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FOREWORD

The Agency for Toxic Substances and Disease Registry, ATSDR, was established by Congress in
1980 under the Comprehensive Environmental Response, Compensation, and Liability Act, also
known as the Superfund law. This law set up a fund to identify and clean up our country's
hazardous waste sites. The Environmental Protection Agency, EPA, and the individual states
regulate the investigation and clean up of the sites.

Since 1986, ATSDR has been required by law to conduct a public health assessment at each of the
sites on the EPA National Priorities List. The aim of these evaluations is to find out if people are
being exposed to hazardous substances and, if so, whether that exposure is harmful and should be
stopped or reduced. If appropriate, ATSDR also conducts public health assessments when petitioned
by concerned individuals. Public health assessments are carried out by environmental and health
scientists from ATSDR and from the states with which ATSDR has cooperative agreements. The
public health assessment program allows the scientists flexibility in the format or structure of their
response to the public health issues at hazardous waste sites. For example, a public health assessment
could be one document or it could be a compilation of several health consultations - the structure
may vary from site to site. Nevertheless, the public health assessment process is not considered
complete until the public health issues at the site are addressed.

Exposure: As the first step in the evaluation, ATSDR scientists review environmental data to see
how much contamination is at a site, where it is, and how people might come into contact with it.
Generally, ATSDR does not collect its own environmental sampling data but reviews information
provided by EPA, other government agencies, businesses, and the public. When there is not
enough environmental information available, the report will indicate what further sampling data is
needed.

Health Effects: If the review of the environmental data shows that people have or could come into
contact with hazardous substances, ATSDR scientists evaluate whether or not these contacts may
result in harmful effects. ATSDR recognizes that children, because of their play activities and their
growing bodies, may be more vulnerable to these effects. As a policy, unless data are available to
suggest otherwise, ATSDR considers children to be more sensitive and vulnerable to hazardous
substances. Thus, the health impact to the children is considered first when evaluating the health
threat to a community. The health impacts to other high risk groups within the community (such as
the elderly, chronically ill, and people engaging in high risk practices) also receive special attention
during the evaluation.

ATSDR uses existing scientific information, which can include the results of medical, toxicologic
and epidemiologic studies and the data collected in disease registries, to determine the health effects
that may result from exposures. The science of environmental health is still developing, and
sometimes scientific information on the health effects of certain substances is not available. When
this is so, the report will suggest what further public health actions are needed.
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Conclusions: The report presents conclusions about the public health threat, if any, posed by a site.
When health threats have been determined for high risk groups (such as children, elderly, chronically
ill, and people engaging in high risk practices), they will be summarized in the conclusion section of
the report. Ways to stop or reduce exposure will then be recommended in the public health action
plan.

ATSDR is primarily an advisory agency, so usually these reports identify what actions are
appropriate to be undertaken by EPA, other responsible parties, or the research or education
divisions of ATSDR. However, if there is an urgent health threat, ATSDR can issue a public health
advisory warning people of the danger. ATSDR can also authorize health education or pilot studies
of health effects, full-scale epidemiology studies, disease registries, surveillance studies or research
on specific hazardous substances.

Community: ATSDR also needs to learn what people in the area know about the site and what
concerns they may have about its impact on their health. Consequently, throughout the evaluation
process, ATSDR actively gathers information and comments from the people who live or work near
a site, including residents of the area, civic leaders, health professionals and community groups. To
ensure that the report responds to the community's health concerns, an early version is also
distributed to the public for their comments. All the comments received from the public are
responded to in the final version of the report.

Comments: If, after reading this report, you have questions or comments, we encourage you to send
them to us.

Letters should be addressed as follows:

Agency for Toxic Substances and Disease Registry
ATTN: Records Center

1600 Clifton Road, NE (Mail Stop F-09)

Atlanta, GA 30333
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I.  Summary
ILA.  Introduction

A principal mission of the Agency for Toxic Substances and Disease Registry (ATSDR) is to
evaluate the human health effects of hazardous substances released into the environment.
ATSDR is a sister agency of the Centers for Disease Control and Prevention (CDC) and has for
many years worked closely with the CDC’s National Center for Environmental Health (NCEH)
to address public health concerns and issues at the Oak Ridge Reservation (ORR) in Tennessee.
ATSDR’s principal mission at ORR is to provide persons living in nearby communities with the
best possible information regarding their health.

I.B. Oak Ridge Reservation Background

In 1942, the federal government established ORR in Tennessee’s Anderson and Roane counties
to research, develop, and produce materials for nuclear weapons. Three facilities—the Y-12
plant, the K-25 site, and the S-50 site—enriched uranium. The fourth facility, the X-10 site,
demonstrated processes for producing and separating plutonium. Since the end of World War |1,
the Y-12 plant, the K-25 site, and the X-10 site have broadened their scope to include a variety of
nuclear research and production projects vital to national security.

The 1,700-acre K-25 site, which includes the former S-50 plant (37 acres), was previously
known as the Oak Ridge Gaseous Diffusion Plant (ORGDP). In October 1944, the S-50 plant
began separating uranium by liquid thermal diffusion, but closed less than 1 year later, in
September 1945. In 1946, all of the buildings associated with the S-50 site were destroyed. The
K-25 site remained operational from 1945 to 1964, enriching weapons-grade uranium through
gaseous diffusion. From 1965 to 1985 at K-25, uranium hexafluoride subjected to the gaseous
diffusion process became commercial-grade uranium. In 1985, all gaseous diffusion operations
ceased at K-25, and in 1987, the site closed.

In its near-70 year history, the ORR generated a variety of radioactive and nonradioactive
wastes. Some wastes have remained in unused sites on the reservation and consequently some
waste-related pollutants have released into the environment. In 1989, the U.S. Environmental
Protection Agency (USEPA) added Oak Ridge Reservation to its National Priorities List (NPL).
Under a Federal Facility Agreement (FFA) between U.S. EPA and the Tennessee Department of
Environment and Conservation (TDEC), DOE is removing wastes and is restoring ORR’s
environment.

In 1996, ORR began a program of reindustrialization. In 1997, the K-25 site became the East
Tennessee Technology Park. As part of the site’s ongoing decontamination and
decommissioning project, most of the buildings at the renamed East Tennessee Technology Park
either have been demolished or have been scheduled for demolition. Under the
Reindustrialization Program, some remaining facilities will possibly transfer to private-sector
organizations.
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I.C. ATSDR’s Public Health Activities at the Oak Ridge Reservation

Since 1991, ATSDR has responded to requests for investigation of possible ORR environmental
releases. The requests have come from community members, civic organizations, and other
government agencies. And the requests have not been limited to areas within the ORR
boundaries. For several years, ATSDR has evaluated contaminant levels in areas off site from
ORR to determine whether those contaminants pose health risks. In the 1990s, for example,
ATSDR focused on evaluating potential human exposures to site contaminants that migrated off
site. The evaluations included clean-up activities at off-site areas affected by Oak Ridge
Reservation operations, such as the East Fork Poplar Creek area and the Watts Bar Reservoir
area. For ATSDR, the public health issue at ORR has always been whether community members
eating, drinking, breathing, or otherwise contacting off-site but site-related toxic substances
could potentially be at risk of harm.

In 2001, ATSDR scientists conducted a review and a screening analysis of the Tennessee
Department of Health’s (TDOH) Oak Ridge Health Studies. The review evaluated whether off-
site exposures to toxic substances in the past (1944-1990) could have caused adverse health
effects in populations living off site. ATSDR consulted this review to identify contaminants of
concern for further evaluation. ATSDR also expanded on the TDOH’s efforts by conducting
public health assessments on

e X-10iodine-131 releases; e PCB releases from X-10, Y-12, and
K-25;
e Y-12 mercury releases;
e Chemical screening of potential

e Y-12 uranium releases; exposures in off-site areas; and
e Radionuclide releases from White e Other topics such as the Toxic
Oak Creek; Substances Control Act (TSCA)

Incinerator and off-site groundwater.
e K-25 uranium and fluoride releases;

A public health assessment (sometimes referred to in this document as a “PHA”) evaluates and
analyzes data and findings from previous studies and investigations. Those data and findings are
then used to assess the public health implications of past, current, or future exposures. For more
information on ATSDR’s public health activities related to the Oak Ridge Reservation, visit the
agency’s Oak Ridge Reservation Web site at: http://www.atsdr.cdc.gov/HAC/oakridge/.

I.D. Evaluation of Uranium and Fluoride Releases from the K-25/S-50 Site

This public health assessment evaluates uranium and fluoride An acute exposure
releases from the ORR K-25/S-50 site and responds to community occurs over a short
health concerns. The PHA evaluates the potential health effects of period (fewer than

past K-25 and S-50 air releases involving radioactive and 14 days); a chronic
nonradioactive hazardous substances for people living in nearby, exposure occurs
off-site communities. ATSDR evaluates here potential past short- over a long period

term (acute) and long-term (chronic) off-site, 1944-1995 exposures | (more than 1 year).
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from K-25/S-50 air releases of ionizing radiation, uranium, hydrogen fluoride, and fluoride.
ATSDR evaluates these potential health effects for three communities which, based on their
proximity, had the highest potential exposures: Happy Valley, Sugar Grove, and
Union/Lawnville. ATSDR also discusses potential current and future hazards, defined as any
potential hazards that might be identified during ongoing remedial activities at the K-25 site.
And ATSDR addresses community health concerns and issues associated with releases from the
K-25 and S-50 facilities.

I.LE.  This Public Health Assessment’s Scope

In this PHA, ATSDR does not address potential releases and exposures to surface water or
groundwater, or air emissions from the TSCA Incinerator (located within the K-25 site
boundaries). This PHA also does not address the release of other contaminants of concern such
as mercury, iodine-131, and PCBs. ATSDR evaluated these potential exposures and
contaminants in separate public health assessments, available at
http://www.atsdr.cdc.gov/hac/oakridge/index.html. This PHA also does not address on-site
exposures for Oak Ridge Reservation workers. Oak Ridge Reservation workers may have been
exposed to hazardous substances at higher levels than have the public. Yet they were trained in
the safe handling and use of hazardous substances. DOE or its predecessor agencies or
contractors were responsible for the safety of their workers and for monitoring workers’ potential
exposures.

I.F.  Sources and Emission Estimates from the K-25/S-50 Site

The primary airborne contaminant released from the K-25/S-50 sources was uranium
hexafluoride (UFg). At atmospheric temperatures and pressures, UFg is a dense or heavy gas—it
is heavier than air. When released into the air, UF¢ reacts rapidly with atmospheric water to form
hydrogen fluoride, uranyl fluoride, and uranium oxide particulates. The UFg fed into the gaseous
diffusion cascades was initially derived from natural uranium. Beginning in 1952, however, UFg
feed material included reprocessed, previously fissioned uranium (i.e., reactor tails). This spent
reactor fuel contained fission products and transuranic radionuclides, including technetium 99
(Tc-99), neptunium 237 (Np-237), and very small quantities of plutonium 239 (Pu-239). Thus
post-1952, K-25 facility airborne emissions also contained quantities of Tc-99 and Np-237, but
these are accounted for in airborne emission estimates. And the small quantities of Pu-239 and
other plutonium isotopes (e.g., plutonium 240 [Pu-240]) together with their decay products (e.g.,
americium 241 [Am-241]) in the reactor tails account for less than 1 percent of the total radiation
dose. Consequently, Pu-239 and other plutonium isotopes and their decay products are not a
public health hazard and are not included in subsequent radiological dose assessments.

To evaluate past uranium releases and potential off-site exposures to the surrounding
communities, ATSDR used background information and data from portions of the TDOH’s Task
6 of the Reports of the Dose Reconstruction, Uranium Releases from the Oak Ridge
Reservation—a Review of the Quality of Historical Effluent Monitoring Data and a Screening
Evaluation of Potential Off-Site Exposures (referred to as the “Task 6 report”) (ChemRisk
1999a). The Task 6 report found that because estimated K-25 facility uranium doses for the
Union/Lawnville exposure area were below screening indices, a more detailed dose
reconstruction was not warranted (ChemRisk 1999a). After reviewing emissions data and a dose
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estimation model, the Task 6 report concluded that uranium emissions from the K-25/S-50
facility did not pose a significant public health risk to the surrounding community. The report,
however, did identify several issues regarding K-25/S-50 uranium releases that required further
investigation. Recommendations included using environmental monitoring data and obtaining
site-specific meteorological data to confirm the adequacy of the uranium emissions and
dispersion estimates. Concerned residents also identified the need to evaluate fluoride releases
and exposures and to assess potential, 1943—-1947 exposures for former Happy Valley labor
camp residents.

ATSDR obtained and analyzed DOE airborne uranium emissions data. To analyze the dispersion
of the uranium isotopes and the resulting doses to the potentially exposed populations, ATSDR
used the DOE estimate of total uranium activities—combined with the Task 6 estimate of
uranium isotope proportions—and the Np-237 and Tc-99 release rates. The long-term or annual
uranium release estimates represent the sum of individual release events for each year.

One of ATSDR’s tasks is to determine whether any individual, short-term release event posed a
public health hazard to communities living near the Oak Ridge Reservation. The largest
documented UFg release of 1,184 kilograms occurred in September 1958. The available data are
probably incomplete, but ATSDR nonetheless considers that because the records include the
years of highest production and of the highest annual emissions, they likely represent the most
significant individual release events. And those individual release events included “midnight
negative” releases. That is, to support a planned opening of isolated process gas equipment,
operators would use jets during nighttime hours to accelerate the attainment of an adequate UF¢
negative.

Thus for each of the three communities with the highest exposure potential, ATSDR has
estimated potential short-term release exposure scenarios. To estimate chronic (i.e., annual)
effective dose equivalents for airborne radionuclides, ATSDR used the Clean Air Act
Assessment Package-1988 (CAP88-PC). To evaluate the off-site concentrations and potential
uranium and hydrogen fluoride doses from short-term or episodic releases from the K-25/S-50
facility, ATSDR used the Radiological Assessment System for Consequence Analysis
(RASCAL3) model. RASCALS3 develops 50-year committed, effective dose equivalents
resulting from inhalation. Because the locations (and elevations) of the two DOE meteorological
data towers K-1208 and K-1209 at the K-25 site approximately correspond to the locations of K-
25 and S-50 sites, respectively, the CAP88-PC model used meteorological data from each of
these locations to evaluate contaminant dispersion and historic exposures from each source. For
the September 1958 accidental release, however, no specific meteorological data were
available—thus ATSDR’s analysis was based on presumed worst-case weather conditions.

Since ORR’s 1942 establishment and at least since 1953, DOE or its precursor agencies and
contractors in all likelihood have been collecting various environmental measurements. These
measurements included ambient radiation activities in soil, water, and air. Since at least the mid-
1960s, two stations adjacent to K-25/S-50 have been sampled for airborne, radioactive gross
alpha particulates (HP-35 and HP-33). With some simplifying assumptions, agreement is
reasonably uniform between the historic measured gross alpha concentrations and those
predicted by the CAP88-PC air dispersion model for K-25/S-50 air release estimates. This
agreement, especially during the period when measured gross alpha data are available, validates
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the modeling procedure’s estimates of off-site doses for 1961 and 1963—the earlier maximum
release years.

Except as included in UF¢ releases, DOE has not compiled any estimates of annual airborne
fluoride releases because there were no regulatory requirements for monitoring annual airborne
releases of fluoride. From 1971 to 1985, DOE measured airborne fluoride concentrations at a
number of locations around K-25; ATSDR used these data in this evaluation. But for the years
with no measured concentrations, ATSDR had to estimate fluoride air concentrations by
correlating fluoride releases with airborne uranium releases. Because of the increased distance
from emission sources and the protective effects of topographic ridges between the emission
sources and exposure areas, ATSDR based these estimated concentrations on conservative (i.e.,
protective) worst-case assumptions and modeled air data. Thus at areas of potential exposure
along the site perimeter, the approximated concentrations overestimate fluoride and HF
concentrations.

1.G. Estimated Doses and Concentrations

1.G.1. lonizing Radiation

ATSDR estimated radiological doses from airborne releases for the communities closest to K-
25/S-50. ATSDR estimated for the largest documented accidental release and for the largest
estimated annual release. The highest estimated short-term, 50-year committed effective dose for
off-site communities that ATSDR evaluated was the 34-mrem, 1958 K-25 accidental release for
the Sugar Grove community. The highest annual radiological effective dose is the 30 mrem/year,
1945 S-50 annual release for the Union/Lawnville community. Yet even this release is
approximately one-third of ATSDR’s 100 mrem/year minimal risk level (MRL). It is also
approximately one-third of the public radiation dose limit of 100 mrem/year as recommended by
the International Commission on Radiological Protection (ICRP), the U.S. Nuclear Regulatory
Commission (NRC), and the National Council on Radiation Protection and Measurements
(NCRP). Moreover, 37 mrem/year for Sugar Grove is the highest cumulative radiation dose from
summing potential short-term and long-term doses for a specific exposure area, and it is below
these health comparison values. ATSDR also measured the highest, 37 mrem/year-cumulative
dose from potential historic short-term and long-term exposures to airborne releases at the area
of highest off-site exposure from K-25/S-50 radiological contaminants. This 37 mrem/year-
cumulative dose includes uranium 234, 235, and 238 [U-234, U-235, and U-238, respectively],
Np-237, and Tc-99. It is also below ATSDR’s radiogenic cancer comparison value of 5,000
mrem over 70 years (or 71 mrem per year). Thus, historic exposure to airborne releases of
ionizing radiation from the K-25/S-50 facility is not expected to cause adverse health effects.

1.G.2.  Uranium

The highest estimated short-term (i.e., 1-hour, acute) off-site uranium air concentration was
approximately 51 pug/m®. This was measured at the nearest off-site exposure area during an
accidental hydrogen fluoride and particulate uranyl fluoride release. Although on-site air
concentrations would have been even higher, Sugar Grove and Union/Lawnville residents would
not have been exposed to similar, elevated air concentrations. ATSDR has not derived health-
based guidelines for acute uranium inhalation exposure, which is an exposure occurring once or
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for only a short time—up to 14 days. Workers exposed during accidental releases® to estimated
levels of uranium ranging from 0.6 to 24 milligrams have succumbed to hydrogen fluoride
toxicity (i.e., respiratory and irritant effects) without signs of uranium-induced kidney toxicity.
And the National Research Council (2008) reviewed the estimated health risks the U.S. Army
reported in its Capstone Report.? The Capstone Report evaluated toxicologic and radiologic risks
associated with exposure to depleted uranium for U.S. military personnel during the Gulf War.

In general, the Council agreed with the Army’s characterization of the carcinogenic and
noncarcinogenic risks associated with depleted uranium exposure. The toxicological information
used in this ATSDR document is also similar to a published report that discussed long-term
health effects among Gulf War veterans with embedded uranium shrapnel (McDiarmid et al.
2004). Specifically, McDiarmid et al. (2004) report that chemical effects of uranium on the
kidney occur following repeated exposures over a long period, rather than an acute exposure
from an accidental release. The point here is that if during the K-25 accidental release people did
not experience effects from hydrogen fluoride exposure, concurrent uranium exposure affecting
the kidney is unlikely. Thus after its evaluation of the effects reported in these studies, ATSDR
does not expect exposure to the estimated short-term concentration to result in adverse effects,
including kidney effects.

Because of chronic operational emissions, long-term exposure to airborne uranium also occurred
during the years 1944 to 1995. The highest annual uranium release (as UFg) occurred in 1963.
The maximum estimated annual uranium air concentration for that year in an area of potential
off-site exposure (Union/Lawnville) is 0.04 ug/m*—about 10 times lower than the chronic-
duration inhalation MRL (0.3 pg/m?) for soluble uranium compounds. Thus, even if people were
exposed long term to this estimated maximum air concentration, the chemical toxicity of
uranium would not have been expected to cause adverse health effects.

1.G.3.  Fluoride and Hydrogen Fluoride (HF from normal operations, accidents,
or controlled releases)

Historically, fluoride and hydrogen fluoride enter the environment as a result of normal
operations, accidents, or controlled releases. Thus releases during normal ORR process
operations could have resulted in chronic (i.e., long-term) exposures for people living around the
K-25/S-50 facility. Accidents or controlled releases could have resulted in acute (short-term)
hydrogen fluoride and fluoride exposures.

In August 2003, the California EPA (Cal-EPA,; Office of Environmental Health Hazard
Assessment) prepared a chronic toxicity summary for fluorides, including hydrogen fluoride.
Skeletal fluorosis was the critical effect identified, with a chronic inhalation reference exposure
level of 14 pg/m? for hydrogen fluoride and 13 ug/m® for fluoride. The estimated 6 ug/m®
maximum annual exposure concentration for people living around the K-25/S-50 facility is well
below Cal-EPA’s reference levels. As such, the estimated long-term fluoride and hydrogen
fluoride air concentrations and resulting exposures were not expected to harm the health of off-
site residents.

! Such as the 31 workers exposed during the Gore, OK accident.
2 Officially titled “Depleted Uranium Aerosol Doses and Risks: Summary of U.S. Assessments.”
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To estimate short-term (acute) exposure to hydrogen fluoride concentrations, ATSDR used short-
term fluoride measurements and a dispersion estimate from the September 1, 1958 accidental
UF¢ release. The highest measured short-term (24-hour) fluoride concentration was 26.3 ppb,
which occurred at station F-2 in 1975. Similarly, ATSDR’s modeled short-term (i.e., hourly)
hydrogen fluoride concentrations of 156 and 27 ppb used that same September 1958 accidental
release to estimate exposures for the Sugar Grove and Union/Lawnville communities,
respectively. ATSDR’s MRL for acute inhalation exposure to hydrogen fluoride and fluorine is
20 ppb and 10 ppb, respectively. Concentrations below these values are not expected to cause
adverse health effects. That said, the 20-ppb MRL for hydrogen fluoride in air is 25 times lower
than exposures that caused mild upper respiratory tract inflammation in human volunteers
exposed for 1 hour (Lund et al. 1999). The highest average level (time-weighted average)
allowed by the Occupational Safety and Health Administration (OSHA) for HF in air for a 40-
hour work week made up of 8-hour work days is 2.5 mg/m® (3 ppm or 3,000 ppb). Thus, the 20-
ppb MRL for hydrogen fluoride air concentrations is 150 times lower than OSHA’s occupational
level. Nevertheless, the largest documented accidental release from the K-25 facility may have
produced temporary minor respiratory irritation in sensitive persons living in the Sugar Grove or
Union/Lawnville communities. But because of the high degree of uncertainty in the modeled
results and the lack of sufficient data for short-term (acute) hydrogen fluoride and fluoride
exposures, a health hazard determination is not feasible.

1.G.4.  Uranyl Fluoride and Hydrogen Fluoride (HF from UFs cylinders)

No past releases of uranyl fluoride and hydrogen fluoride were ever recorded from the UFg
storage cylinders located at ETTP. Removal of all of the UFg cylinders was completed in
December 2006 (Halen Philpot, ETTP UFg Cylinder Project Manager, Bechtel Jacobs Company
LLC, personal communication, January 29, 2007).

I.LH. Current and Future Exposure

Current and future exposures include any potential hazards that might be identified during
ongoing remedial activities at the K-25 site. At this time, ATSDR’s evaluation has not identified
any potential current or future hazards to off-site residents.®* ATSDR concurs with the selected
ongoing remedial activities at ORR and recommends that during remediation, DOE continue its
precautionary measures to prevent any off-site releases of any residual contaminants potentially
remaining at the K-25 site.

I.I.  CONCLUSIONS

1.1.1.  Past Exposure (1944 to 1995)

ATSDR’s evaluation of potential past exposures to K-25/S-50 releases for nearby off-site
communities resulted in four important conclusions. ATSDR developed the conclusions based on
an evaluation of available, historic air, soil, water, and biota monitoring data, contaminant
release estimates, the physical setting of the site and surrounding area, multiple years of site-
specific meteorological data, and data estimated using air-dispersion models developed and

 An explanation of ATSDR’s public health assessment process and how it differs from a risk assessment is
available at: http://www.atsdr.cdc.gov/publications/CitizensGuidetoRisk Assessments.html.
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approved by U.S. EPA, DOE, and the U.S. Nuclear Regulatory Commission (NRC). Although
each of these data sources is limited, the cumulative dataset provides adequately for this public
health assessment’s determinations.

Conclusion 1. Off-site residents’ long-term (chronic) breathing of low levels of uranium,
hydrogen fluoride, fluoride, and other radioactive materials from 1944 to 1995 is not expected to
harm their health.

Conclusion 2. Off-site residents’ short-term (acute) breathing of low levels of uranium and other
radioactive materials from 1944 to 1995 is not expected to harm their health.

Conclusions Basis. The estimated levels of uranium, hydrogen fluoride, fluoride, and
radioactive materials released from the K-25/S-50 site into nearby off-site community air are
lower than generally accepted health-harmful levels.

Conclusion 3. ATSDR is unable to determine whether past short-term (acute) breathing of
fluoride and hydrogen fluoride from the large, sudden UFg releases in the 1940s and 1950s
during accidents and equipment maintenance at the K-25/S-50 site could harm people’s health.

Conclusion Basis. During accidental and equipment maintenance releases of UFg in the 1940s
and 1950s, the air sampling data ATSDR needed to make a health decision were never collected.
In part to compensate for this lack of data, ATSDR used conservative worst-case assumptions
and modeled air data to estimate past short-term air levels of hydrogen fluoride in nearby off-site
areas. But relying on worst-case estimated air levels to arrive at health decisions is
inappropriate—in this case, for example, the modeled results are uncertain and the actual
occurrence of estimated worst-case levels is unlikely.

Conclusion 4. Current and future off-site exposure to potential air releases of uranium,
radioactive materials, hydrogen fluoride, and fluoride from the K-25/S-50 site will not harm the
health of those living near the site. People are not currently exposed to these contaminants nor
are they expected to be so exposed in the future.

Conclusion Basis. In the late 1980s, all gaseous diffusion operations ceased. Today, DOE takes
precautionary measures during on-site remedial activities to prevent off-site contaminant releases
into ambient air. Remediation at the K-25 site is ongoing and will continue for the foreseeable
future. ATSDR’s assessment has identified no potential current or future exposures to site-
related contaminants for nearby residents.

Next Steps. ATSDR recommends that during remediation DOE continues its precautionary
measures to prevent any future off-site releases of contaminants potentially remaining at the K-
25 site.
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FOR MORE INFORMATION Contact your health care provider if you have
concerns about your health. For more information on this document or ATSDR’s site-related
activities, please call ATSDR at 1-800-CDC-INFO and ask for information on the DOE Oak
Ridge Reservation.
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II. Background
I1.LA. Site Description

The U.S. government created the Oak Ridge Reservation (ORR) in 1942 as part of the
Manhattan Project. ORR’s Manhattan Project purpose was to develop fuel for nuclear weapons
(ChemRisk 1993a; ORHASP 1999; TDOH 2000). Today the majority of the ORR is within the
city limits of Oak Ridge, in eastern Tennessee (ChemRisk 1999a; EUWG 1998; ORNL 2002).
The reservation comprises parts of Anderson and Roane Counties and is about 15 miles west of
Knoxville, Tennessee (Bechtel Jacobs Company LLC et al. 1999; EUWG 1998; ORNL 2002;
TDEC 2002). The Clinch River forms the reservation’s southern and western borders (EUWG
1998). Figure 1 shows the ORR’s location.

In the years following the 1942 acquisition of the 58,575-acre Oak Ridge Reservation (Bechtel
Jacobs Company LLC et al. 1999; ORNL 2002), the federal government transferred 24,340 acres
to other parties (e.g., the City of Oak Ridge, the Tennessee Valley Authority [TVA]); the U.S.
Department of Energy (DOE) continues to control 34,235 acres of the original reservation
(ORNL 2002). Figure 2 shows the original and current ORR boundaries. About 70 percent of the
reservation is currently designated a National Environmental Research Park; these lands were a
buffer zone and have never been used for nuclear weapons-related operations (ORNL 2002).

Approximately 30 percent of the reservation is made up of three major facility areas that the
government constructed as part of the Manhattan Project:

K-25 and S-50. The K-25 site (formerly referred to as the Oak Ridge Gaseous Diffusion Plant
[ORGDP]) and the former S-50 site, now collectively referred to as the East Tennessee
Technology Park [ETTP]), were created to enrich uranium by gaseous diffusion (K-25) or
liquid thermal diffusion (S-50).

Y-12. The Y-12 plant (now known as the Y-12 National Security Complex) was used to
enrich uranium by an electromagnetic process.

X-10. The X-10 site—formerly referred to as Clinton Laboratories and now part of the Oak
Ridge National Laboratory [ORNL]—was designed to develop methods for the separation of
plutonium from uranium reactor fuels (ChemRisk 1993a; ChemRisk 1999a; ORNL 2002;
TDOH 2000).

10
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Flgure 1. Location of the Oak Ridge Reservation
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Figure 2. Original and Current ORR Boundaries
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11.A.1. The K-25/5-50 Site

The K-25/S-50 site is close to the ORR’s western, Poplar Creek border, which in turn is near the
creek’s confluence with the Clinch River (ChemRisk 1999a; USDOE 1996). The site is within
the Valley and Ridge Subregion of the Appalachian Highlands Province, close to the province’s
border with the Cumberland Plateau (USDOE 1995a). The 1,700-acre K-25/S-50 site is in Roane
County, approximately 10 miles west of downtown Oak Ridge (ORHASP 1999; TDOH 2000;
USDOE 2003a; USDOE 2003b; USEPA 1991). Figure 1 shows the location of the K-25 site.
The 1998 End Use Working Group report noted over 500 area buildings with a total floor area in
excess of 15 million square feet where gaseous diffusion processes occurred. The site also had
more than 270 auxiliary facilities for support operations (e.g., testing, storage) with a combined
floor area above 2.5 million square feet. The site also contained approximately 290 additional
buildings and trailers with various uses, such as laboratories and offices (EUWG 1998).

Most buildings at ETTP have either been demolished or scheduled for demolition as part of the
ETTP Decontamination and Decommissioning Project. Remaining facilities are scheduled for
possible transfer to private sector organizations under the Reindustrialization Program. Some of
the notable structures that have been demolished include K-29 (one of the large gaseous
diffusion buildings), several facilities in the laboratory and main plant area of ETTP, K-1002
(former cafeteria), K-1003 (former medical facility), “Group | Buildings,” and “Group Il
Buildings.” DOE has also completed the demolition of 18 facilities near the K-1064 peninsula.
These consisted of pump houses, a cooling tower (K-801-H), old storage facilities (K-1025 A-E),
and miscellaneous maintenance areas, Buildings K-1401 (former maintenance facility) and K-
1501 (ETTP Steam Plant) have also been demolished (Bechtel Jacobs 2008; DOE 2008).

Additionally, the first stage of demolition activity on the K-25 building was completed in 2008.
The K-25 building, the largest facility at ETTP, occupies about 40 acres. The northwest bridge
that connected the west wing to the base of the u-shaped structure has been removed. The bridge
housed pipes that transferred uranium between building wings as it was undergoing enrichment.
The next step in the K-25 demolition process, which began in 2009, was to remove the west
wing (Bechtel Jacobs 2008). As of October 2009, demolition of about two-thirds of the west
wing had been completed (Munger 2009). Demolition of both wings of the building is scheduled
for completion at the end of 2010 (Bechtel Jacobs 2008).

The S-50 site comprised approximately 37 acres southeast of the K-25 site, along the Clinch
River. Figure 1 is a map showing the K-25 and S-50 areas, and Figure 3 shows the location of K-
25 along the Clinch River. The S-50 site operated for less than 1 year and is now part of the K-25
site (ChemRisk 1999a). All of S-50’s buildings were destroyed and buried in 1946—no physical
evidence of the site remains (ChemRisk 1999a; TDEC 2002).

In 1943, J.A. Jones began construction of labor camps collectively referred to as “Happy
Valley.” The camps were intended to house construction workers and their families while the
Oak Ridge Gaseous Diffusion Plant was under construction (Hewlett and Anderson 1962; Jacobs
EM Team 1997a). Happy Valley was located in the lower reaches of East Fork Valley near the
main K-25 gaseous diffusion plant. The westernmost portion of Happy Valley was between 1.0
and 1.5 miles farther southeast of the K-25 Power House area and the former S-50 plant (Prince
2003). By the end of 1944, an estimated 5,600 workers lived at Happy Valley. In the mid-
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Figure 3. Map of Surface Water Bodies on and around the Oak Ridge Reservation
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summer of 1945, the total residential (worker and family) population peaked at over 8,700 (Keith
and Baker 1946; Prince 2003). Small family units, barracks, hutments, and trailers housed the
residents; shops, a school, a movie theatre, gas stations, and other facilities were also constructed
(J.A. Jones Construction Company, date unknown; Keith and Baker 1946). Destruction of the
site began in 1947, and by the mid-1950s all the Happy Valley buildings were razed (Jacobs EM
Team 1997a).

I1LA.1.1.  The Sugar Grove community

The Sugar Grove community is near the K-25 site, about 1.6 miles north-northwest of the
process buildings. Locally, Sugar Grove is referred to as the Blair Road community. Although
residents of the community are nearest to the air emission sources on the K-25 facility, Black
Oak Ridge, which trends northeast-southwest and has elevations as high as 380 feet (ft) (115 m)
above the adjacent valleys, separates the community from K-25. Many of the homes near the K-
25 site were constructed as early as 1953 (USGS 1953).

