9 as “proposed special-use airspace.” This area is currently
categorized as Class A and Class G airspace but is not subject to overflight by aviation traffic following
point-to-point routes because such routes would infringe on the adjoining restricted areas. The Class A
and Class G airspace between the restricted areas and the military operations area (Figure 4-9) where
commercial, military, and general aviation aircraft fly point-to-point routes, is outside the 9.0-kilometer
(5.6-statute-mile) radius of the North Portal.

As noted above, the majority of the airspace within a 9.0-kilometer (5.6-statute-mile) radius of the North
Portal is already in DOE restricted airspace. Flight activities in the DOE restricted airspace are
coordinated to accommodate the needs of the U.S. Air Force and DOE. Because the air traffic restrictions
for the repository would not be required for a number of years, DOE would monitor and take into
consideration any modifications or additions to flight activities with the special-use airspace over the
repository during the construction analytical period.
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If necessary to support repository operations, DOE would seek a special-use airspace designation from
the Federal Aviation Administration for the 48-square-kilometer (19-square-mile) area described above.
In addition, airspace restrictions could include agreements with the U.S. Air Force and other users to
manage traffic in the vicinity of the repository. The accident analysis conducted as part of this Repository
SEIS (Section 4.1.8 and Appendix E) assumed that such flight restrictions would occur.

Depending on the type of special-use airspace requested, Federal Aviation Administration regulations
might not require additional analyses under NEPA. DOE has analyzed the impacts of designating the
48-square-kilometer area as special-use airspace in this Repository SEIS for completeness. The requested
special-use airspace designation of the 48-square-kilometer (19-square-mile) resource area is not
applicable to other resource areas.

4.1.15.2 Impacts to Airspace Use

If DOE acquired a special-use airspace designation as described above, the Department would gain
exclusive control and use of the approximate 48-square-kilometer (19-square-mile) area in addition to the
existing 4,400-square-kilometer (1,700-square-mile) restricted airspace of the Nevada Test Site (Chapter
3, Section 3.1.1.4). This would result in less than a 1.4-percent increase in DOE special-use airspace in
the area, and less than a 0.3 percent increase in DOE and U.S. Air Force combined restricted airspace.

The designation of the proposed airspace as special-use airspace would prohibit flights in a small portion
of the west low-altitude tactical navigation area used by U.S. Air Force A-10 aircraft and helicopters;
there are currently about 30 flights per week.

Use of the airspace by the public is relatively light in comparison with other areas in Nevada due to the
airspace being bounded on the north and east by the existing restricted areas of the Nevada Test and
Training Range and the Nevada Test Site. Due to the small area of the proposed special-use airspace and
the shape of the surrounding restricted areas, there would be little to no impact on general aviation aircraft
that could fly within this area (small piston-engine aircraft, helicopters, and gliders). There would be no
impact on commercial or general aviation flying point-to-point routes in the area, because these aircraft
do not fly in this airspace. Overall, impacts to airspace use from designation of the proposed special-use
airspace would be small.

In a separate action, DOE would continue to work with the U.S. Air Force to accommodate its need to fly
through the Nevada Test Site airspace. DOE would authorize specific Air Force activities over the
repository consistent with the repository safety analysis. DOE plans to continue to allow military flights
over the repository by fixed-wing aircraft with the following restrictions:

¢ A maximum of 1,000 flights per year above 4,300 meters (14,000 feet) above mean sea level altitude;
e A prohibition of maneuvering of aircraft—flight is to be straight and level;

e A prohibition of carrying ordnance over the flight-restricted airspace; and

e A prohibition of electronic jamming activity over the flight restricted airspace.

Based on coordination with and input from the U.S. Air Force, impacts to military airspace use of the
Nevada Test Site airspace from the restrictions listed above would be small.
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4.2 Short-Term Environmental Impacts from the
Implementation of a Retrieval Contingency

Section 122 of the Nuclear Waste Policy Act, as amended (NWPA) (42 U.S.C. 10101 et seq.) requires
DOE to maintain the ability to retrieve emplaced spent nuclear fuel and high-level radioactive waste. The
NRC specifies further that DOE must be able to maintain a retrieval period for at least 50 years after the
start of emplacement [10 CFR 63.111(e)]. Although DOE does not anticipate the need to retrieve spent
nuclear fuel or high-level radioactive waste and retrieval is not part of the Proposed Action per se, DOE
would, as required, retain the ability to retrieve waste for at least 50 years after the start of emplacement
or until there was a decision to close the repository permanently. For this reason, the Yucca Mountain
FEIS analyzed potential impacts to environmental resources from retrieval.

According to Concepts for Waste Retrieval and Alternate Storage of Radioactive Waste (DIRS 182322[]
BSC 2007, all), the current concept for waste retrieval has not changed from that DOE analyzed in the
Yucca Mountain FEIS. Operations to retrieve spent nuclear fuel and high-level radioactive waste from
the repository to the surface would continue to be the reverse of those for emplacement using equipment,
such as the transport and emplacement vehicle, as Chapter 2, Section 2.1.2.1.8 of this Repository SEIS
describes. As before, DOE would move waste packages to the surface, load them into concrete storage
modules, and move them to the Waste Retrieval and Storage Area. Because the concept of retrieval has
not changed from that in the Yucca Mountain FEIS, the environmental impacts DOE reported in Section
4.2 of that document continue to represent those that could occur during retrieval.

4.3 Infrastructure Improvements

DOE identified the need to repair, replace, or improve certain elements of the infrastructure that currently
exist on the site to help ensure safety under a high level of activity. The Department based these proposed
safety improvements on assessments of the condition of the existing infrastructure; some parts of the
infrastructure at Yucca Mountain are nearing, or in some cases have exceeded, their design and
operational lifetimes. Because DOE has mandated operational restrictions on continued scientific
activities, testing, and maintenance to maintain the safety of workers, regulators, and visitors, the
infrastructure improvements would be necessary before construction of the Yucca Mountain Repository if
DOE decided to lift current operational restrictions.

The proposed infrastructure improvements are subsets of larger actions DOE has defined as part of the
Proposed Action. In the Proposed Action, DOE has identified the need for two 138-kilovolt transmission
lines (with a capability of boosting to 230-kilovolts, if needed). Under the proposed infrastructure
improvements, DOE would construct one 138-kilovolt transmission line. The Proposed Action defines a
four-lane paved access road, while the proposed infrastructure improvements are for a two-lane road.

Section 4.3.2 summarizes the potential environmental impacts of the infrastructure improvements in the
context of the larger elements of the Proposed Action. The applicable subsections of Section 4.1 address
the corresponding Proposed Action elements. Because the infrastructure improvements would generally
be smaller in scope and have shorter construction analytical periods, the potential impacts would
generally be less than those for the corresponding actions under the Proposed Action. Because the
proposed infrastructure improvements would occur before construction of the repository, the potential
impacts would not be concurrent with those of construction and operation of the repository. Chapter 10
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covers short-term uses, long-term productivity, and irreversible or irretrievable commitment of resources
as part of the Proposed Action.

In June 2006, DOE issued the Draft Environmental Assessment for the Proposed Infrastructure
Improvements for the Yucca Mountain Project, Nevada (DIRS 178817-DOE 2006, all). DOE has since
decided not to finalize the environmental assessment, but rather to incorporate the actions it evaluated into
this Repository SEIS. In the draft environmental assessment, DOE provided two route and construction
options for the improvement of access roads and a 138-kilovolt transmission line (DIRS 178817-DOE
2006, all), as well as the improvement of several facilities. Since the issuance of the draft environmental
assessment, DOE has identified additional transmission line routes but has developed little detail. In the
draft environmental assessment, DOE identified two options for access road improvements. This
Repository SEIS discusses only DOE’s preferred option. The road improvement option to the preferred
option differed only in the length of the road; it would be about 13 kilometers (8 miles) longer than that
for the preferred option. The Department concluded that the second option in the draft environmental
assessment would not be technically practicable or economically feasible. The draft environmental
assessment serves as the basis for identification of proposed infrastructure improvements, but the design
and operational plans for these improvements, along with any potential options, are under development.

DOE developed the following proposed infrastructure improvements after completion of the Yucca
Mountain FEIS:

e The building of new and replacement roads that would include a two-lane access road from
U.S. Highway 95 at its intersection with Nevada State Route 373 to Gate 510. This is the preferred
option in the draft environmental assessment, but the preferred option did not align the access road
with State Route 373, as is the current proposal. Chapter 2, Section 2.1.6.1 describes roads under the
Proposed Action. DOE did not include Option B as described in the draft environmental assessment
in the Repository SEIS because it no longer considers it a reasonable option.

e The building of a new 138-kilovolt transmission line to existing facilities from the Lathrop Wells
switch station. This was the preferred option in the draft environmental assessment. Chapter 2,
Section 2.1.4.4.1 describes the electrical power and distribution system under the Proposed Action.
DOE has identified several other options to provide upgraded electrical services to the Yucca
Mountain Repository before the start of construction, if needed. Other options could start on the
Nevada Test Site and then move to the central operations area. Because DOE could require
additional switchyards and substations, options would require further definition in cooperation with
one or more electric power vendors and, therefore, are uncertain at this time.

¢ The development of a central operations area to replace the existing infrastructure that has outlived its
design life. Chapter 2, Section 2.1.4.3.6 describes the central operations area under the Proposed
Action.

e The repair of erosion damage to the existing 0.061-square-kilometer (15-acre) Equipment Storage
Pad. This pad is not within either the North or South Portal areas and its improvement is not part of
the Proposed Action.
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e The building of a Sample Management Facility near Gate 510 of the Nevada Test Site on Bureau of
Land Management land outside the analyzed land withdrawal area. Chapter 2, Section 2.1.6.2
describes the sample management facility under the Proposed Action.

If DOE did not implement these proposed infrastructure improvements in the near term, it would continue
to use the existing infrastructure with appropriate mitigation measures to protect worker health and safety
to operate the Yucca Mountain Project. The Department would continue maintenance and replacement of
infrastructure on an as-needed basis only, until the NRC decided whether to authorize construction of a
repository at Yucca Mountain.

4.3.1 PROPOSED INFRASTRUCTURE IMPROVEMENTS

Sections 4.3.1.1 through 4.3.1.5 describe each proposed infrastructure improvement.

4.3.1.1 Road Construction

DOE would build several new roads and replace several existing roads (Figure 4-10), which would total
about 40 kilometers (25 miles) of new and replacement paved roads. DOE would first build a new
13.7-kilometer (8.5-mile), two-lane paved access road from a point 3.7 kilometers (2.3 miles) north of
Gate 510 on the Nevada Test Site to a point about 0.8 kilometer (0.5 mile) east of Fortymile Wash.
Second, the Department would build a new 2.1-kilometer (1.3-mile), two-lane paved road to the crest of
Yucca Mountain. DOE would move the existing access road to Gate 510 approximately 0.39 kilometer
(0.24 mile) to the southeast to line up with the State Route 373 and U.S. Highway 95 intersection
(Figure 4-10). A total of about 0.55 square kilometer (135 acres) would be disturbed.

Road construction would require borrow material that DOE would obtain from the existing excavated
rock storage pile near the North Portal, existing aggregate pits west of H Road along Fran Ridge, a new
borrow site at an unspecified location, or a combination of these sources.

DOE would drill cores along the centerline of each new roadbed at intervals based on field conditions.
Workers would remove vegetation and about 15 centimeters (6 inches) of topsoil by blading and would
stockpile the soil for use in reclamation. Heavy machinery would level high points along the roadbeds
and move the excess material to low points to balance cut and fill. DOE would install road shoulders,
erosion controls, drainage culverts, riprap, and ditches in accordance with best management practices.
Construction and safe operation of part of the new road to the crest of Yucca Mountain could require
drilling and blasting and retaining walls. A strip 11 meters (36 feet) wide for the crest road and 15 meters
(50 feet) wide for the access road would be compacted and paved. A 46-centimeter (18-inch)-thick layer
of fill would be placed on the roadbed and compacted, after which a 41-centimeter (16-inch)-thick layer
of aggregate would be placed over the fill and compacted; last, an 18-centimeter (7-inch)-thick layer of
asphalt would be applied to the road surface. The total width of the disturbance for these new roads and
shoulders would be about 37 meters (120 feet) for the access road and about 18 meters (60 feet) for the
crest road.

DOE would replace about 19 kilometers (12 miles) of existing access road (H Road) and about
4.7 kilometer (2.9 mile) of the existing crest road with two-lane asphalt roads. The replacement would
include construction of a culvert (generally designed to accommodate a 100-year flood) at Fortymile
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Figure 4-10. Proposed infrastructure improvements.
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Wash. The existing asphalt roadbed would be excavated and stockpiled for possible use as fill material.
A total of about 0.34 square kilometers (85 acres) would be disturbed.

4.3.1.2 Transmission Line Construction

DOE proposes to install a 138-kilovolt transmission line from the existing Lathrop Wells switch station to
a proposed substation at the central operations area (Figure 4-10). DOE’s preferred routing for the
transmission line would follow utility corridors parallel to the site access road. The total length of the
transmission line from the Lathrop Wells switch station to the central operations area would be about

29 kilometers (18 miles). From the switch station, the transmission line would extend due west about

2.4 kilometers (1.5 miles) before it intersected the proposed new access road. From this point, the
transmission line would extend 14 kilometers (0.5 mile) east of Fortymile Wash. From this point, the
transmission line would extend another 8.9 kilometers (5.5 miles) along the existing access road, cross
Fortymile Wash, and end at the central operations area.

4.3.1.3 Central Operations Area

The Department would develop a central operations area about 0.8 kilometer (0.5 mile) southeast of the
North Portal for all operations, which would include support and replacement of underground
infrastructure in the Exploratory Studies Facility (Figure 4-10). Proposed construction would occur on
about 0.12 square kilometer (30 acres) of land DOE has used for equipment storage and lay down. On
completion of this construction, the Department would dismantle and dispose of existing temporary
structures and utilities at the North Portal and the existing Field Operations Area, which would be
obsolete. The improvements for the replacement of existing infrastructure would enhance the safety
margins for continued near-term scientific exploration, testing, and maintenance.

DOE would transport as much as 115,000 cubic meters (150,000 cubic yards) of fill material to the area,
compacted, and graded for proper drainage. The fill material would be from the excavated rock storage
pile near the North Portal, existing aggregate pits (west of H road along Fran Ridge), a new borrow site at
an unspecified location, or a combination of these sources. The fill would be crushed and screened at the
source location. After placement and grading of the fill material, DOE would construct five new support
buildings and install utilities (power, water, sewer, and communications). The five support buildings
would include a 4,000-square-meter (43,000-square-foot) field operations center for offices, training,
computer operations, and emergency facilities; a 930-square-meter (10,000-square-foot) incident-
response station for fire and medical support; a 4,000-square-meter craft shop and annex for maintenance
and repair operations; a fuel and vehicle wash facility; and a 3,300-square-meter (35,000-square-foot)
warehouse and material storage yard. The fuel facility would have space for refueling islands to supply
diesel, gasoline, propane, and compressed natural gas and a separate facility to wash vehicles. DOE
would pave the areas around each building with asphalt to control dust. The entire site would be fenced
and exterior lighting would be installed. These buildings would replace the more than 100 temporary
structures (for example, storage containers, trailers, and tents) that DOE currently uses for workshops,
equipment fabrication and repair, warehousing, and offices.

The existing options for the disposal of temporary structures would include the Nevada Test Site landfills
in Areas 23 and 9, and the Crestline landfill in Lincoln County and Apex landfill in Clark County, which
the counties operate. Nye County is in the process of siting new landfill locations, so DOE could work
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cooperatively with the county to site and permit a new facility. Chapter 3, Section 3.1.12.1 provides
information on solid waste disposal sites and their capacities.

4.3.1.4 Equipment Storage Pad

DOE would repair the 0.061-square-kilometer (15-acre) equipment storage pad approximately

1.6 kilometer (1 mile) southwest of the North Portal, which has been damaged over the years by natural
erosion (Figure 4-10). The Department would repair this damage and improve drainage on the storage
pad by leveling the area with up to 3,800 cubic meters (5,000 cubic yards) of borrow material from the
existing excavated rock storage pile near the North Portal, existing borrow pits, a new borrow site at an
unspecified location within 24 kilometers (15 miles), or a combination of these sources.

4.3.1.5 Sample Management Facility

DOE would construct a new Sample Management Facility near Gate 510 on Bureau of Land Management
land outside the analyzed land withdrawal area. This facility would house a variety of samples from
studies that included rock cores. Land disturbance would affect about 0.012 square kilometer (3 acres).

4.3.2 ENVIRONMENTAL IMPACTS

This section describes the potential environmental impacts for the proposed infrastructure improvements.
Table 4-38 lists the estimated land disturbances, water requirements, and workforce for each proposed
improvement.

Table 4-38. Estimated disturbances, water requirements, and workforce.

Disturbances”

Infrastructure (square Water requirements” Estimated new workers

improvement kilometers) (acres) (acre-feet) during construction®
Roads 0.89 220 200 40
Transmission line 0.12 30 6 16
Central operations area 0 0 47 100
Equipment storage pad 0 0 <1 10
Sample Management 0.012 3 <1 30

Facility

Totals 1.0 253 255 196

Source: DIRS 178817-DOE 2006, p. 15.

a.  Some of the land in this category has experienced small disturbances from previous activities.

b. The analysis assumed that construction would take 2 years, even though in some cases the activities would be completed
sooner.

c.  The workforce for the central operations area could include persons who already work on the Yucca Mountain Project.

4.3.21 Land Use and Ownership

Section 4.1.1 describes potential land use and ownership impacts from the Proposed Action. Under the
Proposed Action, DOE would require a four-lane paved access road and two 138-kilovolt transmission
lines; infrastructure improvements would require a two-lane access road and one 138-kilovolt
transmission line.
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The proposed infrastructure improvements would have negligible effects on existing or future land uses.
Most of the affected land would be on the Nevada Test Site and the Nevada Test and Training Range. As
Chapter 3, Section 3.1.2 describes, the U.S. Air Force has issued a right-of-way reservation that
authorizes DOE to use certain land for the Yucca Mountain Project, which would include the crest road.
The authorized use of Test Site land is based on a 2002 management agreement between DOE’s Nevada
Operations Office and Office of Repository Development. Because the improvements would not change
the nature of current activities at Yucca Mountain, the actions would not affect operations at either the
Test Site or the Range.

The proposed road upgrades could include the development of an aggregate pit at an unspecified location.
The Materials Act of 1947 governs access to and use of common varieties of sand, stone, and gravel on
public lands by federal agencies; the Act authorizes the Bureau of Land Management to issue free-use
permits for these materials. If the Department required the development of this pit, it would apply to the
Bureau for a free-use permit. DOE would not open a new pit if an adequate quantity and quality of
aggregate was available from the existing aggregate pits at Yucca Mountain west of H Road along Fran
Ridge.

DOE would construct the Sample Management Facility near Gate 510 on Bureau of Land Management
land outside the analyzed land withdrawal area, move the contents of the existing Sample Management
Facility at the Field Operations Center, and dismantle the existing facility. The facility would require
about 0.012 square kilometers (3 acres). Construction of the new facility would not affect the use of
public land in the area.

4.3.2.2 Air Quality

Section 4.1.2 describes potential nonradiological air quality impacts from the Proposed Action. The
potential environmental impacts from the infrastructure improvements would be smaller than those for the
Proposed Action for criteria pollutants.

The potential impacts to air quality from the proposed infrastructure improvements would be small.
Sources of air pollutants from the proposed improvements would be (1) dust from surface grading for
roads, possible blasting for parts of the new road to the crest of Yucca Mountain, possible relocation or
reuse of the existing excavated rock storage pile near the North Portal, vehicle travel on paved and
unpaved roads, and wind erosion, and (2) combustion of fossil fuel by diesel- and gasoline-powered
construction equipment.

Potential air quality impacts would result primarily from the disturbance of approximately

1 square kilometer (250 acres) of land (Table 4-38). Based on the results of dispersion modeling for this
Repository SEIS, gaseous pollutants from fuel-burning equipment would be well below regulatory
standards. Therefore, the primary criteria pollutant of concern would be PM;(,. Emissions for the
Proposed Action during the construction analytical period would result in concentrations of PM;, that
would be no more than 40 percent of the standards. Therefore, the air quality impacts from infrastructure
improvements would also be well within the PM,, standard.

Certain forms of hazardous silica dust could disperse into the atmosphere if DOE used the excavated rock
storage pile near the North Portal for road or storage pad construction. Cristobalite is one of several
forms of crystalline silica that occur in Yucca Mountain tuffs. Cristobalite is principally a concern for
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involved workers who could inhale the particles while performing their tasks. The Department would
monitor the environment at and near the storage pile to ensure that workers were not exposed to harmful
concentrations of this dust. If engineering controls were unable to maintain safe dust concentrations,
DOE would use administrative controls such as access restrictions or respiratory protection (dust
suppression, air filters, and personal protective gear) until engineering controls could reestablish safe
conditions. DOE would apply the same monitoring and engineering controls to the storage piles as it
would to construction sites where the silica could be present. Section 4.1.2.1 discusses the potential
impacts related to cristobalite.

