

















Draft Tank Closure and Waste Management Environmental Impact Statement for the
Hanford Site, Richland, Washington

Table I-33. Tank Closure Alternative 6A, Base Case, Construction Rollup
Workforce Estimate (continued)

CUIN_ U011 avuviues daic vonuuniou vver liee u-ycar peius, Lumaling 18 years.

Period 1, 2029-2034
Period 2, 2069-2074
Period 3, 21092114

b CON_PAD activities are conducted over seven 2-year periods, totaling 14 years.

Period 1, 2017-2018
Period 2, 2037-2038
Period 3, 2057-2058
Period 4, 2077-2078
Period 5, 2097-2098
Period 6, 2117-2118
Period 7, 2137-2138

¢ CON_WTPU activities are conducted over two 12-year periods, totaling 24 years.

Period 1, 2067-2078
Period 2, 2127-2138

d CON_STFU activities are conducted over three 3-year periods, totaling 9 years.

Period 1, 20762078
Period 2,2136-2138
Period 3, 21962198

© CON_EFTU activities are conducted over four 3-year periods, totaling 12 years.

Period 1, 2053-2055
Period 2, 2083-2085
Period 3, 2113-2115
Period 4, 2143-2145

Period 1, 2040-2042
Period 2, 2065-2067
Period 3, 2090-2092
Period 4, 21152117
Period 5, 2140-2142
Notes and Assumptions:

Total number of offsite full-time equivalents = 2,093.
Hours worked per year = 2,080.
One full-time equivalent was assumed for activities estimated to require less than 2,080 hours per year.

Key: N/A=not applicable.

Source: Compiled from SAIC 2007a, 2008.

CON_EVAU activities are conducted over five 3-year periods, totaling 15 years.

1-66

l Duration Full-Time Onsite
Hours per | Equivalents | Full-Time
Activity Total Hours | Start | Fipich | Vaarc Yaar rar Vaar | Famivolante |
Effluent Treatment Facility Replacement (CON_ETFU)¢
Radiological workers N/A
Nonradiological workers 329
On site 8,189,600 | 2053 2145 12 682,467 329
Off site 865,168 | 2053 2145 12 72,097 35
242-A Evaporator Replacement (CON_EVA)
Radiological workers N/A
Nonradiological workers 102
On site 635400 | 2015 2017 211,800 102
Z42-A EVaporator Keplacement (LUN_EVAU) FIve 3-year COnstructon perioas:
Radiological workers N/A
Nonradiological workers 102
On site 3,177,000 | 2040 2142 15 211,800 102
Off site 1,145,741 2040 2142 15 76,383 37
oent 7anann 1mn 17,184,712 g ~es cren
















APPENDIX J
ENVIRONMENTAL JUSTICE

This appendix provides an assessment of the potential for disproportionately high and adverse  nan heaith or
environmental effects on minority and low-income populations resulting from implementation of the alternatives
described in Chapter 2 of this Tank Closure and Waste Management Environmental Impact Statement for the
Hanford Site, Richland, Washington.

J.1 INTRODUCTION

Environmental justice is defined as “the fair treatment and meaningful involvement of all people
regardless of race, color, national origin, or income with respect to the development, implementation, and
enforcement of environmental laws, regulations, and policies. Fair treatment means that no group of
people, including racial, ethnic, or socioeconomic group[s,] should bear a disproportionate share of the
negative environmental consequences resulting from industrial, municipal, and commercial operations or
the execution of federal, state, local, and tribal programs and policies” (EPA 1998).

The purpose of this appendix is to identify the various populations that could be affected by U.S.
Department of Energy (DOE)-proposed actions at the Hanford Site (Hanford) and Idaho National
Laboratory (INL), and to present a comparison of the impacts on subpopulations with potential for
environmental justice concerns to the impacts on the remainder of the population to identify any
disproportionately high and adverse impacts under the alternatives evaluated in this Tank Closure and
Waste Management Environmental Impact Statement for the Hanford Site, Richland, Washington
(TC & WMEIS).

Executive Order 12898, Federal Actions to Address Environmental Justice in Minority Populations and
Low-Income Populations, directs Federal agencies to identify and address, as appropriate,
disproportionately high and adverse human health and environmental effects of their programs, policies,
and activities on minority populations and low-income populations.

The Council on Environmental Quality (CEQ) has oversight responsibility for documentation prepared in
compliance with the National Environmental Policy Act (NEPA). In December 1997, the CEQ released
its guidance for analyzing environmental justice issues under NEPA (CEQ 1997). The CEQ guidance was
adopted as the basis for analysis of environmental justice in this environmental impact statement (EIS).

J.2 DEFINITIONS
J.2.1 Minority Individuals and Populations

The following definitions of minority individuals and populations were used in this analysis of
environmental justice:

Mineority individuals. Individuals who are members of the following population groups: Hispanic or
Latino, American Indian or Alaska Native, Asian, Black or African American, Native Hawaiian or
Other Pacific Islander, or two or more races. This definition is similar to that given in the CEQ
environmental justice guidance (CEQ 1997), except that it has been modified to reflect “Revisions to
the Standards for the Classification of Federal Data on Race and Ethnicity” (62 FR 58782) and recent
guidance published by the Office of Management and Budget. These revisions were adopted and
used by the U.S. Census Bureau in collecting data for the 2000 census (OMB 2000). When data from
the 1990 census are used, a minority individual is defined as someone self-identified as: Hispanic;
American Indian, Eskimo, or Aleut; Asian or Pacific Islander; or Black. As discussed below, racial
and ethnic data from the 1990 census cannot be directly compared with that from the 2000 census.
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The Office of Management and Budget also recommends counting a person self-identified as multiracial
as a minority individual if at least one of the races is a minority race (OMB 2000). During the
2000 census, approximately 2 percent of the population identified themselves as members of more than
one race (Grieco and Cassidy 2001). Approximately two-thirds of those designated themselves as
members of at least one minority race.

Minority populations. Minority populations should be identified where either (1) the minority
population of the affected area exceeds 50 percent or (2) the minority population percentage of the
affected area is meaningfully greater than the minority population percentage in the general
population or other appropriate unit of geographic analysis. In identifying minority communities,
agencies may consider a community as either a group of individuals living in geographic proximity to
one another or a geographically dispersed and transient set of individuals (such as migrant workers or
American Indians/Alaska Natives), where either type of group experiences common conditions of
environmental exposure or effect. The selection of the appropriate unit of geographic analysis may
be a governing body’s jurisdiction or a neighborhood, census tract, or other similar u  that is chosen
to avoid artificially diluting or inflating the affected minority population. A minority population also
exists if there is more than one minority group present and the minority percentage, as calculated by
aggregating all minority persons, meets one of the above-stated thresholds.

Data for the analysis of minority populations in 2000 were extracted from the Census Bu w’s Summary
File 1 (Census 2007a). The CEQ guidance recommends that impacts on the minority population be
examined, as well as those specific to American Indian tribes (CEQ 1997). Due to the large number of
minority Hispanics, impacts on that specific population were also examined.

In the discussions of environmental justice in this 7C & WM EIS, people sclf-designated as Hispanic or
Latino are included in the total Hispanic population, regardless of race. For example, the Asian
population is composed of people self-designated as Asian regardless of whether they indicated Hispanic
or Latino origin. Asians who designated themselves as having Hispanic or Latino origins are also
included in the total Hispanic population.

J.2.2 Low-Income Populations and Individuals

Executive Order 12898 specifically addresses disproportionately high and adverse effects on low-income
populations. The CEQ recor Is that poverty thresholds be used to identify low-income individuals
(CEQ 1997).

The fc »wing definition of low-income population was used in this analysis:

“Low-income population: Low-income populations in an affected area should be identified with the
annual statistical poverty thresholds from the Bureau of Census’ Current Population Reports,
Series P-60 on Income and Poverty. In identifying low-income populations, agencies may consider
as a community either a group of individuals living in geographic proximity to one another or a set of
individuals (such as migrant workers or American Indians), where either type of group experiences
common conditions of environmental exposure or effect (CEQ 1997).”

Thresholds used in the analysis in this EIS are from the Census Bureau’s Current Pop ition Reports,
Series P60-210 on Consumer Income, Poverty in the United States: 1999 (Dalaker and Proctor 2000).

Data for the analysis of low-income populations were extracted from the Census Bureau’s Summary
File 3 (Census 2007b).
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J.23 Disproportionately High and Adverse Human Health Effects

Adverse health effects are measured in risks and rates that could result in latent cancer fatalities (LCFs),
as well as other fatal or nonfatal adverse impacts on human health. Adverse health effects may include
bodily impairment, infirmity, illness, or death. Disproportionately high and adverse human health effects
occur when the risk or rate of exposure to an environmental hazard for a minority or low-income
population is significant (as defined by NEPA) and appreciably exceeds the risk or exposure rate for the
general population or another appropriate comparison group (CEQ 1997).

J.2.4 Disproportionately High and Adverse Environmental Effects

A disproportionately high environmental impact refers to an impact or the risk of an impact on the natural
or physical environment in a low-income or minority community that is significant (as defined by NEPA)
or appreciably exceeds the environmental impact on the larger community. Such effects may include
ecological, cultural, human health, economic, or social impacts. An adverse environmental impact is an
impact that is de 0 be bott © -mful and s~ ficant (as defined by NEPA). In assessing cultural
and aesthetic environmental impacts, impacts that uniquely affect geographically dislocated or dispersed
minority or low-income populations, including American Indian tribes, are also considered (CEQ 1997).

J.3 SPATIAL RESOLUTION

For the purposes of enumeration and analysis, the Census Bureau has defined a variety of areal units.
Areal units of concern in this document include (in order of increasing spatial resolution) states, counties,
census tracts, block groups, and blocks. *  z block is the smallest geographic entity for which the Census
Bureau collects and tabulates data and, therefore, offers the finest spatial resolution. This term refers to a
relatively small geographical area bounded on all sides by visible features such as streets or streams or by
invisible boundaries such as city limits and property lines. During the 2000 census, the Census Bureau
subdivided the United States and its territories into 8,205,582 blocks (Census 2007c). For comparison,
the number of counties, census tracts, and block groups used in the 2000 census were 3,141; 65,443; and
208,790; respectively. While blocks offer the finest spatial resolution, economic data required for the
identification of low-income populations are not available at the block level of spatial resolution. In the
analysis below, block-group-level resolution was used to identify minority and low-income populations.

During preparation of this 7C & WM EIS, consequences and risks from normal operations and accidents
were evaluated for the following potential release locations at Hanford: the Supplemental Treatment
Technology Site in the 200-East Area and the 200-West Area (STTS-East and STTS-West), the Waste

-‘eatment Plant (WTP) facilities, in the 200-East Area, and ¢ Fast Flux Test Facility (FFTF) in the
400 Arca. The location of the WTP is approximately 600 meters (1,979 feet) northeast of STTS-East. A
potential release location at INL, the Materials and Fuels Complex (MFC), was also evaluated. In the
analysis of health impacts of normal operations and accidents, all persons living within 80 kilometers
(50 miles) of these facilities were assumed to be potentially affected. The same 80-kilometer (50-mile)
regions of influence were used in this analysis of environmental justice to identify potentially affected
minority and low-income populations.

In general, the boundary of a circle with an 80-kilometer (50-mile) radius centered on the facility site
would not coincide with boundaries used by the Census Bureau for enumeration of the population in the
potentially affected area. Some blocks or block groups lie completely inside or outside of the radius used
for health effects calculation, while others are only partially included. As a result of these partial
inclusions, uncertainties were introduced into the estimate of the potentially affected population.

To estimate the populations in the partially included block groups, it was assumed that opulations are
uniformly distributed throughout the area of each block group. For example, if 30 percent of the area of a
block group lies within 80 kilometers (50 miles) of the facility site, it was assumed that 30 percent of the
population residing in that block group would be potentially affected.
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J4  MAP DEVELOPMENT

The geographic information system (GIS) statistics maps and diagrams provided in Chapter 3 of this
TC & WM EIS and Section J.5 were developed using ArcMap 9.0. ArcMap 9.0 allows standard base
maps to be projected in a variety of projection systems. In this document, maps and diagrams were
developed using the North American Standard 1983 projection. Standard GIS geospatially attributed data
sets, known as shapefiles, were downloaded from two public access websites: the Census Bureau,
http://www.census.gov,' and the Environmental Systems Research Institute, http://www.esri.com/data/
download/census2000_tigerline/index.html.’

The downloaded shapefiles were re-projected to the North American Standard 1983 projection to prevent
potential data misalignment. Additional shapefiles either were developed as necessary using ArcMap 9.0
and actual geographic coordinates (e.g., the facility sites) or were provided by Hanford personnel to show
specific site landmarks (e.g., the fence lines of limited-access areas).