11LA.1.2. Union/Lawnville

Union/Lawnville is about 2.8 miles to the south-southwest of the K-25/S-50 site. The
community’s area is defined by the Union Church, which is on Lawnville Road about 0.6 miles
north of Gallaher Road. The Clinch River is about 0.9 miles northeast of the Union Church and
is the main surface water source for the community. In this public health assessment, the
Union/Lawnville community is used as a reference location for releases from the K-25 site and
the former S-50 plant (ChemRisk 1999a).

11.B. Operational History

11.B.1. 1943 to 1957

Beginning in the early 1940s, the ORR processed significant amounts of uranium. Methods such
as gaseous diffusion and liquid thermal diffusion enriched the uranium into uranium 235 (U-
235), the uranium isotope also used for various research and development projects (ChemRisk
1993a).

Although only begun in 1943, by January 1945 the K-25 | A cascade is a system of
uranium enrichment facility was operational. K-25 used highly specialized pumps and

a gaseous diffusion system of cascades to enrich filters specifically designed to
uranium into the U- 235 component (see the text box) separate uranium isotopes.
(ChemRisk 1999a; USEPA 2005). Between 1945 and Multiple cascades were
1954, four additional gaseous diffusion process required to purify adequately

buildings (K-27, K-29, K-31, K-33) were erected, and the nuclear weapons grade
the K-25 site was renamed the Oak Ridge Gaseous uranium. For a more detailed

. . . . technical discussion, see
i)s;l;f;)smn Plant (ORGDP) (ChemRisk 1993a; ORHASP ChemRisk (1999a).

The K-25 site operated as a weapons-grade uranium enrichment facility until 1964 (EUWG
1998). By then all military requirements had been fulfilled, and Buildings K-25 and K-27 were
closed (ChemRisk 1993a). Between 1965 and 1985, the facility used uranium hexafluoride (UFg)
to manufacture commercial-grade uranium. From the 1960s until 1985, K-25 was used for
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centrifuge enrichment (EUWG 1998). Activities at the remaining gaseous diffusion process
buildings were discontinued in 1985, and the buildings were officially closed in 1987 (ChemRisk
1993a; ORHASP 1999; USDOE 2003b). The site name then reverted from ORGDP back to K-
25 (ORHASP 1999).

The main processes and activities associated with uranium at the K-25 site include

Hydrogen fluoride and fluorine disposal (1944-1952),
Gaseous diffusion enrichment (1945-1985),

UF¢ feed manufacturing (1952-1965),

Product and tails withdrawal (1945-1985),

Uranium recovery and decontamination (1944-1985)
Feed vaporization (1945-1985),

Research and development activities (1944-1985),
K-25 laboratories (1944-1985),

Toll enrichment (1969-1985), and

Gas centrifuge program (1960s-1980s).

Building of the former S-50 liquid thermal diffusion plant began on June 6, 1944. By October
1944 the plant was fully operational. It housed processes designed to assess the financial and
scientific feasibility of separating U-235 from uranium 238 (U-238) through liquid thermal
diffusion. Because of constant equipment malfunctions and releases into the Clinch River and
into the air, in September 1945 the plant was closed. The only documented process at the S-50
site was liquid thermal diffusion enrichment between 1944 and 1945 (ChemRisk 1999a).

I11.B.2. Date: 1988 to Present

Since the 1987 cessation of K-25 operations, many clean-up activities have removed wastes and
have restored the environment around the site. Reindustrialization at the site started in 1996. In
1997, the K-25 site was renamed the East Tennessee Technology Park (ETTP) (ORHASP 1999;
TDOH 2000; USDOE 2003b). A 2002 status report described the ETTP site as containing two
business centers: the Heritage Center and the Horizon Center. The Heritage Center includes 125
of the main buildings formerly used for gaseous diffusion processes, and the Horizon Center
includes various buildings spread across 1,000 acres intended for high-technology companies
(USDOE 2003a). The Toxic Substances Control Act (TSCA) incinerator also occupies part of
the K-25 site. This incinerator is the only one in the United States permitted to incinerate
radioactive materials and hazardous wastes that contain polychlorinated biphenyls (PCBs)
(TDEC 2002).

In December 2006, DOE completed its removal of the UF¢ cylinders from the cylinder storage
yards at the K-25 site. From March 2004 to December 2006, DOE shipped approximately 6,000
UF¢ cylinders collectively containing about 119 million pounds of UF¢ off site to DOE’s
Portsmouth Gaseous Diffusion Plant (PORTS) in Portsmouth, Ohio (Halen Philpot, ETTP UFg
Cylinder Project Manager, Bechtel Jacobs Company LLC, personal communication, January 29,
2007).
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As of July 2009, additional remedial activities at the site for groundwater and soil were
scheduled, were ongoing, or were complete. A summary of some activities is presented here; for
more information refer to the DOE’s 2009 Oak Ridge Environmental Management Program fact
sheet: http://www.bechteljacobs.com/pdf/factsheets/ettp _fact sheet.pdf. In 2008, a time-critical

removal action was completed to extract chromium-contaminated groundwater from Mitchell
Branch. Also in 2008, soil excavation was conducted at contaminated areas at the K-1085 Old
Firehouse Drum Site, with disposal of all excavated soil completed in 2009. In July 2009, a
groundwater treatability study to assess feasibility of groundwater treatment was underway as
well as a final site-wide record of decision to address sediment, groundwater, surface water, and
ecological soil risk associated with the K-25 site (DOE 2009).

For additional details on historical operations at the K-25 site and the former S-50 site, see
Section 1.5 and Appendix B of Task 6 of the Reports of the Dose Reconstruction, Uranium
Releases from the Oak Ridge Reservation—a Review of the Quality of Historical Effluent
Monitoring Data and a Screening Evaluation of Potential Off-Site Exposures (ChemRisk 1999a)
and also Section 3.1 of Oak Ridge Health Studies Phase | Report—Volume II—Part A—Dose
Reconstruction Feasibility Study. Tasks 1 & 2: A Summary of Historical Activities on the Oak
Ridge Reservation with Emphasis on Information Concerning Off-Site Emission of Hazardous
Material (ChemRisk 1993a). The final reports of the Oak Ridge Dose Reconstruction are
available via the Internet at http://health.state.tn.us/CEDS/OakRidge/ORidge.html. A timeline

(Figure 4) also provides details on historical K-25 and S-50 site activities.

I1.C. Remedial and Regulatory History

On November 21, 1989, because of many on-site operations that released radioactive and
nonradioactive wastes, U.S. EPA placed the ORR on the final National Priorities List (NPL)
(EUWG 1998; USEPA 2004c). Various contaminants (e.g., uranium) are present in old waste
sites at the ORR. These waste sites constitute 5 to 10 percent of the reservation. Releases from
these waste sites, as well as leaching caused by abundant rainfall and high water tables, have
contributed to the radionuclide contamination of ORR surface water, groundwater, soil, and

sediments (EUWG 1998).

The DOE is conducting remedial actions at the
reservation under a Federal Facility Agreement
(FFA). This is an interagency agreement between
the DOE, the U.S. Environmental Protection
Agency (USEPA), and the Tennessee Department of
Environment and Conservation (TDEC). The U.S.
EPA, TDEC, and the public assist DOE with ORR
remedial activity details. The parties work together
to ensure that clean-up actions are appropriate and to
ensure that hazardous wastes associated with former
and current ORR activities are adequately studied
(USDOE 2003b). Given that ORR is on the National
Priority List, the DOE’s remediation activities are

On January 1, 1992, ORR
implemented the legally binding
Federal Facility Agreement, also
referred to as the Interagency
Agreement. The agreement
establishes documentation,
procedures, and schedules for
remedial actions at the ORR (EUWG
1998; U.S. DOE 2003b). The Federal
Facility Agreement is available online
at
http://www.bechteljacobs.com/pdf/ffa/f

fa.pdf.
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In the timeline, "present” refers to the year 2000, when the limeline was developed.
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under the Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA), a federal statute that requires an FFA for all government-owned NPL sites (EUWG
1998; USDOE 2003b; USEPA 2004c). In addition, DOE is combining response measures from
CERCLA with mandatory actions from the Resource Conservation and Recovery Act (RCRA)
(USEPA 2004c). Figure 4 contains a timeline of air, biota, drinking water, sediment, soil, and
surface water sampling data related to processes at the K-25 site from 1942 to 2000. In the
timeline, “present” refers to the year 2000, when the timeline was developed.

Under a RCRA permit, DOE began conducting remedial actions at the reservation in 1986. Since
then DOE has initiated about 50 response activities under the FFA that address on- and off-site
contamination, as well as waste disposal issues related to the ORR (USEPA 2005). To ease the
study and clean up of the ORR, the contaminated areas on the reservation were separated into
five large tracts of land generally related to the reservation’s major hydrologic watersheds
(EUWG 1998).

For CERCLA purposes, K-25 environmental restoration was separated into three administrative
zones as shown in Figure 5. Zone 1 encompasses the approximate 1,400-acre area outside the
main plant fence (most disposal activities occurred in this area). Zone 2 includes the estimated
800-acre main plant area. The remaining zone is along the ridgelines surrounding Zones 1 and 2
and comprises the approximately 2,800-acre “balance of site” (SAIC 2005).

Some Zone 1 soils are contaminated with PCBs and radionuclides. By focusing on identified
soil-contamination areas and known release sources, Zone 1 remedial actions protect against
exposures to humans. Contaminated subsurface structures, soil, and buried waste permeate Zone
2, where remedial activities focus on protecting groundwater resources and also preventing
exposures to humans (SAIC 2004). About 500 aboveground facilities in the remaining zone or
“balance of site” could be contaminated with radiological and other hazardous substances (SAIC
2005). The major remedial actions associated with both on- and off-site areas affected by K-25
site-related contaminants are further detailed in Appendix C and shown in Figure 6.

11.D. Land Use and Natural Resources

At the time of its 1942 acquisition, the federal government reserved 14,000 of the 58,575-acre
ORR acres to establish businesses, housing, and support services for reservation personnel
(ChemRisk 1993c; ORNL 2002). In 1959, this section of land became the self-governing city of
Oak Ridge with parks, homes, schools, offices, stores, and industrial areas (ChemRisk 1993c).

As stated, the ORR reservation is entirely within Anderson and Roane Counties and mostly
within the Oak Ridge city limits (EUWG 1998). As of 2002, the ORR comprised 34,235 acres
that included the three main DOE installations: K-25, Y-12, and X-10 (ORNL 2002). These three
DOE facilities make up about 30 percent of the reservation. In 1980, the remaining 70 percent of
the reservation became the National Environmental Research Park. The park designation protects
land intended for environmental research and education and indicates that development of energy
technology is compatible with a quality environment (EUWG 1998).
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Figure 5. Administrative Zones for Environmental Restoration at the K-25 Site
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Figure 6. Map of the Major Remedial Activities at the K-25 Site
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* In 2005, the groundwater collection and treatment system was shut down because the system was not producing the desired
results. The ETTP site-wide ROD is evaluating the need for future remedial actions. Therefore, it is not currently a “Completed
CERCLA Action Location.”
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The majority of Oak Ridge residents live along the northern and eastern borders of the
reservation (Bechtel Jacobs Company LLC et al. 1999; ORNL 2002). Since the 1950s, however,
the urban population of Oak Ridge has expanded to the west. Because of this growth, several
homes in the city’s western section border the reservation (Faust 1993). Except for these urban
areas, the land surrounding the ORR is primarily rural. In fact, approximately 40 percent of the
land close to the ORR is currently undeveloped (Bechtel Jacobs Company LLC et al. 1999;
ChemRisk 1993c).

Homes closest to the K-25 site are about three-quarters of a mile north of the site boundary and
about 1.6 miles (about 2,600 meters [m]) north-northwest of both the process buildings and the
contaminant release points (see Figure 7). Many of these homes were constructed as early as
1953 (USGS 1953). Although in subsequent analyses this area is referred to as the Sugar Grove
community, it is known locally as the Blair Road community. Sugar Grove residents are nearest
to the K-25 facility air emission sources. But Black Oak Ridge, which trends northeast-southwest
and has elevations as high as 380 feet (ft) (115 m) above the adjacent valleys, separates the Sugar
Grove residents from K-25. Other nearby communities include the Union/Lawnville community,
approximately 2.8 miles (about 4,500 m) south-southwest of the K-25 site and 1.5 miles (about
2,300 m) south-southwest of the S-50 facility (ChemRisk 1999a), and the Happy Valley
community, which housed workers and their dependents between approximately 1943 and 1947.
Happy Valley was south of the K-25 gaseous diffusion plant and about 1 mile (approx. 1,600 m)
east-southeast of the former S-50 plant (see Figure 7) (Prince 2003).

Current K-25 (ETTP) land use emphasizes reindustrialization. This includes the reuse of
materials, equipment, buildings, and utilities formerly used for gaseous diffusion processes
(USDOE 2003a). Of the 1,700-acre K-25 site, about 700 acres are within a secured fence
(USEPA 1991). Only authorized personnel have access to the entire K-25 site (Radian
Corporation 1993). The site includes former gaseous diffusion process buildings, testing
facilities, maintenance operations, disposal areas, waste treatment plants, production areas,
plating facilities, offices, laboratories, storage areas, change houses, and other buildings that
aggregate over 17.5 million square feet (EUWG 1998). As stated, today two business centers
operate at the K-25 site: the Horizon Center and the Heritage Center. The Horizon Center
comprises about 1,000 acres of building sites. The Heritage Center encompasses 125 of the main
facilities that were used for gaseous diffusion operations; the center leases these facilities to over
40 companies (USDOE 2003a).

Historically, commercial forestry and agriculture (e.g., beef and dairy cattle) were the primary
land uses around the reservation, although in recent years both have declined. At one time, milk
produced in the area was bottled for local distribution, but that appears no longer the case. Area
crops include corn, tobacco, wheat, and soybeans (ChemRisk 1993c). The ORR area hosts
seasonal waterfowl, small game, and deer hunting (ChemRisk 1993c), but all deer carcasses are
subjected to radiological monitoring before they are released to hunters. Monitoring ensures that
none of the animals contain quantities of radionuclides that could cause “significant internal
exposure” to the consumer (Teasley 1995).
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Note: The residential areas closest to K-25/S-50 emission sources (Sugar Grove, Union/Lawnville, and Happy Valley) represent
areas of maximum potential exposure.
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As shown in the various maps, the K-25 site is near the confluence of Poplar Creek and the
Clinch River (USDOE 1979). Figure 3 shows the surface water features in the site vicinity.
Poplar Creek begins in the Cumberland Mountains and enters the reservation from north of the
K-25 site (Loar et al. 1981). Poplar Creek converges upstream with East Fork Poplar Creek
(EFPC) at Poplar Creek Mile (PCM) 5.5 (Jacobs EM Team 1997b). Poplar Creek travels through
the K-25 plant area before it enters the Clinch River at Clinch River Mile (CRM) 12.0—the
Poplar Creek embayment (Jacobs EM Team 1997b; Loar et al. 1981).

The K-25 site comprises a chain of limited drainage basins. Small streams such as Poplar Creek
cross through these basins and eventually flow into the Clinch River (USDOE 1979).
Groundwater contamination at K-25 does not migrate off-site via the groundwater—it discharges
into surface water. Because the local water table occurs just below the surface in the
unconsolidated zone, groundwater flow is generally consistent with the surface topography. The
groundwater predominantly discharges into surface water via seeps and springs. Most
groundwater at the ORR ultimately flows into the Clinch River, serving as base flow for small
streams and tributaries such as Mitchell Branch and Poplar Creek near the ETTP area. Surface
water at the site also flows into Mitchell Branch, Poplar Creek, and the Clinch River. The Clinch
River represents the most direct destination for K-25 discharges (Geraghty & Miller, Inc. 1989).
Past gaseous diffusion operations have resulted in surface waters at the K-25 site receiving small
quantities of uranium and fluoride compounds. K-25 surface water radiological monitoring
establishes that levels are within the state of Tennessee’s water quality standards; in most cases
nonradiological constituents have also been below standard levels (USDOE 2003a). And for the
communities near the K-25 site, on-site surface water (e.g., Poplar Creek, East Fork Poplar
Creek, Bear Creek) is not a source of off-site drinking water (e.g., Sugar Grove,
Union/Lawnville).

Because Poplar Creek (along with EFPC) drains the ORR northern and western boundaries, and
because the Clinch River constitutes the ORR southern and eastern borders, all surface waters
that leave the ORR travel through these water bodies and eventually reach the Lower Watts Bar
Reservoir (LWBR) (Jacobs EM Team 1997b; SAIC 2002). Figure 3 shows the location of Poplar
Creek, the Clinch River, and the Watts Bar Reservoir in relation to the ORR. Consequently,
Poplar Creek, the Clinch River, and the Lower Watts Bar Reservoir have received several
contaminants associated with ORR activities, including contaminants from White Oak Creek
(Jacobs EM Team 1997b). For additional details on the relationship between White Oak Creek,
the Clinch River, and the Watts Bar Reservoir, refer to ATSDR’s White Oak Creek Radionuclide
Releases Public Health Assessment, which evaluated radioactive contaminants released from the
ORR to the Clinch River. This PHA is available at:
http://www.atsdr.cdc.gov/HAC/oakridge/phact/white _oak/index.html.

The K-25 site has a water intake at CRM 14.4—the intake draws water from the Clinch River
(ChemRisk 1999b). Figure 3 shows the K-25 water intake along the Clinch River, 2 miles
upstream from the Poplar Creek confluence. Through community concerns, work group
meetings held by ATSDR, and discussions with DOE, ATSDR learned that this water intake
provided domestic water to the Happy Valley community (1943-1947). In the past and currently,
the K-25 water intake provides potable water for the K-25 site (ChemRisk 1999b). U.S. EPA
regulations mandate regular chemical, radiological, bacteriological, and chlorine sampling of
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“finished water” from the treatment plant. After public concerns voiced at a July 31, 2000
meeting, DOE-Oak Ridge Operations (DOE-ORO) conducted a special sampling effort that
included testing for metals, radionuclides, and chemicals in water directly from the tap. After
collecting and analyzing more than 475 drinking water samples, DOE-ORO concluded that water
at the K-25 site was “safe to drink.” More information on this sampling effort is available at the
DOE-ORO Reading Room at 475 Oak Ridge Turnpike, Oak Ridge, Tennessee (DOE-ORO and
CROET 2000). The drinking water quality report for this sampling effort is available at:
http://www.state.tn.us/environment/doeo/pdf/PSBroch.pdf. ATSDR also evaluated past, current,
and future potential exposures to drinking water via the K-25 water intake in the White Oak
Creek Radionuclide Release Public Health Assessment. Copies of this assessment are available
online at: http://www.atsdr.cdc.gov/HAC/oakridge/phact/white _oak/index.html or by calling
ATSDR toll-free at 1-800-232-4636.

Also within the K-25 site, the Poplar Creek/Clinch River Operable Unit (OU) is a multiuse
resource for drinking water, swimming, waterfowl hunting, shoreline recreation, and agriculture.
The only unacceptable human health risk is fish caught and consumed from Poplar Creek and the
Clinch River. Because of elevated mercury concentrations, all Poplar Creek fish, if eaten, pose a
health risk (Jacobs EM Team 1997b). TDEC’s fishing advisory warns the public not only against
eating any fish from Poplar Creek but against even having any contact with the water (Jacobs
EM Team 1997b; TDEC 2004). TDEC also advises the public to avoid consumption of striped
bass from the Clinch River arm of the Watts Bar Reservoir, and, for children, pregnant women,
and nursing mothers, not to consume catfish and sauger from this part of the Watts Bar Reservoir
(TDEC 2004).

I1.LE. Demographics

Again, in this health assessment ATSDR evaluates potential health effects from K-25 and S-50
fluoride and uranium releases for the three communities with the highest potential exposures:
Happy Valley, Sugar Grove, and Union/Lawnville. ATSDR considered community concerns,
public health assessment work group (PHAWG) meetings, discussions with DOE, previous
TDOH assessments, and especially proximity to the K-25/S-50 facility. ATSDR then concluded
that these communities would have been most affected by K-25/S-50 releases. Figure 8 shows
recent population distributions for 1-mile and 3-mile radii around the K-25/S-50 site.

11.E.1. Happy Valley

By the end of 1944, 5,600 workers lived at Happy Valley. At its 1945 peak, Happy
Including families, by the mid-summer of 1945 residents Valley’s population
peaked at over 8,700 (Keith and Baker 1946; Prince 2003). exceeded 8,700 residents:

about 5,600 workers and
over 3,100 dependents
(Keith and Baker 1946;
Prince 2003).

Happy Valley was a conglomeration of trailers, barracks, small
family units, and hutments, as well as various facilities that
included a movie theatre, a school, shops, and gasoline stations
(J.A. Jones Construction Company, date unknown; Keith and

Baker 1946). According to a recent review of the labor camp history, workers and families
resided at Happy Valley between approximately 1943 and 1947, with destruction of the camp
beginning in 1947. Anecdotal observations by an Oak Ridge community member suggest,
however, that people lived in the labor camp as late as 1948. In any event, by the mid-1950s all
of the Happy Valley structures had been destroyed (Jacobs EM Team 1997a).
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Figure 8. 2000 Population Characteristics for the 1- and 3-Mile Areas around the K-25/S-50 Site

Oak Ridge Reservation

Oak Ridge, Tennessee
EPA Facility ID TN1890090003

Legend

[ site Boundary
One Mile Buffer

K 0 0.5 1 Miles
[ E—

N 7

Climctr Ro&r
v

N

PN
IS AR
SRS

Site Location

Roane County, Tennessee

Demographic Statistics

Within Specified Distance* 1mi 3mi

Total Population 298 |3101

White alone 285 |3022

Black alone 6 21
o Am. Indian & Alaska Native alone 0 9
% Asian alone 5 17
2 Native Hawaiian and
= Other Pacific Islander alone 0 5
8 Some other race alone 0 3
i Two or More races 3 2

/‘g Hispanic or Latino 3 27

3 Children Aged 6 & Younger 21| 263
8 Adults Aged 65 & Older 32 | 356
§ Females Aged 15 - 44 58 | 583
g Total Housing Units 122 (1266

Base Map Source: 1995 TIGERI/Line Fies

Demographic Statistics Source: 2000 US Census
*Calculated using an area-proportion spatial analysis technique

Population Density

Source: 2000 US. Census

[J uscCensus Block

Zero Population *
>0 -1000 *
>1000 - 2000*
>2000 *

*Persons/ Sq. KM

0O 05 1 15

Scale in Miles

Children 6 Years and Younger

Source: 2000 U S. Census

[] usCensus Block
Zero Population
1- 9 Children
10 - 20 Children
> 20 Children

0O 05 1 15

Scale in Miles

Adults 65 Years and Older

Source: 2000 U S. Census

[J uscCensus Block
Zero Population
1- 9 Adults
10 - 20 Adults
> 20 Adults

0 05 1 15
[

Scale in Miles

Females Aged 15 - 44

Source: 2000 U S. Census

[] UscCensus Block
Zero Population
1- 9 Females
10 - 20 Females
> 20 Females

0O 05 1 15

Scale in Miles

26



Oak Ridge Reservation: K-25 and S-50 Uranium and Fluoride Releases

I1.E.2. Sugar Grove

The Sugar Grove community (locally referred to as the Blair Road community) is about 1.6
miles north-northwest of the K-25 site process buildings. Many of the homes near the K-25 site
were constructed as early as 1953 (USGS 1953). Although residents of the community are
nearest to the air emission sources on the K-25 facility, Black Oak Ridge, which trends
northeast-southwest and has elevations as much as 380 feet (ft) (115 m) above the adjacent
valleys, separates the community from K-25.

Specific demographic information is not available for areas smaller than a census tract. Thus, the
population estimate is derived from counting the buildings from photo-interpreted topographic
maps and multiplying by the average number of people per household. These counts include all
buildings such as garages, stores, and other nonresidential structures. This method will provide a
conservative (i.e., overcounted) estimate of the total population. Using the 1980 aerial photo-
based maps and 3.2 people per household, between 1953 and 1980 approximately 67 persons
lived in the Sugar Grove community (see Figure 7). No specific census data were available for
this community, but data were available for the total population of the Harriman District* in
which Sugar Grove is located. Table 1 shows the demographic data for this district between 1940
and 2000, which includes Sugar Grove and other rural areas in this part of Roane County, minus
the population for the city of Harriman area.

Table 1. Population of Rural Areas around the City of Harriman from 1940 to 2000

County 1940 1950 1960 1970 1980 1990 2000

Rural Areas in the Harriman
District (including Sugar
Grove, but minus the city
population of Harriman)

4,729 4,532 9,533 5,388 7,760 7,253 3,659

Source: U.S. Census Bureau 1940a, 1950a, 1960a, 1970a, 1980a, 19903, 2000a

Table 1 shows that Sugar Grove and other rural populations surrounding Harriman have
fluctuated over time. The smallest population was recorded most recently in 2000, with 3,659
residents. The largest population was in 1960, when these rural areas reached 9,533 residents
(U.S. Census Bureau 1940a, 1950a, 1960a, 1970a, 1980a, 1990a, 2000a).

I1.E.3. Union/Lawnville

Union/Lawnville is about 2.8 miles to the south-southwest of the K-25 site and 1.5 miles south-
southwest of the former S-50 plant (see Figure 7). The Union Church on Lawnville Road defines
the community area; the church is just over one-half mile north of Gallaher Road. The Clinch
River, almost a mile northeast of the Union Church, is the community’s main surface water
source. During Phase Il of the Oak Ridge Health Studies, TDOH determined that the
Union/Lawnville community was “the most representative of maximum and typical exposures”
for K-25 site and former S-50 plant releases. Thus, ATSDR uses the Union/Lawnville
community as a reference location (ChemRisk 1999a).

* See Figure 1 for the location of the city of Harriman.
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Because, again, specific demographic information is not available for areas smaller than a census
tract, ATSDR calculated the population estimate using the method described above for Sugar
Grove. A review of the 1980 aerial photo-based maps and an assumption of 3.2 persons per
household means that between 1953 and 1980, approximately 58 persons lived in the immediate
Union/Lawnville community (see Figure 7).

Union and Lawnville are in Roane County, Tennessee. As specific demographic information was
not available for these areas, 1940-2000 data paint a 10-mile area, demographic picture around
the city of Kingston (Figure 1). That picture includes the communities of Union and Lawnville as
well as other rural communities within that area. Table 2 shows the total population of the
communities in the 10-mile area, including Union and Lawnville.

Table 2. Population within 10 Miles of Kingston from 1940 to 2000

County 1940 1950 1960 1970 1980 1990 2000
Kingston and Surrounding
Communities (including Union | 3,635 4,864 8,005 7,802 10,115 10,366 12,340
and Lawnville)

Source: U.S. Census Bureau 1940b, 1950b, 1960b, 1970b, 1980b, 1990b, 2000b

Table 2 shows that since 1940, Kingston and its surrounding communities have continued to
grow from 3,635 to 12,340 residents. 1940 recorded the smallest population—3,635 residents.
2000 recorded the largest population, when the areas within 10 miles of Kingston reached a
population of 12,340 residents. Between this 60-year timeframe, the population of communities
around Kingston more than tripled in size (U.S. Census Bureau 1940b, 1950b, 1960b, 1970b,
1980b, 1990b, and 2000b).

Il.LF.  Summary of Public Health Activities Pertaining to Uranium and Fluoride
Releases from the K-25 Site and Former S-50 Plant

This section describes the public health activities that pertain to uranium and fluoride releases
from the K-25 site and former S-50 plant (now part of the K-25 site). ATSDR, TDOH, and other
agencies have conducted additional public health activities at the ORR, described in Appendix B.
See Figure 4 for a timeline of public health activities related to the K-25 site from 1942 to the
present.

I1.F.1. ATSDR’s ORR Activities

Since 1992, ATSDR has made a determined effort to establish whether levels of environmental
contamination at and near the ORR present a public health hazard. ATSDR has identified and
evaluated several public health issues and to address those issues has worked closely with many
parties, including community members, physicians, and several federal, state, and local health
and environmental agencies. While TDOH conducted the Oak Ridge Health Studies to evaluate
whether off-site populations experienced exposures in the past, to avoid duplication of the state’s
efforts ATSDR’s activities have focused on current public health issues. The following sections
highlight major ATSDR public health activities that pertain to the Watts Bar Reservoir and K-25
uranium releases.
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I.F.1.1.

Health Consultation on the Lower Watts Bar Reservoir, February 1996.

In March 1995, DOE released a proposed plan to address the chemical and radiological
contaminants in the Watts Bar Reservoir. Local residents were concerned about the

contamination in the reservoir and expressed concern
about the adequacy of DOE’s proposed remedial
actions and controls. The residents requested that
ATSDR assess the health hazards associated with
contaminants in the Lower Watts Bar Reservoir.

To evaluate present and recent-past exposures,
ATSDR reviewed environmental sampling data from
the 1980s and 1990s from DOE, TVA, and various
consultants. In addition, ATSDR examined TVA’s
1993 and 1994 Annual Radiological Environmental
Reports for the Watts Bar nuclear plant. ATSDR
initially screened the data to determine the presence
of any contaminants at levels exceeding health-based
comparison values. Then, to determine whether
current chemical and radiological contaminant levels

ATSDR uses a comparison value
(CV) as a screening level during
the public health assessment
process. Substances found in
amounts greater than their CVs
are further evaluated. If a
contaminant exceeds its
comparison value, it does not
necessarily mean that the
contaminant will cause adverse
health effects. Comparison
values are used to help ATSDR
determine which contaminants
need to be evaluated more
closely.

could potentially affect area residents, ATSDR used both worst-case and realistic exposure
scenarios to estimate the doses for any contaminants above comparison values.

This methodology revealed that polychlorinated biphenyls (PCBs) in the Lower Watts Bar
Reservoir were a public health concern. Frequent and long-term consumption of reservoir fish
could moderately increase a person’s risk of cancer, and reservoir turtles could also contain
PCBs at health-concern levels. Nursing or pregnant mothers who regularly consumed these fish
might increase their risk of delivering a developmentally affected child (ATSDR et al. 2000).

On the other hand, ATSDR found that other contaminant levels currently in reservoir sediment
and surface water were not of public health concern. The reservoir was declared safe for

recreational activities such as skiing, swimming, and boating, and the municipal water was found

safe to drink. ATSDR also concluded that DOE’s chosen remedial actions were protective of
public health. These actions included ongoing environmental monitoring, continuing fish-
consumption advisories, offering community and physician education concerning PCB
contamination, and applying institutional controls to prevent resuspension, removal, disruption,
or disposal of contaminated sediment (ATSDR et al. 2000).

After reviewing these findings, ATSDR made the following recommendations:

e To minimize exposure to PCBs, continue the Lower Watts Bar Reservoir fish advisory.

e ATSDR and the State of Tennessee should implement a community health education

program regarding the Lower Watts Bar fish advisory and regarding the health effects of

PCB exposure.
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e Evaluate the likelihood of health effects from consumption of turtles in the Lower Watts
Bar Reservoir. The evaluation should investigate turtle consumption patterns and PCB
levels in edible portions of turtles.

e Do not disturb, remove, or dispose of surface and subsurface sediments without prior
careful review from the interagency working group (see Section I1.C.3. for a discussion
of this group).

e Continue sampling of municipal drinking water at regular intervals. If a significant
release of contaminants from the ORR is discharged into the Clinch River at any time,
DOE should notify the municipal water systems and monitor surface water intakes.

II.LF.1.2. Coordination with Other Parties.

From 1992 to the present ATSDR has consulted regularly with representatives of other, ORR-
concerned parties. Specifically, ATSDR has coordinated with TDOH, TDEC, the National
Center for Environmental Health (NCEH), the National Institute for Occupational Safety and
Health (NIOSH), and DOE. In 1999, these coordinated efforts led to the establishment of the
Public Health Working Group, which in turn led to the formation of the Oak Ridge Reservation
Health Effects Subcommittee (ORRHES). ATSDR has provided some assistance to TDOH in its
study of past public health issues (ATSDR et al. 2000) and has obtained and interpreted ORR-
related studies prepared by academic institutions, consulting firms, community groups, and
others.

I1.F.1.3. Oak Ridge Reservation Health Effects Subcommittee.

ATSDR and the Centers for Disease Control and Prevention (CDC), under the authority of the
Federal Advisory Committee Act (FACA), established ORRHES in 1999 as a subcommittee of
the U.S. Department of Health and Human Services’ Citizens Advisory Committee on Public
Health Service Activities and Research at DOE sites. The subcommittee consisted of persons
representing diverse interests, expertise, backgrounds, and communities, as well as liaison from
federal and state agencies. It was a forum for communication and collaboration between citizens
and agencies to evaluate public health issues and to conduct public health activities at the ORR.
To help ensure citizen participation, the meetings of the subcommittee’s work groups were open
to the public—everyone was invited to attend and present his or her ideas and opinions. The
subcommittee

e Served as a citizen advisory group to CDC and ATSDR and made recommendations on
matters related to public health activities and research at the ORR.

e Allowed citizens to collaborate with agency staff members and to learn more about the
public health assessment process and other public health activities.

e Helped to articulate and prioritize the public health issues and community concerns
evaluated by ATSDR.

The ORRHES created various work groups to conduct in-depth exploration of specific issues and
to present findings to the subcommittee for deliberation. Work group meetings were open to all
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who wished to attend, and those who did attend were invited to participate. Figure 9 shows the
organizational structure of the ORRHES. For more information on the ORRHES, visit the
ORRHES Web site at www.atsdr.cdc.gov/HAC/oakridge/index.html (ATSDR et al. 2000).