4.3.2.3 Hydrology

Section 4.1.3 describes the potential environmental impacts to hydrological resources at Yucca Mountain
from the Proposed Action. This infrastructure improvement analysis evaluated potential impacts to these
resources in three areas: surface water, groundwater quality, and water demand.

Water demand for dust suppression would be smaller than that for the construction of the four-lane road
to support repository construction and operation and would not be concurrent with water demand for
repository construction. Potential contamination of groundwater and the volume of surface runoff would
also be smaller than that under the Proposed Action.

4.3.2.3.1 Surface Water

Potential impacts to surface water, drainages, and floodplains from the infrastructure improvements
would be small. Disturbed and loosened ground would generate less runoff and more infiltration and
possibly be more susceptible to erosion during heavy precipitation, but this would occur only during
construction. At the completion of construction, DOE would either cover most disturbed areas with
impermeable surfaces (structures or asphalt) or compact them, at which time runoff rates could increase.
In any case, changes to infiltration and runoff rates would be limited to relatively small areas of disturbed
land; DOE would take precautions during construction to minimize erosion. DOE would control the use
of petroleum, oil, lubricants, and other hazardous materials during construction; the Department would
promptly clean up spills and remediate the soil and alluvium. The designs of road crossings at washes
would maintain the flow of water through culverts and prevent erosion up- and downstream of the
crossings. The proposed road upgrades would require improvement of the access road that crosses
Fortymile Wash and would extend along Drill Hole Wash to near the point it is joined by Midway Valley
(Sever) Wash. This construction would affect both Fortymile and Drill Hole washes, including their
floodplains, but the impacts would be small. Appendix C contains the floodplain and wetlands
assessment for this Repository SEIS. Section C.2.2 discusses proposed infrastructure improvements.

Improvement of the road that crosses Fortymile Wash would require placement of fill in the channels of
the wash. Raising the road across Fortymile Wash would require about 0.00081 square kilometer

(0.2 acre) of new fill. Replacement of the access road near the joined Drill Hole, Midway Valley, and
Fortymile washes could require modification of the flow channel of Drill Hole Wash. Improvement of
the access road in this area could have beneficial effects on surface-water flow because the drainage area
design; construction would reduce erosion along the existing road and accommodate the combined flow
from Drill Hole and Midway Valley washes more appropriately. Culverts (which would generally be
designed to accommodate a 100-year flood) would have small impacts on surface water or other resources
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because DOE would design and construct them to minimize erosion and the associated sediment transport
and to accommodate the flow in the washes during storms.

DOE would, if required, obtain a permit from the U.S. Army Corps of Engineers for construction in
waters that meet the criteria for jurisdictional waters of the United States. Fortymile Wash, a tributary of
the Amargosa River, and some of its tributaries in and near the geologic repository operations area might
be waters of the United States.

4.3.2.3.2 Groundwater Quality

The proposed infrastructure improvements would have small impacts on the quality of groundwater
because the water table varies from 270 to 760 meters (900 to 2,500 feet) below the surface. DOE would
remediate inadvertent spills of hazardous materials and would not allow such material to reach the water
table.

4.3.2.3.3 Water Demand

The quantity of groundwater necessary for the proposed infrastructure improvements would be

315,000 cubic meters (255 acre-feet) over a 2-year period. DOE would pump the water from wells at
Yucca Mountain in the western two-thirds of the Jackass Flats basin. Of the water demand over the
2-year period, an average of about 80 percent would be for access road construction, including water for
compaction of material and dust suppression. Less than 1 percent of the total water demand at the site
would be for construction worker consumption. Construction workers would generally not shower on the
site .

The lowest estimate of perennial yield for this part of the Jackass Flats basin is 720,000 cubic meters
(584 acre-feet). The impacts to regional water availability would be less than the estimated minimum
perennial yield for the Jackass Flats basin. The water demand estimates in Section 4.1.3 include the
estimates for construction of a four-lane access road and other site improvements.

4.3.2.4 Biological Resources and Soils

Section 4.1.4 describes potential environmental impacts from the Proposed Action on biological resources
and soils. Potential impacts to biological resources from the proposed infrastructure improvements
involve four areas: (1) vegetation, (2) wildlife, (3) special-status species, and (4) soils. Impacts to plants,
animals, and special-status species would be the same or smaller than those under the Proposed Action in
that there would be less land disturbance and habitat loss and construction analytical periods would be
shorter.

4.3.2.41 Vegetation

Potential impacts to vegetation from the infrastructure improvements would be small. Construction of the
access road and transmission line would remove vegetation on about 1 square kilometer (250 acres),
(Table 4-38). Soil compaction would change the physical structure of the soil and would probably reduce
the reestablishment of native species. Dust from construction would stress downwind plant communities
by covering leaves and reducing photosynthetic capacity. This impact would be temporary and would
end when sufficient rain and wind removed the dust from the leaves.
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Clearing native vegetation and disturbing the soil would create habitat for nonnative invasive plant
species. These plants often out-compete native species and generally have little or no value for native
wildlife. The seeds of nonnative species can spread into surrounding undisturbed areas by wind and
wildlife, as well as by workers and construction equipment. Because many nonnative plant species are
annuals or grasses that generate large amounts of litter, the potential for fires is generally higher than in
nearby areas of native vegetation. After construction was complete, DOE would revegetate unneeded
disturbed areas (Section 4.1.4) and would control invasive species on those sites.

4.3.2.4.2 Wildlife

Potential impacts to wildlife from the proposed infrastructure improvements would be small. The
proposed road and transmission line construction would disturb about 1 square kilometer (250 acres)
much of which earlier activities had disturbed (Table 4-38). These are very small areas in comparison to
the large amount of surrounding undisturbed, similar habitat.

Loss of habitat would adversely affect some large and small animals (for example, burros, mule deer,
birds, and reptiles). Construction noise could startle birds and other animals, including game species, and
they would tend to avoid contact with humans by moving to other areas. Construction equipment could
crush or smother animals that use underground habitats, such as rodents, snakes, desert tortoises, kit
foxes, and burrowing owls. Wildlife deaths could also occur from collisions with vehicles traveling to
and from Yucca Mountain. New manmade structures would provide additional perches for raptors, which
could result in an increase in predation of lizards, snakes, rodents, and tortoises.

If construction occurred during the migratory bird nesting season (generally May 1 to July 15 at Yucca
Mountain), DOE would have a qualified biologist survey areas before it began activities in those areas. If
the survey found active nests, DOE would delineate a buffer zone around the nests in which it would
avoid disturbance until the young birds fledged. Therefore, the proposed activities would be unlikely to
result in deaths or otherwise to disturb nesting migratory birds.

4.3.2.4.3 Special-Status Species

Potential impacts to special-status species from the proposed infrastructure improvements would be small.
The desert tortoise is the only species (animal or plant) in the affected area that the U.S. Fish and Wildlife
Service lists as threatened under the Endangered Species Act. There are no listed endangered species.
The Fish and Wildlife Service concluded in a Biological Opinion issued in 2001 that construction
activities at Yucca Mountain would be unlikely to jeopardize the Mojave population of the desert tortoise.
DOE included that opinion in the Yucca Mountain FEIS (DIRS 155970-DOE 2002, Appendix O).
However, construction activities could kill or injure some tortoises, and there could be an increase in the
number of ravens or other predators of tortoises due to additional perching sites on manmade structures.
DOE would implement the terms and conditions in the Fish and Wildlife Service biological opinion to
protect the desert tortoise.

Chapter 3, Table 3-7 lists other special-status animal species that do or might occur at Yucca Mountain.
The proposed infrastructure improvements would result in the loss of habitat for a small number of
chuckwallas, loggerhead shrikes, burrowing owls, and some other migratory birds. These species occur
widely in neighboring undisturbed areas, so the overall impacts to these species would be small. The
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described actions to protect migratory birds would also protect these species from direct mortality or
destruction of active nests.

4.3.2.4.4 Soils

Construction and operation of the infrastructure improvements would result in disturbed land and expose
soil materials to potential loss by wind and water erosion. DOE would stockpile topsoil to reclaim
disturbed areas. To further minimize soil loss, the Department would control fugitive dust by water
spraying, chemical treatment, and wind fences. Control of stormwater runoff would minimize soil
erosion. Because the areas of disturbance would be smaller for the infrastructure improvements than for
the Proposed Action, the potential for soil loss would be smaller.

4.3.2.5 Cultural Resources

Land disturbances for proposed infrastructure improvements could have impacts to cultural resources.
DOE surveyed the alignment of the proposed new access road during 2005 and 2006 to determine the
nature and extent of cultural resources. Because of these surveys, DOE moved the corridor for the access
road east to avoid cultural sites near Fortymile Wash.

As Section 4.1.5 of this Repository SEIS states, the Yucca Mountain FEIS concluded that 51
archaeological sites were recommended as eligible for inclusion in the National Register of Historic
Places by DOE. DOE has revised this number to 232 archaeological sites. The revised number reflects
recent investigations for the U.S. Highway 95 access road and a reevaluation of the importance of
obsidian artifacts. Recent studies suggest that obsidian artifacts can provide important information on
prehistoric American Indian settlement systems. The large increase in the number of eligible
archaeological sites since completion of the FEIS reflects this finding and includes extractive localities,
processing localities, or manufacture stations where American Indians used obsidian as a stone tool
material.

Before beginning other land disturbances (for example, expansions at existing sites and alignments), DOE
would conduct preconstruction surveys to identify cultural sites in the affected areas. The Department
would then evaluate identified sites for their importance and eligibility for inclusion in the National
Register of Historic Places. DOE would include American Indian monitors in all surveys to identify
cultural sites in the affected areas. In addition, the Department has implemented a worker education
program on the protection of archaeological sites and artifacts to limit direct and indirect impacts to them.
DOE would work collaboratively with the Consolidated Group of Tribes and Organizations to involve
tribal representatives in the worker education program.

4.3.2.6 Socioeconomics

Section 4.1.6 describes the potential socioeconomic impacts of the Proposed Action. The socioeconomic
impacts of the infrastructure improvements would be smaller than those under the Proposed Action
because the associated construction workforce would be smaller and the construction analytical period
would be shorter.

The proposed infrastructure improvements would have small socioeconomic impacts. Construction
would require a maximum of 196 workers for 2 years (Table 4-38). Most of these workers would
probably come from the metropolitan Las Vegas area. In comparison, construction employment at a
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repository at Yucca Mountain would peak at 2,590 jobs, of which 1,090 would be newly created. That
level of employment would be less than a 0.2-percent increase in total regional employment and,
therefore, would have even smaller socioeconomic impacts.

Although Yucca Mountain site employment numbers have dropped significantly since late 1995, the
estimated workers necessary for the infrastructure improvements could come from the existing workforce
and would have little impact on the regional economy or on employment, economics, population,
housing, and public services.

4.3.2.7 Occupational and Public Health and Safety

Section 4.1.7 describes the potential health and safety impacts to workers (occupational impacts) and to
members of the public (public impacts) from the Proposed Action. It also reports the most recent accident
rates from the CAIRS database. Infrastructure improvements would employ fewer people and have a
shorter construction analytical period; therefore, the potential impacts would be smaller than those of the
Proposed Action. There would be no radiological issues in relation to the improvements. In addition, the
purpose of the infrastructure improvements would be to enhance and ensure that continued scientific
testing, exploration work, and maintenance could occur safely.

From an occupational health and safety standpoint, the types of potential health and safety impacts
workers encountered would include industrial hazards common to construction work sites and potential
exposure to naturally occurring cristobalite.

The possibility that DOE would use material from the excavated rock storage pile near the North Portal
for road construction and leveling of the site for the central operations area could result in exposure to
cristobalite. Based on the content of cristobalite in the rock, the storage pile could have a cristobalite
content between 18 and 28 percent. DOE would implement engineering controls to limit dust emissions,
continually monitor concentrations and, if monitoring showed concentrations were too high or above the
threshold limits, limit operations. If engineering controls were unable to maintain dust concentrations
below the limits, DOE would use administrative controls such as access restrictions, employee rotations,
and respiratory protection until engineering controls could reestablish safe conditions. DOE would apply
the same engineering and administrative controls to construction sites where silica could be present as it
would for the storage pile. Section 4.1.2.1 discusses potential impacts in relation to cristobalite.

Potential health impacts to members of the public would occur from emissions from fossil fuels and
PM,. In both cases the potential impacts would be small (Section 4.3.2.2).

4.3.2.8 Accident Scenarios

There would be no radiological impacts from any accident that involved the infrastructure improvements.
The occupational health and safety impact discussions in Sections 4.3.2.7 and 4.1.7.1 include impacts
from industrial accidents.

4.3.2.9 Noise

Section 4.1.9 describes potential noise impacts to workers and the public from the Proposed Action.
Noise impacts from the infrastructure improvements would be similar to those estimated for the Proposed
Action; however, these impacts would be temporary. Noise from construction activities for a two-lane
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road would not be notably less than that for a four-lane road. The construction of the offsite facilities
would also be similar to that of the Proposed Action.

Sources of noise would include construction of the access road from U.S. Highway 95 to Gate 510, an
electrical transmission line, and the Sample Management Facility. Activities would involve typical
construction equipment (such as bulldozers, graders, loaders, and pavers). This type of equipment
generates noise at 85 dBA at 15 meters (50 feet). Noise and sound levels would be typical of new
construction activities and would be intermittent. The distance from Gate 510 to the intersection of
Nevada State Route 373 and U.S. Highway 95 is approximately 3.2 kilometers (2 miles). The nearest
permanent residents would be in the town of Amargosa Valley, which is southwest of the intersection of
U.S. Highway 95 and State Route 373. The analysis assumed the maximally exposed member of the
public would be 100 meters (300 feet) from offsite construction activities. Section 4.1.2.1 discusses this
individual. Because of the distance between construction activities and receptors, DOE does not expect
noise impacts to the public from the construction of infrastructure improvements.

Traffic noise on the access road would not exceed or significantly add to the existing traffic noise on
U.S. Highway 95. Noise from operations after construction would be typical of commercial
environments and would have no impacts.

4.3.2.10 Aesthetics

Section 4.1.10 describes the potential aesthetics impacts of the Proposed Action. Aesthetics impacts from
the infrastructure improvements would be similar to those DOE estimated for the Proposed Action
because the landscape intrusions would be of the same type but could have a smaller scope. The
transmission line would be a noticeable linear feature, but most of it would traverse remote areas.

Construction equipment, facilities, and activities would be potential sources of impacts to visual resources
during construction of roads, a transmission line, and the Sample Management Facility. Casual observers
might see or be attracted to the presence of workers, vehicles, and the generation of dust and vehicle
exhaust. As Section 4.1.10 notes, the crest road would not be visible from offsite locations.

DOE would reclaim disturbed areas once construction was complete. Considering the effect of best
management practices for construction projects, construction activities would be noticeable but would not
dominate the attention of the viewer. Therefore, there would be small project-related visual impacts
during construction.

4.3.2.11 Utilities, Energy, Materials, and Site Services

Section 4.1.11 discusses impacts to residential water, energy, materials, and site services from the
Proposed Action. In all aspects, the impacts from the infrastructure improvements would be smaller than
those from the Proposed Action because the scope of the activities would be smaller.

Section 4.3.2.3.3 discusses water demand for the proposed infrastructure improvements. The electricity
demand for construction would be well within the supply capacity in the southern Nevada region (Chapter
3, Section 3.11.1). Nevada Power Company, which supplies electricity to southern Nevada, sold

21 million megawatt-hours in 2005. Construction would consume a variety of fossil fuels that included
gasoline, heating oil, diesel fuel, propane, and kerosene. Overall, impacts on the regional supply of fossil
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fuels would be small. The fossil-fuel system in the State of Nevada has sufficient capacity to meet
normal Nevada demands.

Impacts to existing emergency services, law enforcement, fire protection, and medical services at Yucca
Mountain would be negligible because construction would not involve a substantial increase in the
number of workers.

4.3.2.12 Management of Repository-Generated Waste and Hazardous Materials

Section 4.1.12 describes quantities of waste the Proposed Action would generate. Wastes from
construction of a four-lane access road and two transmission lines would be greater than the wastes for a
two-lane access road and one transmission line. Estimates of generated waste for the Proposed Action
include the debris from dismantlement of the temporary structures at the North Portal and the existing
Sample Management Facility at the Field Operations Center.

The proposed infrastructure improvements would generate increased volumes of nonhazardous solid
waste, construction debris, hazardous waste, recyclables, sanitary sewage, and wastewater, but the
additions would be small in comparison with waste generation for the Proposed Action. Chapter 3,
Section 3.1.12.1 provides landfill capacities within Nevada.

4.3.2.13 Environmental Justice

Section 4.1.13 describes the analysis of environmental justice in terms of the potential for
disproportionately high and adverse impacts to minority or low-income populations. DOE has not
identified any high and adverse potential impacts to members of the public. Further, DOE has not
identified subsections of the population, including minority or low-income populations, that would
receive disproportionate impacts, and it has identified no unique exposure pathways, sensitivities, or
cultural practices that would expose minority or low-income populations to disproportionately high and
adverse impacts. Therefore, this SEIS concludes that no disproportionately high and adverse impacts
would result from these improvements.

43.3 BEST MANAGEMENT PRACTICES AND MITIGATION MEASURES

DOE would implement a variety of environmental protection measures and best management practices
for the infrastructure improvements to avoid or mitigate potential adverse effects. Table 4-39 summarizes
these measures and practices for each resource area.

4.3.3.1 Unavoidable Adverse Impacts

With the successful implementation of the best management practices and mitigation measures,
unavoidable adverse impacts would be small. The small impacts would occur to fossil fuels, building
materials, and land disturbance.
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Table 4-39. Best management practices and mitigation measures.

Resource

Practices and measures

Land use

Air quality

Hydrology

Biological resources
Wildlife

Vegetation

Special-status
species

Cultural resources

Occupational and
public health and
safety

Noise
Aesthetics

DOE would consult with and obtain right-of-way from the Bureau of Land Management
for activities on public land. It would follow the mitigation measures and stipulations.

DOE would coordinate with Nye County in relation to the construction schedule and
possible conflicts with any off-road vehicle events on public lands in the affected area.

DOE would consult with the Nevada Bureau of Air Pollution Control about the possible
need to modify the current air quality operating permit for operations. Stipulations in the
permit would minimize impacts to air quality.

DOE would obtain a Construction Storm Water Permit from the Nevada Division of
Environmental Protection that would include preparation of a Storm Water Pollution
Prevention Plan. This plan would include established best management practices for the
control of erosion and pollution while constructing crossings and working in dry washes.

DOE would, as necessary, obtain a Section 404 permit from the U.S. Army Corps of
Engineers for construction in washes that meet the Corps’ criteria as jurisdictional waters
of the United States and would implement mitigation measures and best management
practices in the permit.

If construction occurred during migratory bird-nesting season, a qualified biologist would
survey areas before the start of construction. If the survey found active nests, DOE would
delineate a buffer zone around nests, within which disturbance would not occur until the
young birds fledged. The size of the protective buffer would depend on species-specific
requirements.

Where appropriate, DOE would restore areas affected by grading, plowing, or trenching
to their approximate original contours in accordance with the Reclamation
Implementation Plan for Yucca Mountain (DIRS 154386-YMP 2001, all).

DOE would follow the mitigation measures for the protection of desert tortoises required
by the U.S. Fish and Wildlife Service’s 2001 Biological Opinion on Yucca Mountain
(DIRS 155970-DOE 2002, Appendix O).

DOE would clearly mark populations of special-status plant or animal species discovered
during preconstruction surveys with flagging or caution tape and would require
construction contractors to inform crews about the importance of avoiding flagged areas.

DOE would conduct preconstruction surveys to identify cultural sites in the potentially
affected areas. It would evaluate each site for eligibility for inclusion in the National
Register of Historic Places. Where practicable, DOE would avoid sites or, if not
practicable, would collect artifacts at eligible sites in accordance with Section 106 of the
National Historic Preservation Act and document the findings. DOE would include
American Indian monitors in all surveys to identify cultural sites in the affected area. In
addition, DOE has implemented a worker education program on the protection of
archaeological sites and artifacts to limit direct and indirect impacts to them. DOE would
work collaboratively with the Consolidated Group of Tribes and Organizations to involve
tribal representatives in the worker education program.

If engineering controls were unable to maintain safe concentrations of silica dust during
possible use of the excavated rock storage pile near the North Portal for road construction
and surface leveling, DOE would use respiratory protection (air filters, or personal
protective gear) until engineering controls could reestablish safe conditions.

DOE would conduct construction activities only during daylight hours.

DOE would use shielded or down-directed and dark-sky-friendly lighting at the central
operations area and at other new facilities at Yucca Mountain to minimize the amount of
night lighting visible from offsite locations.
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Table 4-39. Best management practices and mitigation measures (continued).