Each shapefile stores nontopological geometry and tabular attribute information for spatial features
(point, ne, or polygon) in a data set. The geometry for a feature is stored as a shape comprising a set of
vector coordinates; the attributes, as tabular files in dBASE® format. Each feature in the shapefile
represents a single geographic feature and its attributes; that is, each shape record has a one-to-one
relationship with an attribute record. Maps and diagrams were developed by importing all shapefiles into
the Hanford GIS project. The development of each map involved different combinations of the shapefiles
to visually display data on a standard base map of Oregon and Washington.

J.5  ENVIRONMENTAL JUSTICE ANALYSIS

This analysis of environmental justice is based on assessment of the impacts reported in Chapter 4. This
analysis was performed to identify any disproportionately high and adverse human health or
environmental impacts on minority or low-income populations surrounding the facility sites.
Demographic information obtained from the Census Bureau was used to identify the minority populations
and low-income communities surrounding the sites (Census 2007a, 2007b). Minority populations and
low-income communities were identified where the percentage of minority and low-income population in
the impacted areas significantly exceeded the general population percentage in ¢ :r reasonable
geographic areas of comparison, defined here as the potentially affected counties and states in which the
impacted areas are located. The U.S. Nuclear Regulatory Commission considers such percentages
“significant” when the total minority or low-income population percentage exceeds the general population
by 20 points, or when either the minority or low-income population percentage exceeds 50 percent
(69 FR 52040). Table J-1 displays the thresholds used to determine minority : | low-income
populations.

Table J-1. Thresholds for Identifying Minority Populations and
Low-Income Communities

Minority Low-Income
Qita fnorecont) {navrcont)
ou.v 30.2
10ano Nauonal Lavoratory 327 33.6

' Block Data, Block Group Data, Key Geographical Locations, Landmark Locations, Hydrography, Railroads, County Roads,

Federal Lands.
? Data for Washington and Oregon.
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Appendix J = Environmental Justice

Chapter 3, Sections 3.2.11 and 3.3.11 discuss the affected environment to be included in the
environmental justice analysis. Potentially affected minority and low-income populations are shown
graphically within each facility site’s 80-kilometer (50-mile) region of influence (see Section J.3). Tables
show the potentially affected populations by county, as well as the percentage of the minority or
low-income population considered to be potentially affected. In addition, figures are presented that
identify minority and low-income populations by block group, and graphs showing cumulative
populations by distance are used to visually locate concentrations of minority and low-income
populations.

J.5.1 Minority and Low-Income Populations Surrounding the 200-West Area
Supplemental Treatment Technology Site

Figure J-1 shows minority and nonminority populations living in block groups surrounding STTS-West.
There are 372 block groups within the 80-kilometer (50-mile) potentially affected radius. Out of these
block groups, 130 were determined to contain minority populations. The potentially affected counties
include cight counties in the statc of Washington (Adams, Benton, Franklin, Grant, Kittitas, Klickitat,
Walla Walla, and Yakima) and two counties in Oregon (Morrow and Umatilla). As indicated in
Table J-2, approximately one-half of the potentially affected minority population resides in Yakima
County, and over 90 percent of the potentially affected minority population lives in four Washington
counties: Benton, Franklin, Grant, and Yakima.
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Figures J-19 and J-20 show cumulative minority populations as a function of distance from the MFC at
INL. Values along the vertical axis of this figure show minority populations living within a given
distance from the MFC. Moving outward from the MFC, the cumulative minority populations increase
sharply near the outskirts of large population centers. Unlike the candidate facilities at Hanford, these
large spikes do not occur until a distance of approximately 48 kilometers (30 miles), where Idaho Falls is
located. The next significant ju 1 in population occurs at approximately 72 kilometers (45 miles), near
Pocatello. Approximately 10 percent of the potentially affected minority population lives within about
45 kilometers (28 miles) of the MFC, and 50 percent resides within about 56 kilometers (35 miles). The
potentially affected total minority population surrounding the MFC is approximately 25,000 persons,
accounting for approximately 12 percent of the total population. Approximately 65 percent of the
minority population surrounding the MFC is Hispanic or Latino.

Distance from Materials and Fuels Complex (kilometers)

0 10 20 30 40 50 60 70 80

n {thousands)

Popula

Figure J-19. Cumulative Larger-Scale Minority Populations as a
Function of Distance from the Materials and Fuels Complex
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Figure J-20. Cumulative Smaller-Scale Minority Populations as a
Function of Distance from the Materials and Fuels Complex

Figure J-21 shows the block groups surrounding INL and the low-income and non-low-income
populations living in the potentially affected area. Of the 189 block groups that surrour the MFC, it is
estimated that 9 contain low-income populations. As indicated in Table J-11, approximately 60 percent
of the potentially affected low-income population lives in Bonneville and Madison Counties. Another
30 percent of the potentially affected low-income population lives in Bannock and Bingham Counties.
Low-income persons compose approximately 14 percent of the total population living in the potentially
affected area. Figure J-22 shows cumulative low-income populations as a function of distance from the
MFC. Low-income populations surrounding INL are concentrated in the Idaho Falls and Pocatello areas.
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J.5.6 Impacts on Minority and Low-Income Populations

1is environmental justice analysis is based on assessment of the impacts reported in ( apter 4 of this
TC & WMEIS. Initially, all resource areas were examined to identify those with the potential for
disproportionately high and adverse health or environmental impacts on minority and low-income
populations. Access to Hanford is restricted, so the majority of impacts would be associated with onsite
activities and would not affect populations residing off site; thus the potential for environmental justice
concerns is small. Resource areas that could be impacted and that may affect populations residing off site
include public health and safety due to normal operations and facility accidents, air quality, groundwater
resources, and long-term human health. These areas were further analyzed because they do have the
potential to pose environmental justice concerns.

J.5.6.1 Normal Operations and Facility Accidents

Radiological impacts of normal operations on minority, Hispanic, American Indian, and low-income
populations were determined by applying the same methodology used to determine impacts of normal
operations on the general public (total population). Concentrations of radiological air emissions
originating from the appropriate facilities under each alternative were modeled using meteorological data
and population distributions relative to the release sites to determine the impacts on each subset
population. This approach is discussed in detail in Appendix K, Sections K.2.1.1.1, K.2.2.1.1, and
K.2.3.1.1. Note that the exposure scenarios used to model the minority, Hispanic, American Indian, and
low-income populations ass e that these individuals would be exposed in the same manner as the
general population, that is, by external exposure to the plume and deposited radioactive materials and by
internal exposure from inhalation of contaminated air and deposited radioactive materials and ingestion of
contaminated food, including homegrown produce and animal products from regional livestock.

For purposes of evaluating the potential for disproportionately high and adverse impacts caused by
radiological emissions from normal operations, the average dose to an individual of the minority or
low-income population is compared to the average dose to an individual of the remainder of the
population. Table J-12 shows the population values used for this environmental justice analysis. The
maximum annual dose (the maximum estimated dose in a single year of a particular alternative) and the
project lifetime dose (the estimated dose received over the duration of a particular alternative) are used for
this comparison. A maximum annual dose and a project lifetime dose were calculated £ each subset of
the population being evaluated (minority, Hispanic, American Indian, and low-income). The average
dose to an individual of the population subset being evaluated is derived by dividing the >pulation dose
for the subset by the number of people in the subset.

D, = average dose to an individual in the population subset s, millirem,
D,, = population dose received by the population subset s, person-rem, and
ng; = number of people in the population subset s

J-32





































































































































































Appendiv I« Wayrkforce Estimates

Table I-63. Waste Management Alternative 2, Disposal Group 1, Operations .ollup
Workforce Fstimate
Durapen Full-Time Onsite
Hours per | Equivalents | Full-Time
Activity Total Hours | Start | Finish | Years Year per Year | Equivalents
Low-Level Radioactive Waste Burial Grounds (OPS_LLBG)
Radiological workers 586,520 | 2007 2050 44 13,330 7
Nonradiological workers 9
On site 172,615 | 2007 2050 44 3,923 2
Off site 293,621 | 2007 2050 44 6,673 4
Single Integrated Disposal Facility (OP€ ThIn
Radiological workers 1,510,454 | 2009 2050 42 35,963 18
Nonradiological workers
On site 2,091,398 | 2009 2050 42 49,795 24 42
Off site 2,788,531 | 2009 2050 42 66,394 32
River Protection Project Disposal Facility (OPS_RPPDF)
Radiological workers 1,664,832 | 2022 2050 29 57,408 28
Nonradiological workers 43
On site 897,562 | 2022 2050 29 30,950 ;
Off site 1,664,832 | 2022 2050 29 57,408 28
Total 11,670,365 321 o4= 158 94

Notes and Assumptions:

Total number of offsite full-time equivalents = 64,
Hours worked per year = 2,080.
One full-time equivalent was assumed for activities estimated to require less than 2,080 hours per year.
Source: Compiled from SAIC 2007¢, 2008.

Table I-64. Waste Management Alternative 2, Disposal Group 1, Closure Rollup
Workforce Estimate

Duration Full-Time Onsite
Hours per | Equivalents | Full-Time
Activity Total Hours| Start | Finish | Years Year per Year Equivalents
Modified Resour~e /' ~nearvatian and Recovery Act Subtitle C Barrier (CLO_IDF)
Radiological workers N/A
Nonradiological workers 619
On site 2,572,997 | 2051 2052 2 1,286,498 619
Off site 257,300 | 2051 2052 2 128,650 62
Postclosure Care (CLO_POSTIDF)
Radiological workers N/A
Nonradiological workers
On site 390,770 | 2053 2152 100 3,908 2 2
Off site N/A
Modified Resource Conservation and Recovery Act Subtitle C Barrier (CLO_RPPDF)
Radiological workers N/A
Nonradiological workers 559
On site 2,321,501 | 2051 2052 2 1,160,750 559
Off site nrnren 2051 2052 2 116,075 56

1-123
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J.5.6.2 Air Quality

Air quality impacts were not analyzed separately for each subset population because the results would be
similar to those for radiological impacts (see Section J.5.6.2); because there were no disproportionately
high and adverse health or environmental impacts on minority, American Indian, Hispanic, or low-income
populations due to radiological air releases during normal operations, the same would be true for
nonradioactive air emissions.

J.5.6.3 Groundwater Resources: Long-Term Human Health Impacts

Appendix Q, Section Q.3 evaluated groundwater impacts and associatec otential long-term human health
effects for each Tank Closure, FFTF Decommissioning, and Waste Management alternative. Receptors
analyze with a potential for environmental justice concerns include a resident farmer. an American
Indian resident farmer, and an American Indian hunter-gatherer. The hypothetical res nt farmer and
American Indian resident farmer were both assumed to use only groundwater for drinking water ingestion
and crop irrigation. While only a portion of the food consumed by the resident farmer was assumed to
come from crops and animal products exposed to contaminated groundwater, all of the food consumed by
the American Indian resident farmer was assumed to be exposed to contaminated groundwater. The
American Indian hunter-gatherer was assumed to have a subsistence consumption pattern that differs
from that of the American Indian resident farmer. The American Indian hunter-gatherer does not
cultivate crops but gathers food from indigenous plants, harvests fish from the Columbia River, and is
exposed to a combination of surface water and groundwater. Given these assumptions, the two American
Indian receptors would be most at risk from contaminated groundwater. These receptors were used to
develop exposure scenarios at several on- and offsite locations identified in Appendix O, Section Q.1.2.2
and Appendix Q, Section Q.2.2.

