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GLOSSARY

ADP -

alloy -

amalgam -

angler -

aspen -
bgs-

bioaccessibility-

bioavailability -

chloralkali plants -

CNS
Colex -

composite sample -

deposition velocity -

DGM -

DOE -

dose -

EFPC -

elemental mercury -

Elex -

the Alloy Development Project (or Plant) at the Y-12 Plant.

aformer Y-12 codeword for lithium; also, a substance composed of two or more metals, or
metal (s) and a nonmetal, that are intimately mixed.

an alloy of mercury with another metal.

usually a person who fishes with line and hook. Used in this report to mean any fish
consumer, including members of afamily who ate fish caught by another person.

aformer Y-12 codeword for the °Li isotope of lithium.
an abbreviation of "below ground surface”.

the fraction of a chemical substance that desorbs from its matrix under physiological
conditions and is available for absorption into the bloodstream

the fraction of a chemical substance that is absorbed into the bloodstream and available to
cause toxicity; may be described as the product of the bioaccessibility and absorption of the
chemical.

industrial plants that can use an electrochemical process including a mercury cathode to
produce chlorine gas from sodium brine; currently, the largest user of mercury in the U.S.
(typically 3 tons of mercury per cell, 100 cells per plant).

the central nervous system (brain and spinal cord)

acolumn chemical exchange process for enrichment of lithium in its°Li component.

a combination of samples taken over a set period of time (or area/ depth) that are analyzed
asone sample.

the ratio of the flux of material to the surface (mg m? s™) to the air concentration (mg m®).

"dissolved gaseous mercury"; mercury in streams and lakes that exists partially in avolatile
phase.

U.S. Department of Energy.

the amount of a substance taken in by an individual over a period of time from a variety of
sources, including food, water, soil, and air, by such exposure pathways as ingestion,
inhalation, or absorption through the skin. In this assessment, doses are described as daily
intake rates averaged over periods of one year, and presented on a per kilogram of body
weight basis.

East Fork Poplar Creek.

ashiny, silver-white, extremely dense, odorless liquid, that is the familiar species of mercury
found in thermometers; tends to be relatively insoluble in water. Symbolized by the notation

Hg’.

an electrical exchange process for enrichment of lithium inits°Li component.
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equilibrium-

evasion -

exposureroutes -

foliar uptake -
gavage -

health effect endpoint -

Hermex -

inorganic mercury -

in utero-
invitro-
in vivo-
ISCST3-

isotopes -

Large-Scale Review -

lithium deuteride -

LOAEL -

marble -

a state of balance between opposing forces; in chemistry, the stage in areversible chemical
reaction at which the products of the forward reaction are consumed by the reverse reaction
at the same rate as they are formed.

the escaping of avapor from aliquid.

mechanisms or pathways through which an individual may contact contaminants in
environmental media (e.qg., air, soil, or water). Some commonly encountered exposure routes
are: inhalation of contaminated air, ingestion of contaminated soil, water, and food stuffs, and
dermal contact with contaminated soil or water.

uptake of a substance through the leaves of a plant.

forced feeding, as by aflexible tube and pump, often used in animal toxicity studies.

a defined measure of an adverse health effect, such as cancer, elevated levels of substances
in blood or urine, or tremors.

a process for purifying uranium by dissolving it in boiling mercury and recovering it as
uranium mercuride. Tested at the X-10 sitein the 1950s.

agroup of compounds or “salts’ present after the mercury ion (Hg" or Hg*) forms a chemical
bond with elements other than carbon, such as chlorine or sulfur, or with hydroxide (OH)
ions. Elemental mercury and inorganic mercury compounds are often grouped under the
generic term “inorganic mercury”; however, in this report, inorganic mercury refers only to
mercury salts.

in the uterus, before birth

outside the living body of an animal or plant, and in an artificial environment

in the living body of an animal or plant

Industrial Source Complex Short Term (version 3); a USEPA-approved air dispersion model.

forms of a chemical element having the same number of protons, but different numbers of
neutrons, and therefore different atomic weights (for example, °Li and "Li).

a Y-12 classified document review program conducted in 1994 that supported U.S. DOE
efforts to provide environmental, safety, and health information to the general public, comply
with the USDOE Tennessee Oversight Agreement, and declassify or downgrade document
holdings.

alight element fuel used in thermonuclear weapons. Deuterium is an isotope of hydrogen.
Symbolized by the notation “LiD".

"lowest observed adverse effect level”; the lowest dose of a substance used in a toxicity
study that produced statistically or biologically significant differences between the
frequencies or severity of adverse effects observed in exposed and control populations of
test animals or humans.

aformer Y-12 codeword for the Li isotope of lithium.
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Mercury Files-

Mercury Task Force -

Metallex -

metallic mercury -

methylmercury -

Monte Carlo
Simulation -

MRL -

NOAEL -

northing -
Orex -

organic mercury -

ORO -
ORR -

oxidation-

paresthesia -

PDF -

the collection of documents assembled by the Mercury Task Forcein 1983.

a group appointed by the Y-12 Plant Manager in 1983 to collect historical data on mercury
accountability, study mercury salvage and recovery, and summarize studies of mercury
impacts on worker health and the environment.

a process for purifying thorium and uranium metal from their compounds using sodium
amalgam. Tested at the X-10 sitein the 1950s.

an alternate name for elemental mercury.

an organic mercury compound, produced by bacteria and chemical processes, that
is easily absorbed by fish and other aquatic fauna. Can bioaccumulate to higher
concentrations than in the surrounding media.

a mathematical technique that uses random selection to simulate the effect of uncertain
knowledge of input parameters on the answer provided by an equation or model.

the Agency for Toxic Substances and Disease Registry’s “minimal risk level"; an estimate
of daily human exposure to a dose of a chemical that is likely to be without an appreciable
risk of adverse noncancerous effects over a specified period of duration; intended to
acquaint health professionals with exposure levels at which adverse health effects are not
expected to occur in humans, not intended to support regulatory action.

"no observed adverse effect level"; the highest dose of a substance used in a toxicity study
that produced no statistically or biologically significant differences between the frequencies
or severity of adverse effects observed in exposed and control populations of test animals
or humans.

adistance toward the north from a specified point.

an organic exchange process for enrichment of lithium inits°Li component.

a group of compounds present after mercury combinesin a chemical bond with carbon. An
example is methylmercury.

the U.S. Department of Energy’s Oak Ridge Operations.
the Oak Ridge Reservation.

the process of removing one or more electrons from an atom, ion, or molecule, as when Hg’
isoxidized to Hg* by the removal of two (negatively charged) electrons.

atingling sensation in the extremities; one of the symptoms of mercury toxicity.
"probability density function"; a subjectively defined function that quantitavely expresses
the state of knowledge about a parameter value by characterizing the degree of belief that the

true but unknown value of the parameter lies within a specified range of values for that
parameter.
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percentiles -

receptor location -

reduction-

relative bioavailability -

Reservation -

RfD -

risk -
solvent -

sourceterm -

southing -
terrestrial biota -

transect -

uncertainty -

weir -

if alarge set of datais arranged from its smallest value to its largest, and this list is divided
into 100 classes containing nearly equal numbers of data points, then each percentile
represents the highest value within that class. Thus 5% of the data are less than or equal to
the 5th percentile, and approximately 95% of the data are greater than or equal to the 5th
percentile. The median is defined as the 50th percentile, which divides the data
(approximately) into halves.

a geographic location of individuals within the assessment domain where exposure
concentrations are estimated.

the process of adding one or more electrons to an atom, ion, or molecule, as when Hg* is
reduced to Hg® by the addition of two (negatively charged) electrons.

the ratio between the bioavailability of a substance in a person exposed in the environment
and the bioavailability of that substance administered to an animal in a toxicity study (due
to differences in exposure conditions between a laboratory study and real world exposure).

in this report, refers to the Oak Ridge Reservation.

the U.S. Environmental Protection Agency’s "reference dose”; adose rate of achemical that
is not expected to cause adverse health effects over alifetime of daily exposure in humans
(including sensitive subgroups). Expressed in units of milligrams per kilogram of body
weight per day; mg kg™ day™.

the probability of a deleterious health effect, such as cancer, being induced.
aformer Y-12 codeword for mercury.

refersto the quantity, chemical and physical form, and time history of a contaminant released
to the environment from afacility.

a distance toward the south from a specified point.
animals or plants that live on land, such as cattle.

a sample area, usually along strip, that cuts across a larger area. For example, in the East
Fork Poplar Creek floodplain, soil samples were collected from floodplain transects
perpendicular to the creek.

alack of knowledge or certainty about the true but unknown value of a parameter. Can be
expressed using a quantitative probability density function (PDF). Uncertainties in
reconstructing doses can arise from a number of sources, including uncertainties about the
accuracy of historical measurements, absence of data at exposures points, lack of knowledge
about some physical processes and operational procedures, and the approximate nature of
mathematical models used to predict the transport of released materials.

asmall damin ariver or stream where flow rate can be estimated by measuring the height of
flowing water.
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EXECUTIVE SUMMARY

Between 1950 and 1963, while lithium was being enriched in its lithium-6 component for use in
thermonuclear weagpons, many tonsof mercury werereleased to the air and surfacewatersfromthe Y -12
Plant onthe Oak Ridge Reservationin Oak Ridge, Tennessee. Preliminary investigationsin the Oak Ridge
Dose Recongtruction Feasibility Study indicated that mercury rel easesfrom operationsat the Y-12 Plant
likely resultedin the highest potentia non-cancer hed th risksassociated with historical activitiesonthe Oak
Ridge Reservation. Because of that finding, Task 2 of the Oak Ridge Dose Reconstruction wasinitiated
by the Tennessee Department of Health and the Oak Ridge Health Agreement Steering Panel to bring
about adetailed, independent’ investigation of potential off-site doses and health risks from historical
releases of mercury fromthe Y-12 Plant. Thisreport documentsthe methods and results of that detailed
investigation, which had the following objectives.

. to describe (and independently quantify) past releases of mercury from the
Reservation;

. to characterize historical environmental concentrations of mercury from those
releases,

. to define potential pathways of human exposure to mercury that have been in
place;

. to describe populations that were potentially exposed,

. to estimate human exposures and doses that were potentially received; and

. to estimate human health hazards, to put the historical dose estimates in
perspective.

The Oak Ridge processes that used the most mercury were the lithium separation operations conducted
at the Y-12 Plant in the 1950s and 1960s. Lithium separation operations included three production
facilities, requiring over 24 million pounds of mercury. While Colex processfacilities (which useda
column-based exchange process) at Y -12 were most significant interms of mercury releases, the project
team a so documented the historical presence of much lower quantities of mercury in facilities built to test
or demondtrate other processesfor lithium enrichment, in instrumentation across the Reservation, in some
nuclear wegpon components, in processesfor chemica recovery or decontamination of nuclear materids,
and in the coal burned in on-site steam plants.

The project team’ sreview of lithium enrichment operations and mercury rel eases began with examination
of records assembled by members of a 1983 task force appointed to investigate and quantify mercury
releases from Y-12. The project team’ s information gathering activities centered on interviews with

1 The project was not under the technical direction of the U.S. Department of Energy, but was funded by aU.S.
DOE grant to the Tennessee Department of Health.
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members of the 1983 Mercury Task Force, review of classified and unclassified versions of the Task
Force sreport, and review of thousands of Task Forcefilesand documentsarchivedinthe Y-12 Records
Center. Whilethe Task 2 information gathering process began with review of 1983 Mercury Task Force
information, the Task 2 investigation differed from the 1983 Mercury Task Force study in that:

. The Task 2 team conducted a more thorough records review, including an
extensive search of boxes of inactive Health and Safety records.

. The Task 2 team took additiond stepsto verify the dataused to estimate historical
mercury releases. For example, actual building ventilation rates were estimated
based on review of historical drawings and documents.

. The Task 2 team identified and examined in detall the bases of the 1983 Mercury
Task Force srelease estimates, and revised the release estimates in anumber of
areas where the Task 2 team was abl e to assemble more complete information.

. The Task 2 team identified the references that support the 1983 Mercury Task
Force' srelease estimates and had them made availableto the public. These same
documents form the basis of the Task 2 team’ s rel ease estimates.

. The Task 2 team did not use estimates of unaccounted for mercury inventory in
their estimates of offsitereleases and doses. The Task 2 team estimated 62,000
pounds more mercury released to air and water than estimated by the 1983
Mercury Task Force. However, this increase represents only 3% of the
unaccounted for mercury inventory.

Releasesof airbornemercury fromthe Y -12 Plant were primarily aresult of building ventilation systems
ingaled to lower the concentration of mercury vapor inhded by workersin the lithium enrichment facilities.
Whileairbornemercury inthe Y-12 Plant’ s exhausts was not routingly monitored, the Task 2 team |located
thousands of measurements of mercury inindoor air made between 1953 and 1962. The team obtained
building ventilation rates from historical engineering drawingsthrough the assstance of aformer Y-12 Plant
ventilation engineer, and used the estimated ventil ation rates and measured concentrations of mercury in
building air to estimate historical releaserates. The Mercury Task Force used a similar method, but
underestimated flow ratesin akey Colex building by 50%. The Task 2 team estimated air emissonsfrom
four lithium enrichment buildingsand amercury recovery facility. Mercury emissonsfromtheY-12 steam
plantswere al so estimated based on estimates of the natural mercury content of the coal and rates of coa
consumption. Using corrected air concentrationsand ventilation ratesand including more mercury sources,
the Task 2 team accounted for about 73,000 pounds of airbornemercury releasedS  about 22,000 pounds
more than the Mercury Task Force, or an increase of 43%. Figure ES-1 presentsthe Task 2 team’s
rel ease estimates and those by the Mercury Task Force.
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Releases of waterborne mercury from the'Y-12 Plant entered East Fork Poplar Creek (EFPC), and were
largely aresult of an early process in which mercury was washed with nitric acid. The waters of EFPC
have been routinely sampled and analyzed for mercury since 1953, leading to what may be the longest
record of mercury releasefrom any sitein theworld. After finding measurement results for 1953 through
1993 from anumber of sources, the Task 2 team compared the data, cross-checked values, and made
correctionswhere mathematicd errors had been made. Task 2 investigatorsaso collected EFPC flow rate
measurement data from numerous sources and were able to assemble amore complete data set than the
1983 Mercury Task Force used. With the more complete concentration and flow rate records, the Task
2 team accounted for about 280,000 pounds' of mercury released to EFPC from 1950 to 1993S about
44,000 morethan officidly reported. This18% increasein theestimate of waterborne rel eases (the surface
water “sourceterm”) isprimarily dueto reevaluation of releasesbetween 1953 and 1955, asshownin
Figure ES-2.

Mercury used inlithium isotope separationsoperationsat Y -12 waselementa mercury, thefamiliar form
of mercury commonly found inthermometers. When mercury isreleased to the environment from indudtrid
processes, however, it can be converted in the environment to severd different formsor species. Thethree
primary forms of mercury that are found in the environment are elemental mercury (the dominant formin
air, because of the tendency of elemental mercury to volatilize, and found also in soil, water, and food),
inorganic mercury (or mercury “sats’, found in soil, water, and food), and organic mercury (commonly
found in fish asmethylmercury). Each of theseformsbehaves differently intheenvironment and has been
associated with different health effectsin people and animalswho were exposed to high concentrations.
Because of differencesin the behavior of these formsin theenvironment and differencesin the potentia
adverse hedlth effectsfollowing exposure, the Task 2team eva uated each of the three forms of mercury

separately.

In the calculations of estimated off-site dosesfrom historical mercury releases, the Task 2 team selected
anumber of different geographic locations and types of potentialy exposed people to investigate the ways
inwhich doseslikely varied asafunction of location and of the characteristicsand activities of the exposed
individuals. These populations of interest include those likely to have received the highest exposures, due
totheir lifestylesand their proximity to release pointsand areas of high concentrations, and thosewith lower
or moretypical exposures reflective of larger portions of the general population. Because the rate of
exposureto mercury and susceptibility to effects of exposure may vary asafunction of age, exposureswere
evauated for two age groups— adults and children. Exposuresto methylmercury in fish were a'so
evauated for unborn children (in utero exposure) becausetoxicity studies have shown that unborn children
may be particularly susceptible to adverse hedth effects when their mothers consume contaminated fish
during pregnancy.

Because waterborne releases from Y-12 flowed into the waters of EFPC through residential and
commercid sections of the city of Oak Ridge, the Task 2 team estimated doses and risks for the following
populations:

1 A volume of about 12 cubic yards (a cubic yard of mercury weighs approximately 22,800 pounds).



TASK 2 REPORT
Mercury Releases from Y-12 Lithium Enrichment— July 1999
Executive Summary Page ES-5

. Oak Ridge Community Residents—who lived near the EFPC floodplain and may
haveinhaed mercury volatilized from EFPC (assumed to be el emental mercury)
and consumed homegrown fruits and vegetables contaminated by the airborne
mercury volatilized from EFPC (assumed to convert within the plant to inorganic
mercury). Thisgroup wasassumed to have lived within one-haf mileof EFPCin
thewestern end of thecity of Oak Ridge. Although exposuresto individuasinthis
group likely varied somewhat depending ontheir location relative tothe creek, the
Task 2 team sdlected two discrete locations as representative of exposurestothis
group. Thetotal size of this population between 1950 and 1990 was estimated
to be between 15,000 and 30,000 individuals.

. The Scarboro Community— members of which inhaled mercury fromthe Y-12
Plant and EFPC (assumed to be elementa mercury), and could have traveled a
short distanceto EFPC for fishing (assumed to have been aroute of exposureto
methylmercury) or other recreational activities, and consumed homegrown fruits
and vegetables contaminated by the airborne mercury (exposures through these
pathwayswere assumed to beto inorganic mercury dueto conversion of dementa
mercury toinorganicintheplants). Thishas higtoricaly been the closest resdentia
aeatotheY-12facility. Thetota Sze of this population between 1950 and 1990
was estimated to be between 6,000 and 10,000 individuals.

. Robertsville School Children—who attended ajunior high school near the EFPC
floodplainandinhaed mercury volatilized from EFPC (assumed to beelemental
mercury) and camein contact with mercury in floodplain soil (assumed to be
inorganic mercury). Thetotad Sze of thispopulation between 1950 and 1990 was
estimated to be between 20,000 and 30,000 students. Based on interviews with
local residents, some children in this age group were a so assumed to recreatein
EFPC for more significant periods of time, and come in contact with EFPC water
and sediment (assumed to be inorganic mercury). The estimated size of this
subpopulation between 1950 and 1990 was estimated to be between 100 and
300 children.

. The EFPC Floodplain Farm Family— who resided adjacent to the floodplain,
farmed in or near the floodplain, grew fruits and vegetabl es (assumed to be
contaminated by airborne eemental mercury and inorganic mercury from soil),
raised beef and/or dairy cattle (assumed to take up mercury from air, EFPC
water, and soil), and fished for recreation. Thisisnot a hypothetical exposure
scenario— land-useinvestigationsindicatethat several familiesresided adjacent
to thefloodplain and practiced these activities. Thetotal size of this population
between 1950 and 1990 was estimated to be between 40 and 200
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Because meteorological studiesindicatethat the predominant direction of air flow fromtheY-12 Plantis
along Union Valley toward the northeast into Wolf Valley, the Task 2 team eval uated doses and risksfor
the following population:

. Wolf Valley ResidentsS wholived inthe areaof the nearest dwelling historically
located along the extension of Union Valley on the opposite side of the Clinch
River, northeast of the'Y -12 Plant. Theseindividuas could haveinhaed airborne
mercury from Y-12 (assumed to be elemental mercury), grown fruits and
vegetabl es (assumed to be contaminated by airborne mercury that was converted
inthe plant to inorganic mercury), and consumed milk and meset from * backyard”
cattlethat consumed pasture contaminated by airbornemercury. Exposurestothis
group were evauated for 1953 to 1962, since thiswasthe period of significant air
releasesfrom Y-12. The size of this population between 1953 and 1962 was
estimated to be between 30 and 100 individuals.

Because of its close proximity to the Y-12 Plant, the Task 2 team aso evaluated exposures of residents
of the Scarboro Community to mercury in airborne releases from Y-12 between 1953 and 1962. While
meteorological sudiesindicatethat windsaround the Y -12 Plant predominantly follow Bear Creek Valey
and Union Valley, meteorological studies and ambient air monitoring programs (such asfor uranium
releases from the Y-12 Plant) indicate that the local ridges are not perfect barriers— it appearsthat some
degree of transport of airborne effluentsfromthe Y -12 Plant over Pine Ridge and into adjacent valleys
does occur.

Because measurements since 1970 have shown that fish collected downstream of EFPC (that is, in Poplar
Creek, the Clinch River, and Watts Bar Reservoir) contain elevated level sof mercury, the Task 2 team
edimated dosesto individuadswho higoricaly caught and consumed fish from these waterways. Exposures
to mercury infish, assumed to be methylmercury, were eva uated for three categories of fish consumersfor
Poplar Creek/ Clinch River and Watts Bar Reservoir, based on the number of fish meals consumed per
year:

. Category 1S Assumed to consume >1 to 2.5 fish meals per week (equivaent to
about 24 to 61 g d* based on an average meal size of 170 g)

. Category 2S Assumed to consume > 0.33to 1 fish meal per week (or morethan
1 medl every 3weeksto 1 meal per week, equivaent to about 8 to 24 g d™* based
on an average meal size of 170 g)

. Category 3S Assumed to consume 0.04 to 0.33 fish meal s per week (or 1 meal
every six monthsto 1 meal every 3 weeks, equivalent to about 0.97 to 8 g d*
based on an average meal size of 170 g).

The exposure pathways evaluated for each population of interest and the species of mercury to which it
is assumed exposure occurred through each pathway are summarized in Table ES-1.



Table ES-1: Exposure Pathwaysfor Which Mercury Doses wer e Estimated

for Each Population of Interest in the Task 2 Dose Reconstruction

Exposure Pathway
Air pathways
Inhalation
Fruit/vegetable consumption
Milk consumption
Beef consumption
Soil pathways
Soil ingestion
Skin contact with soil
Vegetable consumption
Milk consumption
Beef consumption
Sediment pathways
Sediment ingestion
Skin contact with sediment
Surface water pathways
Incidental ingestion of water
Skin contact with water
Milk consumption
Beef consumption
Fish consumption

Mercury
Species

Elemental
Inorganic
Inorganic
Inorganic

Inorganic
Inorganic
Inorganic
Inorganic
Inorganic

Inorganic
Inorganic

Inorganic
Inorganic
Inorganic
Inorganic
Methyl
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a Evaluated for direct airborne releases of mercury from Y-12
b  For 1953-1962, evaluated for both direct airborne releases of mercury from Y-12 and volatilization of

mercury from EFPC; for the remaining years, evaluated for volatilization of mercury from EFPC

¢ Evaluated for volatilization of mercury from EFPC
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The Task 2 team based estimates of mercury exposures to each of these populations on historical and
current measurements of mercury in different environmental media, or on data describing historical mercury
releases from Y-12 and modeling of these releases to the locations of the exposure populations.

The Task 2 team estimated concentrations of mercury in the waters of EFPC at downstream locations
based on independently verified measurements of concentrations and flow rates near Y-12, collected
between 1950 and 1990, and gpplication of factorsto account for downstream reductionsin concentrations
dueto mercury lossto other compartments (through adherence to sediment or volatilization to air) and
dilution of water concentrations by additional inflow to the creek.

The Task 2 team calculated mercury concentrationsin air at the Wolf Valley Resident location, due to
direct rdeasesfrom the Y -12 Plant, using independently verified estimates of annud releasesto theair for
195310 1962. TheTask 2 team used the Industrial Source Complex Short Term (ISCST3) air dispersion
model and meteorological data collected onthe Y-12 site to predict how these releases were carried off-
site and to estimate annual average air concentrations at this location.

No measurements of mercury concentrations in air have been made in the Scarboro Community.
However, measurementsof airborne uranium, another contaminant historically released from'Y-12 (and
evauated in Task 6 of the Oak Ridge Dose Reconstruction) were made at Scarboro in recent years (1986-
1995), suggesting that some fraction of the airborne releasesfrom Y-12 is transported over Pine Ridge.
The Task 2 team estimated mercury concentrationsin air a the Scarboro Community resulting from direct
airbornereleasesfrom Y -12 by determining the ratio between measurements of airborne uraniumin the
Scarboro area and estimates of uranium releases from Y-12 developed by the Oak Ridge Dose
Reconstruction Task 6 team. Empirica P/Qs (s m?) were estimated by dividing the Scarboro uranium air
concentration (pCi m®) by the uranium release rate (pCi s?). The Task 2 team then applied these ratios
to annual averagereleaserates of mercury fromY-12 (mgs?) for 1953 through 1962 to estimate mercury
air concentrations at Scarboro for these years.

Recent measurements of mercury intreeringsof red cedarsgrowing in the EFPC floodplain suggest that
alr concentrations of mercury in the floodplain were sgnificantly elevated in the past. Because thesetrees
areontheoppostesdeof FineRidgefromtheY-12 Plant, itisassumed that much of theairborne mercury
camefrom EFPC. Studies at other sites with elevated airborne mercury concentrations have shown that
trees take up mercury from air and incorporate some of the mercury into treerings. However, with
present knowledge, mercury concentrationsin individual tree rings near Oak Ridge cannot beused to
reliably estimate annual averageairborne mercury concentrationsat thetreelocations. Thisisbecause
mercury isrelatively mobilein the sspwood of thetree and can move from ring to ring before the sapwood
becomesheartwood. Inaddition, individual treesappear to respond quitedifferently to airborne mercury.
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The Task 2 team mode ed vol atilization of mercury from EFPC by dividing the creek into 403 straight-line
segments and estimating releases rates from the creek based on assumptions about the fraction of the tota
mercury released from Y-12 that volatilized asthe water traveled from Y -12 to the junction between EFPC
and Poplar Creek. Based on mercury measurements near the junction of EFPC and Poplar Creek,
information in the scientific literature, and discussions with experts at recent mercury-related conferences,
the project team assumed that on average 5% of the total mercury discharged fromY-12to EFPCina
given year escaped to the air above EFPC between Y -12 and the junction. To account for the large
uncertainty in this estimate, the Task 2 team aso modeled losses of 1% and 30%. The team then used the
ISCST3 air dispersion model to estimate air concentrations at the Scarboro Community, Robertsville
School, EFPC Floodplain Farm Family, and Community Population locations from the emissions of
mercury from the creek.

Concentrations of mercury in soil and sediment used to estimate past exposures of the Scarboro
Community, Robertsville School Students, EFPC Floodplain Farm Family, and Community
populationsto mercury in EFPC floodplain soil and EFPC sediment were estimated based on sampling
conducted as part of the EFPC Floodplain Remedial Investigation during 1991 and 1992. For each
population location, the Task 2 team identified samples collected from areas of the floodplain or creek likely
to have been contacted by the population of interest. Concentrations reported in these sampleswere based
on anaysesof 16-inchlong soil coresthat were blended (or homogenized) prior to analysis. However,
a1992 study inwhich 18-inch long soil coreswere divided into 1-inch depth intervasfor analysis showed
that, because of thefrequent flooding in thisareaand the overlaying of more highly contaminated soilswith
less contaminated soils, the floodplain soil layerswith the highest mercury concentrations are buried benegth
up to 10inchesof soil and sediment. To adjust for thelikelihood that surface soil concentrationsin the past
were higher than at present, and higher than the average concentrations measured in the homogeni zed
samples, the Task 2 team gpplied adjustment factors determined for different time periodsto the soil data
sets. These subjective adjustment factors were based on the 1992 study.

Exposuresof residents of the Scarboro Community to mercury in soil were estimated based on limited
soil sampling conducted in Scarboro by Oak Ridge Associated Universitiesin 1984. These soilswere
collected to adepth of 3 inches below the surface. Soil datawerenot collected in Scarboro during the
EFPC Foodplain Remedial Investigation. Because soilsin the Scarboro Community were not subject to
flooding from EFPC, adjustment factors were not applied to these data sets.