Resource Practices and measures
Environmental Through the ongoing Native American Interaction Program, DOE would continue to
justice solicit input from the 17 tribes and organizations that have cultural and historic ties to the

Yucca Mountain area. Through this program, the tribes and organizations can express
their views and concerns about the management of cultural resources and related issues.
DOE would include American Indian monitors in all surveys to identify cultural sites in
the affected area. In addition, DOE has implemented a worker education program on the
protection of archaeological sites and artifacts to limit direct and indirect impacts to them.
DOE would work collaboratively with the Consolidated Group of Tribes and
Organizations to involve tribal representatives in the worker education program.

4.3.4 CUMULATIVE IMPACTS

A cumulative impact is an impact on the environment that results from the incremental impact of the
action when it is added to other past, present, and reasonably foreseeable future actions regardless of what
agency or person undertakes such other actions. Chapter 8 provides more detail on cumulative impacts
for the actions in the following sections.

4.3.41 Land Withdrawal To Study a Corridor for a Proposed Rail Line to Yucca
Mountain

On December 28, 2005, acting on an application from DOE, the Secretary of the Interior published Public
Land Order No. 7653 that withdrew for 10 years about 1,250 square kilometers (310,000 acres) of public
land around the potential rail lines under study from the staking of new mining claims (70 FR 76854).

The withdrawal does not result in any surface disturbances, and it does not affect the development of
existing valid mining claims. It does, however, preclude the staking of new claims on these public lands,
which include lands in the vicinity of Yucca Mountain. Those lands are west of the area that
infrastructure improvements would affect and are a subset of the broader analyzed land withdrawal area
for the repository. This action would not result in cumulative impacts.

4.3.4.2 Activities on the Nevada Test and Training Range

The U.S. Air Force operates the Nevada Test and Training Range. The Renewal of the Nellis Air Force
Range Land Withdrawal: Legislative Environmental Impact Statement (DIRS 103472-USAF 1999, all)
addressed potential environmental impacts of extending the land withdrawal for military activities by the
Air Force. The land withdrawal renewal for the Range was approved, and activities on the Range have
continued to evolve with changing military needs. In general, however, current and future developments
at the Range would have small cumulative impacts with the proposed infrastructure improvements
because the impacts would not occur on those Air Force lands that DOE uses for operations at Yucca
Mountain.

On January 10, 2007, the Bureau of Land Management announced that DOE had filed an application to
request a second land withdrawal (72 FR 1235). The application is for an additional 842 square
kilometers (208,000 acres) from surface entry and mining to December 27, 2015.
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4.3.4.3 Nevada Test Site Activities

The Nevada Test Site has been the nation’s proving ground for the development and testing of nuclear
weapons. From 1951 to 1992, DOE and its predecessor agencies conducted more than 900 tests at the
site. Current activities at the Test Site include the management of radioactive and hazardous wastes;
weapons stockpile, stewardship, and management; materials disposition; nuclear emergency response;
and nondefense research and development. Past and present activities, specifically in Area 25 where
many of the facilities for the Yucca Mountain Project are, would be part of the affected environment.
Current and future Test Site activities in Area 25 that could have cumulative impacts with the
infrastructure improvements include the continued withdrawal of groundwater for Test Site operations.

The small incremental cumulative impacts would include land disturbance, water use, waste generation,
noise, and emissions from construction equipment and fugitive dust. The impacts would be temporary.

4.3.4.4 Yucca Mountain Project Gateway Area Concept Plan

Nye County has prepared a Yucca Mountain Gateway Area Concept Plan with proposed land use
designations for the area around the proposed Yucca Mountain Repository entrance. Chapter 8 of this
Repository SEIS contains Nye County’s perspective on cumulative impacts and discusses the role of the
land use concept plan as guidance for the management of development near the entrance area. Nye
County proposed this plan to ensure land development would occur in an orderly manner while increasing
the opportunities for industrial and commercial development. Nye County views this plan as a starting
point for development of the infrastructure, institutional capacity, and facilities that would be consistent
with the proposed repository land use.

There are no specific proposals for development, but incremental cumulative impacts could include
additional disturbed land, water use, emissions from construction equipment, fugitive dust, waste
generation, and noise.

4.3.4.5 Desert Space and Science Museum

Nye County proposes to construct a Desert Space and Science Museum and commercial facilities in the
area of the Gateway Area Concept Plan. Under the proposal, the Bureau of Land Management would
transfer 3.3 square kilometers (820 acres) to Nye County, of which 0.4 square kilometer (100 acres)
would have permanent developed facilities. Nye County would manage the remaining 2.9 square
kilometers (720 acres) for natural resource and habitat values.

The museum would result in some additional water use and employment that could affect the regional
economy. Other incremental cumulative impacts would occur only during infrastructure construction and
would include emissions from construction equipment, fugitive dust, and noise.
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5. ENVIRONMENTAL IMPACTS OF POSTCLOSURE
REPOSITORY PERFORMANCE

This chapter presents the approach and analyses of potential human health impacts from releases of
radioactive and nonradioactive materials to the environment after closure of the proposed repository at
Yucca Mountain. In addition, it discusses estimates of potential biological and environmental impacts
from radiological and chemical groundwater contamination, and potential biological impacts from the
postclosure production of heat due to decay of the radioactive materials that the U.S. Department of
Energy (DOE or the Department) would dispose of in the repository. This chapter of the Final
Supplemental Environmental Impact Statement for a Geologic Repository for the Disposal of Spent
Nuclear Fuel and High-Level Radioactive Waste at Yucca Mountain, Nye County, Nevada (DOE/EIS[]
0250F-S1) (Repository SEIS) summarizes, incorporates by reference, and updates the information in
Chapter 5 of the Final Environmental Impact Statement for a Geologic Repository for the Disposal of
Spent Nuclear Fuel and High-Level Radioactive Waste at Yucca Mountain, Nye County, Nevada
(DOE/EIS-0250F; DIRS 155970-DOE 2002, pp. 5-1 to 5-50) (Yucca Mountain FEIS).

Waste packages would be disposed of in dedicated emplacement drifts, supported on emplacement
pallets, and aligned end-to-end on the drift floor (Chapter 2, Section 2.1.2.2.2, Figure 2-8).

Closure of a repository would include the following activities (Chapter 2, Section 2.1.6):

e Emplacement of the drip shields over the waste WASTE PACKAGE

ackages; .
P £S5 A waste package would consist of the
corrosion-resistant outer container, the

e Backfilling of subsurface ramps and subsurface(’ waste form and any internal containers

to-surface openings; (such as the transportation, aging, and
disposal canister), spacing structure or

e Removal of surface facilities; and baskets, and shielding integral to the
container. The waste package would be

e Creation of institutional controls, which would ready for emplacement in the repository

when the outer lid welds were complete and

include land records and surface monuments, to
accepted.

identify the location of the repository and
discourage human intrusion.

After repository-closure, few workers would be employed. There would be minimal use of water,
utilities, energy, or services and minimal generation of waste. There would be no change in water quality
other than those from the transport of radionuclides and chemical contaminants. Impacts to land use,
noise, socioeconomics, cultural resources, aesthetics, utilities, or services after closure as a result of the
disposal of radioactive materials in the repository or as a result of any currently envisioned postclosure
monitoring program that could be approved by the U.S. Nuclear Regulatory Commission (NRC) would
be small. At such time as the postclosure monitoring program is further detailed, the estimates of impacts
would be updated. Chapter 4 discusses impacts from construction, operations, monitoring, and closure.

DOE assessed the processes by which radionuclides could be released from a repository at Yucca
Mountain and transported to the environment. The analysis used computer programs to assess the release
and movement of radionuclides and hazardous materials in the environment. Some of the programs
analyzed the behavior of engineered components such as the waste package, while others analyzed natural
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processes such as the movement of groundwater. DOE based the programs on the best available
geologic, geochemical, and hydrologic data and current knowledge of the behavior of the materials DOE
proposes for the system. The analysis used data from Yucca Mountain site characterization activities,
material tests, and expert judgment as input parameters to estimate human health impacts. Many
parameters that DOE used in the analysis cannot be exactly measured or known; therefore, DOE used a
range of values. The analysis accounted for this type of uncertainty; the results are ranges of potential
health impacts.

The analysis considered human health impacts during the first 10,000 years after repository closure and
the radiation dose during the period from 10,000 years after closure to 1 million years after closure (the
post-10,000-year period). Estimates of potential human health impacts included the effects on repository
performance of such expected processes as corrosion of waste packages, degradation and dissolution of
waste forms, flow through the saturated and unsaturated zones, and changing climate, in addition to early
waste package and drip shield failure (a failure that could occur soon after closure due to defects in a
waste package or drip shield) mechanisms and igneous and seismic events. Additional analyses examined
the effects of such disturbances as inadvertent drilling and potential for criticality.

WHY 10,000 YEARS AND 1 MILLION YEARS?

The Total System Performance Assessment-License Application (TSPA-LA) model provides
estimates of potential radiological impacts (doses) for two periods: the estimated dose at times for the
first 10,000 years after closure and a dose at times after the first 10,000 years up to 1 million years
after closure. The TSPA-LA model assessed annual individual doses in each of these periods.

DOE could have performed the analyses for this Repository SEIS for any number of periods. So
why these two? The main reason is that the U.S. Environmental Protection Agency and the U.S.
Nuclear Regulatory Commission have proposed dose limits for a maximum annual individual dose in
each period. DOE has compared the results of the postclosure performance assessments with the
proposed limits to provide a context in which to consider the potential environmental impacts of the
Proposed Action.

The analysis of postclosure repository performance and environmental impacts considered all potential
pathways, including airborne releases, through which radionuclides from spent nuclear fuel or high-level
radioactive waste, and hazardous or carcinogenic chemicals could reach human populations and result in
impacts to public health. U.S. Environmental Protection Agency (EPA) and NRC proposed regulations
require evaluation of all potential paths. The principal exposure pathway would be groundwater.
Rainwater could migrate down through the unsaturated zone into the repository, could dissolve or
mobilize some of the material in the repository, and could carry contaminants from the dissolved material
down through the unsaturated and saturated groundwater zones to locations where human exposure could
occur. An atmospheric pathway could result from a volcanic conduit that intersected the repository,
destroyed waste packages, and erupted at the surface. Depending on atmospheric conditions, the volcanic
eruption at the ground surface could disperse volcanic tephra (solid material of all sizes explosively
ejected from a volcano into the atmosphere) and entrained radionuclides (radionuclides that were bound
to or captured by the volcanic tephra). The calculation of annual radiation dose included human health
impacts from this latter pathway (Section 5.5).

Another atmospheric pathway could result from the escape of gaseous radionuclides, such as carbon-14,
from the repository to the surface and their downwind transport. DOE analyzed these possible airborne
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releases in the Yucca Mountain FEIS. Section 5.6 provides a summary of this analysis. Because DOE is
not aware of significant new information or circumstances that bear on this analysis, DOE would not
expect any change in the estimated impacts from the escape of gaseous radionuclides; therefore, DOE did
not conduct a new analysis for this Repository SEIS.

10 CFR PART 63 AND 40 CFR PART 197

In 2001, both the U.S. Environmental Protection Agency (EPA) and the U.S. Nuclear Regulatory
Commission (NRC) adopted public health and safety standards for any radioactive material to be
disposed of in a Yucca Mountain Repository. In 2004, in response to legal challenges, the U.S. Court
of Appeals for the District of Columbia Circuit struck down the portions of those standards that
addressed the period for which compliance must be demonstrated and remanded the provisions to the
federal agencies for revision.

In 2005, EPA proposed new standards to address the Court’s decision. The proposed standards
incorporate multiple compliance criteria applicable at different times for protection of individuals, the
environment, and in circumstances involving human intrusion into the repository. The proposals
also identify certain specific processes that must be considered in projecting repository performance.
When finalized, these standards will be codified in 40 CFR Part 197, Subpart B.

Because Section 801 of the Energy Policy Act of 1992 requires NRC to modify its technical
requirements for licensing of a Yucca Mountain Repository to be consistent with the standards
promulgated by EPA, NRC also proposed new standards in 2005 to implement the proposed EPA
standards for doses that could occur after 10,000 years but within the period of geologic stability. The
proposed NRC standards also specify a value to be used to represent climate change after 10,000
years, as required by EPA. When finalized, these standards will be codified in 10 CFR Part 63.

In developing the TSPA-LA model for the analysis in this Repository SEIS, DOE took into
consideration the regulatory requirements in the proposed EPA and NRC standards to provide a
perspective on potential radiological impacts during the postclosure period. For this SEIS, DOE based
the analyses on the TSPA-LA model that serves as the basis for the compliance assessment included
in DOE's application to the NRC for construction authorization and a license to receive and possess
radioactive materials at the repository.

The analysis for this Repository SEIS estimated potential human health impacts from the groundwater
and atmospheric transport pathways at the location of the reasonably maximally exposed individual
(RMEI; 40 CFR 197.21), which is approximately 18 kilometers (11 miles) downgradient from the
proposed repository. A hypothetical reasonably maximally exposed individual is defined with parameters
that significantly affect exposure estimates set at high values so that the hypothetical individual is
“reasonably maximally exposed” for the purpose of assessing potential doses that could result from
releases of radioactivity from a repository. These impacts include both radiological doses and
probabilities of resultant latent cancer fatalities. A latent cancer fatality is a death that results from
cancer from exposure to ionizing radiation or other carcinogens.

DOE has made modifications to the repository design and operational plans since the completion of the
Yucca Mountain FEIS. DOE has modified the Total System Performance Assessment (TSPA) model to
account for these changes, as well as for additional data it has collected since the completion of the FEIS.
Section 5.1 summarizes modifications that this Repository SEIS addresses in the TSPA model. For this
Final Repository SEIS, DOE based the analyses on the TSPA-LA model that serves as the basis for the
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compliance assessment it has included in its application to
the NRC for construction authorization. The references in
Appendix F, Section F.2 of this Repository SEIS provide

A hypothetical “reasonably maximally further details.
exposed individual (RMEI)” is defined

for the purpose of assessing potential Section 5.1a describes the differences between the TSPA[ ]
doses_ that_ C,OUId result from releases SEIS model for the Draft Repository SEIS and the TSPA T
SR LA model for this Final Repository SEIS. Section 5.2
Under applicable regulations, the describes the inventory of materials that the postclosure
RMEI is located 18 kilometers performance assessment analyzed for potential releases

(11 miles) from the repository. from the repository; Section 5.3 provides an overview of
the repository system; Section 5.4 discusses the locations
for impact estimates; Section 5.5 provides the analysis of
the postclosure performance for radiological impacts; Section 5.6 provides the analysis of atmospheric
radiological materials in the repository; Section 5.7 describes impacts from chemically toxic materials;
Section 5.8 describes the human intrusion calculations; Section 5.9 describes the evaluation of the
potential for nuclear criticality in the repository and surrounding rock; Section 5.10 presents the impacts

WHO AND WHERE IS THE
“RMEI"?

to biological resources and soils; and Section 5.11 summarizes the postclosure analyses.

5.1 Differences Between FEIS and SEIS Assessments of
Postclosure Repository Performance

There are several differences between the assessments of postclosure repository performance for this
Repository SEIS and those in the Yucca Mountain FEIS that accompanied the Secretary of Energy’s
recommendation to approve the Yucca Mountain site in 2002. Figure 5-1 shows the relationships
between TSPA models and the FEIS and this SEIS. The major differences are summarized in this
section.

5.1.1 RADIOLOGICAL IMPACTS

The results of assessments of postclosure repository performance for this Repository SEIS and those of
the Yucca Mountain FEIS are different. The differences are largely due to the standards EPA has
proposed, which specify how to calculate post-10,000-year repository performance. Specific
requirements about how to make such a calculation did not previously exist. Furthermore, the calculation
incorporates additional data and enhancements in the description of engineered and natural components.
The Yucca Mountain FEIS results included contributions from the Nominal Scenario Class, limited
contributions from the Seismic Scenario Class, and contributions from Waste Package Early Failure.
Igneous Scenario Class impacts were not included in the calculation of total impacts. The projections of
radiological impacts in the TSPA-LA include contributions from a Seismic Scenario Class, Igneous
Scenario Class, Drip Shield Early Failure, Waste Package Early Failure, and the Nominal Scenario Class.
As a result of these changes, several qualitative observations can be made about the FEIS results.

e The FEIS described future climates in terms of discrete alternating climate states with a precise
timing of climate change. The spikes in the dose curves in the FEIS (for example, DIRS 155970(]
DOE 2002, Figure 5-4, p. 5-26) result from imposed climate changes at fixed times and assumed
percolation fluxes. These spikes are responsible for the maximum levels of the individual dose. The
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DIRS 101779
DOE 1998, Volume 3

DIRS 110384
CRWMS M&O 1999

DIRS 153246
CRWMS M&O
December 2000

v

DIRS 155950
BSC July 2001

DIRS 154659
BSC September 2001

DIRS 183478
SNL March 2008
DEIS = Draft Yucca Mountain EIS. S&ER = Science and Engineering Report.
FEIS = Final Yucca Mountain EIS. SSPA = Supplemental Science and Performance
LA = License Application. Assessment.

SEIS = Repository Supplemental EIS. TSPA = Total System Performance Assessment.
VA = Viability Assessment.

Note: The TSPA-SEIS was a draft version of the TSPA-LA, which has now been finalized and is referred to as TSPA-LA. 00763DC_026_R3.ai

Figure 5-1. Relationship between the published TSPA models and models used for the Draft Yucca
Mountain EIS, Yucca Mountain FEIS, and this Repository SEIS.
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proposed EPA standards require DOE to assess the effects of long-term climate changes. This
requirement allows the use of probabilistic distribution for a constant-in-time but uncertain long-term
average climate for Yucca Mountain as specified by the NRC. Inclusion of these changes in the FEIS
would have resulted in a significant lowering of the projected dose values.

The proposed EPA standards require DOE to use revised International Commission on Radiological
Protection weighting factors for calculation of individual doses. In general, using the revised
weighting factors results in biosphere dose conversion factors for actinides that are lower, whereas
biosphere dose conversion factors for fission products are higher. Actinides were the dominant
contributors to dose in the FEIS. Notably, the biosphere dose conversion factors for neptunium,
which was the dominant nuclide contributing to doses in the FEIS, decreased by approximately

80 percent from the FEIS to the SEIS with the Commission’s revisions. Sensitivity studies that were
referenced in the FEIS (DIRS 155970-DOE 2002, p. 5-31) indicate that dose estimates would be
significantly lower if the revised methods were applied.

Waste package and drip shield lifetimes are longer in the SEIS. The increase in waste package
lifetimes is due in part to the increase in thickness of the Alloy 22 outer barrier to accommodate the
transportation, aging, and disposal (TAD) canister. Inclusion of temperature dependence of Alloy 22
corrosion rates in the SEIS resulted in substantially longer waste package lifetimes in the Nominal
Scenario Class. Inclusion of new titanium corrosion data in the SEIS resulted in lower corrosion
rates, reduced uncertainty, and longer drip shield lifetimes. Inclusion of these enhanced models in the
FEIS would have resulted in a significant lowering of the projected dose values.

For the Yucca Mountain FEIS, there was no explicit requirement for comparison to a compliance
standard; the applicable NRC regulation at that time required DOE to calculate the annual dose to the
RMETI if one would occur after 10,000 years after disposal but within the period of geologic stability.
No regulatory standard applied to the results of this analysis nor did the regulations specify
requirements for the estimate of repository performance. DOE was to include the results and their
bases in the FEIS as an indicator of long-term disposal system performance.

The proposed regulatory standards require that DOE’s projection of postclosure radiological impacts
to the RMEI include those scenario classes (future states of the repository) that resulted from the
screening of features, events, and processes (Appendix F, Section F.2.1). Therefore, the TSPA-LA
projections of radiological impacts to the RMEI include contributions from a Seismic Scenario Class,
Igneous Scenario Class, Early Failure Scenario Class (Drip Shield Early Failure and Waste Package
Early Failure), and the Nominal Scenario Class.

The proposed EPA and NRC standards identify specific processes, such as degradation of the Engineered
Barrier System due to general corrosion and seismic and igneous events, to be included in the postclosure
performance projection and guide the development of the quantitative approach that DOE should use in
the post-10,000-year projection. As a result, DOE has made several changes to the TSPA model since
completion of the Yucca Mountain FEIS. DOE has made other refinements to the TSPA model to
improve the treatment of uncertainties, incorporate new data and understanding of processes, and reduce
conservatism in the projection of repository performance (Table 5-1 contains further detail). The
following factors, in addition to those above, are responsible for the major differences in projected
repository performance between the Yucca Mountain FEIS and the Repository SEIS.
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Table 5-1. Important changes to the TSPA since completion of the Yucca Mountain FEIS.