J.5.6.3.1 Tank Closure Alternatives

Results of the analysis of groundwater contamination under the Tank Closure alternatives for the
American Indian receptors are presented in Appendix Q, Tables Q—20 through Q-208. Long-term human
health impacts of Tank Closure actions would be greatest under Tank Closure Alternative 1. Radiological
releases under this alternative would result in the doses at the A and B Barriers and the Core Zone
Boundary exceeding regulatory limits for the resident farmer, American Indian resident farmer, and the
American Indian hunter-gatherer; the dose at the S Barrier would exceed regulatory limits for the
American Indian resident farmer and American Indian hunter-gatherer; at the T Barrier, for the American
Indian hunter-gatherer. None of the hypothetical receptors at the Columbia River nearshore or
surface-water locations would be exposed to a dose in excess of regulatory limits. Nonradiological
releases under this alternative would result in exceedance of the Hazard Index for chromium and nitrate at
all onsite locations analyzed for the resident farmer, American Indian resident farmer, and American
Indian hunter-gatherer. The analysis determined that the greatest impact of any alternative on long-term
human health would result in radiological doses in excess of regulatory limits and chemical exposures
with a Hazard Index greater than 1 for receptors located on site at the A, B, S, T, or U Barriers, the Core
Zone Boundary, or the Columbia River nearshore. There are no such onsite receptors currently at
Hanford. The onsite exposure scenarios do not currently exist and have never existed during Hanford
operations. Therefore, the estimated high health risks for past years are hypothetical ri s only; no
persons were ever exposed at these levels. While it is possible for these receptor scenarios to develop in
the future, none are expected within a reasonably forescecable timeframe because the Core Zone is
designated for Industrial-Exclusive land use, the Columbia River nearshore location is designated for
Preservation (Hanford Reach National Monument), and the area between them is designated for
Conservation (Mining) (DOE 1999). 1t is unlikely, therefore, ~ t any of the T = Closure alternatives
would pose a disproportionately high and adverse long-term human health risk to the Am can Indian
population at offsite locations. The greatest risk would be to the American Indian resident farmer at the
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To determine long-term impacts (see Appendix Q), noncancer health effects were estimated by comparing
the annual concentrations of contaminants to the reference concentrations published in the Integrated Risk
Information System (EPA 2008). The potential toxic effects on an individual from exposure to a toxic
chemical were evaluated by dividing the estimated inhalation concentration of that chemical by its
reference concentration value to obtain a noncanccr Hazard Quotient (EPA 1989). For exposure to
multiple compounds, Hazard Quotients were calculated for each toxic chemical and then summed to
generate a Hazard Index as shown in the following equation

A‘
HI =Y LA
RfCi
where:
HI = Hazard Index
CA; = concentration of the chemical / in the air, micrograms per cubic meter
fC; = reference concentration for chemical /, micrograms per cubic meter

The Hazard Index is the estimate of the total noncancer toxicity impact. According to the EPA risk
assessment guidelines, if the Hazard Index value is less than or equal to 1, the exposure is unlikely to
produce adverse toxic effects. However, if it exceeds 1, adverse toxic effects may result from exposure to
the considered chemicals.

The risks from exposure to carcinogenic chemicals were evaluated using chemical-specific unit risk
factors, which are estimates of the maximum lifetime probability of an individual developing cancer from
exposure to the chemical and the chemical concentration in the air. The unit risk factors for carcinogenic
chemicals were taken from EPA’s Integrated Risk Information System database. Therefore, for
carcinogenic chemicals, the risk was estimated by the following equation (EPA 1989):

Risk =1 —e 4" VR0

where :
e = ~2.718
cA4 = contaminant concentration in the air, micrograms per cubic meter
URF = unitrisk factor for inhalation specific to the contaminant obtained from the Integrated

Risk Information System, cancers per micrograms per cubic meter
As  :value in the parentheses is generally small (less than 0.01), the equation is simplified to:
Risk = C4 x URF

cA
URF

i

contaminant concentration in the air, micrograms per cubic meter
unit risk factor for inhalation specific to the contaminant obtained from the Integrated
Risk Information System, cancers per micrograms per cubic meter

i

K.2 NORMAL OPERATIONS

This section describes the methodology used to evaluate the impacts of radiological emissions from tank
closure, Fast Flux Test Facility (FFTF) decommissioning, and waste management activities on the public
and w. cers. Dose assessments were performed for members of the general public near Hanford Site
(and Idaho National Laboratory [INL] for selected FFTF decommissioning options) to estimate the
incremental doses and related risks that would be associated with the alternatives addressed in this
TC & WMEIS. Incremental doses for members of the public were calculated using the Hanford
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deployment of supplemental technologies in the 200-West Area. Although tank farms are located at a
imber of positions within the 200-East and 200-West Areas (all tank farms are within 2.6 kilometers
[1.6 miles] of STTS-East and -West), the simplifying assumption that radiological emissions other than
those from the WTP would come from these STTSs added a level of conservatism to the analysis because
the STTSs would be located closer to the principal receptors in the predominant downw | direction, the
population centers of Richland, Pasco, and Kennewick, and closer to the MEI, located eastward.

The activities associated with each of these emission source locations are summarized as follows:

WTP:

e HLW vitrification

e Low-activity waste (LAW) vitrification

e Cesium and strontium  -encapsulation and processing
s  Waste pretreatment

e Sulfate removal

STTS-East:

e Tank farm operations
e Tank waste retrieval
Tank farm facilities activation
ulk vitrification
e (Cast stone
Steam reforming

o emote-handled transuranic (TRU) waste treatment
) ontact-handle TRU waste treatment
e Tank removal
e Soil removal
STTS-West:

e Tank farm operations

Tank waste retrieval

Tank farm facilities deactivation

Bulk vitrification

Cast stone

Steam reforming

Contact-handled TRU waste treatment
Tank removal

Soil removal
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information on annual media concentrations and intake rates is written to data transfer files. Although
these may be accessed directly, they are usually used as input to the DOSE module of GENIL.

DOSE

The DOSE module reads the intake and exposure rates defined by the ENV module and converts the data
to radie n dose.

K.2.1.1.3 Input Parameters

Site-specific and scenario-dependent data are used as input to the GENII computer code. The following
paragraphs describe the development of data that were used in the analyses of doses to the general public
and the MEI near Hanford.

K.2.1 3.1 Meteorological Data

The GENII computer code uses a data set of the joint frequency distribution of windspe¢  direction, and
Pasquill atmospheric stability class as input to modeling the atmospheric transport of radioactive
emissions. Tables K-3 and K—4 present the joint frequency distribution data for the H:  ord 200 Areas
for the 61-meter (200-foot) and 9-meter (30-foot) heights, respectively. These data represent the 10-year
averages of data collected from 1997 through 2006 at the 200 Area Hanford Meteorological Station
(Burk 2007). Wind rose representations of these data arc included in Chapter 3, Section 3.2.4.1.

In the current 7C & WM EIS analysis, the meteorological data from the 61-meter (200-foot) height were
used in evaluating the impacts of releases from the WTP. This height is consistent with the current
WTP design in which most emissions would be from a 6[-meter (200-foot) height. The 9-meter (30-foot)
height joint frequency data were used as input to model the transport of releases from STTS-East
and -West.

K-16
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Table K-3. Joint Frequency Distr

n for the Hanford Site 200 Areas

a 61-Meter

ight (continued)

Average Pasquill Percentage of Time Wind Blows from the Indicated Direction
Windspeed Atmospheric
(meters per Stability
second) Clags N NNE NE ENE E ESE SE SSE S SSw SW  WSW w WNW NW NNW

A 0.01 0.02 0.03 0 0 0 0 0 0 0.04 0.17 0.2 0.05 0.12 0.35 0.02
B 0 0.01 0.01 0 0 0 0 0 0 0.01 0.05 0.05 0.01 0.03 0.07 0
C 0 0.01 0.01 0 0 0 0 0 0 0.01 0.03 0.03 0 0.02 0.06 0

9.6 D 0.01 0.03 0.02 0 0 0 0 0.02 0.06 0.15 0.33 0.26 0.14 0.65 0.65 0.01
E 0.01 0.03 0.04 0.01 0 0 0 0.05 0.13 0.17 0.36 0.34 0.21 1 0.91 0.01
F 0 0 0 0 0 0 0 0 0.01 0.0t 0.03 0.05 0.04 0.12 0.16 0
G 0 0 0 0 0 0 0 0 0 0 0 0 0 0.02 0.08 0
A 0 0 0 0 0 0 0 0 0 0.01 0.11 0.09 0.02 0.04 0.18 0
B 0 0 0 0 0 0 0 0 0 0 0.04 0.02 0.01 0.0t 0.05 0
C 0 0 0 0 0 0 0 0 0 0.01 0.02 0.02 0.01 0.01 0.04 0

12.5 D 0 0 0.01 0 0 0 0 0.01 0.06 0.14 0.28 0.15 0.03 0.3 0.45 0
E 0 0.01 0.01 0 0 0 0 0.02 0.05 0.12 0.18 0.11 0.03 0.3 0.26 0
F 0 0 0 0 0 0 0 0 0.01 0 0 0 0 0 0 0
G 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
A 0 0 0 0 0 0 0 0 0 0.01 0.04 0.02 0.01 0 0.03 0
B 0 0 0 0 0 0 0 0 0 0 0.01 0.01 0 0 0.01 0
C 0 0 0 0 0 0 0 0 0 0 0.01 0.0t 0 0 0.01 0

5.9 D 0 0 0 0 0 0 0 0 0.01 0.08 0.11 0.03 0.01 0.02 0.04 0
E 0 0 0 0 0 0 0 0 0 0.03 0.06 0.04 0.01 0.03 0.04 0
F 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
[ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
A 0 0 0 0 0 0 0 0 0 0 0.01 0 0 0 0 0
B 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C 0 0 0 0 0 0 0 0 0 0 0.01 0 0 0 0 0

18.8 D 0 0 0 0 0 0 0 0 0 0.02 0.02 0.02 0.01 0 0 0
E 0 0 0 0 0 0 0 0 0 0.01 0.04 0.01 0 0 0 0
F 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
G 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Note: To convert meters to feet, muiupty by 3.281.

Source: Burk 2007.
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Table K—47. Tank Closure Alternatives — Impacts on the Onsite Maximally Exposed
Individual in the Year of Maximum Impact During Normal Operations (continued)
4 The regulatory limit for exposure of an individual to radiological air emissions from U.S. Department of Energy facilities is
10 millirem per year (40 CFR 61.90-61.97).
Key: CGS=Columbia Generating Station; LCF=latent cancer fatality; LIGO=Laser Interferometer Gravitational-Wave Observatory:
STTS=Supplemental Treatment Technology Site.

K.2.1.2 Impacts on Workers During Normal Operations

This section describes the methodologies used to evaluate the impacts of waste treatment and closure
activities on Hanford workers. Two groups of workers were considered in the evaluation—project
radiation workers who are engaged in the waste treatment and closure activities and nearby, noninvolved
workers. Different methodologies were used to determine the radiological impacts on these two
receptors.

K.2 1 Project Radiation Workers

Project radiation workers are exposed to radiation through the performance of activities related to the
retrieval and processing of tank waste and the deactivation and closure of tank farm facilities. External
exposure to radiation is the principal cause of doses to radiation workers.

Doses to radiation workers under each Tank Closure alternative were estimated using data provided in the
scaled ta sets devel =d to support this 7C & WM EIS (SAIC 2007a, 2008). The data sets present
conservative estimates ot expected worker doses for a range of activities that make up the Tank Closure
alternatives. Those estimates were based on a number of factors, including dose rates and doses
associated with current tank farm operations, engineering studies of related activities, and conservative
engineering estimates for accomplishing particular scopes of work. Scaled data sets representing the
Tank Closure alternatives included in this 7C & WM EIS include scaled estimates of the radiation worker
labor hours required to accomplish the activities that make up an alternative and the associated radiation
doses.

Total doses associated with each Tank Closure alternative were estimated by summing the dose estimates
for cach activity that is a component of the alternative, resulting in the project dose estimates shown in
Table K—48. These results are presu d to overestimate the dose that would likely be received by the
worker opulation. A number of factors contributed to the conservatism. Conservative dose estimates
were included in the original data packages to ensure that they represented the upper range of expected
doses associated with performing the activities. Linear scaling of the resources, labor hours, and doses to
develop the alternatives added to the conservatism because there was no recognition of economies of
scale or changes in annual resource needs commensurate with changes in the duration of activities. For
example, the annual labor requirements for operating a facility to process a given amount of material were
the same whether the processing period would be 30 years or 80 years. Consequently, the conservatism
in the project doses may be greater for alternatives with long operating periods. Through the application
of administrative and engineering controls to maintain exposure as low as is reasonably achievable, actual
total radiation worker doses from executing an alternative would likely be lower than the estimates.

Data from the scaled data sets were used to develop an estimate of the average annual dose per work year
for each Tank Closure alternative. Doses to radiation workers were calculated based on a full-time
equivalent (FTE) worker, who was assumed to have a 2,080-hour work year for the purposes of this dose
evaluation. The time and dose associated with the various activities that make up an alternative vary,
resulting in comparatively low dose rates for some activities and high dose rates for others. In practice,
DOE and its contractors would implement controls to limit the exposure of individual workers for all
activities in accordance with regulations and guidance (10 CFR 835; DOE Standard 1098-99). Therefore,
the average FTE doses calculated for each alternative are not necessarily representative of the actual
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Table K—49. Dose Assessment Parameters for Noninvolved Workers

Medium [ Exposure Pathway l Rate Reference
Air {plume) internal — inhalation 2t cubic mete »=r day | DOE 100%
Internal — inhalation 2,000 hours per year DOE 1995

Extern

2,000 hours per year

Consistent with
inhalation exposure

Soil

External

1,168 hours per year

DOE 1995

Internal - ingestion

50 milligrams per day

DOE 1995

Note: To convert cubic meters to cubic feet, multiply by 35.315; milligrams to ounces, by 0.00003527.