Il.LF.1.4. ATSDR Field Office

From 2001 to 2005, ATSDR maintained a field office in the city of Oak Ridge. The office
promoted collaboration between ATSDR and the communities surrounding the ORR by
providing community members with opportunities to become involved in ATSDR’s ORR public
health activities (ATSDR et al. 2000).

How to obtain more information on ATSDR’s activities at Oak Ridge

ATSDR has conducted several additional analyses that are not documented here or in Appendix
C, as have other agencies that have been involved with this site. Community members can find
more information on ATSDR’s past activities by

Visiting one of the records repositories. Copies of ATSDR’s publications on the ORR,
along with publications from other agencies, can be viewed in records repositories at
public libraries and the DOE Information Center in Oak Ridge. For directions to these
repositories, please contact ATSDR at 1-800-CDC-INFO (or 1-800-232-4636).

Visiting the ATSDR or ORRHES Web sites. These Web sites include our past
publications, schedules of future events, and other information materials. ATSDR’s Web
site is at www.atsdr.cdc.gov and the ORRHES Web site is at
www.atsdr.cdc.gov/HAC/oakridge. The most comprehensive summary of past activities
can be found at http://www.atsdr.cdc.gov/HAC/oakridge/phact/index.html.

Contacting ATSDR directly. Residents can contact representatives from ATSDR directly
by dialing the agency’s toll-free number, 1-800-CDC-INFO (or 1-800-232-4636), and
requesting to speak with the ATSDR representative for the DOE Oak Ridge Reservation.
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Figure 9. Organizational Structure for the Oak Ridge Reservation Health Effects Subcommittee
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IL.F.2. TDOH
I1.F.2.1. Oak Ridge Health Studies.

The 1991 Tennessee Oversight Agreement between DOE and the State of Tennessee allowed
TDOH to undertake the Oak Ridge Health Study—a two-phase, independent state research
project to determine whether past environmental releases from ORR operations harmed nearby
residents (ORHASP 1999).

I1.F.2.1.1. Phase |

Phase | of the Oak Ridge Health Study was a Dose Reconstruction Feasibility Study; an
evaluation of all known past ORR hazardous substances releases and operations. The study was
to determine the quantity, quality, and potential usefulness of the available information and data
on past releases and subsequent exposure pathways. Phase | began in May 1992 and was
completed in September 1993 (ATSDR et al. 2000). Appendix H contains a brief summary of the
Phase | Feasibility Study.

The feasibility study findings established that a significant amount of information was available
to reconstruct past releases and potential off-site doses for four hazardous substances with the
highest potential risk for adverse health effects. These four substances were

e Radioactive iodine releases associated with radioactive lanthanum processing at X-10
from 1944 through 1956;

e Mercury releases associated with lithium separation and enrichment operations at the Y-
12 plant from 1955 through 1963,

e PCBs in fish from EFPC, the Clinch River, and the Watts Bar Reservoir; and

e Radionuclides from White Oak Creek associated with various chemical separation
activities at X-10 from 1943 through the 1960s (ATSDR et al. 2000).

I1.F.2.1.2. Phase Il —also referred to as the Oak Ridge Dose Reconstruction

The health study’s Phase 11 occurred at Oak Ridge from mid-1994 to early 1999. It was primarily
a dose reconstruction study focusing on past releases of radioactive iodine, radionuclides from
White Oak Creek, mercury, and PCBs. In addition to the full-dose reconstruction analyses, Phase
Il included additional detailed screening analyses for releases of uranium and several other toxic
substances not fully characterized in Phase I. The following paragraphs describe the significant
Dose Reconstruction findings. The final Oak Ridge Dose Reconstruction Phase Il reports are
available at http://health.state.tn.us/CEDS/OakRidge/ORidge.html.

X-10 radioactive lanthanum processing from 1944 through 1956 was apparently the source of the
ORR-related radioactive iodine releases. Dose Reconstruction results indicate that area children
born in the early 1950s who drank milk produced by cows or goats living in the family yard had
a theoretical, increased thyroid cancer risk over background. The calculated risk of developing
thyroid cancer for children living within a 25-mile radius of Oak Ridge was greater than 1
chance in 10,000. This is the Oak Ridge Health Agreement Steering Panel’s (ORHASP’s)
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Decision Guide for cancer risk due to radiation or chemical exposure and the U.S. EPA’s upper
risk limit for some regulatory decisions.

The Dose Reconstruction also evaluated mercury releases associated with lithium separation and
enrichment operations at the Y-12 plant from 1955 through
1963. Results indicate that depending on activities, persons
living in the area during the years mercury releases were

highest (i.e., mid-1950s to early 1960s) may have received

U.S. EPA’s reference dose
is an estimate of the largest
amount of a substance that
a person can take in on a

annual average doses of mercury exceeding the U.S. EPA daily basis over his or her
reference dose. lifetime without

- . . experiencing adverse
PCBs in fish from EFPC, the Clinch River, and the Watts health effects.

Bar Reservoir was also a Dose Reconstruction subject.
Preliminary results indicated that persons who consumed a large amount of fish from these
waters might have received PCB doses exceeding the U.S. EPA reference dose.

From 1943 through the 1960s, radionuclides associated with various chemical separation
activities at the X-10 site were released into White Oak Creek. Eight radionuclides deemed more
likely to carry significant risks were studied: cesium 137, ruthenium 106, strontium 90, cobalt
60, cerium 144, zirconium 95, niobium 95, and iodine 131. Dose Reconstruction results showed
that for persons who consumed fish from the Clinch River near the mouth of White Oak Creek,
the releases resulted in small, over-background radiation dose increases. Dose reconstructionists
estimated that a human male who ate up to 130 meals of fish from the mouth of White Oak
Creek every year for 50 years (worst-case scenario) would face an excess cancer risk ranging
from 4 to 350 in 100,000. For people who ate fewer fish and for people who ate fish caught
farther downstream, the risk was significantly reduced.

Various large-scale operations released uranium—primarily uranium processing and machining
operations at the Y-12 plant and K-25/S-50 uranium enrichment operations. Because uranium
was not initially a high priority contaminant of concern, only a Level Il screening assessment for
all uranium releases was ever performed. Preliminary screening indices were slightly below the
decision guide of one chance in 10,000, which indicated that more work may be needed to
characterize better the uranium releases and any possible health risk. Appendix H provides a
brief summary of the Task 6 report.

The Screening-Level Evaluation of Additional Potential Materials of Concern was conducted to
determine whether contaminants other than those identified in the Oak Ridge Dose
Reconstruction Feasibility Study warranted further assessment of their potential for health effects
in off-site populations. Three methods—a qualitative screening, a quantitative screening, and a
threshold quantity approach—were used to evaluate the potential for 25 materials or groups of
materials to cause off-site health effects. Using the screening results, five materials employed at
the K-25 plant and 14 materials at the Y-12 plant warranted no further study. Three materials
used at the K-25 plant (copper powder, nickel, and technetium 99), three materials used at the Y-
12 plant (beryllium compounds, lithium compounds, and technetium 99), and one material used
at the ORR (chromium V1) were determined to be potential candidates for further study. High
priority candidates for further study included one material used at the K-25 plant (arsenic) and
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two materials used at the Y-12 plant (arsenic and lead). A brief summary of the Task 7 report is
provided in Appendix H.

11.F.3.  Tennessee Department of Environment and Conservation (TDEC)
I1.F.3.1. Sampling of Public Drinking Water Systems in Tennessee.

In the 30-plus years since the passage of the Safe Drinking Water Act of 1974, the U.S. EPA has
set health-based standards and has specified treatments for public drinking water systems. In
1977, U.S. EPA gave the state of Tennessee authority to operate its own Public Water System
Supervision Program under the Tennessee Safe Drinking Water Act. TDEC’s Division of Water
Supply now regulates drinking water at all public water systems. All public water systems in
Tennessee now individually monitor their water supply for U.S. EPA-regulated contaminants
and report their monitoring results to TDEC (TDEC 2003a). The public water supplies in
Tennessee are monitored for substances that include 15 inorganic contaminants, 51 synthetic and
volatile organic contaminants, and 4 radionuclides. U.S. EPA’s monitoring schedules for each
contaminant are available at
http://www.epa.gov/safewater/pws/pdfs/grg_smonitoringframework.pdf (USEPA 2004a). TDEC
submits individual water supply data quarterly to U.S. EPA’s Safe Drinking Water Information
System (SDWIS) (TDEC 2003a).

In 1996 TDEC’s DOE Oversight Division began participation in U.S.

EPA’s Environmental Radiation Ambient Monitoring System U.S. EPA’s ERAMS
(ERAMS) drinking water program. As part of the Oak Ridge ERAMS | Program was

program, TDEC collects samples from five facilities from within established to provide
ORR and from the ORR vicinity. These public water suppliers radiological monitoring
include the Kingston Water Treatment Plant (Tennessee River Mile for public water supplies
[TRM] 568.4), DOE Water Treatment Plant at K-25 (Clinch River located near U.S.

Mile [CRM] 14.5), West Knox Utility (CRM 36.6), DOE Water nuclear facilities.

Treatment Plant at Y-12 (CRM 41.6), and Anderson County Utility
District (CRM 52.5) (TDEC 2003b). Under the Oak Ridge ERAMS program, TDEC collects
quarterly the finished drinking water samples from these five public water supplies and submits
the samples to U.S. EPA for radiological analyses. The schedule and contaminants sampled at
the supplies are available at http://www.state.tn.us/environment/doeo/pdf/EMP2006.pdf. More
information related to drinking water supplies or additional water supplies in the area is available
by calling U.S. EPA’s Safe Drinking Water Hotline at 1-800-426-4791 or visiting U.S. EPA’s
Safe Drinking Water Web site at http://www.epa.gov/safewater.

I1.F.3.2.  Off-Site Residential Well Sampling.

Since 1993, TDEC (DOE Oversight Division) has conducted off-site residential well monitoring
for wells outside the ORR. In 1996 and 1997, TDEC conducted a house-to-house survey to
identify off-site residential wells located near the K-25, X-10, and Y-12 facilities. TDEC
monitors the residential wells to determine whether ORR operations have contaminated off-site
groundwater sources. During the survey 60 residential wells were identified. Investigators did
not find any contaminants in the wells that could have originated from DOE activities on the Oak
Ridge Reservation (ATSDR et al. 2000).
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I1.F.3.3. K1070-A Dye-Trace Sampling.

In 1995, TDEC initiated a dye-trace sampling study at the K1070-A waste burial ground on the
K-25 site (ATSDR et al. 2000). This was part of a cooperative effort with DOE and its

contractors, who were themselves conducting a DOE-initiated
dye trace study. The TDEC study, conducted between 1995 and TDEC uses dye trace

January 1996, was to identify groundwater exit pathways along studies at the reservation
the Clinch River and across the western ORR boundaries at the to link contaminants in off-
K1070-A burial ground. State laboratories analyzed TDEC- Site springs with

contaminants at the ORR

collected data and samples. That sampling detected the same (Benfield 2002).

volatile organic compounds (VOCs) at spring 21-002 that were

found in the K1070-A burial ground. Fluorescent dye was placed into wells at the burial ground,
and the dye later appeared in spring 21-002. The dye was also found off site in a spring on the
Clinch River (ATSDR et al. 2000).

/1l.F.4. DOE
II.F.4.1. Watts Bar Interagency Agreement, February 1991.

DOE, EPA, TVA, TDEC, and USACE comprise the Watts Bar Reservoir Interagency Working
Group (WBRIWG). The group works collaboratively through the Watts Bar Interagency
Agreement, which established guidelines related to any dredging in Watts Bar Reservoir. These
agencies now review permitting and all other activities that could possibly disturb Watts Bar
Reservoir sediment, such as erecting a pier or building a dock (ATSDR 1996; Jacobs EM Team
1997b; USDOE 2003c). The agreement also establishes guidelines for reviewing potential
sediment-disturbing activities in the Clinch River below Melton Hill Dam, including Poplar
Creek (Jacobs EM Team 1997b). Under the interagency agreement DOE must take action if an
institutional control is ineffective or if a sediment-disturbing activity could cause harm (USDOE
2003c).

Permit coordination under the Watts Bar Interagency Agreement was established to allow TVA,
USACE, and TDEC—the agencies with permit authority over actions taken in Watts Bar
Reservoir—to discuss proposed sediment-disturbing activities with DOE and U.S. EPA before
beginning the normal permit review process. This affords an opportunity to determine the
presence of any ORR-related contaminants in the sediments. The coordination follows a series of
defined processes as outlined in the agreement.

The basic permitting process is the same for any organization or individual (Jacobs EM Team
1997b). If dredging is necessary in an area with contaminated sediments, DOE will assume
financial and waste management responsibility over and above normally incurred costs (Jacobs
EM Team 1997b). For more details, please see the Clinch River/Poplar Creek OU ROD at
http://www.epa.gov/superfund/sites/rods/fulltext/r0497075.pdf and page 3-5 of the Lower Watts
Bar Reservoir ROD at http://www.epa.gov/superfund/sites/rods/fulltext/r0495249.pdf (Jacobs
EM Team 1997b; USDOE 1995b).
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I1.F.4.2.  Independent Medical Evaluation of K-25 Workers

In the fall of 1995, K-25 workers and persons living near K-25 reported several illnesses. The
workers and others believed the illnesses resulted from exposure to K-25-related contaminants.
Lockheed Martin Energy Systems, Inc., an employer of the workers under a DOE contract,
requested medical evaluations of whether workplace factors contributed to these reported
illnesses. Three physicians—Richard Bird from the JSI Center for Environmental Health Studies
and the Beth Israel Deaconess Medical Center at the Bowdoin Street Health Center in Boston,
Massachusetts, and James Lockey and Andrew Freeman from the University of Cincinnati
College of Medicine in Cincinnati, Ohio—conducted medical evaluations of 53 past and current
workers at the ORR’s K-25 facility. The evaluations, which included self-selected participants,
started in the fall of 1996 and continued over a 4-year period. The physicians reviewed historical
and current medical records and visited workplaces. The workers underwent physical
examinations, diagnostic testing, interviews to evaluate work history, and evaluations by medical
specialists (ATSDR et al. 2000; Parson 2000).

The findings indicated that “several workers in the study group have one or more conditions that
... have been exacerbated, aggravated, or directly caused by historical exposures in the K-25
work environment.” The investigators stated, however, that some conditions were common to
other industrial settings, such as acute and chronic bronchitis and occupational asthma. Still,
certain symptoms were more specific to work at the K-25 site, including possible beryllium
sensitization (two workers), definite peripheral beryllium sensitization (five workers), chronic
beryllium disease (one worker), peripheral neuropathies, toxic encephalopathy, and autonomic
neuropathy with postural hypotension and cardiac arrhythmia. Also, some workers had
neuropsychological changes consistent with significant depression and anxiety, toxic
encephalopathy due to solvent and heavy metal exposures, and cerebrovascular problems. Yet in
some instances the physicians could not assess whether the changes were caused by exposures in
the workplace or from nonwork-related physical conditions (ATSDR et al. 2000; Parson 2000).

The physicians reported they had identified “several unique aspects and complicating factors”
associated with workers’ exposures to hazardous materials at the K-25 site. For instance, work
was exchanged between the K-25 facility and the Y-12 plant, where beryllium was widely used.
K-25 workers with longer periods of occupational exposures had higher serum PCB levels than
did workers without prolonged exposures. The study nonetheless determined that the detected
levels would not definitely cause adverse health effects (ATSDR et al. 2000; Parson 2000).

The study findings were released on July 31, 2000, in the “Summary Report of Findings of K-25
Worker Evaluations.” They were presented at a public meeting on the same day. Each of the 53
workers was provided with an individual, final medical report. The reports included physician-
prepared summaries that detailed the most likely workplace-related medical conditions. The
reports also identified the conditions that could not be related to workplace factors “within a
reasonable degree of medical probability and certainty.” For workers who were believed to have
a medical condition directly related to exposures at the workplace or a condition that was
considerably aggravated by exposures in the workplace, the physicians prepared a separate
“Work Related Abnormalities as Determined to Date.” Following this study’s August 1, 2000
release, DOE stated that it would work with DOE-Oak Ridge Operations and its contractors to
assist those identified with work-related illnesses to enter claims for Tennessee workers
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compensation benefits. In addition, DOE stated that it would examine the study’s results and by
August 31, 2000 would recommend follow-up actions to DOE’s Office of Health, Safety and
Security (ATSDR et al. 2000).

I1.F.4.3. Aerial Radiological Surveys and ORR Off-Site Background.

From 1959 through 1997, DOE and its predecessors performed aerial radiological surveys on the
ORR site and its surrounding areas. This was part of a project to assist in characterizing and
defining contamination resulting from past ORR operations (Carden and Joseph 1998; USDOE
1997). Helicopters equipped with highly sensitive monitoring equipment capable of detecting the
presence of anthropogenic and natural radioactivity aerially surveyed the entire area (USDOE
1997). Aircraft-mounted instruments calibrated during flight against a known radiation source
surveyed the intended target area at a constant airspeed and altitude. Aerial surveys are
sufficiently sensitive to detect radiation sources that might or might not constitute a hazard. Any
detected radiation sources are then investigated on the ground using standard survey techniques.

The most recent aerial radiological surveys were from June 10 through June 27, 1997. They
included flyovers of the Oak Ridge Reservation and areas approximately 1 mile beyond the
reservation’s boundary. These off-site areas included residential and industrial areas in
Anderson, Knox, and Roane Counties. The data collected during the surveys were entered into a
DOE-maintained database of ORR radiological data (USDOE 1997). The aerial surveys included
11 areas of interest (AOI) associated with the K-25 site, shown in Figure 10. Six of the 11 AOIs
(1, 2, 3,5, 6, and 10) were also identified in a previous 1992 survey. AOI 1 is primarily within
ETTP, with the main portion of the anomaly showing no noticeable change from 1992 to 1997.
AOI 2 exhibited a slight increase in gamma emissions, AOI 5 showed a slight reduction in the
extent of gamma emissions, and, compared with the 1992 survey, AOI 3 showed a significant
reduction in both spatial extent and relative gamma emissions. Three additional AOls (7, 8, and
65) were newly identified in 1997; whereas two AOIs (4 and 9) were identified before 1997, but
in 1997 notable gamma radiation activity was not observed in these two AOIs (Lockheed Martin
Energy Research Corporation 1998). Section Il of this PHA, “Evaluation of Environmental
Contamination and Potential Exposure Pathways,” contains more information on aerial
radiological surveys.

I1.F.4.4.  ORR Annual Monitoring.

Since ORR’s establishment, DOE, its precursor agencies, or its contractors have been collecting
various environmental measurements. These include ambient radiation activities in soil, water,
and air (see Figure 4). Since at least 1959, records of these monitoring programs have been
published as quarterly, semi-annual, or annual reports. From 1959 to 1970, these reports were
titled Environmental Levels of Radioactivity for the Oak Ridge Area and were compiled and
published by the Health Physics Division of the Oak Ridge National Laboratory (Abee 1960a—c,
1961; ORNL, date unknown 1-20). Beginning in 1971, the scope was expanded to include
nonradiological monitoring data; the reports were then titled Environmental Monitoring Report,
United States Department of Energy, Oak Ridge Facilities (Union Carbide Corporation Nuclear
Division 1972-1983; Martin Marietta Energy Systems 1984-1995). After 1995, DOE began
including data from the environmental monitoring reports in the Oak Ridge Environmental
Information System (OREIS, described below).
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Figure 10. Areas of Interest at the K-25 Site Included in Aerial Surveys
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I1.F.4.5. Oak Ridge Environmental Information System (OREIS).

An abundance of ORR-related environmental data is available. DOE created an electronic data
management system to integrate all of the data into a single database. This assists public and
governmental access to operations-related ORR environmental data and maintains data quality.
DOE wanted to ensure that the database had long-term retention of environmental data and had
user-friendly data access. The OREIS database contains data related to compliance,
environmental restoration, and surveillance activities. OREIS collects information from all key
surveillance activities and environmental monitoring efforts. This information includes but is not
limited to studies of the Clinch River embayment and the Lower Watts Bar, as well as annual site
summary reports. As new studies are completed, those environmental data are entered into the
database as well (ATSDR et al. 2000).

I1.F.4.6. Comprehensive Epidemiologic Data Resource (CEDR).

CEDR is a public-use database. Its data are pertinent to health-related studies performed at the
Oak Ridge Reservation and at other DOE sites. This easily accessible, easy-to-use repository of
data—without personal identifiers—has been collected from occupational and environmental
health studies of workers at DOE facilities and from nearby community residents. It organizes
the electronic files of data and documentation collected during these studies and makes them
accessible on the Internet at https://www.orau.gov/cedr/. Most of CEDR’s large data collection
pertains to about 50 epidemiologic studies of workers at various DOE sites. Of particular interest
to Tennessee residents is an additional feature of CEDR that provides searchable text for about
1,800 original government documents (now declassified) used by TDOH for the Oak Ridge Dose
Reconstruction. Also available through CEDR at https://www.orau.gov/cedr/ are all of the
technical and summary reports produced by this study.

For the first time, this complex information is concise, uncluttered, comprehensible, and
accessible. CEDR now provides slideshow-format images that estimate concentrations, doses,
and risk values for three contaminants (iodine, mercury, and uranium) in air at locations studied
in TDOH’s Dose Reconstruction, compliance, environmental restoration, and surveillance
activities. Information from all key surveillance activities and environmental monitoring efforts
is entered into OREIS. This includes but is not limited to studies of the Clinch River embayment
and the Lower Watts Bar, as well as annual site summary reports. As new studies are completed,
those environmental data are entered as well (ATSDR et al. 2000).
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III. Evaluation of Uranium and Fluoride Releases, Exposure Pathways,
and Environmental Contamination

I11.A. Introduction

In 2001, ATSDR reviewed and analyzed TDOH’s Oak Ridge Health Studies Phase | and Phase
Il screening evaluation. ATSDR’s purpose was to identify contaminants that might require
further evaluation. TDOH had extensively reviewed available information and had conducted
qualitative and quantitative analyses of past (1944-1990) releases from the entire ORR as well as
off-site exposures to hazardous substances. After its review and analysis of the TDOH data,
ATSDR determined that past releases of uranium, mercury, iodine 131, fluorides, radionuclides
from White Oak Creek, and PCBs required further evaluation.

Again, for ATSDR, the vehicle to evaluate these contaminants further is the public health
assessment (PHA). ATSDR has released, or is conducting ORR-related PHAS on

e Y-12 mercury releases,

e X-10iodine 131 releases,

e White Oak Creek radionuclide releases, and
e PCB releases from X-10, Y-12, and K-25.

ATSDR previously prepared ORR PHAS on uranium releases from Y-12 and contaminant
releases from the Toxic Substances Control Act (TSCA) Incinerator, and addressed current
public health issues related to the East Fork Poplar Creek and the Lower Watts Bar Reservoir
(LWBR). ORR PHAs have been conducted on other issues of concern, such as contaminated off-
site groundwater and a screening of current (1990-2003) environmental data to identify any
other chemicals that require further evaluation.

In this “K-25/S-50 uranium and fluoride releases” PHA, ATSDR evaluated the data and findings
of previous studies and investigations to

e ldentify sources of uranium and fluoride releases,

e Assess the amounts of uranium and fluoride released,

e Evaluate past and current off-site exposure pathways,

e Estimate radiological doses and uranium and fluoride concentrations, and

e Determine the health implications of past, current, and future uranium and fluoride

exposures for residents near the ORR, specifically the communities of Sugar Grove,
Union/Lawnville, and Happy Valley.
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This PHA section discusses

e Sources, emissions, and concentrations of uranium, fluoride, and radioactive materials
released from the K-25/S-50 site;

e Means by which residents near the site might come into contact with these contaminants;

e Evaluation of potential doses and concentrations associated with potential exposures to
these contaminants; and

e Criteria for identifying and evaluating exposures for potentially affected populations.

Worth repeating is that this PHA primarily evaluates the short-term (acute) and long-term
(chronic) airborne releases of uranium hexafluoride and other associated radiological materials
from many of ORR’s K-25 and S-50 buildings—the facilities involved in past gaseous diffusion
operations. The PHA’s goal is to estimate off-site concentrations and doses for people living in
the communities of Sugar Grove, Union/Lawnville, and Happy Valley. Airborne uranium
hexafluoride and other radiological materials are the primary contaminants of concern that
require further evaluation; previous studies indicate that past releases of these contaminants may
have resulted in off-site exposures at levels of health concern.

This PHA includes an evaluation of on-site soil samples collected on or adjacent to the K-25/S-
50 site. Many of the soil samples were collected within the ORR boundary, between the K-25/S-
50 site and any off-site populations. The contaminant releases to groundwater at the
ORR—including the K-25 site—as well as off-site radionuclide releases to surface waters, are
evaluated in separate PHAS. For copies of these assessments, please contact ATSDR toll-free at
1-800-232-4636.

For the purposes of this document, the terms “on-site releases” and “on-site contamination”
describe releases of hazardous substances and the resulting contamination of material within
ORR’s fenced security area (i.e., areas to which public access is restricted) controlled by DOE.
This PHA considers on-site releases and contamination primarily in terms of sources for off-site
contamination. This PHA also considers on-site releases as means by which to evaluate their
potential effect on nearby, off-site communities. “Off-site contamination” describes
environmental media (e.g., soil, sediment, surface water, groundwater, air, or food chain entities)
contaminated as a result of nonradioactive or radioactive contaminants that have traveled off site
from the ORR. Specifically, this PHA focuses on human exposure to off-site air contaminants in
areas surrounding the Oak Ridge Reservation. For ATSDR’s public health assessments that
evaluate potential human exposure to ORR-related contaminants in other off-site media, go to
http://www.atsdr.cdc.gov/HAC/oakridge/phact/index.html. Also important to note is that this
PHA does not evaluate the impact of potential exposures for DOE workers to on-site
contaminants—this is outside ATSDR’s legislative mandate and is the responsibility of other
organizations such as the National Institute for Occupational Safety and Health (NIOSH) (see the
agency’s Occupational Energy Research Program Web site for more information at
http://www.cdc.gov/niosh/oerp/).
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I11.B. Exposure Evaluation Process

Hazardous substances (e.g., chemicals or radioactive materials) released into the environment do
not always result in human exposure. People are only exposed to a chemical contaminant if they
come into contact with it. If no one comes into contact with a contaminant, no exposure occurs,
and thus no health effects occur. Often the public does not have access to the source area of
contamination or to areas where contaminants move through the environment. Such lack of
access becomes important in determining whether people could come into contact with the
contaminants or with radiological emissions from the contaminants.

The exposure pathway is a contaminant’s route from the release source to the people exposed in
off-site areas. For an exposure to occur, an exposure pathway must be completed. A completed
exposure pathway must include the following five elements:

A source of contamination,

An environmental medium through which the contaminant is transported,
A point of human exposure,

A route of human exposure, and

An exposed population.

ok wbdE

A potential exposure pathway is present when one or more of the elements is missing, but
available information indicates that human exposure is likely to occur. A pathway is also
considered potential when modeled data are used to predict human exposure. When one or more
of the elements is missing and available information indicates that human exposure is unlikely, a
site is categorized as No exposure pathway (ATSDR 2005). Figure 11 illustrates the pathways of
exposure to contaminants. The exposure medium (i.e., air) and route (i.e., inhalation) of interest
for this PHA are both highlighted in the figure.

Here ATSDR identifies and evaluates exposure pathways by considering how people might
come into contact with a chemical or radiological contaminant—in this case, uranium or fluoride
airborne releases. An exposure pathway could involve air, surface water, groundwater, soil, dust,
or plants and animals. Exposure to any chemical can occur by breathing, eating, drinking, or by
skin contact with a substance containing that chemical or a radioactive contaminant. Exposure
specifically to radiation can occur just by proximity to the radioactive material; direct contact is
unnecessary.

If an exposure route is established, ATSDR then considers whether environmental contamination
is present at levels that might affect public health. ATSDR evaluates environmental
contamination using available environmental sampling data and, in some cases, modeling
studies. Contaminants are selected for further evaluation by matching environmental
contaminant concentrations with health-based comparison values. Comparison values are
developed from available scientific literature on subjects such as exposure and health effects.
Comparison values are then derived for each medium. The values reflect an estimated
concentration that is not expected to cause harmful health effects for a given contaminant,
assuming a standard daily contact rate (e.g., the amount of water or soil consumed or the amount
of air breathed) and representative body weight.
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Figure 11. Pathways of Exposure for Site-Specific Contamination
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The environmental medium (air) and exposure route (inhalation) are highlighted because the inhalation pathway is
the main focus of this PHA.

The concentrations and distributions of hazardous substances in each of the pathways are evaluated in this section.

This assessment does not include ingestion of drinking water from surface water or groundwater sources because
these are evaluated by ATSDR in other PHAs.
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Note, however, that comparison values are not thresholds for harmful health effects. ATSDR
comparison values represent contaminant concentrations many times lower than levels at which
no effects were observed in studies on experimental animals or in human epidemiologic studies.
If specific contaminant concentrations are above comparison values, ATSDR further analyzes
exposure variables (such as site-specific exposure, duration, and frequency) for health effects,
including the toxicology of the contaminant, other epidemiology studies, and the weight of
evidence.

More information about the ATSDR evaluation process can be found in ATSDR’s Public Health
Assessment Guidance Manual at http://www.atsdr.cdc.gov/HAC/PHAManual/index.html or by
contacting ATSDR at 1-800-CDC-INFO. An interactive program that provides an overview of
the public health assessment process ATSDR uses to evaluate whether people will be harmed by
hazardous materials is available at: http://www.atsdr.cdc.gov/training/public-health-assessment-
overview/html/index.html.

111.B.1. Chemical Evaluation

ATSDR screened available ORR-related chemical data for uranium and fluoride/HF to determine
whether concentrations were above ATSDR’s comparison values (see description below). To
understand more completely the public health implications of exposure, ATSDR also reviewed
relevant toxicologic and epidemiologic data to obtain information about the chemicals’ toxicity.

ATSDR selects chemicals for further evaluation by

comparing the maximum environmental concentrations ATSDR uses comparison
against media-specific, health-based comparison values. At values to screen

this step of the screening process, the maximum crsmieels L gl
concentrations serve as a conservative measure. That people addmonal evaluation

are exposed to a range of concentrations, not just the

maximum reported levels, is well established. Because comparison values reflect concentrations
much lower than those actually observed to cause adverse health effects, the values are public
health-protective in essentially all exposure situations. Comparison values are derived for
soil/sediment, water, and air: they reflect a concentration that is not expected to cause harmful
health effects for a given contaminant, assuming a standard daily contact rate (e.g., the amount of
water or soil consumed or the amount of air breathed) and representative child or adult body
weight. Thus exposure to chemical concentrations detected at or below ATSDR’s comparison
values is not expected to cause health effects in people. Levels below media-specific comparison
values do not pose a public health hazard and, for a given media, are not further evaluated.

While concentrations at or below the respective comparison value can be considered safe, that
any environmental concentration exceeding a comparison value would produce adverse health
effects does not automatically follow; comparison values are not health-effect thresholds.
ATSDR comparison values represent concentrations that are many times lower than levels at
which, in studies on experimental animals or in human epidemiologic studies, no effects were
observed. The likelihood that adverse health outcomes will actually occur depends on site-
specific conditions, individual differences, and factors that affect the route, magnitude, and
duration of actual exposure. If contaminant concentrations are above comparison values or if no
comparison values exist for particular contaminants, ATSDR further analyzes exposure variables

45


http://www.atsdr.cdc.gov/training/public-health-assessment-overview/html/index.html
http://www.atsdr.cdc.gov/training/public-health-assessment-overview/html/index.html
http://www.atsdr.cdc.gov/HAC/PHAManual/index.html

ATSDR

(such as site-specific exposure duration and frequency) for health effects, including the toxicity

of the chemical, epidemiology studies, and the
weight-of-evidence.

For some public health assessments, however,
critical data are simply unavailable. A
professional judgment about the level of health
hazard thus becomes impossible. In these
instances, ATSDR must determine whether the
needed data can be obtained elsewhere. In
preparing this PHA for instance, evidence
showed that fluoride and hydrogen fluoride
were released as UF¢ at the K-25 site during
accidents or during equipment maintenance.
But with regard to these releases ATSDR was
unable to locate environmental sampling data
related to historic short-term exposure.
Although ATSDR used worst-case assumptions
and modeled air data to estimate exposures, the

necessary and sufficient sampling data are

Weight-of-evidence is the extent to which the
available scientific information supports the
hypothesis that a substance causes an
adverse effect in humans. For example,
factors that determine the weight-of-evidence
that a chemical poses a hazard to humans
include

The number of tissue sites affected by
the agent;

The number of animal species, strains,
sexes, and number of experiments and
doses showing a response;

The dose-response relationship;

Statistical significance in the occurrence
of the adverse effect in treated subjects
compared with untreated controls; and

The timing of the adverse-effect
occurrence.

nowhere to be found. Thus ATSDR cannot

draw a conclusion about any past true health hazard. In all likelihood sufficient data will never
be available to form a professional judgment about the level of health hazard from exposure to
historic short-term fluoride and hydrogen fluoride released from the K-25 site.

