Draft Y-12 SNVEIS
D.6 EPIDEMIOLOGIC STUDIES

Several epidemiol ogic studieshave been completed on Y -12 workersto eval uate potential health effectsfrom
radiation and chemical exposures. Y-12 workers have also been included in many site-wide Oak Ridge
Operations (ORO) health studies. In addition to these reviews, community-wide health patterns have been
studied in Anderson and Roane Counties. A synopsis of many of these studiesis presented in this section.

D.6.1 Background

Epidemiology isthe study of the distribution and determinants of disease in apopulation. In epidemiologic
studies, the distribution of diseaseis considered in relation to time, place, and person. Populations may be
characterized by age, race, and gender distributions, aswell asby social characteristicsrelated to health (e.q.,
income and education), occupation, susceptibility to disease, and exposureto specific agents. Determinants
of diseaseincludethe causes of disease, and factorsthat influence the risk of disease. Epidemiologic studies
often lead to an understanding of the causes of disease.

Thestudy of the health effects associated with ionizing radiation wasfirst published in the 1930sto evaluate
the incidence of cancer among painters who had used radium to paint watch dials from 1910 to 1920. The
research and manufacture of nuclear weapons and subsequent radiation exposure occurred beginning in the
late 1930s. Since that time, because of the concern with potential adverse health effects, numerous
epidemiologic studies have been conducted among workers involved in the manufacture and testing of
nuclear weapons. More recently, concerns about the effects of radiological contaminants on public health
have resulted in health studies among communities that surround DOE facilities.

D.6.2 Typesof Epidemiologic Studies

Ecological Studies. Ecological studies compare associations between people living in geographical areas
with diseasefrequency. A group of people, rather than theindividual, isthe unit of comparison. Groupscan
be chosen by neighborhood, city, county, or region where demographic information and incidence and
mortality data are available. The differences in the rates of disease between geographical areas can be
correlated to certain distinct factors, such asthe proximity to a paper factory. An example of an ecological
study is the comparison of lung cancer mortality rates among communities with respect to distance from
chemical industries.

The major disadvantage of ecological studiesis that the measure of exposure is based on the average level
of exposure in the community, when what is really of interest is each individual’ s exposure. Ecological
studies do not take into account other factors such as age, race, and individual behaviors that may also be
related to disease. Assuch, thesetypesof studies may lead to incorrect conclusions. For example, the cause
of lung cancer in the example above may be explained by a higher percentage of cigarette smoking among
individuals in a community with the chemical industries rather than the industrial pollutants themselves.
Theseincorrect conclusionsare called an“ ecologicfalacy.” Dueto theselimitations, ecological studiesare
helpful only asinitia stepsin an investigation to determine the cause of disease.

Cohort Studies. Cohort studiesinclude an identified population that can be classified asbeing exposed or
not exposed to an agent of interest. Occupational studiesfit well with acohort study because workers have
an individual work history which can provide the data on exposure for the pattern of disease (or mortality)
of interest. Characterization of the exposure may be qualitative (e.g., high, low, or no exposure) or very
quantitative (e.g., chemicalsin milligrams per cubic meter [mg/m?]). Job titles and area measurements are
often used to estimate exposure in the absence of personal data.

In the cohort study, individuals are tracked for a period of time, and cause of death recorded. In general,
overal rates of death and cause-specific rates of death have been assessed for workers at Y-12, and data
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sourcesare availablefromthe DOE Comprehensive Epidemiol ogic DataResource (CEDR) Program (CEDR
2000). Death ratesfor the exposed population are compared with death rates of workers who did not have
the exposure (internal comparison), or they are compared with expected death rates based on the U.S.
population or state death rates (external comparison). If the death rates vary from what is expected, an
association is said to exist between the disease and exposure.

Most cohort studies at Y-12 have been historical cohort studies or studies of past exposures. Thistype of
study can be a problem if the exposure records are incomplete. Y-12 studies often have used internal and
external estimates of radiation exposure by job classification to approximate missing exposure data. Cohort
studies require extremely large populations and are expensive to conduct. While they are not appropriate
for studying rare diseases, they may, however, provide adirect estimate of the risk of death from a specific
disease and alow an investigator to evaluate many disease end points.

Case-Control Studies. Case-control studies begin with the identification of individuals with a disease
(cases) and match them with individual swithout the disease (controls). The choice of controlsisimportant,
because they must beindividualswho are at risk for the disease and are representative of the population that
generated the cases. Cases and controls are then compared by the proportion of individual s exposed to the
agent of interest. Case-control studiesare also called “retrospective studies’ becausethey start with people
with the disease and ook back in their history for exposure. These studies are well suited for rare disease
and are generally used to examine the relationship between a specific disease and exposure.

D.6.3 Community Health Studies
D.6.3.1 Oak Ridge Health Studies

The State of Tennessee and DOE signed an agreement in July 1991, allowing the Tennessee Department of
Health to sponsor the Oak Ridge Health Studies. Anindependent group wasformedtoidentify theimportant
historical materials and emission sources from the Oak Ridge sitesand to identify any adverse health effects
caused by these materials to the surrounding communities. To provide direction and to ensure the
independence of the studies, the Oak Ridge Health Agreement Steering Panel wasformed, including apanel
of expertsand local citizens. Project oversight was provided through the Tennessee Department of Health.

A dose reconstruction feasibility study (Phase |) was initiated in 1992 and the contract was awarded to
ChemRisk by the State of Tennessee. They reviewed documents and concluded that there was enough
information available to reconstruct past releases and offsite doses caused by radioactive and hazardous
materials. They also indicated that potential harm to the surrounding population may have occurred from
releases of the following contaminants: (1) mercury releases from Y-12, (2) PCBs from al sites, (3)
radioactive iodine from ORNL, and (4) radionuclide releases from ORNL. A full-dose, in-depth
reconstruction study was initiated in 1994 to investigate these priority contaminants, the quantity released
to the environment, and the potential adverse effects to the health of the surrounding population. The
Steering Panel added further study of uranium rel eases because of the historical role of Oak Ridge' suranium
work. Themercury, PCB, and uraniuminvestigations areincluded in this document, since they arerelevant
toY-12.

Mercury Health Studies. The Health Studies’ investigators reported that the past estimated mercury
releasesfor Y-12 weretoo low. According to theresearchers’ estimates, Y-12 released about 70,000 | bs of
mercury into the atmosphere from vents and 280,000 Ibs into the EFPC between 1950 and 1982. Thetotal
of these, about 350,000 pounds, exceeded by about 60,000 |bspreviously published estimate by DOE’ s1980s
Mercury Task Force. The investigators evaluated the toxic effects from elemental mercury, inorganic
mercury and organic mercury. The concluded that the greatest potential health risk from the elemental
mercury releases was to children in the Scarboro community, living one-half mile from Y-12, and to farm
residents along EFPC who may have inhal ed enough to cause damageto the central nervous system between
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1953 and 1959. The hazard from organic mercury, specifically methylmercury, was estimated to be most
toxic to people who atelarge amounts of fish from Poplar Creek, the Clinch River, or Watts Bar Lakeduring
thisperiod. Pregnant women who ate fish from these sources between the late 1950s and early 1960s risked
brain damageto their fetuses. They estimated that the number of fetuses exposed at a potentially toxic level
was likely nearer to 100 than 1,000.

PCB Health Studies. The Health Studies reported that the estimates of PCB releases from the ORR were
difficult to quantify since PCBswere not considered hazardous prior to the early 1970s, so rel easeswere not
monitored. In 1977, the manufacture of PCBswas banned in the United States. People eating fish fromthe
Clinch River werereported asbeing at the greatest risk for illnessfrom the PCB releasesfromthe ORR. The
report cited the Y-12 rel easesinto EFPC on the east side of the plant asbeing of particular concern sincethe
creek flows directly through the Oak Ridge community after leaving the plant. The researchers concluded
that some fishermen at the Clinch River and Watts Bar Reservoir have eaten enough fish from these sources
to affect their health, but estimates of how many have been affected are not possible at this time. The
investigators estimated that fewer than three excess cancers have been caused by PCBsfromthe ORR. They
recommend further studies of fish and turtle consumption, PCB blood level sin people consuming fish, PCB
levelsin core samplesfrom the Clinch River and the Watts Bar Reservoir, PCB level sinthe soilsnear EFPC,
and PCB levelsin cattle grazing near the creek.

Uranium Health Studies. The Health Studies investigators reported that the DOE reports of uranium
rel eases have been understated. The study estimates Y-12 released about 50,000 kg of uranium to the air
from 1944 to 1995, more than seven times the 6,535 kg previously acknowledged by DOE. Using the new
data, the investigators cal cul ated health risksto nearby residents, using a conservative screening method so
as not to underestimate the risks. The new risk for cancer for residents included residents of the Scarboro
community. Theanalysesreported career screening indexesthat were slightly lower than the investigator’s
decision guide for carcinogens, but with a great deal of uncertainty. In response to this information,
investigators have recommended a more extensive screening of uranium on the ORR.

ATSDR PCB Studies. The ATSDR is a governmental agency established to conduct public health
assessments of Federal facilities and to carry out any needed follow-up health activities. These activities
include health studies, registries, medical monitoring, and health education. To help characterize
environmental contamination in the Oak Ridge area, ATSDR screened more than 500 persons for PCB and
blood mercury levels in September 1997. Blood samples were obtained from 116 persons who met the
criteriaand volunteered, including 13 residents of the Scarboro community. Participants were interviewed,
and blood sampleswere obtained for PCBs and mercury in the blood. The study found the participants had
PCB levels and blood mercury levels comparable to levels found in the general population. Only 5 (4
percent) of the personstested had elevated PCB levels (> 20 n.g/L). Four of thefive had PCB levelsbetween
20 and 30 xg/L and one had a serum PCB level of 103.8 .g/L, which is higher than levels generally found.
As for blood mercury, only one individual had a total blood mercury greater than 10 ug/L, which is
considered elevated. The remaining participants had total blood mercury levels similar to the general
population.

Cancer Mortalitiesin Children. Inresponseto aBritish study reportingincreased leukemiaand lymphoma
in children living near nuclear plantsin the United Kingdom, the National Cancer Ingtituteinitiated a study
of cancer mortality in the areas surrounding U.S. nuclear facilities (Jablon 1991) cancer deaths were
compared in counties surrounding nuclear facilities with control counties from the same region. They also
compared cancer deaths before start-up of the nuclear facility with cancer deaths after start-up. The study
areasincluded nine DOE facilities, including Oak Ridge Operations, 52 commercial nuclear electric plants,
and one former commercial fuel reprocessing plant. Anderson County and Roane County were included in
the review and were compared locally to Blount, Bradley, Coffee, Jefferson, and Hamblen counties in
Tennessee and Henderson County in North Carolina. Three comparison counties were matched with each
county studies. For childhood leukemia, when compared to the control counties, there werefewer leukemia
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deaths after start-up than before. For the DOE facilities, operations began before the study time period, the
year 1950, but there was no facility with a significantly elevated childhood leukemia mortality. The same
results were obtained for mortality due to leukemia for all ages. The relative risk (in this study, the
comparison of ratios of the SMRsfor the study and control counties) for the DOE sites for mortality dueto
all types of cancer, except leukemia, were significantly high (1.04) after start-up but smaller than the rate-
ratio before start-up (1.06). Thestudy did report asignificant increased incidence of childhood leukemiafor
onecommercial site, but it predated the start-up of the nuclear facility. Theauthorsconcludedthat theresults
do not prove the absence of an effect, but if an effect is present, it is too small to be observed by these
methods.

Tennessee Medical Management, Inc., compared Tennessee, Oak Ridge, Anderson County, and Roane
County cancer mortality and incidence data with the expected deaths and incidence rates for the U.S. for
1990 and for the interval 1988 through 1990. Actual deathsin Oak Ridge, as well as cancer deaths, were
fewer than expected. Anderson County deathsfrom all causesand cancer deathswere equival ent to expected
rates, aswere Roane County deaths. The study also compared new cancer cases. Anderson County showed
ahigher incidence of lung and bronchial cancer than expected, and fewer than expected leukemias, stomach
and small intestine cancers, and colon cancers.

D.64 Sitewide Studies of Oak Ridge Workers
D.6.4.1 Mortality of Nuclear Workersin Oak Ridge

A 1997 report, titled A Mortality Study of Employees of the Nuclear Industry in Oak Ridge, Tennessee
(Frome 1997), expanded on an earlier study of the health of workers employed at the nuclear plantsin Oak
Ridge. Thepreviousstudy had only included white males employed exclusively at ORNL and had excluded
workers moving between plants. This study included 106,020 workers, employed for at least 30 days at any
of the Oak Ridge nuclear facilities between 1943 and 1984 whose records were without critical errors (e.g.,
unknown sex, race, date of birth, or employment dates). The objectives of the expanded study were to
include individuals omitted from the earlier study to compare the mortality patterns of workers among the
Oak Ridgefacilities, to address errors of redundancy when workers employed at more than onefacility were
included in the analysis, and to conduct dose-response analyses for workers exposed to external radiation.
Themost significant excess cancer mortality associated with external radiation wasfound inlung cancer for
white males, with an SMR of 1.18 (1,849 deaths). An SMR of 1.12 (1,568 deaths) was reported for
nonmalignant respiratory disease. The study reported a strong socioeconomic effect with the lung cancer
results, and baseline rates were higher for Y-12 workers and workers employed at more than one facility.
Theauthorsacknowledged that i nformation on cigarette smoking for thiscohort of workerswashot available
for analysis and may have been a confounder.