As discussed in Section K.2.1.1.1, for purposes of assessing the impacts of radiological emissions, all
emissions were assigned to one of three sources; the WTP, STTS-East, or STTS-West.

Doses to a noninvolved worker were evaluated for a location in the 200-East Area and a location in the
200-West Area. The locations selected are near the assumed emission sources in facilities that are
expected to be staffed on a daily basis. In the 200-East Area, the noninvolved worker was assumed to be
at the 242-A Evaporator, about 0.7 kilometers (760 yards) west of the WTP and 0.6 kilometers
(660 yards) north-northwest of STTS-East.

In the 200-West Area, two locations were considered for the noninvolved worker.  1e Environmental
Restoration Disposal Facility (ERDF) was selected for detailed analysis after determining that the impact
on a noninvolved worker located there would be higher than that on one located at the 222-S Laboratory.
The ERDF is about 1.1 kilometers (1,200 yards) east of the STTS-West, while the 222-S Laboratory is
southwest of the STTS-West.

Doses to a noninvolved worker at the 242-A Evaporator under each Tank Closure alternative were
determined for releases from the STTS-East and the WTP, based on releases of 1 curie of each
radionuclide identifi. in Table K—6. The dose to a noninvolved worker at the ERDF under each Tank
Closure alternative was determined for releases from the STTS-West, based on 1-curie releases. The
doses to noninvolved workers were scaled based on the estimated releases from the WTP, STTS-East, and
STTS-West under each Tank Closure alternative (see Tables K—7 through K-19) over the life of the
project and during the years of maximum impact. The doses to noninvolved workers in the year(s) of
maximum impact are presented in Table K—50. Although the emissions that would impact a noninvolved
worker or an MEI would be the same, the year(s) of maximum impact for these receptors may be
different. The emissions from the STTSs would comprise a mix of sources, such as routine tank farm
operations, tank waste retrieval activities, supplemental waste treatment, and tank closure, each of which
would occur in a different time period during the project. The year(s) of maximum impact for a
noninvolved worker at the ERDF would occur when the STTS-West emissions were largest. Similarly,
the year(s) of maximum impact for a noninvolved worker at the 242-A Evaporator would be when
emissions from the WTP, STTS-East, or both were largest. At a distance of more than 9.6 kilometers
(6 miles), the MEI would be exposed to a combination of emissions from the WTP and STTS-East and
-West; consequently, the combined impacts of all three emission sources could affect the year of
maximum impact. However, the peak impacts on the MEI and noninvolved worker at the 242-A
Evaporator would be dominated by the emissions from processing cesium and strontium at the WTP
under all Tank Closure alternatives except Alternatives 1 and 2A. The alternatives have been
conceptualized such that all of the cesium and strontium from capsules would be processed in a single
year at the WTP, resulting in increased cesium and strontium emissions that year. Alternative 1 does not
include cesium and strontium processing, and peak impacts under Alternative 2A would occur from
continuing tank emissions during the period of administrative control and emissions occurring during
deactivation of the WTP.

K-50
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requirements based on the specific tank located near where the work is to be performed and the nature of
the work activity (CH2M HILL 2003a).

From 1997 until 1999, waste-disturbing activities were minimal. Interim stabilization of the SSTs
resumed in 1999 under an enforceable consent decree with the State of Washington (Consent Decree
No. CT-99-5076-EPS). This waste-disturbing activity increased during late 2001 and early 2002, and
several negative evaluation reports were made by tank farm workers with concerns about odors in and
around specific tank farms (Cash 2004).

In early 2002, workers were asked to report all smells or odors, and procedures were developed that
required a medical evaluation of any worker exhibiting symptoms due to vapor exposure
(CH2M HILL 2004a). In 2002, 19 workers reported vapor smells and received medical evaluations.
Betwcen January 1, 2003, and September 30, 2003, 40 workers reported vapor smells and received
medical evi .ations (CH2M HILL 2003a). Efforts to understand and address this increase were made in
2002 and were made the subject of a project in September 2003 to accelerate progress on resolving vapor
issues (CH2M HILL 2004b).

A September 2003 report by the Government Accountability Project (GAP) (GAP 2003) stated that there
had been an increase in the number of workers reporting deleterious effects of cxposure to the chemical
vapors in tank farms. The report was generally critical of the quality and adequacy of the exposure
monitoring program and alleged that workers were sick and injured as a result of being exposed to vapors
from HLW tanks and other toxic and carcinogenic substances. The GAP report and subst 1ent GAP
statements also alleged that there were instances of improper medical record-keeping, including
falsific on of records and collusion to undermine worker compensation claims. Further, the GAP
alleged that there had been instances in which injuries and illnesses had not been properly reported.

In February 2004, the Secretary of Energy directed the DOE Office of Independent Oversight and

erformance Assurance (OA) to evaluate the GAP report allegations and assess past practices and current
operations to determine whether additional actions were needed to ensure a safc work cenvironment at
Hanford. OA conducted an investigation of selected aspects of worker safety and health systems at
Hanford from February through April 2004. The OA team consisted of 23 experts from various
disciplines, including occupational medicine, industrial hygiene, radiological protection, nuclear
engineering, waste management, environmental protection, chemistry, maintenance, operations, and
management systems.

The + 12004 OA report (DOE 2004a) identified 18 individual findings, including deficiencies or
weaknesses related to the following:

e Hazards analysis, exposurc control, and exposure assessment

e Engineering practices and operational controls that threaten tank integrity and control of vapor
emissions

e Processes for defining and investigating vapor exposure issues and managing corrective actions
e (lassification and reporting of injury and illness cases

e DOE oversight and coordination of contractor industrial hygiene and occupational medicine
programs

In its report, the OA team observed that there were no known instances of tank farm worker vapor
exposures that exceeded regulatory limits. However, the team concluded that longstanding deficiencies in
the characterization of tank farm vapors and the industrial hygiene program were such that the site could
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Under normal operations, radiological releases could occur from any of the activities listed above.
Deactivation activities were previously evaluatcd in the Environmental Assessment, Sodium Residuals
Reaction/Removal and Other Deactivation Work Activities, Fast Flux Test Facility (FFTF) Project,
Hanford Site, Richland, Washington (DOE 2006). Based on the environmental assessment, DOE found
no significant impact on the offsite population. The impact on an MEIl was estimated to be
0.0002¢ illirem per year, assuming all of the tritium contamination was released to the environment
(DOE 2006:4-2). Impacts of deactivation activities would be the same under all FFTF Decommissioning
alternatives and werc not in .ded in the alternatives’ dose estimates.

Impacts were evaluated for the same public receptors as the Tank Closure alternatives (described in the
introduction to Section K.2): the offsite population, an MEI, and an onsite MEIl. Impacts on an ME] due
to FFTF emissions werc evaluatcd for the dominant downwind directions; the MI  was identified as
being about 9.1 kilometers (5.6 miles) to the southeast, across the river from the 300 Area. Ground-level
r. ological emissions were assumed for facility disposition activitics or disposition of bulk sodium in a
new facility at Hanford. This conservative assumption resulted in overestimation of the impacts.
Emissions associated with the potential treatment of RH-SCs at Hanford would emanate from the
200-West Area near the T Plant complex. The same source location assumed for the 200-West Area tank
closure emissions was assumed for the RH-SC emissions, i.¢., STTS-West. This assumption resulted in
conservative estimates of the impacts to members of the public.

FI Decommissioning Alternatives 2 and 3 include options for processing RH-SCs, bulk sodium, or
both at the INL MFC. The MEI would be about 5.2 kilometers (3.2 miles) south-southeast of the MFC.
A release height of 24 meters (78 feet) was assumed, based on the building and stack heights presented in
the facility conceptual design report (ANL-W 2004:27, 53).

2.2.1.2 Modeling
The GENII computer code was used to evaluate impacts on the offsite populations of Hanford and INL.
K.2.2.1.3 iput Parameters

Input parameters for the GENII computer code included items that are a function of the location of the
action being taken. For FFTF Decommissioning alternatives, the input parameters that were different
than those used in evaluating Tank Closure alternatives were the meteorological data, population data,
and radiological source terms.

K.2.2.1.3.1 Meteorological Data

FFTF Decommissioning alternatives could include activities that occur at FFTF (the Hanford 400 Area),
the INL MFC, or the Hanford 200-West Area. Meteorological data for evaluating offsite impacts of
activities that would occur in the Hanford 200-West Area were the same as those used in evaluating
emissions from STTS-West for the Tank Closure  ernatives (sce Table K-4). Meteorological data for
activities that would occur at FFTF (facility disposition or disposition of bulk sodium) are presented in
Table K-52. These data represent 10-year averages of data collected from 1997 through 2006 at the
9-meter (30-foot) height at the FFTF Meteorological Station (Burk 2007). Wind rose representations of
these data are included in Chapter 3, Section 3.2.4. Meteorological data for activities occurring at the
INL MFC are presented in Table K-53. These data are based on meteorological data collected at the
MFC Meteorological Station from 2000 through 2004.
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Table K-52. Joint _requency Distribution fi the } ford Site 400 2 t Flux Test Facility) at a 9-Meter Height (continued)
Ave e Pasquill Percentage of Time vvinu piows from the ited Direction
Windspeed Atmospheric
(meters per Stability
second) Class N NNE NE ENE E ESE SE SSE S SSW SW  WSwW W WNW  NW NNW
A 0 0.01 0.01 0.01 0 0 0 0 0.02 0.12 0.16 0.13 0.08 0.03 0.1 0.02
B 0 0 0 0 0 0 0 0 0.01 0.02 0.06 0.03 0.02 0.01 0.02 0
C 0 0 0 0 0 0 0 0 0 0.03 0.04 0.02 0.01 0 0.03 0
9.6 D 0.01 0.02 0.02 0 0 0 0 0.01 0.04 0.23 0.27 0.12 0.06 0.08 0.23 0.02
E 0.01 0.04 0.03 0 0 0 0.01 0.01 0.03 0.2 0.26 0.07 0.03 0.06 0.12 0.01
F 0 0 0 0 0 0 0 0 0 0.02 0.02 0 0 0 0 0
G 0 0 0 0 0 0 0 0 0 0.01 0.02 0 0 0 0 0
A 0 0 0 0 0 0 0 0 0 0.01 0.05 0.05 0.03 0 0.02 0
B 0 0 0 0 0 0 0 0 0 0.01 0.03 0.01 0 0 0.01 0
C 0 0 0 0 0 0 0 0 0 0 0.01 0.01 0 0 0.01 0
12.5 D 0 0 0.01 0 0 0 0 0 0 0.06 0.14 0.05 0.02 0.01 0.04 0
E 0 0 0.01 0 0 0 0 0 0 0.05 0.08 0.03 0.01 0.01 0.02 0
F 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
G 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
A 0 0 0 0 0 0 0 0 0 0 €1 0.01 0 0 0 0
B 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C 0 0 0 0 0 0 0 0 0 0 0.01 0 0 0 0 0
15.9 D 0 0 0 0 0 0 0 0 0 0.02 0.04 0.01 0.01 0 0 0
E 0 0 0 0 0 0 0 0 0 0.01 0.02 0.01 0 0 0 0
F 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
G 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
B 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
18.8 D 0 0 0 0 0 0 0 0 0 0.01 0.01 0 0 0 0 0
E 0 0 0 0 0 0 0 0 0 0 0.01 0 0 0 0 0
F 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
G 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Note: To convert meters to feet, multiply by 3.281.

Source: Burk 2007.
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Tal K-53. Joint Frequency Distribution for the

laho Natior  Laboratory Materials and Fu
(continued)

Complex at a 10-Meter Height

Average Pasquill Percentage of Time Wind Blows from the Indicated Direction
Windspeed Atmospheric
(meters per Stability
s~~~=1) Class N NNE NE ENE E ESE SE SSE S SSW SW  WSW W WNW NW NNW
A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
B 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
69 C 0.03 0.05 0.05 0.02 0 0.01 0.02 0.03 0.11 0.26 0.34 0.1 0.02 0.02 0.02 0.01
D 0.45 0.71 0.77 0.21 0.06 0.05 0.04 0.62 1.35 3.49 4,44 1.5 0.14 0.16 0.13 0.23
E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
F 0 0 0 0 0 0 0 0 0 0 0 0 n 0 0 0
A 0 0 0 0 0 0 0 0 0 0 0 0 v 0 0 0
B 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
10.7 C 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
D 0.27 0.39 0.19 0.05 0.01 0 0.01 0.03 0.5 1.46 4.68 1.79 0.04 0.03 0.03 0.04
E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
F 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Note: To convert meters to feet, multiply by 3.281.
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K.2.3.1.1 Approach

Waste Management alternatives include treatment, storage, and disposal activities. Existing emissions
from the Waste Receiving and Processing Facility (WRAP) and from waste treatment at the T Plant
complex would continue under Waste Management Alternative 1. Under Waste Management
Alternatives 2 and 3, additional treatment capacity would be added at WRAP and the T Plant complex
and additional waste volumes would be processed. These facilities would be located in the 200-West
Area. For purposes of evaluating radiologic: impacts on the public, emissions from waste treatment
activities were modeled as originating from a single location, the STTS-West in the southeast corner of
200-West Area, which was the same location used for modeling emissions from the 200-West Area under
the Tank Closure and FFTF Decommissioning alternatives.