Component

Change

Estimated effect

Unsaturated zone
flow

Engineered
Barrier System
environment—
thermal hydrology
and in-drift
chemistry

Abstraction of
waste package
and drip shield
degradation

Source term

Engineered
Barrier System
radionuclide
transport

Stronger basis for models

— Evaluation of fast flow and transport of chlorine-36

— Justification of parameter sets used to model future
climates

— Evaluation of flow and transport sensitivity to hydrologic

parameters
Revised infiltration model and broader range of infiltration
maps
Revised calibration method to develop probability weights
for infiltration maps
NRC-specified percolation flux for post-10,000-year period
per proposed rule
Basis on enhanced treatment of uncertainties in input
parameters

Thermal hydrology

— Improved basis for model validation

— In-drift condensation processes included
Near-field/in-drift chemistry

— Reevaluated data to constrain in situ water chemistry
Improved model to represent composition of seepage
entering emplacement drifts

Waste package outer barrier corrosion

— Additional data available

— Thermal dependency of general corrosion included
— Localized corrosion due to seepage included
Waste package outer barrier stress corrosion cracking
— Improved stress/stress intensity factor profiles
Drip shield early failure included

Additional drip shield general corrosion data available

No credit taken for the ability of cladding to prevent or
reduce degradation of commercial spent nuclear fuel
Broader range of in-package chemistry conditions and
resulting impacts on waste form degradation considered

Improved representation of radionuclide transport through
the waste package

Improved representation of radionuclide mass release to
fracture and matrix portions of the host rock under the
Engineered Barrier System

Representation of kinetic sorption of plutonium and
americium on iron oxyhydroxide colloids and stationary
corrosion products in the waste package

Sorption on TAD canister corrosion products included

Neutral

Neutral
Neutral
Moderate decrease in

dose after 10,000-years
Neutral

Neutral

Small decrease in dose

Supports model basis
Large decrease in dose
Neutral

Neutral

Neutral
Decrease in dose

Increase in dose

Small decrease in dose

Small decrease in dose

Small decrease in dose

Small decrease in dose

Small decrease in dose
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Table 5-1. Important changes to the TSPA since completion of the Yucca Mountain FEIS (continued).

Component Change Estimated effect
Unsaturated zone o  Transport model revised to reflect transport in a dual- Small decrease in dose
radionuclide continuum fracture/matrix system more accurately
transport e Updated analyses of sorption and diffusion parameters Neutral
Saturated zone e Updated hydrogeologic framework model that incorporates Neutral
flow and transport new Nye County drilling data and updated USGS regional

model
e Updated and recalibrated site-scale saturated zone flow Neutral

Biosphere

Seismic scenario
class

Igneous scenario
class

Treatment of
uncertainty and
variability

Features, events,
and processes
analysis

model

— Water-level measurements in new Nye County wells

— New hydrochemical data in flow model validation
analysis

Updated saturated zone flow and transport abstraction model

— Reevaluation of parameter uncertainty distributions in
consideration of new information

Incorporation of additional pathways

Inclusion of dosimetric inputs consistent with ICRP
Publication 72% and based on the concepts recommended in
ICRP Publication 60°

Uncertainty in biosphere dose conversion factors included
GoldSim-based model (GENII-S used in Yucca Mountain
FEIS)

Inclusion of the seismic scenario class

Detailed damage analyses developed for degraded states of
the Engineered Barrier System components including the
TAD-bearing waste packages

Assume all drip shields and waste packages destroyed by
magma intrusion

New parameter values based on analogue data

— Dike length, width, and orientation and number of dikes
— Conduit size and number and locations of conduits
Fraction of eruptive material in tephra, cone, and lavas

Improved guidelines and management controls for
characterization of uncertainty consistently across component
abstractions

Epistemic and aleatory uncertainty separated in the TSPA
analyses

Screening justifications updated and revised based on new
technical information available since DOE published the
TSPA for the Site Recommendation® (e.g., TAD canisters;
seismic impacts; localized corrosion)

Small decrease in dose

Increase in dose

Moderate decrease in
dose

Neutral
Neutral

Increase in dose
Increase in dose

Increase in dose

Neutral

Consistent treatment of
uncertainty

Consistent treatment of
uncertainty

Improve defensibility
of included scenario
classes
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Table 5-1. Important changes to the TSPA since completion of the Yucca Mountain FEIS (continued).

Component Change Estimated effect
TSPA model e Technical basis for TSPA planned for the license application ~ Improve defensibility
development and builds on the technical foundation documented for the TSPA
implementation for the Site Recommendation and updatesd1 for the FEIS

e Additional confidence building (validation) Improve defensibility

e Additional rigor added to configuration and control processes Improve defensibility

a. DIRS 172935-ICRP 2001, all.

b. DIRS 101836-ICRP 1991, all.

c. DIRS 153246-CRWMS M&O 2000, all.

d. DIRS 155950-BSC 2001, all; the Yucca Mountain FEIS referred to this model as the “Supplemental Science and
Performance Analyses” model.

DOE = U.S. Department of Energy. TAD = Transportation, aging, and disposal (canister).

ICRP = International Commission on Radiological Protection. TSPA = Total System Performance Assessment.

NRC = U.S. Nuclear Regulatory Commission. USGS = U.S. Geological Survey.

5.1.1.1 Drip Shield and Waste Package Corrosion

For this Repository SEIS, DOE included new Titanium Grade 7 corrosion data that were based on
2.5-year tests, which resulted in reduced uncertainty in corrosion rates, lower corrosion rates, and longer
drip shield lifetimes. In the Yucca Mountain FEIS, drips shields did not start failing until approximately
20,000 years after emplacement and most of the drip shields failed by about 40,000 years. In the SEIS,
drip shields did not start failing until approximately 260,000 years and most of the drip shields failed by
310,000 years.

DOE included temperature dependence of Alloy 22 corrosion rates for this Repository SEIS, which led to
substantially longer waste package lifetimes in the Nominal Scenario Class. The following discussion
summarizes waste package performance in the Nominal Scenario Class for the Yucca Mountain FEIS and
the Repository SEIS. In the Yucca Mountain FEIS, the mean waste package failure behavior resulted in
waste package failure from stress corrosion cracking beginning around 15,000 years, and about 50 percent
of the waste packages failed by stress corrosion cracking and general corrosion by 100,000 years. For
this Repository SEIS, the waste package failure initiated by stress corrosion cracking is estimated to begin
around 100,000 years and about 50 percent of the waste packages are estimated to fail by stress corrosion
cracking and general corrosion by 1 million years. General corrosion failures are estimated to start at
around 400,000 years, and about 9 percent of the waste packages could experience a general corrosion
breach within 1 million years. The increase in waste package lifetimes was also due in part to the
increase in thickness of the Alloy 22 outer barrier for the commercial spent nuclear fuel waste packages
from 20 millimeters (0.79 inch) in the FEIS to 25 millimeters (0.98 inch) in this SEIS to accommodate the
TAD canister.

5.1.1.2 Seismic Scenario Class

The TSPA-LA implements damage models to simulate the response of drip shields, codisposal waste
packages, and TAD canisters with commercial spent nuclear fuel waste packages to vibratory ground
motion, drift collapse, and fault displacement.

5.1.1.3 Igneous Scenario Class

The TSPA-LA assumes all drip shields and waste packages in the repository would be destroyed if a
basaltic dike intersected and magma intruded into one or more emplacement drifts. That is, all drip
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shields and waste packages in the repository would lose their ability to limit or prevent the flow of water
and the movement of radionuclides.

5.1.1.4 Impacts at Different Locations

In the Yucca Mountain FEIS the results for the RMEI, who would be located at 18 kilometers (11 miles),
were scaled to two other distances: 30 kilometers (19 miles) and 60 kilometers (37 miles). The scaling
used factors DOE developed from separate modeling for transport in the alluvium of Amargosa Valley.
This separate modeling used a simple, dispersion-only model that did not account for any sorption or
other attenuating phenomena other than hydrodynamic dispersion (spreading) of the radionuclide plume.
New modeling since the FEIS indicates a considerably smaller plume width. Upon review of the basis for
the dose calculations, DOE confirmed that if the plume were diluted into the 3.7 million cubic meters
(3,000 acre-feet) of water use at the RMEI location, this large water use would likewise consume the
entire plume at all other locations, beyond the specified RMEI location of 18 kilometers (11 miles). This
is because the spreading of the plume would be insufficient for any of the radionuclides to escape capture
in the water-use volume; however, as the plume moved downgradient from the RMEI location, it would
be less likely that groundwater wells would capture all of the released radionuclides. Furthermore, the
time delay from further transport in the alluvium would result in insignificant amounts of decay.
Therefore, the estimated doses at downgradient locations would be no greater than those of the RMEI
Thus, doses at distances other than the RMEI location were not calculated for this Repository SEIS. DOE
did not assess population dose in this SEIS. It would be inappropriate to apply the lifestyle of the RMEI
to the entire population surrounding the repository because the characteristics of the RMEI (a hypothetical
individual) are defined in a manner that results in maximum annual and lifetime doses, which would not
be applicable to all other members of the population. Further, in recommendations to the EPA in
response to congressional direction, the National Academy of Sciences recommended only the use of a
standard that sets a limit on the risk to individuals, concluding that an individual-risk standard would
protect public health, and that there is no technical basis for a population risk standard by which to make
such a judgment.

5.1.2 IMPACTS FROM TOXIC CHEMICALS

Since the FEIS, there has been a change in how chromium chemistry is treated both in the Engineered
Barrier System (emplacement drift) environment and in the in-package environment. In the FEIS it was
conservatively assumed that, when placed in solution, chromium would fully oxidize to the +6 valence
state, chromium(VI). Additional research and analysis has shown that this is an unrealistic assumption
for the chemical environments of the Engineered Barrier System and the internal components of the waste
package. There is very strong evidence (Appendix F, Section F.5.1) that most or all of the chromium,
dissolved from construction materials such as stainless steel and Alloy 22, would exist in the +3 valence
state, chromium(III). An important distinction between these two valence states is that chromium(VI) is
highly soluble in water and is considered toxic to humans, while chromium(III) is highly insoluble (on the
order of less than 1 x 10 milligram per liter) and is considered nontoxic to humans. Based on these new
findings, chromium was eliminated from further consideration in this Repository SEIS when evaluating
impacts from chemically toxic substances (Appendix F, Section F.5.1).
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5.1a Differences Between the Draft Repository SEIS
and the Final Repository SEIS Assessments of
Postclosure Repository Performance

DOE refined the TSPA model slightly between the time of issuance of the Draft Repository SEIS and this
Repository SEIS. Two of the refinements resulted in very small changes to the calculated doses to the
RMEI. One of the refinements addressed the way radium is treated in a saturated zone model. The
TSPA-LA was refined to eliminate a small number of realizations that had produced unrealistic results by
setting bounds on the previously unbounded range on longitudinal dispersivity (the way the radionuclides
spread out as they migrate). The second refinement addressed the way that the time of first occurrence of
stress corrosion cracking in the seismic ground motion case was modeled. The analyses for the Draft
Repository SEIS assumed all waste packages of a given type (that is, commercial spent nuclear fuel waste
package or codisposal waste package) would have degraded internal structural materials once the first
waste package of that type was breached by stress corrosion cracking from nominal processes. Waste
packages with degraded internal structural materials have reduced structural strength and less resilience to
damage from seismic ground motions. This reduction in strength was included in the waste package
damage models and, as a result, there was a tendency to overestimate waste package damage. Waste
packages are now modeled as having degraded internal structural materials only when they would have
actually been breached. Unbreached waste packages would maintain a higher level of structural strength
for a longer period. Breaches could occur due to either stress corrosion cracking from nominal processes
or seismic-induced damage. Of the two refinements, the second resulted in a greater change in terms of
total dose. There were other minor differences in the TSPA-LA model, but their effects did not result in
noticeable changes in total dose.

As a result of the refinements, there was no change in the reported value of the mean annual individual
dose for the first 10,000 years or in the associated probability of a latent cancer fatality. There was a very
small change in the reported value of the median annual individual dose for the post-10,000-year
assessment; the projected dose was reduced from 0.98 to 0.96 millirem. The associated probability of a
latent cancer fatality changed from 5.9 x 107 to 5.7 x 107, Section 5.6 provides the results of the refined
analyses.

5.2 Inventory for Performance Calculations

The postclosure analysis identified the inventory by the source category of waste material to be disposed
of (commercial spent nuclear fuel, DOE spent nuclear fuel, surplus weapons-usable plutonium, and high-
level radioactive waste). Note that the waste forms to be placed in the proposed repository would not
exhibit the characteristic of toxicity, as measured by the Toxicity Characteristic Leaching Procedure (40
CFR 261.24). Therefore, the repository would be in compliance with the Resource Conservation and
Recovery Act (40 CFR 261). For modeling purposes, the analysis averaged the inventory for each of the
categories into an appropriate number of packages, each with identical contents. The modeled inventories
consisted of two basic types of waste packages: a commercial spent nuclear fuel waste package and a
codisposal waste package that would contain DOE spent nuclear fuel and high-level radioactive waste
canisters.
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5.2.1 INVENTORY OF RADIOACTIVE MATERIALS

There are more than 200 radionuclides in the analyzed waste inventory (DIRS 177424-SNL 2007, all).
The analysis for this Repository SEIS used a subset of the 200 radionuclides. The number of
radionuclides was determined by a screening analysis, the purpose of which was to eliminate from further
consideration (screen out) radionuclides that are unlikely to contribute significantly to radiation dose to
the RMEI It would be impractical for DOE to model all of these radionuclides in a TSPA. The
radionuclide screening analysis was recently revised to incorporate updated radionuclide inventory and
screening factor data (DIRS 177424-SNL 2007, all). This screening analysis determined that 32
radionuclides have the potential to contribute an important fraction of the dose to the RMEI. This set of
radionuclides forms the basis for the analysis this chapter discusses.

The analysis abstracted the total inventory into two types of representative waste packages:

1. A commercial spent nuclear fuel package.
2. A codisposal package with high-level radioactive waste in a glass matrix and DOE spent nuclear fuel.

For modeling purposes, DOE treated naval spent nuclear fuel as commercial spent nuclear fuel. This
modeling approach was justified based upon the results from a suite of model comparisons as described in
Total System Performance Assessment Model/Analysis for the License Application (DIRS 183478-SNL
2008, Section 7.5.6).

Appendix F, Table F-3 lists the abstracted inventory for the representative waste packages.

5.2.2 INVENTORY OF CHEMICALLY TOXIC MATERIALS

DOE would use several materials in the construction of the repository that are potentially chemically
toxic. The Department performed an analysis of impacts from chemically toxic materials for the
10,000-year postclosure period. During that time, only a few waste packages would be likely to fail
(Appendix F, Section F.2.4). Therefore, the analysis did not consider any chemically toxic materials
inside waste packages. For the Yucca Mountain FEIS, DOE used a screening analysis to determine
which, if any, of these materials would have the potential for transport to the accessible environment in
quantities sufficient to be toxic to humans (DIRS 155970-DOE 2002, pp. I-52 to 1-54). The results of that
analysis showed that the remaining chemically toxic materials of concern would be chromium,
molybdenum, nickel, and vanadium. DOE performed an additional screening analysis based on recent
research (Appendix F, Section F.5.1). The additional analysis eliminated chromium from further concern,
leaving molybdenum, nickel, and vanadium requiring further analysis. These elements would dissolve
into solution as construction materials for the repository and waste packages corroded. As these elements
dissolved, some portion of the material would precipitate as minerals and some would stay in solution.
The quantities of these elements that remained in solution would be subject to continuous release from the
repository.

Because there would be a large mass of construction materials, it would be unlikely that they would
corrode completely during the first 10,000 years after closure. Therefore, DOE conservatively assumed
that a constant release of material would occur for the entire period. The release rate would depend on the
total surface area that was exposed to water, rather than on the total mass. The important sources of these
materials would be the exposed surfaces available for corrosion. Appendix F, Section F.5.2.2 contains
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estimates of the amounts available for transport from these surfaces. Table 5-2 lists the total surface areas
of alloys of concern and their elemental compositions.

Table 5-2. Total surface area of construction materials and their compositions.

Total surface area Composition as weight percent
Alloy (square meters) (square feet) Molybdenum Nickel Vanadium
Stainless steel® 2,700,000 29,000,000 2.5 12 0 |
Alloy 22 640,000 6,900,000 14.5 57.2 0.35 |

Source: Appendix F, Section F.5.2.2 ‘

An important design modification since the completion of the Yucca Mountain FEIS is the addition of
extensive stainless-steel ground support hardware (support sheets and rock bolts). This additional

stainless steel would account for over 90 percent of the total exposed stainless steel in the proposed
repository (Appendix F, Section F.5.2.2). ‘

5.3 System Overview

DOE would emplace radioactive materials at least 200 meters (700 feet) beneath the surface in the |
proposed repository. The emplaced materials would be almost entirely in the form of solids with a very
small fraction of the radioactive inventory in the form of trapped gases (Section 5.6). The primary means
for the radioactive and chemically toxic materials to contact the biosphere would be along groundwater
pathways. The materials could affect human health if the following sequence of events occurred:

e The waste packages and their contents were exposed to water either through nominal or disruptive
processes.

e Radionuclides or chemically toxic materials in the package materials or wastes became dissolved or
mobilized in the water.

e The radionuclides or chemically toxic materials were transported in water to an aquifer, and the water
that carried these materials was withdrawn from the aquifer through a well or at a surface-water
discharge point and used directly by humans for drinking or in the human food chain (such as through
irrigation or watering livestock).

An atmospheric pathway could result from a volcanic conduit that intersected the repository, destroyed
waste packages, and erupted at the surface. The eruption at the surface could disperse volcanic tephra and
entrained radionuclides under atmospheric conditions. However, the probability of this event would be
very low and its impacts would be extremely small (Appendix F, Section F.4.2.1.2). A second
atmospheric pathway could result from gaseous radionuclides that leaked from the repository and were
transported downwind. This would result in extremely small impacts (Section 5.6). Therefore, the access
to and flow of contaminated water are the most important considerations in a determination of potential
health effects.

5.3.1 COMPONENTS OF THE NATURAL SYSTEM

Figure 5-2 is a simplified schematic of a repository at Yucca Mountain. It shows the principal features of
the natural system that could affect the postclosure performance of the repository. Yucca Mountain is in a
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CHn = Calico Hills nonwelded.
CFu = Crater Flat undifferentiated.
PTn = Paintbrush nonwelded.
TCw = Tiva Canyon welded.

Note: To convert meters to feet, multiply by 3.2808. TSw = Topopah Spring welded.

Source: DIRS 183478-SNL 2008, Figure ES-20.
00763DC_033_R3.ai

Figure 5-2. Components of the natural system.
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semiarid desert environment where the current average annual precipitation over the unsaturated zone
flow and transport model area is 170 millimeters (7 inches), which varies by specific location

(DIRS 182145-SNL 2008, all). The water table is more than 600 meters (2,000 feet) below the surface of
the mountain (DIRS 169855-BSC 2004, Figure 6-2). The proposed repository would be in unsaturated
rock approximately midway between the desert environment and the water table (DIRS 179466-SNL
2007, Parameter 01-02).

The water table is the boundary between the unsaturated zone above and the saturated zone below. In the
subsurface region above the water table, the rock contains water, but the water does not fill all the open
spaces in the rock. Because the open spaces are only partially filled with water, this region is called the
unsaturated zone. Water in the unsaturated zone tends to move generally downward in response to
capillary action and gravity. In contrast, water fills all the open spaces in the rock below the water table,
so this region is called the saturated zone. Water in the saturated zone tends to flow laterally from higher
to lower pressures. Both zones contain several different rock types, as Figure 5-2 shows. The layers of
major rock types in the unsaturated zone at the Yucca Mountain site are the Tiva Canyon welded,
Paintbrush nonwelded, Topopah Spring welded, Calico Hills nonwelded, and Crater Flat undifferentiated
tuffs (DIRS 169734-BSC 2004, Section 3.3). The figure shows the Solitario Canyon Fault, which forms
the western boundary of the repository block (DIRS 169734-BSC 2004, Section 3.2.2). Faults are slip
zones where seismic events have displaced rock units vertically, laterally, or diagonally, which results in
discontinuous rock layers. These slip zones tend to form a thin plane in which there is more open space
that acts as a channel for water. Some faults tend to fill with broken rock that forms as they slip, so they
have a very different flow property from that of the surrounding rock. The proposed repository would be
in the Topopah Spring welded tuff in the unsaturated zone, at least 200 meters (700 feet) below the
surface and approximately 300 meters (1,000 feet) above the water table (DIRS 169734-BSC 2004,
Section 3.3.5.1; DIRS 179466 SNL-2007, Parameter 01-06).

When rain falls at Yucca Mountain, most of the water runs off, is lost to evaporation, or is taken up by
plants growing on the mountain (DIRS 182145-SNL 2008, Table 6.5.7.1-3[a]). A small amount
infiltrates the rock on the surface. The small amount of water that infiltrates the rock percolates down
through the mountain to the saturated zone. If there was a breach in the package containment, water that
flowed through the unsaturated zone into the proposed repository could dissolve some of the waste
material and carry it through the groundwater system to the accessible environment where exposure to
humans could occur.