111.B.2. Radliological Evaluation

The two broad classes of radiation exposure are
external radiation and internal radiation. Internal
exposures result from radioactive materials taken
into the body through the process of inhalation or
ingestion of radioactive materials such as
contaminated food. External exposure results
from radiation sources outside the body, such as
radiation emitted from contaminated sediment.
External-source radiation can sometimes
penetrate human skin. Whether an exposure
contributes to a person’s external or internal
exposure depends primarily on the type of
radiation—alpha and beta particles or gamma
rays—to which a person was exposed (see text
box).

Beta particles can penetrate human skin
and tissues and deliver a dose both
internally and externally. Gamma rays can
travel long distances and easily penetrate
body tissues, and are therefore the
primary type of radiation resulting in
external radiation exposures. Alpha
particles cannot penetrate skin, so they
pose a minimal external exposure
concern. Alpha particles, however, can
inflict biological damage if the body takes
them in, for example by breathing or
swallowing radioactive material in air or
food (ATSDR 1999b).
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ATSDR calculates the radiation dose by using the concentration of

the radionuclide in the environment and, if available, site-specific The radiation dose is
exposure factors such as time spent outdoors and amount of water the amount of energy
and food ingested. If these site-specific factors are unavailable, from radiation that the
ATSDR either uses default values or derives region-specific values. | Pody actually absorbs.

Once these inputs are derived, the dose coefficient converts the

amount of radioactive material taken into the body to the radiation dose. ATSDR might use
worst-case exposure factors to determine whether adverse health effects are possible. Because of
this approach, the estimated radiation doses are usually much higher (i.e., more conservative)
than the levels to which people are actually exposed. Note that the radiation dose concept is not
as simple as related here. A number of other factors (e.g., how radionuclides decay, the organ
most sensitive to the radiation, particle size distribution, the chemical form) might affect “dose”
and therefore must factor into the dose derivation.

Most radioactive elements such as uranium have more than one radioactive species or isotope.
The radiation dose delivered by a radioactive element to the body is a function of the element’s
chemical form, the specific isotope’s radioactive half-life, and the energy of its decay. Uranium
has three naturally occurring radioactive isotopes indicated by the mass numbers 234, 235, and
238, each with a different half-life and decay energy. The dose to the body is different for each
isotope. The doses from each isotope are evaluated separately. The doses are then added together
to yield the total uranium dose.

Even after the initial radioactive material has been taken into the body, internal radiation
exposure from a radionuclide continues. And this occurs even if no additional radionuclides are
ingested or inhaled. In other words, internal radiation exposure from radioactive material
commits the exposed person to receiving a radiation dose for a period of time. That period
typically depends on the radionuclide’s half-life and its rate of elimination from the body. (See
the glossary in Appendix A for a description of half-life.) For an organ-specific dose this is
known as the committed equivalent dose, and for a whole-body dose, the committed effective
dose. Exposure to external radiation sources, however, stops when the source is removed or
when a person moves away from the source. The doses are further defined as follows:

111.B.2.1. Committed Equivalent Dose

The International Commission of Radiological Protection’s (ICRP’s) term (starting with ICRP
Publication 60) for the dose to organs and tissues of reference that a person will receive from an
intake of radioactive material:

e For workers or adults, over a 50-year period following the intake, and
e For children, up to a 70-year period following the intake.

111.B.2.2. Committed Effective Dose

ICRP’s term for the sum of the products of 1) the weighting factors applicable to each body
organ or tissue that is irradiated, and 2) the committed equivalent dose to the appropriate organ
or tissue integrated over time (in years) following the intake, with the assumption that the entire
dose is delivered in the first year following the intake. The integrated time for an adult is 50
years; for children, it is from the time of intake to 70 years. The committed effective dose is used
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in radiation safety because it implicitly includes the relative carcinogenic sensitivity of the
various tissues.

111.B.3. Weighting Factors

The ICRP developed weighting factors to address the variable effectiveness of different types of
radiation and the variation of the radiation’s effect on specific tissues. Depending on the type of
radiation, the weighting factor can be 1.0, 5.0, or 20. For example, alpha radiation is 20 times
more damaging than gamma radiation. Hence the radiation-weighting factor for alpha radiation
is 20. In the case of tissues, the weighting factors are determined by a relative contribution to
adverse health effects resulting from irradiation of the entire body.

111.B.3.1. Effective Dose

ICRP’s term (starting with ICRP Publication 60) for the sum of the products of 1) the weighting
factors applicable to each body organ or tissue that is irradiated, and 2) the mean equivalent dose
in the tissue or organ following exposure to external radiation.

111.B.4. Past, Current, and Future Exposure Pathways Evaluated

ATSDR evaluated potential inhalation exposure for radionuclides (uranium 234, 235, and 238,
technetium 99, and neptunium 237), fluorides (in both fluoride and fluorine forms), and
hydrogen fluoride from K-25 and S-50 site air emissions. This PHA does not evaluate other
potential exposures, such as ingestion of drinking water from surface water or groundwater;
these were evaluated by ATSDR in other PHAS (see all other PHAs completed by ATSDR at:
http://www.atsdr.cdc.gov/HAC/oakridge/phact/index.html). ATSDR’s exposure pathway
analysis in these other PHAs did not identify past off-site exposure pathways for uranium and
fluoride via the groundwater or surface water bodies at the K-25 site. Additional evaluation of
past ingestion exposure to uranium and fluoride via drinking water is therefore unwarranted.
Table 3 contains the sources, timeframes, contaminants, and exposure areas evaluated in this
PHA for past (1944-2006) exposures. Current and future exposures include any potential
hazards that might be identified during ongoing remedial activities at the site. Using ATSDR’s
evaluation, no potential current or future hazards to off-site residents have been identified at this
time, but remediation continues at the site. Figure 12 contains the locations of the significant
emission sources at the K-25 site relative to the points of historic exposure and the locations of
the former cylinder storage yards. Section I1.E, Demographics, in this PHA discusses
information on population estimates and residential histories for the respective exposure areas.

With respect to the K-25/S-50 site evaluated in this PHA, ATSDR assumed that uncontrolled
releases of uranium and fluoride compounds would be transported in the atmosphere to off-site
areas. Consequently, ATSDR also assumed that exposure pathways have been completed for
historic air releases for uranium and fluoride compounds. The remainder of this section will
evaluate the doses and concentrations of uranium and fluoride compounds at the areas of highest
exposure (Happy Valley, Sugar Grove, and Union/Lawnville). Section 1V, Public Health
Implications, explores whether these estimated doses and concentrations are or were a public
health hazard.
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Table 3. Exposure Sources, Timeframes, Contaminants, and Exposure Areas for the Evaluation of
Past Exposures to K-25/S-50 Air Emissions

Source Timeframe Contaminant (Exposure Duration) ‘ Exposure Area

Past Exposures

Radionuclides (acute/chronic)
Fluorides (acute/chronic) Union/Lawnville
Hydrogen Fluoride (acute/chronic)

1945 to 1995
1963 (maximum release year)
K-25

Radionuclides (acute/chronic)
Fluorides (acute/chronic) Sugar Grove
Hydrogen Fluoride (acute/chronic)

1960 to 1995
1963 (maximum release year)

Radionuclides (acute/chronic)
Fluorides (acute/chronic) Happy Valley
Hydrogen Fluoride (acute/chronic)

S-50 1944 to 1945 , , :
Radionuclides (acute/chronic)

Fluorides (acute/chronic) Union/Lawnville
Hydrogen Fluoride (acute/chronic)

Notes:
Radionuclides include uranium (234, 235, and 238), technetium 99, and neptunium 237.

This PHA does not evaluate potential exposures other than inhalation (e.g., drinking water or groundwater
ingestion). ATSDR evaluated these in other PHAS.
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Descriptions of the past primary sources (specific buildings) including type of air releases, contaminants, and
timeframes are listed in Table 4.

Cylinder yard locations are approximate.

Additionally, Appendix A provides a glossary of environmental and health terms presented in the
discussion. Additional background information is provided in appendices as follows:

e Appendix B summarizes other public health activities at the ORR;
e Appendix C summarizes remedial activities related to the study area;

e Appendix D provides a description of the CAP88-PC Model and presents the output data
from the model,

e Appendix E presents the model output for K-25 releases from the RASCAL3 model,

e Appendix F contains K-25 meteorological data;
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e Appendix G details the measured versus predicted gross alpha concentrations at
monitoring locations; and

e Appendix H contains summaries of ATSDR and TDOH studies.

e Appendix I provides toxicological data on specific contaminants evaluated in this public
health assessment.

e Appendix J includes public comments received on this document during the public
comment period (December 23, 2008, through February 20, 2009) and ATSDR’s
responses to those comments.

e Appendix K presents peer reviewer comments provided on this document and ATSDR’s
responses to those comments.

I11.C. Past Releases from the K-25/S-50 Site (1944 to 2006)

111.C.1. Sources and Emissions Estimates of Airborne Uranium, Fluoride,
Hydrogen Fluoride, and Other Radjiological Contaminants

111.C.1.1. Sources

The primary airborne contaminant released from the K-25 and S-50 facilities was uranium
hexafluoride (UFg). The primary mission of the K-25 and S-50 facilities was the enrichment of
U-235 via gaseous diffusion of uranium hexafluoride. From 1945 to 1963 the K-25 facility
produced UFg that was highly enriched with the U-235 isotope (up to 93% U-235). From 1964 to
1985, the K-25 facility produced low enrichment UFg (up to 5% U-235). The S-50 facility,
which operated for only about 12 months from 1944 to 1945, produced and released UFg with an
enrichment of less than 1 percent U-235 (ChemRisk 1999a). These changes in relative UFg
enrichment are reflected in the proportions of U-234, U-235, and U-238 released to the
atmosphere. At atmospheric temperature and pressure, UFg is a dense or heavy gas (heavier than
air). When released in the air, UFg reacts rapidly with atmospheric water to form hydrogen
fluoride and uranyl fluoride and uranium oxide particulates (ATSDR 2003).

In the area where gaseous diffusion processes occurred, the K-25 site had more than 500
buildings, over 270 auxiliary facilities for support services, and about 290 more buildings and
trailers used for various purposes. Figure 12 shows the locations of the process buildings on the
K-25/S-50 site that were the primary sources of historic air emissions. Note that the process
buildings—the specific release sources—were widely distributed across the K-25 site. Releases
from these buildings occurred from a number of vents and stacks, many of which included some
type of effluent treatment or trap to capture the uranium before it was released to the
environment (ChemRisk 1999a). The specific contaminants and timeframe for releases from
each building are described in Table 4 (ChemRisk 1999a; Lay and Rogers 1986).

Initially, all of the UF¢ fed into the gaseous diffusion cascades was made from natural uranium.
Beginning in 1952, however, uranium reprocessed from previously fissioned material (reactor
tails) was introduced as UF¢ feed material. The UFg from spent reactor fuel contained fission
products and transuranic radionuclides including technetium 99 (Tc-99), neptunium 237 (Np-
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237), and very small quantities of plutonium 239 (Pu-239). Consequently, after 1952, airborne
emissions from the K-25 facility also contained quantities of Tc-99, Np-237, and Pu-239. The
proportion of spent reactor tails to natural uranium in the feed material varied significantly from
1952 to 1985, but must be accounted for in airborne emission estimates.

From 1976 to 1980, airborne releases from the K-25 facility also included significant quantities
of krypton 85 (Kr-85) (Lay and Rogers 1986). Krypton was apparently added to the UF; feed
material as part of an Oak Ridge National Laboratory (ORNL) experiment. Available
information is limited and does not indicate the part of the feed material production and
processing where krypton 85 was introduced or released. A Lay and Rogers (1986) summary of
K-25 radionuclide emissions, however, indicates that the experiment lasted 5 years and a total of
106.5 curies (Ci) of Kr-85 were released into the atmosphere. Annual Kr-85 releases varied from
6.5 Ci in 1976 to 41.5 Ci in 1978 and have been included in subsequent dispersion and dose
calculations.”

Beginning in the 1950s, DOE and its predecessors accumulated approximately 6,000 UFg
cylinders® in six storage yards at the K-25 site. As of December 2006, however, DOE completed
removal of all UF¢ cylinders from the cylinder storage yards at the K-25 site. Uranium
hexafluoride, or UFg, is a solid, vacuum-stored in steel cylinders (Fricke 1996). When stored at
temperatures below 134°F (57°C) at atmospheric pressure, depleted UF¢ is a white, crystalline
solid (USDOE 1999).The cylinders were of several dimensions (the most common were 12 feet
[about 3 %2 meters] long and 4 feet [about 1 meter] in diameter), had a nominal wall thickness of
3/16 inch (about 5 millimeters), and when full contained about 14 tons of UFs. Figure 12 shows
the location of the six former cylinder storage yards. If one of the cylinders had leaked, the UFg
would have reacted with moisture in the atmosphere to form hydrogen fluoride (HF) gas and
uranium reaction products such as solid uranyl fluoride. The solid would have sealed small leaks
or cracks, preventing the escape of radioactive and chemical materials from the cylinders (Fricke
1996). No cylinders remain on site—removal was complete by December 2006.

® Kr-85 is not cited in the CAP88-PC model in Appendix D—no Kr-85 releases occurred in 1963, the release year
included in the CAP88-PC model. Also, Kr-85 is an inert, nonreactive gas. The ICRP by definition does not
calculate internal doses from inert gases as they do not bind to or react with any body tissue.

® The cylinders collectively contained about 119 million pounds of UFg.
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Table 4. Descriptions of the Past Primary Sources Contributing to Airborne Releases From the K-25 and S-50 Facilities

Process Buildings Type of Air Releases Contaminants Timeframe
S-50 Site
-Routine releases from equipment UFs
Liquid thermal diffusion S50 con@ﬂomng ex .austs . (with supsequent altmosphenc October 1944 to
-Accidental equipment failures and process conversion to uranium oxides and | September 1945
errors hydrogen fluoride)
K-25 Site
(I;{ydrogelznfrluoride;haréd quoriHe y -Routine releases from disposal tower -UFs
isposal ( uorine/hydrogen fiuoride K-1405 -Accidental equipment failures -Sodium urinate 1944 t0 1952
converted to sodium fluoride then )
released to air) -Process errors -Uranyl fluoride
Routi iored ina of d 1945 t01964
o5 korm K20 -Uou mg mozl ore pu.rglngfo cas.,ca es UF.G | (highly enriched UFs)
Gaseous diffusion enrichment -25,K-27,K-29, | - nmonltore eyacuatms or maintenance (with supsequent gtmosphenc
K-31, and K-33 -Accidental equipment failures and process | conversion to uranium oxides and | o o\ ooc
errors hydrogen fluoride) 0 _
(low enrichment UFs)
Feed vaporization and toll enrichment K-131 K-1131 -Accidental equipment failures and process UFs
(cylinders heated to vaporize UF¢ for and Kil 423 ’ errors (e.g., faulty cylinder connections, valve ched. natural. or depleted 1945 to 1985
transfer to cascades) failures, and overfilling) (enriched, natural, or depleted)
Product and tails transf -Accidental equipment failures (including
roduct and tails ransfers (ga}seous K-413, K-631, and | cylinder explosions and ruptures) UFe
UFs compressed/condensed into K-1131 P taulty eviind i ched. natural. or deoleted 1945 to 1985
liquid and transferred to cylinders) -Process errors (faulty cylinder connections (enriched, natural, or depleted)
and valve failures)
Uranium decontamination and K-131, K-1301, K- | -Routine releases from incinerator and
recovery (process equipment cleaned 1302 K-1303. K- | cylinder purging/evacuation “UFs
with water, steam, acid, etc.; other 1401’ K-1410’ and | -Accidental equipment failures Oth [ d 194510 1985
waste material incinerated and ash K-1 4é1 ' auip -Other uranium compounds
recycled) -Process errors
. . . : : UFs
UFs feed manufacturing (production -Accidental equipment failures , , 1052 10 1961
of UFe from uranium dioxide [UOz2] K-1131 -Material transfer losses (with su_bsequent a_tmosphenc
conversion to uranium oxides and | 1962 to 1965

and hydrogen fluoride [HF]

-Process errors

hydrogen fluoride); UO2; UF4; HF
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Table 4 (continued). Descriptions of the Past Primary Sources Contributing to Airborne Releases from the K-25 and S-50 Facilities

Process

Buildings

Type of Air Releases

Contaminants

Timeframe

K-25 Site

Gas centrifuge program (a
developmental program to
prototype and test high speed
centrifuges used to enrich UFs)

K-1423, K-1200, K-
1210, and K-1225

-Accidental equipment failures
-Process errors

UFs

(with subsequent atmospheric
conversion to uranium oxides and
hydrogen fluoride)

Early 1960s to late 1980s

Source: ChemRisk 1999a; Fricke 1996; Lay and Rogers 1986; USDOE 2003a

Notes:

UO: is uranium dioxide.

UF4 is uranium tetrafluoride.
UFe is uranium hexafluoride.
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I11.C.1.2. Annual Airborne Emission Estimates (1944 to 1995)

ATSDR used DOE and ChemRisk estimates to evaluate total airborne uranium releases for the
K-25/S-50 site. The DOE uranium release estimates are taken from quarterly, semi-annual, or
annual environmental reports for the years 1959-1995 and from a Lay and Rogers (1986)
historical summary. The ChemRisk estimates from the Task 6 report are based on more than 40
sources documenting over 1,200 uranium release events for the years 1944 to 1995 (ChemRisk
1999a); ChemRisk data were provided to ATSDR. Table 5 and Figure 13 show the total uranium
releases, in Curies, to the atmosphere as estimated by DOE and by ChemRisk in its Task 6
report.

Although independently derived, the uranium release estimates are based on the same underlying
monitoring and incident release reports. Additionally, S-50 facility emissions were not included
in original DOE K-25 facility release estimates. In the Task 6 report ChemRisk adds the S-50
facility releases for 1944 and 1945 to the DOE estimate. ChemRisk did not independently
estimate 1989 to 1995 releases in the Task 6 report, which were taken directly from DOE release
estimates. As shown in Table 5 and Figure 13, these two semi-

independent estimates of total airborne uranium releases are ATSDR uses the term
very similar. conservative to refer to

values protective of public
That said, in two important attributes the DOE estimates of health in essentially all
total airborne uranium releases are more conservative than are situations. Thus for public
the Task 6 report estimates. First, when the S-50 facility health purposes,
emissions are added to the DOE release estimates, the auireiiiionl velues Gl
cumulative activity of airborne uranium release, as estimated by Sglrhse'gered conservative
DOE, is about 8 percent larger than the Task 6 report estimate. '

Second, and more important, the highest annual releases (1961 and 1963) as estimated by DOE
for those years are more than 30 percent larger than the Task 6 report estimates.

Although the DOE estimate of total airborne uranium releases is more conservative than is the
Task 6 report estimate, the Task 6 report emissions data are more complete. They include the
relative composition of the uranium isotopes U-234, U-235, and U-238 for each of the release
years. ATSDR’s analyses of uranium isotope dispersion and of the resulting effective dose to the
potentially exposed population uses the DOE estimate of total uranium activities and the Task 6
report estimate of uranium isotope proportions. Table 5 shows the estimated annual airborne
radionuclide releases (total uranium, technetium 99, and neptunium 237) from the K-25/S-50
facilities and the relative abundance of uranium isotopes. As mentioned previously, the very
small quantities of Pu-239 included in the reactor tails account for less than one percent of the
total radiation and therefore are not included in radiological dose assessments.
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Table 5. Estimated Annual Airborne Radionuclide Releases from K-25/S-50

Total Uranium (Curies) Relative Abtfggz)r:)(;e T(;v;igehtR zggc:nt) Uranium Tas(légrizp))ort
Year | DOE | Task 6 Report Uranium 234 Uranium 238 Uranium 235 Technetium 99 Nep;gglum
1944 | 0.04 | 0.04 48.05 49.67 2.29 — —
1945 | 2.05 | 2.05 48.06 49.65 2.29 — —
1946 | 0.01 | 0.05 95.83 0.46 3 — —
1947 | 0.01 | 0.05 96.52 0.18 3.30 — —
1948 | 0.01 | 0.00 56.58 41.00 2.42 — —
1949 | 0.01 | 0.05 40.73 57.50 1.76 — —
1950 | 0.10 | 0.09 48.13 49.59 2.28 — —
1951 | 0.02 | 0.13 46.29 51.55 2.16 — —
1952 | 0.23 | 0.78 46.26 51.59 2.15 — —
1953 | 160 | 141 66.40 30.65 2.96 2.9 0.110
1954 | 0.26 | 0.79 93.92 2.99 3.09 2.9 0.050
1955 | 0.26 | 0.26 62.95 34.49 2.57 2.9 0.050
1956 | 0.81 | 0.16 43.42 54.62 1.96 2.9 0.023
1957 | 015 |0.21 4853 49.28 2.20 2.9 0.024
1958 | 1.80 | 1.82 48.01 49.71 2.28 2.9 0.130
1959 | 1.10 | 0.59 66.66 30.52 2.82 2.9 0.039
1960 | 1.50 | 0.99 48.23 49.48 2.29 2.9 0.072
1961 | 3.10 | 0.60 54.39 43.32 2.28 2.9 0.054
1962 | 0.24 | 0.17 87.28 8.85 3.87 2.9 0.013
1963 | 3.10 | 2.02 79.58 16.03 4.39 25 0.049
1964 | 0.01 | 0.01 71.79 24.82 3.39 25 0.002
1965 | 0.14 | 0.67 83.20 12.96 3.84 25 0.013
1966 | 0.01 | 0.00 73.01 23.00 3.99 25 0.002
1967 | 0.01 | 0.00 68.25 28.07 3.68 25 0.002
1968 | 0.01 | 0.00 39.41 58.95 1.65 25 0.002
1969 | 0.01 | 0.01 50.96 46.54 2.49 25 0.003
1970 | 0.01 | 0.01 66.92 29.49 3.59 25 0.003
1971 | 0.02 | 0.09 77.87 17.87 4.26 25 0.003
1972 | 0.03 | 0.05 63.13 33.55 3.32 25 0.004
1973 | 044 | 0.44 74.80 21.09 411 25 0.006
1974 | 0.13 | 1.18 78.64 17.01 4.34 0.27 0.014
1975 | 0.27 | 0.65 77.27 18.47 4.26 0.30 0.001
1976 | 0.05 | 0.25 80.60 15.00 4.40 6.79 0.002
1977 | 0.03 | 0.06 80.15 15.43 4.42 0.00 0.002
1978 | 0.02 | 0.04 81.76 14.73 351 0.29 0.002
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Table 5 (continued). Estimated Annual Airborne Radionuclide Releases from K-25/S-50

Total Uranium (Curies) Relative Abt:gg%r;)(;e _gvseligeshtR gggcrttent) Uranium Tas(léSrI;eS;))ort
Year | DOE | Task 6 Report Uranium 234 Uranium 238 Uranium 235 Technetium 99 Nep;ggium
1979 | 0.04 | 0.11 82.08 13.39 4,53 1.34 0.002
1980 | 0.03 | 0.20 76.13 19.82 4.04 0.88 0.002
1981 | 0.01 | 0.13 78.62 17.08 4.30 0.04 0.002
1982 | 0.01 | 0.11 74.03 2191 4.06 0.03 0.002
1983 | 0.01 | 0.00 76.68 19.10 4.22 0.02 0.002
1984 | 0.01 | 0.00 77.55 18.17 4.28 0.02 0.002
1985 | 0.01 | 0.00 78.35 17.34 4.32 — 0.002
1986 | 0.01 | 0.00 89.39 5.85 4.76 — 0.002
1987 | 0.01 | 0.00 52.96 44.41 2.63 — 0.002
1988 | 0.31 | 0.31 48.05 49.67 2.29 — 0.002
1989 | 0.00 | 0.00 47.67 50.02 2.30 — 0.002
1990 | 0.00 | 0.00 37.29 61.18 1.53 — 0.002
1991 | 0.02 | 0.02 42.10 56.04 1.87 — 0.002
1992 | 0.06 | 0.06 39.55 58.76 1.69 — 0.002
1993 | 0.01 | 0.01 47.66 50.20 2.14 — 0.002
1994 | 0.01 | 0.01 55.61 41.58 2.82 — 0.002
1995 | 0.01 | 0.01 18.43 81.39 0.18 — 0.002
Totals | 18.15 | 16.70 63.76 33.15 3.08 66.48 0.700

Notes:
Technetium 99 (Tc-99) and neptunium 237 (Np-237) were not released during these years.
DOE uranium estimates are from Lay and Rogers (1986) and environmental monitoring reports.

S-50 facility emissions were not included in the original DOE K-25 facility release estimates; ChemRisk added the
1944 and 1945 S-50 facility release estimates (shown in blue) to DOE’s estimates. Thus, DOE uranium estimates
include 1944-1945 S-50 releases from the Task 6 report.

Task 6 report uranium estimates are from ChemRisk in the Task 6 report (ChemRisk 1999a).

ChemRisk did not independently evaluate estimates for 1988 to 1995; the Task 6 report uranium estimates (shown in
blue) were taken directly from DOE release estimates for 1988 to 1995.

Note that when the S-50 facility emissions are added to the DOE release estimates: 1) the cumulative DOE release
estimate is greater than the Task 6 report estimate, and 2) during the maximum release years (1961 and 1963),
DOE'’s estimates are much greater than the Task 6 report estimates.
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Figure 13. Total Estimated Airborne Uranium Releases (in Curies) from the K-25/S-50 Facility
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Notes:
DOE uranium estimates are from Lay and Rogers (1986) and environmental monitoring reports

S-50 facility emissions were not included in the original DOE K-25 facility release estimates; ChemRisk added the
1944 and 1945 S-50 facility release estimates to DOE’s estimates. Thus, DOE uranium estimates include 1944—
1945 S-50 releases from the Task 6 report.

Task 6 report uranium estimates are from ChemRisk in the Task 6 report (ChemRisk 1999a).

ChemRisk did not independently evaluate estimates for 1988 to 1995; the Task 6 report uranium estimates were
taken directly from DOE release estimates for 1988 to 1995.

Note that when the S-50 facility emissions are added to the DOE release estimates: 1) the cumulative DOE release
estimate is greater than the Task 6 report estimate, and 2) during the maximum release years (1961 and 1963),
DOE’s estimates are much greater than the Task 6 report estimates.
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I11.C.1.3. Historic Accidental or Short-Term Release Estimates (1944 to 1995)

The long-term or annual uranium release estimates, as shown in Table 5, represent the sum of
individual release events for each year from 1944 to 1995. One of this PHA’s specific tasks is to
determine whether any of these historic short-term release events represented an acute public
health hazard to the adjacent communities. Table 6 shows the four largest accidental releases that
ChemRisk specifically identified in its Task 6 report (ChemRisk 1999a) or that ATSDR obtained
via accident report records (Union Carbide Nuclear Company 1952-1955, 1957-1958, 1958,
1958-1961). Although the available data are probably incomplete, these records include the
years of highest production and annual emissions, and are likely representative of the most
significant individual release events.

Table 6 also includes an estimate of the maximum magnitude of UFg releases by the jetting or
venting of process gas during routine maintenance processes. Jetting is also described as

midnight negative releases (see text box). An evaluation of
the gaseous diffusion at the K-25 facilities noted that if the
maintenance procedures were followed, less than a pound of

Midnight Negatives refers to using
the jets at night to accelerate the
attainment of an adequate UF4

UFe would be released from the cascade component negative to support a planned
UnderQOing maintenance (DOE 2000) But the DOE report opening of isolated process gas
also noted that under certain conditions during the Cascade equipment (Bechtel Jacobs
Improvement or Cascade Updating programs, significant Company LLC 2000).

quantities of UF could have been available for release to the
environment. The Task 6 report stated UFg releases occurred from K-25, but information
describing the quantities of uranium released could not be found. A Bechtel Jacobs Company
LLC evaluation of releases from the Paducah Gaseous Diffusion Plant states that *...up to
several thousand pounds of UFg could still have been available for release to the environment
from a single cascade cell...” (Bechtel Jacobs Company LLC 2000). As use of jetting and
venting has also been reported for the K-25 facility, this PHA will assume that the K-25 jettings
were of a similar magnitude as the Paducah Gaseous Diffusion Plant jetting negatives. The
maximum estimated UFg release of 907 kilograms (kg) (1,995 Ibs) is a conservative estimate
based on the maximum amount of UF¢ in a cascade cell assuming a 10 percent reduction in
pressure by purging and evacuation (DOE 2000). Although ATSDR has no information on the
relative enrichment of material released during jetting negatives, that significant amounts of
enriched material were released to the environment via this process is unlikely. Enriched product
was too valuable to discharge.

Although Table 6 does not include any records of specific accidental releases from the S-50
facility, ATSDR did review a letter that discussed the frequency and causes of material losses
from typical individual release events during a 2-month period in 1945 (Blackwood 1945). This
summary does not list specific release events. It does indicate, however, that four “open tit
breaks” resulted in the release of 597 pounds of material and that 35 “column breaks” resulted in
the loss of 1031.4 pounds of material. These records suggest that the individual, ongoing,
operational releases from the S-50 facility were smaller than the specific releases listed in Table
6.
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Table 6. Significant Historic Short-Term UF Release Estimates from the K-25 Facility

Date Building/Source Amount U|;235 U Comments
ercentage
1,184 kg — ,
9/1/58 K-1131 0.5 Ci 0.71% Ruptured filter in hydrogen reduction system
1,138 kg . T
12/30/52 K-402-1 <053 Ci 0.6% Valve failure; most UFs retained in building
454 kg ,
9/19/52 K-1131 0.21 Ci 0.7% Release occurred over 10-hour period
2127160 K-1131 681 kg. 0.7% Ruptured tube in cold trap
0.32Ci
. Maximum amount of UFs in cascade cell
' . , 7k . o .
Various Midnight negatives ?8 42gcmaX|mum Unknown assuming 10% reduction in pressure by purging
Bk and evacuation
Notes:
Kg - kilogram
Ci - curie

Building K-402-1 is located within Building K-27, presented in Figure 12.
See Figure 12 for the location of Building K-1131.

Also worth noting is that for many of the specific, documented release events, the reports state or
infer that much of the material was not dispersed outside the buildings. Most likely, the majority
of the released material was retained within the buildings and then recovered. Nevertheless,
because ATSDR cannot verify recovery for all accidental releases, this public health assessment
will assume that all of the released material was dispersed to the ambient air. Thus, our estimated
releases will be higher—that is, more conservative—than the levels to which people were
actually exposed.

111.C.2. Historical Environmental Monitoring Data
I11.C.2.1. Ambient Environmental Monitoring

Since the establishment of the ORR, DOE or its predecessors or contractors have been collecting
various environmental measurements, including ambient radiation activities in soil, water, and
air (see Figure 4). Since at least 1959, records of these monitoring programs have been published
as quarterly, semi-annual, or annual reports. Although some monitoring data have been collected
over most of the operational history of the K-25/S-50 facility, the specific parameters have
undergone extensive changes, analytical methods, and sample locations. The changes primarily
involve measuring more parameters, improving analytical techniques, and using a larger number
of sampling locations. Yet over the years and even in the face of such changes, some of the
station locations have remained fairly consistent. This is important: understanding of long-term
trends depends on maintenance of consistent sampling parameters, methods, and locations.
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Table 7 lists the ambient monitoring data available for evaluation of historic uranium and
fluoride air emissions released from the K-25/S-50 facility. Since as early as the mid-1950s, two
specific locations (HP-35 and HP-33) adjacent to the K-25/S-50 facility have been sampled for
airborne radioactive particulates. A review of environmental monitoring reports shows that only
gross beta measurements were collected until 1966, when gross alpha measurements were
initiated. The sample station locations are shown in Figure 14. In the next section of this public
health assessment, the gross alpha measurement data (presented in Table 8) are used to evaluate
the ability of the CAP88-PC modeling procedures to estimate off-site radiological effective dose

equivalents.

Table 7. Ambient Monitoring Data Adjacent to the K-25/S-50 Facility Used to Evaluate Historical
Uranium and Fluoride Releases

Media Sampled Parameters Stations* Time Period
Gross Beta HP-33/HP-35 (13/15) 1959 to 1983
pirt Alpha activity HP-33/HP-35 (13/15) 1966 to 1983
Uranium isotopes Perimeter/remote station 1975 to 1995
Fluorides F1-F6 197110 1985
Soilt Gross Alpha HP-33/HP-35 1971 to 1975
Uranium isotopes HP-33/HP-35 1976 to 1984
Biotat Uranium (total) VS1-VS9 1974 to 1985
(Pine needles/grass) Fluorides VS1-VS9 1974 to 1985

Notes:
* Sampling also occurred at many other locations; these are the stations of interest for this PHA.
T Most of the air samples were collected and analyzed weekly and then averaged; this PHA uses annual averages.

$These data are included in doses modeled using CAP88-PC (see Appendix D). The CAP88-PC program computes
radionuclide concentrations in air, rates of deposition on ground surfaces, radionuclide concentrations in food, and
intake rates for people ingesting food produced in the assessment area. The doses calculated by CAP88-PC are
annual effective doses.

Although some of the station hames have changed over time, the locations were apparently constant.
Locations of sample stations are shown in Figure 14.

Note that these monitoring data are not intended as a comprehensive list of all ambient monitoring data available
from the K-25/S-50 facility.