Waste storage capacity at the Central Waste Complex (CWC) would be expanded under Waste
Management Alternatives 2 and 3. Under Waste Management Alternative 2, waste disposal would occur
in the 200-East Area Integrated Disposal Facility (IDF-East) and the proposed River Protection Project
Disposal Facility (RPPDF) to be located between the 200-East and 200-West Areas. Under Waste
Management Alternative 3, in addition to IDF-East and RPPDF, a 200-West Area Integrated Disposal
Facility (IDF-West) would be used for waste disposal. Stored waste and waste placed in the disposal
facilities would be in packages or large roll-on, roll-off containers; therefore, no radiological emissions
with the potential to cause offsite impacts are expected from waste storage and disposal.

K.2.3.1.2 Modeling
The GENII computer code was used to evaluate impacts on the offsite populations of Hanford.
K.2.3.1.3 Input Parameters

The waste treatment facilitics would be in the 200-West Area, so many of the GENII input parameters
would be the same as thosc used in modeling impacts from 200-West Area tank closure activities.
Common input parameters include meteorological data (see Table K—4) and population distribution
(see Figure K—4). The same pathway and exposure assumptions used in the tank closure analysis were
used for evaluating waste management impacts (see Section K.2.1.1.3.3).

K.2.3.1.3.1 Source Terms

The emissions of the proposed waste treatment facilities were estimated based on emissions from current
treatment facilities. Isotopic data reported in the Radionuclide Air Emissions Report for the Hanford Site,
Calendar Year 2006 (Rokkan et al. 2007) for operation of WRAP and Buildings 2706-T/TA were used
where available. If no specific alpha-emitting isotopes were reported, the reported gross alpha emissions
were used and assumed to be plutonium-239. In the absence of specific beta-emitting isotopes, the
reported gross beta emissions were used and assumed to be strontium-90. Emissions for the duration of
the waste treatment activities and for the years of maximum impact are presented in Table K—60.

Table K-60. Waste Management Alternatives — Radiological Emissions
pnrinn Naoarmal (ﬂ\prgtions

Emissions over Annual Emissions in
Life of Project Years of Maximum Impact
Radionuclides Curies | Years Curies | Years
Waste Ma  ement Alte=—~4¥n? ~-2
Strontium-90 7.4x10" 2013-2051 2.0x107 2019-2051
Plutonj-—~ 2201 a9v1Q” 2.4x10°®
Americium-241]  3.2x10”7 8.8x10”
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the accidents evaluated. The accident scenario descriptions are intended to give the informed reader a
general understanding of how the accident source terms were developed and how the releases from one
event might compare to another.

K.3.2 Overview of Methodology and Assumptions
K.3.2.1 Modeling and Analysis of Airborne Radiological Releases

The radiological impacts of airborne releases from accidents at the facilities involved in the
TC & WM EIS alternatives were calculated using the MELCOR Accident Consequences Code System
(MACCS) computer code, Version 1.13.1 (MACCS2). A detailed description of the MACCS model is
provide in MELCOR Accident Consequences Code System (MACCS) (NRC 1990). The enhancements
incorporated in MACCS2 are described in the Code Manual for MACCS2, Vol. 1, User’s Guide (Chanin
and Young 1997). This section presents the MACCS2 data specific to the accident  ilyses.

MACCS?2 description. The MACCS2 computer code is used to estimate the radiological doses and
health effects that could result from postulated accidental releases of radioactive materials to the
atmosphere. The specific release characteristics can consist of up to four Gaussian plumes that are often
referred to simply as “plumes”; these specifications are designated a “source term.”

The re oactive materials released are modeled as being dispersed in the atmo here while being
transported by the prevailing wind. During transport, whether or not there is precipitation, particulate
material can be modeled as being deposited on the ground. If contamination levels exceed a
user-specified criterion, mitigating actions can be triggered to limit radiation exposures.

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

MACCS?2 is divided into three primary modules: ATMOS, EARLY, and CHRONC. Three phases of
exposure are defined as emergency, intermediate, and long-term. The relationship among the code’s three
modules and three phases of exposure are summarized below.

The ATMOS module performs all of the calculations pertaining to atmospheric transport, dispersion, and
deposition, as well as the radioactive decay that occurs before release and while the material is in the
atmosphere. It uses a Gaussian plume model with Pasquill-Gifford dispersion parameters. The
phenomena treated include building wake effects, buoyant plume rise, plume dispersion during transport,
wet and dry deposition, and radioactive decay and ingrowth. The results of the calculations are stored for
use by ARLY and CHRONC. In addition to the air and ground concentrations, ATMOS stores
information on wind direction, arrival and departure times, and plume dimensions.

The E4 LY module models the period immediately following a radioactive release. This period is
commonly referred to as the emergency phase. The emergency phase begins at each successive
downwind distance point when the first plume of the release arrives. The duration of the emergency
phase is specified by the user: it can range from 1 to 7 days. The exposure pathways considered during
this period are direct extern exposure to radioactive material in the plume (cloud shine), exposure from
inhalation of radionuclides in the cloud (cloud inhalation), exposure to radioactive material deposited on
the gro d (ground shine), inhalation of resuspended material (resuspension inhalation), and skin dose
from material deposited on the skin. Mitigating actions that can be specified for the emergency phase
include evacuation, sheltering, and dose-dependent relocation.

The Ct ONC module performs all of the calculations pertaining to the intermediate and long-term
phases. CHRONC calculates the individual health effects that result from both direct exposure to
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contaminated ground and inhalation of resuspended materials, as well as indirect health effects caused by
the consumption of contaminated food and water by individuals who could reside both on and off the
computational grid.

The intermediate phase begins at each successive downwind distance point upon conclusion of the
emergency phase. The user can configure the calculations with an intermediate phase up to 1 year long.
Alternatively, the user can configure the calculations w  no intermediate phase, so that the long-term
phase begins immediately upon conclusion of the emergency phase.

Interme  ate phase models are implemented on the assumption that the radioactive plume has passed and
the only exposure sources (ground shine and resuspension inhalation) are from material deposited on the
ground. It is for this reason that MACCS2 requires that the total duration of a radioactive release be
limited to 4 days. Potential doses from food and water during this period are not considered.

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

The lone-term phase begins at each successive downwind distance point upon conclusion of the
interme¢ ate phase. The exposure pathways considered during this period are ground shine, resuspension
inhalation, and ingestion of food and water.

The exposure pathways considered are those resulting from material deposited on the ground. A number
of protective measures, such as decontamination, t orary interdiction, and condemnation, can be
modeled in the long-term phase to reduce doses to user-specified levels. The decisions on mitigating
action in the long-term phase are based on two factors: (1) whether land at a specific location and time is
suitable for human habitation (habitability) and (2) whether land at a specific location and time is suitable
for agricultural production (ability to farm).

All of the calculations of MACCS?2 are stored based on a polar coordinate spatial grid. Treatment differs
somewhat between calculations of the emergency phase and calculations of the intermediate and
long-term phases. The region potentially affected by a release is represented with a (r, ) grid system
centered on the location of the release. The radius, r, represents downwind distance. The angle, 0, is the
angular offset from the north, going clockwise.

The user specifies the number of radial divisions as well as their endpoint distances. The angular
divisions used to define the spatial grid are fixed in the code. They correspond to 2 16 points of the
compass; each division is 22.5 degrees wide. The 16 points of the compass are used in the United States
to express wind direction. The compass sectors are referred to as the “coarse grid.”

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

Two types of doses may be calculated by the code: acute and lifetime.
Acute doses are calculated to estimate deterministic health effects that can result from high doses

delivere at high dose rates. Such conditions may occur in  : immediate vicinity of a nuclear facility
following hypothetical severe accidents in which confinement and/or containment failure has occurred.
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Examples of the health effects based on acute doses are early fatality, prodromal vomiting (a precursory
symptom of disease), and hypothyroidism (insufficient production of the thyroid hormone).

Lifetime doses are the conventional measure of detriment used for radiological protection. These are
50-year dose commitments to specific tissues (e.g., red marrow and lungs) or a weighted sum of tissue
doses defined by the ICRP and referred to as “effective dose.” Lifetime doses may be used to calculate
the stochastic (probabilistic) health effect risk resulting from exposure to radiation. MACCS2 uses the
calculated lifetime dose in cancer risk calculations.

MACCS?2 implementation. As implemented, the MACCS2 model evaluated doses due to inhalation of
airborne material, as well as direct (external) exposure to the passing plume. These two modes of
exposure represent the major portion of the dose that an individual would receive due to a 7C & WM EIS
alternative facility accident. The longer-term effects of airborne radioactive material deposited on the
ground after a postulated accident, including : resuspension and subsequent inhalation of radioactive
material and the ingestion of contaminated crops, were not modeled for this EIS. These pathways have
been studied and found to contribute insignificantly to the total dose compared with inhalation of
radioactive material in the passing plume; they are also controllable through cleanup and other mitigation
measures. Hence, the deposition velocity of the radioactive material was set to zero, so that material that
might otherwise be deposited on surfaces would remain airborne and available for inhalation. This
method results in a higher degree of conservatism compared with dose results that would be obtained if
deposition and resuspension were taken into account.

The impacts were assessed for the offsite population surrounding the 200-East and 200-West Areas,
FFTE, and the INL MFC; the MEI; and a noninvolved worker. The impacts on involved workers were
addressed qualitatively because no adequate method exists for calculating meaningful consequences at or
near the location where an accident could occur. Involved workers are also fully trained in emergency
procedures, including response to potential accidents.

The offsite population is defined as the general public residing within 80 kilometers (50 miles) of the site.
The population distribution for each proposed site is based on U.S. Department of Commerce state
population data (Census 2007a, 2007b). These data were fitted to a polar coordinate grid with 16 angular
sectors aligned with the 16 compass directions, with radial intervals that extend outward to 80 kilometers
(50 miles). The offsite populations within 80 kilometers (50 miles) of the 200-East and 200-West Areas
were estimated to be 451,556 and 488,897 persons, respectively. The population within 80 kilometers
(50 miles) of FFTF was estimatc to be 357,391, and the INL. MFC population was estimated to be
205,962. For this analysis, no credit was taken for emergency responsc evacuations or temporary
relocation of the public.

The MI is defined as a hypothetical individual member of the public who would receive the maximum
dose from an accident. This individual is usually assumed to be located at a site boundary. However,
because there are public access points within the Hanford boundary, the MEI could be at any of these
onsite locations.

The M] location was determined for each 7C & WM EIS alterative. The MEI location at Hanford can
vary based on the type and location of an accident. For this analysis, the MEI was assumed to be located
8.6 kilometers (5.4 miles) southwest of the 200-East Area facilities, 3.6 kilometers (2.3 miles) south of
the 200-West Area facilities, and 6.8 kilometers (4.2 miles) east of FFTF. The MEI for the INL MFC was
assumed to be located 5.5 kilometers (3.4 miles) to the south-southeast.

A noninvolved worker is defined as an onsite worker who is not directly involved in the facility activity
pertaining to the accident. The noninvolved worker was assumed to be exposed to all or part of the
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release without any protection. For some scenarios, workers would evacuate the area after becoming
aware of the emergency, ther v reducing their exposure potential.

Doses to the offsite population, the MEJ, and a noninvolved worker were calculated based on site-specific
meteorological con ions. Site-specific meteorology was represented by 1 year of hourly windspeed,
atmospheric stability, and rainfall data at each site. The MACCS2 calculations produced statistical

stributions based on the meteorological conditions. For these analyses, the results presented were based
on mean meteorological conditions, which produce more-realistic consequences than the 95th percentile
condition sometimes used in accident analyses for safety analysis reports. The 95th percentile condition
represents low-probability meteorological conditions that are not exceeded more than 5 percent of the
time.