5.3.2 COMPONENTS OF THE WASTE PACKAGE AND DRIP SHIELD

The waste packages would consist of two concentric cylindrical containers sealed with an outer welded
lid. The inner cylinder, which is the structural support member of the waste package, would be stainless
steel. The outer cylinder would be a relatively thin, nickel-based alloy (Alloy 22) that would protect the
underlying stainless-steel structural material from corrosion. In addition, spent nuclear fuel and high-
level radioactive waste would be in their own sealed containers. Commercial spent nuclear fuel waste
packages would contain a stainless-steel TAD canister. DOE codisposal waste packages would contain
disposable canisters. The current design calls for emplacement of titanium drip shields over the waste
packages just before repository closure. With the drip shield in place, the Alloy 22 outer cylinder would
be the second corrosion barrier that protected the waste from contact with water. The use of two
distinctly different corrosion-resistant materials would reduce the probability that a single environmental
condition could cause the failure of both materials. Before the double-walled waste package was sealed,
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helium would be added as a fill gas. The helium would prevent corrosion of the waste form and help
transfer heat from the waste form to the inner wall of the waste package prior to failure of the Alloy 22
outer cylinder. The movement of heat away from the waste form would be an important means to control
waste package temperatures.

5.3.3 VISUALIZATION OF THE REPOSITORY SYSTEM FOR ANALYSIS OF
POSTCLOSURE IMPACTS

In general, DOE modeled the repository system as a series of processes linked together, one after the
other, spatially from top to bottom in the mountain. From a computer modeling standpoint, it is important
to break the system into smaller components that relate to the information collection method. An
operating repository system would be completely interconnected, and virtually no process would be
independent of other processes. However, the complexity of such a system demands some idealization of
the system for the performance of an analysis.

The first step in the visualization is the development of a list of all possible features, events, and processes
that could apply to the behavior of the system. An example of a feature is the existence of a fault, an
example of an event is a seismic event (earthquake), and an example of a process is the gradual
degradation of the waste package wall by general corrosion. DOE used various types of analyses to
screen the list to determine the features, events, and processes it should include in the modeling. The
Department assembled the chosen features, events, and processes into scenario classes, which are
descriptions of how features, events, and processes link together to result in a certain outcome

(Appendix F, Section F.2.1 contains more detail on features, events, and processes).

The elements of the repository system model, referred to in this chapter as the TSPA-LA model, fall into
the following categories, which generally relate to parts of the system:

e Unsaturated zone flow,

¢ Engineered Barrier System environments,
e Waste package and drip shield degradation,
e Waste form degradation,

e Engineered barrier flow and transport,

e Unsaturated zone transport,

e Saturated zone flow and transport, and

e Biosphere.

Appendix F, Sections F.2.2 through F.2.9 discuss the individual models associated with these elements.
Sections F.2.10, F.2.11, F.4.1.2, and Sections 5.8 and 5.9 discuss the following scenario classes and
assessments, respectively:

e Igneous Scenario Class,

e Seismic Scenario Class,

e Early Waste Package and Drip Shield Failure Scenario Class,
e Human intrusion, and

e Nuclear criticality.
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During the development of the TSPA-LA model, DOE had to make assumptions in addition to those
mandated by regulation, primarily to account for situations for which there were limited data. If data are
limited, the use of appropriate assumptions and associated conservative data values is necessary. The
EPA and NRC rulemaking processes acknowledged that uncertainty about physical processes over the
large space and time scales of interest will remain, even after many years of site characterization. This
postclosure analysis does not seek an exact prediction but rather a cautious but reasonable projection (or
estimate) of what could occur, which includes a quantitative evaluation of uncertainty in that projection.

ASSUMPTIONS

The assessment of postclosure impacts sometimes used assumptions in the formulation of models.
An assumption is a premise taken as a starting point for some element of the modeling for which there
usually is no absolute proof. Assumptions normally account for qualitative uncertainties (where an
absolute probability cannot be assigned). There are two types of assumptions: (1) if there is a high
certainty (although unquantified) that the premise will hold true and (2) if the assumption is
conservative (that is, all alternative assumptions would lead to a smaller impact). A conservative
assumption is often used if there is considerable uncertainty about the alternative premise that is
more likely. Some assumptions are mandated by regulations that prescribe how the modeling is to
occur. A set of assumptions defines the conceptual model used for the analysis. A set of alternative
assumptions would represent an alternative model. DOE conducted sensitivity studies to compare
alternative models to help define the importance of certain  assumptions,
especially if there was considerable uncertainty (Section 5.3.4.2.3).

Each assumption has a basis, which can be the reason the assumption represents a condition of high
certainty, a statement that it is mandated by regulations, or a statement that it is conservative in
relation to the outcome of impact analysis.

5.3.4 UNCERTAINTY

As with any impact estimate, there is a level of uncertainty, especially for estimations of impacts over
thousands and hundreds of thousands of years. In this context, uncertainty is the measure of confidence
in the calculation in relation to a determination of how a system will operate or respond. The amount of
uncertainty in an impact estimate is a reflection of several factors, including the following:

¢ Anunderstanding of the components of a system (such as human, societal, hydrogeologic, or
engineered) and how those components interact.

o The time scale over which estimates are made. Longer time scales for projections produce greater
potential for uncertainty. This is particularly true for events that might or might not occur in the
future and how a system evolves in response to these future events.

e The available computation and modeling tools. Models are based on a set of working hypotheses,
assumptions, and parameters that are inherently uncertain because of the complexity and variability of

a natural system.

DOE recognizes that uncertainties exist from the onset of an analysis; however, projections are valuable
in the decisionmaking process because they provide insight based on the best information and scientific
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judgments available. This section discusses uncertainties in the context of possible effects on the impact
estimates in this chapter.

5.3.4.1 Uncertainty in Societal Changes and Climate

The analysis this chapter presents is consistent with the regulatory requirements in the proposed EPA and
NRC standards. Therefore, this analysis used an approach that involves estimation of radiological
exposure to a defined RMEI. EPA and the NRC based the characteristics of the RMEI on societal
conditions as they exist today and included consideration of current population distributions, groundwater
use, and food consumption patterns. The proposed standards also specify a value to be used to represent
climate change after 10,000 years.

DOE based estimates of future climatic conditions on what is known about the past and considered
climate impacts due to human activities. Calcite in Devils Hole, a fissure in the ground about

40 kilometers (25 miles) southeast of Yucca Mountain, provides the best record of climate changes over
the past 500,000 years. The record shows continual variation, often with rapid jumps, between cold
glacial climates (for the Great Basin these are called pluvial periods) and warm interglacial climates
similar to the present (DIRS 169734-BSC 2004, Sections 6.4 and 6.5). The analysis assumed that the
current climate is the driest it will ever be at Yucca Mountain; this is reasonable based on the
climatological record that has been projected for the next 10,000 years.

5.3.4.2 Uncertainty in Models and Model Parameters

The postclosure performance model that DOE used to assess the impacts from migration of radionuclides
in groundwater includes a number of submodels, each of which must account for features of the system,
likely and unlikely events, and processes that would contribute to the release and migration of materials.
Because of the long periods to be simulated, the complexity and variability of the natural system, and
other factors, the performance modeling must deal with uncertainty. This section discusses the nature of
the uncertainties, how DOE accounted for them in this Repository SEIS, and their implications to
interpretation of impact results.

5.3.4.21 Relationship Between Variability and Uncertainty

Uncertainty in model projections of repository performance comes from two major sources:

(1) variability in what could happen in the future (aleatory uncertainty), and (2) lack of knowledge about
quantities that have fixed values in the calculation of either the likelihood of future events at the proposed
repository or impacts of these events (epistemic uncertainty). Alternative terminology includes the use of
stochastic, variable, and irreducible as alternatives to aleatory, and the use of subjective, reducible, or
state of knowledge as alternatives to epistemic.

Uncertainty and variability are, in general, related. The exact nature of the variability in a natural system
cannot be known because all parts of the system cannot be observed. For example, DOE cannot dig up all
the rock in Yucca Mountain and determine that the positioning of the rock layers is exactly as core sample
data have suggested. Therefore, there is uncertainty about the properties of the rock at specific locations
in the mountain because properties change with distance and it is not known how much they change at
any given location. For example, if a function f{x,)) characterizes the two-dimensional variability of
some quantity, such as thermal conductivity, there are most likely many possible values for this function
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of varying levels of credibility. Thus, the function f{x,y) characterizes spatial variability, but a lack of
knowledge of how to define f(x,y) exactly is epistemic uncertainty. If the variability can be appropriately
quantified or measured, a model usually can be developed to include this variability in addition to the
uncertainty in the representation of variability. However, the ability to model some types of spatial
variability can be limited not only by lack of data but also by the capacity of a computer to complete
calculations (for example, if one simulation took weeks or months to complete). In these instances,
variability must be simplified to be reasonable and appropriate.

The analysis used two basic tools to deal with uncertainty and variability: alternative conceptual models
and probability theory. It used alternative conceptual models to examine uncertainty in the understanding
of a key physical-chemical process that controls system behavior. For example, different conceptual
models of how water in fractures interacts with water in the smaller pores or matrix of the rock in the
unsaturated zone lead to different flow and transport models. Sometimes conceptual models are not
mutually exclusive (for example, both matrix and fracture flow can occur), and sometimes they do not
exhaustively cover all possibilities. The analysis used conservatism at the subsystem and total system
levels to select the best alternative conceptual model to use rather than to propagate quantitatively
multiple conceptual models through the TSPA-LA model.

The analysis used probability theory to understand the impacts of uncertainty in specific model
parameters (that is, would results change if the parameter value was different) and to characterize how the
repository system might evolve in time due to the occurrence of disruptive events. It used the Monte
Carlo sampling technique to handle uncertainty in specific model parameters. This technique involves
random Latin hypercube sampling of ranges of likely values, or distributions, for all uncertain input
parameters. Distributions describe the probability of a particular value falling in a specific range. A
common type of distribution is the familiar bell-shaped curve, known as the normal distribution. Many
different types of distributions describe parameters in the consequence analysis that are appropriate to the
understanding of the values and their probabilities. The analysis calculated many realizations of
repository system behavior, each based on one set of samples of all the inputs. Each total system
realization had an associated probability, so there is some perspective on the likelihood that set of
circumstances would occur. The Monte Carlo method yields a range for any chosen performance
measure (for example, annual individual dose in a given period at a given location) and a probability for
each value in the range. In other words, it gives estimates of repository performance and determines the
uncertainties in those estimates. This chapter expresses the impact estimates as the mean, median, and
95th-percentile values (that is, the value for which 95 percent of the results were smaller).

5.3.4.2.2 Uncertainty in Data

Some uncertainties for input parameters or models result from a lack of data. Such data gaps can be due
to the status of research (perhaps with more data expected later) or conditions that restrict or prevent
collection of certain data (for example, data that would require tests over impracticably long periods or
the necessity for minimal disturbance of the emplacement site). Uncertainty in data is a subset of
parameter and model uncertainty.

The use of parameter distributions and studies of alternative models can help improve the understanding
of how data uncertainty can affect the range of the impact results. Further, sensitivity studies can provide
insight into the sensitivity of the model to particular parameters. Sensitivity studies identify data that are
important to the modeled results, which can help identify those areas for which the study needs additional
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data. DOE has generated additional data since the completion of the Yucca Mountain FEIS that help
improve its ability to characterize the range of impacts in this Repository SEIS. The following are
examples of additional data and their uses:

e DOE has measured concentrations of chemical components in the rock, such as chloride, bromide,
and sulfate, and the results have helped to identify fast paths for water flow. Ongoing analyses of the
isotopic ages of fracture-lining minerals have provided additional information about the history of
water movement. These studies have improved the understanding of flow paths and flow rates for
water that moves through the unsaturated zone, and have revealed certain characteristics of the water,
such as chemical composition and temperature. The analysis has used this new information to model
the unsaturated zone more accurately (DIRS 184614-SNL 2007, all).

e DOE has investigated the effects of heat on the seepage of water into emplacement drifts in a drift-
scale thermal test and laboratory experiments; these studies have provided additional data for models
that predict the effects of coupled processes (DIRS 179590-SNL 2007, all).

e Accelerated corrosion testing of Alloy 22 has enabled more complete estimates of corrosion rates;
DOE has used these data to improve the waste package degradation model (DIRS 178519-SNL 2007,
all).

5.3.4.2.3 Consideration of Alternative Conceptual Models

There were three possible approaches to the incorporation of discrete alternative models in the
performance analysis: (1) weighting alternative models into one comprehensive Monte Carlo simulation
(“lumping”), (2) performing multiple Monte Carlo simulations for each discrete model, and (3) keeping
the discrete models separate and evaluating them individually at the subsystem level to assess
uncertainties and conservatisms and, through the use of expert judgment, implementing the reasonable
and sometimes conservative models in the Monte Carlo simulation. The analysis used the third
alternative to develop the main results in Section 5.5.

5.3.4.2.4 Uncertainty and Postclosure Analysis

The TSPA-LA analysis accounted for aleatory and epistemic uncertainties. Both aleatory and epistemic
uncertainties were quantified with probability distributions that were propagated through the probabilistic
Monte Carlo analysis. Using this technique, uncertainties in TSPA-LA projections were quantified via
multiple sampling of aleatory and epistemic probability distributions and corresponding model
simulations or realizations. The benefits of this probabilistic approach included: (1) obtaining a
representative range of possible outcomes to quantify uncertainty of TSPA-LA projections, and

(2) analyzing the relationship between the uncertain inputs and uncertain outputs to provide
understanding of the effects of uncertainties on TSPA-LA projections.

5.3.4.2.5 Uncertainty and Sensitivity

In addition to accounting for the uncertainty, there is a need to understand characteristics of the
engineered and natural systems (such as the unsaturated and saturated zones of the groundwater system)
that would have the most influence on repository performance. This information helps define uncertainty
in the context of what would influence results the most. This concept is called sensitivity analysis, which
uses a number of methods to explain the results and quantify sensitivities. The overall postclosure
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performance of the repository would be a function of sensitivity (if a parameter was varied, how much
would the performance measures change) and uncertainty (how much variation of a parameter would be
reasonable). For example, the postclosure performance results could be sensitive to a certain parameter,
but the value for the parameter is exactly known. The uncertainty analysis techniques described below
would not identify that parameter as important. However, many parameters in the analyses have
associated uncertainties and become highly important to performance. On the other hand, the level of
their ranking can depend on the range of uncertainty.

WHY IS THE TSPA-LA MODEL PROBABILISTIC?

The TSPA-LA model uses statistical sampling of many parameters and generates 300 realizations
(that is, “future states of the repository system”), each with a unique sampling of parameter values.
Such a model is known as a probabilistic model. (Other text boxes describe how this is applied to
obtain results.)

Many parameters are not known exactly but rather are represented as a distribution of values, with a
probability assigned to each value (one well-known type of distribution is the “bell-shaped curve” or
“‘normal” distribution). A probabilistic model is an appropriate way to produce results that reflect
these parameter uncertainties.

In developing the TSPA-LA model used for the analysis in this Repository SEIS, DOE took into
consideration the regulatory requirements in the proposed U.S. Environmental Protection Agency and
U.S. Nuclear Regulatory Commission standards to provide a perspective on potential radiological
impacts during the postclosure period.

At the system level, certain design features of the repository, such as the layout, are not treated as
variable. These are modeled without an associated uncertainty. The sensitivities to performance for
certain parameters of this type, such as waste package thickness, have been examined in subsystem
models and factored into the selection of the parameter. The determination of the parameters or
components that are most important depends on the particular performance measure. The 1993 and 1995
TSPAs (DIRS 100111-CRWMS M&O 1994, all; DIRS 100191-Wilson et al. 1994, all; DIRS 1001981
CRWMS M&O 1995, all) demonstrated this point. These analyses showed, for example, that the
important parameters would be different for 10,000-year doses than for post-10,000-year period doses.

There are several techniques for the analysis of uncertainties, which include the use of scatter plots where
the results (for example, annual individual dose) are plotted against input parameters and visually
inspected for trends. In addition, performance measures can be plotted against various subsystem outputs
or surrogate performance measures (for example, waste package lifetime) to determine if that subsystem
or performance surrogate would be important to performance. There are several formal mathematical
techniques for evaluation of the sets of realizations from a Monte Carlo analysis to extract information
about the effects of parameters. Such an analysis determined the principal factors that would affect the
performance of the repository.

5.3.4.3 Uncertainty Analysis for the TSPA-LA

The Total System Performance Assessment Model/Analysis for the License Application (DIRS 1834781
SNL 2008, all) documented the methodology used to develop a comprehensive quantitative analysis of
the possible future behavior of a Yucca Mountain Repository. The methodology combined detailed
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conceptual and numerical models of each individual and coupled process in a single probabilistic model
for use in assessment of how a repository might perform over long periods.

DOE has always recognized that uncertainties will remain in any assessment of the performance of a
repository over thousands to hundreds of thousands of years. For this reason, one part of the DOE
approach to uncertainty relies on multiple lines of evidence that can contribute to the understanding of the
performance of the repository. Another part of the DOE approach is a commitment to continual testing,
monitoring, and analysis beyond the licensing of the repository.

DOE performed a sensitivity analysis to determine the parameters that contribute most to the uncertainties
in the postclosure performance results in Section 5.5. These parameters are the main contributors to
variations in calculated impacts. In any case, the range of values in the distribution for these parameters
exerts the strongest influence on the uncertainty of the results.

DOE used regression analysis as a tool to quantify the strength of input-output relationships in the TSPA[]
LA model. The analysis fitted an incremental linear rank regression model between individual dose at a
given time (or some other performance measure) and all randomly sampled input variables. It ranked
parameters on the basis of how much their exclusion would degrade the explanatory power of the
regression model. The importance-ranking measure that DOE used for this purpose was the partial rank
correlation coefficient. This uncertainty importance factor quantifies the proportion of the total spread
(variance) in total dose explained by the regression model that can be attributed to the variable of interest.

5.3.5 SENSITIVITY ANALYSIS RESULTS

For different time frames in the analysis, different epistemic parameters emerge as important to the
overall uncertainty in the results (DIRS 183478-SNL 2008, all). Table 5-3 lists the results of the
sensitivity analysis. The important parameters, which the table lists, are as follows:

e IGRATE. This parameter is the probability of an igneous event, which is the annual frequency, as a
cumulative distribution function, of an intersection of the repository by a volcanic dike. As discussed
in Appendix F, Section F.4.2.1.1, DOE assumed that an igneous intrusion event would destroy all
drip shields and waste packages and, therefore, they would offer no barrier to seepage and
radionuclide transport.

e SCCTHRP. This parameter is the residual stress threshold for the Alloy 22 waste package outer
barrier. If the residual stress in the waste package outer barrier exceeded this threshold value, stress
corrosion cracks could form, which could allow radionuclides to migrate from the waste package.

The primary causes of residual stresses in the waste package outer barrier would be low-frequency,
high-peak ground velocity seismic ground motions, which could cause impacts from waste package to
waste package, from waste package to emplacement pallet, and from waste package to drip shield.
These impacts could cause dynamic loads that dent the waste package, which could result in
structural deformation with residual stress.

o WDGCAZ22. This parameter relates to the temperature dependence for the general corrosion rate of
the Alloy 22 waste package outer barrier. It determines the magnitude of this temperature
dependence and directly influences the short-term and long-term general corrosion rates of the Alloy
22; the larger this value is, the higher the earlier general corrosion rates during the thermal period and
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Table 5-3. Top-ranking uncertainty importance parameters.

Time after closure (years) Two most important parameters
3,000 SCCTHRP IGRATE
5,000 SCCTHRP IGRATE
10,000 SCCTHRP IGRATE
125,000 IGRATE SCCTHRP
250,000 WDGCA22 IGRATE
500,000 IGRATE WDGCA22
1,000,000 IGRATE WDGCA22

Source: DIRS 183478-SNL 2008, Section 8.1.1.7[a]. ‘

the lower the long-term corrosion rates when the repository temperatures were near ambient in-situ
temperature.

The parameters in Table 5-3 that most affect the total uncertainty in the TSPA-LA model are factors that |
would govern degradation of the waste packages or the rate at which igneous intrusion would destroy all
waste packages.

5.4 Locations for Impact Estimates

Yucca Mountain is in southern Nevada in the Mojave Desert. It is in a semiarid region with linear
mountain ranges and intervening valleys, current average rainfall that ranges from about 100 to

250 millimeters (4 to 10 inches) a year, sparse vegetation, and a low population. This section describes
the regions where possible human health impacts could occur.

Figure 5-3 shows the general direction of groundwater movement from Yucca Mountain. Shading
indicates major areas of groundwater discharge through a combination of springs and evapotranspiration
by plants. The general path of water that infiltrates through Yucca Mountain is south toward Amargosa
Valley into and through the area around Death Valley Junction in the lower Amargosa Desert. Natural
discharge of groundwater from beneath Yucca Mountain probably occurs farther south at Franklin Lake
Playa (DIRS 100376-Czarnecki 1990, pp. 1 to 12), and spring discharge in Death Valley is a possibility
(DIRS 100131-D’Agnese et al. 1997, pp. 64 and 69). Although groundwater from the Yucca Mountain
vicinity flows under and to the west of Ash Meadows in the volcanic tuff or alluvial aquifers, the
carbonate aquifer feeds the surface discharge areas at Ash Meadows and Devils Hole (Figure 5-3). While
these two aquifers are connected at some locations, the carbonate aquifer has a hydraulic head that is
higher than that of the volcanic or alluvial aquifer. Because of this pressure difference, water from the
volcanic aquifer does not flow into the carbonate aquifer; rather, the reverse occurs. Therefore,
contamination from Yucca Mountain is not likely to mix with carbonate aquifer waters and discharge to
the surface at Ash Meadows or Devils Hole (DIRS 104983-CRWMS M&O 1999, all) under current
conditions.