Mercury intheair and soil can betakenup by plants, and then make itsway into milk and meeat when cattle
egat theplants. The Task 2 team derived factorsto describe these transfersin the environment. The Task
2 team estimated incorporation of airborne mercury into above-ground vegetation, including fruitsand
vegetablesand pasture grass, based on measurements of arborne mercury deposition to vegetation made
over an entire year near Oak Ridgein the late 1980s. Transfer of mercury from soil to below-ground
vegetablesand from soil to pasture grasswas estimated based on measurements of mercury in co-located
soil and plant samples collected in the Oak Ridge areain the mid-1980sand in 1993. Thetransfer of
mercury to milk and meet after intake by cattle was estimated based on sudiesfrom theliteraturein which
soluble mercury saltswere administered to cows. In estimating thetransfer of mercury to milk and meat
from soil ingested by cattle during grazing, the Task 2 team adjusted the transfer factors to account for the
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fact that mercury in EFPC soil appearsto be less available for absorption than the form administered to
cows in these controlled studies.

Althoughitislikely that the numbers of fishin EFPC during the years of peak mercury releasesfrom Y-12
werelow dueto poor water qudity, anecdota reports do suggest that asmall number of individuals caught
and consumed fish from EFPC during the 1950s and 1960s. The Task 2 team estimated historica annua
average concentrations of mercury in EFPC fish of the size and type that may have been caught for
consumption based on: 1) mercury concentrations measured in fish collected near Oak Ridge after 1970,
2) mercury concentrations measured in fish at other Steswith high mercury concentrationsin water and/or
sediment, 3) information about the maximum possible content of mercury infish of the sizelikely to have
been in EFPC, 4) evidence of an upper limit of mercury concentrations found at other locations, and 5)
evidence of levels of mercury that may be lethal to fish. The Task 2 team estimated ranges of historical
annual average concentrations of mercury in fish from the Clinch River/ Poplar Creek and Watts Bar
Reservoir that may have been caught for consumption based on mercury level sin sediment core samples
collectedin Poplar Creek, the Clinch River, and Watts Bar Reservoir inthe mid-1980sand application of
equations describing the relationship between mercury concentrationsin sediment and in fish. These
relationships were determined using data collected in EFPC, Poplar Creek, the Clinch River, and Watts
Bar Reservair.

Thereissome background exposure to mercury inthe environment, because mercury isnaturally present
inthe earth’ scrust andisre eased from anumber of industria and other man-made sources such asmining
and smdlting, production of chlorine gas and caustic soda, and burning of coa at coa-fired power plants
(USEPA 1997). Mercury has aso historically been used in a number of consumer and household
products. For example, elemental mercury is used in silver-colored dental fillings, thermometers,
barometers, and batteries; inorganic mercury was used widely in the past in medicinal products such as
laxatives and teething powders and is il used in some fungicides, paints, and medicines, and until recently,
organic mercury compounds were used as antifunga agentsin someinterior and exterior paints. Inthis
assessment, exposures to mercury in some mediaS such as mercury in floodplain soil and sediment and
mercury in fishS were evauated primarily based on concentrations measured in the environment, and thus
estimated doses reflect contributions from background exposures to mercury as well as exposures to
mercury fromY-12 releases. Exposuresto mercury in other mediaS such asmercury in air and mercury
in EFPC waterS were evaluated primarily based on concentration modeled to the environment based on
Y -12 release data, and thus estimated doses do not explicitly reflect the contribution from background
Sources.

Background concentrationsof mercury intheenvironment can range somewhat, depending on such factors
as soil characteristics and proximity to former mining areas. In addition, an area’s *background”
concentrations can be influenced by mercury releases from distant sourcesS mercury released to the
atmosphere aselemental mercury vapor can betransported great distancesbeforeit isdeposited at low
concentrations far from its source. Table ES-2 shows ranges of background concentrations of mercury
that have been measured in air, water, soil, and fish.
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Table ES-2: Background Concentrations of Mercury in Different Environmental Media

Medium Background Mercury Concentrations?®
Air 2.0 - 10 ng m® (average US)
Water 0.001 - 0.10 pug L* (US lakes and rivers)
Sail <0.1 - 3 mg kg* (dry weight, Eastern US soils)
Fish 0.05 - 0.1 mg kg™ (fresh weight, US freshwater fish)
a ng m* = nanograms per cubic meter (a nanogram is one billionth of a gram)

ug L™ = micrograms per liter (amicrogram is one millionth of a gram)
mg kg* = milligrams per kilogram (a milligram is one thousandth of a gram)

Table ES-3 showstherange of mercury concentrationsinair, water, soil, sediment, and fish estimated by
the Task 2 team for each exposure popul ation eval uated in this assessment for 1950-1959, 1960-1969,
1970-1979, and 1980-1990. Maximum concentrations of mercury estimated by the Task 2 team for weter,
soil, sediment, and fish at the locations of the exposure populations of interest exceed background
concentrationsfor most years. Maximum concentrations of mercury estimated for air exceed background
concentrations during the years when releases from Y-12 to air and water were highest.

Basad on estimated concentrationsin each medium of interest (air, water, soil/sediment, fruity vegetables,
mest, milk, and/or fish) a each population location, average daily doses of mercury through dl applicable
exposure pathways were estimated for each year. These estimated doses, Sated interms of daily amounts
of mercury taken in per kilogram of body weight (mg kg™ d*), were cal culated using equations that take
into account the amount of air, water, soil/sediment, food, or fish that waslikely inhaed, ingested, or
contacted and the estimated concentrations of mercury in each of these media.  The routes of exposure
and chemicd forms or goecies encountered in environmenta exposures often differ from the toxicity sudies
towhichthey are compared. Consequently, the amounts of the chemical that are absorbed often differ
even whenthe administered dosesarethe same. Inthe Task 2 assessment, these differencesin the amount
of mercury absorbed in the environmental exposuresvsthetoxicity studies are accounted for by relative
bioavailability parameters. Theserelative bioavailability parameters are estimated based on knowledge
about the forms of mercury in environmental media near Oak Ridge and in toxicity studies.

The mgjority of theinputsto the dose equations are not known perfectly. In many cases, thereisalack
of knowledge about thetrue vaue of the parameter. For example, in the Task 2 dose recongtruction, there
areincomplete records about historical operations and conditions leading to human exposure that result
in uncertaintiesin estimated rel eases and model predictions. In addition, many of the parametersin the
doseequationsexhibit natura variability, such as persond differencesin body weight and rates of food and
water consumption. Some parameters may have both informational uncertainty and natura variability.



Table ES-3: Ranges of Mercury Concentrations Estimated for Each Exposure Medium ab

Air Water Soil Sediment Fish
Years (ngm™) (gL ™) (mg kg™, (mg kg™, (mg kg™, fresh)

Wolf Valley Residents
1950-1959]  0.11-62
1960-1969]  0.13-10

1970-1979
1980-1990
Scarboro Community Residents
1950-1959]  0.028 - 260 2.8 - 2500 <0.1-3.0 <0.1 - 2900 15-43
1960-1969]  0.015 - 26 3.6 -270 <0.1-3.0 <0.1-1700 15-43
1970-1979] 0.0021 - 6.1 0.66 - 64 <0.1-3.0 <0.1-580 1.3-36
1980-1990] 0.0036 - 0.26 1.2-3.1 <0.1-3.0 <0.1-290 09-27
Robertsville School Students
1950-1959]  0.019 - 170 1.9-1800 [ <0.1-1600 | <0.1-950
1960-1969]  0.013- 17 2.7 - 190 <0.1-1200 | <0.1-570
1970-1979] 0.0014 - 4.0 0.40 - 40 <0.1-810 <0.1 - 380
1980-1990] 0.0024-0.17 | 0.77-2.0 <0.1 - 200 <0.1-95
EFPC Floodplain Farm Family
1950-1959 0.28 - 2500 1.4- 1300 <0.1 - 580 <0.1-1700 15-43
1960-1969]  0.15 - 240 2.0-130 <0.1- 350 <0.1-990 15-43
1970-1979]  0.020 - 58 0.27 - 27 <0.1-230 <0.1- 660 1.3-36
1980-1990]  0.036 - 2.4 0.52-1.4 <0.1-58 <0.1-170 09-27

Community #1
1950-1959]  0.0094 - 86
1960-1969] 0.0050 - 8.3
1970-1979] 0.00069 - 2.0
1980-1990] 0.0012 - 0.083

Community #2
1950-1959]  0.0046 - 42
1960-1969] 0.0025 - 4.0
1970-1979] 0.00034 - 0.97
1980-1990] 0.00059 - 0.036

Clinch River/ Poplar Creek Fish Consumers

1950-1959 0.46-5.1¢
1960-1969 0.24-4.4

1970-1979 0.095 - 0.97
1980-1990 0.050 - 0.43

Watts Bar Reservoir Fish Consumers

1950-1959 0.005 - 1.1
1960-1969 0.035 - 0.82
1970-1979 0.021 - 0.34
1980-1990 0.010 - 0.32

a Concentrations represent the 5th and 95th percentiles of the concentration distributions

b "---" indicates medium not evaluated for this population

¢ Concentrations represent the 5th and 95th percentiles of the annual average fish concentration

d Maximum fish concentrations in Clinch River/Poplar Creek are predicted to be higher than maximum concentrations
in EFPC fish because it was assumed that, on average, Clinch River/Poplar Creek fish were larger

ES-12
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Throughout the Task 2 assessment, efforts were made to identify and quantify the uncertainty and variability
intheinput parameters used to estimate dose, and each parameter in the dose equations was represented
by arange of valuesthat describeswhat isknown about the uncertainty and variability in the value of that
parameter for that population. The Task 2 team then computed the total variance induced in the output by
quantifying uncertainty and variability in theinputs and model s using a process caled probability andyss.

In probability analysis, inputs to the dose cal cul ations are quantified not in terms of asingle, discrete
number, but as probability density functions (PDFs). PDFswere subjectively defined as confidence
interval swithinwhichthereisahigh probability of encompassing thetrue but unknown parameter value.
The Task 2 team established PDFs based on anumber of sources of information, including site-specific
data, professional judgement following review of theliterature, and consultation with outside experts.
Whenever possible, Site- or region-specific information was used, and the PDFswere based on the specific
time period of interest (1950 to present).

When inputsto adose equation are defined by distributions, each equation has many possible answersand
must be solved repeatedly using different values selected from the distributions of input parameter values.
Inthe current assessment, this process was computerized using asoftware program and amethod known
asMonte Carlo smulation. Results of thedose calculation/ uncertainty analysis process are themselves
probability distributions. To reflect the overal uncertainty about the results, doses estimated in this report
are stated as central estimates with 95% confidence intervals about these centra estimates. The central
estimates represent the most likely values based on the sdlected distributions for the input parameters, and
the confidenceinterva sindicate that theinvestigators are 95% confident that the true dose valuesare no
lower than the lower confidence limit and no higher than the upper confidence limit.

The results of the Task 2 reconstruction of doses can be characterized as follows:

. For al populations of interest, the highest doseswere estimated to have occurred
during the mid- to late-1950s. These were the years of highest releases of
mercury from Y-12 to air and to EFPC.

. Excluding exposures of fish consumersto methylmercury in fish, estimated doses
to the EFPC Floodplain Farm Family arethe highest of dl exposure populations
that were evaluated. The estimated total dose to an EFPC Floodplain Farm
Family member is dominated by consumption of fruits and vegetables
contaminated from airborne mercury and inhalation of airborne mercury that
volatilized from EFPC.

. Estimated total dosesto Wolf Valley (* downvalley” ) Residents, resulting from
direct air releases of mercury fromY-12, are also dominated by consumption of
fruits and vegetables contaminated from airborne mercury. However, the highest
doses estimated for this population group areabout 30- to 40-times lower than the
highest doses estimated for the EFPC Floodplain Farm Family.
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. Estimated total doses to Scarboro Community Residents are dominated by

consumption of fruits and vegetables contaminated from airborne mercury,
incidental ingestion of waterbornemercury, skin contact with contaminated EFPC
water and sediment, and inhalation of airborne mercury due to both direct air
releases of mercury from Y-12 and volatilization of mercury from EFPC. The
highest estimated inhalation doses (estimated for 1955) are about 9-times|ower
than the highest inhdation doses estimated for the EFPC Floodplain Farm Family
(estimated for 1957), due in part to the greater distance of the Scarboro
Community from EFPC.

. Estimated total doses to Robertsville School Sudents are dominated by
incidenta ingestion of and skin contact with mercury in floodplain soil andin EFPC
water.

. Estimated dosesto Community Populations 1 and 2, for which exposuresfrom

airborne mercury volatilized from EFPC were evaluated, were comprised of
inhalation of airborne mercury and consumption of fruits and vegetables
contaminated from airborne mercury only.

. Estimated methylmercury doses to Fish Consumers who consumed fish from
Watts Bar Reservoir were about 4-fold lower than doses estimated for Fish
Consumer swho consumed the same amount of fish from Clinch River/ Poplar
Creek.

In order to put the Task 2 dose estimatesin perspectiveand evaluate the likelihood that the estimated levels
of historica exposure caused adverse hedlth effects, the project team collected, eva uated, and summarized
available studies of thetoxicity of different species of mercury through various routes of exposure. The
following sources of information were eval uated to addressthe potentia for toxic effectsfrom ingestion of
inorganic mercury, inhalation of elemental mercury, and ingestion of methylmercury:

. USEPA and ATSDR recommended levels of concern for exposure to inhaled
elementa mercury vapor, ingestedinorganic mercury, andingested methylmercury
(that is, EPA’s “reference doses’ and ATSDR’s“minimal risk levels’).

. Worker exposure studiesthat investigated evidence of adverse hedlth effectsin
workers exposed to airborne elemental mercury vapor for many years.

. Studies that investigated evidence of no observable adverse effects levels
(NOAELSs) andlowest observableadverseeffectslevels(LOAELs) inlaboratory
anima sthat wereadministered different dosesof inorganic mercury or thatinhaled
different concentrations of elemental mercury vapor.
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Information from exposures of peopleto mercury in fish from Minamata Bay and
Niigata, Japan following rd eases of methylmercury from achemica manufacturing
plant.

Information from exposures of peoplein Irag to methylmercury in treated seed
grain that was used to make bread.

Information from studies of “fish-eating” populations that consume large quantities
of fish containing lower levelsof methylmercury, including sudiesin the Seychelles
Islands, northern Quebec, and New Zealand.

Using these sources of information, the Task 2 team established toxicity benchmark vauesfor comparison
with doses estimated in the dose reconstruction. Table ES-4 shows the toxicity benchmark values used

in this report.
Table ES-4: Toxicity BenchmarksValuesfor Comparison
with Results of the Mercury Dose Reconstruction
No Observed Adverse USEPA ATSDR Minimal
Species and Effect Level Reference Dose? Risk Level®
Exposure Route (mg kgt d?) (mg kg*d?) (mg kg*d?)
Inhalation of Elemental Mercury 0.0029 to 0.0071 0.000086 0.000057
(human studies)®
Ingestion of Inorganic Mercury 0.1t00.23 0.0003 0.002°
(animal studies)*
Ingestion of Methylmercury— 0.0005 0.0001 0.0005'
In utero and child exposure (human studies)®
Ingestion of Methylmercury— NA 0.0003 NA
Adult exposure

Z 0 Qo0 oT®

A Not available.

Reference: IRIS 1998, USEPA 1985 (adult methylmercury RfD)
Reference: ATSDR 1997.

Data points given are from studies in humans.
Minimal data are available. Data points given are from studies in laboratory animals.
For intermediate duration exposures.
For chronic duration exposures.

The primary toxicity benchmark values used in thisreport are USEPA references doses (RfDs), Lowest
or No Observed Adverse Effects Levels (LOAELs or NOAELs), and ATSDR Minimal Risk Levels
(MRLs). RfDsareregulatory levelsbeow whichit isunlikely that adose will be associated with adverse
health effects, giventhe safety criteriabuilt into these criteria, but above which adose may need to be
investigated further to evaluate the likelihood of ahedth effect. LOAELsarethelowest dosesat which
adverse health effects were observed, while NOAEL s are the highest doses at which adverse health
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effectswere not observed. RfDsand MRLs are derived from LOAELsand NOAEL s by dividing them
by safety factorsthat can range from 10 to 10,000. Although adverse health effects are observed at or
near LOAEL sand NOAELSs, in many casesthe effectswere observed in anima studies (for example, the
LOAELsand NOAEL sfor inorganic mercury are based on studiesin rodents), in occupationa exposures
(for example, the LOAELs and NOAEL s for elemental mercury are based on worker exposures to
airborne mercury vapor), or may not be based on the most recent scientific studies due to the lengthy
regulatory review process (for example, recently published LOAELs and NOAEL sfor fish-consuming
populations exposed to methylmercury in fish are higher than earlier values).

Figures ES-3, ES-6, and ES-13 show the years that the 95% subjective confidence interval of the
estimated doses of dementa mercury, inorganic mercury, and methylmercury, respectively, exceeded the
applicable USEPA RfD and NOAELSs at the upper bound (97.5" percentile), central value (50"
percentile), and lower bound (2.5™ percentile) of theannual averagedose. Elemental mercury doseswere
assumed to be comprised of exposuresfrom inhalation of airbornemercury vapor. Methylmercury doses
were assumed to be comprised of exposuresfrom consumption of mercury infish. Totd inorganic mercury
doseswere assumed to be comprised of exposuresfrom al of the remaining pathways, including ingestion
and skin contact with EFPC water and sediment, ingestion and skin contact with soil, and consumption of
milk, meat, and fruits and vegetables. For the yearsthat the estimated annual average elemental, total
inorganic, and methylmercury doses at the upper bound (97.5" percentile) of the 95% subjective
confidenceinterval arelessthan the corresponding USEPA RID, itisnot likely that adverse health effects
occurred asaresult of historical exposuresto mercury fromthe'Y-12 Plant during these years, based on
current scientific knowledge. Sinceahazard index isdefined astheratio of adoseto the gpplicable RfD,
exceeding the RfD is equivalent to exceeding a hazard index of 1.

FiguresES-4, ES-5, ES-7, ES-8, and ES-14 show how the highest estimated doses of each of thethree
forms of mercury for children and adultsin each population compare to the RfDs and the NOAELs. For
each population, the highest doses were estimated between 1955 and 1958. For the Wolf Valley
Residents, the highest doseswereestimated for 1955, becausethiswasthe year that the estimated airborne
releasesfrom Y-12 were highest. For the Scarboro Community Residents population, the highest doses
werea so estimated for 1955, because air concentrationsat Scarboro (assumed to comefrom both direct
arrbornereleasesfrom Y-12 and volatilization of mercury from EFPC) were estimated to behighest during
thisyear. Edtimated inorganic mercury dosesto Scarboro Community Residentsduring 1955 weredightly
higher than inorganic mercury doses estimated for 1957 and 1958, the years of highest mercury releases
to EFPC, because total inorganic mercury doses were estimated to be dominated by consumption of
homegrown fruits and vegetables contaminated by airborne e ementa mercury (the airborne mercury was
assumed to beincorporated into the plant asinorganic mercury). For theremaining populations, the highest
doses were estimated for 1957 and 1958, because these were the years of highest mercury releasesto
EFPC.

Thefollowing generd conclusions can be drawn from the Task 2 mercury dose reconstruction based on
the estimated annual-average doses shown in the figures:
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Inhalation of airborne (elemental) mercury:

(Figure ES-3 highlights the years that estimated elemental mercury doses from inhaation exceeded the
elemental mercury RfD and the yearsthat estimated doses exceeded the NOAEL , and FiguresES-4 and
ES-5 comparethe highest estimated dosesfor children and adults, respectively, in each population to the
RfD and the NOAEL):

. Comparison to RFDsSThe 95% confidenceinterval on the estimated inhalation
doses of elemental mercury exceeded the RfD at two populationlocations: the
Scarboro Community for 1955, 1957, and 1958 (child) and the EFPC
Floodplain FarmFamilylocation for 1953-1960 (child) and 1955-1959 (adult).

. Comparison to NOAELSS The 95% subjective confidence intervals on the
estimated annual average el emental mercury dosesfor all populations and all
yearswere below the NOAELs. These NOAEL swere established from studies
of workers exposed to airborne mercury vapor for prolonged periods of time.
Neurologica effects, including hand tremor, increasesin memory disturbances, and
evidence of dysfunction of the autonomic (involuntary)
nervous system (IRIS 1998) were reported in some workers exposed at doses
abovethe NOAELs. At dightly higher doses, evidence of effects on the kidney
have also been observed. The USEPA RfD isabout 30 times lower than the
NOAEL becauseit incorporatesaconservative safety factor. Heath effectsin
humans exposed to dementd mercury at doses at or below the NOAEL have not
been reported.

. Populations with the highest exposuresS The highest estimated elemental
mercury doses were to children who were members of the EFPC Floodplain
FarmFamilyin 1957. The upper bound on the highest estimated annud average
elemental mercury inhalation dose (0.0011 mg kg d* for the EFPC Floodplain
FarmFamily childin 1957) isabout 13-times higher than the RfD derived from
USEPA' sreference concentration, but about 1/3 of the NOAEL. The upper
bound estimates of inhal ation doses are based on uncertain estimates of airborne
mercury concentrations from transport of Y-12 airborne emissions over Pine
Ridge and emission of elemental mercury from the waters of EFPC.

Estimated dosesfrom inhalation for the Scarboro Community popul ation during
1953-1962 (when air concentrations at thislocation were assumed to result from
both direct airborne mercury releasesfrom Y-12 that were transported over Pine
Ridge, and volatilization of mercury from EFPC) are about 15% to 40% of the
inhal ation doses estimated for the EFPC Floodplain Farm Family population
during these years. During other years, estimated doses at Scarboro are about
10% of doses estimated at the EFPC Floodplain Farm Family location. The
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higher estimated doses at the EFPC Floodplain Farm Family location are dueto
its closer proximity to EFPC.

. Likelihood of exposures above the RfD, Scarboro Community ResidentsS The
estimated size of the Scarboro Community population was assumed to be
between 800 and 1,200 individuals per year. Since estimated doses at the 50"
percentile for this population were below the RfD for al years, it islikely that
doses to most individuasin this popul ation were below the RfD. However,
becauseof therdatively largesize of thispopulation, itispossiblethat inhaation
dosesto asmall number of peoplein this population during the years of highest
mercury releases from Y-12 (1953-1962) may have exceeded the RfD.

. Likelihood of exposures above the RfD, EFPC Floodplain Farm Family
membersS The estimated size of the EFPC Floodplain Farm Family population
was very small (atotal of between 10 and 50 individualswere assumed in this
population per year). Since estimated doses at the 50" percentile to some
members of this population exceeded the RfD during the years of highest mercury
releasesfrom Y-12, it islikely that dosesto someindividuasin this population
exceeded the RfD.



FigureES-3: Yearsthat the Estimated Elemental Mercury Doses from I nhalation
Exceeded the USEPA RfD and the NOAEL (page1of 2)
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Robertsville School Students Population
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EFPC Floodplain Farm Family Population
Child exposure
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Adult exposure

95th i —
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a Years that exceeded the RfD are indicated with light shading (USEPA RfD = 0.000086 mg I(g’1 d'l)
Years that exceeded the NOAEL (if any) are indicated with dark shading (NOAEL = 0.0029 mg kg™ d™) (None on this page)
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FigureES-3: Yearsthat the Estimated Elemental Mercury Doses from I nhalation
Exceeded the USEPA RfD and the NOAEL (page2 of 2)

1950
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1965
1970
1975
1980

1985
1990
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Community Population #2
Child exposure
97.5th %ile
50th %ile
2.5th %ile

Adult exposure
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50th %ile

2.5th %ile
a Years that exceeded the RfD are indicated with light shading (USEPA RfD = 0.000086 mg kg™ d™*) (None on this page)
Years that exceeded the NOAEL are indicated with dark shading (NOAEL = 0.0029 mg kg™ d) (None on this page)
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Figure ES-4: Elemental Mercury (Child exposure)-
Comparison of Highest Estimated Doses for Each Population
to Toxicity Benchmark Values
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Ingestion and contact with inorganic mercury in soil, sediment, water, meat, milk, and fruits/
vegetables:

(Figure ES-6 highlightstheyearsthat estimated inorganic mercury doses exceeded theinorganic mercury
RfD and the yearsthat the estimated doses exceeded the NOAEL ; FiguresES-7 and ES-8 compare the
highest estimated doses for children and adults, respectively, in each population to the RfD and the
NOAEL; and FigureseS-9, ES-10, ES-11, and ES-12 show which pathways contributed the most to the
highest estimated total inorganic mercury doses for each population):

. Comparison to RfDsS The 95% subjective confidence interval on estimated
inorganic mercury doses exceeded the USEPA RfD for inorganic mercury for at
least oneyear for dl Sx non-angler populations evaluated in this assessment: Wolf
Valley Residents (childS 1955), the Scarboro Community (childS 1953-1962,
adultS 1954-1959), Robertsville School Students (general studentS 1955-1956,
1958; recreatorS 1955-1958), the EFPC Floodplain Farm Family (childS
1950-1970, 1973, adultS 1952-1965), and the two Oak Ridge Community
populations (Community Population #1 childS 1955, 1957-1958, Community
Population #2 childS 1958).

. Comparison to NOAELSS The 95% subjective confidenceinterval on estimated
annual averageinorganic mercury dosesfor all populationsand all yearswere
below the NOAEL for inorganic mercury. The NOAEL for inorganic mercury is
based on kidney effects observed inratsfed high concentrations of water soluble
mercuric chloride. The USEPA RfD isabout 1,000 thousand to 3,000 times
lower than reported NOAEL s, because it incorporates a conservative margin of
safety to account for the lack of data on the toxicity of inorganic mercury to
humans. Health effectsin humans exposed to inorganic mercury at dosesat or
below the NOAEL have not been reported.

. Populations with the highest exposuresS The highest estimated inorganic
mercury doses were to children who were members of the EFPC Floodplain
FarmFamilyin 1958. The upper bound on the highest estimated annud average
inorganic mercury dose (0.027 mg kg d* for the EFPC Floodplain Farm Family
child in 1958) isabout 90-times higher than the USEPA RfD, but about 1/4 of the
NOAEL. Daosesto theseindividuaswere estimated to be high because they were
assumed to live close to EFPC on the edge of the floodplain and to be exposed
through multiple pathways, including contact with contaminated soil, sediment, and
water, and ingestion of “backyard” fruits'vegetables, milk, and meat. Inorganic
mercury doses to Scarboro Community Residents during the mid- 1950s to
early-1960s were al so estimated to potentially exceed the RfD, because it was
assumed that they occasiondlly recreated in EFPC (at alocation only about 1 to
1¥>mile downstream of Y-12) and consumed “backyard” fruits/vegetables.
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. Important pathways— Estimated total inorganic mercury doses exceeded the

RfD at all sx locations. At five of the six locations, estimated doses were largdly
contributed by ingestion of homegrown fruits and vegetabl es contaminated by
airbornemercury. Thispathway was not eval uated for the Robertsville School
Students; for this population, exposures were dominated by contact with
contaminated surface soil and contact with contaminated water in EFPC. Contact
with contaminated water in EFPC was the second most important pathway for
Scarboro Community Residents. Contact with contaminated surface soil wasthe
second most important pathway for EFPC Floodplain FarmFamily members.

. Likelihood of exposures above the RfD, Wolf VValley ResidentsS The estimated
size of the Wolf Valley Residents population was small (between 30 to 100
peopleinagivenyear). For thispopulation, the results of this assessment suggest
that dosesto young children only may have exceeded the RfD, and only if they
consumed very largequantitiesof homegrown above-ground fruitsand vegetables.
Because of the smd| size of thispopulation and therelatively low doses estimated
for them, it islikely that the number of individuasin this population who were
exposed to inorganic mercury at doses above the RfD, if any, was small.

. Likelihood of exposures above the RfD, Scarboro Community ResidentsS The
estimated size of the Scarboro Community Residents popul ation wasrel atively
large (between 800 and 1,200 individuadsin agiven year). Since estimated doses
at the 50" percentile for this population were below the RfD for most years, itis
likely that doses to most individuals in this population were below the RfD.
However, because of therdatively large size of thispopulation, it ispossiblethat
inorganic mercury dosesto amoderate number of peopleinthispopulation during
the years of highest mercury releasesfrom Y-12 (1953-1962) may have exceeded
the RfD, particularly for those individuas who frequently recreated in EFPC or
regularly consumed above-ground fruits/vegetables from backyard gardens.