The health risk coefficient for determining the likelihood of an LCF for low doses or dose rates is
0.0006 LCFs per rem, applied to individual workers and members of the public (see Section K.1.1.3). For
high doses or dose rates, a health risk coeffici  0of 0.0012 applies for individual workers and members of
the public. The higher health risk coefficient applies when individual doses exceed 20 rem.

K.3.2.2 Modeling and Analysis of Airborne Chemical Releases

One of the computer models included in the DOE Safety Software Central Registry, the Emergency
Prediction Information Code (EPIcode), was sclected to obtain estimates of atmospheric dispersion and
resultant downwind concentrations of hazardous chemicals (DOE 2004b; Homann 2003). The codes
include in the central registry have been determined to be compliant with the DOE Safety Software
Quality Assurance requirements. These codes are routinely used by DOE to perform calculations and
develop data used to establish the safety basis for DOE facilities and their operation and to support the
variety of safety analyses and evaluations developed for these facilities.

EPIcode uses the Gaussian dispersion model to determine plume dispersion. The Gaussian model
computes airborne concentrations at a given distance based on: (1) amount released, (2) effective release
height, (3) windspeed at the release height, (4)inversion layer, and (5) standard deviation of the
integrated concentration distribution both in the crosswind direction (sigma-y) and the vertical direction
(sigma-z). Both sigma-y and sigma-z depend on the Pasquill stability class (classification according to
the degree of atmospheric turbulence, described below) and the terrain. EPIcode allows selection of
cither standard (rural) or urban terrain. The standard terrain assumes surface roughness lengths ranging
from 0.01 to 0.1 meters (0.03 to 0.3 feet). The urban terrain accounts for increased di  :rsion due to large
urban structures. Standard terrain was conservatively selected for all scenarios even though there are
various large structures at Hanford. This choice resulted in higher downwind concentrations.

EPIcode accounts for plume depletion processes, by which very small particles and gases or vapors are
deposited on or incorporated within surfaces as a result of turbulent diffusion ar Brownian motion
(random movement of small particles suspended in liquid or gas caused by collisions with molecules of
the surrounding medium). Chemical reactions; impaction; and other biological, chemical, and physical
processes combine to keep material that is d  sited from becoming re-entrained. As this material is
deposited, the plume above :comes depleted. EPIcode uses a source-depletion algorithm to adjust the
air concentration in the plume to account for this removal of material. This integrated effect of all
removal processes is represented in the plume depletion equation by a deposition velocity term. The code
does not account for wind shifts, terrain steering effects, chemical reactions, dense gas effects, or
radioactive materials (see Homann 2003).

EPIcode was used to model chemical concentrations in air at each receptor for each release scenario.
Each chemical release was assumed to be at ground level. Seven Pasquill stability classes were defined,
ranging from A (extremely unstable) to D (neutral) to G (extremely stable). A neutral atmospheric
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stability (stability class D) and a windspeed of 5 meters (16.4 feet) per second were used for all EPIcode
simulations in this document. The most frequent stability class at Hanford is D.

K.3.2.3 Accident Frequencies

Accident fre lency or probability reflects the likelihood of occurrence of an unplanned event during
operations that could potentially cause the release of hazardous materials and harm the public, workers,
and environment. The unit of measure for accident frequency in this EIS is usually expressed as
occurr¢ es per unit of time.

Risk is the overall measure of an accident’s potential for endangering the health and safety of workers and
the public. As explained in Section K.3.7, an accident’s risk is calculated by the mathematical product of
the accident’s frequency of occurrence and its consequences and is expressed in terms of LCFs per year.

Accident scenarios and frequencies used in this EIS were based on extensive studies that are documented
in safety analysis reports and related documents. The accident frequencies in these reports typically
reflect the effects of mitigating factors designed to prevent or minimize the magnitude of hazardous
materials released. The accident frequencies used in this EIS were conservatively adjusted to reflect
unmitigated conditions that result in higher releases of hazardous materials, and thus, higher
consequences. Because of uncertainties in the factors that affect an accident’s frequency, many were
initially expressed as a range. For estimating risk, the higher, conservative end of the estimated frequency
range was used in the multiplication of frequency and consequences.

K.3.2.4 Secondary Impacts

Secondary impacts occur due to deposition of radioactive material or chemicals from a plume released
during an accident. Although further exposure to humans can occur from deposited material, the
radiation dose or chemical exposure associated with the passing plume dominates human health impacts.
However, for NEPA purposes, other impacts of deposition are also important. These impacts, discussed
further  Section K.3.8 (for radiological releases) and Section K.3.9 (for chemical releases), may result in
imposition of protective actions and temporary access restrictions to contaminated lar  or property.

For radiological releases, the MACCS2 code was used to estimate the level of ground contamination

caused by deposition from a passing radioactive plume. The level of contamination is measured in units

of mic.  iries per square meter at specified distances from the accident location. Releases were assumed

to occur at ground level with no thermal lift. Mean meteorological conditions were assumed and the

deposition velocity was set to 0.01 meters (0.03 feet) per second. The EPA level of concern was set to

0.1 microcuries per square meter. For the analyzed chemical release scenarios, a combination of
lantitative and qualitative means was used to  sess the secondary impacts in Section K.3.9.

K.3.3 Radiological Accident Analyses

In accordance with DOE NEPA guidelines, an EIS should contain a representative set of accidents that
includes various types, such as fire, explosion, mechanical impact, criticality, spill, human error, natural
phenomena, and external events. DOE’s Office of NEPA Policy and Compliance provides guidance for
preparing accident analyses in EISs in Recommendations for Analyzing Accidents Under the National
Environmental Policy Act (DOE 2002). This cument clarifies and supplements Recommendations for
the Preparation of Environmental Assessments and Environmental Impact Statements (DOE 2004c).

Facility accidents fall into three broad categories: (1) internally initiated operational events, (2) externally
initiated events, and (3) natural phenomena.  ac first category, internally initiated operational events,
includes accidents such as fires, explosions, criticalities, spills, floods, mechanical impacts, and human
errors. The second category, externally initiated events, includes airplane crashes, land vehicle impacts,
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and accidents at adjacent facilities that could impact DOE facilities. The third category, natural
phenomena, includes earthquakes, tornados, lightning, high winds, floods, fires, and other naturally
occurr ;events. Other accidents could be identified in each category specific to a facility’s operations,
design, location, and mission. Intentional acts by terrorists or saboteurs are not considered accidents in
the context of NEPA; however, potential impacts of international destructive acts are addressed in
Section K.3.11.

For this 7C & WM EIS, a large number of potential accidents were considered in each category. The
sources of these accident descriptions, which include identification, definition, and assessment of impacts,
are documented in safety analysis reports for the WTP, Pretreatment Facility, LAW Vitrification Facility,
and HLW Vitrification Facility. Other documents prepared in support of these safety analysis reports and
related EISs were also referenced as needed.

From the large list of accident scenarios, a number were selected that were consistent with NEPA
purposes and supportive of public interests and DOE decisions associated with this TC & WM EIS.
Screening criteria for accident selection and further analysis included the following:

e Applicability (i.e., is the accident scenario applicable to this 7C & WM EIS?)
o Likelihood of occurrence (i.e., is the accident’s occurrence reasonably foreseeable?)

e Material at risk (MAR) (i.e., does the accident scenario involve a significant amount of hazardous
MAR as a source term?)

e Magnitude of impacts (i.e., how would the accident’s impacts illustrate the range of possible
consequences and risks for workers and the iblic for a particular accident category such as fire
or spill?)

o Differentiation of alternatives (i.c., would the accident’s impacts help to differentiate between
alternatives for decision making purposes?)

e Public interest (i.e., is the accident scenario one that is of particular interest and concern to the
ublic?)

The results of the process of accident selection are provided in Sections K.3.4 for Tank Closure
alternatives, K.3.5 for FFTF Decommissioning alternatives, and K.3.6 for Waste Management
alternatives. These sections describe the accident scenarios and corresponding source terms developed
for the T7C & WM EIS alternatives. The spectrum of accidents discussed below was used to determine the
range of consequences (public and worker doses) and associated risks. Additional assumptions were
made when further information was required to clarify the accident condition, update various parameters,
or facilitate the evaluation process. The assumptions are referenced in each accident description.
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Assuming the occurrence of a postulated accident, the source term is the amount of respirable radioactive
material released to the air, in terms of curies or grams. The airborne source term is typically estimated
by the following equation:

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

where:
MAR = material at risk
DR = damage ratio
ARF = airborne relcase fraction
RF = respirable fraction
LPF = leak path factor

The MAR is the amount of radionuclides (in curies of activity or grams for each radionuclide) available to

: acted up by a given physical stress. The MAR is ific to a given process in the facility of
interest. It is not necessarily the total quantity of material present, but rather the amount of material in the
scenario of interest postulated to be available for release.

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

The ARF is the fraction of material that becomes airborne due to the accident. In this analysis, ARFs
were obtained from applicable source documents or the DOE Handbook, Airborne Release
Fractions/Rates and Respirable Fractions for Nonreactor Nuclear Facilities, Vol. 1, Analysis of
Experimental Data (DOE Handbook 3( )-94).

The RF is the fraction of the material with a 10-micron (0.0004-inch) or less aerodynamic-equivalent
diameter particle size that could be retained in the respiratory system following inhalation. The RF values
are also taken from applicable source documents or the DOE Handbook (DOE Handbook 3010-94).

The LPF accounts for the action of removal me anisms (e.g., containment systems, filtration, deposition)
to reduce the amount of airborne radioactivity ultimately released to occupied spaces in the facility or the
environment. The LPF values were taken from applicable sources when possible. Otherwise, an LPF of
1.0 (i.e., no reduction) was assigned. An LPF of 1.0 was also assigned in accident scenarios involving a
major failure of confinement barriers.

For example, if for a particular waste process vessel accident, the MAR is 100 curies of a specified
radionuclide in a fixed amount of tank waste, the DR is 0.5, : ARF 1s 0.01, the RF is 0.02, and the LPF
1s 0.05, the source term would be calculated as follows:

Source term = MAR x DR X ARF x RF x LPF =100 x 0.5 x 0.01 x 0.02 x 0.05 = 0.0005 curies

In other w: s, a process vessel contains 100 curies of a radionuclide that is at risk of being released to
the environment. Because of an accident, for example, vessel failure, 50 percent (the DR is 0.5) of the
vessel’s contents are released to the immediate area, 1.0 percent (the ARF is 0.01) becomes airborne, and
2.C crcent (the RF is 0.02) of the airborne material is of respirable size. Depending on the nature of the
accider  availability of filtration equipment, and other mitigating factors, 5 percent (the LPF is 0.05) of
the respirable airborne material is released to the environment. The net effect is the release of
0.0005 curies of the radionuclide.
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The LPF was estimated to be 0.75 due to mitigation of the aerosol by soil collapsing into the tank (Shire
et al. 1995). The estimated impacts of this accident would be represented by other storage and retrieval
accident impacts and have not been analyzed further.

K.3.4.5.3 Seismically Induced Waste Tank Dome Collapse—Unmitigated (TK53)

This accident scenario involves radiological and chemical contaminants in the tank headspace that were
conservatively assumed to be available for release. The collapse of a portion of the dome and overburden
would compress the vapor in the headspace as they descend, enhancing the vapor release rate by a sudden
pressure difference. Assumptions for each tank included a respirable concentration of contaminants in the
headspace of 10 milligrams per cubic meter, a liquid specific gravity of 1.0, and a headspace volume of
935 cubic meters (1,223 cubic yards). The MAR, representative of all tanks, would be in 0.1 liters
(0.026 gallons) of vapor and 410,000 liters (108,000 gallons) of salt cake, sludge, and liquid. The product
of ARF x RF was estimated to be 1.0 for acrosols in the headspace and 0.00002 for solids and liquids.
The LPF was estimated to be 1.0. Entrainment from the material splashed out of the tank would
contribute an additional 4.6 x 107 liters per second to the source term (Shire et al. 1995). The reference
for this scenario (Shire et al. 1995) cites an earthquake with a frequency of 0.00004 per year as the
possible initiator. However, for risk calculation purposes, a conservative frequency of 0.0005 per year
was assumed, consistent with the frequency used for earthquake scenarios involving severe damage to the
WTP.

K.3.4.5.4 Rapid Exothermic Ferrocyanide-Nitrate Reaction (TK54)

A postulated accident of concern is the occurrence of a sustainable, rapid exothermic ferrocyanide-nitrate
(or nitrite) reaction in the stored waste. Such a sustainable, rapid exothermic reaction could produce
sufficient heat and evolve gases to pressurize the tank headspace, releasing aerosolized waste from the
tank vents and potentially damaging the tank’s structure.