Because there would be no contamination of this discharge water under current conditions, no human
health impacts would be expected. Further, no impacts to the endangered Ash Meadows Amargosa
pupfish (Cyprinodon nevadensis mionectes) or Devils Hole pupfish (Cyprinodon diabolis) at those
locations would be expected.
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Legend

<«—— General directions of groundwater flow in saturated
zone on a regional scale

[ Major areas of groundwater discharge through a combination
of spring discharge and evapotranspiration by plants

0 10 20 Kilometers

0 5 10 Miles

Source: Modified from DIRS 100550-DOE 1998, Volume 3, p. 3-131.
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Figure 5-3. Saturated groundwater flow system.
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5.5 Postclosure Radiological Impacts

The following sections discuss the annual committed effective dose equivalent to the RMEI, a
hypothetical individual who would live south of Yucca Mountain. DOE assumed that this individual
would use contaminated groundwater and have lifestyle characteristics that EPA defined in 40 CFR
197.21. By definition, because of the highly conservative nature of the criteria to be applied to the RMEI,
the RMEI would receive the high end of the range of potential dose distribution for the exposed
population. The following criteria apply, by regulation, to the RMEI:

1. Lives in the accessible environment above the highest concentration of radionuclides in the plume of
contamination. The accessible environment is any point outside the controlled area, which is defined
as the surface area identified by passive institutional controls, that would encompass no more than
300 square kilometers (120 square miles) (40 CFR 197.2). It must not extend farther south than 36
degrees, 40 minutes, 13.661 seconds north latitude, in the predominant direction of groundwater flow,
and no more than 5 kilometers (3 miles) from the repository footprint in any other direction. The
southernmost point of the controlled area, which is approximately 18 kilometers (11 miles) south of
the repository, is the location of the RMEI in the TSPA-LA.

2. Has a diet and living style representative of the people who now reside in the town of Amargosa
Valley. DOE must use projections based on surveys of the people who live in the town of Amargosa
Valley to determine their diets and living styles and use the mean values of these factors in the
assessments for 40 CFR 197.20 and 40 CFR 197.25.

3. Drinks 2 liters (0.5 gallon) of water per day from wells at the location criterion 1 specifies.

The analysis converted the annual committed effective dose equivalent, referred to as the annual
individual dose, to the probability of contracting a fatal cancer (a latent cancer fatality) due to exposure to
radioactive materials in the water. DOE based the analysis on the radionuclide inventories that would be
transported to the RMEI location. The analysis included the entire carbon-14 inventory of the
commercial spent nuclear fuel as a solid in the groundwater release models. This approach is
conservative (tends to overstate the risk) because 2 percent of the carbon-14 is in the fuel as a gas
(Section 5.6). Therefore, the groundwater models slightly overestimate (by approximately 2 percent) the
potential impacts from carbon-14.

DOE performed probabilistic model simulations using the TSPA-LA model for the RMEI location

[18 kilometers (11 miles) from Yucca Mountain]. Each of the probabilistic simulations used 300 separate
sampled values for epistemic uncertain parameters and generated 300 realizations of annual individual
dose as a function of time for up to 1 million years after repository closure. These annual individual dose
histories were used to determine the mean, median, and 95th-percentile annual dose projections for the
RMEIL

DOE estimated doses and groundwater impacts in this section for the RMEI location using the
representative volume of 3.7 million cubic meters (3,000 acre-feet) of groundwater (10 CFR 63.332) to
calculate the concentration of radionuclides. The TSPA-LA model collected all the radionuclides
released to the groundwater in the representative volume.
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Development of the TSPA-LA model started with completion of the features, events, and processes
screening analysis and forming of the scenario classes for inclusion in the performance assessment
(Appendix F, Section F.2). This produced the Nominal Scenario Class, Early Failure Scenario Class, and
two disruptive event scenario classes that describe possible igneous and seismic events. Appendix F,
Section F.2 describes these scenario classes and the modeling cases that represent them in the TSPA-LA
in greater detail.

The Nominal Scenario Class includes a single modeling case that considers the expected corrosion
degradation processes of the drip shields and waste packages. The Early Failure Scenario Class considers
the possible early failure of drip shields and waste packages due to manufacturing, material defects, or
preemplacement operations that include improper heat treatment. This class includes two modeling cases,
one for drip shield early failure and one for waste package early failure. DOE used modeling cases to
represent different modes of degradation of the Engineered Barrier System features for separate analysis
and then combined them to evaluate the total dose to the RMEI and groundwater impacts.

DOE used the Seismic Scenario Class to analyze possible seismic disruption of the repository and its
effect on repository performance (Appendix F, Section F.2.11). This class includes (1) a modeling case
that addresses features, events, and processes for the effects of ground motion damage to Engineered
Barrier System features, and (2) a modeling case that addresses features, events, and processes for the
effects of fault displacement damage to Engineered Barrier System features.

CALCULATION OF MEAN, MEDIAN, The Igneous Scenario Class includes features, events,

AND 95TH-PERCENTILE RESULTS and processes that describe the pOSSlblllty that low-
probability igneous activity could affect repository

performance (Appendix F, Section F.2.10). This class
e osan andl madian! realite. which are includes the Igneous Intrusion Modeling Case, which
e G e tendencies, or average addresses the features, events, and processes for the
values, and the 95th percentiles, which possibility that magma (molten rock), in the form of a
represent the high extreme values. dike (ridge of material), could intrude into the
repository and disrupt expected repository
performance. The Igneous Scenario Class also includes a Volcanic Eruption Modeling Case that includes
features, events, and processes that describe an eruptive conduit that would rise through the repository,

Because of the probabilistic nature of the
TSPA-LA results, it is informative to examine

damage a number of waste packages, and erupt at the surface. This low-probability volcanic eruption
could disperse volcanic tephra and entrained radionuclides into the atmosphere and deposit it on land
surfaces where soil and near-surface geomorphic processes would redistribute it. In this Repository SEIS,
the total annual dose to the RMEI includes the contribution of dose from the igneous eruption event
(Appendix F, Section F.4.3).

All modeling cases are for groundwater release with the exception of the single atmospheric release case,
the Volcanic Eruption Modeling Case. The TSPA-LA model implemented the various modeling cases
separately to calculate annual doses and groundwater impacts at the RMEI location. It then combined the
performance quantities from each modeling case appropriately to calculate total groundwater impacts and
the total annual dose to the RMEI (Sections 5.5.1 and 5.5.2 for the first 10,000 years and post-10,000
years, respectively). The analysis evaluated the impacts of a Human Intrusion Scenario that involves
inadvertent drilling separately (Section 5.8).

5-26



Environmental Impacts of Postclosure Repository Performance

The following two sections summarize the results of annual dose and groundwater performance analysis.
Table 5-4 summarizes the estimated radiological impacts to the RMEI during the first 10,000 years after
repository closure and for the post-10,000-year period up to 1 million years.

Table 5-4. Estimated radiological impacts to the RMEI—combined scenario classes.

Mean Median 95th-percentile
Annual Annual Annual
individual individual individual
dose would Probability dose would Probability dose would Probability
not exceed of LCF not exceed of LCF not exceed of LCF
Period (millirem) per year (millirem) per year (millirem) per year
First 10,000 years 0.24 1.4 x 107 0.13 7.7 x 10 0.67 4.0 x 107
Post-10,000-year 2.0 12x10° 0.96 5.7 %107 9.1 5.4 x10°

LCF = Latent cancer fatality.

5.5.1 POSTCLOSURE RADIOLOGICAL IMPACTS FOR THE FIRST
10,000 YEARS AFTER CLOSURE

This section presents the combined radiological results from all scenario classes that DOE considered in
the assessment of repository performance. Appendix F, Section F.4.1 (for undisturbed repository
performance) and Section F.4.2 (for disruptive events) summarize the radiological impacts from different
scenario classes and modeling cases. Section F.4.3 summarizes the calculation of combined annual dose
results.

The performance analysis for the combined scenario
classes indicated that for the first 10,000 years after
closure there would be very limited combined releases | The figures illustrating results of the

from all scenario classes with small radiological performance analysis presented in Chapter 5
and Appendix F can be found in color on the

COLOR FIGURES

impacts for the total.of .all classes (Figure 5-4). The GDlon oknsids back color ot he Summry
values in Table 5-4 1nd10.ate that for the first of this Repository SEIS and the Office of
10,000 years after repository closure, the mean annual | cjyilian Radioactive Waste Management
individual dose to the RMEI could be approximately Web site: http://www.ocrwm.doe.gov. Some
0.2 millirem. This is about 1 percent of the EPA of the figures can also be found in color in the
standard, which allows up to a 15-millirem annual Summary.

committed effective dose equivalent during the first

10,000 years. The median and 95th-percentile values are well below the EPA standard as well. (The
remainder of this chapter refers to the “annual committed effective dose equivalent” as the “annual
individual dose.”)
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Figure 5-4. Total projected annual dose for the first 10,000 years after repository closure—combined
scenario classes.

COMPARISON OF RESULTS WITH THE YUCCA MOUNTAIN FEIS

In the radiological dose calculations for this Repository SEIS, the impacts are for the combination of
all scenario classes (nominal + seismic + early failure + igneous intrusion + volcanic eruption). The
comparable section of the Yucca Mountain FEIS reported the results for the nominal scenario class
and reported the additional scenario classes in separate subsections. Further, the nominal scenario
class in the Yucca Mountain FEIS included damage to commercial spent nuclear fuel cladding due to
seismic vibratory ground motion. Appendix F discusses the results for all scenario classes in this
Repository SEIS.

The radionuclides that would contribute the most to individual dose in the first 10,000 years would be
dissolved technetium-99, carbon-14, plutonium-239, and iodine-129 in groundwater (Figure 5-5). The
mean consequence at 18 kilometers (11 miles) has technetium-99 contributing more than 50 percent of
the total annual individual dose rate, carbon-14 contributing approximately 15 percent, and plutonium/[’
239 and iodine-129 each contributing approximately 10 percent. Plutonium-240, chlorine-36,
selenium-79, and neptunium-237 would provide additional, smaller contributions. The groundwater
modeling for this waterborne radiological impacts analysis conservatively assumed that all carbon-14
migrated in the groundwater.
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MULTI-REALIZATION PLOTS

The main result of the Monte Carlo simulation process is a set of realizations for the expected annual
dose histories of the reasonably maximally exposed individual, which are generally plotted in the form
of a multi-realization plot. The multi-realization plots developed for demonstrating compliance with the
Individual Protection Standard are in Figures 5-4 and 5-6.

Curves for the mean, median, and 5th- and 95th-percentile dose histories are superimposed on each
multi-realization plot. The total mean annual dose history, which is plotted as the red curve (second
curve from the top), was computed by taking the arithmetic average of the 300 expected annual dose
values for the individual time planes along the curves. Similarly, the median dose history, plotted as
the blue curve (third curve from the top), was constructed from points obtained by sorting the 300
expected values from the lowest to highest, and then averaging the two middle values. Curves for the
5th- and 95th-percentile dose histories are also plotted to illustrate the spread in the expected annual
dose histories; 90 percent (or 270 of the 300 epistemic realizations) of the protected dose histories fall
between these two percentile curves. For a detailed description of the calculation of the total annual
dose, see the Total System Performance Assessment Model/Analysis for the License Appilcation
(DIRS 183478-SNL 2008, Section 6.1.2.2).
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Figure 5-5. Contribution of individual radionuclides to total mean annual dose for the first 10,000 years
after repository closure—combined scenario classes.

In relation to the groundwater protection standards in 40 CFR 197.30, both the mean and 95th-percentile
estimated levels during the 10,000-year regulatory period are estimated to be substantially less than the
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regulatory limits (Table 5-5). As shown in the table, the 95th-percentile value for the combined radium
concentration is less than the mean value. This result was a consequence of a few realizations that
projected relatively high, but still small, radium concentrations that skewed the distribution of radium
concentrations and caused the mean value to be higher than the 95th-percentile value. The groundwater
protection standards in 40 CFR 197.30 require exclusion of unlikely natural processes and events in the
performance assessment evaluation for the groundwater protection standard. Unlikely events are those
that have less than 1 chance in 10 and at least 1 chance in 10,000 of occurring within 10,000 years of
disposal. Likely events are those that have a 10-percent chance of occurring within 10,000 years of
disposal. Therefore, the assessment of groundwater protection included the Nominal Scenario Class, the
Early Failure Scenario Class, and the likely portion of the Seismic Ground Motion Modeling Case, which
extends across the likely-unlikely boundary. That is, ground motions potentially occur with recurrence
frequencies that are both above and below 1 chance in 10 within 10,000 years of disposal.

Table 5-5. Comparison of postclosure impacts at the RMEI location with groundwater protection
standards during the first 10,000 years after repository closure—combined Nominal, Early Failure, and
Seismic (seismic ground motion events with exceedance frequencies greater than 1 x 107 per year)
scenario classes.

95th-percentile

Mean would would not Mean
Radionuclide or type of radiation emitted EPA limit not exceed exceed background
Combined radium-226 and radium-228 5 1.3x107 9.9 x 10" 0.5
(picocuries per liter)
Gross alpha activity (including radium(] 15 6.7 x 107 32 %107 0.5
226 but excluding radon and uranium)
(picocuries per liter)
Combined beta- and photon-emitting 4 0.3 0.8 Background
radionuclides (millirem per year) to the not included in
whole body or any organ, based on limit

drinking 2 liters (0.5 gallon) of water
per day from the representative volume
Source: DIRS 183478-SNL 2008, all.
EPA = U.S. Environmental Protection Agency.

5.5.2 POSTCLOSURE RADIOLOGICAL IMPACTS FOR THE
POST-10,000-YEAR PERIOD AFTER CLOSURE

Table 5-4 lists estimated individual doses to the RMEI for the post-10,000-year period in mean, median,
and 95th-percentile values. Figure 5-6 shows the mean, median, 5th- and 95th-percentile annual
individual doses at the RMEI location up to 1 million years after repository closure. The values in
Table 5-4 indicate that, for the post-10,000-year period, the mean and median annual individual doses
could be approximately 2.0 millirem and 0.96 millirem, respectively. The estimated median value is
about 0.3 percent of the proposed EPA standard, which allows up to a 350-millirem annual committed
effective dose equivalent for the post-10,000-year period. In addition, the mean and 95th-percentile
values are well below the EPA standard.

The radionuclides that DOE estimated to contribute the most to the mean annual individual dose would be
plutonium-242, iodine-129, neptunium-237, radium-226, and technetium-99 (Figure 5-7). The estimated
mean annual individual dose at the RMEI location would consist of approximately 30 percent from
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Figure 5-6. Total projected annual dose for the post-10,000-year period—combined scenario classes.

plutonium-242, about 20 percent from each of iodine-129 and neptunium-237, about 15 percent from
radium-226, and about 8 percent from technetium-99.

5.6 Atmospheric Radiological Impacts from Other than
Volcanic Eruption

The Yucca Mountain FEIS contained an analysis of the radiological impacts of atmospheric release from
other than volcanic eruption. There are no changes to the Proposed Action that would have a significant
effect on source terms or release rates. Because the results showed extremely small effects, there would
be no significant change to the information the FEIS presented if DOE performed a new analysis. This
section summarizes the analysis and results from the FEIS. DOE did not update the results to the new
latent cancer fatality conversion factor or the increase in population; these adjustments would have
resulted in about a 50-percent increase but would not significantly change the low order of magnitude
quantities. DOE has incorporated the more detailed discussion on atmospheric radiological impacts by
reference to Appendix I, Section 1.7 of the Yucca Mountain FEIS (DIRS 155970-DOE 2002, pp. I-62 to
1-67).

After DOE closed the repository, there would be limited potential for releases to the atmosphere because
the waste would be isolated far below the ground surface. Still, the rock is porous and does allow gas to
flow. Therefore, in the Yucca Mountain FEIS, DOE analyzed possible airborne releases. In the FEIS, a
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Figure 5-7. Contribution of individual radionuclides to total mean annual dose for the post-10,000-year
period—combined scenario classes.

screening analysis showed that a full analysis was necessary only for carbon-14. Iodine-129 can exist in a
gas phase, but it is highly soluble and, therefore, would be more likely to dissolve in infiltrating water
rather than migrate as a gas. The screening analysis in Appendix I, Section 1.3.3 of the FEIS eliminated
other gas-phase isotopes (DIRS 155970-DOE 2002, p. 1-29), usually because they have short half-lives
and are not decay products of long-lived isotopes. Because the radioactive decay constant for radon-222
is 0.18145 per day, radioactive decay would reduce the amount of radon-222 in the air by approximately
90 orders of magnitude to negligible levels in the time it took the air to travel from the repository horizon
through 200 meters (700 feet) of overlying rock. Therefore, DOE anticipates no human effects from the
atmospheric release of radon-222 in the waste package.

DOE used the GENII program (DIRS 100953-Napier et al. 1988, all) to model human health impacts in

the Yucca Mountain FEIS for the population in the 80-kilometer (50-mile) region around the repository.
About 2 percent of the carbon-14 in commercial spent nuclear fuel is in a gas phase in the space (or gap)
between the fuel and the cladding around the fuel (DIRS 103446-Oversby 1987, p. 92). This means that
there would be 0.122 curie of carbon-14 per waste package of commercial spent nuclear fuel at the time

of emplacement.

The Yucca Mountain FEIS reported a maximum 80-kilometer (50-mile) annual population dose on the
order of 1 x 10°® person-rem. This dose corresponds to about 1 x 107 latent cancer fatality in the
regional population during each year at the maximum carbon-14 release rate. This annual population
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radiological dose corresponds to a 70-year lifetime radiological population dose on the order of
1 x 10 person-rem, which corresponds to about 1 x 107" latent cancer fatality during the 70-year period
of the maximum release.

The location for airborne releases would depend on wind speed and direction, and the analysis considered
it only for those locations where people currently reside (it is not a predetermined location). The analysis
showed that the maximum dose to individuals would occur at 24 kilometers (15 miles) south of the
repository. For a maximum release rate, the individual maximum radiological dose rate is estimated to be
on the order of 1 x 10" rem per year, which corresponds to about a 1 x 10™"7 probability of a latent cancer
fatality. The 70-year lifetime dose is estimated to be on the order of 1 x 10! rem, which represents about
a 1 x 10" probability of a latent cancer fatality.

5.7 Impacts from Chemically Toxic Materials

DOE performed an analysis that conservatively assumed a constant rate of release of chemically toxic
materials (Appendix F, Section F.5.2.4). The analysis conveyed this release rate directly to the well at the
RMETI location and calculated concentrations that ignored any attenuating effects from transport through
the groundwater. Table 5-6 summarizes impacts estimated from this analysis. Note that this table does
not contain values for chromium because it was screened out (Sections 5.1.2 and 5.2.2). The table lists
the bounding well concentrations and compares the resulting intake with the oral reference dose. The oral
reference dose is described in the EPA Integrated Risk Information System (DIRS 148228-EPA 199, all).
It expresses dose as an intake based on }Water consumption of 2 liters (0.5 gallon) per day by a 70[]
kilogram (154-pound) person. The oral reference dose represents a daily exposure that is likely to be
without an appreciable risk of deleterious effects during a lifetime. All estimated impacts are below the
oral reference dose.

Table 5-6. Estimated impacts and applicable standards for waterborne chemically toxic materials release
during 10,000 years after repository closure.

Estimated Intake® Intake standard
concentration (milligram per kilogram of Oral Reference Dose (milligram per
Material (milligram per liter) body mass per day) kilogram of body mass per day)
Molybdenum 0.042 0.0012 0.005°
Nickel 0.19 0.0054 0.02¢
Vanadium 0.00019 0.0000054 0.007¢

Source: Appendix F, Section F.5.2.5.

a.  Assumes daily intake of 2 liters (0.5 gallon) per day by a 70-kilogram (154-pound) individual.
b. DIRS 148228-EPA 1999, all.

c. DIRS 148229-EPA 1999, all.

d. DIRS 103705-EPA 1997, all

5.8 Impacts from Human Intrusion

This section presents the estimated radiological impacts of a hypothetical Human Intrusion Scenario of
inadvertent drilling into the repository. EPA’s proposed standard specifies the presentation of the
performance assessment for the Human Intrusion Scenario separately; the proposed standard does not
include this scenario as part of the TSPA requirements (Section 5.5) for the individual protection
standard. The proposed EPA standard for human intrusion, however, parallels the individual protection
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standard in that the doses must not exceed the annual dose limits of 15 millirem for the first 10,000 years
and 350 millirem for the post-10,000-year period.