. Likelihood of exposures above the RfD, Robertsville School StudentsS The
estimated size of the Robertsville School genera student population wasrdatively
large (between 1,500 and 2,000 studentsin agivenyear). Since estimated doses
at the 50" percentile for this population were below the RfD for dl years, and
doses at the 97.5" percentile exceeded the RfD only during afew yearsin the
mid-1950s, it islikely that the number of individuasin this population who were
exposed to inorganic mercury a doses abovethe RfD wassmall. Behaviors most
likely to have resulted in doses above the RfD were frequent contact with
schoolyard soil, particularly near EFPC, and frequent contact with EFPC water
and sediment.
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. Likelihood of exposures above the RfD, EFPC Floodplain Farm Family

membersS The estimated size of the EFPC Floodplain Farm Family population
was very small (between 10 and 50 individuals in a given year). Because
estimated doses a the 50" percentile for this popul ation exceeded the RfD during
the yearsof highest mercury releasesfrom Y-12 (1953-1962) and becausethis
popul ation group was assumed to live close to EFPC, it islikely that dosesto
someindividualsin this popul ation exceeded the RfD. Behaviorsmost likely to
have resulted in doses above the RfD were frequent contact with floodplain soil
and EFPC water and sediment, and consumption of “backyard” fruits and
vegetables.

. Likelihood of exposures above the RfD, Community PopulationsS The
estimated size of the Community Populations was relatively large (between
1,500 and 2,000 individuals in a given year). However, the results of this
assessment suggest that for these popul ations, doses to young children only may
have exceeded the RfD if they consumed very large quantities of homegrown
above-ground fruits and vegetables during the years of highest mercury releases
from Y-12 (mid-1950s) and lived closer than one-mile to the creek.
Consequently, itislikely that the number of individuasin these populationswho
were exposed to inorganic mercury at doses above the RfD, if any, was small.



Figure ES-6: Yearsthat the Estimated Total Inorganic Mercury Doses (from All Pathways

Except Inhalation and Fish Consumption) Exceeded the USEPA RfD and the NOAEL (page1of 2)
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Years that exceeded the NOAEL are indicated with dark shading (NOAEL = 0.1 mg kg™ d™) (None on this page)

ES-26



Figure ES-6: Yearsthat the Estimated Total Inorganic Mercury Doses (from All Pathways

Except Inhalation and Fish Consumption) Exceeded the USEPA RfD and the NOAEL (page2of 2)
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Years that exceeded the NOAEL are indicated with dark shading (NOAEL = 0.1 mg kg’1 d'l)
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Figure ES-7: Inorganic Mercury (Child exposure)-
Comparison of Highest Estimated Doses for Each Population

to Toxicity Benchmark Values
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Figure ES-8: Inorganic Mercury (Adult exposure)-
Comparison of Highest Estimated Doses
to Toxicity Benchmark Values
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Figure ES-9: Contribution of Individual Pathwaysto
the Estimated Total Inorganic Mercury Dose
(based on the aver age estimated dose for the highest year)
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Figure ES-10: Contribution of Individual Pathwaysto
the Estimated Total Inorganic Mercury Dose
(based on the aver age estimated dose for the highest year)
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Figure ES-11: Contribution of Individual Pathwaysto
the Estimated Total Inorganic Mercury Dose
(based on the aver age estimated dose for the highest year)
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Figure ES-12: Contribution of Individual Pathwaysto
the Estimated Total Inorganic Mercury Dose
(based on the aver age estimated dose for the highest year)
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Ingestion of methylmercury in fish:

(Figure ES-13 highlight the yearsthat estimated methylmercury doses from consumption of fish exceeded
the methylmercury RfDs and the years that estimated doses exceeded the NOAEL and Figure ES-14
compares the highest estimated doses in each population to the RfD and the NOAEL):

Consumers of Fish from Watts Bar ReservoirS

. Comparison to RfDsS The 95% subjective confidence interval on estimated
methylmercury doses from consumption of fish exceeded the USEPA RfD based
oninutero exposuresfor al yearsfor Category 1 fish consumers, 1950-1980 for
Category 2 fish consumers, and 1957-1959 for Category 3 fish consumers.
During the years of highest mercury releasesfrom Y -12 (1956-1960), estimated
doses for Category 1 fish consumers exceeded the RfD based on in utero
exposures even at the lower bound of the distribution (the 2.5" percentile).

. Comparisonto NOAELSS The 95% subjective confidenceinterva on estimated
methylmercury doses exceeded the NOAEL for 1956-1960 for Category 1fish
consumers.  Estimated dosesto Category 2 and 3 fish consumerswere below the
NOAEL. The NOAEL for methylmercury is based on observations of
neurological effectsin children who were exposed to methylmercury in utero
when their mothers consumed methylmercury in fish during pregnancy. Hedlth
effectsin humans exposed to methylmercury at doses at or below the NOAEL
have not been reported.

. Exposuresto childrenS Based on caculations by the Task 2 team, children who
ate asfew as 3 to 4 meals of fish from Watts Bar Reservoir during the mid- to
late-1950s may have been exposed to methylmercury at dosesthat exceeded the
USEPA RfD based on in utero exposures. If they ate 7 or more meals of fish per
year from Watt Bar Reservoir during these years, it is likely that they were
exposed to methylmercury at doses that exceeded the USEPA RfD.

. Exposuresto adultsS Based on calculations by the Task 2 team, adultswho ate
9 or more med s of fish from Watts Bar Reservoir during the mid- to late-1950s
may have been exposed to methylmercury at doses that exceeded the USEPA
RfD based onin utero exposures. If they ate about 20 or more meals per year
during theseyears, it islikely that they were exposed to methylmercury a doses
that exceeded the USEPA RfD. Adults who were not pregnant could have
consumed about threetimesas many fish mealsper year as pregnant adult females,
without being at risk of adverse health effects from methylmercury exposure,
becauseit isbdieved that adults are not as sengitive to adverse hedth effects from
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methylmercury exposure as children who were exposed inutero. The estimated
number of fetuses placed at risk is uncertain, but is nearer to 100 than to 1,000.

. Likelihood of exposures above the RfDS The estimated size of the recreational
angler populationin Watts Bar Reservoir waslarge (between 10,000 and 30,000
individualsinagivenyear). Because Watts Bar Reservoir was a productive and
popular recregtiond fishery, itislikely that asgnificant number of peopleannualy
consumed alarge number of fishfromthissystemand, particularly during themid-
1950s and 1960s, were exposed to methylmercury at doses that exceeded the
USEPA RfD.

Consumers of Fish from Clinch River/ Poplar CreekS

. Comparison to RfDsS The 95% subjective confidence interval on estimated
methylmercury doses from consumption of fish exceeded the USEPA RfD based
oninutero exposuresfor al yearsfor Category 1 fish consumers, 1950-1982 for
Category 2 fish consumers, and 1950-1966 for Category 3 fish consumers.
Estimated doses exceeded the RfD based on in utero exposures even at the
lower bound of the distribution (the 2.5" percentile) for 1950-1975 for Category
1 fish consumers and 1950-1964 for Category 2 fish consumers.

. Comparisonto NOAELSS The 95% subjective confidenceinterva on estimated
methylmercury doses exceeded the NOAEL for 1950-1975 for Category 1fish
consumer's, 1950-1964 for Category 2 fish consumers, and 1957 for Category 3
fish consumers. The NOAEL for methylmercury is based on observations of
neurological effectsin children who were exposed to methylmercury in utero
when their mothers consumed methylmercury in fish during pregnancy. Health
effectsin humans exposed to methylmercury at doses at or below the NOAEL
have not been reported.

. Exposuresto childrenS Based on calculations by the Task 2 team, children who
ateasfew as 1 meal of fish from Clinch River/ Poplar Creek during the mid- to
late-1950s may have been exposed to methylmercury at dosesthat exceeded the
USEPA RfD based onin utero exposures. |If they ate about 2 or more medals of
fish per year from Clinch River/Poplar Creek during these years, it islikely that
they were exposed to methylmercury at doses that exceeded the USEPA RfD.

. Exposuresto adultsS Based on cal culations by the Task 2 team, adultswho ate
2 to 3 or more meals of fish from Clinch River/Poplar Creek during the mid- to
late-1950s may have been exposed to methylmercury at dosesthat exceeded the
USEPA RfD based on in utero exposures. If they ate’5 or more meals per year
during theseyears, it islikely that they were exposed to methylmercury at doses
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that exceeded the USEPA RfD. Adults who were not pregnant could have
consumed about threetimesasmany fish med sper year aspregnant adult femaes,
without being at risk of adverse health effects from methymercury exposure
becauseit isbdlieved that adults are not as sengitive to adverse hedth effects from
methylmercury exposure as children who were exposed in utero.

. Likelihood of exposures above the RfDS The estimated size of the recreational
angler population in Clinch River/Poplar Creek was large (between 3,000 and
10,000 individuals in a given year). Because a large number of people
occasionaly fished in Clinch River/Poplar Creek and many likely consumed
moderate quantitiesof fishfromthissystem, itislikely that asignificant number of
people who caught and consumed fish from this system were exposed to
methylmercury at doses that exceeded the USEPA RfD, particularly if they
consumed fish from this system during the mid-1950s and 1960s.

Consumer s of Fish from EFPCS

. Comparison to RFDs and NOAELSS The 95% subjective confidenceinterval on
estimated methylmercury dosesfrom consumption of EFPC fish by members of
the Scarboro Community Residents and EFPC Floodplain Farm Family
popul ations exceeded the USEPA RfD for methylmercury (based onin utero
exposures) for al years evaluated in this assessment (1950-1990) at the 97.5"
percentile. However, doses for these populations did not exceed the NOAEL.

Interviews with Oak Ridge arearesidents, including residents of the Scarboro
Community and people who historically lived near EFPC, suggest that the
maximum rate of consumption of fish from EFPC was about one fish meal per
month. Consequently, Category 3istheonly category of fish consumer likely to
have existed for EFPC. In thisassessment, the average consumption rate of fish
from EFPC for adults was assumed to be about 2.5 meals per year.

. Exposuresto childrenS Children who ate morethan 1 meal of fish per year from
EFPC may have been exposed to methylmercury at doses that exceeded the
USEPA RID. If they ate 2 or more medlsof fish per year from EFPC during these
years, itislikely that they were exposed to methylmercury at dosesthat exceeded
the USEPA RfD.

. Exposuresto adultsS Adults who ate 2 to 3 or more meals of fish per year from
EFPC may have been exposed to methylmercury at doses that exceeded the
USEPA RfD based onin utero exposures. If they ate more than 5 medls per year
during theseyears, it islikely that they were exposed to methylmercury a doses
that exceeded the USEPA RfD.
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Figure ES-13: Yearsthat the Estimated Mercury Dases from Consumption of Fish
Exceeded the RfDs and the NOAEL -- Categories of Fish Consumers (page 1 of 3)
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a Years that exceeded the RfD are indicated with light shading (in utero RfD = 0.0001 mg kg™ d™*; adult RfD = 0.0003 mg kg™ d™)
Years that exceeded the NOAEL are indicated with dark shading (NOAEL = 0.0005 mg kg™ d™)
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Figure ES-13: Yearsthat the Estimated Mercury Doses from Consumption of Fish
Exceeded the RfDs and the NOAEL -- Categories of Fish Consumers (page 2 of 3)
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a Years that exceeded the RfD are indicated with light shading (in utero RfD = 0.0001 mg kg™ d; adult RfD = 0.0003 mg kg™ d™)
Years that exceeded the NOAEL are indicated with dark shading (NOAEL = 0.0005 mg kg™ d™)
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Figure ES-13: Yearsthat the Estimated Mercury Dases from Consumption of Fish
Exceeded the RfDs and the NOAEL -- Categories of Fish Consumer s (page 3 of 3)
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1975
1980
1985
1990

Fish from EFPC

Scarboro Community and EFPC Floodplain Farm Family Populations- Adults
In utero exposure

97.5th %ile|

50th %ile

2.5th %ile

Adult exposure
97.5th %ile

50th %ile

2.5th %ile

Scarboro Community and EFPC Floodplain Farm Family Populations- Children
Child exposure

97.5th %ile|
50th %ile
2.5th %ile
a Years that exceeded the RfD are indicated with light shading (in utero RfD = 0.0001 mg kg™ d**; adult RfD = 0.0003 mg kg™ d™)
Years that exceeded the NOAEL are indicated with dark shading (NOAEL = 0.0005 mg kg™ d™) (None on this page)
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Based on the results of the dose reconstruction for mercury and the comparison of estimated dosesto
toxicity benchmark values, the Task 2 team concluded that the following behaviors may haveresultedin
exposure to mercury at annual average doses above the RfDs:

Behaviorsthat may haveresulted in exposureto mercury
at annual aver age doses above the RfDs
o Consumption of any fish from EFPC, the Clinch River, or Poplar Creek
o Consumption of morethan 3 or 4 meals of fish per year from Watts Bar Reservoir
o Consumption of fruitsor vegetablesthat grow above-ground from backyard gardensin the
Scarboro Community or within several hundred yards of the EFPC floodplain
o Playing in EFPC more than 10-15 hours per year
o Living or attending school within several hundred yards of the EFPC floodplain or in the
Scarboro Community (from inhalation of airborne mercury)

Thelikelihood that these behaviorsresulted in annual average doses above the RfDswas greatest during
the period of highest mercury releases from Y-12 (that is, the mid-1950s to early-1960s).

While the results of the dose reconstruction for mercury indicate that exposures through inhalation,
consumption of above-ground fruits and vegetables, contact with EFPC water and sediment, contact with
EFPC floodplain soil, and consumption of fish may have resulted in annual average doses abovethe RfDs
for mercury for some populations and some years, the results dso show that annua average dosesthrough
some exposure pathways were likdly indgnificant, even during the years of highest mercury reeasesfrom
Y-12.

Based on theresults of the dose reconstruction for mercury, the Task 2 team concluded that thefollowing
behaviorswerenot likely to have resulted in exposure to mercury at annud average doses abovethe RfDs:

Behaviorsnot likely to have resulted in exposure to mercury
at annual aver age doses above the RfDs

o Consumption of beef from cattle that grazed in the floodplain or downwind of Y-12

o Consumption of fruitsor vegetables from backyard gardens located more than one mile from
the EFPC floodplain (with the exception of the Scarboro Community during the 1950s and early-
1960s)

o Living or attending school more than 1-mile from the EFPC floodplain (from inhalation of

airborne mercury; except for in the Scarboro Community in the 1950s and early 1960s).
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1.0 INTRODUCTION

Between 1953 and 1962, extremely large quantities of mercury were used at the Oak Ridge Reservation's
Y-12 Plant, in Oak Ridge, Tennessee, in a crash program to produce enriched lithium for use in
thermonuclear wegpons. Many of the detail s surrounding the use of mercury weretop secret. Studies of
theoff-siteenvironment beginning around 1970 showed high concentrationsof mercury insoils, sediments,
and fish downstream fromthe 'Y -12 Plant. Subsequent investigationsof mercury usageat Y-12, initiated
inthe mid-1980sin responseto public concern over the potentia for adverse hedlth effectsfrom mercury
exposure, showed that large quantities of mercury had been rleased fromthe Y-12 Plant toair and surface
water, particularly during the 1950s and early 1960s.

In 1991, the State of Tennessee and the United States Department of Energy (DOE) entered into the Oak
Ridge Hedlth Studies Agreement. Under the agreement, DOE agreed to provide the State of Tennessee
with fundsto conduct an independent assessment of human health risksto off-gite popul ationsthat may exist
asaresult of past activitiesat DOE s Oak Ridge complex. Task 2 of the Oak Ridge Dose Recongtruction
focused on reconstructing mercury dosesto people who lived in and around Oak Ridge between 1950 and
1990, who may have been exposed to mercury released from the ORR.

1.1  SiteDescription

The ORR islocated in eastern Tennessee (Figure 1-1), approximately 25 miles west-northwest of
Knoxville, and includes parts of Anderson and Roane Counties. The following sections describe the ORR
and the surrounding areasin moredetail, particularly the Y-12 Plant and the areas affected by mercury
releases from Y-12.

1.1.1 The Oak Ridge Reservation and the Y-12 Plant

The Army Corpsof Engineers began to develop the ORR, origindly known asthe Clinton Engineer Works,
in 1942 as one of several facilities being constructed nationwide under the top-priority, top-secret
Manhattan Project. Theorigina mission of thisproject wasto supply specia nuclear materialsfor the
research, development, and production of thefirst atomic bomb. The Oak Ridge sitewas selected in part
because of the seclusion provided by the repeating sequences of e ongated ridgesand intervening valleys
that characterizethispart of eastern Tennessee, aswell asthe availability of large amountsof electrica
power from nearby TennesseeValey Authority (TVA) hydrodectricfacilities. Withintwo years, theORR
becamethesite of massve deve opment effortsat three main plant areas, each with acode nameto disguise
itsidentity—K-25, X-10 (later known as Oak Ridge National Laboratory or ORNL), and Y-12 (Figure
1-2). Each plant was located in adifferent valley within atightly controlled security area.
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Figure 1-2:
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The X-10 sitesaw development of theworld' sfirst full-scale nuclear reactor, then called the Clinton Pile,
to demongtratethe production of plutoniumfrom natural uraniumfuel. Development of processestoenrich
uraniuminitsuranium-235isotope gaverisetotheK-25, S-50, and Y -12 Plants. Multiple enrichment
processes were concurrently devel oped becauseit was not clear which processeswould work satisfactorily
or which would be mogt efficient. TheK-25 Plant was built to perform enrichment by the gaseous diffuson
process. The S-50 Plant was built near the K-25 Plant to demongtrate the liquid therma diffusion processS
after the gaseousdiffusion processwas chosen asthe method of choicefor uranium enrichment, the S-50
Plant was shut down.

The Y-12 Plant islocated on the eastern end of the ORR in Bear Creek ValeysS it is bordered on the north
by Pine Ridge and on the south by Chestnut Ridge. Itsorigind, primary mission wasto enrich uranium by
the electromagnetic process using devices called calutrons. Following World War |1, Y-12 was
transformed into ahigh-tech plant for process ng nuclear materia sand production of wegpons components.
Inthe early 1950s, when the United Stateslaunched acrash program to produce enriched lithium deuteride
(LiD) for useasafue inthermonuclear weapons (UCCND 1983a), Y -12 was given the assignment to
separatehigh-purity lithium-6 (°Li) from natural lithium to produceenriched °Li deuteridefor useinmore
powerful thermonuclear weapons (UCCND 1983a).

Pilot scale tests conducted at Y -12 between 1950 and 1955 showed that achemical exchange process
known as Colex wasthe most efficient industria-sca e process for enriching lithiumin®Li (USDOE 1993).
In the Colex process, lithium isotopes were separated by transferring them between an aqueous (water-
based) solution of lithium hydroxide and asolution of lithium in mercury. Between December 1953 and
September 1955, two large-scal e production facilitiesfor enrichment of lithiumwerecompleted at Y-12.
These continued to operate until 1962, when production of enriched lithium ceased (Richmond and
Auerbach 1983). Like most of the subsequent missionsat Y-12, thismisson was highly classified, . In
total, about 24 million pounds (over 1,000 yd® by volume) of mercury were used in the process (USDOE
1993). Mogt of the mercury lossesto the environment from Y -12 occurred during this period (UCCND
1983a).

1.1.2 The City of Oak Ridge and Surrounding Environs

Whenthe Army Corpsof Engineersbegan congtruction onthe ORR in 1942, dl of the origind farm families
were moved from the site of construction. About 3,000 individuals received court ordersto vacate their
homes within weeks, and a“workers' city” was congtructed on the northeastern edge of the ORR aong
the valley of East Fork Poplar Creek (EFPC). In 1943, employees named the city “Oak Ridge.” By
1945, the popul ation of Oak Ridgereached 75,000 persons. However, during thissameyear, theorigina
mission of the ORR ended and, by 1946, over 40,000 people had left Oak Ridge. In 1949, the
government-owned town was opened to visitors, and in 1950, the Scarboro Community, located in an
isolated valley just north of the Y -12 Plant on the opposite sSide of Pine Ridge, was completed. Scarboro,
established asaresidential areafor African American employees of the ORR facilities, isthe closest
community toany of thethree Oak Ridgefacilities, being about one-third mile north of the ORR boundary.
The city of Oak Ridge was incorporated in 1959.



TASK 2 REPORT
July 1999 Mercury Releases from Y-12 Lithium Enrichment—
Page 1-6 Introduction

Although the Y-12 Plant islocated within the present-day corporate limits of the city of Oak Ridge, itis
separated from the city center by Pine Ridge, which largely impedesthe exchange of air between Y-12 and
the city (U.S. Weather Bureau 1953; Gifford 1995). Pine Ridge risesto about 300 feet abovethevalley
floor and isheavily wooded. Chestnut Ridge, to the south of Y-12, isnot as high nor as steep as Pine
Ridge, but isasowooded (Bailey and Lee 1991). Meteorologicd datacollected at atower near the east
end of the Y-12 Plant show that winds blow predominantly northeast and southwest along the valley
occupied by Y-12 between Pine Ridge and Chestnut Ridge, following the local terrain.

EFPC, which originates from aspring beneeth the Y-12 Plant, isinitidly confined to aman-made channel
and flowsnortheasterly through the Y -12 Plant dong the axis of Bear Creek Valey. Atonetime, EFPC
received drainage from more than 200 individua Y -12 waste water outfalls (Loar et a. 1989). 1n 1963,
New Hope Pond was constructed on EFPC at the east end of the plant to neutralize effluent fromY-12
and to serve asasettling basin for heavy metalsand solids(Bailey and Lee 1991). In 1988, Lake Redlity
was constructed and flow from Y-12 was diverted past the New Hope Pond site through Lake Reality.

Beyond New Hope Pond/ Lake Redlity, EFPC flows north through agap in Pine Ridge and into the city
of Oak Ridge. Historicdly, the most highly developed residentia and business section of Oak Ridge was
the northeast end of the EFPC watershed (TV A 1959), although severa residential developments were
built within the EFPC watershed west of the point where EFPC makes asharp turn to thewest. Beyond
this point, EFPC flows approximately 12.5 milesto join Poplar Creek about 5.5 miles above Poplar
Creek’ smouth on the Clinch River. Below Poplar Creek, the Clinch River flows gpproximately 12 miles
tojointhe Tennessee River at approximately Tennessee River Mile(TRM) 568. Thefirst impoundment
on the Tennessee River downstream of the Clinch River isWattsBar Dam, located at approximately TRM
530. Watts Bar Reservoir extends 72 miles above Watts Bar Dam, and includes part of the Clinch River
below its confluence with Poplar Creek.

Numerous floods have been reported on EFPC over the last 200 years. Floods occur on the creek at an
averagerate of approximately four per year (TVA 1959). Y ear-round, flow in EFPC ismaintained by
effluent from the Y-12 Plant, which contributesasmuch as 20 ft*s* (1 ft*s* . 0.65 million gallons per
day). Thecity of Oak Ridge municipa waste water treatment plant at approximately EFPC Mile 8 adds
asmuch as 10 ft* s* to the EFPC flow. Y-12 and the city of Oak Ridge contribute about half of thetotal
flow in EFPCS the 40-year annual averageflow of EFPC near itsjunction with Poplar Creek, about 14
creek miles downstream from Y-12, is approximately 65 ft® s™.

In December 1982, the Tennessee Department of Health and Environment (TDHE) posted warning Ssgns
on EFPC advising against consuming fish from EFPC because of contaminants released from Y-12,
including mercury. On May 17, 1983, in response to state pressure and Freedom of Information Act
inquiries by aloca newspaper, DOE released information disclosing that two million pounds of Y-12's
higtorical inventory of mercury waslost or unaccounted for, asignificant part of which wasreleased to the
environment in discharges to EFPC.
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1.2  Objectivesof the Task 2 Dose Reconstruction

Screening analyses performed during the Dose Reconstruction Feasibility Study to identify important
environmental exposure pathways and materials released from the ORR showed that mercury was
potentialy one of the most Significant materias used a the ORR in terms of non-carcinogenic hedth hazards
to off-site populations (ChemRisk 1993b). Task 2 of the Oak Ridge Dose Reconstruction examined
potential health hazards associated with mercury releases from the ORR in greater detail.

The specific objectives of Task 2 of the Dose Reconstruction Study were to:

. describe and independently quantify past releases of mercury from the ORR;
. characterize environmental concentrations of mercury from those releases;

. define potential pathways of human exposure to mercury;

. describe potentially exposed populations;

. estimate historical human exposures and doses; and

. estimate human health hazards, to put the dose estimates in perspective.

This document summarizes the methods and results of the Task 2 Dose Reconstruction.
1.3 Document Structure
Subsequent sections of this document are organized as follows:

Section 2.0, Overall Approach— presents an overview of the approach used by the project team to
characterizehistorica releases of mercury from the ORR and reconstruct potential dosesto off-ste
populations, including characterization of uncertainties in these dose estimates.

Section 3.0, Historical Mercury Operationson the ORR— summarizes historical usesof mercury on
the ORR and events leading to formation of the Mercury Task Force in 1983.

Section 4.0, Source Term Assessment— summarizes methods and results of the project team’s
independent evaluation of quantities of mercury released to the environment.

Section 5.0, Measurements of Mercury in the Environment Near the ORR— describes historical
environmental monitoring programs conducted by ORR workers and other groupsto characterize
mercury concentrationsin the environment near the ORR, and summarizes results of environmentd
measurements. In addition, this section describes studiesto identify the chemical and physica
forms (species) of mercury in the environment, and discusses the speciesof mercury assumed to
be present in each medium.
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Section 6.0, | dentification and Char acterization of Exposur e Pathwaysand Potentially Exposed
Populations— describes exposure pathways and off-site popul ations evaluated in the dose
reconstruction for mercury.

Section 7.0, Estimation of Exposur e Point Concentrationsin SurfaceWater, Air, Soil, and Fish—
describes exposure point concentrations estimated by the project team for each medium, based
on concentrations of mercury measured in the off-site environment or cal culated from estimates of
historical releases.

Section 8.0, Characterization of Transfer of Mercury to Vegetation and to Milk and M eat—
describesfactorsto characterize the transfer of mercury fromair and soil to vegetation and from
cattle intake to milk and meat.

Section 9.0, Identification of Parameter Distributionsto Characterize Exposurein Humans—
describes contaminant- and population- specific exposure parameters used in this study to
characterize uptake of mercury by exposed populations.

Section 10.0, Estimation of Dosesto Potentially Exposed Populations— presents the results of the
Task 2 dose calculations.

Section 11.0, Toxicity Benchmarksfor Comparison to Estimated Mercury Doses— summarizes
published literature and ongoing investigations of adverse hedth effects at variouslevels of mercury
exposure at |ocations throughout the world.

Section 12.0, Estimation of the Potential for Health Effectsin Exposed Populations— combines
the dose reconstruction results and mercury toxicity information to estimate the potential for
adverse health effects from exposure to mercury released from the ORR.

Section 13.0, References— provides the references used in this assessment.
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20 OVERALL APPROACH

Mercury dosesto off-gte populations who lived near Y -12 between 1950 and 1990 were estimated based
on historical releaseinformation, historical environmental measurements, and assumptions about where
peoplelived and their activity patterns. The following sections describe the general approach used to
estimate exposures in this dose reconstruction.

21  Estimating Dose

Theterm “dosg’ describesthe amount of asubstance taken in by an individual over aperiod of timefrom
avariety of sources, including soil, water, food, or air, by such exposure routesor “ pathways’ asingestion,
inhalation, or absorption through the skin. Hedth hazards resulting from exposure are generdly corrdated
with the magnitude of the dose. Thegoa of the current evauation isto esimate the likely range of higtorica
mercury dosesto individuals for several populations who historically lived near the Y-12 Plant.

One approach to estimating an individual’ s dose following exposure to a chemical agent isto directly
measure how much of the chemical getsintothebody. However, direct measurements of uptakefollowing
environmental exposuresare generally not available, particularly when the exposures being eval uated
occurred inthe past or individua sare not aware that the exposuresare occurring. Alternatively, thedose
can be estimated using mathematical models or equations that take into account:

. The concentration of the chemicd in acontaminated medium (such as soil, water,
food, or air),

. Thevolume of the contaminated medium that an individual contacts, ingests, or
inhales, and

. Theamount of thechemical in the contacted, ingested, or inhaled mediumthat is

actually absorbed into the blood stream.

Typicdly, information describing the volume of soil, water, food, or air that an individual contacts, ingests,
or inhaesispresented asadaily rate (for example, gramsof soil ingested per day, liters of water ingested
per day, kilograms of food ingested per day, or cubic metersof air inhaled per day), averaged over the
length of theindividud’ s exposure period (for example, oneweek, oneyear, or multipleyears). Estimates
of an individual’s daily dose of a contaminant are typically normalized to the person’s body weight.