ATSDR acknowledges larger HF and fluoride releases occurred before 1971 (DOE 2000). But these releases were
not measured. Thus in the absence of actual air concentration data, ATSDR estimated off-site air concentrations.
Despite the uncertainties that inhere in the pre-1971measurements, ATSDR’s assumptions can estimate the
potential worst-case exposures that could have occurred during this timeframe.
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@ Sample station

[ HP-33 and HP-35
ﬂ Plant boundary

[ eTrF boundary

Former an-site
- housing arsa

Sugar Grove is 2,570 m NNW of K-25; Union/Lawnville is 4,323 m SSW of K-25 and 2,335 m SSW of S-50; and Happy Valley is 1,447 m ESE of S-50.

HP-33 and HP-35 are DOE monitoring stations; K-1209 and K-1208 are weather stations.

Distances and directions of exposure areas and HP-35/HP-33 monitoring stations (relative to K-25/S-50 emission sources) were used as reference locations for

estimating doses and concentrations.
Fluoride monitoring stations are F-1, F-2, F-3, F-4, F-5, and F-6.

Station F-5 is approximately 6.4 kilometers (4 miles) northeast of K-25; Station F-6 is approximately 8 kilometers (5 miles) northwest of K-25.
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Table 8. Average Annual Airborne Alpha Activity in Curies at Monitoring Stations HP-33 and HP-

35 (1966-1983)

Year Station HP-33 Station HP-35

1966 5 7
1967 3 5
1968 15 2
1969 15 2
1970 1 1
1971 1 1
1972 2 3
1973 1.6 2.3
1974 15 16
1975 14 1.6
1976 17 31
1977 1.6 1.3
1978 11 2.2
1979 12 15
1980 11 15
1981 0.85 0.89
1982 11 1
1983 13 1

A review of the available documents and emission reports reveals no record of long-term
fluoride emissions. From 1971 to 1985, measurements of airborne fluoride, however, were
collected at six locations around the K-25 perimeter. Figure 14 shows monitoring station
locations (F-1 to F-6). These records measured actual airborne fluoride concentrations over the
sampling duration of either 24-hour or 6- to 7-day collection periods. For each station, the
reported results include annual averages and maximum 7-day concentrations. All of the
monitoring results are reported in the annual environmental monitoring reports for the respective
years. These reports provide limited information on analytical methods—»but whether the
methods are uniform for all years is not known. Table 9 shows the 1971-1985 measured annual
average fluoride concentrations for monitoring stations F-1 to F-6.

Table 9. Annual Average Fluoride Air Concentration (in ppb) Measured at Monitoring Stations F-1
to F-6 (1971-1985)

Year = F-2 F-3 F-4 F-5 F-6
1971 0.9 0.8 0.8 1 0.7 05
1972 1.2 11 13 1.2 1 0.9
1973 0.9 0.8 0.8 0.7 0.7 0.7
1974 0.9 13 13 13 11 13
1975 11 17 12 1 11 1
1976 0.9 1 0.9 12 0.7 0.9
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Table 9 (continued). Annual Average Fluoride Air Concentration (in ppb) Measured at Monitoring
Stations F-1 to F-6 (1971-1985)

Year F-1 F-2 F-3 F-4 F-5 F-6

1977 1 0.9 0.6 0.8 0.6 0.6

1978 0.3108 0.6216 0.3108 0.12432 0.10878 0.12432
1979 0.3108 0.6216 0.3108 0.3108 0.09324 0.0777
1980 0.1554 0.4662 0.3108 0.1554 0.1554 0.1554
1981 0.1554 0.1554 0.1554 0.1554 0.1554 0.1554
1982 0.1554 0.1554 0.1554 0.1554 0.1554 0.1554
1983 0.1554 0.1554 0.1554 0.1554 0.1554 0.1554
1984 0.6216 0.777 —* 0.777 0.6216 0.6216
1985 0.06216 0.0777 0.06216 0.06216 0.427869 0.06216

*Because of mechanical problems with air samplers, in 1984 no samples were collected at monitoring station F-3.

Figure 15 shows the 16-year (1971 to 1985) measured airborne fluoride concentrations (in parts
per billion, or ppb) for three stations (F-1, F-2, and F-6). For the different years all of the
annually averaged fluoride concentrations are less than 2 ppb and are relatively uniform. For
each year the shorter duration values represent the maximum 24-hour, 7-day, or 30-day
concentrations. The highest recorded value of 26.3 ppb for a 24-hour sample at station F-2 is the
highest measured air fluoride concentration for any station and for any time period—it is about
two times higher than any other measured value. Station F-2 is on the site perimeter,
approximately 800 m (0.5 miles) downwind (NE) of the K-25 facility. It represents the perimeter
location of maximum airborne fluoride concentration. In the next section of the public health
assessment, ATSDR will use these measured fluoride air concentrations to estimate the annual
average fluoride air concentrations for the years before and after fluoride was measured.

I11.C.2.2. Aerial Radiological Surveys of ORR and Surrounding Areas

Since 1959 and through to 1997, DOE and its predecessors have used aircraft-mounted
instruments to perform aerial gamma radiation surveys on the ORR site and its surrounding
areas. As the methodology and detection capabilities have improved, so has the sophistication of
the surveys. Today, aerial surveys will readily detect sources that constitute a hazard. Any
detected radiation sources are then investigated on the ground by standard survey techniques.

Around the ORR, including the Union/Lawnville and Happy Valley areas, the single-contour
anomalies show no elevated ground-level gamma readings (Figure 16). A single contour is
defined as radiation limited in its area; that is, only a spot of radiation with no additional
radiation detected at decreasing levels radiating from the central spot. If readings within this
single contour are elevated, the source of the radiation is identified. By this method, an inventory
of known “off-site” radiation sources has been established and maintained. The published
radiation contour maps of the Oak Ridge area identify these source locations as “regions of
interest.” They include such sites as the Atomic City Auto Parts, the CSX Railroad bed, and
other places related to past or current nuclear operations, as well as the Bull Run Steam plant
where fly ash from operations is stored (Maurer 1992).
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Figure 15. Measured Airborne Fluoride Concentrations at Stations F-1, F-2, and F-6
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Notes:

Measured airborne fluoride concentrations (in parts per billion, or ppb) at stations F-1, F-2, and F-6 are from the
annual environmental monitoring reports.

Twenty-four hour, 7-day, and 30-day values are maximum short-term concentrations for each year and are not
reported for all years that fluorides were measured.

The minimal risk level (MRL) of 20 parts per billion (ppb) is for fluoride as hydrogen fluoride (HF). Although
environmental measurements were fluoride, releases were most likely as HF. Fluorine is very reactive, and thus it
will persist in the atmosphere in elemental form. Therefore, the MRL for HF is the most appropriate comparison
value.

An aerial survey has detected both 1) the Chattanooga shale outcroppings on East Fork Ridge,
which contain elevated concentrations of uranium and its decay products, and 2) a few small
cesium-137 deposits along the Clinch River, detectible during low-water levels. TDEC/Oak
Ridge Operations (ORO) has studied the Clinch River deposits and has deemed them a
nonhazard (Storms and Rector 1997). Because the aerial surveys are sufficiently sensitive to
detect sources that do not constitute a hazard, by implication they will readily detect gamma
sources that do constitute a hazard. Except for a few known locations due to past or present
operations, the off-site areas surrounding the ORR do not indicate areas of above-background
gamma radiation.

Yet the uranium isotopes released from K-25/S-50 operations are mixed-emitting radionuclides.
The emissions comprise mostly alpha particles with some gamma contribution. Although some
gamma-emitting radionuclides were present in the recycled feed material (1952-1963
timeframe), the recycled uranium feed material was a relatively small proportion of the total
uranium processed (Bechtel Jacobs Company LLC 2000). Consequently, K-25/S-50 air releases
are an unlikely source of significant gamma radiation.
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Figure 16. Contours of Aerial Gamma Survey and Uranium Soil Concentrations
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Notes:
Avreas of elevated gamma contour uranium soil concentrations are known disposal/remediation sites.
Total uranium is in mg/kg; U-238 is in pCi/g.

I11.C.2.3. Uranium Soil Samples

Data from the Oak Ridge Environmental Information System (OREIS) has been electronically
transferred to ATSDR. Relevant records from this dataset, including soil, air, and biota analyses,
were for this assessment reviewed and evaluated relative to other data. More details on the
OREIS data are contained in Section I1.F.4.5. in this PHA.

On-site ORR soil samples collected on or adjacent to the K-25/S-50 facility include both
chemical and radioactive uranium analyses. Figure 16 shows total uranium concentrations and
U-238 activities in soil samples collected from 1983 to 2001 at specific locations.
Nonradioactive total uranium concentrations (in mg/kg) are shown as triangular data points; U-
238 activities (in pCi/g) are shown as circular data points. Although both elevated uranium
concentrations and activities are found around the K-25/S-50 facility, most of the values
represent background levels of uranium. Elevated uranium levels are primarily found at known
waste disposal locations and are also found in some of the samples collected downwind
(northeast) of the site boundary. Figure 16 shows the contours of aerial gamma survey and
uranium soil sample concentrations.
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111.C.3. Estimated Annual (Chronic) and Short-term (Acute) Doses and
Concentrations (1944 to 2006)

I11.C.3.1. Estimated Annual Radiological Doses and Concentrations

Past chronic (or annual) radiological doses and past air concentrations of uranium and fluoride
were estimated using the Clean Air Act Assessment Package—1988 (CAP88-PC), an air
dispersion/dose assessment model developed by the U.S. EPA and the DOE (Parks 1997) (see
Table 10). Specific off-site air concentrations and annual radiological doses are calculated for the
1945 airborne releases from S-50 and for the 1963 airborne releases from K-25—the years with
the highest annual airborne radionuclide emissions (see Table 5). This assessment is based on the
assumption that if the year with the highest annual emissions (i.e., 1945 and 1963) did not
represent a public health hazard, then neither did any other year with lower emissions. The
estimated annual radiological doses to people residing in the vicinity of the K-25/S-50 site,
labeled as “Individual Effective Equivalent Dose Rate” in mrem/year in Table 10, include all the
air exposure pathways and all radionuclides (uranium 234, uranium 235, uranium 238,
technetium 99, and neptunium 237) as shown in Table 3.” Doses in CAP88-PC are calculated as
50-year effective equivalent doses integrated over a 70-year lifetime such that ongoing exposures
to long-lived radionuclides are included in the dose assessments. The doses are tabulated as
annual effective doses.

Table 10. Estimated Annual Radiological Doses for the Maximum Release Years
(K-25-1963; S-50-1945)

o : Total U Fluoride
Individual Effective A [ Ai Al A
Source Exposure Area Release Year | Equivalent Dose Rate AnUal Al il
Concentration* | Concentration
(mrem/year)
ug/m? ppb
k.5 Sugar Grove 1963 3 0.0011 <5
Union/Lawnville 1963 1 0.0003 <5
550 Happy Valley 1945 14 0.02 <5
Union/Lawnville 1945 30 0.04 <5
Notes:

*CAP88-PC model output is pCi/m3 for each uranium isotope at each location; those results are divided by specific
activity for each isotope and summed (U-234, U-235, and U-238) for a total U air concentration.

**Eluoride annual air concentration is from Figure 17.

The past chronic (annual) radiological doses and air concentrations of uranium and fluoride at
discrete areas such as Union/Lawnville, Sugar Grove, and Happy Valley were modeled as
specific distances and directions from the plume origin. Figure 14 shows these locations with
their respective distances and directions from K-25 and S-50. The Happy Valley exposure area,
however, was not affected by K-25 site releases, and the Sugar Grove exposure area was not
affected by S-50 site releases. By the time of significant releases from the K-25 facility (around
1952 to 1953), the Happy Valley labor camp was abandoned (see Table 5). Similarly, during the
S-50 facility’s 1944-1945 operating period, the Sugar Grove community had not yet appeared.

"As previously mentioned, the very small quantities of Pu-239 included in the reactor tails account for less than one
percent of the total radiation and therefore are not included in the radiological dose assessments.
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Figure 17. Measured and Predicted Fluorides in Air at Selected Stations: Annual Averages
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Notes:

Measured and predicted annual average fluoride air concentrations (ppb) at various locations around K-25.

Predicted concentrations are calculated using linear regression of measured fluoride concentrations with annual
uranium emissions (in kg).

Correlation coefficients of these relationships vary from 0.5 t0 0.7.

Fluoride air concentrations were measured from 1971 to 1985.

Although based on higher annual emissions, the doses from the K-25 release are lower than the
doses from the S-50 release. The exposure areas for the K-25 release are approximately
crosswind of the source area. By contrast, the Happy Valley exposure area is much closer to the
S-50 source than to other areas, and the Union Valley/Lawnville area is downwind of a relatively
strong south-southwest component (Figure F-2; K-1209 tower).

Furthermore, exposures to the Sugar Grove area are overestimated. This is because steep-sided
Black Oak Ridge rises some 100 meters (330 feet) to separate the K-25 emission source from the
Sugar Grove exposure area. Because dispersion from the CAP88-PC model does not
accommodate this type of complex topography, the doses in the table below are a health-
protective overestimate of likely doses to the Sugar Grove community. Section 1V, Public Health
Implications, discusses the public health implications of exposure to these estimated radiological
doses, total uranium air concentrations, and fluoride air concentrations.
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CAP88-PC uses site-specific annual weather data. These data include a frequency distribution of
wind directions, velocities, and atmospheric stabilities. For the K-25 and S-50 facilities
evaluation, ATSDR used hourly meteorological data from two on-site K-25 weather tower
stations. Site-specific meteorological data for 1945 or 1963 are not available; thus, 2002 data
from the L-1209 meteorological tower and 1999 data from the K-1208 meteorological tower
were used as an historic release conditions proxy at S-50 and K-25, respectively (Figure 14). The
dose assessment portion of the CAP88-PC model assumes a “rural default” for food
consumption, and population estimates in this evaluation are the 1980 census data provided with
the CAP88-PC model. See Appendix D for additional details of the CAP88-PC system,
limitations, conservative assumptions, and the system’s output for K-25/S-50 facility releases.

I11.C.3.2. Agreement between Measured and Predicted Concentrations

To validate that the CAP88-PC modeling procedures could estimate off-site doses for the
maximum release years of 1945 for S-50 and 1963 for K-25, ATSDR compared measured-and-
modeled gross alpha concentrations during 1966—1993. This is the timeframe for which
measured gross alpha data are available. The measured annual average gross alpha
concentrations from monitoring locations HP-33 and HP-35 (see Table 7 and Figure 14) were
compared with the estimated annual average gross alpha concentrations predicted using CAP88-
PC and with the DOE and Task 6 K-25/S-50 emission estimates (see Table 5). Although the
agreement between measured and predicted gross alpha concentrations was not exact, the overall
trends showed that the CAP88-PC modeling procedures and the estimated emissions rates
adequately predicted the environmental concentrations of radionuclides released from the
facility. This agreement between measured and modeled gross alpha concentrations during the
period when measured data are available confirms that the CAP88-PC modeling procedure may
be used to estimate off-site doses for the earlier maximum release years. Appendix G contains
further details on the measured-versus-predicted gross alpha concentrations for 1966 to 1983 at
the HP-35 and HP-33 monitoring locations.

111.C.3.3. Estimated Fluoride Concentrations

Figure 17 shows the measured and predicted annual average fluoride air concentration (in ppb) at
the six K-25 perimeter-monitoring stations. The annual average 1971-1985 air concentrations of
fluoride are shown relative to the estimated annual uranium air emissions (in kg) measured at
each of the six monitoring stations. The relationship between the estimated uranium emissions
and measured fluoride air concentrations for the 1971-1985 timeframe can predict the annual
average fluoride air concentrations for those years before and after fluoride was measured.® The
correlation coefficients for those relationships vary from about 0.5 to 0.7. This indicates
moderate agreement between estimated annual uranium emissions and annual airborne fluoride
concentrations measured at the monitoring stations. To acknowledge that larger HF and fluoride
releases occurred before 1971 is important (DOE 2000). But these releases were not measured,;
thus in the absence of actual air concentration data, ATSDR had to estimate off-site air
concentrations. Consequently, uncertainties inhere in the pre-1971 measurements. Still,

8 The predicted fluoride concentrations were estimated using the FORECAST function in an EXCEL spreadsheet.
The relationship is a linear regression between known fluoride air concentrations and known uranium emissions in
kg (DOE estimate).
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ATSDR’s worst-case assumptions account for those uncertainties by estimating the potential
worst-case exposures that could have occurred during that period.

As shown in Figure 17, in 1945 the highest predicted yearly fluoride air concentration was about
6 ppb (7.2 ug/m3). Note that the maximum uranium emission in kg at S-50 was in 1945, and that
the correlations are based on emissions and measurements from the K-25 facility. Nonetheless,
predicted, historic long-term airborne fluoride concentrations at the K-25 perimeter locations for
the maximum K-25 release year are fewer than 6 ppb (1958; 2,711 kilograms of uranium). Also,
as with the measured short-term fluoride concentrations in Figure 15, station F-2’s downwind
location meant that it had the highest predicted annual average fluoride concentrations. The
fluoride monitoring location with the best correlation coefficient (0.74) was station F-6—
considered by DOE as a background location (Union Carbide Corporation Nuclear Division
1974). In 1976, the maximum, measured short-term fluoride concentration (24-hour) was 10.9
ppb at the F-6 station, located about 8 km (~5 miles) upwind (northwest) of the K-25 facility.

For both the short-term (24-hour, 7-day, and 30-day) and annual average fluoride air
concentrations, measured and predicted values at the six monitoring stations will be higher than
the values in areas of potential off-site exposure. The accidental releases of UF¢ evaluated in the
next section of the public health assessment use the RASCALS3 air dispersion model to evaluate
further predicted HF concentrations at off-site areas.

I11.C.3.4. Estimated Short-Term (Acute) Exposures (1944 to 1945)—Accidental or
Episodic Releases

Past short-term (or acute) off-site concentrations and potential doses to uranium and HF from
past accidental or episodic releases from the K-25/S-50 facility were estimated using the
Radiological Assessment System for Consequence AnaLysis (RASCAL) 3.0. The NRC designed
and developed this computer model specifically for radiological accident assessment. In this
assessment of short-term releases and potential acute exposures, worst-case meteorological and
exposure assumptions for the September 1, 1958 accidental UFg release were used to calculate
radiological doses, uranium doses, and hydrogen fluoride concentrations in Sugar Grove and
Union/Lawnville (see Table 11). The 1958 accidental UF¢ release represents the largest single
release event (1,184 kilograms of UFs) included in the available documents (Table 6). The
radiological doses calculated using the RASCAL3 model are lung-specific equivalent doses in
mrem.

This worst-case UFg release scenario assumes emission from the 23m-high roof vents and
assumes that 100 percent of the UF¢ released was emitted to the atmosphere. As ATSDR does
not have specific meteorological data for the time of this accidental release, the scenario assumes
conditions that result in minimum plume dispersion and maximum off-site exposure (e.g., light
winds, a stable atmosphere, no precipitation). And as the wind direction is similarly unknown,
the assumption is that the wind could be toward either Sugar Grove (NNW) or Union/Lawnville
(SSW). Also, these results ignore the effect of topography on plume dispersion; due to the effect
of the 100m-Black Oak Ridge, doses/concentrations at Sugar Grove are likely to be much lower
(Figure 7). This PHA’s Public Health Implications section discusses the possible consequences
of exposure to these estimated short-term concentrations and doses of uranium and UFs.
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Table 11. Maximum Potential Uranium Dose to Lung and Concentrations from the September 1,
1958 Accidental UF¢ Release (Plume Centerline)*

Distance Uranium Uranium Uranium Hydrogen quoride
(km) Doset Inhaledt Concentration§ Concentration?
(mrem) (mg) (ug/m?) (ppb)
05 942 9.7 1,340 1,310
1.0 569 59 833 2,680
15 67 0.7 97 461
2.0 48 0.5 69 267
2.57 (Sugar Grove) 34 0.4 51 156
3.0 27 0.3 38 108
4.32 (Union/Lawnville) 12 0.1 17 27
5.0 8 0.1 11 14

Notes:

* Doses/concentrations are estimated using the RASCAL3 model and assume worst-case release conditions and
meteorological and exposure assumptions. Note that effects could be toward either Sugar Grove or Union/
Lawnville, but for the same release event, not toward both.

T Acute inhaled lung dose equivalent (acute exposure equals 1 hour) based on a one time intake.
t Assumes inhalation rate of 1.2 m*/hr.

§ Inhaled uranium dose in milligrams/inhalation volume m®.

9 Maximum 1-hour hydrogen fluoride concentration in parts per billion.

The RASCAL3 model was also designed to assess short-term or episodic emissions from
gaseous diffusion plants and other nuclear facilities. Subprograms specifically evaluate the
dispersion and atmospheric transformation of UF¢ to uranium oxides and HF in accidental
release scenarios. For this analysis, the RASCAL model’s relevant components use Gaussian
models to describe the atmospheric dispersion of radioactive effluents from nuclear facilities.
The RASCAL user’s guide contains theoretical descriptions of the model components (NRC
2001). Appendix E includes additional details about the RASCAL3 model, the case summary,
and analysis of this model’s output.

I11.D. Current and Future Releases from the East Tennessee Technology Park

Current and future exposures include any potential hazards that might be identified during
ongoing remedial activities at the K-25 site. ATSDR’s public health evaluation notes that no
potential hazards—current or future—to off-site residents have been identified at this time, but
site remediation continues. ATSDR recommends that DOE continue to take precautionary
measures to prevent any off-site releases of contaminants potentially remaining at the K-25 site.
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IV. Public Health Implications

IV.A. Introduction

This public health assessment (PHA) first addresses potential off-site (community) exposures to
radioactive and nonradioactive hazardous substances. The substances were released to the
atmosphere either from the Oak Ridge Gaseous Diffusion Plant (K-25) or from the former S-50
liquid thermal diffusion plant. This PHA then evaluates the potential for off-site community
exposures to and potential health effects from atmospheric releases of K-25/S-50 hazardous
substances. Table 12 is a summary of the public health implications from ATSDR’s evaluation

of past exposures.

This PHA’s preceding sections have also defined and evaluated the periods, populations, and

likely exposure scenarios for evaluating historic K-25/S-50 air
emissions. Doses and concentrations have been conservatively
estimated for both short-term (acute) and long-term (chronic)
exposures to the communities most likely affected.
Calculations of these potential doses and concentrations have
been estimated and validated by site-specific environmental
monitoring and meteorological data. Concerns and
recommendations from community members have helped to
formulate this PHA’s specific questions and a means of
answering them.

The Public Health Implications section addresses the
potential health effects associated with exposure to the
estimated radiological doses and uranium and fluoride/HF
concentrations. Section discussions compare the estimated

ATSDR defines an acute
exposure as contact with a
substance that occurs once
or for only a short time (14
days or less). An
intermediate exposure is
defined as contact with a
substance occurring for
more than 14 days and less
than 1 year (15-364 days).
Chronic exposure occurs
over a long time (365 days
or more). See Appendix A
for additional information.

doses and concentrations to levels at which potential adverse health effects have been observed.
Section IV.D., Adequacy of Available Data for Public Health Determination, discusses how
ATSDR uses health-protective exposure and modeling assumptions to accommodate
uncertainties related to the available data and dose estimation processes. For detailed
toxicological information on the substances discussed in the section below, please refer to
ATSDR’s toxicological profiles available at http://www.atsdr.cdc.gov/toxprofiles/index.asp.

72


http://www.atsdr.cdc.gov/toxprofiles/index.asp

Oak Ridge Reservation: K-25 and S-50 Uranium and Fluoride Releases

Table 12. Summary of Public Health Implications from ATSDR’s Evaluation of Past Exposures to K-25/S-50 Releases

Is the Dose/
Date of Maximum Exposure Estimated Comparison Concentration
Timeframe | Source | Highest | Contaminant Exposure Pos| Dose/ P Above or Below Conclusion
Duration : Value X
Release Area Concentration the Comparison
Value?
Past (1944 | S-50 1945 Radiological Union/ Chronic 30 mrem/year 100 mrem/year Below Past chronic exposure to
to 2006) material Lawnville (effective dose) K-25/S-50 site radioactive
releases are not expected
to result in adverse health
effects.
K-25 1958 Radiological Sugar Grove | Acute 34 mrem 100 mrem/year Below Past acute exposure to K-
material (equivalent dose 25/S-50 site radioactive
to the lung only) releases are not expected
to result in adverse health
effects.
K-25 1963 Uranium Union/ Chronic 0.04 ug/m3 0.3 pg/m3 Below Past chronic exposure to
Lawnville airborne uranium releases
from the K-25/ S-50 site
are not expected to result
in adverse health effects.
K-25 1958 Uranium Sugar Grove | Acute 51 ug/m3 ATSDR has not NA Exposure to the estimated
derived health- short-term exposure
based guidelines concentration is not
for acute uranium expected to result in
inhalation adverse effects, including
exposure kidney effects.
K-25 1945 Fluoride* Sugar Grove | Chronic Fewer than 6 10.8 ppb (13 Below Past chronic releases of
and Union/ ppb (7.2 ug/m3) | pg/m3) fluoride were below levels
Lawnville associated with adverse
health effects.
K-25 1945 Hydrogen Sugar Grove | Chronic Fewer than 6 11.7 ppb (14 Below Past chronic releases of
fluoride and Union/ ppb (7.2 ug/m3) | pg/m3) hydrogen fluoride were
Lawnville below levels associated

with adverse health
effects.
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Table 12 (continued). Summary of Public Health Implications from ATSDR’s Evaluation of Past Exposures to K-25/S-50 Releases

Is the Dose/
Date of Maximum : : Concentration
: ; : Estimated Dose/ :
Timeframe | Source | Highest | Contaminant Exposure %Xuprgfi%rne c - COTlngéson Above or Below Conclusion
Release Area oncentration the Comparison
Value?
K-25 1975 Fluoride Sugar Grove | Acute 26.3 ppb 20 ppb Above ATSDR cannot determine

and Union/ whether acute off-site
Lawnville exposure to fluoride could

harm the public’s health.
Sufficient data will never
be available to make a
professional judgment
about the level of health
hazard from this exposure.

The highest recorded
short-term (24-hour)
fluoride concentration was
measured at monitoring
station F-2, which is
located along the
northeast perimeter of K-
25 about 0.5 miles from
the release point. The
closest residents are
located more than 1 mile
north-northwest from
monitoring station F-2.
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Table 12 (continued). Summary of Public Health Implications from ATSDR’s Evaluation of Past Exposures to K-25/S-50 Releases

Timeframe

Source

Date of
Highest
Release

Contaminant

Maximum
Exposure
Area

Exposure
Duration

Estimated Dose/
Concentration

Comparison
Value

Is the Dose/
Concentration
Above or Below
the Comparison
Value?

Conclusion

K-25

1958

Hydrogen
fluoride

Sugar Grove

Acute

156 ppb

20 ppb

Above

ATSDR cannot determine
whether acute off-site
exposure to hydrogen
fluoride could harm the
public’s health. Sufficient
data are not available to
make a professional
judgment about the level
of health hazard from this
exposure.

The estimated worst-case
hydrogen fluoride air
concentrations are based
on mathematical
dispersion modeling that
used conservative worst-
case assumptions and
modeled air data. To use
these estimated worst-
case concentrations is not
appropriate as a basis for
a health hazard category.
The estimated
concentrations are highly
unlikely to have actually
occurred and because of
the high uncertainty in the
modeled results.

Notes:

*Short- and long-term fluoride exposure was evaluated as hydrogen fluoride, which is the most likely form present and is a highly reactive respiratory irritant.

NA-not applicable
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IV.B. Past Exposure (1944 to 2006)

ATSDR evaluated past chronic (annual) and acute (short-term) exposures to K-25/S-50 releases
for nearby off-site communities (see text box). Both short-term and long-term exposures were

assessed for ionizing radiation, uranium, hydrogen fluoride, and
fluoride. The estimated concentrations and doses are presented
below, and for each contaminant of concern are compared with
health-protective comparison values.

Note particularly the many uncertainties involved in determining
estimated doses for all potential historic exposures. The
uncertainties include quantities released, release duration, and
various persons’ exact locations at the time of the September 1958
accident. To account for these uncertainties, ATSDR has relied on
health-protective assumptions regarding contaminant dispersion and
dose estimation. Section IV.D, Adequacy of Available Data for
Public Health Determination, discusses limitations of the available
data and of the dose estimation processes and explains why the
resulting doses overestimate historical doses to the off-site
communities.

ATSDR defines an acute
exposure as contact with a
substance that occurs once
or for only a short time (14
days or less). An
intermediate exposure is
defined as contact with a
substance occurring for
more than 14 days and less
than 1 year (15-364 days).
Chronic exposure occurs
over a long time (365 days
or more). See Appendix A
for additional information.

IV.B.1. Chronic (Annual) and Acute (Short-Term) Health Implications

IV.B.1.1. lonizing Radiation

For the communities closest to the facilities, ATSDR estimated historical radiological doses from
K-25/S-50 airborne releases for 1) the September 1958 largest documented accidental release,
and 2) the largest estimated annual release. ATSDR also estimated a cumulative total dose by
combining the highest short- and long-term doses for the community potentially receiving the
highest off-site releases. Because all the estimated radiological doses were below relevant health

comparison values, adverse health effects would not be expected.

1V.B.1.1.1. Chronic

For the year of maximum emissions, ATSDR estimated the highest annual radiological dose
(fewer than 30 mrem/year) for the Union/Lawnville community. The 1945 S-50 off-site radiation
exposure resulted in airborne releases of UFg and associated radionuclides (Np-237 and Tc-99).
Doses will be commensurately less for years with smaller annual emissions. For annual,
committed effective doses to the general population, the International Commission on
Radiological Protection (ICRP) recommends a limit of 200 mrem/year (1 mSv) above
background (ICRP 1991). This highest annual radiological dose of fewer than 30 mrem/year is

also less than one third of

e U.S. Nuclear Regulatory Commission’s (NRC) radiation dose limit,

e ATSDR’s minimal risk level (MRL) of 100 mrem/year, and
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e National Council on Radiation Protection and Measurements’ (NCRP) recommended
limit for the public (i.e., 100 mrem/year whole body dose equivalent for continuous
exposure to external radiation, not including exposure from natural background and
medical procedures).

No adverse health effects have been seen at the estimated chronic dose levels from ionizing
radiation from the K-25/S-50 site, and no increased cancer risk would be expected (ICRP 1991;
USEPA 1999).

1IV.B.1.1.2. Acute

ATSDR evaluated potential radiological doses from the largest documented accidental or short-
term releases. Following a 1958 accidental release from the K-25 facility, the largest estimated
short-term dose (calculated as an inhaled lung dose equivalent) was fewer than 34 mrem to the
Sugar Grove community. This estimated dose is approximately one-third of the 100 mrem/year
dose limit recommended for the public by the ICRP, NRC, and NCRP, as well as ATSDR’s
MRL. Historic acute exposure to airborne releases of ionizing radiation from the K-25/S-50
facility is not expected to cause any adverse health effects.

IV.B.2. Chronic and Acute Cumulative Dose

The highest cumulative radiation dose from summing potential short-term and long-term doses
for a specific exposure area (37 mrem/year for Sugar Grove) is below all relevant health
comparison values.” ATSDR added the largest annual dose (whole-body effective dose) for the
Sugar Grove community (3 mrem) to the largest short-term dose (34 mrem) to yield an annual
cumulative dose to airborne releases from K-25/S-50 radiological contaminants (including U-
234, U-235, U-238, Np-237, and Tc-99) at the area of highest off-site exposure. The highest
cumulative dose from historic short- and long-term exposure is approximately 7.1 mrem/year—
about one-tenth of the 71-mrem/year screening value (or 5,000 mrem over 70 years).*® Estimated
cumulative doses to other potentially exposed communities are also below the 71 mrem/year
screening value and the 100 mrem/year dose limit recommended for the public by the ICRP,
NRC, and NCRP, as well as ATSDR’s MRL. Therefore, historic exposure to airborne releases of
ionizing radiation from the K-25/S-50 facility is not expected to cause any adverse health effects.

ATSDR concludes that past acute and chronic exposure to radioactive materials in off-site media
from K-25/S-50 airborne releases is not expected to result in adverse health effects.

1IV.B.2.1. Uranium

ATSDR estimated historical uranium airborne releases from the K-25/S-50 site for the largest
documented accidental release and for the largest estimated annual release for the communities

% The estimated annual radiological dose for the maximum release year (3 mrem/year) from K-25 (see Table 11) is
added to the maximum dose from the September 1, 1958 accidental UF release (34 mrem; see Table 11) from the
K-25 site for the Sugar Grove community. Because the S-50 plant was no longer operational during the K-25
accidental release, the doses presented in Table 11 for the S-50 plant were not included in this summation.

1916 sum the equivalent lung dose (short-term exposure) with the whole-body effective dose (long-term exposure),
the lung dose is multiplied by the tissue-weighting factor of 0.12 and then added to the annual dose (ICRP 1977;
34 mrem x 0.12 = 4.1 mrem + 3 mrem= ~7 mrem/year).
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closest to the facilities. ATSDR determined that historic airborne releases of UFg from the K-25
and S-50 facilities were not a hazard with respect to uranium’s chemical toxicity. The highest
estimated airborne uranium releases for both long- and short-term exposures were below levels
at which, due to the chemical toxicity of uranium, adverse health effects have been shown to
occur.