5.8.1 HUMAN INTRUSION SCENARIO

DOE used the TSPA-LA model to analyze the radiological impacts of a Human Intrusion Scenario. The
scenario assumed an inadvertent drilling into the repository that penetrated a drip shield and waste
package and created a direct pathway to the groundwater. The NRC defines the Human Intrusion
Scenario, which includes the following drilling event characteristics (10 CFR 63.322):

e There would be a single human intrusion as a result of exploratory drilling for groundwater [10 CFR
63.322(a)].

o The intruders would drill a borehole directly through a degraded waste package and into the
uppermost aquifer that underlies the repository [10 CFR 63.322(b)].

e The drillers would use the common techniques and practices for exploratory drilling for groundwater
in the Yucca Mountain region [10 CFR 63.322(¢)].

e Careful sealing of the borehole would not occur; natural degradation processes would gradually
modify the borehole [10 CFR 63.322(d)].

e No particulate waste material would fall into the borehole [10 CFR 63.322(¢)].

o The exposure scenario includes only radionuclides that water would transport to the saturated zone
(for example, water would enter the waste package, release radionuclides, and transport them by way
of the borehole to the saturated zone) [10 CFR 63.322(f)].

e No releases would be due to unlikely natural processes and events [10 CFR 63.322(g)]. The
regulation defines unlikely natural processes and events as those with a probability of less than
1 chance in 10 and at least 1 chance in 10,000 of occurring in a 10,000-year period (10 CFR 63.342).

e The conceptualization of the drilling event includes vertical transport through the unsaturated zone,
horizontal transport along the saturated zone, and then withdrawal at the RMEI location. [10 CFR
63.312(a) through (e) define the RMEI exposure characteristics. ]

The EPA standard specifies that the DOE must: (1) determine the earliest time after disposal that a waste
package would degrade sufficiently that a drilling intrusion could occur, (2) demonstrate a reasonable
expectation that the RMEI would not receive an annual dose of 15 millirem within the first 10,000-year
period after closure or 350 millirem within the post-10,000-year period, and (3) perform a consequence
analysis that includes all potential environmental pathways of radionuclide transport and exposure

(40 CFR 197.25).

To address the first requirement of the human intrusion standard [40 CFR 197.25(a)], DOE performed a
detailed technical analysis of the drilling intrusion scenario (DIRS 177432-SNL 2007, Section 6.7). The
analysis indicated that an inadvertent penetration of a waste package without recognition by the driller
was difficult to envision because of the design of the engineered barriers (drip shields and waste
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packages). The materials that would be used to fabricate the drip shields and waste packages would have
very high strength and resistance to a variety of degradation mechanisms. It is more plausible that the
engineered barriers would deflect or divert a borehole that penetrated the repository. Moreover, based on
considerations such as drill penetration rates (in rock versus the engineered barriers) and loss of drilling
fluids, it is also more plausible that the drillers would recognize the intrusion.

The findings of the detailed analysis notwithstanding, DOE adopted a simple conservative calculational
method to estimate the earliest time for drilling intrusion. The Department based the method on the fact
that the waste package would be susceptible to drilling once the drip shield failed, which is defined as loss
of structural integrity by plate thinning (degradation by corrosion processes) or rupture or puncture
(seismic-induced damage). Therefore, if there was a drip shield failure, DOE conservatively assumed that
there would be a simultaneous waste package failure and loss of structural integrity such that the driller
would not recognize the intrusion.

The features, events, and processes screening analysis concluded that seismic ground motion events
would be insufficient to significantly alter the mechanical properties of the drip shield, so that inadvertent
intrusion would be noticed by a driller within the first 10,000 years after closure. Therefore, the estimate
of time the earliest drip shield failure could occur was based on the time nominal general corrosion would
cause the drip shield to fail. The earliest time at which a drip shield could fail was estimated using a very
high predicted titanium corrosion rate (0.999 quantile rate for the topside and underside of 75.44
nanometers per year). Using this conservative rate, the first failures of the drip shields due to general
corrosion would not occur until approximately 200,000 years after repository closure under nominal
conditions (using a drip shield thickness of 15 millimeters (0.6 inch) (DIRS 183478-SNL 2008, Section
8.1.3.1). Based on this analysis, the earliest time after repository closure that a waste package would
degrade sufficiently such that a drilling intrusion could occur would be 200,000 years.

5.8.2 HUMAN INTRUSION IMPACTS

To address the second requirement of the human intrusion standard [40 CFR 197.25(b)], DOE conducted
a TSPA-LA calculation for the drilling intrusion scenario. The Department used a probabilistic approach
analogous to that used to evaluate conformance with the individual protection and groundwater protection
standards to evaluate the dose risk for the human intrusion standard. It performed dose calculations for all
environmental pathways, as 40 CFR 197.25(c) specifies.

Figure 5-8 shows the mean, median, and 5th- and 95th-percentile values for the annual individual doses
for the post-10,000-year period that could result from a human intrusion 200,000 years after repository
closure for the set of 300 epistemic realizations. The values in Figure 5-8 represent the dose from a single
waste package; they are not combinations of releases from other waste packages that would fail due to
other processes. The mean and median annual individual doses from human intrusion are estimated to be
approximately 0.01 millirem and occur approximately 2,000 years after intrusion (DIRS 183478-SNL
2008, Section 8.1.3.2[a]). These results indicate that the repository would be sufficiently robust and
resilient to limit releases from human intrusion to values well below the individual protection standard for
human intrusion of 350 millirem of annual individual dose for intrusions in the post-10,000-year period
(10 CFR 63.321).
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Figure 5-8. Estimated annual individual dose at the RMEI location from human intrusion 200,000 years
after repository closure.

5.9 Nuclear Criticality

The Yucca Mountain FEIS contained a detailed discussion of nuclear criticality. Since the completion of
the FEIS, there have been no significant changes in the waste package design or contents that would
change the nuclear criticality analysis. Further, there has been no new information about the chemistry in
the package or host rock environment that suggest changes to the criticality analysis should be made.
Therefore, this section summarizes studies of the probability of isolated nuclear criticality events in waste
packages and in surrounding rock. It incorporates by reference the more detailed discussion of criticality
in Section 5.8 of the Yucca Mountain FEIS (DIRS 155970-DOE 2002, pp. 5-38 to 5-41).

One of the necessary conditions for nuclear criticality is the presence of a moderator such as water.
Water could enter the waste package only if the package failed. The combination of natural and
engineered barriers would greatly limit the ability of water to enter a specific package; therefore, any
configuration of a waste package filled with water is very conservative.

DOE analyzed the probability of internal criticality in commercial spent nuclear fuel packages. The
analysis considered factors such as package failure with water entry, loss of neutron absorbers, and
degradation of internal components that would lead to a loss of internal configuration. The calculated
probability of a criticality in the total inventory of the waste packages that contained commercial spent
nuclear fuel is estimated to be below the regulatory screening criteria for consideration (that is, less than
1 chance in 10,000 of occurring over 10,000 years) [10 CFR 63 Part 114(d)]. In other words, criticality
would not be required to be included in the TSPA model for estimating repository performance.
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DOE evaluated the criticality potential of waste packages that would contain high-level radioactive waste
glass (which could include immobilized plutonium waste) and certain types of codisposed DOE spent
nuclear fuel. The probability of criticality for these fuel types is estimated to be below the regulatory
screening criteria for consideration (that is, less than 1 chance in 10,000 of occurring over 10,000 years)
[10 CFR 63 Part 114(d)]. In comparison to a waste package for commercial spent nuclear fuel, a DOE
spent fuel package would have lower fissile loading and greater flexibility in the use of a neutron
absorber.

DOE also evaluated the probability of external criticality. This event, while highly unlikely, could occur
if there was a release of enough fissile material from the waste package. The probability of an external
criticality in the repository or the rock beneath it after repository closure is estimated to be much less than
the regulatory criteria for excluding it from consideration.

DOE analyzed the potential effects of a steady-state criticality on the radionuclide inventory. If a steady-
state criticality occurred, it would be unlikely to have a power level greater than 5 kilowatts. As the
power level increased, the temperature would rise, which would evaporate any water. Water would be a
moderator for neutrons so, as the water evaporated, the power would tend to decrease. In other words, the
power would be self-limiting. For a typical commercial spent nuclear fuel waste package, a steady-state
criticality would result in an increase of the inventory of certain radionuclides in that waste package. For
the conservative duration of 10,000 years, this increase is estimated at less than 30 percent for the
radionuclides in that package. DOE evaluated the incremental effect of steady-state criticality events in a
single package on the total inventory for the repository, and estimated that the change to the total
inventory of the repository would be extremely small.

In the extremely unlikely event that a transient criticality occurred, a rapid initiating event could produce
a peak power level of up to 10 megawatts for less than 60 seconds. After this brief period, rapid boiling
of the water moderator would shut down the criticality. The short duration would limit the increase in
radionuclide inventory to a factor of 100,000 smaller than that of the 10,000-year steady-state criticality.
Other impacts of a transient criticality would be a peak temperature of 233°C (451°F) and a peak
overpressure of 20 atmospheres. Both conditions would last 10 seconds or less and would be unlikely to
cause enough damage to the waste package or change its environment enough to have a significant impact
on repository performance.

In the case of autocatalytic criticality, there would have to be such a high concentration of fissile material
that there would be an excess of critical mass and high rates of fission could occur before any of the
shutdown mechanisms occurred. The result could be a “runaway” chain reaction, which could result in a
steam explosion or, in the case of a nuclear bomb, a nuclear explosion. Such a configuration is extremely
difficult to achieve and requires very deliberate engineering. An autocatalytic criticality is not credible
for the proposed repository. Because the igneous rock at Yucca Mountain is unlikely to contain deposits
that could efficiently accumulate fissile material, the probability of creating such a critical mass would be
so low as to be not credible.

In addition, DOE studied the potential impacts of disruptive natural events, such as seismic activity or
igneous intrusion, on the risk of criticality in the repository and concluded that no sufficiently probable
mechanisms for the accumulation of a critical mass would occur. In summary, criticality was therefore
excluded from the TSPA-LA analysis.
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5.10 Impacts to Biological Resources and Soils

DOE considered whether the proposed repository would affect biological resources in the Yucca
Mountain vicinity after closure through heating of the ground surface and radiation exposure as the result
of radionuclide migration through groundwater to discharge points.

Table 5-7 lists the results of soil temperature analysis for a heat loading of 85 metric tons of heavy metal
(MTHM) per acre, as analyzed in the Yucca Mountain FEIS. The Proposed Action for this Repository
SEIS calls for a heat loading of 57 with a design that accommodates up to 79 MTHM per acre, so the soil
temperature changes would be considerably less than those the FEIS analyzed. Therefore, DOE
performed no additional analyses for biological resources and soils for the repository design and
operational plan modifications made after the completion of the FEIS because DOE would expect the
potential impacts to biological resources and soils to be no greater than those the FEIS discussed. This
section summarizes and incorporates by reference Section 5.9 of the FEIS, which discussed in detail the
postclosure impacts to biological resources and soils (DIRS 155970-DOE 2002, pp. 5-41 to 5-43).

Surface soil temperatures would start to increase about 200 years after repository closure and would peak
more than 1,000 years after closure. The temperature would then gradually decline and would
approximate prerepository conditions after 10,000 years (DIRS 103618-CRWMS M&O 1999,

Figure 4-13). The maximum increase in temperature would occur directly in soils above the repository
and would affect approximately 5 square kilometers (1,250 acres). The effects of repository heat on

Table 5-7. Estimated temperature changes of near-surface soils under an 85-MTHM-per-acre thermal
load scenario.

Estimated temperature increase

Soil depth [meters (feet)] Dry soil [°C (°F)] Wet soil [°C (°F)]
0.5 (1.6) 1.52.7) 0.2 (0.36)
1.0 (3.3) 3.0(5.4) 0.4 (0.72)
2.0 (6.6) 6.0 (10.8) 0.8 (1.4)

Source: DIRS 103618-CRWMS M&O 1999, p. 45.
°C = degrees Celsius.
°F = degrees Fahrenheit.

surface soil temperatures would gradually decline with distance from the repository (DIRS 1036181
CRWMS M&O 1999, p. 49). The estimated increase in temperature would extend as far as 500 meters
(1,600 feet) beyond the edge of the repository. A shift in the plant species composition, if any, would be
limited to the area within 500 meters of the repository footprint [that is, as much as 8 square kilometers
(2,000 acres)]. A shift in the plant community probably would lead to localized changes in the animal
communities that depended on it for food and shelter.

Impacts to biological resources probably would consist of an increase of heat-tolerant species over the
repository and a decrease of less tolerant species. In general, areas that could be affected by repository
heating could experience a loss of shrub species and an increase in annual species.

Some reptiles, including the desert tortoise (Gopherus agassizii), exhibit temperature-dependent sex
determination (DIRS 103463-Spotila et al. 1994, pp. 103 to 116). Temperature increases of clutches at
that depth based on modeling results (DIRS 103618-CRWMS M&O 1999, pp. 44 to 48) would be less
than 0.5°C (0.9°F). Given the ranges of critical temperatures that were reported in Effects of Incubation
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Conditions on Sex Determination, Hatching Success, and Growth of Hatchling Desert Tortoises,
Gopherus Agassizii (DIRS 103463-Spotila et al. 1994), an increase of this magnitude would be unlikely
to cause adverse effects such as sex determination.

Dose rates to plants and animals are estimated at much less than 100 millirad per day. The International
Atomic Energy Agency concluded that chronic dose rates less than 100 millirad per day are unlikely to
cause measurable detrimental effects in populations of the more radiosensitive species in terrestrial
ecosystems (DIRS 103277-IAEA 1992, p. 53).

The desert tortoise is the only threatened or endangered species in the analyzed land withdrawal area
(DIRS 104593-CRWMS M&O 1999, p. 3-14). Desert tortoises are rare or absent on or around playas
(DIRS 101914-Rautenstrauch and O’Farrell 1998, pp. 407 to 411; DIRS 103160-Bury and Germano
1994, pp. 64 and 65); therefore, DOE anticipates no impacts to this species from contaminated water
resources at Franklin Lake Playa in the future.

Impacts to surface soils would be possible. Changes in the plant community as a result of the presence of
the repository could lead to an increase in the amount of rainfall runoff and, therefore, an increase in the
erosion of surface soils, which would increase the sediment load in ephemeral surface water in the
immediate Yucca Mountain vicinity. The exact secondary impact of this sediment load is undetermined.

5.11 Summary

Impacts from radioactive materials in the waterborne pathway under the Proposed Action would dominate
potential postclosure impacts to human health from a repository at Yucca Mountain. Tables 5-4 and 5-5
list estimated impacts from groundwater releases of radionuclides after repository closure. Table 5-4
summarizes the mean, median, and 95th-percentile annual individual doses to the RMEI. The estimated
mean annual individual dose of 0.24 millirem at the RMEI location in Table 5-4 is about 2 percent of the
limit of the 15-millirem standard in 40 CFR Part 197 for the first 10,000 years after closure. The
estimated median annual individual dose of 0.96 millirem for the post-10,000-year period is less than

1 percent of the proposed limit of 350 millirem. Table 5-5 compares concentrations with groundwater
protection standards and shows that the concentrations are well below the standard values.

EPA has proposed annual dose limits of 350 millirem to an individual for human intrusion (40 CFR

Part 197) if it were to occur after 10,000 years following closure. The estimated mean annual dose from a
human intrusion 200,000 years after repository closure is less than 0.01 millirem, or about 0.003 percent
of the EPA limit.

As Table 5-6 demonstrates, significant human impacts from chemically toxic materials would be unlikely.

Atmospheric releases of carbon-14 would yield an estimated 80-kilometer (50-mile) population impact on
the order of 1 x 10" latent cancer fatality (Section 5.6) during the 70-year period of maximum release.

As discussed in Section 5.10, DOE does not anticipate adverse impacts to biological resources from
repository heating effects or the migration of radioactive materials.
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6. ENVIRONMENTAL IMPACTS OF TRANSPORTATION

The U.S. Department of Energy (DOE or the Department) completed the Final Environmental Impact
Statement for a Geologic Repository for the Disposal of Spent Nuclear Fuel and High-Level Radioactive
Waste at Yucca Mountain, Nye County, Nevada (DIRS 155970-DOE 2002, all) (Yucca Mountain FEIS)
in February 2002. In the Yucca Mountain FEIS, DOE evaluated two national transportation scenarios,
referred to as the mostly legal-weight truck scenario and the mostly rail scenario, and three Nevada
transportation alternatives—shipment by legal-weight truck, by rail, and by heavy-haul truck. After DOE
completed the FEIS in 2002, it issued a Record of Decision that selected the mostly rail scenario for the
transportation of spent nuclear fuel and high-level radioactive waste to the proposed repository (69 FR
18557, April 8, 2004). Since completing the FEIS, DOE has continued to develop the repository design
and associated operational plans. The Department now plans to operate the repository with the use of a
primarily canistered approach that calls for the packaging of most commercial spent nuclear fuel at the
commercial sites in transportation, aging, and disposal (TAD) canisters and most DOE materials in
disposable canisters at the DOE sites.

DOE has prepared this Final Supplemental Environmental Impact Statement for a Geologic Repository
for the Disposal of Spent Nuclear Fuel and High-Level Radioactive Waste at Yucca Mountain, Nye
County, Nevada (DOE/EIS-0250F-S1) (Repository SEIS) to evaluate the potential environmental impacts
of the repository design and operational plans. This chapter describes the potential environmental
impacts of the transportation of spent nuclear fuel and high-level radioactive waste from 72 commercial
and 4 DOE sites to the Yucca Mountain site under the mostly rail scenario.

DOE has assessed potential transportation impacts of the Proposed Action, which include all activities
necessary to transport spent nuclear fuel and high-level radioactive waste, from loading at the commercial
and DOE sites to delivery at the proposed repository. Most, but possibly not all, rail shipments to the
repository would use dedicated trains (see Section 2.1) (DIRS 182833-Golan 2005, all). Two examples
of when DOE would use trucks include (1) shipments from generator sites that cannot handle rail casks
would use trucks to transport truck casks to the repository, and (2) shipments from generator sites that can
handle rail casks but that lack rail access would use heavy-haul trucks or barges to carry rail casks to
nearby railheads for shipment to the repository.

The decision to ship most spent nuclear fuel and high-level radioactive waste to the repository by rail
would require construction of a railroad in Nevada. In the Rail Alignment EIS, DOE considers
alignments for the construction and operation of a railroad in the Caliente and Mina rail corridors.
Therefore, in this Repository SEIS, national rail routes from the generator sites to the repository would
connect to the new DOE railroad at one of two locations in Nevada—Caliente or Hawthorne. Routes that
connected in the Caliente area would continue to the repository on a railroad that DOE would construct in
the Caliente rail corridor. Routes that connected in the Hawthorne area would continue to the repository
on a DOE-built railroad in the Mina rail corridor.

Section 6.1 summarizes changes reflected in the impacts presented in this Repository SEIS chapter from
the methods and data DOE used in the Yucca Mountain FEIS to evaluate transportation impacts. Section
6.2 summarizes the impacts from loading operations at the generator sites. Section 6.3 summarizes the
impacts of national transportation of spent nuclear fuel and high-level radioactive waste from the

72 commercial and 4 DOE sites to Yucca Mountain. Section 6.4 summarizes and incorporates by
reference Chapter 4 of the Rail Alignment EIS. Chapter 4 of the Rail Alignment EIS discusses the
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impacts of transportation in Nevada and discusses the impacts of the construction and operation of a
railroad in the Caliente or Mina rail corridor. Section 6.4 also discusses the impacts of the transportation
of materials and personnel for the construction and operation of the repository, which would include
workers, construction materials, waste packages, and drip shields.

Chapter 8 discusses the cumulative impacts related to the transportation activities described in this
chapter. The following appendices present further information and analyses on the transportation of spent
nuclear fuel and high-level radioactive waste:

e Appendix A presents sensitivity analyses related to transportation activities,
e Appendix G contains details on methods and data DOE used to evaluate transportation impacts, and

e Appendix H provides information that could help readers understand the subject of nuclear waste
transportation and lists regulations related to the transportation of spent nuclear fuel and high-level
radioactive waste.

6.1 Changes since Completion of the Yucca Mountain FEIS

Since it completed the Yucca Mountain FEIS, DOE has acquired new information and analytical tools to
estimate the potential impacts associated with transportation of spent nuclear fuel and high-level
radioactive waste. There have also been changes to some of the data DOE used to estimate radiation
doses and radiological impacts. The following sections describe the changes that most affect the
estimates of potential impacts.

6.1.1 LATENT CANCER FATALITY CONVERSION FACTORS

In the Yucca Mountain FEIS, DOE based the estimates of latent cancer fatalities on the received
radiation dose and on radiation dose-to-health effect conversion factors from International Commission
on Radiological Protection Publication 60 (DIRS 101836-ICRP 1991, all). The Commission estimated
that, for the general population, a collective radiation dose of 1 person-rem would yield 0.0005 excess
latent cancer fatality. For radiation workers, a collective radiation dose of 1 person-rem would yield an
estimated 0.0004 excess latent cancer fatality.

Since the completion of the Yucca Mountain FEIS, the Interagency Steering Committee on Radiation
Standards has updated its recommended radiation dose-to-health effect conversion factors (DIRS 1745590
Lawrence 2002, p. 2). The recommended conversion factor is 0.0006 excess latent cancer fatality per
person-rem for workers and the general population (DIRS 174559-Lawrence 2002, p. 2); DOE has used
this factor in this Repository SEIS to estimate the number of latent cancer fatalities.