Anindividua’ saveragedaily dose of achemical over an exposure period can thus be estimated using the
following mathematical formula:
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« CxUxEF x ED

D
oe BW x AT (2.1)
where:

Dose = Average amount of the chemical takenin by anindividua per day froma
single exposure pathway, per kilogram of body weight (mg kg* d?);

C = Concentration of the chemical in the contacted exposure medium (for
example, mg m3in air, mg L in water, or mg kg™ in soil);

U = Daily intakerate of the exposure medium [for example, breathing rate of
ar (méd?), ingestion rate of food (kg d*), drinking rate of water (L d?),
or dermal contact rate with soil (mg cm? d?)];

EF = Exposure frequency [number of days per exposure period that exposure
occurred (for example, d wk?, d y)];

ED = Exposure duration (for example, 1 week or 1 year);

BW = Body weight of the exposed individual (kg); and

AT = Averaging time (period of time over which exposure is averaged,
equivalent to the exposure duration expressed as the number of days
exposed).

Becausethe current assessment focuses on reconstructing dosesthat occurred in the past, concentrations
of mercury contacted by nearby residents must, for the most part, be estimated based on historical
information that describes how mercury wasused a Y -12 and how much of the mercury wasreleased to
water or air during different time periods. An extensive part of the current investigation focused on careful
review of classified and unclassified information on mercury use and releases from Y-12 and historica
environmental monitoring studies, aswell as independent estimation of how much of the mercury was
released to air and surface water (described in detail in Sections 3, 4, and 5).

Mercury isfound in the environment in many different formsor species. Typically, these speciesare
grouped in three genera forms: eementa mercury, inorganic mercury, and methylmercury. Each form, at
sufficiently high exposure concentrations, has been associated with different noncarcinogenic, or sysematic,
health effects, and dosesfor each of thesethreeformsaretypically estimated separately. For example,
elementa mercury has been associated with neurological effectsin workerswho were repeatedly exposed
to very high air concentrations. Inorganic mercury has been associated with kidney effectsin |aboratory
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animalswho were administered very high dosesin their food or water. And methylmercury has been
associated with neurological effects in children whose mothers ingested high concentrations of
methylmercury in contaminated seed grain during their pregnancies. None of thethreeformsof mercury
has been conclusively shown to be carcinogenic .. Inthe current assessment, elementa mercury, inorganic
mercury, and methylmercury doses are estimated separately. Assumptionsabout the species of mercury
assumed to be present in each medium are described in Section 5.

Vauesfor each of the parametersin the above dose equation will differ depending ontheindividuasbeing
evauated. For example, achild who lives near acreek islikely to contact surface water or sediment inthe
creek more frequently than achild who lives some distance away. Similarly, anindividud residing near a
rel ease source may be exposed to ahigher concentration of acontaminant than an individud living further
away. Inthisassessment, historical mercury doses were estimated for several populationswho lived
downwind or downstream of Y-12 and may have been exposed to mercury released from Y-12. These
popul ations were:

. Residents of the Wolf Valley area, who lived approximately five miles down
Union Valley from Y-12, in the direction of predominant wind flow. These
individuals may havebeen exposed to mercury indirect arbornereleasesfromyY -
12.

. Resi dents of the Scarboro Community, who lived approximately one-third mile
north of the Y-12 boundary onthe opposite sde of PineRidge. Theseindividuds
may have been exposed to mercury in direct airborne releases from Y-12 and
mercury thet volatilized to air from EFPC. In addition, membersof thiscommunity
visited EFPC for recreational activities, and may have come in contact with
mercury in contaminated surface water and sediment, or may have occasionaly
caught and consumed fish from the creek.

. Sudents at Robertsville School, located along the banks of EFPC at
approximately EFPC Mile12. Thesejunior high school studentsmay have been
exposed to mercury that volatilized to air from EFPC, or may have contacted
mercury in contaminated surface water, sediment, or floodplain soil.

. Members of familieswho lived on farms along EFPC. Theseindividuas may
have been exposed to mercury that volatilized to air from EFPC. 1n addition,
some of these families grew vegetablesin backyard gardens and raised beef and
dairy cattle that may have resulted in exposure to mercury in contaminated
vegetables, meat, or milk. Membersof thesefamiliesa so occasionaly recreated
in EFPC and may have contacted mercury in contaminated surface water and
sediment, or may have occasionally caught and consumed fish from the creek.
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. Residents of single- and multi-family homes just outside of the EFPC
floodplain. Theseindividuals may have been exposed to mercury that volatilized
to air from EFPC.
. Anglers who caught and consumed fish from downstream waterways,

including Poplar Creek, the Clinch River, and Watts Bar Reservoir. These
individuals may have been exposed to mercury that concentrated in the fish.

These populations are described in greater detail in Section 6.

Inthisassessment, estimated daily dosesfor different population groupswere averaged over an assumed
exposure duration of one year, and the exposure duration and averaging time were assumed to be equa
(and thus, the exposure duration and averaging time parameters canceled out in the dose equation).
Exposure concentrations and exposure parameters used in this assessment for different exposure
populations and different points in time are described in greater detail in Sections 7, 8, and 9.

For most noncarcinogens, the likelihood of adverse hedlth effectsfrom lower dose exposures over aperiod
of timeis estimated based on the average daily intake of the chemical over that time period (in this
assessment, oneyear), normaized to theindividua’ sbody weight. To provide some perspective on the
likelihood that these doses may have resulted in an adverse health effect, these normalized average daily
doses are then compared to a threshold dose based on exposures averaged over asimilar period of time.
Typically, it isassumed that if the normalized average daily doseis bel ow the threshold dosefor agiven
hedlth effect, the hedlth effect will not occur. Because thresholds may vary for different individua swithin
apopulation, and because thresholds are often based on information from limited studies (oftenin
laboratory animals), regulatory agencies have developed recommended doses of concern for
noncarcinogensthat include “ safety factors.” For example, the US Environmental Protection Agency
(USEPA) has established Reference Doses (RfDs) for each of thethreeforms of mercury. RfDs represent
normalized averaged daily doses at which no adverse health effects are expected, and are based on
threshold doses combined with safety factors (which typically range from 10 to 1,000) to account for
uncertaintiesin extrapolating from threshold doses to actua exposure Situationsin human populations. In
this assessment, normalized average daily doses are compared to both threshold doses and agency-
recommended RfDs (described in detail in Section 11).

Generaly, most published threshold doses and most established RfDs or other regulatory criteriafor
environmental contaminants are based on the dose of a chemical administered to an animal in food or
water or to which ahuman is exposed in an occupational setting. These regulatory criteriaor threshold
doses are not generaly based on the absorbed dose. However, dosesto which anindividual is exposed
in an environmental setting may be absorbed into the body at arate that is greater or lesser than therate
associ ated with the conditions under which theregulatory criteriaor threshold doseswere established, even
if the external exposing masseswerethe same. Failureto adjust for differencesin uptake may resultin
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over- or under-estimates of risks associated with agiven dose. Inthisassessment, differencesintherate
of uptake between the two scenarios are accounted for by multiplying the cal culated dose (Equation 2.1)
by therelative bioavailahility (B) of thechemica. Derivation of reative bioavailability factorsfor different
species of mercury isdiscussed in Sections 5 and 9.

2.2 I nformation Sources for the Mercury Dose Reconstruction

Information used in the Task 2 dose reconstruction for mercury released from Y -12 was obtained from a
number of sources, including:

. Published and unpublished information on Y-12 Plant history and releases;

. Historical environmental monitoring data for mercury near the ORR,;

. Interviews with current and former ORR employees;

. Published information on the environmental fate and toxicity of mercury;

. Published information on rates of intake of food, air, water, and other exposure
media by individuasliving intherura southeastern United States during the 1950s
and 1960s; and

. Consultation with experts on the behavior and toxicity of mercury, including

scientists at Oak Ridge National Laboratory (ORNL) and the Agency for Toxic
Substances and Disease Registry (ATSDR), and contacts gained through severa
technical meetings, including the USEPA Workshop on Mercury Speciation
(Denver, CO, September 1996).

2.3 Characterizing the Uncertainty and Variability in Dose Estimates

The mgority of inputs to the dose equations used to estimate historical mercury doses are not known
perfectly. Inmany cases, thereisalack of knowledge about the true value of aparameter. For example,
inthe process of dose reconstruction for releases of mercury from the ORR, there are incompl ete records
and dataabout historica operations and environmenta conditionsleading to human exposure, resultingin
uncertaintiesin release estimates and mode! predictions. In addition, valuesfor many of the parametersin
the dose equation may vary between individuds (for example, body weights and rates of food and water
ingestion). Some parameters reflect both informational uncertainty and interindividual variability.

To estimate the range of doseslikely for apopulation of interest and the uncertainty about the dosesto
individual s within the popul ation, each parameter in the dose equations can be represented by arange of
vauesthat describeswhat is known about the uncertainty and variability in the value of that parameter for
that population. Probability analysisisa process that allows computation of the total uncertainty and
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variability induced in the output by quantified uncertainty and variability in theinputs and models. In
probability analysis, most inputsto the dose cal culations are quantified not in terms of asingle, discrete
number, but asprobability density functions(PDFs). These PDFsaresmilar to frequency distributionsand
guantitatively express the existing knowledge about aternative values for a parameter.

Itislikely that somevaueswithin each range of parameter vaueswill occur morefrequently withinagiven
population than other values. For example, one or two individuals within a population may have an
unusudly low body weight and one or two individuas may have an unusudly high body weight, but most
individualswill have abody weight somewhereinthe middle. To develop an accurate estimate of the
possiblerangeof normalized averagedaily doseswithin apopulation, distributionsare established such that
parameter vauesthat are morelikely in apopulation will be selected more frequently. To accomplish this,
PDFsaretypically described asnormal, lognormal, discrete, uniform, or triangular distributions. Inthe
current assessment, PDFswere established based on anumber of sources of information, including site-
specific data, professiona judgement after review of the literature, and consultation with experts.

When inputsto adose equation are defined by distributions, each equation has many possible answersand
must be solved repeatedly using different values selected from the distributions of input parameter values.
In the current assessment, this process was accomplished using a method known as Monte Carlo
smulation. In Monte Carlo smulation, an outcome (such asan estimate of dose) isca cul ated repeatedly
using, ineachtria, values sel ected from the PDF for each uncertain parameter. Selected vauesaremore
likely to be drawn from the areas of the PDF that have higher probabilities of occurrence. The result of
the smulation isitself a PDF, describing not only the best estimate of the overall result, but also the
uncertainty in the overall result that isinduced by the uncertainty in the input parameters. While the
smulation processisvery complex, commercid computer software programs perform the calculations as
asingleoperation. Inthe current assessment, Monte Carlo s mulationswere conducted using the Crysta
Ball Pro (version 4.0) software package'. Theinputsand resultsof the probability analysisfor thecurrent
assessment are presented in this report in the following manner:

. Throughout the current assessment, effortswere madeto identify and quantify the
uncertainty and variability in input parameters.

. For each uncertain parameter presented in this report, a PDF was defined asa
subjective confidence interval within which there is a high probability of
encompassing the true but unknown parameter value for agiven population or
situation. Whenever possible, site- or region-specific information was used to
develop PDFs. In addition, an effort was made to base the PDFs on the specific
time periods of interest (1950s to present).

Crystal Ball® Version 4.0, Decisioneering, Inc. Aurora, CO. 1996.
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. For each dose equation describing exposure to a specific population viaa specific
pathway, aMonte Carlo smulation wasrun, usng asample size of 500 trids, for
each year of interest.

. Results from the Monte Carlo simulations are presented as tables and graphs
describing the 2.5, 50, and 97.5% confidence levelsof a PDF representing the
dose estimated for each pathway.

The resulting distributions of dose are intended to reflect the population risk, and include the central
tendency and low- and high-end portions of therisk distribution. These distributions of dose are intended
to reflect exposuresto averageindividua swithin the popul ation, aswell asmore highly and less exposed
individuals.
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30 HISTORICAL MERCURY OPERATIONSON THE ORR

The following section describes historical operations at the ORR involving mercury use, and past
investigationsinto the quantities of mercury used, recovered, and lost to the environment. Theinformation
summarized here was gathered from review of historicd literature and interviews with current and former
ORR staff. In particular, this section describes:

. Lithium isotope separ ation operationsat Y-12 in the 1950s and 1960s—
these werethe ORR operationsthat used the largest quantities of mercury, and
included six pilot plants and three production facilities that used over 20 million
pounds of mercury, aswell as severa auxiliary operations that supported the
lithium isotope separation process.

. The Mercury Task Force investigation of mercury use at Y-12— the
Mercury Task Force was convened in 1983 to investigate quantities of mercury
used, recovered, and lost to the environment from Y-12. The Mercury Task
Force Report (UCCND 1983a) summarizes the results of their investigation.

. Procedureshistorically used tomonitor mercury in buildingair and in liquid
effluents from the Y-12 Plant— beginning in the early 1950s, monitoring
programs were conducted to measure mercury in air and liquid effluents from
lithium separations processes.

Theresultsof the Task 2 effort to quantify mercury releases from lithium isotope separations and auxiliary
operationsa Y-12 (the mercury “source terms’ used to recongtruct historical off-dte doses) are described
in Section 4.0. In addition to the lithium isotope separation operations, mercury was used in minor
guantitiesin several other operationsat theY-12, X-10, and K-25 complexes. For each of these minor
operations, the project team either found no evidence of mercury release or found releases were
insignificant (i.e., they werelessthan 1 percent of thereleasesfrom the Y -12 operations described in this
section). No source terms were estimated for these minor uses of mercury. Descriptions of these
operations are presented in Appendix A to thisreport, dong with information describing their sgnificance
relative to releases from lithium isotope separation operations.

3.1  Lithium I sotope Separation
Beginning in the late 1940s, United States defense program needs made the devel opment of methodsto

separate lithium isotopes a national priority. Asaresult, Y-12 became a center of lithium isotope
separation process development and operation.
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Early Requirements for Lithium Isotope Separation

Inthe late 1940s and early 1950s, severa processes being devel oped under the auspices of the national
defense program required the separation of lithium isotopes. Natural lithium consists primarily of two
isotopes—lithium-6 (°Li, about 7%) and lithium-7 ("Li, about 93%). Thesetwo isotopesdiffer greatly in
their ability to capture neutrons. Because of itshigh neutron capture cross section, °Li readily captures
neutronsto produce energetic tritium and heliumions. In contrast, the low neutron capture cross section
of 'Li madeit adesirable materid for usein atomic piles(reactors) and, in 1948, it was believed that dmost
100% pure 'Li could be used asareactor coolant or heat transfer medium, especidly in Aircraft Nuclear
Propulsion (ANP) reactors. Toprovide 'Li for thisgpplication, the ORNL Materias Chemistry Division
initiated work in 1949 to find a method to separate lithium isotopes.

Inaddition, LosAlamosscientistsindicated aneed (not disclosed a thetime) for highly enriched (30-95%)
®Li. Eventually, it was revealed that the enriched lithium was to be used in the development of
thermonuclear weapons (ADP History 1948-51). Thermonuclear weapons, also referred to as hydrogen
bombs, derivemost of their energy from the fusion, or combination, of heavy hydrogen atomsinto heavier
atoms. In contrast, earlier fission weapons (atomic bombs) derived their energy from the splitting of
uranium or plutonium atoms. Lithium deuteride was desired for usein fusion bombs because it had the
required density and machinability (UCCND 1983a). Following theLosAlamosrequest, the United States
launched a crash program to produce °Li-enriched lithium deuteride for use in the more powerful and
efficient thermonuclear weapons. The Oak Ridge Y -12 Plant was given the ass gnment to develop, design,
construct, and operate a production process to produce enriched ®Li. In 1953, the need for enriched
lithium deuteride became especidly urgent after theexperimenta detonation of ahydrogenbombinRussa

Processeswith the grestest potential for producing °Li efficiently used mercury asamajor component of
the separation process because, under certain conditions, ®Li dissolves more readily in mercury than "Li.
If asolution of lithium dissolved in mercury (known aslithiumamalgam) isalowed to flow in contact with
afluid containing another lithium compound, °Li atoms migrateto theamalgam and’ Li atomsmigrateto
the lithium compound inthefluid (UCCND 19833). The useof lithium amalgam for separation of lithium
isotopes was demonstrated by Lewis and McDonald in 1936. According to a presentation titled
"Separation of Lithium-6 and Lithium-7 by Union Carbide Nuclear Company (3-25-57)", severd hundred
systemsto separate lithium isotopes using organic/organic or organic/agueous systemsin place of mercury
and water wereinvestigated in order to avoid the use of large quantities of mercury, but no other systems
of practical significancewerefound. Of the chemica methodsinvestigated, only lithium amalgam with
lithium hydroxide solution or lithium amal gam with lithium compounds dissol ved in organic solvents,
appeared to be practical systemsfor use in separation of lithium (UCNC 1957).

Starting in 1950, mercury was used asamajor component in the chemica exchange processemployed at
the ORR for separation of lithium isotopes. The desired product of lithium separation operations was
lithium deuteride containing more than the 7.5% of the®Li isotopefoundin natura lithium. After isotopic
enrichment, enriched lithium was transferred from the ama gam phase to an aqueous phase and converted
tolithium hydroxide (UCCND 19834). Thelithium wasthen converted fromthe hydroxidetothechloride,
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tothemeta, and findly to thedeuteride. Pulverized deuteride was shaped by isogtatic pressing, machined,
canned in stainless steel, and assembled into thermonuclear weapons components (UCNC 1957).

Devel opment of Lithium I sotope Separation Operations at the ORR

Three processes were s multaneoudy evaluated at the ORR for lithium isotope separation, in an attempt
to find a processthat could efficiently produce®Li. These processeswere Orex, Elex, and Colex- the“ex”
standing for exchange. The Orex (or organic exchange) process was designed to use an organic solvent
(such as ethylene diamine or propylene diamine) instead of water asthe fluid to carry the lithium, because
it was believed that reaction of the water phase with the amagam could be eliminated only by use of an
organic solvent instead of awater-based solvent. Two types of Orex reflux processes were tested for
production—dual temperature reflux and chemical reflux. Orex was operated onapilot scaleat Y-12in
Buildings 9733-1 and 9202 from 1951-54, and a X-10 in Building 4501 from 1953-54. However, even
with an organic solvent, it was difficult to completely iminate moisturein the system (Clewett 1953) and
the Orex system proved to be less efficient than an dternative approach known asthe Elex (or eectrical
exchange) process (ADP History 1948-51). The unresolved technical problemsled to the abandonment
of Orex at Y-12 in March 1954, and at X-10 in July 1954.

The most productive fluid used in the isotope separation process was identified as lithium hydroxide
dissolvedin water. Lithium amagam remainsin astable state in contact with an aqueous solution only if
an electric current isapplied to the mixture. If the current isremoved, the amalgam decomposes and the
lithium reacts with the water (UCCND 1983a). The Elex process, developed and patented by Union
Carbide (UCNC 1957), used mechanically driven agitatorsto provide contact between the ama gam phase
and lithium hydroxide dissolved in water. A counter balancing electromotive force (EMF) was used to
prevent amalgam decomposition. At Y-12, Elex was operated on apilot scaein Buildings 9733-2 and
9201-2 from 1950-51, and as a production scale facility in Building 9204-4 from August 18, 1953 to
March 16, 1956.

While the Elex production plant was under construction in 1953, it was realized that if amalgam
decomposition could be controlled without aback EMF, and if difficultiesin making and pumping amadgam
could be overcome, then more conventional industrial methods could be used to separate lithium. This
would substantially lower the production costs (UCNC 1957). It wasobservedthat if the Elex electrodes
wereremoved, theelimination of oxygen gasimparted stability to the amal gam to allow contact between
the two phases without seriousamalgam decomposition. This observation led to the concept of the Colex
(or column-based exchange) process (Clewett 1953). The Colex processwas animprovement onthe Elex
process, since packed columns providing more surface areafor exchange were used as the contact device.
Pilot scale testsindicated that the Colex process would bethe most efficient industrial-scale process for
enriching lithiumin®Li (USDOE 1993). At Y-12, Colex wasoperated on apilot scalein Building 9201-2
from 1952-55, and asa production scae facility in Building 9201-4 from 1955-62 and in Building 9201-5
from 1955-59. The processrequired millions of pounds of mercury. Most of the mercury lossesto the
environment from Y -12 occurred in the eight-year period of the Colex production scale operationsfrom
1955 to 1962 (UCCND 19834).
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Table 3-1 presentsasummary of the lithium isotope separation and auxiliary operationsat Y-12 for which
sourcetermswere estimated in the current assessment. A detailed description of these mercury operations,
including estimated inventories and releases, is presented in Section 4.

Table 3-1: Summary of Lithium I sotope Separation and Auxiliary Operationsat Y-12
for Which Source Terms Were Estimated

Mercury Operation Building(s) Used Time Period of Operation
Elex Pilot Plant 9733-2 and 9201-2 1950-51
Orex Pilot Plant 9202 1953-54
Colex Pilot Plant 9201-2 1952-55
Elex Production Plant 9204-4 1953-56
Colex Production Facilities 9201-4 and 9201-5 1955-62
Mercury Recovery Facility 81-10 1957-62
Steam Plants 9401-1, 9401-2, 9401-3 1943-present

A small quantity of mercury (300 pounds) was used in a mercury-thallium alloy that was used in the
production of several weapons componentsat Y-12 in the 1980s (Radle 1996; Ford 1983). Mercury
wasa so used ininstrumentation associated with the Y -12 uranium enrichment cal utronsbetween 1943 and
1946 (Smith 1944), similar to the use of mercury in gaseous diffusion instrumentation at K-25.

3.2  Other Mercury Operationson the ORR

Operationsusing mercury at X-10 and K-25 are described in Appendix A of thisreport aswell as Taylor
(1989), LaGrone (1983),and ChemRisk (1993a). Operationsat X-10 that used mercury included asmall
Orex pilot plant in Building 4501 that operated from 1953-54. In addition, Building 4505 provided
development support for the Metallex process, which used sodium amalgam (sodium in mercury) ina
process to purify thorium metal. Blanco et d. (1956) describe an experimental process called Hermex
inwhich uranium metal was purified by dissolving it in boiling mercury. Though conducted at X-10, no
indication of the building where Hermex was conducted isindicated. Mercury was reportedly spilled in
severa other X-10 buildings(e.g., 3592, 3503) during cleaning of Orex and Metallex equipment (Taylor
1989), and LaGrone (1983) and USDOE (1989) indicatethat asmall quantity of mercury may have been
used in X-10 Building 3503 in fuel reprocessing research. Operations at K-25 that used mercury included
distillation operationsin three buildings (K-1303, K-1024 and K-1420) at varioustimes between 1948
and the early 1980s, to clean mercury used in instrumentation (LaGrone 1983).
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3.3  Mercuryinthe Off-Site Environment and the 1983 Mercury Task Force

The possibility that mercury releasesfrom Y-12 to surface water (East Fork Poplar Creek, EFPC) during
lithium separation processes could have reached the public through consumption of mercury-contaminated
fishfirst becameaconcernin 1970. Over the next 13 years, severa investigations of mercury infish and
sediments downstream of Y'-12 were conducted, |eading to the convening of the Mercury Task Forcein
1983. Prior to public release of information in 1983, however, the results of the off-gteinvestigations for
mercury were not publically known. Eventsleading to the convening of the Mercury Task Forcein 1983,
and the development of the Mercury Task Force Report, are described below.

Measurements of Mercury in the Off-Ste Environment

Between 1955 and 1961, elevated mercury concentrations in surface water were measured by the K-25
Technica Divisonin EFPC near its confluence with Poplar Creek and at locations further downstreamin
Poplar Creek and the Clinch River (Kwasnoski and Whitson 1955-1961). A 1955 internal memo from
the K-25 Technical Division notesthat thelevel of mercury in Poplar Creek at the mouth of EFPC had
risen sharply (up to 1.8 mg L) above the normd levels expected, and that Y -12 was the suspected source
of the mercury (Hill 1955). Mercury was aso measured in the Clinch River at alocation just upstream
from the K-25 Sanitary Water Supply. Members of the K-25 Industrial Hygiene Section and Medical
Department indicated that clinica checksof empl oyees showed noindication of mercury excretion or other
body effect (Henry 1955).

Scientistsdid not becomeaware of the potentia for mercury to be methylated by microorganismsin surface
water and/or sediment, and be bioconcentrated in fish, until thelate 1960s. Thefirst reported widespread
occurrence of neurological disorders associated with the ingestion of methylmercury contaminated fish
occurred in the Minimata area of Japan in 1968 (ATSDR 1997). In 1970, elevated mercury levelswere
measured in fishin EFPC by Y-12 gaff (Sanders 1970). In 1974, USDOE Oak Ridge Operations (ORO)
personnel measured el evated mercury levelsin EFPC sediments (Reece 1974). However, staff at other
ORR facilities and the public were not aware of mercury releasesfrom Y -12 because, at thetime, Y-12
[ithium enrichment operations were classified.

Between 1974 and 1975, X-10 scientists began studying Poplar Creek and EFPC to seeif concentrations
of contaminants warranted preparation of an environmenta impact statement for the ORR. A draft report
was submitted to USDOE ORO, along with a proposed monitoring program and a request for funds
(Richmond and Auerbach 1983). Thisrequest waslater denied (Marshall 1983). In 1975, K-25 staff
began sampling Poplar Creek sedimentsfor metas because of concernsthat elevated mercury levelsin
lower Poplar Creek came from K-25. The ORNL draft report and the K-25 sampling program resulted
inthe 1976-77 study "Mercury Contamination in Poplar Creek and the Clinch River" (Elwood 1977),
which showed significant mercury contaminationinfish. Althoughit did not identify the source of mercury
in Poplar Creek, the author suggested that EFPC (and consequently the Y-12 Plant) was alikely source
(Elwood 1977).
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The 1977 Mercury Inventory Report

In 1977, USDOE ORO asked Union Carbide to reconstruct the historica inventory of mercury at Y-12.
In response, two employees spent two weeks gathering information from documents and employee
interviews. Theresulting 10-page report, Mercury Inventory at Y-12 Plant 1950 through 1977 (Case
1977), indicated that about 550,000 pounds of mercury had been spilled or lost to the environment, and
about 1.9 million pounds of mercury remained unaccounted for. Thereport was classified becausethe
guantity of mercury used in lithium enrichment was classified at the time (LaGrone 1983).

Public Awareness of Mercury Releases

On December 5, 1981, two brothers, one an employeeat ORNL and the other aUnited States Geologica
Survey (USGS) employee, collected vegetation at Y-12 near EFPC. They were seeking datato justify
ajoint ORNL-USGS research project. The ORNL employee had become aware of elevated mercury
levelsin EFPC from a 1978 environmenta study by ORNL. The vegetation samples were confiscated by
ORNL on April 12, 1982 and the ORNL employee reprimanded for insubordination. He terminated
employment at ORNL in June 1982, believing that his career had been compromised because he had
collected unauthorized samples near EFPC (Marshall 1983).

In discuss onsbetween the Tennessee Department of Health and Environment (TDHE) and OROin 1982,
theexistence of classified reportsdescribing mercury lossesfrom Y-12 was mentioned. Theseclassified
reportswerethen cited by an employee of the State of Tennesseein anewspaper interview. Upon learning
of the existence of classified reports on mercury losses from Y-12, aswell as the story of the ORNL
employee who had conducted unauthorized sampling at Y-12, the Appalachian Observer (alocal
newspaper) filed aFreedom of Information Act (FOIA) request on November 24, 1982 for dl reportson
mercury spillsand emissionsat the ORR. In December 1982, the Tennessee State Health Commissioner
posted EFPC asunfit for fishing (Marshall 1983) and on May 17, 1983, in responseto the FOIA request,
areport describing aMarch 1966 mercury spill a one of the Colex Production facilities (Building 9201-5)
and adeclassified version of the 1977 mercury inventory report were rel eased to the public (LaGrone
1983).

Therelease of the declassified version of the 1977 mercury inventory report (Case 1977) generated much
public and mediainterest. When news appeared that more than 2.4 million pounds of mercury had been
"lost" or were unaccounted for at Y-12, the plant was deluged with questions.