IV.B.2.1.1. Chronic

Elevated operational emissions from 1944 to 1995 resulted in long-term exposure to airborne
uranium. The highest annual uranium release (as UFg) from K-25 occurred in 1963. The
maximum estimated annual uranium air concentrations for 1963 in an area of potential off-site
exposure (Union/Lawnville) is 0.04 ug/m*—about 10 times lower than the chronic-duration
inhalation MRL (0.3 pg/m?) for soluble uranium compounds. This MRL is averaged over a
period of 1 year or longer. But exposure to an estimated uranium air concentration of 0.04 ug/m®
over 1 year or longer is still unlikely to result in any adverse health effects attributable to
uranium’s chemical toxicity.

IV.B.2.1.2. Acute

The highest estimated short-term (1-hour, acute) off-site uranium air concentration at the nearest
off-site exposure area was approximately 51 pg/m® (see Table 11). The exposure occurred in
1958, during an accidental release of hydrogen fluoride and particulate uranyl fluoride. On-site
air concentrations could have exceeded 51 pg/m?®, although Sugar Grove and Union/Lawnville
residents would not have been exposed to such elevated air concentrations. ATSDR has not
derived health-based guidelines for acute uranium inhalation exposure—that is, an exposure
occurring once or for only a short time (up to 14 days). Workers exposed during accidental
releases (31 workers exposed during the Gore, OK accident) have succumbed to hydrogen
fluoride toxicity (respiratory and irritant effects) without signs of uranium-induced kidney
toxicity (exposures of these workers were estimated to range from 0.6 to 24 milligrams of
uranium). Similar studies on Gulf War veterans with embedded uranium shrapnel show that even
more than 10 years after exposure, kidney function is normal (McDiarmid et al. 2004). Thus,
chemical effects of uranium on the kidney may occur from repeated exposures over a longer
period of time and not from an acute exposure during an accidental release. And if people did not
experience effects from hydrogen fluoride exposure during the accidental release, any concurrent
uranium exposure affecting the kidney is unlikely. Exposure to the estimated short-term
exposure concentration is not expected to result in adverse effects, including kidney effects.

In the past, to reduce the UF¢ concentration in the process gas system and to perform
maintenance and inspection on process gas equipment, UF¢ was reportedly released at night
through jets on top of the process buildings. These “midnight negative” releases potentially
contained significant quantities of uranium and hydrogen fluoride. Still, the quantities released
are likely to have been less than the 1958 accident and therefore are not considered a public
health hazard.

ATSDR concludes that with respect to the chemical toxicity of uranium, historic airborne
releases of UFg from the K-25 and S-50 facilities were not and are not a public health hazard.
Further, because the conservative assumptions used in the modeling process likely overestimate
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the real past concentrations, ATSDR has determined that both short- and long-term exposures to
airborne uranium from K-25 and S-50 site releases would not be expected to result in adverse
health effects.

IV.B.2.2. Fluoride and Hydrogen Fluoride (HF) from Normal K-25 Operations

Past, normal process operations could have exposed people living near the K-25/S-50 site to
chronic (long-term) fluoride and hydrogen fluoride (HF) releases. From 1971 to 1985, airborne
fluoride concentrations were measured at six stations around the K-25 site perimeter. ATSDR
reviewed these measurements and concluded that people living in the communities closest to the
K-25/S-50 site might have been exposed to long-term fluoride and HF released into the air
during normal operations from the K-25/S-50 facility. But these exposures would have been at
levels not expected to result in adverse health effects.

By contrast, acute (short-term) fluoride and HF exposure could only have resulted from accidents
or controlled releases. (Appendix E contains details on an estimation of the HF accidental
releases.) With regard to fluoride and HF released as UFg during historical accidents or
equipment maintenance at the K-25 site, ATSDR scientists are not able to make a professional
judgment about the level of health hazard from potential acute fluoride and HF exposure for
people living near the K-25/S-50 site. ATSDR’s worst-case estimate of off-site acute hydrogen
fluoride concentrations is highly uncertain. ATSDR was also unable to locate sufficient
environmental sampling data to estimate adequately any short-term, off-site (community)
exposure.

IV.B.2.2.1. Chronic

Long-term HF air releases also occurred at the K-25/S-50 site. Uranium releases and ambient air
fluoride concentrations are reasonably correlated at this site. Thus, for the years before
monitoring data were available, ATSDR used the correlation between annual uranium releases
and measured fluoride concentrations at the site perimeter to estimate concentrations from long-
term fluoride exposure. Because of the increased distance from emission sources and the effects
of topographic ridges between the emission sources and exposure areas, estimated concentrations
at the site perimeter will overestimate concentrations at areas of potential exposure. ATSDR
assumed that the highest annual HF release coincided with the highest annual uranium release.
The highest estimated annual average fluoride concentration in air (fewer than 6 ppb in 1945)
was at the F-2 station.

In August 2003, the California EPA (Cal-EPA,; Office of Environmental Health Hazard
Assessment) prepared a chronic toxicity summary for fluorides, including hydrogen fluoride.
The critical effect identified was skeletal fluorosis, with a chronic inhalation reference exposure
level of 14 pg/m? for hydrogen fluoride and 13 pg/m? for fluoride (Cal-EPA 2003). The
estimated maximum annual exposure concentration of fewer than 6 ppb (7.2 pg/m?®) for people
living around the K-25/S-50 facility is well below Cal-EPA’s reference levels. As such, the
fewer-than-6 pug/m? estimated long-term fluoride and hydrogen fluoride air concentrations and
resulting exposures are not expected to result in adverse health effects.
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IV.B.2.2.2. Acute

The highest recorded short-term (24-hour) fluoride concentration of 26.3 ppb was measured in
1975 at monitoring station F-2, located along the northeast perimeter of the K-25 site about 0.5
miles from the release point. At that time, the closest residents were more than 1 mile north-
northwest from monitoring station F-2 and were separated from K-25 and monitoring station F-2
by Black Oak Ridge. ATSDR’s MRL for acute inhalation exposure to hydrogen fluoride and
fluorine is 20 ppb and 10 ppb, respectively. Concentrations below these values are not expected
to cause adverse health effects. The 20-ppb MRL for HF in air is 25 times lower than exposures
that caused mild upper respiratory tract inflammation in human volunteers exposed for 1 hour
(Lund et al. 1999). The highest average level (time-weighted average) allowed by the
Occupational Safety and Health Administration (OSHA) for HF in air for a 40-hour work week
made up of 8-hour work days is 2.5 mg/m® (3 ppm or 3,000 ppb). The 20-ppb MRL for air
concentrations of HF is 150 times lower than OSHA’s occupational level.

ATSDR was unable to locate sufficient historical environmental monitoring data on fluoride and
HF released as UF¢ during accidents or equipment maintenance at the K-25 site. Therefore,
ATSDR estimated historic off-site acute hydrogen fluoride concentrations using accident records
and mathematical dispersion modeling. To calculate acute exposure concentrations to HF,
ATSDR used the short-term fluoride measurements, worst-case assumptions, and modeled
dispersion estimates from the September 1, 1958, accidental release. The highest measured short-
term (24-hour) fluoride concentration of 26.3 ppb occurred in 1975 at station F-2. The modeled
short-term (hourly) HF concentrations of 156 and 27 ppb were estimated for the Sugar Grove
and Union/Lawnville communities, respectively, for the September 1958 accidental UFg release
(Table 11). Note too that because these estimated worst-case HF concentrations are based on
health-protective assumptions, they are overestimated concentrations that for several reasons are
unlikely to have actually occurred. First, the fate and transport mathematical model does not
account for the complex topography of the K-25 site. Second, ATSDR does not have any record
of the specific meteorological conditions at the time of this release, so the most conservative
meteorological conditions were used to estimate concentrations. Third, ATSDR assumed that
off-site exposure occurred outside, at the point of maximum HF concentration. Finally, ATSDR
assumed that all of the UF¢ released was discharged to the atmosphere with no retention in the
K-1131 building. Yet the high uncertainty in these estimated HF concentrations means use of
such estimated concentrations as a basis for a health hazard category is inappropriate. Therefore,
ATSDR cannot make a professional judgment about the level of health hazard from potential
acute fluoride and HF exposures for people living near the K-25/S-50 site.

Insofar as other accidental releases are concerned, they involved smaller quantities and probably
did not affect the off-site communities. For instance, smaller, short-term accidental or process
releases such as “midnight negatives” and equipment purging are unlikely to have resulted in any
adverse health effects to community residents.

Given this evaluation, ATSDR concludes that long-term fluoride and HF released during the
normal operations of the K-25/S-50 facility did not pose a public health hazard for communities
living near the K-25/S-50 site. ATSDR also concludes it is unable to determine whether short-
term, off-site (community) exposure to fluoride and HF released during accidents or equipment
maintenance at the K-25 site could harm the public’s health—sufficient environmental sampling
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data are not available to make a professional judgment about the level of health hazard from this
exposure. ATSDR also modeled air data and estimated off-site acute hydrogen fluoride
concentrations using conservative, worst-case assumptions. But because of the high uncertainty
in these modeled estimates, using them to estimate worst-case concentrations as a basis for a
professional judgment about the health hazard level is inappropriate.

IV.B.2.3. Uranyl Fluoride and Hydrogen Fluoride—Potential UF¢ Cylinder
Releases

In December 2006, the UF; cylinders stored at ETTP were completely removed (Halen Philpot,
ETTP UFg Cylinder Project Manager, Bechtel Jacobs Company LLC, personal communication,
January 29, 2007). Before removal, no uranyl fluoride or hydrogen fluoride was released from
the tanks.

IV.C. Current and Future Exposure

Current and future exposures include any potential hazards possibly identified during ongoing
remedial activities at the K-25 site. ATSDR’s public health evaluation has not identified
potential current or future hazards to off-site residents, but site remediation continues. ATSDR
recommends that DOE continue its precautionary measures to prevent any off-site releases of
contaminants potentially remaining at the K-25 site.

IV.D. Adequacy of Available Data for Public Health Determinations

The public health evaluation in this PHA specifically addresses recommendations from a
previous assessment of ORR uranium releases (Uranium Releases from the Oak Ridge
Reservation—a Review of the Quality of Historical Effluent Monitoring Data and a Screening
Evaluation of Potential Off-Site Exposures, referred to as the Task 6 report) and community
health concerns related to the K-25 and S-50 facilities. Table 13 identifies the recommendations
and concerns, the actions taken by ATSDR, and the findings associated with these issues.

The Task 6 report determined that K-25/S-50 uranium releases did not present a significant
public health hazard to the Union/Lawnville community—the reference community in the Task 6
report. This determination, however, was based on estimated uranium release data and nonsite-
specific meteorological data. The Task 6 report recommendations thus were directed toward

1) additional quantification of the uranium release estimates, 2) improvement of the atmospheric
dispersion modeling through use of site-specific meteorological data, and 3) an evaluation of the
uranium dispersion model’s validity by comparing its findings with direct environmental
monitoring data. The Task 6 report also included several recommendations to address the
uncertainty inherent in this type of dose estimation process.
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Table 13. Task 6 Public Health Issues, Actions, and Findings Addressed in this PHA

Recommendation or Concern

Action

Finding

Additional records research and data evaluation
regarding S-50 plant operations and potential
releases.

A reevaluation of S-50 releases was conducted
using multiple years of site-specific meteorological
data.

Health-protective dose estimates for S-50 releases are below levels
constituting a public health hazard.

Review of additional data regarding unmonitored K-25
uranium releases.

Long-term analysis of estimated K-25 releases was
compared with measured ambient gross alpha
concentrations to assess adequacy of estimated
emissions.

Measured gross alpha air concentrations are adequately predicted using
estimated emissions and the CAP88-PC air dispersion model.
Consequently, unmonitored releases are unlikely to represent a significant
additional source component.

Refinement of the approach used to evaluate surface
water and soil-based exposure concentrations. This
refined approach could possibly involve shifting to a
source term-based approach and use of additional
measurement data.

Measured radionuclide concentrations compared
with estimated concentrations predicted from air
dispersion models. Radionuclides released to off-
site surface waters are addressed in the White Oak
Creek Radionuclide Releases Public Health
Assessment. For copies of this assessment, please
contact ATSDR toll-free at 1-800-232-4636.

Measured soil radionuclide concentrations are about 10 times less than the
value used for Task 6 report calculations. Soil/ingestion concentrations in
this PHA are based on the CAP88-PC deposition velocity (0.18 cm/sec).

Improved atmospheric modeling for K-25/S-50 by
using wind data from multiple stations and years.
Evaluation of the uncertainty associated with the air
concentrations would provide upper and lower
bounds of confidence in the estimates.

Improved atmospheric modeling conducted using
site-specific stations and multiple years.

Doses/concentrations varied by about 20 percent over a 5-year period.
Estimated doses predicted using worst-case meteorological conditions.

Improvement of the exposure assessment to include
region-specific consumption habits and lifestyles,
identification of likely exposure scenarios instead of
hypothetical upper bound and typical assessments,
and inclusion of uncertainty analysis to provide
statistical bounds for the evaluations of risk.

Worst-case exposure factors used in estimating
exposure doses at specific locations. Rural default
consumption/exposure factors are health-
protective.

Predicted, health-protective doses are below levels constituting a public
health hazard. Consequently, there is no public health basis for further,
probability-based analyses.

Refinement of the chemical toxicity evaluation,
possibly to include other approaches/models and an
uncertainty analysis.

Potential exposures/doses to uranium and
fluoride/HF evaluated with respect to chemical
toxicity.

Conservative, estimated doses/concentrations are below levels constituting
a public health hazard. There is no public health basis for further,
probability-based analyses.

The potential public health hazard posed by K-25/S-
50 fluoride and hydrogen fluoride emissions.

Health-protective fluoride/HF concentrations
estimated for areas of potential off-site exposure.

Fluoride and HF was released as UFs during accidents or equipment
maintenance. ATSDR concluded that historic short-term exposures to the
maximum estimated fluoride and HF concentrations released were unlikely,
but possible. Yet because ATSDR does not have specific information to rule
out these maximum calculated exposures, it is unable to determine whether
this exposure could harm the public’s health.
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Table 13 (continued). Task 6 Public Health Issues, Actions, and Findings Addressed in this PHA

Recommendation or Concern

Action

Finding

Assessment of potential exposures from K-25 and S-
50 emissions for the residents of the Happy Valley
labor camp (circa 1944-47).

Potential doses to residents of Happy Valley
estimated for S-50 releases.

Health-protective estimates of radiological and fluoride/HF doses or
concentrations are below levels constituting a public health hazard.
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In addition to the Task 6 report recommendations, the Oak Ridge community identified several
other public health issues for this PHA to address. They include identification of a potentially
exposed population that lived adjacent to the K-25/S-50 site at the Happy Valley labor camp, and
potential exposures to fluorides/hydrogen fluoride released—together with uranium—from the
K-25/S-50 site. ATSDR further believes that a complete public health assessment of historic,
current, and future K-25/S-50 emissions must include potential exposures to the Sugar Grove
community and evaluations of short-term incidental releases to all potentially exposed
communities.

ATSDR has chosen to address the uncertainty in the emission estimates by determining whether
the existing release estimates can predict adequately the measured air concentrations of uranium
(as gross alpha). Using site-specific meteorological data, the CAP88-PC air dispersion model
(see Appendix D) predicted with reasonable accuracy gross alpha concentrations at several
monitoring locations, especially when those modeled predictions were compared with previous
uranium release estimates. This agreement between the measured and predicted gross alpha air
concentrations indicates both that the air dispersion model (using site-specific meteorological
data) is a valid tool for assessing atmospheric dispersion, and that the emission estimates are
reliable indicators of past emissions.

That said, this approach is limited; historical monitoring data are only available for a portion of
the K-25/S-50 operating history. Yet the 18-year period for which gross alpha ambient air
monitoring data are available appears adequate for determining both annual and long-term trends
between measured and predicted air concentrations. Similarly, meteorological data are not
available for all years. But again, a multi-year data comparison indicates reasonable agreement
between years, and use of the most conservative weather year ensures the evaluation procedure is
health-protective.

Information on the specific sampling and analytical methods used for historical monitoring
(before about 1971) is likewise limited. Fluorides in air may be present in the gas phase
(generally hydrogen fluoride) or in a particulate phase (ATSDR 2003). According to the 1975
environmental monitoring report (Union Carbide Corporation Nuclear Division 1976), airborne
fluoride concentrations in the ppb range were collected for 24-hour periods with an 8-day
frequency. Samples were collected in a caustic solution and analyzed with an ion-specific
electrode. Although this method should capture both the HF and particulate fluoride compounds,
it cannot discriminate the relative proportions. Whether this sampling and analytical
methodology was consistent over the entire sampling period (1971-1985) is unknown. Because
24-hour samples were reported for 1971-1977 and 7-day samples were reported for 1978-1985,
the duration of sample collection most likely changed. Annual averages, however, were reported
for all periods.

Weekly airborne radionuclide samples for both gross alpha and gross beta were collected on
filter paper, and radioactive decays were counted using “gross beta and gross alpha counting
techniques” (Union Carbide Corporation Nuclear Division 1976). Although uranium releases
from the K-25/S-50 facility would have been predominately gaseous UFg, this compound is not
stable in the atmosphere and would transform rapidly into uranium oxide particulates. The
particulate filter sampling method then should provide adequate collection of airborne uranium.
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If the gross alpha counting technique included decays in an appropriate energy range, this
method will provide a reasonable estimate of airborne uranium particulates.

Both of the air dispersion models have another limitation: they do not consider the effect of
topography on plume transport. But this is partially overcome by site-specific meteorological
data, which reflect the influence of topography on measured wind directions and velocities. Also,
because the net effect of the ridges surrounding the K-25/S-50 facility reduces contaminant
transport to exposure areas on both slopes of the ridges, the resulting doses are health-protective
overestimates. A related limitation of the measured monitoring data is that no sample stations are
in the areas of potential exposure (Figure 14). The HP-35 station, however, is in the predominant
downwind direction and should record maximum long-term concentrations. Again, because
exposure areas are mostly isolated from K-25/S-50 air releases by ridges, the measured
concentrations are potential exposure overestimates.

But while the estimated short-term and annual doses listed in Tables 8 and 9 are likely
overestimates,** the estimated short-term doses from the largest accidental release are higher
than the estimated doses from the largest annual release. This apparent discrepancy is because
the short-term doses are lung-specific dose equivalents, while the annual doses are whole-body
effective doses. To compare directly these doses, the short-term dose equivalents must be
multiplied by a tissue-weighting factor. For lung doses this factor is 0.12 (ICRP 1977). Also,
differences appeared in the particle deposition velocities used in the two dispersion models. The
RASCAL3 model assumes a deposition velocity of 0.3 meter/second (m/s), while CAP88-PC
uses a deposition velocity of 0.18 m/s. The higher deposition velocity will result in higher doses
at close-in distances and lower doses at more distant locations.*?

ATSDR has not attempted in this PHA to calculate any type of probability-based assessment of
historical contaminant concentrations or doses. The health-protective assumptions used for
estimating historical exposures render unlikely the detection of potentially adverse health effects
by any other means. And even if effects were to occur, ATSDR’s employed assumptions would
mean that at worst, those effects would be relatively minor and temporary. In a recent analysis
titled Comparative Bias Associated with Various Estimates of Dose to Maximally Exposed
Individuals, the use of deterministic, health-protective screening assessments is supported as
long as the estimated doses do not exceed the target criterion (Wilson and Hinton 2003).
Similarly, the National Council on Radiation Protection and Measurements (NCRP) says that
uncertainty analysis is unnecessary and, for environmental radiological doses of fewer than 2
rem (2,000 mrem), may even be misleading (NCRP 1996).

The 18-year relationship between estimated uranium emissions and measured gross alpha
concentrations at the HP-35 location reveals several years in which estimated emissions
overpredicted measured gross alpha concentrations (Figure G-1; 1973-1976 timeframe). Any
probability-based assessment would then have to include the possibility that emissions were

1 Specific accident reports indicate that large proportions (up to 90%) of released UF¢ were retained in the
respective buildings and subsequently recovered. This evaluation of historic accidental releases assumes that 100%
of material was emitted to the atmosphere.

12 Deposition velocities for both RASCAL3 and CAP88-PC are fixed values and cannot be adjusted in the
respective models.
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lower than estimated (as well as higher). Every other assumed parameter would also have to
include factors leading to higher atmospheric dispersion and lower overall exposures. And any
probability-based analysis would only produce a wide range of lower doses than those estimated
in this PHA—a further evaluation showing that historic exposures to K-25/S-50 air releases are
without public health basis.
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V. Health Outcome Data Evaluation

Health outcome data measure disease occurrence in a population. Common health outcome data
sources are existing databases (e.g., cancer registries, birth defects registries, death certificates)
that measure morbidity (disease) or mortality (death). Health outcome data can provide
information on the general health status of a community—where, when, and what types of
diseases occur and to whom they occur. By comparing disease occurrences in different
populations over periods of years, public health officials can use health outcome data to look for
unusual patterns or trends in disease occurrence. Health outcome data evaluations are descriptive
epidemiologic analyses. They are exploratory, given that they might provide additional
information about human health effects. They are useful, given that they might help identify the
need for public health interventions (e.g., community health education). But health outcome data
cannot—and are not meant to—establish cause and effect between environmental exposures to
hazardous materials and adverse health effects in a community.

ATSDR generally considers a health outcome data evaluation when a plausible, reasonable
expectation of adverse health effects is associated with observed levels of contaminant exposure.
In this public health assessment on ORR fluoride and uranium releases, ATSDR determined that
past radioactive and nonradioactive substances released from the K-25/S-50 site could have
resulted in potential off-site exposures.

V.A. Criteria for Conducting a Health Outcome Data Evaluation

To determine how to use or analyze health outcome data in the public health assessment process,
or even whether to use it at all, ATSDR solicits and receives input from epidemiologists,
toxicologists, environmental scientists, and community involvement specialists. They consider
the following criteria, based only on site-specific exposure considerations, to determine whether
to include a health outcome data evaluation in a public health assessment:

» |s the exposure period determinable?
» |s the population that was or is now exposed quantifiable?

= Are the estimated exposure doses(s) and the duration(s) of exposure sufficient for a
plausible, reasonable expectation of health effects?

= Are health outcome data available at a geographic level or with enough specificity for
correlation with the exposed population?

= Do the validated data sources or databases have information on the specific health
outcome(s) or disease(s) of interest? For example, are the outcome(s) or disease(s)
likely to occur from exposure to the site contaminants, and are those data accessible?

= Does the site contain at least one current (or past) potential or completed exposure
pathway?

Using the findings of this PHA’s exposure evaluation, ATSDR has sufficiently documented
completed past exposure pathways to airborne radioactive and nonradioactive hazardous
substances. That documentation covered the years 1944 to 1995 and included people living in
off-site communities—Union/Lawnville, Happy Valley, and Sugar Grove—near the K-25/S-50
site. The documented evidence of off-site acute and chronic exposure to uranium and ionizing
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radiation indicates that estimates of past doses are below those associated with health effects (see
Section 1V, Public Health Implications). Acute exposure to hydrogen fluoride for the Sugar
Grove and Union/Lawnville communities following the largest short-term or accidental UFg
releases could have caused temporary respiratory irritation to sensitive persons living in these
off-site areas. Historic concentrations, however, were probably much lower than those estimated
here.

Past chronic and acute exposures to uranium and ionizing radiation are not expected to cause
health effects. Past acute exposures to hydrogen fluoride for the Sugar Grove and
Union/Lawnville communities are likely much lower than estimated. Thus, no further analysis of
health outcome data is appropriate. Unless the level of estimated exposure is likely to result in an
observable number of health effects, analysis of site-related health outcome data is not
scientifically reasonable. And because such an estimate of exposure is not reasonable, the
requirement to consider analysis of site-related health outcome data based on exposure is
complete.

Responding to community health concerns is an essential part of ATSDR’s overall mission and
commitment to public health. Community concerns are important, and the public health
assessment process must address them. The individual community health concerns addressed in
the Community Health Concerns section (Section V1) of this public health assessment are
concerns from the ATSDR Community Health Concerns Database related to issues associated
with K-25/S-50 releases.

Area residents have voiced concerns about cancer. Citizens living in the communities
surrounding the ORR have expressed many concerns to the ORRHES about a perceived increase
in cancer in areas surrounding the ORR. A 1993 TDOH survey of eight counties adjacent to the
ORR indicated that cancer was mentioned more than twice as often as any other health problem.
The survey also showed that 83 percent of the surveyed population in the surrounding counties
believed it was important to examine the actual occurrence of disease among residents in the Oak
Ridge area.

To address these concerns, ORRHES requested that
ATSDR assess health outcome data (cancer incidence)
in the eight counties surrounding the ORR. ATSDR
used data already collected by the Tennessee Cancer

A cancer incidence assessment
evaluates the number of new
cancer cases in a particular
geographic area, such as a county,

Registry. This assessment of cancer incidence is a in a given timeframe. It provides
descriptive epidemiologic analysis that provides a information about the cancer rates
general picture of the occurrence of cancer in each of in a community and is used to

the eight counties. The purpose of this evaluation was to | determine whether any unusual
inform citizens living near the Oak Ridge Reservation pattern or higher frequency of a
area regarding cancer rates in their counties compared disease is occurring within the
with the State of Tennessee. Note, however, that this community relative to a reference

evaluation only examines cancer rates at the population | PoPulation, usually the state.

level—not at the individual level. The evaluation is not
designed for specific associations between adverse health outcomes and documented human
exposures, and it does not—and cannot—establish cause and effect.
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The results of the cancer incidence assessment released in 2006 showed that when compared
with cancer incidence rates for the State of Tennessee, both higher and lower rates of certain
cancers occurred in some of the counties examined. Most of the cancers in the eight-county area
occurred at expected levels, and no consistent pattern of cancer occurrence was identified. The
reasons for the increases and decreases of certain cancers are unknown. The document is
available online at http://www.atsdr.cdc.gov/HAC/oakridge/phact/cancer_oakridge/index.html.

In addition, over the last 20 years, local, state, and federal health agencies have conducted public
health activities to address and evaluate public health issues and concerns related to chemical and
radioactive substances released from the Oak Ridge Reservation. For more information, see the
Compendium of Public Health Activities at
http://www.atsdr.cdc.gov/HAC/oakridge/phact/c_toc.html.
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VI. Community Health Concerns

To address ORR health concerns raised by community members, ATSDR actively gathered
comments and other information from people who live or work near the reservation. ATSDR is
particularly interested in hearing from area residents and from civic leaders, health professionals,
and community groups. In the appropriate ORR public health assessments, ATSDR will address
their specific health concerns.

To improve the documentation and organization of community health concerns at the ORR,
ATSDR developed a Community Health Concerns Database specifically designed to compile
and track site-related community health concerns. The database allows ATSDR to record, to
track, and to respond appropriately to all community concerns and to document ATSDR’s
responses to these concerns.

From 2001 to 2005, ATSDR compiled more than 3,000 community health concerns obtained
from the ATSDR/ORRHES community health concerns comment sheets, written
correspondence, phone calls, newspapers, comments made at public meetings (ORRHES and
work group meetings), and surveys conducted by other agencies and organizations. After
organizing these concerns in a consistent and uniform format, ATSDR imported them into the
database.

Community health concerns addressed are those in the ATSDR Community Health Concerns
Database regarding releases from the K-25 site and the former S-50 site. The following table
contains summarized concerns and issues together with ATSDR’s responses. The concerns and
responses categories are

e Geographic areas of concern,

e Exposure pathway concerns,

e Health concerns,

e Concerns related to workers, and

e Concerns about fluoride [fluorine], hydrogen fluoride, uranium hexafluoride, uranium,
and uranyl fluoride.
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Community Health Concerns From the Oak Ridge Reservation Community Health Concerns Database

Al

Summarized Concern/lssue

ATSDR’s Response

Geographic Areas of Concern

1

A community member’s parents lived in Happy Valley from
1943 through 1948, and his sister and brother were born while
his parents lived there. Both of his parents, who were now
deceased, had suffered from cancer. He said that most of the
people who lived in Happy Valley are dead now and some of
the surviving former residents he had spoken with had some
kind of cancer or their spouse had died with cancer.

Have there been any studies such as dose reconstruction on
this area and the people who lived at Happy Valley?

He is concerned that his parents and others who lived in the
Happy Valley area just east of DOE's K-25 Gaseous Diffusion
Plant from 1943 through 1948 were at a high risk of developing
illnesses due to exposures to chemicals released into the air
and water from this plant. This community (comprised of DOE
workers, DOE subcontract workers, and their families) was
downwind from the K-25 plant and the community’s water
came from a treatment facility downstream from the plant.

Will ATSDR be looking at water sources related to Happy
Valley? What dangerous environmental exposures were his
family members exposed to while living in Happy Valley?

To respond to concerns about possible past exposures for former residents of Happy Valley, ATSDR
evaluated potential exposures to this community in this PHA. The State of Tennessee’s Oak Ridge Dose
Reconstruction did not include an evaluation of the Happy Valley community. Through, however, work group
meetings and ATSDR's community health concerns database, ATSDR learned about the Happy Valley,
Happy Valley West, Ford Bacon Davis, and Fercleve labor camps (see Figure 7)—established to house
workers constructing the Oak Ridge Gaseous Diffusion Plant at K-25. Over 8,700 residents, including 5,600
workers and 3,100 dependents, lived at Happy Valley during its existence (about 1943-1947; but a
community member’s anecdotal observations suggest that Happy Valley may have been occupied as late as
1948.) Happy Valley was located in the lower reaches of East Fork Valley, near the main Gaseous Diffusion
Plant at K-25. The westernmost portion of Happy Valley was between 1.0 and 1.5 miles further southeast of
the K-25 Power House area and the former S-50 plant.

Possible past exposures via the K-25 drinking water intake were evaluated in a separate public health
assessment titled White Oak Creek Radionuclide Releases. ATSDR conservatively assumed that Happy
Valley residents could have been exposed over a 7-year period (from 1944 to 1950). ATSDR did not identify
any Clinch River monitoring data for radionuclides covering the period when Happy Valley was used as a
housing area. In the absence of historical monitoring data, ATSDR used the 50th percentile of the modeled
radioactivity concentrations in the Grassy Creek area of Clinch River as reported in the Oak Ridge Dose
Reconstruction Task 4 report (available online at http:/health.state.tn.us/ICEDS/OakRidge/WOak1.pdf).
ATSDR estimated an annual whole-body dose of 14 mrem for drinking water at Happy Valley in the past.
That estimate is at least seven times lower than ATSDR’s minimal risk level (MRL) for ionizing radiation of
100 mrem/year and the maximum dose limit recommended for the public of 100 mrem/year by the
International Commission on Radiological Protection (ICRP), the U.S. Nuclear Regulatory Commission
(NRC), and the National Council on Radiation Protection and Measurements (NCRP). Therefore, adverse
health effects would not be expected to result from past exposures to drinking water at K-25 for Happy Valley
residents. You can obtain copies of this PHA at
http://www.atsdr.cdc.gov/HAC/oakridge/phact/white_oak/index.html or by calling ATSDR toll-free at 1-800-
232-4636.
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Summarized Concern/lssue

ATSDR’s Response

Continued

He is asking ATSDR to investigate this matter to determine the
risks that his family members and other residents of Happy
Valley were subjected to during 1943 through 1948.

Dose reconstructions are based on historical events, performed
to address public concerns about the cause of cancer among
individuals. To achieve this goal in Oak Ridge, historical
exposures will need to be traced to the initial establishment of
ORR. If ORRHES attempts to determine whether past events
during the years of maximum exposure in the community
resulted in cancer or other diseases with a long latency period,
another community member agreed, efforts should be made to
locate persons who lived in the area at that time. These
individuals should serve as the study population.

A community member was initially unable to locate data about
Happy Valley, but PHAWG assisted him in this effort. However,
he needs more assistance in locating additional data to
address his concerns about cancer-causing agents. Identifying
a potential correlation between his parents' cancers and the
environment is important due to his concerns about historical
health effects, future generations, and a potential
predisposition to the disease.

In this PHA, ATSDR evaluates historical air releases and examines possible exposures to contaminants
released to the air from the former S-50 plant for Happy Valley residents. It is important to note that ATSDR
only evaluated potential exposures to airborne releases from the former S-50 plant—not releases associated
with the K-25 facility—for Happy Valley residents because the Happy Valley labor camp was abandoned
before significant releases occurred from the K-25 facility (about 1952-1953). ATSDR used a worst-case
scenario to evaluate potential off-site exposures, which used the maximum releases that occurred and
assumed that all released material was dispersed to the outside atmosphere, in addition to many other
conservative (protective) assumptions. Please see Tables 4 and 5, as well as Figure 13, for more information
on this evaluation.

ATSDR concluded based on estimated concentrations and doses, that historic chronic exposure to ionizing
radiation, uranium, fluoride, and hydrogen fluoride, as well as acute exposure to ionizing radiation and
uranium in airborne releases from the S-50 plant, would not be expected to result in adverse health effects.
ATSDR concluded that acute exposures to the maximum estimated fluoride and hydrogen fluoride
concentrations were unlikely but possible. ATSDR determined that sufficient data will never be available to
make a professional judgment about the level of health hazard. In addition, ATSDR's estimated historic off-
site acute hydrogen fluoride concentrations are not appropriate to use as a basis for a health hazard
category—they are estimated worst-case concentrations, and they are highly unlikely to have actually
occurred, given that they are based on modeled results with a high degree of uncertainty. Nonetheless, even
based on these worst-case assumptions, exposures would have only been expected to possibly cause minor,
temporary respiratory irritation in sensitive individuals. Furthermore, this evaluation of acute exposures is
based on estimated releases occurring after Happy Valley had already closed. For more information on
ATSDR's findings and public health evaluation of the Happy Valley community, please see Section Ill and
Section IV, respectively, in this PHA.
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#

Summarized Concern/Issue

ATSDR’s Response

1

Continued

In conducting the health statistics review (HSR), the community
member urged ATSDR to research historic records to the
extent possible. Due to TDOH's data gaps, he acknowledged
that a wealth of information will be missing. For instance, the
Tennessee Cancer Registry will not contain information
regarding the 1940s transients. In a personal effort, he has
been attempting to locate residents who lived in Happy Valley
at the same time as his parents.