Waste tank operations at Hanford during the 1950s used ferrocyanide in a number of waste tanks to
scavenge cesium-137 from waste supernatant, which led to the formation of ferrocyanide-containing
sludge that settled in layers in a number of waste tanks. As a result of these operations, approximately
140 metric tons of ferrocyanide (as Fe(CN)™) were added to 18 SSTs at Hanford. Ferrocyanide, in
sufficiently high concentrations and mixed with oxidizing material such as sodium nitrate/nitrite, can
react exothermically or even explode when heated to high temperatures.

The risk posed by the continued storage of ferrocyanide wastes in Hanford underground storage tanks has
been studied extensively. Waste sample data coupled with laboratory experiments show that the
ferrocyanide has decomposed (aged) to inert chemicals through radiolysis and hydrolysis and that the
wastes cannot combust or explode (WHC 1996). As a result, all 18 ferrocyanide tanks are categorized as
safe and this event has not been analyzed further.

K.3.4.6 Supplemental Treatment—Bulk Vitrification
K.3.4.6.1 Bulk Vitrification Waste Receipt Tank Failure—Unmitigated (BV61)

This accident scenario involves a seismically induced failure of a waste receipt tank used in the bulk
vitrification waste treatment process in either the 200-East or 200-West Area. Contributing failure
mechai  ms might include corrosion, erosion, thermal cycling fatigue, faulty welds, or chemical/waste
incompatibilities. The entire vessel’s contents would spill from the vessel or piping to the floor of the cell
where the tank is located. HEPA filters were assumed to be inoperative, resulting in an unfiltered release
of radioactive material. The MAR would be in 129,000 liters (34,100 gallons) of waste (CH2M
HILL 2003b). An initial ARF of 0.00005 wo | apply to the vessel’s contents as they 1l to the floor.
A continuing airborne release of 4 x 107 of the spilled material per hour due to entrainment from the pool
surface was assumed to contribute to worker exposure for a period of 8 hours and to public exposure for
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24 hours. The | 5 would be 0.8 for aerosols formed as the waste spills and 1.0 for aerosols entrained
from the pool surface (DOE Handbook 3010-94). The LPF would be 1.0 for the unmitigated case
(2.5 x 10” for the mitigated case) (Lindquist 2006a). The frequency of ie accident was cstimated to be
in the range of 0.00005 to 0.0005 per year (Woolfolk 2007b). For risk calculation purposes, a
conservative frequency of 0.0005 per year was assumed.

K.3.4.7 Supplemental Treatment—Cast Stone
K.3.4.7.1 Cast Stone Feed Receipt Tank Failure—Unmitigated (CS71)

This accident scenario involves a seismically induced failure of a feed receipt and storage tank used in the
cast stone waste treatment process in either the 200-East or 200-West Area. Contributing failure
mechanisms may include corrosion, ecrosion, thermal cycling fatigue, faulty welds, or chemical/waste
incompai litics. The entirc vessel’s contents would spill from the vessel or piping to the floor of the cell
where the tank is located. HEPA filters were assumed to be inoperative, resulting in an unfiltered release
of radioactive material. The MAR would be in 129,000 liters (34,100 gallons) of waste (CH2M
HILL 2003b). An initial ARF of 0.00005 would apply to the vessel’s contents as they spilled to the floor.
A continuing airborne release of 4 x 107 of the spilled material per hour due to entrainment from the pool
surface was assumed to contribute to worker exposure for a period of 8 hours and to public exposure for
24 hours. The RFs would be 0.8 for aerosols formed as the waste spills and 1.0 for aerosols entrained
from the pool surface (DOE Handbook 3010-94). The LPF would be 1.0 for the unmitigated case
(2.5 x 107 for the mitigated casc) (Lindquist 2006a). The frequency of the accident was estimated to be
in the range of 0.00005 to 0.0005 per year (Woolfolk 2007b). For risk calculation purposes, a
conservative frequency of 0.0005 per year was assumed.

K.3.4.8 Supplemental Treatment—Steam Reforming
K.3.4.8.1 Steam Reforming Feed Receipt Tank Failure—Unmitigated (SRF1)

This accident scenario inve ‘cs a seismically induced failure of a feed receipt tank used in the steam
reform; ; waste treatment process in either the 200-East or 200-West Area. Contributing failure
mechanisms may include corrosion, erosion, thermal cycling fatigue, faulty welds, or chemical/waste
incompatibilities. The entire vessel’s contents would spill from the vessel or piping to the floor of the cell
where the tank is located. HEPA filters werc assumed to be inoperative, resulting in an unfiltered release
of radioactive material. The MAR would be in 129,000 liters (34,100 gallons) of waste (CH2M
HILL 2003b). An initial ARF of 0.00005 would apply to the vessel’s contents as they spill to the floor.
A continuing airborne release of 4 x 107 of the spilled material per hour due to entrainment from the pool
surface was assumed to contribute to worker exposure for a period of 8 hours and to public exposure for
24 hours. The RFs would be 0.8 for aerosols formed as the waste spills and 1.0 for acrosols entrained
from the pool surface 'OE Handbook 3010-94). The LPF would be 1.0 for the unmitigated case
(2.5 x 107 for the mitigated case) (Lindquist 2006a). The frequency of the accident was estimated to be
in the range of 0.00005 to 0.0005 per year (Woolfolk 2007b). For risk calculation purposes, a
conservative frequency of 0.0005 per year was assumed.

K.3.4.9 Supplemental Treatment—Remote-Handled TRU Waste

K.3.4.9.1 Mixed TRU Waste/Mixed Low-Level Radioactive Waste Liquid Sludge Transfer Line
Spray Leak—Unmitigated (TF )

This accident scenario involves a seismically induced break and spray leak in the TRU waste treatment
system in the 200-East or 200-West Area. A spray leak could occur when waste slurry is transferred from
the retrieval system to the feed receipt tanks. A small hole or orifice could develop in the transfer line,
resulting in a spray leak. The MAR was base on a leak rate of 0.22 liters (0.06 gallons) per second for
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over a period of 67 hours. The frequency of this accident was estimated to be 0.00002 per year
(Himes 1996).

K.3.5.2.2 Sodium Reactor Experiment S um Fire (SRE1)

Sodium formerly used as coolant in the Sodium Reactor Experiment (SRE) is stored as a solid in drums in
the South Alkali Metal Storage Modules near thc 200-West Area Solid Waste Operations Complex
(SWOC). In this scenario, a vehicle impacts a single storage modulc and come to rest inside of it. The
module contains 20 drums, each of which holds 168 kilograms (370 pounds) of sodium (Fluor
Hanford 2004b). The fuel from the vehicle was assumed to drain into the module reservoir and ignite,
burning the total amount of sodium in the 20 drums (3,360 kilograms or 7,410 pounds) in approximately
15 hours. For purposes of this analysis, this scenario was assumed to bc initiated by human error and was
signed a frequency of 0.01 per year (Fluor Hanford 2004a).

K.3.5.3 Accidents at Idaho National Laboratory
K.3.5.3.1 INL Sodium Processing Facility Storage Tank Failure (INLSPF1)

The accident associated with disposition of bulk sodium at the INL SPF with the largest expected impacts
would be a failure of the secondary sodium drain tank located in the EBR-II secondary sodium boiler
building with an accompanying fire. The structure and associated features were assumed to provide no
mitigation of the release. Although this storage tank would contain a mixture of bulk sodium, it was
conservatively assumed that the radionuclide inventory levels for the FFTF primary sodium represent the
mixture. Failure of the tank would result in a spill of its working capacity of 56,800 liters
(15,000 gallons) of molten sodium (ANL-W and Fluor Hanford 2002). The burn rate was estimated to be
2,250 kilograms per hour (5,000 pounds per hour) and the duration was estimated to be 24 hours. The
estimated frequency of this accident, based on the frequency of tank leaks, is 0.00001 per year
(Bowman 1994),

.3.6 Waste Manag: ent Accident Scenarios

The documented safety analysis for solid waste operations (DSASW) (Fluor Hanford 2007) identifies and
analyzes a range of potential accidents at the Hanford low-level radioactive waste burial grounds
(LLBGs), CWC, T Plant complex, and WRAP. These four facilities compose SWOC, which performs
the solid waste management function for Hanford. The accidents analyzed in the DSASW represent a
range of severity (consequences) and frequency and provide the basis for SWOC operating controls and
limits. The solid waste management operations covered by the DSASW would continue under each of
the three Waste Management alternatives examined in this 7C & WM EIS. Under Waste Management
Alternatives 2 and 3, new facilities or expansions of existing facilities would be required and there would
be limited shipments of low-level radioactive waste (LLW) and mixed low-level radioactive waste
(MLLW) to Hanford from other DOE sites. Accordingly, each of the scenarios an zed in the current
DSASW or some updated and refined version of it would be applicable to each of the Waste Management
alternatives. The frequency and human health risk from a particular type of accident may vary somewhat
as a function of the volume of waste that is managed and/or the duration (years) of each specific waste
management component under each Waste Management alternative. Under Waste Management
Alternative 1 (No Action), construction of 1DF-East would be discontinued in 2008. Therefore, accidents
associated with the onsite disposal of ILAW are not applicable to Waste Management Alternative 1.
Scenarios for accidents involving ILAW were taken from Project 520, Immobilized Low-Activity Waste
Disposal Facility, Preliminary Documented Safety Analysis (Burbank 2002). Applicability of the
accident scenarios to the Waste Management alternatives is shown in Table K—67.
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K.3.6.1.2.3 Spill of Single Large-Diameter Container (SWOC SP-4)

A large-diameter container (LDC) spill was postulated to occur in the 221-T Canyon Building because it
is the only location where an LDC is removed from its shipping cask or lifted over other LDCs or blanket
fuel assemblies in a storage cell. The drop scenario assumes that the LDC contains dry, high-activity
sludge. Based on the largest expected inventory for this sludge mix, the total content (MAR) would be
1,610 Pu-239 DE-curies in 3,800 kilograms (8,380 pounds) of sludge. Applying a conservative ARF and
RF of 0.0025, the source term for this scenario would be 0.4 Pu-239 DE-curies. No credit was taken for
confinement provided by the T Plant structure or systems. Without credit for any controls, the frequency
of this accident was estimated to be greater than 0.01 per year (Fluor Hanford 2007). For purposes of this
analysts, the frequency was assumed to be 0.01 per year.

K.3.6.1.2.4 Other Solid Waste Operations Complex Spill/Spray Scenarios

The DSASW describes and analyzes an ¢ :ional five spill/spray scenarios. Table K—69 shows how the
source terms (and thercfore, the consequences) of these scenarios compare with the scenarios detailed
above (shown in bold font). The scenarios are arranged by source term, in ascending order.

Table K—69. Spill and Spray Scenarios Analyzed in the DSASW

Source Term DSASW
(Pu-239 DE-curies) Description Designator | Frequency
0.0021 Spray release event SP-7 A
0.0083 Handling spill of single waste container SP-2 A
0.012 Waste container spill due to vehicle collision SP-1 A
0.014 Handling spill of multiple waste containers SP-3 A
0.017 Glovebox spill due to loss of confinement SP-6 A
¢4 Spill of multiple large-diameter containers SP-5 A
G.uad Large handling spill of boxes or multiple SP-3A A
Wagtn noméninany
0.4 Spili o1 singie 1arge-diameter container SP-4 A

Note: Entries evaluated in this environmental impact statement are in bold text.

Key: A=anticipated (frequency >10 per year); DSASW=documented safety analysis for solid waste operations;
Pu-239 DE-curies=plutonium-239 dose-equivalent curies.

Source: Fluor Hanford 2007.

K.3.6.13 Natural Phenomena
K.3.6.1.3.1 Design-Basis Seismic Event (SWOC NPH-1)

A design-basis seismic event was postulated to impact the four SWOC facilities and result in the release
of radioactive materials. All exposed waste containers stored outside would topple. Unstacked waste
containers and the bottom tiers of stacked waste containers would not fail because they were assumed to
be robust and able to survive a fall of less than 1.2 meters (4 feet). It was conservatively assumed that all
stacked waste containers above the first tier would topple and spill. Most waste containers stored
inside structures qualified to seismic performance category (PC)-2 parameters (DOE Standard 1021-93)
would topple. Waste containers would topple and spill, except for fuel assemblies stored in the pool cell
of the 221-T Canyon Building, sludge stored in LDCs in storage arrays in cells in the 221-T Canyon
Building, unstacked containers, and the bottom tiers of stacked containers. The event would cause
structures not qualified to PC-2 parameters to fail and buildings to collapse, causing waste containers
stored inside to spill. Waste containers stored inside would be impacted and breached by falling objects
(e.g., lights, fire suppression sprinkler lines) and other overhead equij :nt not seismically rated in
structures that are qualified to PC-2 parameters. The total source term would be the sum of
0.027 Pu-239 DE-curies (LLBGs), 0.35 Pu-239 DE-curies (CWC), 0.005 Pu-239 DE-curies (T Plant), and
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0.0038 Pu-239 DE-curies (WRAP), for a total of 0.39 Pu-239 DE-curies. Impacts from this event are
larger than those for all other design-basis natural phenomena impacts (lightning, high wind/tornado,
flood, volcano, snow loading). The frequency of this accident was estimated to be 0.001 per year (Fluor
Hanford 2007).