The 1983 Mercury Task Force Investigation

Several weeksprior tothe May 17, 1983 release of the 1977 mercury inventory report, ORO informed
the Y-12 plant manager that the declassified version of the 1977 report would be released. Acting on
rumors of a Congressional subcommittee hearing to be held that summer, the plant manager asked Y-12
employeesto send any mercury documentsin their possession to Plant Records. Thisbegan the collection
of documents that became the Mercury Task Force Files (Wilcox 1995).
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On May 20, 1983, three days after release of the 1977 report, the Y-12 plant manager appointed the
Mercury Task Forceto collect historical data on mercury accountability, study mercury salvage and
recovery, and summarizeinvestigations of mercury impacts on worker hedth and the environment. William
J. Wilcox, Jr., Technicd Director of Research and Development and the Technical Service Laboratories
at K-25 and Y-12, was asked by the Y -12 plant manager to chair the Mercury Task Force. Wilcox had
worked at Y-12 in the 1940sin uranium operations, and transferred to K-25in 1949, where he remained
to become technical director in 1969 (Wilcox 1995). The Mercury Task Force consisted of plant
employeeswho were not involved in Colex operations during 1955-1962, when most mercury exposure
to workers and losses to the environment occurred (UCCND 1983a).

Thefirg task for the Mercury Task Force involved updating the 1977 estimates of mercury "accounted
for", snce additiona mercury had been removed from process equipment and flasked since January 1977.
TheMercury Task Forcethen reevaluated | oss estimatesin the 1977 mercury inventory report (UCCND
1983Db).

During the sixth week of the Mercury Task Force sinvestigation, on July 11, 1983, a Congressional
subcommittee hearing was held regarding mercury releasesfrom Y-12 operations. The"Hearing on the
Impact of Mercury Releasesat the Oak Ridge Complex," chaired by Representatives Albert Gore, Jr. and
Marilyn Lloyd, washeld at the American Museum of Scienceand Energy in Oak Ridge. Testimony was
given by the following individuals and organizations (LIoyd and Gore 1983):

U.S. Department of Energy, Oak Ridge Operations

U.S. Environmental Protection Agency

Tennessee Department of Health and Environment

Tennessee Valley Authority

Environmental Sciences Division, Oak Ridge National Laboratory

Oak Ridge Research Institute

Michigan State University Institute of Water Research

City of Oak Ridge Environmental Quality Advisory Board, avoluntary citizen
board advising the City Council

The Appalachian Observer newspaper

The former ORNL employee who took the unauthorized vegetation samples
Oak Ridge Area Client Council, represented by a Scarboro resident

Oak Ridge Chapter, NAACP

Lega Environmenta Assistance Foundation, University of Tennessee
College of Law

Mayor of Oak Ridge

Roane-Anderson Economic Council

Oak Ridge Chamber of Commerce

Committee of Fifty, promoting growth and development in Oak Ridge
Atomic Trades and Labor Council, the employee union at ORNL and Y-12.

D OO OO OO

DO OO OO

D OO OO
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On August 18, 1983, the 417-page classified Mercury Task Force Report, A Study of Mercury Use at
the Y-12 Plant, Accountability, and Impacts on Y-12 Workers and the Environment— 1950-1983
(Y/EX-21) (UCCND 1983a) was completed (UCCND 1983c). This report represents the official
statement on mercury releasesfrom Y-12. The Mercury Task Force reeased an updated, unclassified 35
page executive summary (Y/EX-23) in November 1983 (UCCND 1983b). Thisreport included an update
on sampling and analyses of sedimentsin Watts Bar and Chickamauga L akes, to verify thetiming and
quantity of mercury lossesto EFPC. Two declassified versionsof the Y/EX-21 report, denoted Y/EX-24
and Y/EX-21/del rev (UCCND 19834), werereleased in December 1983 and March 1994, respectively,
due to changes in classification guidelines.

Inadditionto usesin lithium separation at Y-12, mercury wasaso used at X-10 and K-25 in much smaller
guantities (ChemRisk 1993a). However, mercury operations and releases at X-10 and K-25 were not
included inthe 1983 Mercury Task Forceinvestigation. Asaresult of the Mercury Task Force' s 1983
consolidation and preservation of historical records on Y-12 Colex operations, more information is
available on Colex operationsthan on other (pil ot-scal€) lithium separation processesinvolving mercury
at Y-12 (e.g., Orex and Elex) or other mercury uses at Y-12, X-10, and K-25.

34  Monitoring Programsfor Mercury in Process Releases

Beginning in the early 1950s, monitoring programs for mercury in air and liquid effluents from lithium
separations operations were conducted. While operations involving mercury were underway, air
monitoring was conducted primarily to protect worker health. Prior to 1970, water monitoring was
conducted primarily for material and financia accountability sincemost of theworld'ssupply of mercury
wasat Y-12 during 1955-1963, and Y -12 management did not want to loselarge amounts of thiscritical
resource. During thistime, losses of enriched lithium to EFPC were actualy of somewhat higher concern
than|osses of mercury because enriched lithiumwasthedesired product. After about 1970, environmentd
monitoring began to focus on off-site mercury contamination.

Historica monitoring and analytical methodsfor mercury inbuilding air and liquid effluent are described
below. Excerptsfrom historical documentsthat describe these methodsin greater detall arepresentedin
Appendix B of thisreport.

3.4.1 Monitoring Proceduresand Analytical Instrumentation for Airborne Releases

A routine air sampling program for mercury vapor inbuilding air at Y-12 wasinitiated in 1949. By 1952,
reports from the Y-12 Industrial Hygienist indicated that more than 6,000 air samples were collected
annudly. The datawere reported in Health Physics Department reports as percentages of samples having
mercury concentrations greater than 0.1 mg m>— at that time, the acceptable limit for workplace air
concentrations. The mercury program was administered in the Y-12 Plant by the joint efforts of the
Industrial Hygiene (IH) Section and the Medical Department. The IH section was responsible for
monitoring operating areasfor mercury vaporsand advising areasupervision of theair concentrationsin
their respective areas. Generdly, samples from development and production areas where mercury was
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handled on acontinuing basiswere collected on a scheduled basis at predesignated locations. Sampling
results were reported routinely to area supervision on adaily, weekly, and/or monthly basis (UCCND
1983a; Patterson et al. 1957; McRee et a. 1965).

When lithium separations operations involving use of large quantities of mercury were being devel oped at
Y -12 (early 1950s), methodsfor measuring arborne concentrationsof mercury weretill beinginvestigated
by thelH group. Threecommercidly available methodswereidentified and, of thethree, only the Genera
Electric Instantaneous Mercury Vapor Detector was found to bereliable. The mercury vapor detector
measured absorption of ultra-violet light of 2,537 angstrom wave ength by mercury vapor; the absorption
isproportiond to the concentration of mercury vapor in theatmosphere (UCCND 1983a; McMurray and
Redmond 1958; Perry and Napier 1957).

Becausethe GE instrument washeavy and difficult to useunder Y -12 operating conditions, with thevery
long cord required, agreat ded of effort was put into developing asmaller cordiessinstrument. Such an
instrument using DC current was devel oped and used in the latter parts of the Colex program, from July
195710 1962 (McMurray and Redmond 1958). Overal, themgjority of building air samplesweretaken
with the portable GE instrument and were of the spot type (i.e., representing the concentration only at the
time the sample was taken, not over aprolonged period). The GE instrument and the cordless DC current
instrument were used for mercury sampling until 1976. Since 1976, mercury vapor sampling tubes have
been used for air sampling (UCCND 1983a). Photograph 1 depictsthe portable mercury vapor detector
developed by Y-12.

3.4.2 Monitoring Proceduresand Analytical Instrumentation for Water bor ne Releases

According to the 1983 Mercury Task Force Report, composite samples of EFPC surface water have been
collected for laboratory analysis since the early 1950s (UCCND 1983a; Center 1958). These datawere
used primarily to monitor processlosses. With the exception of aperiod from January 1974 to June 1977,
when samples were analyzed for soluble mercury only, all samples were analyzed for total mercury.

Sampl e collection methods for mercury in EFPC water were as follows:

. From 1951 to 1955, aY -12-designed trickle sampler was used to collect weekly
composite samples of EFPC water. The sampler was designed to collect a5
gdlon composite sample each week. The sample was collected from the top of
the stream and did not represent al the suspended particul ate matter in the creek.
[The 1983 Mercury Task Force applied a correction factor (discussed in
Appendix B) to adjust for the effect of collecting samples from the top of the
stream (UCCND 1983a)].

. In 1955, a TVA-designed system was installed in EFPC behind the Y-12
warehousein Building 9720-8. The system consisted of aweir to measure flow
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and atribullar (dipper type) sampler that collected time-proportiona , weekly, 5-
gallon composite samples (Patterson et al. 1957).

. In 1963, New Hope Pond was congtructed, and the sampling point for the weekly
compositeswas moved to the outfall of the pond. A time-proportional sampler
wasused to fill a55-gallon drum, from which the weekly composite was taken
(McRee et al. 1965).

. Starting in 1973, the weekly compositeswere poured into alarger bottleto form
a monthly composite that was analyzed for mercury and other constituents
(UCCND 1983a).

. Starting in 1977, separate grab samples were collected for mercury, and
preserved by acidification in the Y-12 Plant laboratory (UCCND 1983a).

. Starting in September 1982, grab sampleswere acid-preserved inthefield at the
time of collection (UCCND 1983a).

USEPA Method 245.1 for mercury (issued in 1974) recommends preserving water samples by
acidification with nitric acidto apH of 2 or lower a thetime of collection, to avoid lossesof mercury upon
storage. However, since the EFPC composite samples were used to monitor water quality parameters
such as pH and bacteria count, acidification would have invaidated the results of the analyses for other
parameters. Consequently, composite samplescollected in EFPC were not preserved by acidification.
Beginning in 1977, however, grab samples for mercury analysis were collectedS these samples were
acidified. Grab samplescollected between 1977 and September 1982 were acidified inthelaboratory,
and samples collected since September 1982 were acidified in the field (UCCND 1983a).

Analytical methods for mercury in surface water were as follows:

. From 1951 until June 1957, the mercury content of EFPC water was determined
by a colorimetric technique. A mercury-dithiazone complex was measured
spectrophotometrically at 485 nm. Thismethod provided adetection limit of 0.1
mg L* with arelative limit of error for asingle analysis of + 50% (UCCND
1983a; Fee and Sanders 1982).

. In duly 1957, the colorimetric method was replaced by the mercurometer method.
All mercury wastrapped and converted to the highly insoluble mercuric sulfide,
vaporized in aheated chamber, and the mercury detected with aGeneral Electric
mercury vapor detector. Thismethod provided amuch shorter analysistime, a
detection limit of 0.01mg L™, and aréativelimit of error for asingle analysis of
+ 40% (McBryde and Williams 1957).

. In August 1967, an atomic absorption method providing adetection limit of 0.001
mg L*with ardativelimit of error for asingleanaysisof + 20% was adopted (Dill
1967).



Photograph 1: The portable mercury vapor detector developed at Y-12 in 1957.
(Photo 100736 courtesy of the Y-12 Plant)

Photograph 2: Building 9201-5 and 9201-4, originally built to house electromagnetic enrichment
operations for uranium during World War II, were later converted to house the
Colex process (1945). (Photo 6174 courtesy of the Y-12 Plant)
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Photograph 3: Mercury flasks arriving at the Y-12 unloading facility (1955)

Photograph 4: Workers emptying flasks of mercury at the Y-12 mercury dumping shed.
Pipelines carried mercury to the buildings that housed the Colex operations.
(1955 photo ORO-55-762-3 courtesy of U.S. Department of Energy)
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Photograph 5: Six-foot diameter fans were installed in Colex Building 9201-5 in 1956 to
increase ventilation and thereby reduce airborne mercury concentrations in
operating areas (Photo 102455 courtesy of the Y-12 Plant).

Photograph 6: The project team and ORHASP members on a tour of the Alpha-4
Colex production building (1996). Amalgam maker trays can be seen at the lower
right of the photo. (Photo 314645 courtesy of the Y-12 Plant)
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Photograph 7: Aerial view of Building 81-10, looking northwest (1983). The metal
frame structure east of the building is the mercury roaster, which was dismantled
after this photo was taken on November 29, 1983.

(Photo 218284 courtesy of the Y-12 Plant)

Photograph 8: Building 9401-2, one of two original Y-12 steam plants (1956). This
steam plant was replaced in 1956 by a new steam plant, Building 9401-3.
(Photo 100470 courtesy of the Y-12 Plant).
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40 SOURCE TERM ASSESSMENT

Source term assessment is the process of reconstructing historical rel eases of amateria from industria
operationsto theenvironment. Inreconstructing historical dosesor risksto nearby populations, assessors
often base estimates of past exposure point concentrations on information describing the mass of amaterid
released from afacility toair or water. Source term assessment supplements historical environmental
sampling data, which may not have been collected in all media of interest (such as air, soil, water,
vegetation, fish), at thelocationswhere exposuresmay have occurred, or during the periods of maximum
releases.

This section describes the Task 2 source term assessment for mercury releases from the ORR. In
particular, this section describes:

. The document search and other methods used to locate data on mercury
releases from the ORR;
. Historical dataon mercury concentrationsin buildingair and EFPC water,

building ventilation rates, and water flow rates, used to quantify releasesfrom
each of thekey lithiumisotope separation and auxiliary operationsat the ORR; and

. The project team’s quantitative estimates of annual mercury releasesto
air and water.

Quantitative estimates of mercury releases from the ORR were used to model exposure point
concentrations at off-site locations where individual s may have been exposed. Supporting information
gathered in the document search and review is provided in Appendices C through F. Tables summarizing
the cal culations supporting the rel ease estimates are provided in Appendices G through 1.

Airborne source terms devel oped by the project team were based on rel eases of mercury-contaminated
air fromthe Elex and Colex pilot plants, the Colex production buildings, the mercury recovery facility,
outdoor smelting of mercury-contaminated scrap metal, and coal burning at Y -12 and K-25 steam plants.
Thewaterborne sourceterm wasbased on discharges of mercury-contaminated liquid effluent from lithium
separaion operaions. Thelithium separation buildings discharged to anearby ditch that joined EFPC, and
monitoring was conducted in EFPC just past the point of entry of the building discharge linesto the ditch.

A source term for mercury spillsto soil was not devel oped, because approximately half of the spilled
mercury wasrecovered at thetime of each spill, and additional mercury was also recovered at theon-site
mercury recovery facility from dirt excavated at the spill sites (3.6 million pounds of mercury were
recovered at the mercury recovery facility duringitsoperation.) Any mercury runoff to EFPC withinthe
plant boundary and before the sampling location would have been included in the mercury concentrations
measured at the site boundary.
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Source terms were not developed for other mercury uses at Y-12, K-25, or X-10 due to the small
quantities used, or thelack of sgnificant building ventilation, or becauseinformeation identified by the project
team indicated that significant releases (relative to releases associated with Y-12 lithium separation
operations) did not occur. Usesfor which sourcetermswere not developed at Y -12 included the Orex
lithium separation pilot plant, mercury bottling and cleanup campaigns, mercury-thallium aloy usein
weapons production, and Y -12 mercury cleaning operationsfor calutron instrumentation. Inaddition,
sourcetermswerenot devel oped for mercury cleaning operationsfor gaseousdiffusion intrumentation at
K-12 or for the Orex, Hermex, or Metallex and other fuel reprocessing operationsat X-10. Information
collected by the project team on these uses is summarized in Appendix A.

The conclusions of the Task 2 mercury source term investigation for the ORR are summarized below.

Conclusions of the Task 2 Mercury Source Term Investigation

é Airborne releases of mercury were primarily aresult of building ventilation installed for
worker protection.

é Waterborne releases of mercury were primarily aresult of process leaks and spills within
buildings that eventually found their way to the storm sewer system, and an early process
in which mercury was washed with nitric acid thereby increasing itsinitial solubility.

é Airborne and waterborne mercury rel ease estimates made by the project team were 43%
and 17% higher, respectively, than the estimates made by the 1983 Mercury Task Force.

R The higher air source term is primarily due to incorporation of information
indicating greater ventilation from Building 9201-4 Colex production operations
than previously assumed and the inclusion of releases from Building 9204-4 Elex
production operations.

R The higher water source term is primarily due to reestimation of releasesin 1953-
1955.
e Pilot plant operations and other minor uses of mercury at Y-12, K-25, and X-10 were

found not to be sources of significant releases of mercury relative to mercury releases
from Y-12 Colex production facilities. The lower magnitude of these rel eases estimates

was due to use of smaller quantities of mercury and/or minimal ventilation, or no evidence
of release.
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4.1 ldentification and Review of Historical Data on Mercury Releases from the ORR

A primary focus of Task 2 of the Oak Ridge Dose Reconstruction was investigating historical dataon
mercury releasesto air, water, and the ground from the ORR and comparing these data to previoudy
reported estimates of mercury releases. Previousestimatesinclude estimateshby Y -12 personnel (Case
1977) and the 1983 Mercury Task Force (UCCND 1983a,c).

The investigation of mercury releases from the ORR included:

. Review of the 1977 Y-12 Mercury Inventory Report (Case 1977);
. Interviews with members of the 1983 Mercury Task Force;
. Review of theclassified and unclassfied versons of the 1983 Mercury Task Force

Report (UCCND 1983a,c);

C Review of retired filesinthe Y -12 Records Center and the 1983 Mercury Task
Force Files; and

C Review of retired files at K-25 and X-10.

Inaddition, asummary of dataneedsfor the Task 2 investigation wasdistributed to all Dose Reconstruction
project task managersand Task 5 personnd (Task 5wasthe Dose Reconstruction document search task,
which focused on systematic review of record holdings at all Y-12, K-25, and X-10 document
repositories). Mogt of the historical literature uses code words to describe the materials used in lithium
separation processes. "Alloy" wastheterm used for lithium, mercury wascalled " solvent”, and theisotopes
of °Li and ’Li were referred to as "aspen” and "marble’, respectively (Code Words 1962). Document
searches conducted by the Task 2 team for information on these materialsincluded these former code
words as keywords.

4.1.1 Review of the 1977 Mercury Inventory Report

The 1977 Mercury Inventory Report (Case 1977) wasthefirgt effort by Union Carbideto reconstruct the
hitorical mercury inventory a Y-12. The 1977 Mercury Inventory Report stated that "2.4 million pounds
of mercury has either beenlogt [to the environment] or unaccounted for [a difference between the quantity
originaly received and the mercury that can be quantitatively described] ." The distinction between "logt”
and "unaccounted for" arose because mercury lost to air and water and rel eased to off-site locations can
be estimated by effluent monitoring, and this quantity can therefore be "accounted for" as lost to the
environment. Onthisbasis, the 1977 Mercury Inventory Report estimated 1.9 million pounds of mercury
were unaccounted for, by subtracting wel ghed quantities (accounted for) and measured rel eases (lost) from
the total quantity of mercury vouchered to Y-12. Air, water, and spill lossesto soil were estimated at
557,000 pounds (UCCND 1983b).
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Comparisonsof themercury materia balancesprovided inthe 1977 Mercury Inventory Report to estimates
provided in the later 1983 Mercury Task Force Report are presented in Section 4.1.3.

4.1.2 Interviewswith Membersof the 1983 Mercury Task Force

Four key members of the 1983 Mercury Task Force wereinterviewed by the Task 2 team concurrent with
review of the August 18, 1983 Mercury Task Force Report and the Mercury Task Force Files:

Mr. William J. Wilcox, Jr., Mercury Task Force Chairman

Mr. John M. Napier, Mercury Task Force Consultant and 1977 report co-author
Mr. David W. Smith, Mercury Task Force Consultant and 1977 report co-author
Mr. Lowell L. McCauley, Mercury Task Force Worker Health Chairman

OO OO OO

Samples of the questions used to interview Mercury Task Force members are listed in Appendix C.
Copies of theinterview notes are retained in the project repository (Repository Numbers 1668, 1673,
2008, 1671, and 3270).

4.1.3 Review of the 1983 Mercury Task Force Report

The Task 2 team reviewed both the unclassified and classified versions of the 1983 Mercury Task Force
Report (UCCND 1983a,c), aswell asthe updated executive summary of the 1983 Mercury Task Force
Report (UCCND 1983b). The 1983 Mercury Task Force Report is the most detailed discussion of
mercury releasesfrom Y-12, and representsthe officia record of releasesof mercury fromthe Y-12 Plant.
Only the unclassified version of the 1983 Mercury Task Force Report isdiscussed here, to alow generd
publication of the current report. The classified version contains details about process operations not
directly related to mercury releases from Y-12.

Thesix sections of the 1983 Mercury Task Force Report arelisted below with brief descriptions of section
contents.
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Outline of the 1983 Mercury Task Force Report

Section 1- History of Lithium | sotope Separation at Y-12, describing technical operations.

Section 2— The Receipt of Mercury at Y-12, describing receiving operations and estimates of the total
quantity of mercury originally vouchered to Y-12.

Section 3— Quantities of Mercury Accounted For by Y-12, describing bottling operations, quantities of
mercury in process waste, remaining mercury inventory in buildings and storage, and quantities of
mercury recovered and sold.

Section 4— Quantitiesof Mercury Lost or Not Accounted For by Y-12, describing mercury lost to air,
water, and spills, mercury under buildings and in drain systems, and theft.

Section 5—- Studies of the Health of Y-12 Employees Exposed to Mercury and Review of Health
Protection Programs, describing historical mercury exposure guidelines, the urine monitoring
program for workers, the 1974 study of workers who were exposed in the 1950s, the 1983
worker mortality study, and programs to reduce worker exposure.

Section 6— The Environmental | mpacts of Mercury Releases and L osses, describing environmental
sampling, including a summary of all studies conducted prior to 1983.

Theremainder of thisdiscussion coversinformation from Sections 2, 3, and 4 of the 1983 Mercury Task
Force Report relevant to releases of mercury to the off-site environment. Section 5 of the 1983 Mercury
Task Force Report summarizes studies conducted in an effort to understand and control sources of mercury
exposurefor workers, including building ventilation changes. Changesin building ventilation are relevant
to mercury rel ease estimates because increasing ventilation to reduce indoor exposures probably increased
releases of airbornemercury to outsdearr. Section 6 of the 1983 Mercury Task Force Report summarizes
studiesthat measured mercury concentrations off-siteS these are included in the discussion of off-site
environmental monitoring in Section 5 and Appendix J of the current report.

Comparison of 1977 and 1983 Estimates of Mercury Material Balances

The project team requested declassification of all pagesdiscussing total mercury quantitiesat Y-12 from
theoriginal classified versonsof the 1977 Mercury Inventory Report and the 1983 Mercury Task Force
Report, to update publicly availableinformation. Thisrequest was satisfied by the release of the Y/EX-
21/dd rev report (UCCND 1983a). The project team reviewed the basisfor the total mercury quantities
presented in these reports, and verified that the figuresfrom inventory vouchers and reported weightswere
accurately recorded.
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Thetotal quantity of mercury vouchered to Y -12 wasrecently declassified (USDOE 1993). The 1983
estimate of the quantity vouchered to Y -12 was 28,000 pounds greater than the 1977 estimate; however,
the total remained approximately the same at 24.3 million pounds (USDOE 1993).

Asshown above, the 1977 Mercury Inventory Report reported that 1.9 million pounds of mercury were
unaccounted for and 557,000 pounds were lost to air, water, and spills, for atotal of about 2.4 million
pounds of mercury lost or unaccounted for (UCCND 1983b). Revised estimatesin the 1983 Mercury
Task Force Report were 1.3 million pounds of mercury unaccounted for, 733,000 poundslost to air,
water, and spills, yielding atotal of about 2 million pounds lost or unaccounted for.

Table4-1 comparesthe 1977 and 1983 estimates of mercury materia balance. Differences between the
1977 and 1983 estimates of mercury material balances at Y-12 are as follows:

. Theestimated total |ost or unaccounted for decreased from 2.4 million poundsin
the 1977 report to 2.0 million pounds in the 1983 report, primarily due to
increasesin "accounted for" categories. For example, mercury removed from
process equipment and bottled between 1977 and the 1983 investigation
increased the "accounted for" estimate (UCCND 1983b).

. The estimated lossesto air increased from 30,000 poundsin the 1977 report to
51,300 pounds in the 1983 report (UCCND 1983b).

. The estimated |osses to EFPC decreased from 470,000 poundsin the 1977 report
to 239,000 pounds in the 1983 report because an error in the 1977 estimate was
found during the 1983 investigation. The 1977 estimate was high by afactor of
two because, for abrief time around 1977, water sampleswerefiltered and only
insoluble mercury was measured. Investigatorsin 1977 erroneoudy assumed that
water samples had always been filtered and doubled their final estimate of
quantities of mercury lost to EFPC to account for soluble and insoluble mercury
(UCCND 1983b).

. Theestimated | ossesto spillsincreased from 50,000 poundsin the 1977 report
to 425,000 pounds in the 1983 report, due to the addition of seven spills
(UCCND 1983b).

The 1983 Mercury Task Force speculated on the location of about half, or 645,000 pounds, of the
"unaccounted for" mercury. Ten percent was estimated to have been in production buildings and the
remainder was believed to reflect over-estimation of quantitiesrecelved at Y-12, due to inadequate record
keeping. Theonly recordsof the quantity of mercury received at Y-12 weretransfer vouchers. Theunits
of measure on these voucherswere numbersof 76-pound flasks, not weight in pounds. Because of the
urgency of lithium enrichment operationsinthe 1950s, mercury flasksreceived a Y -12 were not weighed,
and witnessesto the 1950s mercury receiving operations claim that someflaskswere only partidly full and
may have leaked prior to arrivd at Y-12. In 1957, when unopened mercury flasks were shipped off-site,
Y -12 received complaints of leaking flasksand shortages from the off-site recipients. The 1983 Task
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Force estimated that the quantity of mercury vouchered to Y-12 was overestimated by about 0.5 million
pounds. Thereareno datato support theestimatesof mercury remaining in building structuresand mercury
never received, sothe Task Force did not include these estimatesin "accounted for” quantities (UCCND
1983Db).

Table4-1: 1977 and 1983 Mercury Material Balance Estimates by Y-12 Plant Staff

Sour ce of Material Inventory and L osses lnlvg;zcl)\:l;rgggz” 1%8:;?%023
(Case 1977) Report

VOUCHERED to Y-12: 24,321,000 24,348,852
Returned unopened or rebottled and stored/sold * 21,666,348
In lithium hydroxide tails, sold and stored 1,000 1,400
In Building 9201-5 scrap, sold 10,000 14,000
In Building 9201-5 sludge, removed and sold 111,000 174,000
Asflasking overage given to GSA 12,000 17,212
In Building 9201-4 equipment, still in place * 200,000
In sludges and sumps in Alpha-4 Building 100,000 250,000
In Building 9201-2 sewer pipe *x 800

| ACCOUNTED FOR Tatal: * 22,323 796
Known LOST and NOT ACCOUNTED FOR Total: 2,437,752 2,025,056
Known lost to air 30,000 51,300
Known lost to East Fork Poplar Creek 470,000 238,944
Known lost to New Hope Pond sediment, Chestnut Ridge 7,200 6,629
Known lost to New Hope Pond sediments now in place * 8,475
Known lost to ground, Building 9201-5 spill accident 49,853 49,853
Known lost to ground, seven other spills x* 375,000
Known lost to ground, Building 81-10 operations *x 3,000
Known LOST Total: 557,053 733,201
NOT ACCOUNTED FOR Total: 1,880,699 1,291,855

* These data were classified for security reasonsin 1977.

* Data not available in 1977 report.

The numbers from the report are probably not accurate down to the one pound level. However, the exact values
were retained for accounting purposes, according to the 1983 Mercury Task Force Report.
Source: UCCND (1983a).
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The project team did not use the estimates of quantities|ost that are described above in their assessment
of off-sitereleases and doses. Estimated mercury losses were recalculated by the project team using
documents|located during the document search and references from the 1983 Mercury Task Force Report.
Documents collected by the project team included reports of building air concentrations and ventilation
rates in Colex buildings and surface water concentrations and flow ratesin EFPC.

4.1.4 Review of Y-12 Mercury Task Force Filesand Retired Files

TheY-12 Mercury Task Force Files contain the documents regarding mercury useat Y-12 assembled
around June 1983 during the Mercury Task Forceinvestigation (UCCND 19833). Boxesof retired files
inthe Y-12 Records Center, not physically moved into the Mercury Task Force Filesin 1983, dso contain
information on historical mercury operationsat Y-12. The project team’ sreview of theMercury Task
Force Files and the Y -12 Records Center retired files is described below.