In addition to conducting the HSR and other formal studies, he
encouraged ATSDR to also collect qualitative data by
interviewing persons. This approach can assist in identifying
health effects among current and future residents in the
communities of concern. He also asked ATSDR to refrain from
limiting the HSR to 1990 census data.

ATSDR uses the public health assessment process to evaluate the public health implications of exposure to
environmental contamination and to identify the appropriate public health actions or a study for particular
communities. In public health assessments, ATSDR conducts a health effects evaluation. Scientists

o  Carefully examine site-specific exposure conditions about actual or likely exposures;

e  Conduct a critical review of available toxicological, medical, and epidemiologic information to
ascertain the substance-specific toxicity characteristics (levels of significant human exposure); and

o  Compare an estimate of the amount of exposure (i.e., dose) to which people might frequently
encounter at a site to situations that have been associated with disease and injury.

This health effects evaluation involves a balanced review and integration of site-related environmental data,
site-specific exposure factors, and toxicological, radiological, epidemiologic, medical, and health outcome
data to help determine whether exposure to contaminant levels might result in harmful outcomes. The goal of
the health effects evaluation is to decide whether harmful outcomes might be possible in the exposed
population by weighing the scientific evidence and by keeping site-specific doses and concentrations in
perspective. The output is a qualitative description of whether site exposure doses and concentrations are of
sufficient nature and magnitude to trigger a public health action to limit, eliminate, or further study any
potential harmful exposures. In addition, ATSDR will consider evaluating health outcome data if a plausible,
reasonable expectation of adverse health effects is associated with the observed levels of exposure to
contaminants. The PHA report presents conclusions about the actual existence and level of the health threat
(if any) posed by a site. It also recommends ways to stop or reduce exposures. An overview of the PHA
process is available at; http://www.atsdr.cdc.gov/training/public-health-assessment-overview/html/index.html.
In this and all other public health assessments, during the public health assessment process ATSDR uses
comparison values as screening tools. As explained above, the levels of contaminants associated with
potential past exposures for Happy Valley residents are below levels where adverse health effects would be
expected to occur. If the public health evaluation indicates that past doses are high enough for a plausible
and reasonable expectation of adverse health effects, we would then conduct further in-depth health
evaluations and consider a follow-up study, including an evaluation of health outcome data. Health outcome
data are measures of disease occurrence in a population that can provide information on the general health
status of a community. Common sources of health outcome data are existing databases (cancer registries,
birth defects registries, death certificates) that measure morbidity or mortality. Public health officials use
health outcome data to look for unusual patterns or trends in disease occurrence by comparing disease
occurrences in different populations over periods of years. These health outcome data evaluations are
descriptive epidemiologic analyses.
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ATSDR scientists generally consider health outcome data evaluation when there is a plausible, reasonable
expectation of adverse health effects associated with the observed levels of exposure. Using the findings of
the exposure evaluation in this PHA, ATSDR sufficiently documented completed exposure pathways to
ionizing radiation, uranium, fluoride, and hydrogen fluoride for former Happy Valley residents. The
documented evidence of off-site exposure to these contaminants indicates, however, that estimated doses
and concentrations are below levels associated with health effects (see Section IV. Public Health
Implications). Because past chronic and acute exposures to uranium and ionizing radiation were not
expected to cause health effects, past acute exposures to hydrogen fluoride for the Sugar Grove and
Union/Lawnville communities were likely much lower than estimated, and past exposures for off-site
communities never occurred, no further analysis of health outcome data is appropriate. Analysis of site-
related health outcome data is not scientifically reasonable unless the level of estimated exposure is likely to
result in an observable number of health effects. And because such an estimate of exposure cannot be
made, the requirement to consider analysis of site-related health outcome data based on exposure is
complete (see Section V. Health Outcome Data Evaluation).

Please see the response to the following concern for information on cancer and the statistics review
conducted by ATSDR.
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There is a high incidence of cancer in the Union and Lawnville
areas. How can a person get agencies to perform studies in a
geographic area of concern?

Area residents living in the communities surrounding the Oak Ridge Reservation have expressed concerns to
ATSDR and to the Oak Ridge Reservation Health Effects Subcommittee (ORRHES) about a perceived
increase in cancer in areas surrounding the ORR. In 1993, the Tennessee Department of Health (TDOH)
conducted a study of the eight-county area surrounding the reservation. According to the study, people
mentioned cancer as a health problem more than twice as much as they did any other health problem. In
addition, 83 percent of the population surveyed in the surrounding counties believed it was very important to
examine the actual occurrence of disease among residents in the Oak Ridge area.

To address these concerns, ORRHES requested that ATSDR assess health outcome data (cancer incidence)
in the eight-county area (Anderson, Blount, Knox, Loudon, Meigs, Morgan, Rhea, and Roane) surrounding
the reservation, which includes the Union and Lawnville areas. Therefore, ATSDR assessed cancer
incidence (newly diagnosed cases of cancer) using cancer incidence data already collected by the
Tennessee Cancer Registry for 1991-2000. This assessment of cancer incidence is a descriptive
epidemiologic analysis that provides a general picture of the occurrence of cancer in each of the eight
counties. The purpose of conducting this evaluation was to provide citizens living in the Oak Ridge
Reservation area with information regarding cancer rates in their county compared with the state of
Tennessee. This evaluation only examines cancer rates at the population level—not at the individual level. It
is not designed to evaluate specific associations between adverse health outcomes and documented human
exposures, and it does not—and cannot—establish cause and effect.

The results indicated both higher and lower rates of certain cancers in some of the counties examined when
compared with cancer incidence rates for the state of Tennessee. Yet no consistent pattern of cancer
occurrence was identified. The reasons for the increases and decreases of certain cancers are unknown. The
document is available online at http://www.atsdr.cdc.gov/HAC/oakridge/phact/cancer_oakridge/index.html.

In addition to the eight-county area, ORRHES requested that ATSDR evaluate the cancer incidence rates for
49 specific census tract areas around the Oak Ridge Reservation. ATSDR was unable to conduct this
analysis, however, because a high percentage of the addresses for several of the areas were either for post
office boxes or rural routes, which did not allow the data to be incorporated into certain geographic areas.

For further inquiries about cancer rates in your area of Tennessee, please contact the Tennessee Cancer
Registry by phone at 1-800-547-3558 or by email at tncancer.registry@state.tn.us. If you are concerned
about your risk of developing cancer, you should discuss this with your physician. For more information about
cancer, visit the American Cancer Society's Web site at http://www.cancer.org or call the agency directly at 1-
800-227-2345. You can also visit the National Cancer Institute’s Web site at http://www.cancer.gov/ or call
the agency directly at 1-800-422-6237.

95



http://www.atsdr.cdc.gov/HAC/oakridge/phact/cancer_oakridge/index.html
http://www.cancer.gov/

(ATSDR

Summarized Concern/lssue

ATSDR’s Response

Members of the public want ATSDR to perform additional off-
site sampling from the Gallaher Valley area and incorporate the
data from the Roane County Gallaher Valley area (where the
TSCA Incinerator is located) with the other data.

Regarding sampling at the Toxic Substances Control Act (TSCA) Incinerator, please refer to ATSDR's public
health assessment on the TSCA Incinerator at http://www.atsdr.cdc.gov/HAC/oakridge/phact/tsca/index.html
or contact ATSDR toll-free at 1-800-232-4636 to obtain a copy of the document.
ATSDR is using the public health assessment process to evaluate previous studies and environmental data
to determine whether releases of hazardous substances from the Oak Ridge Reservation could have affected
the health of people in communities near the reservation. The public health assessment is the primary public
health process ATSDR uses to

o |dentify populations off the site who could have been exposed to hazardous substances
Determine the potential health effects of exposure
Address the site-specific health concerns of people in the community

e Recommend any needed follow up public health actions to address exposure

e  Communicate ATSDR’s findings to the public
ATSDR is conducting nine public health assessments to evaluate potential exposures to chemical and
radiological off-site releases from the K-25, Y-12, and X-10 facilities. ATSDR uses conservative (protective)
exposure assumptions to consider the closest populations to the sources and the highest possible
contaminant concentrations. ATSDR uses these worst-case exposure scenarios so that potential exposures
are not underestimated and to evaluate the populations that would be most affected by potential exposures.
If ATSDR identified data gaps in sampling during the preparation of its public assessments at the Oak Ridge
Reservation, then the agency would notify the U.S. Environmental Protection Agency (USEPA), the U.S.
Department of Energy (DOE)—or both—and request the collection of additional data to fill those data needs.
Thus, if ATSDR believed that additional sampling was necessary for any areas, then it would recommend that
sampling be conducted. Given the agency'’s findings in this public health assessment, however, additional
sampling is not necessary.
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Exposure Pathway Concerns

4

Some water monitoring data indicate that tritium is present in
East Tennessee Technology Park water samples. However,
previous water sampling efforts did not include analysis for
tritium.

Tritium is very difficult to extract from water samples because it is present in water form. Nonetheless, the
measured tritium levels detected at ETTP are well below the regulatory limit (H Crabtree, TDEC Radiological
Monitoring Program, ORRHES meeting minutes, October 22, 2002).

The K-25 site has a water intake that withdraws water from the Clinch River, which is located at CRM 14.4
(ChemRisk 1999b). Please see Figure 3 for the location of the K-25 water intake. Although this intake is
located on site at the reservation, through community concerns, Exposure Evaluation Work Group (EEWG,
formerly referred to as the Public Health Assessment Work Group [PHAWG]) meetings, and discussions with
DOE, ATSDR learned that this water intake provided domestic water to the Happy Valley community during
its existence (1943-1947). The K-25 water intake also continues to be used today for potable water (non-
domestic) on site at the Oak Ridge Reservation by the K-25 site, Beer Creek Industrial Park, and Building
9714 (ChemRisk 1999b).

ATSDR evaluated off-site groundwater in its public health assessment titled Evaluation of Potential
Exposures to Contaminated Off-Site Groundwater from the Oak Ridge Reservation (available at
http://www.atsdr.cdc.gov/hac/pha/pha.asp?docid=1371&pg=0). In this document, ATSDR evaluated tritium
and other contaminants of concern in on-site groundwater. ATSDR concluded that because of the close
interaction between groundwater in the aquitard formations of Melton Valley and surface water, tritium
detected in on-site groundwater migrates off the reservation via surface water—it does not leave the
reservation via groundwater. For ATSDR's evaluation of exposures to off-site surface water releases of
tritium and other radiological contaminants, please see the White Oak Creek Radionuclide Releases Public
Health Assessment. You can obtain copies of this assessment by calling ATSDR toll-free at 1-800-232-4636
or from http://www.atsdr.cdc.gov/HAC/oakridge/phact/white_oak/index.html.

For past exposures, ATSDR concluded that exposures to radionuclides, including tritium, released off site via
surface water were not expected to result in adverse health effects. For current exposures, of the seven
radionuclides detected in surface water released off site from White Oak Creek to the Lower Watts Bar
Reservoir, hydrogen 3 (H 3, also known as tritium) reached the highest concentration (853 pCi/L) in the
collected surface water samples. ATSDR concluded that the likelihood of adverse health effects from H 3 is
extremely low; the concentrations were well below the EPA’s current maximum contaminant level (MCL) for
drinking water of 20,000 pCi/L of tritium.
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Also in the White Oak Creek Radionuclide Releases Public Health Assessment, ATSDR evaluated past
potential exposures to drinking water via the K-25 water intake. For past exposures, ATSDR used
conservative assumptions assuming that Happy Valley residents could have been exposed over a 7-year
period (from 1944 to 1950). ATSDR estimated a past annual whole-body dose of 14 mrem for drinking water
at Happy Valley. This is at least seven times lower than ATSDR'’s minimal risk level for ionizing radiation of
100 mrem/year and the maximum dose recommended for the public of 100 mrem/year by the International
Commission on Radiological Protection (ICRP), the U.S. Nuclear Regulatory Commission (NRC), and the
National Council on Radiation Protection and Measurements (NCRP). Therefore, adverse health effects
would not be expected to result from past exposures to drinking water at K-25 for Happy Valley residents.

The K-25 water intake continues to be used today for potable water by the K-25 site, Beer Creek Industrial
Park, and Building 9714—all located on site at the Oak Ridge Reservation (ChemRisk 1999b). Chemical,
radiological, bacteriological, and chlorine sampling of “finished water” from the treatment plant is regularly
conducted pursuant to the state and EPA requirements. Because of public concerns voiced at a July 31,
2000, meeting, DOE-Oak Ridge Operations (DOE-ORO) conducted a special sampling effort that included
testing for metals, radionuclides, and chemicals in water directly from the tap. More than 475 drinking water
samples were taken and analyzed, and DOE-ORO concluded that drinking water at the K-25 site was “safe to
drink.” More information on this sampling effort is available at the DOE-ORO Reading Room at 475 Oak
Ridge Turnpike, Oak Ridge, Tennessee (DOE-ORO and CROET 2000). To view the drinking water quality
report for this sampling effort, go to http://www.state.tn.us/environment/doeo/pdf/PSBroch.pdf.

In addition, for 30 years under the Safe Drinking Water Act of 1974, the EPA has set health-based standards
and specified treatments for substances in public drinking water systems. In 1977, EPA gave the state of
Tennessee authority to operate its own Public Water System Supervision Program under the Tennessee
Safe Drinking Water Act. Through this program, TDEC's Division of Water Supply regulates drinking water at
all public water systems. As a requirement of this program, all public water systems in Tennessee individually
monitor their water supply for EPA-regulated contaminants and report their monitoring results to TDEC
(TDEC 2003a). The public water supplies in Tennessee are monitored for substances that include 15
inorganic contaminants, 51 synthetic and volatile organic contaminants, and 4 radionuclides. For EPA’s
monitoring schedules for each contaminant, go to
http://www.epa.gov/safewater/pws/pdfs/grg_smonitoringframework.pdf (USEPA 2004a). On a quarterly basis,
TDEC submits the individual water supply data to EPA’s Safe Drinking Water Information System (SDWIS)
(TDEC 2003a). To look up information and sampling results for public water supplies in Tennessee, go to
EPA'’s Local Drinking Water Information Web Site at http://www.epa.gov/safewater/dwinfo/tn.htm (USEPA
2004b).
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In addition, in 1996 TDEC's DOE Oversight Division started to participate in EPA’s Environmental
Radiation Ambient Monitoring System (ERAMS) drinking water program. As part of the Oak Ridge
ERAMS program, TDEC collects samples from five facilities on the ORR and in its vicinity. These public
water suppliers include the Kingston Water Treatment Plant (Tennessee River Mile [TRM] 568.4), DOE
Water Treatment Plant at K-25 (Clinch River Mile [CRM] 14.5), West Knox Utility (CRM 36.6), DOE Water
Treatment Plant at Y-12 (CRM 41.6), and Anderson County Utility District (CRM 52.5) (TDEC 2003b).
Under the ERAMS program, TDEC collects finished drinking water samples from these five public water
supplies on a quarterly basis and submits the samples to EPA for radiological analyses. In addition to
tritium, samples are analyzed for other radionuclides including gross alpha, gross beta, gamma, radium,
strontium, plutonium, uranium, and iodine. Monitoring has indicated that concentrations of radiological
contaminants are below regulatory criteria. The schedule and contaminants sampled at the supplies are
available at http://www.state.tn.us/environment/doeo/pdf/EMP2006.pdf. To find more information related
to your drinking water supply or additional water supplies in the area, please call EPA’s Safe Drinking
Water Hotline at 1-800-426-4791 or visit EPA’s Safe Drinking Water Web site at
http://www.epa.gov/safewater.

5 The community needs the data from the secret well-
monitoring done since the 1980s, including the surface and
groundwater studies at Y-12 and K-25 as this data directly
impacts the surrounding residents.

Has the porosity of the limestone bedrock below K-25, Y-12,
and X-10 been quantified?

ATSDR evaluated surface water and groundwater associated with off-site releases from the ORR in the
Evaluation of Potential Exposures to Contaminated Off-Site Groundwater from the Oak Ridge
Reservation. In this PHA, ATSDR evaluated contaminants released from the Oak Ridge facilities that have
been detected in off-site groundwater. Available data indicate that off-site contamination has only
occurred in monitoring wells and seeps/springs near Y-12 in Union Valley, and residential wells have
been unaffected by ORR-related activities. Because nearly all groundwater beneath the ORR ends up as
surface water before leaving the site, community exposure to contamination via off-site groundwater is
unlikely. ATSDR scientists concluded that on-site groundwater does not pose a public health hazard
because there is no completed exposure pathway for ingestion or direct contact with contaminated
groundwater emanating from the ORR. Sufficient evidence supports that no human exposure to off-site
contaminated groundwater has occurred, no exposures are currently occurring, and exposures are not
likely to occur in the future. For specific information regarding the geology and hydrology of the ORR,
please refer to Appendix B in the groundwater PHA (available at
http://www.atsdr.cdc.gov/hac/pha/pha.asp?docid=1371&pg=0).
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Will the uranium releases to water and sediments be looked
at?

Yes, ATSDR evaluated potential exposures to uranium via off-site releases of surface water and
sediments In the White Oak Creek Radionuclide Releases Public Health Assessment. ATSDR evaluated
potential off-site exposures for radionuclide releases, including uranium, from the Oak Ridge Reservation
to the Clinch River and the Lower Watts Bar Reservoir. ATSDR concluded that adverse health effects
would not be expected from potential past, current, or future exposures to uranium detected in off-site
surface water or sediments. You can obtain copies of this assessment online at
http://www.atsdr.cdc.gov/HAC/oakridge/phact/white_oak/index.html or by calling ATSDR toll-free at 1-
800-232-4636.

I recall during the CIP-CUP upgrading program when
converters (the huge pieces of equipment used in the
gaseous diffusion process that contained the barrier
materials that separated the uranium gasses) were removed
from the system, taken to the K-1420 Decontamination
Facility and cut open. All of the internal parts were removed
to be replaced by new parts. Some of the parts were huge
bowl-shaped aluminum pieces that riggers loaded onto flat-
bed trailers and hauled to the peninsula at the K770 Salvage
Yard. Bulldozers pushed the contaminated parts off the
trailers onto the ground and later into huge piles. We saw
large quantities of yellowish green product (enriched
uranium) on and in these parts. Often the pieces were
covered with uranium dust and sediments around the
periphery and any rough parts or projections on them. We
wondered and discussed among ourselves what happened to
this enriched uranium when the rains washed it into Poplar
Creek, which flowed into the Clinch River.

In the White Oak Creek Radionuclide Releases Public Health Assessment, ATSDR evaluated whether
radionuclides, including uranium, released from the Oak Ridge Reservation could be harmful to people
living along and using the Clinch River and the Lower Watts Bar Reservoir. ATSDR concluded that people
who used or lived along the Clinch River or Lower Watts Bar Reservaoir in the past, or who currently do so
or will in the future, might have or might yet come in contact with radionuclides, including uranium, that
entered the Clinch River or Lower Watts Bar Reservoir via White Oak Creek. ATSDR'’s evaluation of data
and exposure situations for users of these waterways indicates that the levels of radionuclides in the
sediment, surface water, and biota are—and have been in the past—too low to cause observable health
effects. You can obtain copies of this assessment online at
http://www.atsdr.cdc.gov/HAC/oakridge/phact/white_oak/index.html or by calling ATSDR toll-free at 1-
800-232-4636.
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Members of the community who are not presently sick still
worry that they will become sick in the future as a result of
the very shortsighted approach to reindustrialization at the K-
25 site.

Reindustrialization is the method being used at the former K-25 site, now known as the East Tennessee
Technology Park (ETTP), to decontaminate and decommission buildings and transfer reusable buildings
to the private sector. Initially, buildings containing too much contamination were scheduled to be
demolished (TDEC 2000, 2004). Under the accelerated reindustrialization cleanup, however, all buildings
that are not transferred to new owners will be demolished (TDEC 2004).

As a result of reindustrialization at ETTP, there are workers employed at the ORR who are not associated
with DOE operations. Thus, accessible contaminated areas become an issue because members of the
public (not only DOE employees) who work at the reservation now have access to and are present at the
ORR (TDEC 2004). ATSDR understands that there are concerns about exposures to contaminants
remaining at ETTP for people working on site, such as radiation from buildings (Ledwidge 1999; TDEC
2004).

Although worker health issues are a concern to ATSDR, the agency is only evaluating potential exposures
related to ORR contaminants released off site to nearby communities from the main ORR facilities (K-25,
Y-12, and X-10) in its public health assessments. Worker-related issues are under the purview of the
National Institute for Occupational Safety and Health (NIOSH), a federal agency of the Department of
Health and Human Services (DHHS) and part of the Centers for Disease Control and Prevention (CDC)
that is responsible for conducting research and making recommendations to prevent work-related illness
and injury. If you are concerned about exposures that might be occurring on site at ETTP, please contact
NIOSH at 1-800-35-NIOSH (1-800-356-4674). Also, please visit DOE’s Safety and Health Web site at
http://www.energy.gov/safetyhealth/index.htm for information about various programs and contacts
regarding the safety and health of DOE workers.

Treatment and testing needs to be provided to sick workers
and residents at independent hospitals and by physicians
who are not affiliated with DOE.

Treatment and testing must be provided for workers who
should not be working at the ORR's X-10, Y-12 and K-25
facilities because this is a Superfund site that is being
cleaned up.

One recommendation was to set up a cutting-edge treatment
center for affected Oak Ridge residents.

ATSDR uses the public health assessment process to evaluate previous studies and environmental data
to determine whether releases of hazardous substances from the Oak Ridge Reservation could have
affected the health of people in communities near the reservation. The public health assessment is the
primary public health process ATSDR uses to

e Identify populations off the site who could have been exposed to hazardous substances,
e Determine the potential health effects of exposure,

e  Address the site-specific health concerns of people in the community,

e Recommend any needed follow up public health actions to address exposure, and

e  Communicate ATSDR's findings to the public.
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A common place should be available where both workers
and residents can go for help if they have the same types of
exposures, such as nickel poisoning.

A clinic is needed because DOE is not supporting the
process of treating sick workers and physicians in Oak Ridge
do not want to become involved in worker exposure
controversies.

| am a victim of K-25. If we help the people who live here
now, then new residents and industry might come to Oak
Ridge. However, the problems will continue to escalate if
help is not provided to those who are here.

ATSDR worked with the Oak Ridge Reservation Health Effects Subcommittee (ORRHES) to ensure that
the public health questions of people living in the Oak Ridge Reservation area will be answered. In
response to community concerns regarding a clinic, the ORRHES Needs Assessment Work Group
conducted a comprehensive program review of the various federal agencies to determine whether it is
possible to establish an occupational/environmental clinic or another form of clinical intervention near the
Oak Ridge Reservation. On August 27, 2002, the ORRHES made the following recommendation to
ATSDR.

“The Oak Ridge Reservation Health Effects Subcommittee (ORRHES) has determined that discussion of
public health activities related to the establishment of a clinic, clinical evaluations, medical monitoring,
health surveillance, health studies, and/or biological monitoring is premature. Thus, the ORRHES
recommends that formal consideration of these issues be postponed until the ATSDR public health
assessment (PHA) process identifies and characterizes an exposure of an off-site population at levels of
health concern. If this exposure warrants follow-up public health activities, the ORRHES will then consider
these issues in making its recommendations to ATSDR.” This ORRHES recommendation is based on the
review, evaluation, and understanding of the comprehensive program review presented by the Needs
Assessment Work Group at the August 27, 2002, ORRHES meeting. The August 27, 2002, ORRHES
meeting minutes are available on ATSDR’s Web site at
http://www.atsdr.cdc.qov/HAC/oakridge/meet/orr/m8_27.html.

Also, please refer to the Environmental and Occupational Medical Resources Fact Sheet (at
http://www.atsdr.cdc.qgov/HAC/oakridge/factsheets/env_med res.html) developed by the former ORRHES
to provide guidance to persons seeking medical assistance for an environmentally- or occupationally-
related illness or injury. This fact sheet provides information on the Association of Occupational and
Environmental Clinics (AOEC) for persons who think something in the environment is causing an illness.
To request assistance from AOEC, please call 1-888-347-2632 or access the AOEC Web site at
http://www.aoec.org. Further, the U.S. Department of Labor is the lead agency in administering the Energy
Employees Occupational lllness Compensation Program for former and current workers. You can obtain
more information on this program at http://www.dol.gov/owcp/energy!/.

102



http://www.atsdr.cdc.gov/HAC/oakridge/factsheets/env_med_res.html
http://www.aoec.org/

Oak Ridge Reservation: K-25 and S-50 Uranium and Fluoride Releases

Summarized Concern/Issue

ATSDR’s Response

10

In addition to iodine 131 exposures from the RalLa process,
what is the extent that thyroids of residents and workers
could have been adversely affected by exposures to other
contaminants (e.g., cumulative impacts from other
radionuclides via the RalLa process; X-10 radionuclides
released via other processes, thyroid-impacting contaminants
at the three major facilities, and non-local exposures)?

Fluoride and certain mixed chemicals possibly affect the
thyroid in the same way as iodine. Thus, fluoride from K-25
could be a contributing factor to some of the thyroid
problems.

HF effects were quickly connected to the high rates of thyroid
illness seen in the work force due to accumulation of mercury
in the thyroid gland leading to thyroid cancer like problems
normally associated with radiation damage.

Exposure to fluoride does not affect the thyroid in the same way as iodine. Exposure to radioactive iodine
(lodine 131 or | 131) can result in cancer to the thyroid, but exposure to fluoride has never been shown to
result in thyroid cancer. Inhalation would have been the primary route of exposure for off-site residents to
any fluoride released in the past from the K-25 site. According to ATSDR’s 2003 Toxicological Profile for
Fluorides, Hydrogen Fluoride, and Fluorine (available at http://www.atsdr.cdc.gov/toxprofiles/tp11.pdf),
most scientific investigators do not consider it likely that cancer can result from fluoride inhalation. When
ATSDR published its toxicological profile in 2003, no studies were located regarding cancer in animals, or
endocrine effects in animals or humans, after inhalation exposure to fluoride, hydrogen fluoride, or
fluorine. Since ATSDR published its toxicological profile, the National Research Council released a report
in 2006 that evaluated potential health effects associated with fluoride exposure. Based on a review of
several fluoride ingestion studies, the report stated that “several lines of information indicate an effect of
fluoride exposure on thyroid function.” However, the report noted that because of several complex factors
(e.q., peripheral effects on thyroid function, difficulties related to exposure estimation in human studies), “it
is difficult to predict exactly what effects on thyroid function are likely at what concentration of fluoride
exposure and under what circumstances” (National Research Council 2006). The National Research
Council recommended that studies of exposure to fluoride and endocrine effects be conducted on U.S.
populations exposed to varying levels of fluoride. The National Research Council (2006) also looked at a
potential association between cancer and fluoride exposure via inhalation, ingestion, and other routes,
and determined that the “results are mixed, with some studies reporting a positive association and others
no association.” Specifically, based on data from studies on humans, genotoxicity assays, and in vitro
bone cells, the evidence that fluoride could attribute to cancer is “tentative and mixed” (National Research
Council 2006). In other words, the National Research Council (2006) report stated that the scientific
literature “does not clearly indicate that fluoride either is or is not carcinogenic to humans.”
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What health effect does depleted uranium have on the

general public?

Natural uranium is actually a mixture of three types (or isotopes) of uranium; uranium 234 (U-234),
uranium 235 (U-235), and uranium 238 (U-238). Chemically, these three types of uranium behave the
same, but they are differing radioactive materials exhibiting different radioactive properties. Human
activities, such as industrial processing of uranium, can change the ratios of the isotopes. Enriched
uranium refers to when the fraction of U-235 is increased, whereas depleted uranium refers to when the
portion of U-235 is decreased. Enrichment is an industrial process used to increase the amount of U-234
and U-235 and decrease the amount of U-238 in natural uranium. The product of this process is enriched
uranium, and the leftover is depleted uranium. Enriched uranium is more radioactive than natural uranium,
and natural uranium is about twice as radioactive as depleted uranium (ATSDR 1999a).

Scientists have observed chemical effects from uranium in humans, such as signs of kidney disease and
adverse effects on bodily tissues. Depleted uranium, however, is a weak radioactive substance not likely
to cause cancer. In fact, no human cancer of any type has been observed as a result of exposure to
depleted uranium. Nonetheless, there is a chance of developing cancer from any radioactive material like
uranium, and uranium can also decay into other radioactive substances (e.g., radium) that can cause
cancer in people who are exposed over long enough time periods. Still, according to ATSDR's
Toxicological Profile for Uranium, “because the specific activities of ... depleted uranium are low, no
radiological health hazard is expected from exposure to ... depleted uranium.” Further, “there are no
unequivocal studies that show that intake of ... depleted uranium can induce radiation effects in humans
or animals. The available information on humans and animals suggests that intake of uranium at the low
concentrations usually ingested by humans or at levels found at or near hazardous waste sites is not likely
to cause cancer” (ATSDR 1999a).

Just like adults, children are also exposed to small amounts of uranium in their drinking water, food, and
air. It is possible that children could have the same types of health effects as adults following exposure to
large concentrations of uranium, such as kidney damage. We do not know, however, if children’s
susceptibility to uranium exposure is different from adults. Further, we do not know for sure if uranium
exposure can adversely affect the human fetus, but animal studies have shown birth defects and an
increase in fetal deaths following exposure to high uranium doses in drinking water (ATSDR 1999a). For
more information on uranium, please see ATSDR's Toxicological Profile for Uranium available at
http://www.atsdr.cdc.gov/toxprofiles/tp150.pdf.

ATSDR’s evaluation in this PHA shows that exposures to airborne uranium releases from the K-25 site
are not expected to cause adverse chemical or radiological health effects in off-site communities. Please
see Section Ill and Section IV of this public health assessment for more information on ATSDR's health
evaluation of potential uranium exposures.
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It is a waste of resources to study uranium if there is no
evidence that it is carcinogenic. Has cancer been observed
as a result of exposure to uranium?

ATSDR does not agree that substances should only be studied if they are carcinogenic. In exposed
persons, many substances can cause health effects other than cancer, and it is as important to use
resources to study these substances as it is to study compounds found to cause cancer.

Regarding uranium, it is a chemical compound that is also radioactive. Uranium mixtures include depleted,
natural, and enriched uranium, all of which have the same chemical effect on the human body. Depleted
uranium is less radioactive than natural uranium, and enriched uranium is more radioactive than natural
uranium. Scientists have observed chemical effects from uranium in humans, such as signs of kidney
disease and adverse effects on bodily tissues. Scientists have not, however, detected harmful radiation
effects resulting from exposure to natural uranium, but some effects might be possible.

Natural and depleted uranium are weak radioactive substances and are not likely to cause cancer from
exposure to their radiation. In fact, no human cancer of any type has been observed as a result of
exposure to natural or depleted uranium. However, there is a chance of developing cancer from any
radioactive material like uranium, and uranium can also decay into other radioactive substances (e.g.,
radium) that can cause cancer in people who are exposed over long enough time periods.

Just like adults, children are also exposed to small amounts of uranium in their drinking water, food, and
air. It is possible that children could have the same types of health effects as adults following exposure to
large concentrations of uranium, such as kidney damage. We do not know, however, if children’s
susceptibility to uranium exposure is different from adults. Further, we do not know for sure if uranium
exposure can adversely affect the human fetus, but animal studies have shown birth defects and an
increase in fetal deaths following exposure to high uranium doses in drinking water (ATSDR 1999a). For
more information on uranium, please see ATSDR’s Toxicological Profile for Uranium available at
http://www.atsdr.cdc.gov/toxprofiles/tp150.pdf.
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What is the long-term effect on the community from 50-60
years of exposure to small concentrations of uranium,
considering DOE operated multiple sites over the years with
multiple emission sources?

Uranium was released from various large-scale operations, primarily uranium processing and machining
operations at the Y-12 plant and uranium enrichment operations at the K-25 and S-50 plants. Phase | of
the Tennessee Department of Health’s (TDOH) Oak Ridge Health Study evaluated all past releases of
hazardous substances and operations at the ORR. The study indicated that four substances had the
largest potential risk for adverse health effects—uranium was not one of them. A brief summary of the
Phase | Feasibility Study is provided in Appendix H of this PHA.

Phase Il of the health studies primarily consisted of a dose reconstruction study focusing on past releases
of radioactive iodine, radionuclides from White Oak Creek, mercury, and PCBs. In addition to the full dose
reconstruction analyses, the Phase Il effort included further detailed screening analyses for releases of
uranium and other toxic materials that had not been fully characterized in Phase | (a brief in Appendix H
summarizes the Screening-Level Evaluation of Additional Potential Materials of Concern, Task 7).
Because uranium was not initially given high priority as a contaminant of concern, a Level Il screening
assessment for all uranium releases was performed. Preliminary screening indices for Y-12 and K-25
were below the Oak Ridge Health Agreement Steering Panel (ORHASP) decision guide of one chance in
10,000. The ORHASP final report is available at http:/health.state.tn.us/CEDS/OakRidge/ORHASP.pdf.