For workers, an increase in the radiation dose-to-health effect conversion factor from 0.0004 to

0.0006 excess latent cancer fatality per person-rem increases the estimates of radiological impacts by

50 percent. For the general population, an increase in the conversion factor from 0.0005 to 0.0006 excess
latent cancer fatality per person-rem increases the estimates of radiological impacts by 20 percent.
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6.1.2 RADIATION DOSIMETRY

Releases of radioactive material into the environment can affect persons who come in contact with it.
Mechanisms for transport of radioactive material include air, water, soil, and food. The ways an
individual or population can come into contact with radioactive material are known as exposure
pathways. DOE evaluated five pathways in the Yucca Mountain FEIS:

e Inhalation of radioactive material,

e Ingestion of radioactive material,

e Inhalation of previously deposited radioactive material resuspended from the ground (resuspension),
e External exposure to radioactive material deposited on the ground (groundshine), and

e External exposure to radioactive material in the air (immersion or cloudshine).

Dose coefficients are the factors used to convert estimates of radionuclide intake (by inhalation or
ingestion) or exposure (by groundshine or immersion) to a radiation dose. In the Yucca Mountain FEIS,
DOE used the inhalation and ingestion dose coefficients from Federal Guidance Report No. 11 (DIRS
101069-Eckerman et al. 1988, all) and the groundshine and immersion dose coefficients from Federal
Guidance Report No. 12 (DIRS 107684-Eckerman and Ryman 1993, all). These dose coefficients are
based on recommendations in International Commission on Radiological Protection Publication 26 (DIRS
101075-ICRP 1977, all).

The International Commission on Radiological Protection has updated its recommended dose coefficients.
In this Repository SEIS, DOE uses the updated inhalation and ingestion dose coefficients from The ICRP
Database of Dose Coefficients: Workers and Members of the Public (DIRS 172935-ICRP 2001, all) and
the updated groundshine and immersion dose coefficients from Federal Guidance Report 13, CD
Supplement, Cancer Risk Coefficients for Environmental Exposure to Radionuclides (DIRS 175544-EPA
2002, all) to estimate the radiation doses from transportation accidents. These dose coefficients are based
on the recommendations in International Commission on Radiological Protection Publication 60 (DIRS
101836-ICRP 1991, all) and incorporate the dose coefficients from International Commission on
Radiological Protection Publication 72 (DIRS 152446-ICRP 1996, all).

6.1.3 ADDITIONAL ESCORTS

In the Yucca Mountain FEIS, DOE based the estimates of transportation impacts on one escort in rural
areas and two escorts in urban and suburban areas. In this Repository SEIS, the Department based
estimates of transportation impacts on additional escorts in all areas (urban, suburban, and rural). DOE
considers these escorts to be workers, and the presence of additional workers increases the estimates of
transportation impacts.

6.1.4 DEDICATED TRAINS

This Repository SEIS reflects DOE’s policy to use dedicated trains for most shipments (DIRS 1828337
Golan 2005, all). For commercial spent nuclear fuel, the Department based transportation impacts on
three casks per train. For DOE spent nuclear fuel and high-level radioactive waste, it based transportation
impacts on five casks per train. In both cases, the trains would include two buffer cars, two locomotives,
and one escort car. In the Yucca Mountain FEIS, DOE based impacts on the use of general freight trains
with one escort car and one cask car in each shipment; the buffer cars would be the other cars in a general
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freight train. In general, the use of dedicated trains would reduce the impacts to members of the public
because there would be fewer delays in rail yards. The only significant source of radiation exposure for
escorts would be from the last cask in the train. Therefore, impacts to escorts would generally be smaller
because there would be more casks in a single train rather than one cask per train. Nonradiological
impacts would be greater because estimates of impacts would account for all railcars in the train
(locomotives, buffer cars, cask cars, and escort cars), not just the cask cars and the escort cars.

6.1.5 AVAILABILITY OF 2000 CENSUS POPULATION DENSITY DATA AND
UPDATED RAIL AND TRUCK TRANSPORTATION NETWORKS

In the Yucca Mountain FEIS, DOE used the HIGHWAY and INTERLINE computer programs to
determine representative transportation routes to the repository (DIRS 104780-Johnson et al. 1993, all;
DIRS 104781-Johnson et al. 1993, all) and based transportation impacts on census data it extrapolated to
2035. The TRAGIS computer program (DIRS 181276-Johnson and Michelhaugh 2003, all) has replaced
HIGHWAY and INTERLINE.

USE OF REPRESENTATIVE ROUTES IN IMPACT ANALYSIS

At this time, before receipt of a construction authorization for the repository and years before a
possible first shipment, DOE has not identified the actual routes it would use to ship spent nuclear fuel
and high-level radioactive waste to Yucca Mountain. However, the highway and rail routes that DOE
used for analysis in this Repository SEIS are representative of routes that it could use. The highway
routes conform to U.S. Department of Transportation regulations (49 CFR 397.101). These
regulations, which the Department of Transportation developed for Highway Route-Controlled
Quantities of Radioactive Materials, require such shipments to use preferred routes that would reduce
the time in transit. A preferred route is an Interstate System highway, bypass, beltway, or an
alternative route designated by a state routing agency. Alternative routes can be designated by states
and tribes under U.S. Department of Transportation regulations (49 CFR 397.103) that require
consideration of the overall risk to the public and prior consultation with local jurisdictions and other
states. Federal regulations do not restrict the routing of spent nuclear fuel and high-level radioactive
waste shipments by rail. However, for this analysis and to be consistent with rail industry practice,
DOE assumed routes for rail shipments by giving priority to the use of rail lines that have the most rail
traffic (which are the best maintained and have the highest quality track), giving priority to originating
railroads, minimizing the number of interchanges between railroads, and minimizing the travel
distance.

For this Repository SEIS, DOE used the TRAGIS computer program (DIRS 181276-Johnson and
Michelhaugh 2003, all) to determine representative transportation routes to the repository. The
Department used 2000 Census data to estimate population densities along the routes. The projected start
date for repository operations would be 2017. Because the analysis considered that the repository would
operate for 50 years, DOE extrapolated population densities along the routes from 2000 to 2067. The
Department used a two-step process to do this; it used (1) Bureau of the Census population estimates for
2000 through 2030 and (2) population estimates for 2026 through 2030 to extrapolate population densities
for 2031 to 2067. In Nevada, DOE used the Regional Economic Model, Inc. (REMI) computer model and
data from the Nevada State Demographer to extrapolate population densities.

For this Repository SEIS, DOE evaluated the impacts of severe transportation accidents and sabotage
events for an urban area. The Department based the population density in this urban area on the

6-4



Environmental Impacts of Transportation

population densities in the 20 most populous urban areas with the use of 2000 Census data. The 2000
Census data do not include Las Vegas, Nevada, among the 20 most populous urban areas. Therefore,
DOE included the Las Vegas resident and tourist populations in the urban population density. Because
the analysis considered that the repository would operate for 50 years, DOE extrapolated the population
density in this urban area to 2067.

6.1.6 OVERWEIGHT TRUCKS

In the Yucca Mountain FEIS, DOE estimated that the trucks that carried truck casks would have gross
vehicle weights less than 80,000 pounds (36,300 kilograms) and were therefore “legal weight” (23 CFR
658.17). DOE has determined that trucks that carried truck casks would be more likely to have gross
vehicle weights in the range of 36,300 to 52,200 kilograms (80,000 to 115,000 pounds). Events that
could cause the weight of the truck to exceed 36,300 kilograms include adding non-fuel-bearing
components to the payload, weight growth during design and fabrication of the tractor-trailer, tractor or
trailer modifications after testing, and regulatory requirements that increase the weight of tractors (DIRS
185236-Hill et al. 1993, p. 286). Figures 6-0a and 6-0b illustrate a legal-weight truck and an overweight
truck, respectively. As can be seen in Figure 6-0b, the length of the overweight truck would likely be in
the range of 17.4 to 18.3 meters (57 to 60 feet), while the length of the legal-weight truck would be about
17.1 meters (56 feet) (Figure 6-0a).

These overweight trucks are not the same as the heavy-haul trucks that DOE would use to transport rail
casks from commercial generator sites to nearby railheads. These heavy-haul trucks would have gross
vehicle weights of as much as 227,000 kilograms (500,000 pounds), and their impacts would differ from
the impacts of overweight or legal-weight trucks. Figure 6-Oc illustrates a heavy-haul truck transporting a
rail cask. As can be seen in Figure 6-Oc, the length of the heavy-haul truck would be about 67.1 meters
(220 feet).

Trucks with gross vehicle weights that exceeded 36,300 kilograms (80,000 pounds) would be overweight
and would be subject to the permitting requirements in each state through which they traveled. Permit
requirements typically address such matters as the time of day when overweight trucks can travel and
whether they can travel on holidays and weekends. Seasonal frost restrictions might apply in some areas.

DOE has previously studied a marginally overweight truck operating scenario (DIRS 185236-Hill et al.
1993, all). In this study, DOE defined a marginally overweight truck as a truck that exceeded the gross
vehicle weight limit of 36,300 kilograms (80,000 pounds) but weighed less than 43,500 kilograms
(96,000 pounds) that followed axle and axle group weight limits from the Surface Transportation
Assistance Act of 1982 (Public Law 97-424, 96 Stat. 2097) and conformed to dimensional restrictions to
operate on most major highways and the Federal Bridge Formula (which relates to the number of axles,
axle and axle group spacing, and the weight on axles and axle groups). This study found that overweight
truck shipments would be more complex because states independently set policy and regulations for such
shipments.

DOE’s marginally overweight truck study (DIRS 185236-Hill et al. 1993, p. 290) found that the design,
features, and overall performance of the vehicle would affect driver recruitment and retention. The
driver’s work environment (the vehicle) could affect employee satisfaction, safety, or equipment
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Figure 6-0a. Truck cask on a legal-weight tractor-trailer truck.
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Figure 6-0b. Marginally overweight vehicle concept .
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Figure 6-0c. Heavy-haul truck transporting a rail cask.
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reliability. Adding weight to the tractor would increase the feasibility of adding options to improve the
work environment (for example, more powerful engine, larger sleeper berth). The study (DIRS
185236-Hill et al. 1993, p. 290) also examined the worker radiation exposure from overweight truck
shipments and found that they would result in 13 percent less radiation exposure for workers than legal-
weight trucks. However, another study found 12 percent higher radiation doses because of increased
restrictions on travel that slightly increased the transport times and associated doses (DIRS 1017477
Schneider et al. 1987, pp. 5.5 and 5.6). Based on these two studies, it is likely that the radiation doses
from overweight truck shipments would be similar to the radiation doses for legal-weight trucks.

Cask behavior in a truck accident environment has been analyzed for legal-weight trucks, and because
DOE would use the same cask for both the overweight and legal-weight truck transport, there should be
no effect on the accident severity distribution (consequence of the crash) in relation to the cask size and
weight. After an accident, recovery of an overweight truck would be expected to use equipment similar,
if not identical, to that for recovery of a legal-weight truck.

6.1.7 SHIPMENT ESTIMATES

DOE has developed updated estimates of shipments that incorporate the use of TAD canisters at each
commercial reactor site. The Department based shipment estimates on 90 percent [by metric tons of
heavy metal (MTHM)] of the commercial spent nuclear fuel being shipped in rail casks that contained
TAD canisters. Shipment of the remaining 10 percent of the commercial spent nuclear fuel would be in
rail casks that contained other types of canisters such as dual-purpose canisters or as uncanistered spent
nuclear fuel in truck casks. Appendix A, Section A.2 also evaluates shipment estimates based on

75 percent of commercial spent nuclear fuel shipments in rail casks that contained TAD canisters.

These new estimates project the shipment of approximately 9,500 rail casks and 2,700 truck casks of
spent nuclear fuel and high-level radioactive waste to the repository (DIRS 181377-BSC 2007, all).
Shipment of 9,500 rail casks would require about 2,800 trains. The increase in estimated truck shipments
over that analyzed in the Yucca Mountain FEIS was primarily a result of using recent data regarding the
handling capabilities at the generator sites.

6.1.8 RADIONUCLIDE INVENTORIES

Appendix A of the Yucca Mountain FEIS (DIRS 155970-DOE 2002, pp. A-1 to A-71) provided the basis
for the radionuclide inventory that DOE used in the transportation analysis in the FEIS (DIRS 1559700
DOE 2002, Chapter 6 and Appendix J). Since the completion of the FEIS, the Department has updated
these inventories through additional data collection and analyses:

e The radionuclide inventory for DOE spent nuclear fuel, to incorporate the inventories from Source
Term Estimates for DOE Spent Nuclear Fuels (DIRS 169354-DOE 2004, all), and

e The radionuclide inventory for high-level radioactive waste, to incorporate the inventories from
Recommended Values for HLW Glass for Consistent Usage on the Yucca Mountain Project (DIRS
184907-BSC 2008, all).

DOE has updated the radionuclide inventory for commercial spent nuclear fuel to incorporate the
inventories from Characteristics for the Representative Commercial Spent Nuclear Fuel Assembly for
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Preclosure Normal Operations (DIRS 180185-BSC 2007, all), in which the representative pressurized-
water-reactor spent nuclear fuel assembly had a burnup of 50,000 megawatt-days per MTHM (DIRS
180185-BSC 2007, p. 47). In this Repository SEIS, DOE increased the burnup of the representative
pressurized-water-reactor spent nuclear fuel assembly from 50,000 to 60,000 megawatt-days per MTHM
and reduced the enrichment from 4.2 percent to 4.0 percent. This is the same burnup as the representative
pressurized-water-reactor spent nuclear fuel assembly that DOE used for repository shielding and waste
package design (DIRS 161120-BSC 2002, Section 5.5.2) and yields slightly higher estimates of impacts
than the spent nuclear fuel used for preclosure normal operations or the spent nuclear fuel DOE used in
the Yucca Mountain FEIS. Table 6-1 lists the characteristics of the representative pressurized- and
boiling-water-reactor spent nuclear fuel that DOE analyzed for the Yucca Mountain FEIS and for this
Repository SEIS. Appendix G, Section G.4 contains radionuclide inventories for commercial and DOE
spent nuclear fuel and high-level radioactive waste.

Table 6-1. Characteristics of representative spent nuclear fuel.

Yucca Mountain FEIS® Repository SEIS®
PWR spent BWR spent PWR spent BWR spent
Characteristic nuclear fuel nuclear fuel nuclear fuel nuclear fuel
Burnup (MWd/MTHM) 50,000 40,000 60,000 50,000
Enrichment (weight percent) 43 35 4.0 4.0
Decay time (years) 15 14 10 10

a. DIRS 155970-DOE 2002, pp. A-21 and A-22.
b. DIRS 180185-BSC 2007, p. 47, with burnup increased from 50,000 MWd/MTHM and enrichment reduced
from 4.2 percent to 4.0 percent.

BWR = Boiling-water reactor. MWd = Megawatt-day.
FEIS = Final environmental impact statement. PWR = Pressurized-water reactor.
MTHM = Metric ton of heavy metal. SEIS = Supplemental environmental impact statement.

6.1.9 TRUCK AND RAIL ACCIDENT RATE AND FATALITY RATE DATA

In the Yucca Mountain FEIS, DOE used state-specific accident and fatality rate data for 1994 to 1996
(DIRS 103455-Saricks and Tompkins 1999, all) to estimate transportation impacts. For trucks, the FEIS
used accident and fatality rate data from the U.S. Department of Transportation, Federal Motor Carrier
Safety Administration’s Motor Carrier Management Information System. Since completion of the FEIS,
the Federal Motor Carrier Safety Administration has evaluated the data in the Motor Carrier Management
Information System. For 1994 through 1996, it found that accidents were underreported by about

39 percent and fatalities were underreported by about 36 percent (DIRS 181755-UMTRI 2003, Table 1,
p. 4, and Table 2, p. 6). Therefore, in this Repository SEIS, DOE increased the state-specific truck
accident and fatalities rates by factors of 1.64 and 1.57, respectively, to account for the underreporting.

In this Repository SEIS, DOE updated rail accident rates to reflect data from 1995 to 1999 and estimated
these rates from data for Class 3 track (DIRS 180220-Bendixen and Facanha 2007all). Higher classes of
track have lower accident rates, and the use of Class 3 track is conservative if the track is actually rated
higher (Class 4 or 5). DOE anticipates that most of the distance rail shipments would travel would be on
higher classes of track.

Because DOE has adopted a policy to use dedicated trains that it expects would contain 8 to 10 cars on
average for most shipments to the repository, this Repository SEIS uses a combination of rail accident
rates based on both train kilometers and railcar kilometers to estimate rail accident risks. DOE also
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updated rail fatality rates to reflect data from 2000 to 2004 (DIRS 178016-DOT 2005, all). These fatality
rates were in terms of fatalities per railcar kilometer.

6.1.10 SHIPPING PERIOD AND REPOSITORY OPERATIONAL PERIOD

In the Yucca Mountain FEIS, DOE based transportation impacts on shipments of 70,000 MTHM of spent
nuclear fuel and high-level radioactive waste to the repository over 24 years. Because the repository
could operate for up to 50 years, in this Repository SEIS the Department based transportation impacts on
the shipment of the same amount of spent nuclear fuel and high-level radioactive waste over a period of
up to 50 years that would start in 2017 and end in 2067.

6.1.11 SABOTAGE RELEASE FRACTIONS

In the Yucca Mountain FEIS, DOE referred to Projected Source Terms for Potential Sabotage Events
Related to Spent Fuel Shipments for estimates of the fraction of spent nuclear fuel materials that a
sabotage event could release (release fractions) (DIRS 104918-Luna et al. 1999, all) to estimate the
impacts of possible sabotage events that involved spent nuclear fuel in truck or rail casks. In this
Repository SEIS, the Department used more recent estimates of release fractions from Release Fractions
from Multi-Element Spent Fuel Casks Resulting from HEDD Attack (DIRS 181279-Luna 2006, all) to
estimate the impacts of such events that involved spent nuclear fuel in truck or rail casks. The more
recent estimates of release fractions (DIRS 181279-Luna 2006, all) are based on the release fractions in
Projected Source Terms for Potential Sabotage Events Related to Spent Fuel Shipments (DIRS 104918[]
Luna et al. 1999, all), but incorporated data from additional tests sponsored by Gesellschaft fiir Anlagen -
und Reaktorsicherheit in Germany and conducted in France in 1994 that were not available for the earlier
report. The information the German investigators provided was useful because the fuel pins used in the
tests were pressurized to simulate the gas pressure in commercial spent nuclear fuel pins. As a
consequence, these tests provided additional information that had not yet been considered and that
allowed a determination of the effects of aerosol blowdown from pin-plenum gas release after a breach of
the fuel pin cladding. These additional test data suggest that the consequences of a sabotage event in the
Yucca Mountain FEIS could be overstated by a factor of between 2.5 and 12.

6.2 Impacts from Loading Activities at Generator Sites

In the Yucca Mountain FEIS, the impacts from loading activities at the generator sites were limited to
placement of spent nuclear fuel into rail or truck casks; most of the commercial spent nuclear fuel was not
placed in canisters before shipment. In this Repository SEIS, most commercial spent nuclear fuel would
be placed in TAD canisters before shipment in rail casks, and the impacts from loading activities would
include the impacts from loading these canisters. Chapter 8 addresses the impacts of loading commercial
spent nuclear fuel into dual-purpose canisters as cumulative impacts. The impacts from storing
commercial or DOE spent nuclear fuel or high-level radioactive waste are also addressed as cumulative
impacts in Chapter 8 of this SEIS.

For rail shipments of commercial spent nuclear fuel from the generator sites, loading operations would
include placement of the spent nuclear fuel into TAD canisters, placement of the TAD or other types of
canisters into a rail transportation cask, and placement of the transportation cask on a railcar or heavy-
haul truck. For truck shipments of commercial spent nuclear fuel, the generator sites would place
uncanistered spent nuclear fuel in a truck transportation cask and place the truck cask on a truck trailer.
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DOE would load its spent nuclear fuel and high-level radioactive waste into disposable canisters at the
four DOE sites. Therefore, loading operations at the DOE sites would consist of placement of the
canisters into a rail transportation cask and placement of the transportation cask on a railcar. DOE would
also load a small amount of uncanistered commercial spent nuclear fuel into truck casks at the DOE sites.

This section summarizes the potential impacts to workers and members of the public of loading of spent
nuclear fuel into TAD canisters, loading the TAD and other canisters into transportation casks, and
loading the transportation casks onto transportation vehicles at the 72 commercial sites. It includes the
potential impacts to workers and members of the public of loading canisters that contained DOE spent
nuclear fuel and high-level radioactive waste into transportation casks and loading the casks onto
transport vehicles at the four DOE sites.

6.2.1 TRANSPORTATION OF CANISTERS TO GENERATOR SITES

DOE would operate the repository with the use of a primarily canistered approach in which most
commercial spent nuclear fuel would be packaged at the generator sites into TAD or other types of
canisters. This would require shipment of about 6,500 empty TAD canisters to the commercial generator
sites. These shipments of empty<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>