Mercury Task Force Files

The Y-12 Mercury Task Force Fileswere assembled during the Mercury Task Force investigation in
response to a plant-wide request from the Y-12 plant manager (UCCND 1983a). The Task 2 team
located a copy of this request, the Records Management DirectiveS Mercury (May 16, 1983), in the
Mercury Task Force Files. The letter states:

"The Y-12 Plant Records Department has been directed to place an immediate freeze on the
destruction and/or transfer of all records related to the subject of mercury... In the following
weeks, the Plant Records Department will be establishing an information system involving all
records related to this subject. I1n order for thisto be complete, it is necessary that each of you
[to] notify appropriate personnel in your division to report all records on hand regarding the

subject of mercury to the Y-12 Records Officer, W.D. Minter ... no later than June 1, 1983..."

The Mercury Task Force Filesare stored in four classified safesin avault in Building 9711-5. All
documentsinthefileswereoriginally classified as Secret or Confidential Restricted Data (SRD or CRD)
so that the large number of historica documentsthat were unmarked (with regardsto classification) would
not haveto bereviewed by the Y -12 Classification Officeand because cl assified information was contained
inmany technical documentsand Y-12 Plant Quarterly Reports. Mercury Task Forcedid not havethe
time nor the need during the 8-week investigation to separate unclassified documents from classified
documents, or to produce sanitized versions of classified documents, particularly since origind documents
wereto be preserved intact (Wilcox 1995). Assuch, Mercury Task Force headquarters were insgde the
security fence, and all Mercury Task Force members had Q-clearances. Currently, a Q-clearance and
"need to know" are required for accessto the files.

The drawersin thefour classfied safes contain Mercury Task Force File folders numbered M1 through
M853. Thereare no documentsin thefilesdated after June 1983. Multiple foldersexist for many M-
numbers because, during the 1983 investigation, small documentsrelated to the sametopic or submitted
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together were given the sameM-number. Asof 1983, thefiles contained atotal of 1,228 documents.
Appendix D of thisreport lists the M-files located in the Mercury Task Force Files.

Duringthe 1983 investigation, Mercury Task Force File documentswerelisted in an €l ectronic database;
however, the database in electronic form was subsequently lost (HAI 1994). Severa alternative
approaches can be used to identify Mercury Task Force File documents:

. Two database printoutsremain in the Mercury Task Force Files: onenumericd by
M-number and the other a phabetical by title. An unclassified version of the
numerical database printout isnow availableto the public asaresult of the Task
2 team’sreview of thefiles.

. Since M-numbers sometimes relate to specific subjects, the M-number of a
document released to the public in 1994 as part of the Large-Scale Review of
classified documents can be used tolocate related documentsin the Mercury Task
ForceFiles. For example, M-487 documents contain information on the Sol vent
(Mercury) Hazard Committee actions to reduce mercury air concentrationsin
Colex buildings, and M-843 documents contain the Elwood (1977) study and
related correspondence.

. The 121-page bibliography of the 1983 Mercury Task Force report (UCCND
1983a) describes the 1,228 documents that were located in the Mercury Task
ForceFilesin1983. Anunclassfied verson of thisbibliography isavailabletothe
public. However, the bibliography is organized by document type (i.e.,
correspondence, progress reports, accounting data, health records, and open
literature) rather than by M-number. When the Mercury Task Force Fileswere
inventoried as classified documentsin 1985, they wererearranged by M-number
instead of document type to facilitate efficient location of documents.

. Appendices D and E of thisreport contain spreadsheets listing the contents of the
Mercury Task Force Files, sorted by M-number, and the Mercury Task Force
Filesavailableto the publicinthe DOE-Oak Ridge Public Document Reading
Room.

Activity relating to the Mercury Task Force Filessince 1983 hasincluded requestsfor copiesof documents
relevant to pending lawsuits, Freedom of Information Act (FOIA) requests, the Large-Scale Review
declassification effort, and identification of epidemiologic records (McCauley 1995).

Over 414 documents (as of August 14, 1995) from the Mercury Task Force Files are available to the
generd publicinthe DOE-Oak Ridge Public Document Reading Room (55 Jefferson Circle, Oak Ridge,
TN) asareault of the Large-Scae Review program at Y-12, completed in September 1994 (Fraser 1995).
The Large-Scale Review of classified documents at Y-12 supported USDOE efforts to provide
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environmental, safety, and health information to the general public, comply with the USDOE/Tennessee
Oversght Agreement, and declassify or downgrade document holdings (Keyes 1994). TheLarge-Scale
Review beganwith review of the Mercury Task Force Filesby the Y -12 Classification Office, dueto the
anticipated needs of the Dose Reconstruction project for mercury-related documents.

The Large-Scale Review project set out to declassify more Mercury Task Force Files documents than
were eventudly released to the public. Each of the documentsthat were thought to be unclassified during
theinitid review wasassgned a“Y/HG-" number. However, the publicly-available collection includes only
documents that could be declassified in their original form; no pages were deleted or text removed to
fecilitatedeclassfication. Assuch, while'Y/HG- numbers 1 through 549 were assigned to documents, only
414 Y /HG documents were found to be unclassfied after a second review and were rel eased to the public
asof August 14, 1995. Appendix E of thisreport lists publicly-available Y/HG- documents.

A moratorium on destruction of records relevant to epidemiologic and hedth-related studies has existed
since 1989. In June 1994, History Associates Inc. (HAI) reviewed the Mercury Task Force Files as part
of USDOE's Epidemiologic Records Inventory Project to verify and inventory epidemiologic and hedlth
records at USDOE and USDOE contractor sites. HAI conducted the pilot study at the ORR to assist
USDOE in providing information requested by the State of Tennessee and other interested partiesina
March 1994 meeting. The Task 2 team examined the HAI report (HAI 1994) identifying documents
relevant to epidemiol ogic and other hedth-related studiesduring their initial review of theMercury Task
Force Files.

TheMercury Task Force Filesrecord descriptions given to the record series, asshownin Appendix D,
are asfollows:

C Mercury Inventory—original shipments, inventory cal cul ation worksheets, and
accounting documents

C Mercury Flasking— correspondence regarding building draining and stripping
operations to recover mercury and rebottle it for storage

C Mercury Storage- storage buildings, ingpections, and other issues related to the
storage of mercury at Y-12

C Mercury Shipments— shipping orders and transfer forms, bids, public sale

C Mercury Environmental—environmental monitoring data (air, water, sediments,
fish), reports, and related correspondence

C Y-12 Production/Oper ations— building, process and equipment information that
does not contain information on quantities of mercury used or released from Y-12
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C Y-12 Plant Quarterly Reports (4Q52 to 4Q81)— early years of the series contain
quarterly averages for mercury concentrations in building air and quarterly
averages for concentrations of mercury in EFPC

C Technical Division Monthly Progress Reports (1-55 to 12-58)— contain monthly
averages of mercury concentrationsin EFPC

C Quarterly Technical Progress Reports (3Q59-4Q59, 2Q63-3Q63, 3Q64,
20Q66-3Q66, 1Q67, 3Q67-2Q68, 2Q71, 2Q75) — continuation of the series
above, but do not contain EFPC mercury concentrations

C Alloy Division Weekly Progress Reports (1-55 to 3-55, 5-55 to 3-59)— weekly
highlights of lithium separation operations

C Alloy Division Monthly Progress Reports (10-55 to 12-55, 2-56 to 12-61)—
monthly compilation of the reports described in the series above

C Technical Reports (1947-81)— bound reports on technical topics given aforma
report number and distributed outside of Y-12

C Technical Memoranda (1953-83)— unbound reports on technical devel opments,
including experiment results and Colex pilot plant runs

C Health Physics-Hygiene Progress Reports (1-49, 5-49, 40Q50, 6-51 to 12-51,
1-52 to 12-53)— contain some mercury concentrations in building air

During the Task 2 review, Q-cleared members of the project team had unlimited and unescorted access
to the Mercury Task Force Files. To document information gathered on each M-file number during their
review of the Mercury Task Force Files, the project team used the Appendix D spreadsheet. The
Spreadsheet containsalbrief description of the contentsand date of eachfile, followed by columnsindicating
whether thefile waslisted in the June 1983 Mercury Task Force database printout, whether thefilewas
identified by HAI asrelevant to dose reconstruction, and Y/HG- or Y/EXT- document numbers created
fromthefile. Y/EXT- documentsare extracts of classified documentsthat the project team requested
during thereview. Thelast column in the spreadsheet indicates whether materia from thefile was copied
for potential usein reconstructing sourceterms, and subsequently entered into the Task 2 team’ s database.

TheTask 2 project team identified 109 of the 853 M-filesasmissing or asempty folders. Of these, 39
M-file numbers were missing from both the Mercury Task Force Files and the June 1983 database
printout, and may have never been assigned or been initidly reserved for documents and then not used.
The remaining 70 missing files are described on the June 1983 database printout. The project team
submitted alist of missing file numbersand their contents, as described in the database printout, to Y-12
personnel along with arequest for any information on thefiles fate or location. Based on interviews
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conducted by the project team, it appearsthat some people may have refused to submit their copiesof the
documents to the files such that the documents may have never actually been in thefiles.

The status of the 70 missing filesis as follows:
C 1 fileislisted as missing in the June 1983 printout;

C 21 files are mercury air and water data contained in Health Physics boxes
previously reviewed by Task 5 team members at the Y-12 Records Center;

C 7 filesare duplicates of other fileslocated in thereview of the Mercury Task Force
Files (these may have been database entry errors);

C 20filesare available in the open literature in journas, textbooks, or published
ORNL or USEPA reports; and,

C 21 files are unexplained (i.e., listed in the printout but not in the files).

Inadditiontothe 414 Y /HG-documents made availableto the public by the Large-Scale Review project,
the Task 2 project team'sreview of the Mercury Task Force Files resulted in the release of additional
documents to the public reading room:

C Y/EX-21/del revS An unclassified version of the 1983 Mercury Task Force
Report based on the most recent USDOE classification guidelines for lithium
enrichment operationsand the USDOE opennessinitiativesregarding quantitiesof
mercury used at the Oak Ridge Reservation. This version contains more
information than the previous unclassified version, Y/EX-24.

C The June 1983 Mercury Task Force Filesdatabase printout (in numerical order)

C Extracts of Y-12 Quarterly Reports related to environmental mercury
concentrations

C Extractsof Technical Divison Progress Reportsrdated to environmental mercury
concentrations

C Sanitized versons of some M-file documentsand Y/HG- documentsthet failed the
Large-Scale Review project criteria but were needed by the project team
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Y-12 Retired Files

A manual of Radiation Safety records stored at the Y -12 Records Center was prepared for the Radiation
Safety Department by Records Management in 1981 (Sykes 1981). This 36-page manua describesthe
contents of 69 boxes, covering the period 1943 to 1978, submitted to Plant Records by the Y-12 Hedlth
Physics Department. The Task 2 team reviewed this manual and identified 33 of the 69 boxes as
potentially containing information rel evant to estimating mercury releases. Theseboxesaddressmercury
operationsat Y-12 between 1951 and 1963. Some contain raw datafrom building air monitoring and
surface water sampling for mercury. Check-out cards were found in several boxes, identifying files
removed by the Mercury Task Force in 1983.

Appendix F liststhe boxes containing mercury air and water monitoring datathat were located at the Y-12
Records Center.

415 Review of X-10 and K-25 Retired Files

Documents describing mercury operations at X-10 and K-25 were located during the Task 5 document
search at X-10 Laboratory Recordsin Building 4500N, and at the K-25 Site Records Center in Building
K-1034-A. Detailed descriptions of mercury operationsat the X-10 and K-25 sites, including estimated
inventories and releases of mercury, are presented in Appendix A.

4.1.6 Conclusionsfrom the Task 2 Document Search

Approximately 250 of over 1,200 documentsin the Mercury Task Force Files contain information on
mercury that isrelevant to dose reconstruction. Very few of these documentsare classified. The Task 2
team compiled air and water mercury concentration dataand other information on building ventilation rates
and EFPC flow rates from these records aswell asfrom approximately 50 boxes at the Y-12 Records
Center, toreconstruct sourcetermsfor the rel ease of mercury from the ORR to the environment. Severd
documents related to the use of mercury at Y-12 were made available to the public as aresult of the
document search.

4.2  Information Describing Mercury Releases

A number of information sourcesthat could be used to describe and quantify mercury releasesto air and
water from Y -12 lithium separation operations and supporting processes wereidentified by the Task 2
team during review of historica records. Thefollowing sectionssummarizethetypesof process-related
mercury rel easesto the environment that occurred, and describe the record seriesthat provide information
that can be used to quantify the mercury losses.
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4.2.1 ORR Operations Associated with Mercury Releases
Operations that resulted in process-related mercury releases to air included:

. Processleaksand spillswithin buildings. At ambient temperatures, elementa
mercury isaliquid and has arelatively high vapor pressure, a measure of its
potential to volatilize following leaks and spills. In particular, there were many
leaksand severd large spillsof liquid mercury associated with the Colex process
dueto the large quantities of mercury used in the process and the high pressure of
the system (UCCND 1983a).

. External venting of hydrogen as a by-product of the amalgam-making
process. At the end of the separation step, the amal gam was decomposed to
releasethe®Li to awater phase. Water and the amalgam were introduced into
devicescaled decomposers, which werefilled with crushed graphite. Whenthe
water contacted the amalgam, lithium in the amalgam reacted with the water to
form lithium hydroxide and hydrogen gas. During Elex operations, the hydrogen
gas, contaminated with mercury, was not treated to remove the mercury, and was
therefore asource of mercury releaseto air. However, inthe Colex process, the
hydrogen gas was scrubbed to remove mercury (UCCND 1983a).

. Processing of dudgein the Building 81-10 furnace. “Sludge’ wasaterm
used at Y-12 for salvage material sthat contained mercury, such asfilter solids,
cleanings from storage tanks and floor drains, used graphite from the
decomposers, and gravel and dirt recovered from spillsto the ground. Many of
these dudges, including materialsfrom the Colex process, were processed inthe
Building 81-10 furnace to recover mercury for reuse. Mercury wasreleased to
air from operation of the furnace due to incomplete condensation of mercury
vapor. Some dudgeswere sold to scrap dedlers, who processed the materia off-
site to recover metallic mercury (UCCND 1983a).

. Equipment disassembly. Disassembly of process equipment after lithium
separation operations ceased resulted in the generation of large quantities of scrap
metal contaminated with mercury. In oneinstance, two scrap dedlers set up a
furnace on site to process metal for sale. Thissmelting operation resulted in
releases of mercury to air (UCCND 1983a).

. Coal burned in steam plants. Large amounts of electricity, generated by the Y -
12 steam plants, wererequired at severa stepsin theisotope separation process.
Devices known as amalgam makers, used to produce the lithium-mercury
amalgam, required very largeamounts of eectricity. In Elex, large amounts of
electricity were used to keep the lithium in the mercury and the amalgam from
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decomposing. Large amountsof e ectricity were al so needed to run the pumps
used in the lithium separation process. The coal burned in the steam plants
contained small amounts of mercury, which resulted in air releases of mercury.

Process-related mercury releases to water included:

. Processleaksand spillswithin the buildings. Lossesto water were primarily
through overflow of sumps and spillsand leeksthat eventudly found their way to
the storm sewer system (UCCND 1983a).

. Acid washing of mercury. Impuritiesinthewater or inthe mercury used inthe
separation process were detrimental to the process, and resulted in reduced
production of °Li. Asaresult, all water was demineralized, and mercury was
washed with anitric acid solution to prevent the accumul ation of impuritiesduring
the separation process. Washing of the mercury with nitric acid resulted in the
production of mercuric nitrate, avery solubleform of mercury. Thenitricacid
wash was believed to be the cause of solubilized mercury being released to EFPC,
and was therefore replaced by another processin June 1958. A housekeeping
program designed to minimize worker exposure to airborne mercury through
prevention and clean up of spillsalso likely resulted in increased generation of
mercury-contaminated water. Sodium hypochlorite (bleach) was used to mop
floors and clean up spills, since it reduced the volatilization of mercury.
Unfortunately, it al so increased the solubility of mercury and increased mercury
releases through floor drains to EFPC (UCCND 1983a).

Figure4-1 is a drawing of lithium facilitiesat Y-12 asthey existed in the 1950s and early 1960s.
Figure 4-2 isatimeline of Y-12 historical operations that were the sources of mercury releases.

4.2.2 Sourcesof Building Air Monitoring and Ventilation Rate Data

Very littleinformation is available on stack releases of mercury from Y-12. Most of the mercury releases
to air were believed to have been due to ventilation of lithium isotope separations buildingsto reduce
worker exposures. Thus, to estimate air emissonsfrom Y-12, dataon Y-12 building air concentrations
and building air flow rates during the pesk production years, including information on ventil ation equipment
parameters (such as diameters of fans and stacks, fan speeds, and air volume flow rates), were required.
The Task 2 team located data describing Y -12 building air concentrations and building air flow ratesin
publicly available documentsin the DOE Reading Room, in the 1983 Mercury Task Force Files, in boxes
archived at the Y -12 Records Center, or in records provided by members of the Y-12 Engineering
Drawings Group. Sourcesof historica datadescribing mercury concentrationsin building air and building
ventilation parameters are listed in Table 4-2.
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Table 4-2: Sources of Historical Data on Mercury Concentrationsin
Building Air and Building Ventilation Rates

Building Air Concentration Data

é Weekly Industrial Hygiene Mercury Air Analysis Reports (ChemRisk Repository
No. 3262). These reports present weekly-average building air concentrationsin
lithium separation pilot plants for 1953-54.

é Health Physics Solvent Reports (ChemRisk Repository No. 3262). These reports
present quarterly, monthly, and weekly-average air concentrations in Building 9201-4
for 1954-55.

é Preliminary Report on Personnel Exposureto Mercury in the Colex Plants

(ChemRisk Repository No. 3262). Thisreport presents monthly-average air
concentrations in Colex production buildings 9201-4 and 9201-5 for 1955-57
(LaFrance 1957).

é Monthly Industrial Hygiene Solvent Air Analysis Reports (ChemRisk Repository
No. 3262). These reports present monthly-average air concentrationsin all lithium
separation buildings for 1955-60.

é Y-12 Plant Quarterly Reports (ChemRisk Repository No. 3264). These reports
present monthly-average building air concentrations in Colex production buildings
9201-4 and 9201-5 for 1955-61.

é 1983 Mercury Task Force Report (ChemRisk Repository No. 3272). This report
presents quarterly-average building air concentrations and quarterly estimates of
pounds of mercury released to air from Colex production buildings 9201-4 and 9201-5
for 1955-62 (UCCND 1983a).

Building Ventilation Data

é Baumann 1952 (ChemRisk Repository No. 3262). This report presents a ventilation
study for Building 9201-2.

é Baumann 1953a (ChemRisk Repository No. 3263). This report presents a ventilation
study for Building 9204-4.

é Little 1956 (ChemRisk Repository No. 3263). This report presents a ventilation
study for Building 9201-5.

é Y-12 building drawings from the Y -12 Engineering Drawings Group (Choat 1996)
(ChemRisk Repository No. 3263)
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Y-12 building ventilation system drawings by E.E. Choat, aformer Y-12 HVAC (hegting, ventilation, and
ar conditioning) engineer and consultant to the project team, were used to estimate air flow ratesfrom the
lithium isotope separations buildings (Choat 1996; Appendix G). Choat estimated building air exhaust flow
rates for Buildings 9201-5, 9201-4, 9204-4, 9201-2, 9401-1,-2 and -3, and 81-10 using Y-12
engineering drawings. Choat also provided estimates of release point height, cross-sectional area, exit
velocity, and temperature required for air dispersion modeling of mercury releasesfor these facilities.
Information on air releases of mercury from burning cod at the Y-12 steam plants was obtained from a
1991 ambient air monitoring report (Turner et a. 1991).

4.2.3 Sourcesof Water Monitoring and Flow Rate Data

The Task 2 team located historical datafrom the Y-12 liquid effluent monitoring programin publicly
available documentsin the DOE Reading Room, in the 1983 Mercury Task Force Files, in boxesarchived
at the'Y -12 Records Center, or inrecords provided by membersof the Y -12 Health, Safety, Environment
and Accountability (HSEA) Division Surface Water Group. In addition to water concentration data, water
flow rates measurementswere required by the project team to estimate the pounds of mercury released
to EFPC. Sourcesof historical data describing mercury concentrationsin liquid effluent released to EFPC
and water flow ratesarelisted in Table 4-3. Each of these sourceswasreviewed to devel op the source
terms for mercury releases to EFPC used in the dose reconstruction.

4.3  Quantification of Releases from Y-12 Processes and Facilities

Thissection describesthe Y-12 processes and facilities for which the project team ca culated sourceterms
for mercury releases to the environment. These processes and facilities are:

. the Colex Pilot Plant (Building 9201-2),

. the Elex Production Scale Facility (Building 9204-4),

. the Colex Production Scale Facilities (Buildings 9201-5 and 9201-4),

. the Mercury Recovery Facility (Building 81-10), and

. the Y-12 Steam Plants (Buildings 9401-1, 9401-2, 9401-3).

Section 4.4 discusses the data and methodol ogy used by the project team to estimate airborne rel eases of
mercury from these processes and facilities, and compares these figures to estimates devel oped by the
1983 Mercury Task Force. Spreadsheets documenting the data and cal culations used to quantify mercury
releasesto air are provided in Appendix H. Section 4.5 discusses the data and methodology used to
estimatereleasesto water. Spreadsheets documenting the dataand cal culations used to quantify mercury
releases to water are provided in Appendix I.
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Table 4-3: Sources of Historical Data on Mercury Concentrations
in Liquid Effluent and Water Flow Rates

EFPC Water Concentration Data

é Y-12 Plant Quarterly Reports (ChemRisk Repository No. 3264). These reports
present quarterly-average EFPC concentrations for 1953-62. Data presented in these
reports were compared to quarterly-averages presented in the 1983 Mercury Task
Force Report.

é Y-12 Technical Division Monthly Progress Reports (ChemRisk Repository No.
3264). These reports present monthly concentrations measured at the Y-12 site
boundary that are referred to in the quarterly reports, for 1954-58.

é Y-12 Monthly Surface Water Sampling Reports (ChemRisk Repository No. 3259).
These reports present monthly-average EFPC concentrations for 1955-64.

é 1982 Memo from Fee (Y-12 Plant Manager) to Hickman (ORO) (Fee and Sanders
1982) (ChemRisk Repository No. 3259). This memo includes tables prepared by M.
Sanders of weekly concentrationsin EFPC for 1955-82.

é The 1983 Mercury Task Force Report (ChemRisk Repository No. 3272). This
report presents quarterly estimates of pounds of mercury released to EFPC and
quarterly-average EFPC concentrations for 1955-82 (UCCND 1983a). The supporting
documentation for the water release data is Fee and Sanders (1982).

é ORR Environmental Monitoring Reports (ChemRisk Repository No. 3259). These
reports present annual -average EFPC concentrations for 1981-93.

Water Flow Rate Data

é Water Flow in EFPC, May 1955 - October 1956 (ChemRisk Repository No. 3260).
This document includes typed records of daily measurements for 1955-56.

é The 1983 Mercury Task Force Report (ChemRisk Repository No. 3272). This
report presents quarterly-average stream flow rates for 1955-82 (UCCND 1983a).

é Y-12 Monthly Surface Water Sampling Reports (ChemRisk Repository No. 3259).
These reports present monthly-average flow rates for 1956-64.

é Y-12 Plant Quarterly Reports (ChemRisk Repository No. 3264). These reports
present quarterly-average flow rates for 1956-72.

é Original recording chartsand handwritten records of daily stream flow
measur ements (ChemRisk Repository No. 3260). These records, provided by the Y -
12 HSEA Division Surface Water Group, include daily measurements for 1972-85.
Averages were calculated by the Task 2 team.

é USGS daily measurements (ChemRisk Repository No. 3260). These records,
provided as computerized spreadsheet files by the Y-12 HSEA Surface Water Group,
include daily measurements for 1985-93. Averages were calculated by the Task 2 team.
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Thetotal mercury inventory used in Building 9201-2 operations was 321,753 pounds (Kite 1957). When
the Colex pilot plant was shut down in 1955, 186,596 pounds of mercury were transferred to Buildings
9201-5 and 9201-4 (Kite 1958), leaving 135,157 pounds of mercury unaccounted for. Itisknown that
mercury remainsinthe Building 9201-2 structure. For example, small amounts of mercury wererecovered
(e.g., 800 poundsfrom apipe) during closure operationsin 1983, and when the first floor was converted
to office spacein 1983, mercury seeped out of severa wals and small beads of mercury werevisiblein
the basement (Turner 1990).

Historical information on mercury releasesto air and water and spillsto the ground from the Colex pilot
plant (Building 9201-2) are summarized below.

Airborne Mercury Releases from the Colex Pilot Plant

According to the 1983 Mercury Task Force Report, the Colex pilot plant was built in available building
space in Building 9201-2 and only minimum modifications were made to the building. Asaresuilt,
ventilation and spill containment were less than desirable and resulted in high indoor air concentrations of
mercury (UCCND 1983a). Building air monitoring was conducted during 1953 through 1955, and
continued after operations were shut down until 1959, likely because of basement contamination.

The project team located Building 9201-2 air datafor 1953 through 1959 in weekly and monthly solvent
air anaysisreportsfrom the Industrial Hygiene Section (ChemRisk Repository No. 3262) and in 21952
building ventilation study (Baumann 1952). ThreeY-12 memoranda (Postma 1971; Edwards 1972;
Landis1976) discussresults of periodic mercury vapor monitoring in the Building 9201-2 basement in the
1970s, and the recommendeation that no further action be taken to decontaminatethe building. The highest
mercury air concentrations measured in the three surveys of the basement were 0.08 mg m® (1971), 0.04
mg m™ (1972) and 0.03 mg m® (1976).

L osses of mercury from Building 9201-2 were not estimated in the 1983 Mercury Task Force Report.
Limited ventilation in Building 9201-2 suggests that air releases to the environment were negligible
compared to releasesfrom production scal elithium separation operations. The project team estimated
Building 9201-2 releasesfor 1953to 1957 using ventilation rates estimated by Choat (see Appendix G),
but did not estimate mercury releases to air for 1958 and 1959 because the basement exhaust was
inoperable. The project team’ sbest estimate of mercury releasesto air from Building 9201-2 between
1953 and 1957 was 598 pounds. Thisestimateislessthan 1% of the total mercury released to air from
Y-12.

Waterborne Mercury Releases from the Colex Pilot Plant

Severd inches of water was used to cover the floor during operationsin the 9201-2 Colex pilot plant to
reduce airborne mercury concentrations. This mercury contaminated water was discharged into EFPC.
Mercury in the contaminated water would have been reflected in water concentrations measured in EFPC
during this time period (see Section 4.5).
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Soillsin the Colex Pilot Plant

The project team reviewed information on three spills of mercury in Building 9201-2 between 1952-1955.
Thesewere (1) rupture of acheck valve during apump tet, (2) splitting of apipe seam during atest, and
(3) apumpfailure. Effortswere madeto recover the mercury at the time of each spill, but most of it ran
deeper into the ground during the excavation operation and was not recovered. Thetotal loss estimated
from thethree spillsis 95,000 pounds. Dirt from the excavationswas later processed at the Building 81-10
mercury recovery facility. However, mercury recovered at the 81-10 facility could not specifically be
attributed to thisspill, since thedirt was not segregated from dirt from other spills. Followingthe spills, a
heavy layer of sulfur was added to the surface of the basement’ s dirt floor to contain mercury vapor
resulting from subsurface mercury (UCCND 1983a; Turner 1990).

The project team did not develop a source term for mercury spillsto soil because any mercury runoff to
EFPC withinthe plant boundary and beforethe sampling | ocation would have beenincluded in the mercury
concentrations measured at the site boundary.

4.3.2 Releasesfrom the Elex Production Scale Facility (Building 9204-4)

The criteriafor an Elex production plant to be built in Building 9204-4 (also known as Beta-4) were fixed
in December 1951 dueto the urgency of thelithiumisotope production project (ADP History 1948-51).
Criteriawere based on the Elex pilot plant tests madein 1950 and 1951 in Building 9201-2 (see Appendix
A). Congtruction of the Elex production plant was completed in about 17 months (Sapirie 1956). Flasks
of mercury were delivered to Building 9204-4 between December 1952 and January 1953 and Union
Carbide employeesemptied theflasksinto thelithium processing equipment. Thetotal mercury going into
the building was weighed and recorded as 1.5 million pounds (UCCND 1983a; Center 1953).