D.6.4.2 Lung Cancer Mortality Study

A case-control study (Dupree 1995) of 787 lung cancer deaths from four uranium processing operations,
including Y-12, Fernald Feed Materials and Production Center, and the Mallinckrodt Chemical Works, was
conducted to investigate the relationship between lung cancer and uranium dust exposure. The cases
consisted of workerswho were employed in thefacilitiesfor at least 183 days, died before January 1, 1983,
and had lung cancer listed anywhere on the death certificate. Each case was matched with a control by
facility, race, gender, and birth and hire dates within 3 years. Included in the history of the cohort was
information on smoking, first pay code (to estimate socioeconomic status), complete work histories, and
occupational radiation monitoring records. Annual radiation dose to the lungs from deposited uraniumwas
estimated for each individual and annual external dose was determined for workers who had dosimetry
measurements available. Smoking (ever/never used tobacco) and pay code (monthly/nonmonthly) were
potential confounders considered in the analysis. The odds ratios for lung cancer mortality for seven
cumulativeinternal dose groups did not demonstrate increasing risk with increasing dose. An oddsratio of
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2.0 was estimated for those exposed to 25 rads or more, but the 95 percent confidenceinterval of -.20 to 20
exhibited great uncertainty in the estimate. The study also suggested workers hired at age 45 years or older
showed an exposure effect.

D.6.5 Y-12Waorker-Specific Studies
D.6.5.1 Y-12 Worker Cohort Study

Polednak and Frome reported a study of 18,869 white male workers employed at Y-12 between 1943 and
1947 and followed through 1974. The cohort included workers exposed to internal (alpha) and external
(beta) radiation through the inhalation of uranium dusts, electrical workers who performed maintenancein
the exposure areas, and other workers who were not exposed. The study did not include personnel
monitoring for exposures to uranium dust, but inferred monitoring results were matched with the work area
and job. The SMR for lung cancer was elevated among workers employed for 1 year or more compared with
workers employed less than 1 year and was more pronounced in workers hired at 45 years of age or older
(SMR-1.51; 95 percent Cl 1.01-2.31). Among theworkers employed after the age of 44, the SMR for lung
cancer was greatest for electrical workers (SMR - 1.55, 7 observed), apha chemistry workers (SMR - 3.02,
7 observed), and beta process workers (SMR - 1.51, 11 observed). SMRs were aso elevated for mental
psychoneuratic, personality disorders (SMR - 1.36, 36 observed), emphysema (SMR - 1.16, 100 observed),
diseases of thebonesand organsof movement (SMR - 1.22, 11 observed), and external causesof death (SMR
- 1.09, 623 observed).

D.6.5.2 Cancer Mortality Among Y-12 Rad Workers

In 1988, a study was conducted of Y-12 white male workers employed for at least 30 days from 1947 to
1979 (Checkoway 1988). The study included exposures to alpha and gamma radiation from insoluble
uranium compounds. A statistically significant increase in deaths from lung cancer (SMR - 1.36, 89
observed; 95 percent Cl - 1.09-1.67) was observed when compared with the U.S. lung cancer rates, but not
when compared with Tennessee lung cancer rates (SMR- 1.18, 95 percent Cl - 0.95-1.45). Positive dose-
response trends were seen for lung cancer mortality with respect to cumulative a phaand gammaradiation,
withthemost notabletrend occurring for gammaradiation amongworkerswho received greater than or equal
to 5 rem of alpharadiation. When a 10-year latency assumption was applied, thesetrendsdiminished. The
authors noted the observed dose-response trends, while based only on small humbers, point to a potential
carcinogenic effect to the lung from relatively low-dose radiation. In addition, nonstatistically significant
increases were observed for all cancers (SMR - 1.01, 196 observed), diseases of the blood-forming organs
(SMR - 1.48, 3 observed), kidney cancer (SMR - 1.22, 6 observed), and other lymphatic cancers (SMR -1.86,
9 observed). Brain and central nervous system cancer mortality was also higher than expected, but without
adose-response trend.

D.6.5.3 Cancer Mortality Among Minority Rad Workers

Loomis and Wolf updated the Checkoway study to include the years through 1990 and to include African-
American and white femal e workers and men of other races (Loomis 1996). The exposures for the cohort
included low dose, internal, alpha radiation and external, penetrating radiation plus beryllium, mercury,
solvents, and other industrial compounds. The authors reported alow total mortality for all Y-12 workers
and atotal cancer mortality as expected. For the entire cohort, nonstatistically significant excesses were
observed for pancreatic cancer (SMR - 1.36, 34 observed), skin cancer (SMR - 1.07, 11 observed), breast
cancer (femalesonly, SMR - 1.21, 11 observed), prostate cancer (SMR - 1.31, 36 observed), kidney cancer
(SMR-1.30, 16 observed), brain cancer (SMR -1.29, 20 observed), cancersof other lymphatic tissues (SMR
- 1.32, 22 observed), and diseases of the blood-forming organs (SMR- 1.23, 6 observed). The lung cancer
mortality was statistically significant (SMR - 1.17, 202 observed; 95 percent Cl 1.01-1.34), especially for
white males (SMR - 1.20, 194 observed; 95 percent Cl - 1.04-1.38). The lung cancer excess was greatest
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among those workers hired prior to 1954 (SMR - 1.27, 161 observed), with 5 to 20 years of employment and
with 10 to 30 . Another finding was evidence of excess breast cancer mortality among the 1,073 female
workers(SMR 1.21; 95 percent Cl - 0.60-2.17). Theauthors suggested morework needed to be done onlung
cancer mortality due to radiation exposure and to the potential link between beryllium and lung cancer.

D.6.5.4 Health Effects of Mercury Exposure

A study of mortality patterns of all workers employed at least 5 months at Y-12 between January 1, 1953,
and April 30, 1958 was published in 1984 (Cragle 1984). Mercury was used during this time frame to
produceenriched lithium. Thegroup wasdivided into mercury-exposed and nonmercury-exposed by results
of urinalysis supplied by the plant. Vital statusfollow-up was complete through the end of 1978 and SMRs
were calculated. Therewere no differencesin mortality patternsfor the mercury-exposed, when compared
to the nonmercury exposed. Excesses of lung cancer mortality were observed in both groups of workersand
were not related to the mercury exposure (exposed SMR=1.34; 42 observed, 31.36 expected; honexposed
SMR=1.34, 71 observed, 52.9 expected). The authors stated that mortality is not the optimal end point to
assess mercury-related health effects.

Another study of mercury workers (Albers 1988) assessed neurol ogical function and mercury exposure. The
clinical study examined 502 Y -12 workers, 247 of whomworked in the mercury process 20 to 35 years prior
to the examination. Several correlations between increasing mercury exposure and declining neurological
functionwerediscovered. Anexposure assessment was determined for each mercury worker during thetime
of employment inthe mercury process. Workerswith at least one urinalysisequal to or greater than 0.6 mg/L
of mercury showed decreased strength, coordination, and sensation along with increased tremor and
prevalence of Babinski and snout reflexes when compared to the 255 nonexposed workers. Clinical
polyneuropathy was associated with the level of the highest exposure but not with the duration of exposure.

D.6.6 Ongoing Studies of Y-12 Workersand the Community

DOE, along with U.S. Department of Health and Human Services, has published a Draft Agenda for Public
Health Activitiesfor Fiscal Years1999 and 2000 at U.S. Department of Energy Stes(DOE 1999b). Included
in this report are several ongoing occupational health studies dealing with Y-12.

Public Health Assessment. The ATSDR isinvolved in an ongoing study of the public health impact from
rel eases of hazardous materialsfromthe ORR. Thisassessment will help identify and characterize both the
current and past exposures of offsite populations to radiologic and chemical contaminants. Morbidity and
mortality datatoidentify increased ratesof health outcomes associated with these material sare al soincluded
in this study.

DOE Beryllium Worker Medical Surveillance Program. Y-12 beryllium workers are included in the
DOE Beryllium Worker Medical Surveillance Program currently under way to detect and diagnose chronic
beryllium disease. Information from this program is being used to evaluate worker protection and control
measures, to monitor trends in chronic beryllium disease frequency, and to strengthen work planning to
minimize worker exposures. A communication effort to educate workers about chronic beryllium disease
isincluded.

DOE's Former Worker Program. Under DOE’s Former Worker Program, Dr. Eula Bingham of the
University of Cincinnati, in cooperation with the United Brotherhood of Carpenters Health and Safety Fund
and severa other groups, is directing the Former Construction Workers Project. Phase | of the project has
identified approximately 800 former construction workers. Phase Il will focus on medical screening of
workers exposed to asbestos, beryllium, noise, silica, solvents, and heavy metals.
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Mortality Among FemaleNuclear WeaponsWorkers. NIOSH issponsoring the State University of New
York in astudy of mortality among female nuclear weapons workers. This includes female workers from
12 DOE sites and will bethelargest study of mortality among the 80,000 females employed by DOE. Risk
estimates will be developed for exposure to ionizing radiation and chemical hazards.

Lung Cancer and Leukemia Case-Control Studies. NIOSH has two ongoing case-control studies
combining multiple DOE sites, including Oak Ridge, to answer specific cancer questions. One study is
attempting to definetherel ationship between lung cancer and external radiation exposure. Thesecond study,
thelargest of itskind, isexploring the relationship between external radiation and leukemiarisk among 250
workers with leukemia compared to similar workers without leukemia.

Chemical Laboratory WorkersMortality Study. NIOSH hasan ongoing cohort mortality study ng
potential worker exposuresto groups of chemicals and ionizing radiation and their relationship to mortality
patterns. Thisisin response to other studies, outside DOE, indicating an increased risk of cancers among
chemical |aboratory workers.

D.7 ACCIDENT ANALYSIS

Accidentsare defined as unplanned sequences of eventsthat |ead to the rel ease of hazardous material within
afacility or into the environment (DOE STD-3009-94), exposing workers and/or the public to hazardous
materials or radiation.

There are two objectives of this SWEIS accident analysis. First, the analysis conservatively characterizes
the risk posed by the operations, creating a context for the decision maker and putting the sitein perspective
for the public. Second, the analysis provides a basis for evaluating the incremental risk among the several
alternatives.

D.7.1 Characterization of the Risk from Accidents

Characterization includes a consideration of the type of the accident (e.g., fire, explosion, spill, leak,
depressurization, criticality, etc.), theinitiator (e.g., human error, chemical reaction, earthquake, strongwind,
flood, vehicle accident, mechanical failure, etc.), and the materia at risk (e.g., uranium, toxic chemical,
explosives, flammable gas, etc.). Characterization also considers the type of consegquence of the accident
(e.g., immediate fatalities, prompt reversible and irreversible health effects, latent cancers—some of which
may lead to eventual death), and the magnitude of the consequencesto different exposed populations (e.g.,
toworkersonly, to hypothetical members of the public off-site, etc.). Finally, characterization considersthe
likelihood that an accident will occur.

Because Y-12 isacomplex site conducting many processes, there is awide range of accident scenariosthat
can be postul ated with a corresponding range of likelihoods and potential consequences, both credible and
incredible. Existing safety analyses, hazard analyses, and other documentation were reviewed to identify
a range of postulated accidents that include high frequency-low consequence accidents as well as low
frequency-high consequence accidents. Thelist of accidents presented in thisappendix is representative of
primarily high consequence accidents at the Y-12 Plant. The accidents presented are generally controlled
by the implementation of hazard control strategies that reduce the likelihood or consequences of the
postulated accidents. For this SWEIS, accidents were analyzed that could result in injuries to the public or
workers (such asfiresor explosions), or fromtherelease of hazardous materialsfrom particular facilitiesand
operations.

To characterize the accident risk at Y-12, a representative range of accidents and consequences, including
accidents for which the public has shown concern, has been chosen for analysis. That is, the analysts have
not attempted to identify every possible accident scenario, but instead have sel ected arange of accidentsthat
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are representative of the risk to the public and workers from site operations. The analysisthereby provides
an objective context for the stakeholders to evaluate the risk posed by site operations and a context for the
comparison among alternatives.

D.7.2 Evaluation M ethodologies and Assumptions

The potentia for facility accidents and the magnitudes of their consequences are important factors in
evaluating the alternatives addressed in this SWEIS. The health risk issues are twofold:

» The potentia accidents that could occur at Y-12 facilities and the risks that these postul ated accidents
could pose to workers or the general public.

» Thereductioninexisting public or worker healthriskswhen HEU Storage Mission and Special Materials
Mission Alternatives in this SWEIS are compared to the existing facilities. (These reduced risks may
ariseeither frommodernized, improved facility systemsthat better protect theworkersor public, or from
design and construction of facilities built to higher seismic resistance standards.)