K.3.6.1.3.2 Beyond-Design-Basis Accident (SWOC N1  -2)

A beyond-design-basis earthquake was postulated to impact the four SWOC facilities and result in the
release of radioactive materials. All exposed waste containers stored outside would topple. Unstacked
waste containers and the bottom tiers of stacked waste containers would not spill because they were
assumed to be robust and able to survive a fall of less than 1.2 meters (4 feet). It was conservatively
assumed that all stacked waste containers above the first tier would topple and spill. All structures would
collapse, impacting waste containers storcd inside and causing them to spill. Waste containers stored
inside would be impacted and breached by falling objects (e.g., lights, fire suppression sprinkler lines,

ictural members) and other overhead equipment. The total source term would be the sum of
0.027 Pu-239 DE-curies (LLBGs), 0.35 Pu-239 DE-curies (CWC), 0.50 Pu-239 DE-curies (T Plant), and
0.57 Pu-239 DE-curies (WRAP), for a total of 1.5 Pu-239 DE-curies. Because this earthquake would be
stronger than the design-basis seismic event, the frequency would be lower (less than 0.001). However, a

lantitative estimate of the frequency of this event was not made. Therefore, for analysis purposes, the
trequency was assumed to be 0.001 for purposes of this analysis (Fluor Hanford 2007).

K.3.6.1.4 External Events
K.3.6.1.4.1 Range Fire (SWOC EE-1)

The postulated range fire would encroach on SWOC facility structures, vehicles, and stacked waste,
burning waste containers and releasing radioactive materials. Range fires can impact all SWOC facilities.
The CWC was selected to represent the most conservative analysis of impacts of a range fire event
because it is the westernmost facility, closest to a large amount of natural vegetation. It also has the
largest inventory (17,500 waste containers located in the 2403-WD Waste Storage Building). The
2403-WD Waste Storage Building also was considered more vulnerable than buildings constructed of less
combustible materials (i.e., the 221-T Canyon Building, WRAP structure). Because of the lack of
combustibles inside the building, not all containers would be affected. The fire was postulated to affect
1,019 drums. The resultant source term would be 7.0 Pu-239 DE-curies. Without credit for any controls,
the frequency of this accident was estimated to be greater than 0.01 per year (Fluor Hanford 2007). For
the purposes of this analysis, the frequency was assumed to be 0.01 per year.

K.3.6.1.4.2 Aircraft Crash (SWOC EE-2)

An aircraft crash into SWOC facilities was postulated to forcefully impact the CWC 2403-WD Waste
Storage Building, penetrate the building, and impact waste containers stacked three tiers high. The
impact would breach containers and puncture the aircraft fuel tank, causing a pool fire. The exposed
MAR would burn, and the pool fire would cause additional damage and release of MAR through lid loss
and partial ejection of contents, lid loss ar  contained burning, and lid seal failure with pyrolysis
(chemical change brought about by the action of heat). The SWOC facilities considered for selection as
the cra  location with the largest impact were the structures at the LLBGs, CWC, WRAP, and T Plant
that contain a relatively high amount of MAR. The CWC 2403-WD Waste Storage Building was selected
as the accident location because (1) it contains the largest vulnerable “footprint,” (2) it is expected to
provide little protection to the MAR, and (3) with 17,500 stacked waste containers, it contains the greatest
amount of vulnerable MAR of all SWOC facilities. The aircraft crash impacts would be larger than those
for accident scenarios involving other SWOC structures and arecas. The total source tcrm is
16 Pu-239 DE-curies. The frequency of this accident was estimated to be 0.00003 per year (Fluor
Hanford 2007).
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K.3.6.1.5 Criticality

The DSASW analyzes two criticality events: a liquid criticality at the T Plant (CR-1) and a solid waste
criticality (CR-2). The DSASW shows that radiation doses to workers in the immediate vicinity might be
in the range where severe radiation injury or death could result (337 rem from CR-1 and 467 rem from
CR-2 to a worker 100 meters [110 yards] from the accident). The dose to the maximum offsite individual
woul¢ ¢ 0.12 rem from CR-1 and 0.2 rem from CR-2. Both criticalities were determined to be “beyond
extremely unlikely” (because the frequency is less than one in a million per year, they are not considered
“reasonably foreseeable” events for the purposes of this 7C & WM EIS) (Fluor Hanford 2007).

K.3.6.2 ILAW Disposal Accidents
K.3.6.2.1 Earthmover Shears Tops Off Six ILAW Containers (ILAW1)

An earthmover was assumed to be pushing fill dirt over the tops of rows of ILAW containers when the
blade shears the tops off of six containers. The blade force exerted by the carthmover was  sumed to be
entirely expended in shattering and grinding vitrified waste, producing a total release of 94 cubic
centimeters (5.7 cubic inches) of ILAW glass particles in the respirable size range. More than
99 percent of the potential dose from the aerosol would be due to releases of strontium-90
(0.00666 curies), plutonium-238 (3.52 % 107 curies), plutonium-239 (0.0000115 curies), plutonium-240
(1.96 x 107 curies), and americium-241 (0.000122 curies). The estimated frequency of this accident is
between 0.01 and 1 per year (Burbank 2002). For purposes of this analysis, it was assigned a frequency
value of 0.1.

K.3.6.2.2  Crushing of ILAW Containers by Fa ng Crane Boom (ILAW2)

A crane is used to lift ILAW containers from the transporter and place them in the burial trench. It was
assumed that the crane boom falls into the trench and strikes part of the cxposed container array. The
impact energy of the falling boom was assumed to be entirely expended in shattering and grinding the
vitrific  waste, producing a total release of 846 cubic centimeters (52 cubic inches) of ILAW glass
particles in the respirable size range. More than 99 percent of the potential dose from the acrosol would
be due to releases of strontium-90 (0.0599 curies), plutonium-238 (3.17 X 10° curies), plutonium-239
(0.000104 curies), plutonium-240 (0.0000176 curies), and americium-241 (0.0011 curies). The estimated
fre 1ency of this accident is between 0.01 and 1 per year (Burbank 2002). For purposes of this analysis,
the trequency was assumed to be 0.1 per year.

K.3.7 Radiological Impacts of Accidents

The consequences of a radiological accident to workers and the public can be expressed in a number of
ways. Three ways are used in this 7C & WM EIS. The first is individual dose expressed in terms of rem
or millirem for a worker or member of the public and collective dose expressed in terms of person-rem for
a population of workers or members of the public. The second is a postexposure effect that reflects the
likelihood of an LCF for an exposed individual or the expected number of LCFs in a population of
exposed individuals. Individual or public exposure to radiation occurs if there is an accident involving
radioactive materials, which leads to the third measure, risk. Risk is the mathematical product of the
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probability (or frequency) that the accident occurs and the LCF consequences. Risk is calculated as
follows:

Ri=D;xFxP
or
R,=D, xF xP
where:
R; = risk of an LCF for an individual receiving a dose D;
R, = rnsk of a number of LCFs for a population receiving a collective dose D,
D; = dose to a worker or member of the public, rem or millirem
D, = collective dose to a population of workers or members of the public, person-rem
F = dose-to-LCF conversion factor, which is 0.0006 LCFs per rem (for an individual) or
person-rem (for a population)

P = probability or frequency of the accident, usually expressed on a per-year basis

Once the source term, the amount of r:  active material released to the environment for each accident
scenario, is determined, the radiological consequences are calculated. The calculations and resulting
impacts vary depending on how the release is dispersed, what material is involved, and which receptor is
being considered.

For example, if the dose to the MEI or worker is 10 rem, the probability of an LCF for an individual is
10 x 0.0006 = 0.006, where 0.0006 is the dose-to-LCF conversion factor. If the MEI or worker receives a
dose exceeding 20 rem, the dose-to-LCF conversion factor is doubled to 0.0012. Thus, if the MEI
receives a dose of 30 rem, the probability of an LCF is 30 x 0.0012 = 0.036. For an individual, the
calculated probability of an LCF would be in addition to the probability of cancer from all other causes.

For the population, the same dose-to-LCF conversion factor is used to estimate the number of LCFs. The
calculated number of LCFs in the population is in addition to the number of cancer fatalities that would
result from all other causes. The MACCS2 computer code is used to calculate the dose to an average
individual living in a particular geographic area (sector) near the site. The individual dose is then
multiplied by the number of people in that sector and the appropriate dose-to-LCF conversion factor to
estimate the probability of an LCF within the entire sector’s population. The probabilities for all sectors
are then summed to produce an estimate of the total probability of an LCF (or total number of LCFs) in
the population living within 80 kilometers (50 miles) of the site.

K.3.7.1 Radiological Impacts of Tank Closure Accidents

For the Tank Closure No Action Alternative, severe accidents involving waste tanks are represented by a
seismically induced waste tank dome collapse. Table K-70 shows the consequences for this accident.
Table K—71 shows the frequency and annual cancer risks for this accident.
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Table K-70. Tank Closure Alternative — 1 Radiological Consequences of Accidentsa

Maximally Exposed Offsite Noninvolved
Individual Population? Worker
Dose Dose
Accidontt, d (rem) LCF¢ (person-rem) LCFsf Dose (rem) LCF¢
Seismucaiy maucea waswe wnk dome 0.00021 1x107 0.96 0 0.22 0.0001
col]apse —unmitigated (TK53) (0.0006)

The doses presented here result from acciaent reieases of radioactive materials to the atmosphere and are from direct exposure to
the plume and inhalation only. Doses from other pathways, such as consumption of foodstuffs and exposure to radioactive material
deposited on the ground, are small by comparison.

Based on a population of 488,897 persons residing within 80 kilometers (50 miles) of the 200-West Area.

¢ The alphanumeric code following the accident’s title (i.e., TK53) corresponds with the code in the accident’s description in
Section K.3.4.

The accidents listed were analyzed because they had the highest consequences and/or nisks in their category (e.g.. leak, spill,
mechanical impact, natural phenomena). In some instances, more than one accident is in a category to include similar accidents at
different facilities. For some categories (e.g., criticality, flooding). no accidents are listed because either none are applicable or the
risks of accidents in the categories are very low.

Increased likelihood of an LCF for an individual, assuming the accident occurs.

The reported value is the projected number of LCFs in the population, assuming the accident occurs. and is therefore presented as a
whole number. When the reported value is zero, the result calculated by multiplying the collective dose to the population by the
risk factor (0.0006 LCFs per person-rem) is shown in parentheses.

Key: LCF=latent cancer fatality.

Table K-71. Tank Closure Alternative — 1 Annual Cancer Risks from Accidents

Risk of Latent Cancer Fatality
Maximally Exposed Noninvolved
Accident® b Frequency Individual® Offsite Population® € Worker®
Seismically induced waste tank 0.0005 610" 0 7x10%
dome collapse — unmitigated (3x107)

e arpuanumeric code following the accident's title (i.e.. TK53) corresponds with the code in the accident’s descripuon in

Section K.3.4.

The accidents listed were analyzed because they had the highest consequences and/or risks in their category (e.g., leak, spill,

mechanical impact, natural phenomena). In some instances, more than one accident is in a category to include similar accidents at

different facilities. For some categories (e.g., criticality, flooding), no accidents are listed because either none are applicable or the
risks of accidents in the categorics are very low.

€ Increased risk to the individual of an LCF, taking into account the probability (frequency) of the accident.

d The reported value is the projected number of LCFs in the population, based on the accident probability (frcquency), and is
therefore presented as a whole number. When the reported value is zero, the result calculated by multiplying the collective dose to
the population by the risk factor (0.0006 LCFs per person-rem) is shown in parentheses.

¢ Based on a population of 488.897 persons residing within 80 kilometers (50 miles) of the 200-West Area.

Key: LCF=latent cancer fatality.

The following tables (Tables K-72 through K-91) provide the accident consequences for each Tank
Closure action alternative. For each alternative, there are two tables showing the impacts. The first table
presents the consequences (doses and LCFs) assuming the accident occurs—that is, not reflecting the
frequency of accident occurrence. The second table shows accident risks that are obtained by multiplying
the LC  values in the first table by the frequency of the corresponding accident.
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