On August 18, 1953 thefirgt haf of the Elex production plant was placed on line (ADP Chronology 1950-
54), and on August 24, 1953, thefirst product was withdrawn from the system (Sapirie 1956). The Elex
production plant included two cascadesthat were serviced by acommon group of auxiliary systems(eg.,
evaporator, deminerdizer, lithium feed purification). Thetwo cascade areas were referred to asthe North
Plant and the South Plant. During itsoperation, thefacility produced threetimesitsdesign capacity (UCNC
1957; Sapirie 1956). Hydrogen gas produced during lithium separation was vented to the outside air to
reduce the risk of explosionsS this gas contained mercury vapor.

The Elex production plant was shut down on March 16, 1956. A March 21, 1956 letter from S. R.
Sapirie, Manager of USDOE Oak Ridge Operations, to C.E. Center, Vice-President, Union Carbide,
states:

“We have been advised that the General Manager has authorized the temporary shutdown of the
9204-4 Plant as a means of accelerating the cleanup of the mercury health problem in the ADP
alpha plants [9201-5 and 9201-4]. This authorization was granted with the understanding that
the 9204-4 Plant would be in aready standby condition requiring only three months to be back
in full operation.” (Sapirie 1956).
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In September 1956, the decision was made to strip the process equipment from Building 9204-4.
Stripping of the building was completed by December 1, 1956. All Building 9204-4 process equipment
was opened and cleaned, and all process solutions and 1,417,000 pounds of mercury were directly
transferred by pipeline to the two Colex production buildings (9201-4 and 9201-5; UCCND 19834). The
magor pieces of equipment were sored in the Y-12 salvage yard and not sold as surplus property or scrap.
In 1958 and 1959, two furnaceswereinstalled and operated west of Building 9720-26 by two local scrap
dealersto processthe scrap metal for sale. Scrap copper, stedl, stainless steel, and nickel were melted
and castinto ingots. The furnaces were disassembled and removed sometime after 1959. 1n addition,
accordingto Alloy Division Solvent Air monthly reports(LaFrance 1955-60), betaextract operationswere
conducted in Building 9204-4 in 1958 and 1959.

Mercury releases from the Elex production plant in Building 9204-4 are described below. Identified
releases were via airborne emission pathways.

Airborne Mercury Releases from the Elex Production Plant

The 1983 Mercury Task Force Report estimated air |osses of mercury from Building 9204-4 arising from
mercury emissonsin the hydrogen off-gas and from outdoor smelting of mercury-contaminated scrap metdl.
Although the Building 9204-4 Elex production plant used only 6% by volume of the mercury used in Colex,
had few leaks and spills, and operated for ashorter time period than Colex, daily mercury air releasesfrom
the Elex processes were high, gpproaching the quantities|ater released routinely by the much larger Colex
buildings. Thiswas because the hydrogen gas was not scrubbed or otherwisetreated to reduce mercury
content (UCCND 1983a). An October 1953 study of mercury in Building 9204-4 stack exhaust indicated
that 8.46 |bs of mercury were exhausted from the stack per day (Baumann 1953a). In contrast, the total
mercury lossin hydrogen off-gas during Colex operationsin Buildings 9201-5 and 9201-4 was only 10
pounds, dueto the effectiveness of Colex’ swater-bath scrubber system in removing mercury fromthe ges.
Based on the 1953 stack exhaust study, the 1983 Mercury Task Force estimated that atotal of 8,300
pounds of mercury were exhausted from Building 9204-4.

Theoreticdly, thebuilding exhaust would haveincluded mercury from the building air and from the hydrogen
off-gas. The Task 2 project team compared the 1953 stack exhaust study to estimates of mercury releases
caculated using building air dataand 1983 Mercury Task Force estimates of mercury in hydrogen off-gas.
Thefollowing werethe primary sources of building air concentration data used by the project team to
calculate quarterly average air concentrations in Building 9204-4 for the specified time periods:

. 1953 (3 quarter) to 1954 (4" quarter)S Weekly, monthly and quarterly Health
Physics reports

. 1955 (1% quarter) to 1956 (3 quarter)S Monthly Industrial Hygiene solvent air
anaysis reports (Elex was shutdown in March 1956, and stripped during 4"
guarter 1956)
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. 1958 (2" quarter) to 1959 (4" quarter)S Monthly Industrial Hygiene solvent air
analysis reports (Beta extract operations occurred during 1958 and 1959)

The comparison showed the amount of mercury in the building exhaust was greater than in the other two
sourcescombined. Consequently, for the period of lithium separation operations (1953-1% quarter 1956),
the Task 2 project team used the results of the stack exhaust study to estimate mercury releasesto air from
Building 9204-4. For 1956 building stripping operations and 1958-59 beta-extract operations, the project
team used building air concentrations and Choat’ s estimates of building ventilation rates (Choat 1996; see
Appendix G) to estimate mercury releases from the building, since hydrogen off-gas was not being
generated.

No pollution control equipment wasinstalled on thefurnaces usedin 1958 and 1959 to smelt scrap meta
from Building 9204-4. The 1983 Mercury Task Force estimated that atotal of 5,000 pounds of mercury
werelost to theair during the smelting operations (UCCND 1983a). The project team did not locate any
supporting information that could be used to revise this estimate, and therefore included the Mercury Task
Force estimate of 5,000 |bs. in their estimate of mercury released to air, assuming that 2,500 |bs. were lost
toair in 1958 and 2,500 Ibsin 1959.

The project team’ s best estimate of mercury released to air from Building 9204-4 and the smelting
operationswas 17,070 pounds (compared to the 1983 Mercury Task Force estimate of 13,300 pounds).
Thisestimateisabout 23% of thetotal mercury estimated by the Task 2 team to have beenreleased to air
fromY-12.

4.3.3 Releasesfrom Colex Production Scale Facilities (Buildings 9201-5 and 9201-4)

Two Colex production plantswere constructed in Y-12 Buildings 9201-5 and 9201-4 between 1954 and
1955. Thebuildingswere originaly built to house € ectromagnetic enrichment operations for uranium
during World War I1. Building 9201-5 (known as Alpha-5) was authorized for the Colex production plant
in December 1953 and began operations on January 20, 1955 with six separation cascades. Building
9201-4 (known as Alpha-4) was authorized in June 1954 and began operations in June 1955, with four
cascades of larger diameter than the six cascades in 9201-5 (UCNC 1957). Photograph 2 shows
Buildings 9201-5 and 9201-4 as they appeared in 1954.

Approximately 24 million poundsof mercury were used in the Y -12 Colex production operations. In
1955, the Rugt Engineering Company congtructed aspecid mercury unloading facility just north of Building
9201-5. Hasksof mercury were unloaded from trucks at three docks by Rust personnel. Theflaskswere
held inthe storage yard just west of Building 9204-4 and emptied into atrough that filled athree-section
storagetank. Thetransfer station was an open structure, and large fans were used to ensure adequate
ventilation. Rust employees did not weigh the mercury that was delivered. Transfer vouchersfor the
mercury were prepared from Genera Services Administration invoi ces after the deliveries, assuming 76
pounds were received per flask (UCCND 19833). Photographs 3 and 4 show the mercury flask storage
areaand the flasks being emptied for usein the Colex buildingsin 1955. Photograph 5 is a photograph of
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the large propeller-type exhaust fans (6-ft in diameter) installed in 1955 to supply additional exhaust
ventilation to the Colex buildings.

The 9201-5 facility was shut down in March 1959, but restarted for six monthsin December 1962 to
produce marble ("Li). The Building 9201-4 facility was shut down and put into standby in December 1962
(Sapirie1962). AnOctober 3, 1962 letter from S. R. Sapirie, Manager, Oak Ridge Operations, to C.E.
Larson, Vice-President, Union Carbide, states:

“The [Atomic Energy] Commission has decided to discontinue the production of lithium-6 [in
Building 9201-4] because the present inventory and scheduled returns would provide the
weapons requirement of lithium-6 for a period of approximately three years.”

Theletter further statesthat the 9201-4 facility wasto be placed in astandby condition such that production
could be resumed upon six months notice, and that no process equipment was to be removed from the
building (Sapirie 1962). The 9201-4 mercury inventory wasbottledin 1977. It isestimated that 450,000
pounds of mercury may remainin Building 9201-4 process equipment today (UCCND 1983a; Oak Ridger
1992).

Building 9201-5 was stripped from 1965 to 1967. A June 4, 1965 memorandum from D.A. Jennings,
Union Carbide, to J. W. Ebert, Union Carbide, statesthat stripping of Building 9201-5 started on March
29, 1965, and that 30 months would be required to completely strip the building (Jennings 1965).
Two April 1966 memoranda refer to asearchfor a mercury depositinadirt excavation in a Building
9201-5 fan room, and an extension of the completion date for Building 9201-5 stripping from
September 30, 1966 to June 30, 1967 (Smith 1966; Hibbs 1966). During the stripping operations,
approximately 50,000 pounds of mercury werelost in aMarch 1966 spill (discussed below; UCCND
1983a; USAEC 1966). According to the 1983 Mercury Task Force Report, 262,000 pounds of mercury
wererecovered from disassembled Building 9201-5 process equipment, and an additional 54,000 pounds
were reportedly recovered by scrap dealers who purchased the scrap metal and processed it off-site.
Thesequantitiesarein addition to themgority of thebuilding’ s mercury inventory, which was drained and
rebottled prior to equipment disassembly.

The project team and members of the Oak Ridge Hedlth Agreement Steering Panel were given atour of
the Alpha-4 Colex production building by Mr. O.K. Clotfelter. Photograph 6 showsthe amal gam maker
trays located on the third floor of the Alpha-5 building taken during that tour.

Mercury releases from the Colex production plants (Building 9201-5 and 9201-4) are described below.
Identified releases were via airborne emission pathways and spills to the ground.
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Airborne Releases from Colex Production Plants

Severa sources of building air data collected in the two Colex process buildings for the period from 1955
t0 1962 wereidentified by the Task 2 team. Building ventilation drawingsfor both buildings and an exhaust
ventilation study for 9201-5 were also located.

Thefollowing recordswerethe primary sources of building air concentration dataused by the project team
to caculate quarterly average Building 9201-5 and 9201-4 air concentrationsfor the specified time periods.

. 1955 (1% quarter) to 1957 (1% quarter)S LaFrance (1957) (Buildings 9201-5 and
9201-4)

. 1955 (2™ quarter) to 1960 (1* quarter)S Monthly Solvent Air Analysis Reports
(Buildings 9201-5 and 9201-4)

. 1955 to 1961S Y-12 Plant Quarterly Reports (Buildings 9201-5 and 9201-4)

. 1960 (1% quarter) to 1962 (4" quarter)S 1983 Mercury Task Force Report
(Building 9201-4)

Daily building air concentration measurementswere originaly recorded on Solvent Air Analysis Report
(SAAR) forms. The project team located SAAR formsand monthly ledger averaging sheetsfor Y-12
lithium separation buildingsfor 1952 to 1963 in boxes a the Y -12 Records Center. Somedaily averaging
calculations were recorded directly on SAAR formsin red pencil, and some monthly

averaging calculations were recorded on handwritten ledger sheets located in the boxes with the SAAR
forms. The project team spot-checked concentrations recorded on the SAAR forms against average
building air concentrations reported in the above sources. The calculated averageswere correct for al
buildings and time periods reviewed.

For 1957-61, thereis good agreement between all sources of building air concentration data. However,
for 1955-56, the concentrations reported in the Y-12 Quarterly Reports are dightly lower than the other
three sources. For these two years, the project team used the higher reported concentrations.

Inlate1955, Y -12 Engineering conducted astudy of mercury concentrationsin air exhausted from Building
9201-5 (Little 1956). Thefirst estimatesof mercury lossesfrom Building 9201-4 were madein 19775
these estimates were based on the Little (1956) study of Building 9201-5 air exhaust because it was
assumed that the two buildingsweresmilar. The 1983 Mercury Task Force Report revised estimates of
mercury lossesthrough ventilation from Buildings 9201-5 and 9201-4, using quarterly-averagebuilding air
concentrationsfor each building. However, the 1983 Mercury Task Force continued to use exhaust flows
for Building 9201-5to estimate mercury lossesfrom Building 9201-4, sinceaventilation study smilar to
Little's (1956) had not been conducted for Building 9201-4.
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Inareanaysisof Building 9201-5 and 9201-4 ventilation rates conducted for the project team, Choat
found that the 1983 Mercury Task Force assumption of equa exhaust air flow in 9201-5 and 9201-4 was
incorrect, and that the air flow in 9201-4 was actually twice the air flow in 9201-5, based on design
ventilation drawings (Choat 1996) (see Appendix G). The project team used Choat’ sestimates of building
ventilation rates, and quarterly average building air concentrations, to estimate mercury releasesto air from
Buildings 9201-5 and 9201-4. Using these data, the project team estimated that approximately 19,900
poundsof mercury were released from Building 9201-5 and 33,300 poundswerereleased from Building
9201-4 (compared to 1983 Mercury Task Force estimates of 19,500 pounds and 18,400 pounds,
respectively). Thesereleasesrepresent 46% and 27%, respectively, of thetotal mercury estimated by the
project team to have been released to air from Y-12.

During 1965 to 1967 stripping operations, air concentrationswere measured in Building 9201-5. An April
1966 memorandum states, "mercury vapor readingsin theimmediate stripping areaarefrequently above
maximum allowable limits (0.1 mg m?®), and respirators are [therefore] required” (Hibbs 1966). No
information on ventilation conditions or additiona air concentration data during stripping operationswere
located by the project team. Itislikely that air emissionsof mercury were significantly lower than during
production operations, because the building ventilation system would not be operating asit did during
production operations (personal communication with E.E. Choat, formerly of Y-12 Engineering).
Therefore, ar emissonsfrom thestripping operations were not estimated or included in the project team’s
estimate of mercury released to air from Building 9201-5.

Soillsin the Colex Production Plants

Five spills totaling 285,500 to 500,000 pounds of mercury occurred during production operationsin
Buildings 9201-5 and 9201-4. These are summarized below:

. On January 1, 1956, acoupling on the discharge side of apump broke. It took
3-4 minutes to shut down the cascade. 113,000-170,000 pounds of mercury
were estimated to have been spilled. Visible mercury was recovered in the
building (43,000-100,000 poundsestimated), and 70,000 poundswere estimated
to have been spilled to the ground through the fan room floor (UCCND 19834).

. OnJduly 17, 1956, an operator error in vaving occurred whiletransferring mercury
from Building 9201-5 to Building 9201-4, on the ramp area north of Building
9201-5. It was estimated that 22,500-90,000 pounds of mercury were spilled.
Visiblemercury wasrecovered by shoveling (estimated 5,000 pounds), and it was
estimated that amaximum of 85,000 poundsof mercury were not recovered. The
dirt waslater processed at the Building 81-10 mercury recovery facility; however,
any mercury that was recovered could not be specifically attributed to this spill,
since dirt from different spills was not segregated (UCCND 1983a).
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. Inmid-1956, an operator error in valving occurred during thetransfer of mercury

from Building 9204-4 to Building 9201-5, at the mercury dumping station. It was
estimated that 22,500-90,000 pounds of mercury was spilled on the ground at the
mercury transfer gtation. Visiblemercury wasrecovered by shoveing (estimated
5,000 pounds), and it was estimated that a maximum of 85,000 pounds of
mercury were not recovered. Thedirt waslater processed at the Building 81-10
mercury recovery facility; however, any mercury that was recovered could not be
specifically attributed to this spill (UCCND 1983a).

. On November 15, 1956, a cascade plugged and caused an overflow in the
northwest corner of Building 9201-5. It took 3-4 minutes to shut down the
cascade. 22,500-45,000 poundsof mercury were estimated by volumeto have
been spilled. Visible mercury was recovered by shoveling (estimated 5,000
pounds), and it was estimated that amaximum of 40,000 pounds of mercury were
not recovered. The dirt was later processed at the Building 81-10 mercury
recovery facility; however, any mercury that was recovered could not be
specifically attributed to this spill (UCCND 1983a).

. OnMarch 28, 1966, aleak occurred in asight glassin amercury collection tank
in Building 9201-5. 105,000 pounds of mercury were estimated by volumeto
have been spilled. Thiswasthe only spill quantified by measurement. 55,000
pounds of mercury were recovered, and the remainder seeped through
construction expansion joints to the ground under the concrete floor. It was
determined by measurement that 49,853 pounds of mercury were not recovered
(UCCND 1983a; USAEC 1966).

The project team did not develop a source term for mercury spillsto soil because any mercury runoff to
EFPC withinthe plant boundary and beforethe sampling | ocation would have beenincluded in the mercury
concentrations measured at the site boundary (see Section4.5). Further, some of the spilled mercury not
recovered at the time of each spill was recovered at the on-site mercury recovery facility from dirt
excavated at the spill sites (3.6 million pounds of mercury were recovered at the mercury recovery facility
duringitsoperation). The project team estimated mercury released to air from the mercury recovery facility
(see Section 4.3.4).

4.3.4 Releasesfrom the Mercury Recovery Facility (Building 81-10)

A mercury recovery facility was operated at Building 81-10 from March 1957 to September 1962. The
facility was congtructed to recover mercury by physica separation (draining or decanting) or by digtillation
in afurnace and recovery by condensation (Napier 1975). Mercury recovered at Building 81-10 was
returned to the operating inventory in the Colex process buildings (UCCND 1983a).
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The mercury recovery facility, an outdoor ingtalation, was comprised of a storage shed (gpproximately 40
feet wide by 100 feet long) and a processing area (approximately 30 feet wide by 50 feet long).
Photograph 7 showsthe facility just before it wastorn down in November 1983. The furnace was located
ingde the scaffolding shown in the photo. Drums of material to be processed in the furnace were stored
under the adjacent shed. Thefurnace processed evaporation filter dudge, cascade decomposer graphite,
variousfilter solids, sump and tank cleanings, and other waste materials from the Colex process. The
furnace off-gas was passed through a condenser to recover mercury. A forced-air fan provided air to the
burnersfor combustion with thefuel gas (UCCND 1983a). Water was used to cool the mercury asit fell
from the condenser and as a scrubbing agent in the scrubber (UCCND 1983a). Thefurnaceisknown
to have produced high mercury air concentrations in the immediate vicinity of the building (UCCND
1983a). Operation of the furnace was discontinued in July 1962, while physical separation operations
continued through September 1962 (L og sheets 1957-62).

Mercury releasesto air, water, and spillsto the ground from the mercury recovery operations (Building 81-
10) are described below.

Airborne Mercury Releases from Mercury Recovery Operations

A number of problemswere immediately apparent upon theinitial operation of the 81-10 furnace. The
most important of these problemswas the inadequacy of the off-gas system, which alowed pressurization
of the furnace and resulted in mercury contamination of thearea. A Y-12 employee stated that the
mercury vapor concentration in thear surrounding this outsde ingalation "pegged his mercury vapor meter
at least once’ (UCCND 1983a). The furnace was shut downfor repair and modificationin May or June
of 1957 (Morehead 1957). Following this shutdown, airborne mercury was sampled and andyzed, and
losses were said to be "insignificant™ (UCCND 1983a).

The project team located daily |og sheets of mercury air measurements taken at various 81-10 locations
from 1957 to 1963 in boxes belonging to the Radiation Safety Department at the Y -12 Records Center.
These datawere not used in the estimate of mercury released to air at 81-10, due to the identification of
afurnace efficiency study (Reece 1959) and log sheets quantifying mercury recovered at the 81-10 facility
(Y/HG-0023; Y/HG-0005).

The project team used logs of the quantities of mercury recovered at the 81-10facility (about 3.6 million
pounds) and the 1959 furnace efficiency sudy (Reece 1959, conducted after the 1957 improvements were
made to the furnace) to estimate mercury released to air asaresult of mercury recovery operations. Air
emissions from the roasting furnace were estimated based on atest run from May 4, 1959 to May 12,
1959 (Reece 1959). Thetota recovery of mercury was 341 pounds, and the total recovery plus known
losses was 371 pounds, indicating arecovery efficiency of 341/371 = 92%. Therefore, recovery should
be about 92% of furnaceinput. Thelossto stack gases during the test run was 0.18 pounds. Thiswas
0.0005 (0.05%) of thetota recovery plus known losses (0.18/371 = 0.0005). The remaining 29.8 pounds
(7.95%) of known mercury losses were measured in waste products from furnace operations, including
furnace ash, fly ash, and scrubber water. On thisbas's, theannud air emissonsfrom the mercury roasting
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furnace were estimated to be 0.05% of the input to the furnace. Stack losses prior to the May 1957
improvementswere measured during April and May. Average stack |osses during thesetwo sampling
periods [average 0.023 Ib d* (range 0.013 - 0.037 Ib d*, N = 3) and 0.035 Ib d* (range 0.005 - 0.069
Ib d*, N=6), respectively] were similar to stack losses measured after theimprovements during two days
in June 1957 [average 0.037 Ib d™* (range 0.016 - 0.060 Ib d*, N = 6) and 0.045 |b d* (range 0.038 -
0.057 b d*, N=6), respectively]. Theefficiency study wastherefore considered to be representative of
stack losses both before and after furnace improvements.

The decanting processis described as draining the elemental mercury that settled at the bottom of the feed
hopper into drums prior to roasting the remaining feed materid in the furnace for further mercury recovery
(Napier 1995). Volatilization of mercury from the decanting operation was assumed to be negligible
compared to emissions of mercury vapor from the furnace.

Based on the assumption that annual air emissionsfrom the mercury roasting furnace were 0.05% of the
estimated input to the furnace, the estimated total mercury releaseto air between 1957 and 1962 was
approximately 930 pounds (see Appendix H). This estimate was less than 2% of the total mercury
estimated by the project team to have been released to air from Y-12. Losses of mercury to air from
Building 81-10 were not estimated in the 1983 Mercury Task Force Report.

Waterborne Mercury Releases from Mercury Recovery Operations

When origindly installed, the mercury recovery system in Building 81-10 had a containment system for
spilled mercury and mercury-contaminated 9 udges, which flowed into asump. Theeffluent fromthesump
flowed into anearby ditch and ultimatdly into EFPC. 1n 1958, alarge secondary sump wasingtaled across
theroad. Releases of mercury to EFPC from the sump effluent would be included in the mercury
monitoring data collected at the Y-12 Plant boundary (see Section 4.5).

Soills at the Mercury Recovery Facility

Some mercury leaked or was spilled from containers on the mercury recovery facility storage pad and was
dispersed into the adjoining strip of ground. In August 1971, there were some core drillings made to
determinethe extent of mercury in the ground around the facility (Guettner 1971). The core samplestaken
in 1971 were used to devel op the estimate in the Mercury Task Force Report of 3,000 pounds of mercury
lost to the ground at Building 81-10 (UCCND 1983a).

The project team did not devel op a source term for mercury spillsto soil because any mercury runoff to
EFPC within the plant boundary and beforethe sampling | ocation would have beenincluded in the mercury
concentrations measured at the site boundary.
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4.35 Releasesfrom theY-12 Steam Plants (Buildings 9401-1, 9401-2, 9401-3)

Construction of a new 34,000 ft? steam plant (Building 9401-3) to meet the increased electricity
requirements of the Alpha-5 and Alpha-4 lithium separation operations began on January 19, 1954 and
was completed in June 1954. Thetwo old 12,000 ft* steam plants, Buildings 9401-1 and 9401-2, were
subsequently dismantled, and the buildingsused for other purposes (Thomason and Associates 1996). On
thebasisof gasand coa costs at thetime, the decision to use pulverized coal asaprimary fuel inthenew
steam plant was made on December 10, 1953 (author and date unknown- Chronology of Alpha-5 Plant
1953-54). A January 27, 1956 |etter to R. C. Armstrong, AEC Director, from J. P. Murray, Y-12 Plant
Manager, presented cost estimates associ ated with the conversion of two of thefour boilersin the 9401-3
steam plant for burning natural gasinstead of pulverized coa during the six summer months of the year
(Murray 1956). The April-June 1956 Y -12 Plant Quarterly Report states that this conversion to natura
gas during the summer months was 80% complete. The steam plants did not have any controlsto prevent
or reduce mercury emissionsin the 1950s. Photograph 8 showsone of the Y -12 steam plants, 9401-2.

Mercury releasesfrom the Y -12 steam plants are described below. 1dentified releaseswere viaairborne
emissions pathways.

Airborne Mercury Releases from the Y-12 Steam Plants

Inareport titled "Mercury in Ambient Air at the Oak Ridge Y -12 Plant, 1986-1990" (Turner et al. 1991),
the establishment of an ambient air monitoring program for mercury at Y-12 isdescribed. Thereport Sates
that burning of coal at the Y-12 steam plant (Building 9401-3) contributes to above-background
concentrations of mercury in air at the Y-12 site. According to the authors, prior to 1989, the 9401-3
steam plant burned 70,000 kg of coal per year, containing 0.5 mg mercury per kg of coa. Thiswould
result in an annua mercury releaseto air of approximately 0.077 pounds. However, Y-12 Plant Quarterly
Reports state that atota of 3.6 x 10°kg of coal wasburned at Y-12 between 1956 and 1959. Estimates
of coal burned at the Y -12 steam plants provided in the Y-12 Quarterly Reportsfor 1956 through 1959
were used in the project team’ s estimate of mercury released from coal burning, instead of the estimate
provided in Turner et al. (1991) for 1989 and earlier. The annual releases of mercury to air from coa
burned at the 9401-3 steam plant are presented below assuming 0.5 mg mercury per kg of coal.
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Table 4-4: Estimated Annual Releases of Mercury to Air
from Coal Burned at the 9401-3 Steam Plant

Y ear Coal Consumption (x 108 kg) Estimated Mercury Emissions (Ib)
1956 1.74 192
1957 0.74 82
1958 0.51 56
1959 0.625 69

No information on the annual tonnages or mercury content of coal burned in the two old steam plants
(Buildings 9401-1 and 9401-2) prior to 1956, or air concentrations of mercury prior to 1986, were located
by the project team during the document search. For the years 1953-55, the project team assumed that
192 pounds of mercury per year were emitted from the two old steam plants, since 9401-3 was reported
to havethe same capacity as 9401-1 and 9401-2 combined. For 1960-62, it was assumed that 69 pounds
of mercury per year were emitted from the new steam plant (9401-3), since the plant began burning natura
gasinstead of coal in 1959, primarily during the summer months.

Basad on these calculations, the project team estimated that approximately 1,182 pounds of mercury were
released toair fromthe Y-12 steam plants. Thisestimateislessthan 1.5% of thetotal mercury estimated
by the project team to have been released to air from Y-12. Losses of mercury from ORR steam plants
were not estimated in the 1983 Mercury Task Force Report.

44  Estimatesof Mercury Releasesto Air

This section summarizesthe project team’ s estimates of airborne releases of mercury from the Y-12 Plant
and discussesthe uncertainty in building air concentrationsand ventilation rates. In addition, thissection
summarizesinformation describing the speciation of mercury released to air. Documentation of instrument
development and calibration, data on measurement of mercury standards, and descriptions of the airborne
mercury monitoring program (presented in Section 3.3 and Appendix B), were used to eva uate the qudity
of Y-12air monitoring datafor estimating releases of mercury to air fromY-12 buildingsand to develop
uncertainty factors for application to air release estimates.

4.4.1 Summary of Estimated Mercury Releasesto Air

The project team’ s best estimate of the total mass of mercury rel eased to the ambient air during lithium
isotope separation operationsis 73,000 pounds. By comparison, the 1983 Mercury Task Force estimate
was 51,000 pounds. Thisisan increase of 22,000 pounds or 43%. Table 4-5 summarizesthe estimated
annual releases of mercury to air for each facility or process.
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Table 4-5: Task 2 Estimates of Annual Mercury Releasesto Air from Y-12 Facilities (Ib)

Bldg Bldg Bldg Bldg Bldg Steam
Y ear 9201-2 9201-4 9201-5 9204-4 81-10 Plants Tota

1953 162 0 0 1,142 0 192 1,496
1954 200 0 0 3,046 0 192 3,438
1955 115 9,280 9,212 3,807 0 192 22,606
1956 79 6,012 5,848 1,700 0 192 13,831
1957 42 3,486 2,077 0 215 82 5,902
1958 0 3,466 1,381 3,959 381 56 9,243
1959 0 3,286 912 3,416 120 69 7,803
1960 0 3,085 492 0 68 69 3,714
1961 0 2,324 0 0 82 69 2,475
1962 0 2,324 0 0 63 69 2,456
TOTALS 598 33,263 19,922 17,070 929 1,182 72,964
(Totwo

significant (600) | (33,000) [ (20,000) (17,000) (930) (1,200) (73,000)
figures)

Table4-6 summarizes differences between the estimates by the Task 2 team and the 1983 Mercury Task

Force.