Guidancefor preparing an EIS (40 CFR 1500) requiresthe eval uation of impactswhich havelow probability
of occurrence but high consequencesif they do occur; thus, facility accidents must be addressed to the extent
feasiblein this SWEIS. Further, public comments received during the scoping process clearly indicated the
public’s concern with facility safety and consequent health risks and the need to address these concernsin
the comparison-making process.

FortheY-12 SiteNo Action - StatusQuo Alternativeand No Action - Planning BasisOperationsAlternative,
potential accidents are defined in existing facility documentation, such as safety analysis reports, bases for
interim operation, hazardsassessment documents, and NEPA documents. Theaccidentsincluderadiol ogical
and chemical accidents that result in high consequences but have a low likelihood of occurrence, and a
spectrum of other accidents that have a high likelihood of occurrence and low consequences. The datain
these documents shown in Table D.7.2-1 include accident scenarios, frequency ranges, materials at risk,
source terms (quantities of hazardous materials released to the environment), and accident consequences.
For proposed new or expanded facilities, the identification of accident scenarios and associated datawould
normally be based on analysis reports performed on completed facility designs. However, facility designs
have not been completed for the HEU Storage Mission and Special MaterialsMission Alternatives analyzed
in this SWEIS.

Accordingly, the accident information developed for this SWEIS has been devel oped based upon the best
available existing information for similar facilities.

This analysis also includes semiquantitative or qualitative estimates of the differences in likelihood for
accident initiation at new facilities. For example, the proposed new HEU Materials Facility, built at ahigher
elevation, would have areduced potential for flooding. Also, qualitatively discussed are the opportunities
for risk reduction afforded by the potential incorporation of new technologies, processes, or protective
featuresin the newly constructed facilities. These would improve public health and safety compared to the
existing facilities.

D.7.2.1 Radiological Accident Selection

The accident scenarios chosen to represent the impacts for each alternative were selected using ascreening
process based on alarger set of accidents presented in existing safety documentation for similar facilities.
The existing safety analyses, hazard analyses, and other documentation shown in Table D.7.2-1 were
reviewed for applicable accident scenarios and data to identify postulated accidents that represent a range
of accidents that include high frequency-low consequence accidents as well as low frequency-high
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consequence accidents. The accidents presented are generally controlled by the implementation of hazard
control strategies that reduce the likelihood or consequences of the postulated accidents. The analytical
process identified bounding accidents in each of several types of events (e.g., fire, explosion, spill,
criticality, etc.) applicable to the EIS proposed actions and alternatives.

For a SWEIS alternative, each selected radiological accident was analyzed to estimate the risk (i.e,
combination of an accident’s frequency and the accident’ s consequences, occasionally expressed as the
mathematical product) and consegquences (e.g., cancer fatalities) to a collocated (noninvolved) worker, a
member of the public at the Y-12 Emergency Response Boundary, and the population out to a distance of
80 km (50 mi) from the accident.

Accident analyses for the Y-12 facilities (Table D.7.2-1) were reviewed to determine the representative
accidentsfor usein thisappendix. In these referenced documents, preliminary hazard analyses (PHAS) are
described that identify hazards, accident scenarios, and consequences relevant to the SWEIS. The
authorization basisdocumentslistedin TableD.7.2-1 are safety anal ysisreports(prepared in accordancewith
DOE STD-3009-94), basesfor interim operation (preparedin accordancewith DOE STD-3011-94), or hazard
assessments. For consistency, the frequency and consequences associated with each accident scenario
evaluated in this SWEIS were evaluated using the risk matrix from DOE STD-3011-94 shown in Table
D.7.2-2. The Significanceof the Scenario wasthe classification based onitslocation within thematrix. The
scenario classes were designated as follows.

* Scenario Class 1V - Negligible

e Scenario Class Il - Margind

» Scenario Class |l - Serious

* Scenario Class| - Mgor

Scenario classesareassociated with sectors of therisk matrix in such away asto prioritize accident scenarios
for review or for further analysis, primarily in terms of the risk that they present.

Consequences were determined based on parameters such as the bounding quantity of hazardous material
involved in an accident, the rel ease mechanism associated with the accident, and the rel ease pathway taken
by the hazardous material. Conservative assumptions were used to determine the magnitude of the
consequences. Radiological and chemical consequences were classified using both qualitative and
guantitative measures as shown in TablesD.7.2-3 and D.7.2-4. Note that the valuesin TablesD.7.2-3 and
D.7.2-4 are intended for sorting purposes only and do not reflect any consideration regarding risk
acceptability. Doses from postulated radiological accidents are given as CEDE and are stated in rem for
individual doses or person-rem for population doses.

Estimates of frequency were made by assessing the frequency of the initiating event along with the
conditional probabilities of all other events necessary for the propagation of the accident leadingto arel ease
of radiological or toxicological material. Failure rate data, historical accident data, and other sources of
information were also used to determine the accident frequency. Uncertainties in parameter values were
accommodated by erring in the conservative direction from best-estimate values. Hand calculations were
used in many cases to estimate numerical quantities for source terms, and onsite and offsite MEI
consequences. Thisnumber provides an expected number of L CF for the popul ation given that the dose has
been received.
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TABLE D.7.2-1.—Source Documents Reviewed for Applicable Accident Scenarios

Item
Number Title Report Number Date Published
1 Basis for Interim Operation, Building 9720-5 Y/ENG/BIO-010, 9/30/98
Rev. 0, Chg. 1

2 Safety Analysis Report for the Nuclear Material Y/SAR/010/1A Approval Date:
Safeguarded Shipping and Storage Facility,Building 3/6/98
9720-5
Basis for Interim Operation of Building 9204-2E Y/ENG/BIO-003, Rev. 2 3/8/98

4 Basis for Interim Operation, Disassembly and Storage Y/ENG/BIO-004, Rev. 2 8/98
Organization, 9204-4 Facility

5 Basis for Interim Operation for Building 9212 Enriched Y/MA-7254, Rev. 5 12/16/98
Uranium Operation Complex

6 Basis for Interim Operation for 9215 Complex Enriched Y/MA-7290, Rev. 1 3/98
Uranium Operation

7 Final Safety Analysis Report for Y-12 Chemical Y/MA-6290 4/82
Processing Systems, Buildings 9212 and 9206

8 The Basis for Interim Operation for the Building 9206 Y/MA-7462, Rev. 0 Submitted for
Complex Approval

9 Safety Analysis Report for the Nuclear Material Y/ENG/SAR-084/IFA, 1/27/99
Management Sorage Facility, Building 9720-38 Rev. 1

10 Basis for Interim Operation, 9215 Complex Non-Enriched Y/NA-1816, Rev. 0 6/11/99
Uranium Operations

11 Basis for Interim Operation, Disassembly and Sorage Y/ENG/BIO-004, Rev. 3 Draft 11/2/98
Organization, 9204-4 Facility

12 Safety Analysis Report for the 9204-2E Facility Y/SAR-003/IFA, Rev. 0 8/98

13 Final Safety Analysis Report for Transportation and Y/MA-6398 8/83
Certification of Enriched Uranium Weapons Parts

14 Nonnuclear Safety Analysis Report and Operational Y/ENG/SAR-OSR-001, 9/30/98
Safety Requirements for Lithium Operations Rev. 0

15 Basis for Interim Operation Document for Building 9201- Y/ENG-BIO-002, Rev. 1 8/20/98
5N/5W

16 Remedial Investigation/Feasibility Study for the Disposal DOE/OR/02-1637& D2 1/7/98
of Oak Ridge Reservation CERCLA Waste, Appendix F

17 U. S. Department of Energy Defense Programs Safety N/A 11/93
Survey Report, Volume 111, Appendix B Uranium Facilities

18 Hazard Assessment for the Development Organization EMPO-514/HA-015, 4/25/00
Facilities Rev. 0

19 Hazard Evaluation, Development Organization Activities Y/DA-9469, Rev. 0 9/99
in Buildings 9202, 9203, 9205, and 9731

20 Facility Hazards Assessment for the Building 9720-26 EMPO-514/HA-021, 3/1/00
Material Control Organization Rev. 0

21 Building 9401-3 Hazards Assessment EMP-514/HA-003, 6/18/99

Rev.0
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TABLE D.7.2—2—Risk Matrix - Conseguence versus Freguency?

<10* 10“t0 102 >102
Extremely Unlikely Unlikely Anticipated

High Consequence ] I I
Moderate

[ I I
Consequence
Low Consequence v Il Il

* Frequency (yr)

Source: DOE STD-3011-94.

TABLE D.7.2-3.—Radiological Accident Consequence Levels’

Public Workers
High Consequence >5rem at siteboundary > 25 rem at 200 m or prompt death in facility
M oderate Consequence > 0.1 rem at site boundary >0.5remat 200 mor seriousinjury in
facility
Low Consequence <0.lremat siteboundary < 0.5remat 200 mand no seriousinjuriesin
facility

2Values are intended for sorting purposes only and do not reflect the acceptability of accident consequences.

Note: DOE STD-3011-94 uses 600m for evaluating worker dose. The fencelineis as close as 450m for evaluating public exposures. This
evaluation uses 200m as an appropriate distance to evaluate the exposure of aworker.

Source: DOE STD-3011-94.

TABLE D.7.2—4.—Chemical Accident Consegquence Levels

Public Workers
High Consequence > ERPG-2 at site > ERPG-3 to collocated workers or
boundary prompt death in facility
M oderate Consequence Not applicable Seriousinjury in facility
Low Consequence <ERPG-2 at site No seriousinjuriesin facility
boundary

#Values are intended for sorting purposes only and do not reflect the acceptability of accident consequences.
Note: ERPG -Emergency Response Planning Guideline.
Source: DOE STD-3011-94.

D.7.2.2 Chemical Accident Selection

The chemical accident selection consisted of amultiple step review of facilitiesfor chemical accidents. The
first step of thereview wasascreening of the nuclear facility accident analysesfor chemical accidentsrelated
to the nuclear facilities (non-nuclear facilities were addressed in the second step). This screening consisted
of reviewing the safety documentation listed in Table D.7.2-1. A range of accidents that included high
frequency-low consequences aswell as low frequency-high consequences wasidentified. A review of this
range of accidents resulted in the generation of two consolidated scenarios for evaluation in this SWEIS
(Section D.7.3.2).

Thesecond step wasareview of theannual SARA Section 311 and Section 312 reports (Evans 1999a, Evans
1999b). The SARA reportslist al regulated chemicalsin Y-12 facilities and the quantitiesin each facility.
Table D.7.2-5 lists the SARA-reportable chemicalsat Y-12. Some of these chemicalswere also identified
during the first step of the chemical accident selection and the duplicate listings were eliminated. Thislist
of chemicals resulting from the second step was further screened to identify chemicalsthat were also listed
as highly hazardous chemicals by OSHA (29 CFR 1910.119) or as substances regulated by EPA under 40
CFR 68.130. Finally, thelist of chemicals was screened to determine if any of the chemicalsin the SARA
reports met al of the following criteria (DOE 19994):

D-66



Human Health and Worker Safety

* HasaTWA lessthan 2 ppm (for chemical swithout TWAS, the Temporary Emergency Exposure Limit-0
[TEEL-0Q] was used)

* Isfoundin areadily dispersibleform (i.e., agasor liquid)

» Hasaboailing point of lessthan 212 °F (100 °C) and avapor pressure greater than 0.5 mm mercury

Thisscreening of chemicalsinnon-nuclear facilitiesresulted in acetonitrile and chromic acid being analyzed
inthe consolidated fireand loss of containment scenariosfor chemicals. Also, onechemical of local interest
(mercury) was added to the toxic chemical fire scenario (Section D.7.3.2).

D.7.2.3 Human Health Effects of Accidental Exposure to Hazardous Chemicals

Human health effects resulting from exposure to hazardous chemicals vary according to the specific
chemicals of interest and the exposure route and concentration. The most immediate risks to human health
from exposureto chemicalsin the environment arise from airborne rel eases of toxic gases, and it isthisroute
of exposureupon which theaccident analysisfor the SWEISisfocused. (Theeffectsof radioactiveand toxic
chemicals have been discussed previously in Section D.1.) In this analysis, exposures to toxic chemicals
were compared to Emergency Response Planning Guidelines (ERPGs). ERPGs are community exposure
guidelines derived by groups of experts in industrial hygiene, toxicology, and medicine. ERPGs are
published by the American Industrial Hygiene Association (AIHA) after review and approval by their ERPG
Committee. ERPGs are defined as follows (AIHA 1991).

. ERPG-1isthe maximumairborne concentration below whichitisbelieved that nearly all individuals
could be exposed for up to 1 hour without experiencing other than mild, transient adverse health
effects or perceiving a clearly defined objectionable odor.