To expand upon the efforts of the TDOH—but not to duplicate them—ATSDR conducted a review and a
screening analysis of the department's Phase | and Phase Il screening-level evaluation of past exposure
(1944-1990) to identify contaminants of concern for further evaluation. Using this review and addressing
community concerns about uranium, ATSDR conducted a public health assessment on Y-12 uranium
releases (released in January 2004) and prepared this public health assessment on K-25 uranium (and
fluoride) releases. ATSDR concluded, based on the TDOH'’s estimated doses for past exposures and
ATSDR's evaluations in both of these public health assessments, that no adverse health effects would be
expected from past off-site exposures to uranium released from the Y-12 plant or the K-25 site.

In the Y-12 PHA, ATSDR evaluated both radiation and chemical aspects of long-term (chronic) past and
current uranium exposure, and concluded that past and current off-site exposure to uranium from the Y-12
plant would not cause harmful health effects.Obtain copies of this public health assessment on the
Internet at http://www.atsdr.cdc.gov/HAC/PHA/oakridgeyl12/oak_toc.html or by calling ATSDR toll-free at
1-800-232-4636.

In this public health assessment, ATSDR evaluated historical exposures to chemical and radiation effects
of airborne uranium releases from the K-25/S-50 site for the largest estimated annual releases for the
communities located closest to the facilities. ATSDR determined that long-term exposure to the highest
estimated airborne uranium releases would not be expected to result in adverse health effects. Please
see Section Ill and Section 1V in this public health assessment for more information on ATSDR’s
assessment of chronic exposures to uranium releases from the K-25/S-50 site.
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Because there is not much margin of safety between the RfD
and a level at which severe effects can occur, it is likely that
the reference dose for fluoride is not protective of all
individuals.

ATSDR did not use the U.S. Environmental Protection Agency’s (USEPA) reference dose (RfD) for
fluoride in this public health assessment. The oral RfD is based on a cosmetic effect on teeth called dental
fluorosis that develops because of excess fluoride exposure. The RfD of 0.06 mg/kg/day is based on a
study on children consuming fluoride in their drinking water that found no observable adverse effect from
consuming fluoride levels of 0.1-1.0 ppm in drinking water. Although there is much controversy over
whether dental fluorosis is a toxic and/or adverse health effect, the EPA has determined that it is a
cosmetic effect—not a toxic and/or adverse health effect. It is important to note that ATSDR would not use
this RfD as a comparison value in this public health assessment because it is based on a cosmetic
effect—not an adverse health effect—and it is based on oral exposure to drinking water. This PHA is
evaluating adverse health effects resulting primarily from off-site inhalation exposures.

Here ATSDR evaluated potential adverse health effects resulting from past chronic and acute off-site
exposure to fluoride released from the K-25 site. ATSDR had not derived a chronic duration minimal risk
level (MRL) for inhalation to fluoride or hydrogen fluoride because no chronic duration studies have been
located. Thus for chronic exposures, ATSDR compared the maximum estimated annual exposure
concentration of less than 6 ppb to the California EPA’s (Cal-EPA) reference exposure level (REL) of 10.8
ppb (13 pg/md), a level at which the critical effect identified from chronic inhalation was skeletal fluorosis.
Cal-EPA derived the chronic REL based on occupational exposure from a study (Derryberry et al. 1963)
that found skeletal fluorosis (increased bone density) as the critical effect, with a lowest-observed-
adverse-effect-level (LOAEL) of 1.89 mg/m?3 and a no-observed-adverse-effect-level (NOAEL) of 1.07
mg/m3. After adjusting for exposure continuity and utilizing an intraspecies uncertainty factor of 10, the
resulting REL was 13 pug/ma. Please see http://www.oehha.ca.gov/air/chronic_rels/HyFIuoCREL.html for
more information on this Cal-EPA reference exposure level.

To evaluate acute exposures, ATSDR compared the highest estimated acute fluoride concentration
released from the K-25 site of 26.3 ppb to the MRL of 20 ppb for acute inhalation exposure to hydrogen
fluoride. The MRL is based on a minimal LOAEL of 0.5 ppm (500 ppb) fluoride for upper respiratory
irritation as reported in Lund et al. (1997). The 20 ppb MRL is 25 times lower than exposures that caused
mild upper respiratory tract inflammation in human volunteers exposed for 1 hour (Lund et al. 1999). In
addition, the MRL is 150 times lower than the highest average level allowed by the Occupational Safety
and Health Administration (OSHA) for hydrogen fluoride in air for a 40-hour work week (8-hour work days)
of 3,000 ppb. For more information on this MRL, please ATSDR's Toxicological Profile for Fluorides,
Hydrogen Fluoride, and Fluorine (available at http://www.atsdr.cdc.gov/toxprofiles/tp11.pdf).

For more information on these values, please see Section IV in this public health assessment. The values
are based on health effects and are used to evaluate the public health implications of exposure to
fluorides and related compounds released from the K-25/S-50 site.
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The true magnitude of the HF releases and long-term health
effects are linked to asthma and lung damage, arthritis and
bone/joint damage, neurological and foggy thinking effects,
thyroid and parathyroid damage, birth defects, white and
phage cell suppression, extreme fatigue, AND perpetuating
DOE's entire "mysterious illness" cover up.

It is deceptive for DOE public relations persons to list only the
prompt symptoms of HF inhalation and leave off the other
effects directly linked to K-25's mysterious illnesses.

According to ATSDR's Toxicological Profile for Fluorides, Hydrogen Fluoride, and Fluorine (available at
http://www.atsdr.cdc.gov/toxprofiles/tp11.pdf) and the California Environmental Protection Agency's (Cal-
EPA) Chronic Toxicity Summary: Fluorides Including Hydrogen Fluoride (available at
http://www.oehha.ca.gov/air/chronic_rels/HyFIuoCREL.html#download), no studies on chronic human
inhalation exposure to pure hydrogen fluoride are available (ATSDR 2003; Cal-EPA 2003). In addition, no
specific data are available regarding possible effects on human developmental or reproductive systems
following inhalation of hydrogen fluoride (ATSDR 2003; Chemical Substances Bureau 1999). ATSDR
welcomes the commenter to provide ATSDR with peer-reviewed, scientific literature that supports the
health effects being mentioned as associated with long-term exposure to hydrogen fluoride to enable the
agency to investigate this issue further.

If nearby off-site communities were exposed to hydrogen fluoride released from the K-25/S-50 site,
exposures would have likely occurred via inhalation. Chronic human exposure to low doses of hydrogen
fluoride via inhalation has resulted in irritation and congestion of the nose, throat, and bronchi of lungs. In
addition, there have been reports of increased bone density among workers who had long-term inhalation
exposures to hydrogen fluoride (USEPA 1989). Though asthma and related respiratory effects have been
reported in some worker studies, multiple exposures to respiratory irritants and other compounds make it
difficult to determine whether these symptoms are the result of inhaled HF (Cal-EPA 2003). Nonetheless,
given the evaluation in this public health assessment, adverse health effects were not expected to result
in off-site communities, based on the estimated hydrogen fluoride concentrations released.

In this public health assessment, ATSDR evaluated potential chronic exposures to fluoride and hydrogen
fluoride (HF) released as a result of normal process operations from the K-25/S-50 site. ATSDR used a
correlation between annual uranium releases and measured fluoride concentrations at the site perimeter
to estimate concentrations from long-term exposure to fluoride for years before monitoring data were
available. Estimated concentrations at the site perimeter will overestimate concentrations at areas of
potential exposure due to the increased distance from emission sources and the effects of topographic
ridges between the emission sources and exposure areas. ATSDR assumed that the largest annual HF
release coincided with the highest annual uranium release. The highest estimated annual average fluoride
concentration in air (less than 6 ppb in 1945) was at the F-2 station. A chronic toxicity summary prepared
by the California EPA in 2003 for fluorides (including hydrogen fluoride) identified skeletal fluorosis as a
critical effect with a chronic inhalation reference exposure level of 14 pg/m3 for hydrogen fluoride and 13
pg/m3 for fluoride (Cal-EPA 2003). The estimated maximum annual exposure concentration, fewer than 6
ppb (7.2 ug/m3) for people living around the K-25/S-50 facility, is well below Cal-EPA’s reference levels.
As such, ATSDR concluded that the estimated long-term fluoride and hydrogen fluoride air concentrations
and resulting exposures are not expected to result in adverse health effects.
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HF is highly reactive and is cumulative in the body. Hydrogen
fluoride retains in the body and less than one quarter is
excreted. It accumulates over time of exposure and even low
doses matter.

If nearby off-site communities were exposed to hydrogen fluoride released from the K-25/S-50 site,
exposures would have likely occurred via inhalation. According to ATSDR’s Toxicological Profile for
Fluorides, Hydrogen Fluoride, and Fluorine (available at http://www.atsdr.cdc.gov/toxprofiles/tp11.pdf),
when you breathe in air containing hydrogen fluoride, it enters your bloodstream quickly through your
lungs. Contrary to the commenter’s statement that “less than one quarter [of hydrogen fluoride] is
excreted,” almost all of the substance that enters your body via inhalation is quickly removed from the
body in the urine. Some, however, is stored in bones and teeth. Human studies (Collings et al. 1951; Rye
1961) indicate that fluoride absorbed from inhaled hydrogen fluoride and fluoride dusts over an 8-hour
work shift is excreted even during exposure, with urinary excretion peaking approximately 2—4 hours after
cessation of exposure (about 10 hours following beginning of exposure) (ATSDR 2003).

17

Selenium-based glutathione (GSH) and the copper-zinc-
based superoxide dimutase (SOD) are affected by hydrogen
fluoride and fluorine ion effects. Glutathione is the main
enzyme that clears toxic metals from the body and without it
being at full potential toxic metals concentrations rise in the
body leading to increases in free radical damage to cells via
reactive oxygen damage (ROS). SOD is responsible for
repair of the ROS damage to the cells. So, the main problem
is both the loss of the mechanism that clears the toxic
material and the loss of the mechanism that repairs the
damage due to rise in the toxic materials driving high rates of
ROS damage.

There is a direct connection with the toxic releases from the
DOE plants and damage to these two enzymes. The largest
driver for the damage to these two enzymes turned out to be
the high amounts of hydrogen fluoride emitted from the K-25
plant and the TVA coal power plants that were used to supply
the coal power to run this plant. In the mid 1980s the news
was clear that Oak Ridge plant operations were causing all
kinds of excess illnesses in the workers and local population,
as this is when the glutathione toxic metals clearance
mechanism was discovered.

The fluoride toxic effect and the other pollution that damaged
the GSH levels raised the levels of toxic metals in person's
bodies leading to levels of free radical damage and DNA
damage seen in much older people.

ATSDR is not aware of any peer-reviewed scientific studies regarding the “damage or loss of the
mechanism that clears the toxic material and the loss of the mechanism that repairs the damage due to
rise in the toxic materials driving high rates of ROS damage” from exposure to hydrogen fluoride. ATSDR
however welcomes the commenter to provide copies of or references to the studies.

Glutathione (GSH) is known as a substrate in both conjugation reactions and reduction reactions,
catalyzed by glutathione S-transferase enzymes in cytosol, microsomes, and mitochondria. Metals,
including fluoride, react with GSH as part of the normal detoxification process. This can lead to a depletion
of the available GSH pool.

Oxidative stress is caused by an imbalance between the production of reactive oxygen and a biological
system’s ability to readily detoxify the reactive intermediates or easily repair the resulting damage. All
forms of life maintain a reducing environment within their cells. The cellular redox environment is
preserved by enzymes that maintain the reduced state through a constant input of metabolic energy. In
chemical terms, oxidative stress is a large increase (becoming less negative) in the cellular reduction
potential, or a large decrease in the reducing capacity of the cellular redox couples, such as GSH. The
effects of oxidative stress depend upon the size of these changes, with a cell being able to overcome
small changes and regain its original state. A particularly destructive aspect of oxidative stress is the
production of reactive oxygen species, which include free radicals and peroxides. Most of these oxygen-
derived species are produced at low levels by normal aerobic metabolism and the damage they cause to
cells is constantly repaired. The best studied cellular antioxidants are the enzymes superoxide dismutase
(SOD), catalase, and glutathione peroxidase.

As previously mentioned, ATSDR is not familiar with any peer-reviewed scientific studies that evaluate the
“damage or loss of the mechanism that clears the toxic material and the loss of the mechanism that
repairs the damage due to rise in the toxic materials driving high rates of ROS damage” from exposure to
hydrogen fluoride. ATSDR however invites the commenter to provide ATSDR with any scientific
documents and/or references of these studies.

109



http://www.atsdr.cdc.gov/toxprofiles/tp11.pdf

(ATSDR

#

Summarized Concern/Issue

ATSDR'’s Response

Concerns Related to Workers

18

Can the K-25 study on cyanide be re-done?

In the fall of 1995, employees at the K-25 site (now known as East Tennessee Technology Park, or ETTP)
on the U.S. Department of Energy (DOE) Oak Ridge Reservation (employees of Lockheed Martin Energy
Systems, Inc.) reported numerous health problems. These included suffering from sleeplessness,
headaches, muscle aches, fatigue, muscle tremors, and depression. The employees requested that the
National Institute for Occupational Safety and Health (NIOSH) investigate these problems in relation to
possible cyanide exposure. Although worker health issues are a concern to ATSDR, worker-related issues
are under the purview of NIOSH, a federal agency of the Department of Health and Human Services
(DHHS) and part of the Centers for Disease Control and Prevention (CDC) that is responsible for
conducting research and making recommendations to prevent work-related illness and injury.

The study began in the fall of 1996 and took place over a 4-year period. Twenty-two employees were
interviewed. Sensitive techniques, using the minimum detectable concentrations for long-term samples on
the order of 1/5,000 of the most restrictive occupational exposure criteria, were used to collect air samples
for cyanide. Even using these techniques, no cyanides (gaseous or particulate-borne) were detected in
the air samples. The air sampling results show that the employees currently are not experiencing
occupational inhalation exposures of hydrogen cyanide, cyanide salts, or any of a wide variety of gaseous
or particulate-borne compounds containing the cyanide ion. Further, no evidence of any occupational
exposures to these compounds by routes other than inhalation was found. A review of routine water
sampling records indicates that cyanide is not a contaminant in the K-25 water supply nor is it a
contaminant of concern for direct skin contact or ingestion because most of the concerned employees
work in offices or similar “finished” indoor spaces.

NIOSH concluded, based on the results of this evaluation, that no relationship could be established
between the health problems reported by employees and chronic, occupational cyanide intoxication from
exposures to those compounds or any other related substances. The findings of this investigation were
presented during a public meeting held July 11, 1996, and were published in the following report (released
in July 2000): Blade LM and Worthington KA. Health Hazard Evaluation Report No. HETA-96-0071-2584,
Lockheed Martin Energy Systems, Inc., U.S. Department of Energy Oak Ridge K-25 Site, Oak Ridge,
Tennessee.

If NIOSH had concluded that workers were in fact being exposed to harmful levels of cyanide at the ETTP
site, then additional study would be warranted. Based on the findings of the investigation, however,
occupational exposures to cyanide were not identified. Therefore, an additional study would not be
justified. For information on NIOSH's occupational energy research program, see NIOSH's Web site at
http://www.cdc.gov/niosh/oerp/. For more information on workers studies, see ATSDR’s Compendium of
Public Health Activities at the ORR at http://www.atsdr.cdc.gov/HAC/oakridge/phact/c_toc.html.
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Unlike Y-12, information on people who were contaminated
at K-25 and ORNL is being kept a secret.

It seems nearly impossible for DOE to oversee 130 different
contractors and to make sure that the health, safety, and
environment is secure at all facilities. There have been recent
worker injuries at Y-12, which were avoidable, and a release
of fluorine from K-25. Supervision and oversight is needed of
all of the contractors working at the ORR.

Why are only K-25 workers being included for uranium
screening in DOE's Worker Surveillance Program?

Program eligibility criteria is needed to determine cancers
that could be caused by radiation and cancers that could be
caused by other types of exposures.

Although worker health issues are a concern to ATSDR, the agency is only evaluating potential exposures
related to ORR contaminants released off site to nearby communities from the main ORR facilities (K-25,
Y-12, and X-10) in its public health assessments. Worker-related issues are under the purview of the
National Institute for Occupational Safety and Health (NIOSH), a federal agency of the Department of
Health and Human Services (DHHS) and part of the Centers for Disease Control and Prevention (CDC)
that is responsible for conducting research and making recommendations to prevent work-related illness
and injury. NIOSH has an occupational energy research program to handle these worker-related issues.
For information on this program, see NIOSH's Web site at http://www.cdc.gov/niosh/oerp/. If you are
concerned about worker-related exposures occurring on the ORR, please contact NIOSH directly at 1-
800-35-NIOSH (1-800-356-4674).

In addition, specific federal regulations establish requirements for a radiological protection program,
including monitoring requirements for personnel. A DOE Order delineates requirements to ensure worker
protection in all environment, safety, and health disciplines. DOE’s Office of Health has many
responsibilities, including developing programs to protect the safety and health of workers at DOE
facilities, conducting studies to determine potential health effects from exposure to hazardous substances,
and developing regulations to address specific workplace hazards at DOE facilities. If you are concerned
about these and other types of worker-related issues associated with the Oak Ridge Reservation, please
contact DOE’s Environment, Safety, & Health National Energy Policy Act (NEPA) Hotline at 1-800-472-
2756.
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Fluorides cause health effects similar to pesticides. In fact,
HF makes rat poison, calcium fluoride, in the body and is
related to an insecticide used on fruits, cryolite. Workers are
full of this poison. It would be fully expected to see long-term
pesticide like illnesses for workers slowly poisoned with the
same poison.

Calcium fluoride (CaF-2) or fluorite, commonly called fluorspar, is a mineral that is an important natural
starting material for the production of fluorine chemicals, including fluorine, hydrogen fluoride, and sodium
fluoride (ATSDR 2003). Cryolite, an insecticide, is used on many vegetables, fruits, and ornamental crops
(USEPA 1996).

Fluoride can enter the atmosphere in dusts and aerosols from the manufacture and use of pesticides,
such as sodium fluoride, sodium fluorosilicate, barium fluorosilicate, and cryolite (NAS 1971a). Most
occupational exposure to fluoride occurs because of inhalation of hydrofluoric acid fumes or dust from
cryolite or fluorspar. Skeletal fluorosis is associated with long-term exposure to very high oral doses of
fluoride or occupational exposure to cryolite (A1FsNaz) dust, which would involve inhalation and oral
exposure to fluoride (ATSDR 2003). Poorly soluble fluoride compounds, such as calcium fluoride, do not
appear to be well absorbed. Studies have shown that very little (<10%) fluoride was absorbed in fasting
subjects injected with calcium fluoride (Afseth et al. 1987; Trautner and Einwag 1987).

Although worker health issues are a concern to ATSDR, the agency is only evaluating potential exposures
related to ORR contaminants released off site to nearby communities from the main ORR facilities (K-25,
Y-12, and X-10) in its public health assessments. ATSDR is not familiar with any scientific documentation
supporting K-25 workers having high levels of cryolite in their bodies. ATSDR suggests that the
commenter forward this information directly to the National Institute for Occupational Safety and Health
(NIOSH) at 1-800-35-NIOSH (1-800-356-4674) or the Department of Energy’s (DOE'’s) Environment,
Safety, & Health National Energy Policy Act (NEPA) Hotline at 1-800-472-2756.

If fluorides entered the atmosphere from the use of calcium fluoride and/or cryolite at the K-25 site, these
concentrations would have been included in ATSDR’s public health evaluation of off-site releases
presented in Section Il of this public health assessment. Please see that portion of the document for more
information.
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There are some people who worked at the ORR facilities (X-
10, K-25, and Y-12) and also live in the community. How do
we separate exposures that could have occurred at the
workplace from exposures that could have occurred from
living in the community?

ATSDR is using the public health assessment process to evaluate previous studies and environmental
data to determine whether releases of hazardous substances from the Oak Ridge Reservation could have
affected the health of people in communities near the reservation. The public health assessment is the
primary public health process ATSDR uses to

Identify populations off the site who could have been exposed to hazardous substances,
Determine the potential health effects of exposure,

Address the site-specific health concerns of people in the community,

e Recommend any needed follow up public health actions to address exposure, and

e  Communicate ATSDR's findings to the public.

As mentioned on several occasions, ATSDR does not evaluate workplace exposures and does not
evaluate exposures on an individual, person-by-person basis. During the public health assessment
process, ATSDR scientists review environmental data to determine whether people could have been or
could be exposed to contaminants off the site. ATSDR assesses site-specific factors to determine if off-
site exposure to contaminants in various media (air, biota, foodstuffs, sediment, and water) could have
occurred or is occurring and evaluates if there is a completed exposure pathway for people to contact
substances in these media.

Because ATSDR’s evaluations are based on contaminant concentrations in media and potential
exposures to these media in the environment—not on actual detected levels of contaminants in a person’s
body—the site-specific exposure evaluations provide estimated doses to off-site releases that could have
occurred in the community only. These evaluations do not take into account exposures potentially
occurring in the workplace, which are under the purview of other agencies such as NIOSH and DOE.
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Hexafluoride, Uranium, and Uranyl Fluoride

22

A 2000 DOE report on K-25 states that fluorine/fluoride was
used/released in massive amounts, but the report did not
quantify the fluoride/fluorine releases or reference sources of

information.

Even after a review of available documents and emission reports, DOE has not compiled any estimates of
annual airborne fluoride releases (except as included in UFs releases). Thus no record of long-term fluoride
emissions is available. Measurements of airborne fluoride concentrations, however, were collected at six
sampling locations around the perimeter of K-25 from 1971 to 1985.

To estimate concentrations from long-term exposure to fluoride for years before monitoring data were
available, ATSDR used a correlation between annual uranium releases and measured fluoride
concentrations at the site perimeter. The relationship between the estimated uranium emissions and
measured fluoride air concentration for the 1971-1985 timeframe is used to predict the annual average
fluoride air concentrations for years before and after fluoride was measured (see Table 9 and Figure 17).

Estimated concentrations at the perimeter (Station F-2, at the perimeter of the K-25 site about 0.5 miles
downwind or northeast of the K-25 facility) represent the point of maximum airborne fluoride concentrations.
These estimates actually overestimate concentrations at areas of potential exposure due to increased
distance from emission sources and the effects of topographic ridges between the emission sources and
exposures areas. Locations of monitoring stations (F-1 to F-6) are presented in Figure 14 of the PHA. These
records measured actual airborne fluoride concentrations over the sampling duration of either 24-hour or 6-
to 7-day collection periods and the reported results include annual averages and maximum 7-day
concentrations for each station. All of the monitoring results are reported in the annual environmental
monitoring reports for the respective years.

Figure 15 presents the measured airborne fluoride concentrations (in parts per billion, or ppb) for three
stations (F-1, F-2, and F6) over a 16-year period (1971 to 1985). All of the annually averaged fluoride
concentrations are less than 2 ppb and relatively uniform for the different years. The highest recorded value
of 26.3 ppb for a 24-hour sample in 1975 at station F-2 is the highest measured air fluoride concentration for
any station during any time, and it is about two times higher than any other measured value.

As shown in Figure 17 of the PHA, the highest predicted yearly fluoride air concentration was about 6 ppb in
1945 at the K-25 perimeter locations. Also, as with the measured short-term fluoride concentrations, station
F-2 had the highest predicted annual average fluoride concentrations due to its downwind location. The
maximum measured short-term fluoride concentration (24-hour) at the F-6 station, located about 5 miles
upwind (northwest) of the K-25 facility, was 10.9 ppb in 1976.

ATSDR evaluated the potential past exposure pathways for fluorides (in both fluoride and fluorine forms) to
reach off-site communities from the K-25/S-50 site. Fluoride exposures were evaluated for Union/Lawnville
from the K-25 site for 1945 to 1995 and for the Sugar Grove community from the K-25 site for 1960 to 1995.
Fluoride exposures from the S-50 plant from 1944 to 1945 were evaluated for both Happy Valley and
Union/Lawnville. ATSDR also evaluated potential fluoride exposures for ETTP workers and the nearest off-
site communities in the event that a natural disaster or an accident resulted in releases from the UFs cylinder
storage yards. See Sections lll and IV in the PHA for more information on this public health evaluation.
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Oak Ridge scientists have not reported some issues
occurring in Oak Ridge, such as those involving depleted
uranium. Depleted uranium shows up in soldiers; it is in their
lymphatic systems and in their bones.

Natural uranium, enriched uranium, and depleted uranium are mixtures of primarily three uranium
isotopes (U-238, U-235, and U-234; chemically similar but with a different number of neutrons). Natural
uranium is, by weight, more than 99% U-238, 0.72% U-235, and 0.005% U-234. Enriched uranium is more
than 0.72% U-235 by weight, and depleted uranium is less than 0.72% U-235 by weight. All three isotopes
are radioactive but have different specific activities (that is, radioactivity per gram of material). U-238 has
the lowest specific activity, and U-234 has the highest.

The K-25 site no longer contains UFs cylinders holding depleted uranium hexafluoride. In December
2006, DOE completed its removal of the UFs cylinders from the six former cylinder storage yards (see
Figure 12 in this PHA for the approximate location of the storage yards). From March 2004 to December
2006, DOE shipped approximately 6,000 UFs cylinders collectively containing about 119 million pounds of
UFs off site to DOE’s Portsmouth Gaseous Diffusion Plant (PORTS) in Portsmouth, Ohio (Halen Philpot,
ETTP UFs Cylinder Project Manager, Bechtel Jacobs Company LLC, personal communication, January
29, 2007).

Regarding on-site uses and exposures to depleted uranium, ATSDR's public health assessments will not
be investigating these issues. Although worker health issues are a concern to ATSDR, the agency is only
evaluating potential exposures related to ORR contaminants released off site to nearby communities from
the main ORR facilities (K-25, Y-12, and X-10) in its public health assessments. Worker-related issues are
under the purview of the National Institute for Occupational Safety and Health (NIOSH), a federal agency
of the Department of Health and Human Services (DHHS) and part of the Centers for Disease Control and
Prevention (CDC) that is responsible for conducting research and making recommendations to prevent
work-related illness and injury. NIOSH has an occupational energy research program to handle these
worker-related issues. For information on this program, see NIOSH's Web site at
http://www.cdc.gov/niosh/oerp/. If you are concerned about worker-related exposures occurring on the
ORR, please contact NIOSH directly at 1-800-35-NIOSH (1-800-356-4674).

Federal regulations establish requirements for a radiological protection program, including monitoring
requirements for personnel. A DOE Order delineates requirements to ensure worker protection in all
environment, safety, and health disciplines. DOE'’s Office of Health has many responsibilities, including
developing programs to protect the safety and health of workers at DOE facilities, conducting studies to
determine potential health effects from exposure to hazardous substances, and developing regulations to
address specific workplace hazards at DOE facilities. If you are concerned about these and other types of
worker-related issues associated with the Oak Ridge Reservation, please contact DOE's Environment,
Safety, & Health National Energy Policy Act (NEPA) Hotline at 1-800-472-2756.
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24 | Anundocumented release that occurred was the purge of the | “A cascade is a system of gaseous diffusion process components arranged so as to enrich uranium in its
cascades at K-25, which occurred on a weekly basis. U-235 component.” During the gaseous diffusion process, uranium hexafluoride (UFs) gas was put into a
The purge of the cascade resulted in large and presumably sequence of vessels that formed the “gaseous diffusion cascade.” The “purge cascade” was part of the
undocumented releases of UF6. equipment used in the gaseous diffusion process. In the purge cascade, light gases (e.g., fluorine and air)
One massive release happened in the purge cascade that were separat.ed from the UFs that was being enriched. These light gases were removed S0 that they
went on for days and dumped nearly a foot of UO2F> on the would not build up at the top of the cascade and prevent the flow of enriched UFs (ChemRisk 1999a).
floors, and HF vapors rained down clear to Ohio. In the Task 6 of the Tennessee Department of Health's Reports of the Oak Ridge Dose Reconstruction
(Task 6 report), the Task 6 team conducted an independent evaluation of airborne uranium releases from
the K-25/S-50 site by reconstructing releases for certain time periods. As part of its evaluation, the Task 6
team analyzed actual monitoring data obtained from the purge cascade system to calculate purge
cascade releases. In fact, according to the Task 6 report, purge cascade releases “...were the only
airborne releases...historically monitored on a routine basis” from the K-25 site. Although the releases
from the purge cascade constituted a small portion of the total uranium releases from the K-25 site, in
fact, based on the Task 6 report's analysis, “...historical releases from the purge cascade were less than
1 percent of the total airborne uranium releases from K-25" (ChemRisk 1999a).
More information on the Task 6 team’s release estimates for the purge cascades is available in Section
2.2.3 of the Task 6 report available online at http://health.state.tn.us/CEDS/OakRidge/Uranium.pdf.
25 | The K-29 incident resulted in large and presumably On May 27, 1981, low-level radioactive uranium hexafluoride leaked from a compression cell at the K-29

undocumented releases of UFs.

facility. According to the Task 6 of the Tennessee Department of Health’s Reports of the Oak Ridge Dose
Reconstruction (Task 6 report) (at http://health.state.tn.us/CEDS/OakRidge/Uranium.pdf), the release from
the cell following the high temperature reaction resulted in the atmospheric release of a total of 3.3E-03
curies of radioactivity and 2,000 grams of uranium (64 grams of uranium 235 and 1,936 grams of uranium
238). The same exact amounts were also released to the atmosphere during this incident because of a
ruptured breached converter. Thus, a total of 4,000 grams of uranium were released to the atmosphere
due to this compression cell leak at the K-25 facility.

When preparing its 1999 report, the Task 6 team developed a database to track airborne uranium
releases from the K-25 site for 1944 to 1995. Data were obtained from the K-25 Uranium Accountability
Group, which was responsible for keeping track of uranium moving throughout the plant. The Task 6 team
obtained material release reports that kept record of accidental and chronic environmental releases.
These accidental atmospheric releases from the K-29 facility were recorded and the uranium release
amounts were incorporated into the past release estimates in the Task 6 report (see Table E-1 on page E-
32 of the report). In this public health assessment, ATSDR used the Task 6 report’s estimates to assess
potential past exposure for off-site communities to releases of UF¢ from the K-25 site. Thus, the estimated
atmospheric releases from this 1981 accident are incorporated into the evaluations conducted by both the
Task 6 team in its dose reconstruction and by ATSDR in this PHA. Please see the Task 6 report and
Sections Ill and IV in this PHA for ATSDR's evaluation of these releases.
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There are places on the reservation that are unmarked burial
grounds that contain uranium.

On November 21, 1989, the ORR was listed on the U.S. Environmental Protection Agency's (USEPA)
final National Priorities List (NPL) because of many on-site operations that produced radioactive and
nonradioactive wastes (EUWG 1998; USEPA 2004c). Various contaminants including uranium are
present in old waste sites at the ORR. These waste sites constitute 5% to 10% of the reservation.
Releases from these waste sites, as well as leaching caused by abundant rainfall and high water tables,
have contributed to the radionuclide contamination of surface water, groundwater, soil, and sediments at
the ORR (EUWG 1998). DOE is conducting remedial actions at the reservation under a Federal Facility
Agreement (FFA) to ensure that appropriate clean up actions are selected, and to make sure that
hazardous wastes associated with former and current ORR activities are adequately studied (USDOE
2003b). Remedial activities associated with wastes from K-25/S-50 activities are detailed in this public
health assessment in Section I1.C., and in Appendix C.

To expand upon the efforts of the Tennessee Department of Health's (TDOH) Oak Ridge Health Studies,
ATSDR scientists conducted a review and a screening analysis of the department's Phase | and Phase Il
screening-level evaluation of past exposure (1944-1990) to identify contaminants of concern for off-site
exposure that required further evaluation. Pursuant to this review and its addressing of community
concerns about uranium, ATSDR scientists conducted a public health assessment on off-site Y-12
uranium releases (released in January 2004; available at
http://www.atsdr.cdc.qgov/HAC/PHA/oakridgey12/oak_toc.html) and prepared this public health
assessment to evaluate off-site K-25 uranium (and fluoride) releases. In addition, ATSDR evaluated off-
site releases of radioactive uranium in its White Oak Creek Radionuclide Releases Public Health
Assessment (available at http://www.atsdr.cdc.gov/HAC/oakridge/phact/white_oak/index.html) and the
potential for off-site uranium releases via groundwater (available at
http://www.atsdr.cdc.gov/HAC/oakridge/phact/groundwater/index.html) in a PHA titled Contaminated Off-
Site Groundwater from the Oak Ridge Reservation. For copies of these other assessments, please
contact ATSDR toll-free at 1-800-232-4636.

It is important to note that although uranium is present on the reservation, the public does not have
access to these areas. ATSDR is evaluating releases that could potentially leave the reservation and
affect off-site communities—not contaminants that remain on site. DOE has and continues to conduct
remedial activities to remove and/or contain the wastes in these areas to prevent off-site contaminant
migration. In our public health assessments for the Oak Ridge Reservation, ATSDR assesses remedial
activities that have occurred at the reservation and evaluates any on-site wastes (remaining in burial
grounds and other areas) that could travel off the reservation to off-site communities.
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