. ERPG-2isthe maximum airborne concentration below whichitisbelieved that nearly all individuals
could be exposed for up to 1 hour without experiencing or developing irreversible or other serious
health effectsor symptomsthat could impair their abilitiesto take protective action. (Notethat there
are ERPG-2 limits for a few chemicals that use a 10-min exposure period. The 10-min ERPG-2
limits are published for hydrogen fluoride.)

. ERPG-3isthe maximumairborne concentration below whichitisbelieved that nearly all individuals
could beexposed for upto 1 hour without experiencing or devel oping life-threatening health effects.
(Notethat there are ERPG-3 limitsfor afew chemicals that use a 10-min exposure period. The 10-
min ERPG-3 limits are published for hydrogen fluoride.)

Human responses to chemical exposure do not occur at precise exposure levels, but rather, vary over awide
range of concentrations. The values derived for ERPGs do not protect everyone, but are applicable to most
individualsin the general population. Furthermore, the ERPG values are planning guidelines, not exposure
guidelines. They do not contain the safety factors normally associated with exposure guidelines (AITHA
1991).

In developing an ERPG, emphasis is given to the use of acute or short-term exposure data. Human
experience data are emphasized, but usually only animal exposure data are available. When it is believed
that adversereproductive, devel opmental, or carcinogenic effectsmight be caused by asingleacuteexposure,
the data are considered in the ERPG derivation.

Unless one is provided information to the contrary by toxicologists, it is necessary to regard ERPGs as
ceiling concentrations (i.e., the highest concentration acceptable for the time period). As such, the ERPG
would be treated as an exposure that should not be exceeded within 1 hour. Any extrapolation from the
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ERPG is not to be made without significant considerations; specifically, to make such an adjustment, the
ERPG documentation for each chemical must be reviewed fully by toxicologists. The effects of exposure
times longer than 1 hour may not be limited to those associated with the ERPG.

TABLE D.7.2-5—Superfund Amendments and Reauthorization Act Reportable Chemicals at Y-12

Acetic Acid
Acetylene

Activated Carbon (carbon graphite, synthetic)

Aluminum Oxide

Argon

Beryllium and Beryllium Compounds
Cadmium Oxide

Calcium Chloride

Calcium Hydroxide

Calcium Carbonate

Carbon Dioxide (gas, solid)

Chlorine

Diatomaceous Earth

Diesel (Fuel Qil No. 2)

Ferric Sulfate (solution)

Freon 11 (Trichlorofluoromethane)
Freon 12 (Dichlorodifluoromethane)
Freon 22 (Chlorodifluoromethane)
Freon 113 (Trichlorotrifluoromethane)
Gasoline (unleaded)

Lithium Hydroxide
Magnesium Iron Silicate
Magnesium Oxide

Mercury

Methanol (Methyl Alcohol)
Nickel and Nickel Compounds

Niobium Metal

Nitric Acid

Nitrogen

Oxygen

Petroleum

Phosphoric Acid
Portland Cement
Potassium Cyanide
Propane

Propylene Glycol

Silica, Crystalline Quartz
Sodium Bisulfite
Sodium Carbonate, Monohydrate
Sodium Chloride

Helium Sodium Hydroxide

Hydrochloric Acid Sodium Hypochlorite

Hydrogen Fluoride Sodium Metasilicate, Anhydrous
Hydrogen Peroxide Sodium Zinc Polyphosphate
Isopropyl Alcohol Sulfuric Acid

Lithium Chloride Uranium and Uranium Compounds
Lithium Deuteride Urea

Lithium Hydride
Source: Evans 1999b.

In addition to ERPGs, this analysis incorporated the supplementary TEELSs developed by the DOE
Emergency Management Advisory Committee, Subcommittee of Consequence Analysis and Protective
Actions. Published ERPG values were only available for about 70 chemicals. TEEL values (interim,
temporary, or ERPG-equivalent exposure limits) are provided for an additional 297 chemicals. In the
absence of ERPG or TEEL values, the hierarchy developed by the committee and published in the AIHA
Journal was used (Craig 1995, Craig 1996).

D.7.2.4 Safety Design Process

One of the major design goals for the proposed newly constructed facilities isto achieve areduced risk to
workers and the public relative to that associated with existing facilities at Y-12. Significant changes
between the design of proposed, new facilities and the current design criteria and safety standards should
reduce total risk to the workers and to the public. These changesinclude design to more modern structural
and safety criteria; smaller throughput, batch size and inventories of certain hazardous materials; and
elimination of some forms of hazardous materials (such as anhydrous hydrogen fluoride). These changes
will reduce potential health effectsif an accidental rel ease were to occur.
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Areas within proposed new facilities will be designed to meet with current government regulations; DOE
Orders; and consensus codes and standards. As a result, new facilities will be provided that are highly
resistant to the effects of natural phenomena, including earthquake, flood, tornado, high wind, as well as
credible events appropriate to the site, such as fire and explosions, and manmade threats to the structural
integrity for containing hazardous materials.

Thedesign processfor new Y-12 nuclear facilitieswill comply with therequirementsfor safety analysisand
evaluation in DOE Order 430.1A, Life-Cycle Asset Management; DOE Order 5480.23, Nuclear Safety
Analysis Reports, and DOE Order 420.1, Facility Safety.

For new facilities, the safety analysis process begins early in conceptual design by identifying hazardswith
the potential to produce unacceptabl e safety consequencesto workersor the public. Asthedesign develops,
hazard analyses are performed to identify initiators that have the potential to release hazardous material,
hazardous energy, or cause injuries to workers or the public. The types of initiators considered include
equipment failure, human error, chemical reaction, and natural phenomenahazards. These postul ated events
becomefocal pointsfor design changes or improvementsto prevent unacceptable accidents. These analyses
continue as the design progresses to assess the need for safety equipment and to assess the performance of
thisequipment in accident prevention or mitigation. Eventually, the safety analysesareformally documented
in an auditable safety analysis, hazard evaluation, or safety analysis report. The level of documentation
depends upon the hazards presented by the new facility and is reflected in the use of a graded approach to
safety analysis used by DOE.

D.7.25 Analysis Methodology
Introduction

The accident analysesin the source documentslisted in Table D.7.2.1-1 were based on various assumptions
(e.g., ground-level rel easesversusel evated rel eases, various stability classes, variousrel easetimes, etc.) The
consequencesfor the popul ation dosesfor rel ease accidents were recal cul ated using consi stent assumptions
(i.e., D stahility, 2 m/swind speed), and for the M El (F stability and 1 m/swind speed). A discussion of how
the collocated workers and the public popul ation doses were cal culated using the MACCS codeis provided
below. A detailed description of the MACCS model is available in a three volume report: MELCOR
Accident Consequence Code System (MACCS) (NUREG/CR-4691). The HGSY STEM computer code was
used to estimate the consequences of toxic gasrel ease accidents. The HGSY STEM codeisdiscussed below.
Hand calculations were performed using the Gaussion plume dispersion model to estimate concentrations
for the other toxic chemical releases.

The closest potential public access to the Y-12 facilities is at the Y-12 Emergency Response Boundary.
Distances from the Y-12 facilities to the Y-12 Emergency Response Boundary are listed below. This
distance is used to estimate the dose to a maximally exposed member of the public since thisis the closest
to the facility that can be publicly accessed. It isunlikely that a member of the public would be present at
this location at any time. Thus, the estimated dose provides a bounding limit to a maximally exposed
individual.

D-69



Draft Y-12 SVEIS

Building Distance (m)
9201-5 670
9202 700
9204-2 670
9204 - 2E 670
9204 - 4 670
9206 700
9212 450
9215 500
9401-3 1000
9720-5 1000
9720 - 26 1000
9720 - 38 1000

For radiological releases, the 200-m distance was selected for collocated (on-site) maximally exposed
collocated worker receptors. The worker population doses presented include all workers onsite.

Radiological Population Dose

MACCS models the off-site consequences of an accident that rel eases a plume of radioactive materials to
the atmosphere. Should such an accidental release occur, the radioactive gases and aerosols in the plume
would be transported by the prevailing wind while dispersing in the atmosphere. The environment would
be contaminated by radioactive materials deposited from the plume, and the population would be exposed
toradiation. The objectives of aMACCS calculation are to estimate the range and probability of the health
effects induced by the radiation exposures not avoided by protective actions.

In previous NEPA documentation (DOE 19944) for Y-12, detailed MACCS modeling was performed for
several hypothetical accidents. The results and assumptions for these MACCS models are documented in
the report, An Assessment of the Radiological Doses Resulting from Accidental Uranium Aerosol Releases
and Fission Product Releases from a Postulated Criticality Accident at the Oak Ridge Y-12 Plant (Fisher
1995). This assessment provides scalable results for releases of fission product gases resulting from a
criticality accident and releases of HEU aerosols. This report contains detailed information for the site as
well asawind rose. Thisassessment provides scal able dose consequencesfor theoretical accidentsand was
used for estimating the radiological population doses presented in the accidents in this analysis. The
assessment uses the local 1992 meteorologica data and 1990 census population data in the calculations
performed using the MACCS code (Fisher 1995).

The results presented by Fisher and Lenox (Fisher 1995) were verified by independent computations using
1998 meteorol ogical data and the 1990 census data. The 1990 census datais the only data available in the
detailed population grids necessary for the MACCS code. Some general conclusions may be drawn by
looking at the population increasesin the local area. Knox County, Tennessee, had a population of 335,749
in the 1990 census. Knox County’s population was estimated to be 366,864 in 1998 by the U.S. Census
Bureau, an increase of approximately 9 percent. Knox County’s population in 2005 is projected to be
387,318. Anderson County, Tennessee, had apopulation of 68,250 in the 1990 census. Anderson County’s
population was estimated to be 71,587 in 1996 by the U.S. Census Bureau, an increase of approximately 5
percent. The city of Oak Ridge, Tennessee, had a population of 27,310 in the 1990 census. Oak Ridge's
population was optimistically estimated to be approximately 28,000 in 1998 by the city of Oak Ridge, an
increase of approximately 2 percent. The city of Oak Ridge's population in the near future is not expected
tosignificantly increase. Based upon these population estimates, the doses presented for the accidents could
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be increased 5 percent to account for the population growth and provide a bounding upper estimate for the
population doses. However, without the population grid data to properly account for thelocation of people
for the exposures, these estimates would not necessarily increase the accuracy of the population doses.
Another factor isthat very few peopleliveclosetothe Y -12 Plant where the highest doseswould bereceived
and the city of Oak Ridge population has not significantly changed, thusthe errors may not be aslargeas5
percent but may be closer to 2 percent. Additionally, the assumptions used for the M EI dosesin Fisher and
L enox were modified and then new doseswere estimated. Fisher and L enox assumed a 7-day evacution for
the MEI doses. Thiswas considered to be unrealistic for Y-12 Plant workers and members of the public at
the Y -12 Emergency Response Boundary. Inthisanalysis, a2-hour evacuation was usedin accordance with
DOE and Nuclear Regul atory Commission (NRC) guidance. Also, theMEIl dosesassumefixed, conservative
weather conditions of F-stability and 1 m/s wind speeds.

The increased likelihood (probability) of an LCF to a member of the public is generally assumed to be
5.0 x 10 times the dose in person-rem. Doses to noninvolved workers were calculated similarly, except
that these workers were assumed to have an increased likelihood of LCF of 4.0 x 10 times the dose in
person-rem. These values are based on the 1990 Recommendations of the International Commission on
Radiological Protection (ICRP 1991).

HGSYSTEM Code

The HGSY STEM code isasuite of codes, including amodification of the HEGADAS dense gas dispersion
code. HEGADAS was modified to better model the dispersion of anhydrous hydrogen fluoride after test
resultsin Nevadashowed that existing modelsdid not properly match the results of the outdoor testing. The
modification incorporated severa attributes: (1) the ability to account for HF/H,O/air thermodynamics and
plume aerosol effects on plume density (both positive and negative effects); (2) the ability to model both
pressurized (jet) and unpressurized (pool) releases; (3) the ability to predict concentrations over awiderange
of surface roughness conditions; (4) the ability to predict concentrations at specific locations for user-
specified averaging periods (sampling times) that are consistent with release duration; (5) the ability to
consider steady-state, time-varying, and finite-duration rel eases; and (6) theability to computecrosswindand
vertical concentration profiles. After theHGSY STEM devel opment was compl eted, the computer model was
validated against the data from the Nevada testing series.

Especialy near the source of arelease, actual short-term gas concentrations will depart markedly from
average model valuesin response to random turbulent eddies and are therefore unpredictable. Asthe actual
rel eased material moves downwind, concentrations within the plume become more similar to HGSY STEM
model calculations. HGSY STEM shows concentrations that represent averages for time periods of 15
minutes and predicts that average concentrations will be highest near the rel ease point and along the center
line of therelease (thisistypical plume modeling). The concentration ismodeled as dropping off smoothly
and gradually in the downwind and crosswind directions. HGSY STEM isthe only dispersion code that can
model releases of anhydrous hydrogen fluoride and account for the unique thermochemistry of
depolymerization and hydrolysis.

Moreover, HGSY STEM models the dispersion of heavy gases assuming theterrainisflat. Thus, if aridge
islocated between the release point and a potential receptor, HGSY STEM models the scenario as though
the ridge were absent. This is a conservative approach because potential receptors are offered some
protection from heavy gases by intervening ridges. Under the most stable atmospheric conditions (most
commonly found late at night or very early in the morning), thereislittle wind, reduced turbulence, and less
mixing of the released material with the surrounding air. High gas concentrations can build up in small
valleys or depressions and remain for long periods of time. HGSYSTEM does not account for gas
accumulationsin low-lying areas.
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HGSY STEM allows the user to enter only a single wind speed and wind direction and assumes that these
remain constant throughout the release and travel. In readlity, air flow changes speed and direction when
confronted with changesin terrain such as slopes, valleys, and hills. HGSY STEM cannot account for these
effects. Because wind is likely to shift direction and change speed over both distance and time, any
predictions of atmospheric concentration beyond 1 hour or further out than 10 km are not as reliable as
predictions made within afew minutes or at shorter distances. Ingeneral, wind directionisleast predictable
when the wind speed is low and at the lowest wind speed modeled in the code. HGSY STEM does not
account for particul ate settling and deposition. For rel eases of hazardous materialsforming liquid pools, the
HGSY STEM code presumes the surface beneath a liquid leak or spill to be level, so that the liquid is
assumed to expand evenly in all directions.

During fire accidents, combustion products rise rapidly while moving downwind until they cool to the
temperature of the surrounding air. HGSY STEM cannot account for thisplumerise. HGSY STEM models
the release and dispersion of pure chemicalsonly, and the properties of chemicalsinitschemical library are
valid only for pure chemicals. HGSY STEM also does not account for chemical reactions of any kind.

Thelimitations of HGSY STEM do not detract from its use in this SWEIS for screening chemical accidents
and bounding their daytime consequences. HGSY STEM was chosen for its ability to model heavy gases,
especially anhydrous hydrogen fluoride as well as chlorine, chemicals of concern at Y-12.

Frequency Analysis

Frequency (F) level swereassigned primarily based on operating experience. Accidentsthat could result from
operator error or violation of administrative controls were assumed to be “Anticipated,” F > 10%/yr. If
knowledge existed of a similar accident in the operating history of the facility, the frequency was also
assumed to be “ Anticipated.” Equipment failures were assumed to be “Anticipated.” Events that resulted
from aseries of operator errors and/or equipment failureswere considered “ Unlikely,” 10“/yr < F < 107?/yr,
unless the accident sequence was very complex, in which case a frequency of “Extremely Unlikely,”
F < 10*/yr, was assigned. If physical conditions associated with an operation did not support a particular
accident sequence, the event was considered to be“ Extremely Unlikely.” Theunmitigated frequenciescited
in the following scenarios do not credit administrative controls, engineering design features, building
construction, etc., that could prevent the postul ated accidents. Theaccident initiatorsin most casesareeither
human error or mechanical equipment failure.

D.7.3 Accident Scenarios

The accident scenarios are divided into radiological accidents and chemical accidents. The radiological
accidents involve exposure to radioactive materials with a dose to a receptor (a collocated worker or the
public). The accidents are presented with a discussion of the consequences and the expected frequency of
theaccidents. Many of the processfacilitieshave controls (for prevention or mitigation) that serveto reduce
thefrequency or consequencesassociated with theaccident. Thisinformation ispresentedinatablefor each
section. Some of the postulated accidents, such as the seismic accident, do not have facility controls listed
to prevent the accident, and the frequency of the accident isthe same astheinitiating frequency (based upon
an assumed return period) of the projected earthquake. Eventswith major consequencessuch asfire-induced
releases due to an aircraft crash are not separately analyzed due to the very small frequency (less than
10 “"/yr) and the consequences of these events such as an aircraft crash are bound by the results of thefacility
fire or site-wide earthquake (DOE 1996). The consequences of radiological accidents are presented with
worker and public doses. Thewaorker doses are presented for the population of siteworkersand for an MEI
who is standing 250m from the facility for 2 hours. The public doses are also presented for the population
and for an MEI who is assumed to be located at the site boundary for 2 hours following the accident. The
public population dose cal culations assume no evacuation to mitigate the consequences. The MEI (worker
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or public) would be downwind and in the highest predicted concentration of the released material. The
accident consequencesare unmitigated. M any accidentswould be mitigated, for exampl e, by building HEPA
filtration, fire suppression systems, etc.

The chemical accidents are presented with the frequencies and exposure concentrations for the postul ated
accident scenarios. For toxic gas releases of chlorine gas and anhydrous hydrogen fluoride, the accident
scenarios have release times based upon a credible cylinder valve leak accident using typical atmospheric
conditions for Y-12.

D.74 Radiological Accidents
D.74.1  Criticality Accidents

A criticality accident is defined as the release of energy and radiation resulting from an inadvertent self-
sustaining or divergent chainreaction. Criticality accidentshave been evaluated for Y-12facilitiesthat store
or processenriched uranium. All recorded criticality accidents have beeninitiated by human error. Thefour
main categories of criticality initiating events are those resulting from administrative error (procedural non-
compliance), solutions being introduced into unfavorable geometries, holdup in fissile material equipment,
and natural phenomena events. The DOE Headquarters Office of Oversight recently completed a field
inspection and review of criticality safety at several DOE sitesincluding Y-12. While the team noted no
imminent hazards, several recommendations were made to improve criticality safety including two safety
issues that warranted a formal response from Y-12. These two safety issues are related to fissile material
movements and annual operation reviews (DOE 2000a, DOE 2000b).

Administrative Errors (Procedural Noncompliances). The nuclear criticality safety evaluation (CSE)
identifiesthelimitsand conditionsnecessary to ensurethat fissile material operationscomply withthedouble
contingency principle. Compliance with the double contingency principle ensures that no single failure,
either administrative or passive design, can result in the potential for a criticality accident. The criticality
safety requirement (CSR)/criticality safety analysis (CSA) is used to document the requirementsidentified
inthe CSE. From the CSR/CSA, criticality safety requirements are incorporated directly into procedures,
postings, or other implementing documents.

This scenario isinitiated from a human/manual -operator action that could result in acriticality event. The
improper handling or storage of material can create the potential for a criticality event. Operations are
conducted in accordance with administrative controls (e.g., operating procedures or CSA postings) that
incorporate the required nuclear criticality limits and conditions.

Solutionsin Unfavor able Geometries. Uranyl nitrate solutionsare present intanksand equipment at Y-12.
Administrative programs are in place to control the geometry of process equipment and containers used in
solution processing areas to a geometrically favorable diameter and depth. In this event scenario category,
solutions can leak from safe tanks or piping onto floor surfaces, backflow through interfacing safe piping to
unsafe geometries, be released to unsafe containers by an operator error during transfer, or collect in
equipment removed for maintenance. Design and/or procedural reguirements on the interfaces of other
systems with systems containing enriched uranium solutions and work control practices provide for the
incorporation of featuresthat will prevent sol ution from moving from asafe geometry to an unsafe geometry.

Holdup in Fissile Material Equipment. Dry enriched uranium holdup material can be collected in
equipment such asfilters, gloveboxes, open cans, and ventilation ductwork during normal operations. This
scenario can involvethe buildup of material insidethese areasto the point of acritical amount or the material
being moderated by the introduction of water from roof leaks, fire sprinkler discharge, or other piping
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failures. The majority of unsafe geometry equipment has passive design features (e.g., drain holes) to
prevent these events.

Natural Phenomena. Beyond-design-basisnatural phenomenainitiatorscould resultin spilling of solutions
and/or the rearrangement of containers or metal partsinto acritical configuration. Flooding could resultin
moderation of enriched uranium in the storage containers in the Y-12 facilities. Double contingency is
applied to the storage of all fissile materia so that rearrangement or flooding from a natural phenomena
initiator is not likely to initiate a criticality accident.

Propertiesof HazardousMaterial. Theprincipal product of acriticality accident isradiation which arises
from:

*  Prompt gamma photons and neutrons resulting from the fission reaction itself
e Gamma and beta radiation from the radioactive decay of fission products produced by the reaction

* Radiation from the radioactive decay of materials surrounding the fission reaction that have been
activated by neutrons

The prompt radiation istraditionally viewed asthe most significant because, in thefirst pulse of an accident,
an individual can take no actionsto limit the dose from this source. The prompt dose is solely afunction of
pulse size, duration, distance, and intervening shielding. In an actual moderated criticality accident, the
prompt radiation will be predominately gamma photons because of walls, equipment, etc., that absorb
neutrons.

Analysisfor HEU Storage Mission Proposed Alter natives

Either anew HEU Materials Facility or an addition to Building 9215 (Alternative 2B) is proposed for the
HEU Storage Mission at the Y-12 Plant. These new facilities are meant to expand and consolidate the
storage of HEU in one modern facility built to current codes and standards. Additionally, the new HEU
storagefacility will make greater use of engineered controlsin lieu of administrative controlswhen possible.
Thus, the controls that prevent or mitigate accidents will be more reliable. The likelihood of accidents
involving HEU will decrease with the new facility over the present storagefacilities. Thelikelihood of these
accidentsisexpected to be significantly lower by afactor of 2to 5. Thesefacilitieswould be built to provide
necessary improvements in safeguards and security, environmental safety and heath (ES&H), and
maintenance costs. A flood-induced criticality accident isthe only criticality accident significantly affected
by thelocation of the new facilities. Stream floodingisnot credible except at elevationsbelow 971 ft. Some
HEU ispresently stored below thislevel. The proposed new HEU Materials Facility or addition to Building
9215 would be constructed at an el evation above the predicted PC-3 (10,000-year return period) flood level
and the beyond-design-basi sflood would no longer beaconcern. Inaddition, design and construction would
ensure that flooding from rainfall runoff or roof ponding would not occur.

Source Term Calculations

The potential fission yield from anuclear criticality accident varies according to the type of fissile material
(i.e., solution, moderated and reflected, or dry powder or metal). DOE-HDBK-3010-94 (DOE 1994b)
suggests values for fission yields of 1 x 10" fissions for a fully moderated and reflected solid system and
1x 10" fissionsfor adry powder or metal system. A solution criticality accident isthe worst-case event and
wouldyield aninitial pulse of 1 x 10* fissionsfollowed by additional pulsesover aperiod of 8 hr for atotal
of 1 x 10" fissions.
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Consequences

The consequences associated with asolution criticality accident have been evaluated using the prompt dose
calculations and those associated with the CEDE. The predicted prompt dose for a solution criticality
accident with aninitial pulse of 10 fissions (taking no credit for attenuation dueto concrete, steel, or other
intervening shielding material that might provide a significant dose reduction) drops below 100 rem within
19 m from the accident, below 25 rem at 35 m, and below 1 rem at 142 m. Acute lethal exposures can be
received by unshielded persons who are within 5 to 10 m of an accident. Because of the potential for
operator fatality, the consequence rating is“High.” No credit istaken for shielding that may be availableto
any criticality accident that occursinside the building. Assuming aground-level release of fission products,
the fission product release and radiation dose predicted for a moderated or dry metal criticality accident
would be 10 to 100 times less than that of a solution criticality accident.

Although there is a potential for significant harm to operators or nearby workers, none of the nuclear
criticality accidents are expected to result in a radiation dose that would cause fatalities among coll ocated
workers or challenge the off-site evaluation guideline of 25 rem CEDE for an MEI member of the public.
Theevaluation guideline, while not considered an acceptabl e public exposure, iswell below alevel generally
accepted as a value indicative of no significant health effects (i.e., low risk of latent health effects and
virtually no risk of prompt health effects). DOE strives to reduce risks through preventive and mitigative
measures to the extent practicable. Table D.7.4-1 summarizes the results for a criticality accident at Y-12
based upon the causes listed above. The on-site population doses are based upon an accident at Building
9212 as the bounding case (collocated employees are located closer to the building).

TABLE D.7.4-1.—Summary Results for Criticality Accident Scenarios

UnArgé}:jqez;tfd Estimated Source Term Urércnért]gz?ged Preventors/ héé’gé;;irtleg
Frequency (yr)? and Consequences Class Mitigators Class
1>F>10? Release: 1.0 x 10% fissions; I Administrative I
collocated worker: MEI controls, engineered
less than 8 rem, 870 person- controls, criticality
rem, 0.35 LCF; off-site accident alarm
public: MEI lessthan 3 rem, system, emergency
8.6 person-rem, 4 x 10° LCF management

2 Without preventive measures
Source: Fisher 1995.

Criticality accident alarm systems mitigatethe consequencesof acriticality by alerting personnel to evacuate
the affected area. Personnd are trained, thus reducing their exposure to radiation from continuing or
subsequent criticality. The criticality accident alarm systems cannot prevent personnel from receiving a
prompt dose from a criticality, but they can mitigate further exposure.

D.7.4.2 FireEventsInvolving Radioactive Materials

The release of radioactive material in the event of afire has been evaluated for Buildings 9720-5, 9204-4,
9204-2E, 9212, 9215, 9206, 9720-38, and 9201-5 (see Table D.7.2-1). The released materials include
enriched uranium (solidsand chips), depleted uranium, aswell as uraniumin solvents, thorium organics, and
oil. PHAs were performed to screen the potential fire events and determine the worst-case scenarios.
Accident frequencies and consegquences were compared with arisk matrix from DOE STD-3011-94. These
scenario classesincluded high frequency-low conseguenceeventsaswell aslow frequency-high consequence
events. Dominant accidents, those that were categorized as Scenario Classes | and |1, were then evaluated
further. Structures, systems, and components were identified that either reduce the frequency or the
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consequencesfor the dominant scenarios. External fire scenariosthat could involve multiplebuildingswere
also considered. However, based on the design, construction and location of the facilities, no credible
scenarios involving multiple buildings were identified.

Properties of Hazardous M aterial

The primary hazardous material s of concern are uranium and uranium compounds. They represent the most
radioactive hazard for which alarge, airborne, respirable release ispossible. Thetypical enriched uranium
(93.5 percent **U) that is present has a specific activity of 7 x 10° Ci/g and an inhal ation dose conversion
factor of 1.23 x 108 rem/Ci CEDE. Higher enrichments do exist in limited activities, however, they will not
significantly impact the consequences of the postulated accidents. Depleted uranium is present in large
quantities at Y-12. Depleted uranium has a specific activity of 4 x 107 Ci/g and an inhaation dose
conversion factor of 1.20 x 108 rem/Ci CEDE. The toxicological effects outweigh the radiological effects
for depleted uranium. Thorium and small quantities of other radionuclides such as plutonium, niobium,
technetium, cesium, cerium, and neptunium may also be present in the Y-12 facilities. Fires involving
materialstypically presentin other industrial facilities (solvents, organics, oils) were screened out astypical
industrial hazards unless they initiated a fire involving uranium/uranium compounds.

Release M echanism

Building fires involving enriched uranium were assumed as the worst-case scenarios. No credit was taken
for separation of materials, storage containers, or building structureto assure the analysis did not assume any
mitigation. Because of security concerns, specific events/inventoriesare not identified in thetabul ar results.

Analysisfor HEU Storage Mission Proposed Alter natives

Either anew HEU Materials Facility (Alternative 2A) or Building 9215 (Alternative 2B) addition to store
HEU is proposed under the HEU Storage Mission Alternatives. The conceptual design analysis of either
facility to store HEU indicates that the frequency of fire would be controlled by limiting combustible
materials from the facilities. The new facility would be constructed entirely of concrete and the contents
would provideminimal combustiblematerial loading. Thepotential radiol ogical dosefrommaterial released
by a fire based on the expected maximum inventory is less than 25 rem at 350 m (distance to Y-12
Emergency Response Boundary). Considering the segmentation of theinventory, theuse of firebarriers, and
the noncombustible building construction, the consequences of any release would be expected to be below
the results presented for the existing facilities by a factor of 2 to 5. Current storage facilities do contain
combustible materials or were built using combustible materials. The lower combustible material loading
both prevents mgjor fires and mitigates the fuel available for afire.

Source Term Calculations

The source term is the amount of airborne respirable material dispersed from the accident scene and is
calculated as the product of the material at risk (MAR), the damage ratio of the container, the airborne
release fraction, the respirable fraction, and the leak path factor for the building. The MAR was based on
the area and duration of the fire assumed for the scenarios. The damage ratio and leak path factor depend
on the fire and container (building) characteristics as well as the nature of the released material. A
conservative upper bound of 1.0 was assumed for both the damage ratio and leak path factor.

Source terms used to cal cul ate the potential on-site and off-site consequences of alarge fire were based on
either (1) alimiting facility inventory (an inventory administratively controlled below the amount required
to exceed the 5-rem threshold for a“High” consequence level event), or (2) by assuming that afireinvolved
the maximum inventory that could be consumed in the worst-case building fire.
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Consequences

The consequences of a radiological fire in the facilities at Y-12 include potential exposure to airborne
releases of variousforms of uranium and uranium compounds. The potential consequences of the dominant
accident scenarios are presented in Table D.7.4-2.

TaBLE D.7.4-2—Summary Results for Radiological Fire Scenarios [Page 1 of 3]

Unmitigated Mitigated
Building/ Accident Estimated Source Term Unmitigated Preventerd ;
: . o Scenario
Accident Freguency And Consequences ScenarioClass  Mitigators Class
(yr)

Building 10* < F< 10? Release: 60 g airborne EU; ] Sprinklers [l
9212/ collocated worker: MEI 1.13
Safe Bottle rem, 1,067 person-rem, 0.43
Storage Area LCF; off-site public: MEI
Organics Fire 0.67 rem, 15.3 person-rem,

0.008 LCF
Building 102<F<1  Rdease 100 garborne EU: ' HEPA filters I
9212/ collocated worker: MEI 0.19
Chip Fire rem, 180 person-rem, 0.071

LCF; off-site public: MEI

0.11 rem, 2.6 person-rem,

0.0013 LCF
Building 10%<F<1 Release: 29 g airborne EU; " Flame-resistance v
9212/ collocated worker: MEI 0.05 bags
Dry Vacuum rem, 51 person-rem, 0.02 LCF;
Fire off-site public: MEI 0.03 rem,

0.71 person-rem, 4 x 10* LCF
Buildi ng 10* < F < 102 Release: 500 g airborne EU; Sprl nklers 1]
9212/ collocated worker: MEI 0.93 . and
B-1 Wing Fire rem, 890 person-rem, 0.35 administrative

LCF; off-site public: MEI controls

0.55 rem, 13 person-rem, 0.006

LCF
Building 0*<F<10% Release: 189 gairborne EU; ] Sprinklers Il
9206/ collocated worker: MEI 0.05
Safe Bottle rem, 472 person-rem, 0.19
Storage Area LCF; off-site public: MEI
Organics Fire 0.30 rem, 7.0 person-rem, 2.4 X

10°LCF
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TaBLE D.7.4-2—Summary Results for Radiological Fire Scenarios [Page 2 of 3]

Unmitigated Mitigated
Building/ Accident Estimated Source Term Unmitigated Preventers/ .
: . o Scenario
Accident Frequency And Conseguences Scenario Class Mitigators Class
(yr)

Building 9206/ 102<F <1 Release: 21 g airborne EU; " Equipment v
Exhaust collocated worker: MEI 0.04 design,
system rem, 37 person-rem, 0.015 administrative
baghouse fire LCF; off-site public: MEI 0.02 controls

rem, 0.54 person-rem,

2.7x10*LCF
Building 9206/ 1 Release: 7 g airborne EU; I Oxygen monitor, v
Argon collocated worker: MEI 0.01 pressure release
glovebox rem, 12 person-rem, 0.0050 valves, HEPA
pyrophoric LCF; off-site public: MEI 0.01 filters/
U-compound rem, 0.18 person-rem, 9 x 10° equipment
fire LCF design

10%2<F<1

Building 9206/ 102<F <1 Release: 800 g EU/16.2 g DU I Sprinklers, Il
Building fire airborne; collocated worker: building/

MEI 1.49 rem, 1400 person- equipment

rem, 0.57 LCF; off-site public: design,

MEI 0.56 rem, 21 person-rem, administrative

0.01LCF controls
Building 9215/ 102<F<1 Release: 75 g airborne EU; I Hydraulic oil that v

Hydraulic oil
pool fire

Building 10* < F< 10?
9204-2E/

building fire

Building 10* < F< 10?
9204-4/

building fire

collocated worker: MEI 0.14
rem, 130 person-rem, 0.053
LCF; off-site public: MEI
0.07 rem, 1.9 person-rem, 0.001
LCF

Release: 22 kg airborne EU; I
collocated worker: MEI 40.92

rem, 3300 person-rem, 1.3

LCF,; off-site public: MEI

15.53 rem, 570 person-rem,

0.28 LCF

Release: < 200 g airborne EU; I
collocated worker: MEI 0.37

rem, 29 person-rem, 0.012

LCF,; off-site public: MEI 0.14

rem, 5.2 person-rem, 0.0026

LCF

prevents ignition

Fire protection/
inventory limits/
Non-combustible
building

Fire protection/
inventory limits/
non-combustible
building
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TaBLE D.7.4-2—Summary Results for Radiological Fire Scenarios [Page 3 of 3]

Unmitigated Mitigated
Building/ Accident Estimated Source Term Unmitigated Preventerd/ ;
: . o Scenario
Accident Freguency And Consequences ScenarioClass  Mitigators Class
(yr)

Building 10* < F< 10? Release: 18.3 kg airborne EU; I Fire protection, ]
9720-5/fire collocated worker: MEI 56.91 administrative

rem, 2700 person-rem, 1.1 controls

LCF; off-site public: MEI 7.01

rem, 470 person-rem, 0.24 LCF
Building 10%<F<1 Release: 35 kg DU and 15 kg I Administrative/ v
9720-38/fire normal U airborne; collocated equipment/fire

worker: MEI 1.21 rem, 50 protection

person-rem, 0.020 LCF; off-site

public: MEI 0.15 rem, 0.72

person-rem, 3.6 x 10 LCF
Building 10* < F < 10? Release: 5.1 kg DU/DU alloy Il Administrative v
9201-5/fire airborne; collocated worker: control of
involving DU MEI 0.12 rem, 5.86 person- inventory

rem, 0.0023 LCF; off-site

public: MEI 0.04 rem, 1.0

person-rem, 5x 10 LCF
Building 10°<F<1  Sameasabove " Same as above v
9201-5/DU
chip dryout
Building 10* < F < 10? Same asabove " Same as above AV,
9201-
5/Duct/filter
fire (DU)
Building 10* < F< 10? Sameasabove 1] Same as above Y
9201-5/
Building fire
(bU)
On-site 102<F<1 Release: 0.41 kg EU airborne; I Administrative 1
transport of collocated worker: MEI 1.28 controls
HEU rem, 60 person-rem, 0.024

LCF; off-site public: MEI 0.37
rem, 11 person-rem, 0.0053
LCF

Note: DU-depleted uranium; EU-enriched uranium; HEPA-high-efficiency particulate air
Source: Fisher 1995 and Table D.7.2.1-1.

D.7.43 Release Dueto Explosion

The bases for interim operation for Buildings 9212, 9206, 9204-2E, 9215, 9204-4, 9720-5, and the safety
analysisreport for 9720-38 (see Table D.7.2-1) identified the hazardous material inventories that could be
involved in arelease resulting from an explosion. The explosion accidentsin the facility accident analyses
were screened for the higher consequencelevel s using aconservative consequence assessment. An accident
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was not considered for further analysis if it was estimated to be less frequent than 10°®yr or if the
consequenceswere bounded by the consequencesassociated with afacility firefor Buildings 9204-2E, 9215,
9204-4, 9720-5, and 9720-38. The dominant postulated explosion scenarios identified in the accident
analyses are associated with organic chemical and nitrate reactions resulting in the formation of nitrated
organic compound (red oil) explosions and fume-off reactions; flammabl e gas|eaks from hydrogen, natural
gas, and oxygen; as well as chemical reactions, steam and dust explosions. Table D.7.4-3 presents a
summary of results for the explosion or thermal scenarios that were categorized in Scenario Classes |
and Il.

TABLE D.7.4-3.—Summary Results for Explosion Scenarios

_ Unmi_tigated E<timated Unmitiga_lted Preventers/ M itigat_ed
Accident Accident Consequences Scenario Mitigators Scenario
Frequency (yr?) Class Class
Organic/nitrate 10* < F < 102 Worker fatality; low I Design features, [l
solvent consequences to administrative
reaction, red oil collocated workers controls
explosion and the public.
Fume-off 102<F<1 Worker injury; low I Design features, 11
explosion consequences to administrative
collocated workers controls,
and the public. personal
protective
equipment
Hydrogen gas 104 < F < 10? Worker fatality; low I Design features, [l
explosion consequences to administrative
collocated workers controls
and the public.
Natural gas 102<F<1 Worker fatality; low I Design features, [l
explosion consequences to administrative
collocated workers controls
and the public.
Chemical 10°<F<1 Worker injury; low | Administrative 11
reaction consequences to controls,
collocated workers personal
and the public. protective
equipment

Source: Table D.7.2-1.

The potential existsfor afireto develop astheresult of an explosion. The effects of afire developing after
an explosion were assessed and were determined to be bounding for any explosion event. The explosion
eventsarelikely to occur in open areaswith operatorslocated in theimmediate area. A nearby worker could
be seriously injured or killed due to the physical effects of the explosion. These effects cannot be mitigated
if the operator is in the immediate area; therefore, the consequences remain “High” to facility workers.
However, significant quantities of radioactive material are not expected to become airborne.
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Properties of Hazardous M aterial

The hazardous materials of concern are uranium and uranium compounds that present radiological hazards
as the consequence of the postulated accidents. Thorium and small quantities of other radionuclides such
as plutonium, niobium, technetium, cesium, cerium, and neptunium may also be present in the Y-12
facilities. The radiological doses from thorium and these small quantities of radionuclides are dominated
by the dose resulting from an accidental release of enriched uranium.

Release M echanism

The release mechanism was an explosion that involved the HEU materials in segmented locations in each
analyzed facility. The HEU materialsare present in small amountsin the potential accident locations often
in nonrespirable formsand, in some cases, shielded from the force of the blast by equipment. No credit was
taken for separation of materials, storage containers, or building structure.

Analysisfor HEU Storage Mission Proposed Alter natives

Either anew HEU Materials Facility (Alternative 2A) or an addition to Building 9215 (Alternative 2B) is
proposed for the HEU Storage Mission at the Y-12 Plant. These new facilities are meant to expand and
consolidate the storage of HEU in one modern facility built to modern codes and standards. Additionally,
the new HEU storage facility will make use of engineered controls in lieu of administrative controls when
possible. Thus the controls that prevent or mitigate accidents will be more reliable. The likelihood of
accidents involving HEU will decrease with the new facility over the present storage facilities. The
likelihood of these accidents is expected to be significantly lower. The conceptual design analysis of the
HEU Materials Facility or Building 9215 expansion to store HEU indicates that the frequency of an
explosion would be controlled by excluding materials from the facilities that could cause an explosion. The
new facilitieswould be constructed entirely of concrete and the contentswoul d provide minimal combustible
or flammable material loading. Considering the segmentation of the inventory, the use of fire barriers, and
the lack of explosive materials, any release would be expected to be below the analytical results shown in
Table D.7.3-3.

Source Term Calculations

The source term is the amount of airborne respirable material and is calculated as the product of the MAR,
the damage ratio of the container, the airborne release fraction, the respirable fraction, and the leak path
factor for the building. The MAR is based on the inventory in the area of the explosion assumed for the
scenarios. The damage ratio and leak path factor depend on the explosion and container (building)
characteristics aswell asthe nature of the released material. A conservative upper bound of 1.0 is assumed
for both the damage ratio and the leak path factor.

Consequences

The consequences of an explosion in the facilities at Y-12 include potential exposure to small airborne
releases of various forms of uranium and uranium compounds. All of the dominant explosion scenarios
resultedin“Moderate” to*“High” consequencesto theworker but did not produceany significant radiological
consequences to the collocated worker or off-site public. The potential consequences of the dominant
accident explosion scenarios are presented in Table D.7.4-3. Theexplosion could betheinitiator for alarge
building fire and this scenario was discussed in the preceding section.
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D.7.4.4 Beyond-Design-Basis Seismic Events

To assure conservative consequence estimates, the beyond-desi gn-basi s seismi ¢ eventswith frequenciesless
than 5 x 10*/yr (2000-yr recurrence period) were considered. The accident forces associated with these
events are determined from guidance in DOE Order 420.1, Facility Safety and DOE STD-1020-94, Natural
Phenomena Hazards Design and Evaluation Criteria for Department of Energy Facilities. In DOE Order
420.1 and DOE STD-1020-94, event frequencies provide abaseline for determining the natural phenomena
resistance of structures, systems, and componentsimportant to safety. Seismic eventsof greater magnitudes

than those defined in the DOE requirements were selected for eval uation to assure that beyond-design-basis
effects were being examined.

Further conservatismwasincluded by athree-distinct-event criterion, wherethe natural phenomenainitiator
itsalf isconsidered the first distinct event. Two additional distinct events, defined as events which assume
a pre-existing abnormal facility/equipment condition or an abnormal facility/equipment response, were
postul ated to maximize the consequences of the seismic event. The probability of firesfollowing abeyond-
design-basis seismic event is very high and assumed to be one for this analysis.

For thebeyond-design-basi ssei smic events, structural coll apsewas postul ated to be accompani ed by themost
significant internal events, including fire and expl osions (the three-distinct-event criterion). Thispostulated
sequence, coupled with the short distances to the Y-12 Emergency Response Boundary, results in overly
conservativevaluesfor maximumdosestoindividualsat theboundary. Y-12facilitiesthat havethepotential
for such significant internal events are Buildings 9204-4, 9206, 9212, and 9215.

In general, abeyond-design-basis sei smic event isabounding accident scenario becauseit destroys building
confinement and includes all significant individual fire and explosion scenarios.

Building 9204-4
For Building 9204-4, a beyond-design-basis seismic event was assumed to cause the facility to collapse. A
ruptured flammabl e gas main was assumed to cause a plume of flammable gas to momentarily develop and

immediately ignite. Thisserved asanignition sourcefor oil fires. The event wasassumed to affect theentire
building. Energy sources included flammable gases and combustible cils.

Building 9206

For Building 9206, a beyond-design-basis sei smic event was assumed to cause the facility to collapse, with
anatural gas explosion, and accompanying fire. Energy sourcesincluded the flammable gases, combustible
solids, and organic liquids.

Building 9212

For Building 9212, abeyond-design-basis seismic event was assumed to cause the building to progressively
fail. A hydrogen explosion was postulated to occur, and a solvent fire was postulated to occur as well.

Building 9215

For Building 9215, abeyond-design-basi s seismic event was assumed to cause thetotal buildingto collapse,
followed by a propane explosion and a number of oil fires.
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Analysisfor HEU Storage Mission Proposed Alter natives

Either anew HEU Materials Facility (Alternative 2A) or an addition to Building 9215 (Alternative 2B) is
proposed for the HEU Storage Mission at the Y-12 Plant. These new facilities are meant to expand and
consolidate the storage of HEU in one modern facility built to current codes and standards. Additionally,
the new HEU storage facility will make use of engineered controlsin lieu of administrative controls when
possible. Thus the controls that prevent or mitigate accidents will be more reliable. In comparison to the
present storage facilities, the likelihood of a seismic event with forces greater than the planned design is
expected tobesignificantly lower. Theconceptual designanalysisof theHEU MaterialsFacility or Building
9215 expansion to store HEU indicates that the new facilities would be designed and built to DOE PC-3
design standards and to current codes. That is, the performance goal for the annual probability of exceeding
acceptable behavior (i.e., maintaining worker safety, confinement of hazards, safe operations) is 1 x 10/yr.
The proposed new facilities would be less subject to seismic force damage, and the resulting frequency for
adesign basis seismic event would be 5 x 10*/yr (a2,000-year return period). Thefrequency of the beyond-
design-basis seismic event would be less than 1 x 10%/yr. For comparison, the existing HEU storage
buildings have a 5 x 10* /yr frequency estimate for a beyond-design-basis seismic event. Major
consequences of a severe seismic event can include both a criticality accident and afire. The frequency of
afirewould be controlled by limiting combustible materialsin the new facilities. The new facilitieswould
be constructed primarily of reinforced concrete and the contents would provide an extremely low
combustible material loading. Considering the segmentation of the inventory, the use of fire barriers as
proposed in the HEU Materials Facility (and Building 9215 expansion), and the noncombustible building
construction, any release as aresult of the design basis sei smic event would be expected to occur at alower
frequency. Off-site exposuresto an MEI would be expected to be higher because the building will be closer
to the Y-12 Emergency Response Boundary.

Consequence Calculations and Risk

The source terms for the release from each building and the consequences are presented in Table D.7.3-4.
Because these are beyond-design-basi s seismic events, no mitigation was considered.

TaABLE D.7.4-4.—Estimated Consequences of a Beyond-Design-Basis Seismic Event

Building SourceTerm Collocated Worker Public
9204-4 950gof HEU MEI: 2.0rem MEI: 0.67 rem
Population: 140 person-rem, 0.056 LCF  Population: 25 person-rem, 0.012 LCF
9206 6.2kgof HEU MEI: 11.5rem MEI: 6.8 rem
Complex Population: 10,944 person-rem, 4.4 LCF Populat|on 150 person-rem, 0.08 LCF
9212 6.8kgof HEU MEI: 13rem MEI: 7.5 rem

Population: 12,000 person-rem, 4.8 LCF Populat|on 180 person-rem, 0.088 LCF

9215 19kgof HEU MEI: 3.6 rem MEI: 2.0 rem
Population: 3,400 person-rem, 1.3 LCF  Population: 49 person-rem, 0.025 LCF

Source: Fisher 1995 and Table D.7.2.1-1.

D.7.4.5 Evaluation Basis Tornado

High winds and tornadoes have been evaluated for the Y-12 Site. The consequencesthat could result from
these accident initiators were bounded by fire and criticality events. Evaluation basis tornado events were
postulated separately for Buildings 9206 and 9212. The evaluation basis tornado event is defined as a
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tornado with acombined rotational and translational speed of 130 mph. Thisevent hasa50,000-year return
period (LMES 1995b).

Thisevent could result in widespread roof and wall damageto the facilities. The effects of tornado missiles
would result in scenarios similar to loss of confinement dueto explosion. Loss of confinement would result
in uranium-contaminated or uranium-containing solvent spills and fire. The source term for a spill of all
contaminated solvent with subsequent burning of the spilled solvent is described in the fire scenario. The
consequences of a tornado-initiated accident would be bound by the consequences estimated for fires.
Additional release of uranium-bearing particulate material could be expected. The most significant
radiological consequenceswould be from a criticality accident (Section D.7.3.1) or fires subsequent to the
tornado. The frequency of atornado event resulting in a significant radiological release was characterized
usingthe DOE-STD-3011-94 criteriaas” Extremely Unlikely” (DOE 1994a). Theradiological consequences
for the MEI off-site and the collocated worker result in a“Moderate” to “High” consequence classification
for both Building 9206 and Building 9212.

A tornado-initiated release of material from the Environmental Management Waste Management Facility
included under the No Action alternative in this SWEIS was postulated in the Remedial
Investigation/Feasibility Sudy (RI/FS) report (DOE 1998a). The postul ated rel ease would be caused by the
tornado scouring the top 6 in. of waste from the surface of any open cells and depositing this material over
a 26 km? (10 mi?) area of farmland. The assumptions of using a 26 km? (10 mi%) area and farmland are
considered conservative for the consequence dose calculations. A review of historical evidence indicates
that most objects fall out from a tornado within 80 to 145 km? (50 to 90 miles) but some objects have
reportedly been carried up to 210 miles. The latent cancer risk caused by the dispersal of materia is
estimated to be 2.2 x 10 with a population dose of less than approximately 0.4 person-rem. The report
quotes an overall risk presented by the low frequency of occurrence (2 x 10°/yr), the 30-year life of the
facility, and the latent cancer risk yields an overall risk estimate of 1.32 x 107 of an LCF. Additional
information is available in the report.

D.7.4.6 Flood

In accordance with DOE STD-1020-94, the effects of aflood with afrequency of 5x 10, or areturn period
of 2,000 years, was evaluated. The flood hazard studies that were used to define the flooding conditions at
the Y-12 Plant included the effects of stream flooding, upstream dam failures, snow loading, and intense
local precipitation. Four buildings were identified as having a potentia for flooding: Building 9720-5,
Building 9204-4, Building 9204-2 and Building 9204-2E. Prevention of acriticality accident in the event
of flooding is based on storing enriched uranium above the projected flood level or otherwise ensuring the
storage arrangement meetsthe doubl e contingency principle. Simply floodingthe storageareawill not result
inacriticality accident unless several adjacent containersfail or leak. The proposed HEU Materials Facility
or the Building 9215 expansion that would consolidate the HEU presently stored in Buildings 9720-5, 9204-
4, and 9204-2E would be constructed above the 2,000-year return period flood level, above any potential
flooding from intense local precipitation, and designed to prevent flooding from roof ponding.

Frequency

The estimated frequency of aflood that resultsin acriticality accident is less than 1 x 10°yr.
Consequences

The consequences associated with a flood include moderation of fissile material and the potential for a

criticality accident. The potential consequences to workers, collocated workers, and MEI off-site are the
same as those discussed in Section D.7.3.1 for other criticality accidents.
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D.7.4.7 Wildfires

A wildfire could beinitiated by alightning, an aircraft crash, aburning cigarette, the sun shining on a piece
of glass, or even a*“controlled burn” during windy conditions. Fireson the Oak Ridge Reservation are not
common but they do occur. Records indicate that 9 wildfires have occurred on the Oak Ridge Reservation
since 1966. Thelargest areaburned by awildfire was 400-500 acres. Thiswildfire occurred April 7, 1966
and originated in the Y-12 burning pits. Another significant wildfire occurred February 21, 1977. This
wildfire burned uncontrolled on the Reservation on Pine Ridge, immediately west of a500 kv transmission
line. Thiswildfireresulted frombrush pilesbeingburned by aTV A contractor clearingthe WattsBar-Roane
transmission line right-of-way on the northwest slopes of Pine Ridge. Thetotal areaburned by thisfirewas
approximately 48.8 acres.

Although wildfires are not expected to reach Y-12 facilities, hot embers from such afire could blow onto
roof tops, potentialy initiating abuilding fire. Depending on the proximity of thefire and wind conditions,
ash and other byproducts from a wildfire could plug fresh air intakes and exhaust filters for the Y-12
facilities. Heavy smoke could cause the filtersto become clogged or “loaded”, which could lead to failure
in the filtering system.

D.7.5 Chemical Accidents
D.75.1 Toxic Chemical Release Dueto Fire

Releases of toxic materials from Y-12 facilities as a result of a large fire were evaluated. Accident
frequencies and consequences were characterized using arisk matrix from DOE STD-3011-94. Dominant
accidents, those that were categorized as Scenario Class | or |I, were then evaluated further. Dominant
scenarios were identified for Buildings 9202, 9204-2E, 9720-26, 9720-38 and 9206. Chemicalsreleased as
aresult of these accidents are beryllium compounds, lithium hydride, acetonitrile, chromic acid, phosphoric
acid, mercury, and depleted uranium.

Properties of Hazardous M aterial

The toxicological hazard from inhalation of depleted uranium is more severe than the radiological hazard.
Other hazardous chemicals/ compounds are also present in varying amounts and chemical forms. Many
chemicalsthat are used at the Y-12 Plant do not pose arisk to the public but do pose asignificant risk to on-
site facility workers. These chemicals (such as strong acids or caustic solutions, small quantities of
flammable compounds, NaK heat transfer fluid, etc.) can cause seriousthermal or chemical burns, lost-time
accidents, maiming (loss of an eye or use of a limb), and are potentially lethal. In December 1999, a
chemical explosion accident occurred within the skull caster furnace section of Building 9201-5 at the Y-12
Plant. The explosion occurred as workers were cleaning up a spill of sodium-potassium alloy (NaK). The
NaK spill resulted from acombination of procedural errorsduring the replacement of the skull caster furnace
crucible. NaK ispyrophoric and can be explosive under certain circumstances (e.g., when exposed to air it
can form a potassium superoxide that is shock-sensitive and expl osive when combined with hydrocarbons,
suchasmineral oil). Aspart of the preparation for removing the spilled NaK, theinsidewalls of the crucible
containing the spilled NaK were repeatedly sprayed with mineral oil. Mineral oil has historically been used
asa“bath” - that is, NaK or NaK oxides were placed in a bucket of mineral oil. Spraying mineral oil was
apparently a practice that was used by workers at the Y-12 Plant in the past. This approach was made
without any analysis of the potential hazards. The explosion occurred as aworker was attempting to break
up the crust of the spilled NaK, using a steel rod. The explosion injured 11 workers, 3 of whom required
hospitalization. Asstatedinthe TypeA Investigation Report of the explosion,Y -12 Plant management plans
to discontinue the use of NaK systems across the Plant. They plan to collect and dispose of all NaK in the
Y-12 Plant, including the material in Building 9201-5 and other areas at the Y-12 Plant. This accident,
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although serious in consequences to the involved workers, posed no risk to the public. Additional details
regarding this accident can be found in the following document: Type A Accident Investigation of the
December 8, 1999, Multiple Injury Accident Resulting from the Sodium-Potassium Explosion in Building
9201-5 at the Y-12 Plant.

Thosefireaccident scenarioswhich could result in an airbornerel ease of hazardous material were compared
to ERPG Values(or TEEL valuesif ERPG valuesarenot established). An accident scenariowas categorized
as Scenario Class| or 11 if the accident could result in an off-site airborne hazardous material concentration
exceeding the ERPG-2 guideline, or an on-site airborne hazardous material concentration exceeding the
ERPG-3 guideline.

Release M echanism

A fire that involves the maximum building inventory of hazardous materials was assumed to result in the
worst-case scenario. Consequences of the dominant fire scenarios are presented in Table D.7.5-1.

Analysisfor Special Materials Mission Proposed Alter native

A new Special Materials Complexisproposed for the Special MaterialsMission (Alternative 3A) at the Y -12
Plant. Thisnew complex of buildings and associated facilitiesis meant to consolidate production activities
and the use of many special chemical compoundsin one area of the'Y-12 Plant whileimproving worker and
public health and safety. This new materials complex would be built to modern codes and standards.
Additionally, the new Special Materials Complex will make use of engineered controls in lieu of
administrative controls when possible; thus, the controls that prevent or mitigate accidents will be more
reliable. Thelikelihood of accidents involving the chemicals stored in the new complex will decrease with
the new facility over the present process facilities. The likelihood of these accidents is expected to be
significantly lower. The present locationsthat are being considered for the Special Materials Complex show
that one of the candidate sites (Site 1) is located north of the Bear Creek Road and somewhat closer to the
closest Y-12 Emergency Response Boundary and closer to the location of an MEI member of the public.
Thislocation would increase the likelihood of exceeding ERPG-2 (or TEEL-2) concentrations at the Y-12
Emergency Response Boundary if the same inventories of chemicalsare stored at all of the candidate sites.
However, the control of lower inventories could be used to reduce the potential for off-site exposure of the
public below ERPG-2 (or TEEL-2) levels. It ispossiblethat the lower inventories may not be conducive to
efficient operations, but may bewarranted to reducetherisk to the public of an off-site exposure greater than
ERPG-2.

D.75.2 Toxic Chemical Release Dueto Loss of Containment

Releases of toxic materials from Y-12 facilities as a result of loss of containment (spills) were evaluated.
Accident frequencies and consequences were characterized with a risk matrix from DOE STD-3011-94.
Dominant accidents, those that were categorized as Scenario Classes | and |1, were then evaluated further.
Dominant scenarioswereidentified for the 9206 Complex, Building 9401-3, and Building 9212. Chemicals
released as aresult of these accidents are nitric acid, sulfuric acid, and hydrogen fluoride.

Properties of Hazardous M aterial

The hazardous materials of concern are chemically toxic materials whose release as part of a loss of
containment can result in potentially harmful airborne respirable concentrations of hazardous materials.
Those release accident scenarios which could result in an airborne release of hazardous material were
compared to the ERPG values (or TEEL valuesif ERPG values are not established). An accident scenario
was categorized as Scenario Class| or 11 if theaccident could result in an off-site airborne hazardous material
concentration exceeding the ERPG-2 guideline, or an on-site airborne hazardous material concentration
exceeding the ERPG-3 guideline.
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TABLE D.7.5-1.—Summary Results for Toxic Material Fire Scenarios

Unmitigated Unmitigated Mitigated
Building/ Accident - ga Preventers/ ligat
Accident Frequency Estimated Consequences Scc?raasrslo Mitigators chrrg;os
(yr)
9202 Building 10*<F< 10?2 MAR: 181.4 kg beryllium I Limit on [
Complex/ large compounds, 680.4 kg lithium alowable
building fire hydride, and 453.6 kg hazardous
acetonitrile thermal material
decomposition products; inventory
collocated worker:
concentrates do not exceed
ERPG-3 levels, 148 workers
exposed to greater than ERPG-
2 or TEEL-2 concentrations;
off-site public: concentrations
do not exceed ERPG-2 or
TEEL-2
Building 10° < F< 10* MAR: 113.4 kg chromic acid I Fire prot.
9204-2E/ and 226.8 kg. phosphoric acid Erogram;
Fireonfirst, thermal decomposition uilding
second, or third products386 kg mercury; structure;
floor collocated worker: administrative
concentrations do not exceed controls
TEEL-3 levels, 80 workers
exposed to greater than TEEL -
2 concentrations; off-site
public: mercury concentrations
may exceed TEEL-2
Building 10* < F<10? MAR: 2,268,000 kg mercury; I Fire protection v
9720-26/ collocated worker: Erogram;
Fire affects entire concentrations at 200m may uilding
building exceed TEEL-3 levels, 80 structure; very
workers exposed to greater low loading of
than TEEL -2 concentrations; combustible
off-site public: concentrations materials,
may exceed TEEL-2 administrative
controls
Building 10*<F<10? MAR: 1,350,000 kg DU; | Thermally I
9720-38/ collocated worker: insulated
Fire affects entire concentrations at 200m do not containers
building exceed TEEL-3, 190 workers used for some
exposed to greater than TEEL - materials,
2 concentrations; off-site restrictions on
public: concentrations do not storage
exceed the TEEL-2 location of
some materials
Building 10%<F<1 MAR: 115 kg DU; collocated I Administrative I
9206/ workers. concentrations at controls

DU wet chip fire

200m do not exceed TEEL-3,
80 workers exposed to greater
than TEEL-2 concentrations;
off-site public: concentrations
do not exceed TEEL-2

Note: MAR-material at risk
Source: Table D.7.2-1
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TABLE D.7.5-2—Summary Results for Toxic Material Loss of Containment Scenarios

o Unmitigated Unmitigated Mitigated
i‘égldd'g%/ Accident Estimated Consequences Scenario I:Ar(et\l/egttggl Scenario
Frequency (Yr?) Class 9 Class
9206 Complex/ 10* < F< 107 MAR: 41,745 kg nitric acid; ] Administrative 1]
Nitric acid tank collocated worker: controls
failure dueto concentrations at 200 m do not
external hazard exceed TEEL-3, potential
accident worker injury, 80 workers
exposed to greater than TEEL-2
concentrations; off-site public:
concentrations do not exceed
TEEL-2
9206 Complex/  10°<F<1 MAR: 41,745 kg nitric acid, I None I
Nitric acid tank collocated worker:
catastrophic concentrations at 200 m do not
failure exceed TEEL-3, potential
worker injury, 80 workers
exposed to greater than TEEL-2
concentrations; off-site
public: concentrations do not
exceed TEEL-2
Multiple 10°<F<1 MAR: strong acid or reactive I Personal ]
Buildings/ chemical; collocated worker: protective
Spill of concentrations do not exceed equipment,
corrosive or TEEL-3potential worker safety
reactive injury or fatality; off-site equipment
chemicals public; concentrations do not
Fep,m p)ment exceed TEEL-2
ailure
Building 9401-  10“ < F < 10 MAR: 10,433 kg sulfuric I Personal I
3/sulfuric acid acid; collocated worker : protective
tank failure due concentrations at 200 m do equipment,
to external not exceed ERPG-3, potential safety
hazard accident worker injury, 80 workers equipment
exposed to greater than
ERPG-2 concentrations, off-
site public: concentrations do
not exceed ERPG-2
Building 9204-  10“*<F<10? MAR: 289,499 kg sodium I Engineered 1
2/Sodium hydroxide; collocated design
hydroxide tank worker: concentrations at 200 features,
failure due to m do not exceed ERPG-3, administrative
external hazard potential worker injury: 80 controls

accident

workers exposed to greater
than ERPG-2 concentrations
off-site public:
concentrations do not exceed
ERPG-2

D-88



Human Health and Worker Safety

TABLE D.7.5-2—Summary Results for Toxic Material Loss of Containment Scenarios (continued)

o Unmitigated Unmitigated Mitigated
Building/ Accident Estimated Consequences Scenario Preventers/ Scenario
Accident Frequency (Yr) Seq Class Mitigators Class

Building 9212/  10%<F MAR: 600 kg hydrogen [ Engineered 1l
Release of fluoride; collocated worker: design
hydrogen concentrations at 400 m do features,
fluoride not exceed ERPG-3, 310 administrative
workers exposed to greater controls
than ERPG-2 concentrations,
potential; off-site public:
concentrations may exceed
ERPG-2 |evels 60m beyond
the Y-12 Emergency
Response Boundary, but will
not reach the nearest
residential area
Building 1405/  10°<F MAR:907 kg chlorine gas, I Engineered [l
Release of collocated worker: design
chlorine gas concentrations at 400 m do features,
not exceed ERPG-3, 1000 administrative
workers exposed to greater controls

than ERPG-2 concentrations,
potential worker fatality; off-
site public: concentrations
exceed ERPG-2 out to 1000
m, up to 6500 members of
public exposed

Note: MAR-material at risk
Source: Table D.7.2-1.

Release M echanism

The release accidents were evaluated to determine the worst case scenario. In very high consequence
scenarios(releasesof hydrogen fluoride and chlorine) with widespread off-site public exposure, theaccident
scenarios have release times based upon a credible cylinder valve leak accident using typical atmospheric
conditionsfor Y-12. Alternative, morerealistic release scenarioswerealso evaluated. TableD.7.5-3 shows
the consequences of the dominant loss of contai nment accident scenarios. FiguresD.7.5-1and D.7.5-2 show
the extent of the potential plume radius for the loss of containment for anhydrous hydrogen fluoride and
chlorine, respectively.

Analysis for HEU Storage Mission and Special Materials Mission Alternatives Under No Action -
Planning Basis Operations Alter native

Noneof the proposed new facilities considered in this SWEI Swoul d affect the dominant loss of containment
accidents for the toxic chemicals at the Y-12 Plant. A note to the reader: Ownership and operation of the
water treatment facilities presently at Y-12 have been transferred to the city of Oak Ridge. While this
transfer does not eliminate the risk of a chlorine release to the Y-12 Plant workers or the public, it does
terminate Y-12 control of these facilities.
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FIGURE D.7.5-1.—Estimated Radii of Emergency Response Planning Guidelines-2 and -3 Plumesfor a
Postulated Anhydrous Hydrogen Fluoride.
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FIGURE D.7.5-2——Estimated Radii of Emergency Response Planning Guidelines-2 and -3 Plumes for a Postulated Chlorine Release.
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