Table 4-6: Comparison of Mercury Task Force and Dose Reconstruction Team
Estimates of Mercury Released to Air

1983 Task Force Task 2 Difference Difference

Building Estimate (Ib) Estimate (Ib) (Ib) (%)
9201-5 19,473 19,922 +449 +2
9201-4 18,447 33,264 +14,817 +80
9204-4 13,300 17,070 +3,770 +28
9201-2 0 598 +598 —
81-10 Mercury Recovery 0 929 +929 —
Steam Plants 0 1,182 +1,182 —
TOTALS 51,220 72,965 +21,745 +43
(To 2 significant figures) (51,000) (73,000) (+22,000)
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Figure 4-3 allows comparison of 1983 and 1996 estimates of mercury released to air.
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Figure 4-3: Annual Airborne Mercury Release Estimates
by the Task 2 Project Team and the 1983 Mercury Task Force (pounds)

4.4.2 Uncertainty in Measurements of Concentration and Air Flow Rate

The project team estimated that the uncertainty in the reported mercury air concentrations determined by
Y -12 portable mercury vapor detectorsis+ 40%. Thisestimateisbased onalack of datafrom standards
and duplicate measurements (Presbo 1996). Under current sampling and analysis quality assurance
guidelines, dataof thistype aretypicaly collected and anayzed concurrently with environmental samples
to assess the precision and accuracy of the sampling and analytical methods.

Choat (1996) estimated that the uncertainty in building exhaust air flow ratesfor Buildings 9201-5, 9201-4,
and 9204-4is+ 3%. These estimates of exhaust air flow are based on actud ventilation design drawings,
however, it isreasonable to assume there were minor variationsin as-built conditions compared to design
conditions, and minor aterations were made for spot ventilation in problem areas (Choat 1996). Choat
(1996) estimated ahigher uncertainty inthe exhaust air flow ratefor Building 9201-2, £ 50%, sincethere
wereno drawingsof the 9201-2 building ventilation system except for the specific equipment used inthe
pilot plant operations, (personal communication with E. Choat).
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4.4.3 Documentation of Calculationsand Numerical Results

Appendix H presents the tables and spreadsheets used by the project team to document the source term
calculations for mercury released to air. Tables and spreadsheetsin Appendix H are as follows:

. TableH-1 summarizesthe air concentration and flow rate data used to estimate
releases of mercury to ambient air for each year from 1953-62, and the
uncertainty associated with these concentrations and flow rates.

. Table H-2 summarizes mercury releasesto theair from'Y-12 lithium separation
buildings and steam plants between 1953 and 1962.

. TablesH-3 through H-7 present the cal culations of mercury releasesto air from
Buildings 9201-5, 9201-4, 9204-4, 9201-2, and 81-10 based on building air
concentrations and exhaust flow rates, incorporating the revised estimate of
exhaust flow rate for Building 9201-4.

. TableH-8 compare monthly and quarterly building air mercury concentrations
from four sources of data for Buildings 9201-5, 9201-4, 9204-4 and 9201-2.

. Table H-9 shows calculations used by the project team to check the 1983
Mercury Task Force Report calculation of pounds of mercury released to air.

444 Mercury Speciation in Y-12 Air Releases

Elementa mercury wasused inthelithiumisotope separationsprocess. Because of itsrdatively high vapor
pressure, elementa mercury isrelatively volatile compared to most metalsand airborne mercury present
inthelithium isotope separationswork areaslikely conssted largely of €lementa mercury vapor. Per the
1983 Mercury Task Force, in-plant worker exposuresto mercury were almost entirely to the metal vapor
(UCCND 1983a).

45  Estimatesof Mercury Releasesto Surface Water
Thissection discussesthe dataand methodol ogy used by the project team to estimate rel eases of mercury

fromthe Y-12 Plant to EFPC and discussesthe uncertainty in the EFPC water concentrations. [n addition,
this section summarizes information describing the speciation of mercury released to water.
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Information from historical documentsdescribing method devel opment, instrument cdlibration, measurement
of mercury standards, and the EFPC mercury monitoring program, summarized in Section 3.4 and
Appendix B, wasaso used to evaluate the quality of historical monitoring datafor estimating rel eases of
mercury to EFPC and to develop uncertainty factors for application to water rel ease estimates.

451 Calculation of Mercury Releasesto EFPC

Ingenerd, the project team cal culated annua mercury releasesto EFPC using thelowest level of summary
dataavailable (for example, where available, rel ease estimates were based onindividua weekly composte
sample measurements, rather than monthly or quarterly averages). The project team located only afew
of theorigina analytica cardssubmitted with thewater samples. Therefore, theteam relied primarily on
summaries presented in monthly and quarterly Y-12 reports and ORR Site Environmenta Reports. Inthe
absence of data from other sources, tabulated data presented in the 1983 Mercury Task Force Report
were used.

Concentration Data

From 1953 to 1973, samples collected in EFPC were composited for weekly andlysisfor mercury. After
1973, sampleswere composited for monthly analysis. The following records were the primary sources of
water concentration dataused by the project team to calculate mercury releasesto EFPC for the specified
time periods:

. 1953 to 1955S In-plant memoranda
. 1955 (2™ quarter) to 1964 (2™ quarter)S Monthly Surface Water Sampling
Reports

. 1964 (3 quarter) to 1982 (3 quarter)S Fee and Sanders (1982)
. 1982 to 1993S ORR Site Environmental Reports

Individud results from weekly composite samples were reported in 'Y -12 memorandafor 1953 to 1955
and Monthly Surface Water Sampling Reportsfor 1955 (second quarter) to 1964 (second quarter). After
mid-1964, the Monthly Surface Water Sampling Reportswere discontinued. However, a1982 memo
from Fee (the Y-12 Plant Manager) to Hickman (ORO) includes tables prepared by M. Sanders of
mercury concentrations measured in weekly samplesfrom 1954 to 1973 and monthly samplesfrom 1973
to 1982 (Fee and Sanders 1982)S the 1983 Mercury Task Force estimates of mercury releasesto EFPC
were based on the data tabulated in this memo. For the years after 1982, mercury concentrations
measured at Station E1 or Station 17 at the Y-12 site boundary, and presented in the ORR Site
Environmental Reports, were used by the project team to calculate mercury releases to EFPC.

The Y-12 Plant Quarterly Reports and the Technical Division Monthly Progress Reports were two
additional sourcesof quarterly and monthly averages of mercury concentrationsin effluentsto EFPCinthe
1950s and 1960s. Individua values used to calculate these averages, or references for the individual
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values, were not provided in these reports. However, datafrom these two report serieswereincludedin
the project team’ srelease cal cul ation spreadsheets for compari son purposes (see Appendix |, Tablel-3).
For some periods, average concentrations presented in these reports did not agree with the averages
calculated by the project team. This may be because averages reported in the Quarterly Reports and
Monthly Progress Reports were often revised in the next quarter’ s report, apparently because of alagin
processing of the resultsfor some of the samples, such that the averageinitialy reported did not includeall
samples collected during that period.

For the period 1954 to 1964, the project team compared weekly sampling results gathered from
memoranda and monthly sampling reportsto the datatabulated by Fee and Sanders (1982) and used by
the Mercury Task Forceto estimate mercury releasesto EFPC. Thevaueslisted under each month inthe
tables prepared by Sanders appear to be weekly composite measurements from memorandafor 1954-55
and from Monthly Surface Water Sampling Reportsfor 1955-64. The project team identified severa
gpparent typographica errors made by Sandersin transcribing the vaues from the Monthly Surface Water
Sampling Reports. [naddition, for somemonths, the Sanderstablesinclude additiona datapointsin excess
of the expected four or five weekly samples (Fee and Sanders 1982). For 1963-64, these extra data
match values described in the surface water sampling reports as“ EFPC downstream vaues’. The project
team did not use these datato ca culate mercury releasesto EFPC. For 1965-1982, however, the project
team did not locate any other source of EFPC water concentrations and the weekly composite values could
not be separated from any additional (e.g., downstream) sample data that may have been collected.
Consequently, the project team did not exclude additional values.

The project team was unableto locate Monthly Surface Water Sampling Reportsfor seven months during
the period 19550 1964. In addition, weekly sampling results were not reported in the Monthly Surface
Water Sampling Reportsfor approximately 15 weeksduring thisperiod. However, resultsfor theseweeks
arereported by Fee and Sanders (1982). Consequently, the project team used the values reported in Fee
and Sanders (1982) to fill in the gaps to calculate releases to EFPC.

Dataused by the project team to cal culate quarterly averagesfor 1955 to 1964 are presented in Appendix
|, Tables1-2 and I-3.

Flow Rate Data

Prior to mid-1956, the project team |located sporadic records of flow ratein EFPC. Beginningin mid-
1956, EFPC flow was reported regularly in separatereports. The following sources of flow rate datawere
the primary sourcesused by the project teamto calculate mercury releasesto EFPC for the specified time
periods:

. 1954 to 1955S In-plant Memoranda

. 1956 (3™ quarter) to 1964 (2™ quarter)S Monthly Surface Water Sampling
Reports

. 1964 to 1971S Y-12 Quarterly Reports
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. 1972 to 1985S Original recording charts and handwritten records of daily
stream flow measurements

. 1986 to 1993S USGS daily measurements

The project team located flow datafor thelast quarter of 1954 and the second and third quartersof 1955,
and used these flow ratesto estimate actual pounds of mercury released to EFPC during these periods.
For 1953, thefirst three quarters of 1954, and thefirst quarter of 1955, an average flow based on data
availablefor 1954 through 1957 wasused in the project team estimate. The project team used these data,
along with mercury concentration datalocated for the second quarter of 1953 through thethird quarter of
1955, to calculate pounds of mercury released to the creek instead of relying on inventory estimates.

Beginning in July of 1956, average weekly EFPC flow rates were included in Monthly Surface Water
Sampling Reports. After surface water reports ceased around 1964, the project team used Y-12 Quarterly
Reportsasthe source of EFPC flow ratesS athough the EFPC mercury concentrationswere not reported
intheY-12 Quarterly Reports after 1962, flow rates were reported until 1971. For 1972-85, the project
team used handwritten recordsof the origina chart recordingsof EFPC flow to ca culate quarterly averages
of EFPC flow rates. For the period 1986-93, the project team used daily USGS flow rate measurements
extracted from a USGS database by the Y-12 HSEA Division Surface Water Group.

Calculated Releases and Comparison to 1983 Mercury Task Force Estimates

The project team’ s estimates of pounds of mercury released to EFPC are summarized below, and
compared to the 1983 Mercury Task Force' s estimates:

. For 1950-52, the project team’ s best estimate of mercury releases was 3,380
pounds, based on the mercury inventory estimate in the 1983 Mercury Task
Force Report, since no mercury concentration data or flow rates were identified
for thisperiod. Intheir report, the 1983 Mercury Task Force assumed that 2.5%
percent of the mercury inventory for each year waslost to water, based on an
estimated averageloss of Y-12 mercury inventory to water of 2.5% from 1955
to 1982. However, using concentration and flow rate datanot identified by the
1983 Mercury Task Force, the project team cal culated higher lossesduring 1953
and 1954, ranging from 2.9% to 7.3% of total inventory (Table4-7). Based on
these data, the percent of mercury inventory lost to EFPC during 1950 to 1952
was assumed to be between 3 and 8%.
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Table 4-7: Percent of Mercury Inventory Estimated L ost to EFPC for 1950-1954
Conc/Flow
Mercury 2.5% of Conc/Flow Estimateasa 3%-8% of
Inventory Mercury Based % of Mercury
Y ear (Ib) Inventory (Ib) Estimate (Ib) Inventory (Ib)
1950 4,000 100 N/A N/A 120-320
1951 8,000 200 N/A N/A 240-640
1952 40,000 1,000 N/A N/A 1,200-3,200
1953 162,000 4,050 11,799 7.3% 4,860-13,000
1954 241,000 6,025 7,057 2 2.9% 7,230-19,300

a

Approximately 1,000 - 2,000 pounds of mercury were estimated to have been released during
the first three quarters of 1953 and al four quarters during 1954. However, a very high
mercury concentration reported for the 4™ quarter of 1953 resulted in a release estimate of
9,000 pounds of mercury for that quarter. If the concentration for the 4" quarter 1953 was
more typical of the other seven quarters, the percentage of the inventory released may have
been closer to 3.2%.

For 1953 and 1954, the project team’ s best estimate of mercury releases was
18,856 pounds, based on measured mercury concentrations and measured and
estimated flow rates (an estimated average flow rateof 11 MGD for the 1950s
was used for missing flow rates, based on the averageflow ratefor 1955 through
1957), compared to the 1983 Mercury Task Forces s estimate of 10,000 pounds
based on the assumption that 2.5% of the Y -12 mercury inventory was lost.

For thefirst three quarters of 1955, the project team’ sbest estimate of mercury
releaseswas 30,063 pounds, compared to zero rel easesreported for thesethree
guartersin the 1983 Mercury Task Force Report. (The 1983 Mercury Task
Force did not have stream flow datato calculate the lossquantity). During the
fourth quarter of 1955, the best estimate of mercury releaseswas 5,793 pounds
based on measured concentrations and flow rates.

For 1956 to 1982, the project team’s best estimate of mercury releases was
215,466 pounds, 2,478 pounds higher than the 1983 Mercury Task Force
estimatedueto identification of datamissing when theMercury Task Force Report
was prepared and correction of math errors.

For 1983 to 1993, the project team’ s best estimate of mercury releases was 468
pounds, based on water concentration and flow rate measurements.
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In addition to the estimates of annual rel eases of mercury to EFPC, the project team included the metallic
and storm correction factorsdeveloped inthe 1983 Mercury Task Force Report (atota of 8,775 pounds)
to the estimates of losses of mercury from the plant inventory. These correction factors were not included
inthe estimates of annua mercury releasesto EFPC. The 1983 Mercury Task Force applied acorrection
of 7,500 poundsto their estimated total mercury rel ease to EFPC to account for the reported observation
that, in the 1950s, beads of mercury could be seen on the stream bottom. 1t was assumed that the method
for sampling mercury in surfacewater did not record mercury that beaded and deposited to the sediment.
The 1983 Mercury Task Force estimated that 15,000 pounds of mercury had accumulated in sediments
since New Hope Pond was constructed in 1963, or an average of 750 pounds per year. The Mercury
Task Force multiplied this number by 1.67 to account for the likely higher buildup of mercury between
1954 and 1959 than between 1963 and 1982. The resulting annual estimate of 1,250 pounds per year was
then multiplied by 6 years (1954-59) to produce atota “metallic mercury” correction factor of 7,500
pounds.

The 1983 Mercury Task Force applied an additiona correction of 1,275 poundsto the estimated mercury
release to EFPC to account for collection of samplesfrom 1963-82 on atime-proportiona rather than a
flow-proportiona basis. Weekly grab samples between 1977 and 1982 indicated that the mercury release
rate was approximately 13% greater during rain events. Therefore, the 1983 Mercury Task Force
multiplied thetota quantity of mercury measured in EFPC samples between 1963 and 1982 (9,851 1b) by
a“storm correction factor” of 13% to incorporate the additional mercury released during higher creek
flows. Thiscorrection factor was used in the project team’ s estimate of losses from the plant inventory of
mercury, but not in estimates of mercury released to water.

The project team'’ s best estimate of the total mass of mercury released to EFPC between 1950 and 1993
(totwo significant figures) is 280,000 pounds. By comparison, the 1983 Mercury Task Force estimate
was 240,000 pounds. Thisisan increase of 40,000 pounds or 17%. Table 4-8 summarizes differences
between the estimates by the Task 2 project team and the 1983 Mercury Task Force.
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Table 4-8: Comparison of Mercury Task Force and Dose Reconstruction Team
Estimates of Mercury Released to EFPC

1983 Task Force 1996 Task 2 Difference
Y ear Estimate (Ib) Estimate (Ib) (Ib) Difference (%)
1950 100 260 +160 160
1951 200 520 +320 160
1952 1,000 2,600 +1,600 160
1953 4,000 11,799 +7,799 190
1954 6,000 7,057 +1,057 18
1955 5,881 35,856 +29,975 510
1956-1982 212,988 215,466 +2,478 1
1983-1993 Not applicable 468 +468 Not applicable
Corrections for metallic
Hg and effects of storms +8,775 +8,775 0 0
TOTALS 238,944 282,801 +43,857 +17
(To 2 significant figures) (240,000) (280,000) (+40,000)

Figure4-4 graphically presentsthe comparison of the 1983 and 1996 estimates of mercury released to
EFPC.

45.2 Uncertainty in Measurements of Concentration and Water Flow Rate

Uncertainty in the measurements of mercury concentrationsin EFPC was assumed to rangefrom + 10%
to + 50% of the reported concentration, depending on the method used and the nearness of the measured
concentration to the method limit of detection achievable during a particular year. These uncertainty
estimates were taken directly from referencesfor the analytica methods discussed in Appendix B, and are
described in Table I-1 (Appendix I).

Uncertainty in water flow rates determined at theweir in EFPC near the Y -12 warehouse prior to 1963
isestimated to be + 15%. After 1963, the uncertainty in flow rates measured at the welr located at the
outfal of New Hope Pond is estimated to be + 10%, based on ratings of the quality of flow measurements
at the ORR provided by USGS".

YPrivate communication between Brian Caldwell of the project team and Bradley Bryan of the U.S. Geological
Survey. July 1996.
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Figure 4-4: Annual Waterborne Mercury Release Estimates
by the Task 2 Project Team and the 1983 Mercury Task For ce (pounds)

45.3 Documentation of Calculationsand Numerical Results

Appendix | documents the cal culations performed by the project team in the tables and spreadsheets
described below:

. Tablel-1 summarizes concentration and flow rate dataused to estimate rel eases
of mercury to EFPC for each year from 1950-90, and the uncertainty associated
with the measurement of the concentrations and flow rates.

. Tablel-2 presentsthe three sources of EFPC mercury concentration and flow rate
datafor 1950-90, and the values chosen for Task 2 estimation of mercury releases
to EFPC. Whenavailable, thelowest level of reported summary data(i.e., weekly
composite rather than monthly or quarterly average) wasused. Thistablealso
shows the calculations used to check the 1983 Mercury Task Force Report
calculations of mercury released, and a comparison of the 1983 estimates of
mercury released to EFPC with the project team’ s estimates.
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. Tablel-3 showsal mercury concentration, flow rate, and pH dataavailable, and

documents the project team’s calculation of monthly and quarterly averages.

. Table I-4 presents acomparison between data obtained from Fee and Sanders
(1982) that were used to estimate mercury rel easesto water in the 1983 Mercury
Task Force Report, and dataused by the project team to estimate releases. Table
I-5 contains the calculations for the data presented in Fee and Sanders (1982).

454 Mercury Speciation in Y-12 Liquid Effluent

The 1983 Mercury Task Force Report isthe only document located by the project team that refersto the
chemicd and physicd forms of mercury released from Y-12 into EFPC or into theambient air. The 1983
Mercury Task Force Report information is not based on chemica and physica analysis, but on process
knowledge and professiona judgement. Detailed discussions of theforms of mercury assumed to have
been released are presented in Appendix B.

Lossestowater (i.e., EFPC) arelargely traceable to a process waste stream resulting from acid washing
of mercury. Theoperationresponsblefor generating thiswastewasessentia to the operation of thelithium
Separation process, but wasmodified in June 1958 to reduce mercury losses and continued through 1961.
In the period before 1961, about 200,000 pounds of mercury were discharged to the creek from the Colex
processasavery dilute (ppm of mercury) neutralized nitric acid process waste stream (not as el emental
mercury). It wasthe opinion of the 1983 Mercury Task Forcethat theinitia form of the mercury was
solubleor avery finely divided suspension of mercuric oxide. The 1983 Mercury Task Force based this
opinion on thefact that mercuric nitrate, which would have been produced when the mercury was washed
with nitric acid, isvery solublein water. However, neutralization of the waste stream would have formed
mercuric oxide, whichisonly dightly soluble. Mercuric oxideformed inthismanner intherdatively dilute
concentrations involved here does not settle readily, and flowing water would likely have kept it in
suspension. Further, mercury in surfacewater hasastrong affinity for sediment and particulate matter, and
asgnificant fraction of the mercury released would likely have sorbed on findly divided particulate matter,
both organic and inorganic, and been either deposited to sediment or transported further downstream
(Horowitz 1991).

According to analytical information inthe 1983 Mercury Task Force Report (UCCND 1983a), EFPC
water was historically analyzed for total mercury (by the'Y -12 Plant |aboratory) except for afew yearsin
themid-1970s. During the period from January 1974 to June 1977, thewater samplesfrom EFPC were
analyzed for solublemercury only. Theinsolublelossfor thistime period was estimated and included in
the 1983 Mercury Task Forceestimate. Mercury (soluble) concentrationsinthefiltrate from New Hope
Pond samples were less than the detectable limit, indicating that mercury was being discharged
predominately in suspended (insoluble) form.
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46 Mercury Released Through Spillstothe Ground at Y-12

Regarding the uncertainty of estimates of mercury lost from large spillsand the contribution, if any, of
mercury from spillsto concentrationsin EFPC, the 1983 Mercury Task Force Report states that for four
of five of thelarge spillsthey recovered mercury that was on afloor or solid surface, but could not recover
most of what went into the dirt below building floors. Somedirt with visible mercury was dug up and sent
to the 81-10 mercury recovery facility, but the source of the dirt was not tracked and there was no
quantification of how much mercury was eventualy recovered at 81-10 from each spill. It should be noted
that over 3.5 million pounds of mercury were recovered asaresult of operationsat Building 81-10. The
425,000 pounds of mercury lost to the ground through spillswas probably all metalic mercury (UCCND
1983a).

Lossestimatesfor these four spillswere gpparently based on classified flow rates and time durations of the
events(e.g., thewrong valve being open). For thefirst four spills, there are no reports or documentation
of theflow rates or lesk timesto evaluate. Thefifth large spill wasfrom atank, with asight gauge used to
estimatetheloss by difference. The best estimate of 1ossis 49,853 pounds, with alower bound (tanks
could have been dmost empty just before the spill) of 44,853 pounds, and an upper bound (tanks could
have beenfull) of 153,245 pounds. Thelossestimatesfrom dl five of the spillsare upper bound estimates,
because the mercury recovered from them was not quantified. Any mercury from the spillsthat reached
EFPC would be included in the discharge measurements, or trapped in sediments at the bottom of the
watercourse upstream from the discharge monitoring weir.
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50 MEASUREMENTSOF MERCURY IN THE ENVIRONMENT NEAR THE ORR

Numerousinvestigators have conducted studiesof mercury intheenvironment near the ORR. Thissection
describes:

. Studiesthat characterized mercury concentrationsin the environment near the
ORR, and

. Studiesthat characterized the forms, or species, of mercury in the environment
near the ORR.

In subsequent sections, information from these sudiesis combined with historical release datato estimate
exposures to off-site populations.

5.1  Historical Environmental Monitoring Programsfor Mercury

Exposuresto mercury released from the ORR were likely most significant between 1950 and 1963, when
lithiumwasbeing processed at Y -12 and airborne and waterborne rel easeswere highest. Whilethe Task
2 team identified approximately 50 historical studies describing concentrations of mercury in the
environment near the ORR, most of these studies were conducted after 1970. Locations where
environmental monitoring for mercury was conducted before 1970include surface water monitoring at the
EFPC/Poplar Creek junction, Poplar Creek, and the Clinch River from 1955 to 1962, and at the Y-12
release point on EFPC beginning in 1953.

Studies describing concentrations of mercury in air, surface water, soil, sediment, plants, animals, and fish
and other aguatic biotanear the ORR, relevant to eva uating mercury reeasesfrom Y-12, are summarized
in Tables5-1 through 5-7. Environmental monitoring programsfor mercury near the ORR of particular
significance are described in greater detail in Appendix J, as are concentrations of mercury measured in
thesestudies. Examplesof background concentrationsof mercury invariousenvironmental mediaare
presented in Table 5-8 for comparison purposes. Most of the concentrations presented do not reflect
pristine conditions, since redistribution of mercury air emissions has resulted in global mercury
contamination.

5.2  Speciation of Mercury in Environmental Media near the ORR

Mercury existsin the environment in anumber of different chemical forms, or species, affected by the
physical, chemical, and biological conditions of the environment. Although lithium enrichment processes
at Y-12 used e ementa mercury (Hg"), chemical and physical processesin the environment have caused
conversion of themercury to other forms. Understanding the speciesof mercury inthe environment is
particularly important because the way mercury movesthrough the environment, thelikelihood it will
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Table 5-1: Historical Air Monitoring Programsfor Mercury Near Y-12
Y ear (s) Description of Samples L ocation(s) of Sample Collection Reference
1953-1983 Building air monitoring Y-12 UCCND (19833)
1986-1989 Ambient air monitoring Y-12 (east end) MMES (19914)
1987-1989 Ambient air monitoring Near Lake Redlity MMES (19914)
1988-1989 Ambient air monitoring » Chestnut Ridge MMES (19914)
» Walker Branch Watershed
1991-1992 Ambient air monitoring Three EFPC floodplain sitesand a Turner and Bogle (1992)
control site atop Chestnut Ridge

Table 5-2: Historical Surface Water Sampling Programsfor Mercury Downstream of Y-12

Y ear (S) Description of Samples L ocation(s) of Sample Collection @ Reference
1953-1983 Weekly composite of direct Y-12 release point UCCND (1983a)
releases to EFPC
1955-1961 Weekly sample from each « Confluence of EFPC/ Poplar Creek K-25 Technical Division
location « Poplar Creek (Kwasnoski and Whitson
« Clinch River 1955-1961)
1970 Single sample from each * New Hope Pond Sanders (1970)
location * EFPC (Mile 6.5, 9.7, 14)
1971S Routine reservation-wide « Clinch River below Poplar Creek UCC (1972-1982)
present environmental monitoring (variable locations) MMES (1984-19914a)
program (monthly composite * EFPC below New Hope Pond
from each location) (outflow)
1985 Single sample from each « EFPC (Mile 14.36) TVA Instream
location * Poplar Creek (Mile 13.8) Contaminant Study (TVA
* Clinch River (Mile 6.8, 24.0) 19854q)
1989-1990 Single sample from each « Poplar Creek (Mile 0to0 5.5) Clinch River Remedial
location * Clinch River (Mile 0to 12) Investigation (Cook et al.
» Watts Bar Reservoir 1992)
1991-1992 One to two samples from each EFPC (MileO, 3,7, 12, 14) EFPC-Sewer Line Beltway
location Remedia Investigation
(SAIC 1994b)

a River miles are measured from the mouth of ariver or stream upstream to its source




TASK 2 REPORT
Mercury Releases from Y-12 Lithium Enrichment— July 1999
Measurements of Mercury in the Environment Page 5-3

Table 5-3: Historical Soil Sampling Programsfor Mercury Near Y-12

Y ear (S) Description of Samples? L ocation(s) of Sample Collection Reference®
1983-1987 Surface soil « EFPC floodplain ORAU environmental
» Oak Ridge community monitoring and

surveillance studies
(TDHE,1983; Hibbitts
1984; Hibbitts 1986)

1985 Soil core (depth approx. 3 « Poplar Creek bank near Blair Road Olsen and Cutshall (1985)
feet) bridge

1990-1992 * Phase |3, soil cores from » EFPC floodplain EFPC Floodplain/ Sewer
NOAA, Bruner’s Center, and * Sewer Line Beltway Line Beltway RI/FS (SAIC
Sturm sites 1994b)

* Phase Ib, soil cores from 159
transects across EFPC
floodplain at 100 mintervals,
composited for depth

intervals from 0-16 in., 16-32
in, and 32-48 in. bgs

a bgs = below ground surface

b ORAU = Oak Ridge Associated Universities; RI/FS = remedial investigation/feasibility study
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Table 5-4: Historical Sediment Sampling Programsfor Mercury Downstream of Y-12

Y ear (s) Description of Samples L ocation(s) of Sample Collection Reference

1970 10 mud samples » New Hope Pond Sanders (1970)
» EFPC (exact locations not given)

1970s Single surface samples * EFPC Reece (1974)
« Poplar Creek
* Clinch River

1970s Single surface samples * Poplar Creek UCCND (1983a)
« Clinch River

1974-1976 Single surface samples « Poplar Creek Elwood (1977, 1984)
* Clinch River

1975-1981 « Surface samples (2 times yrY) « EFPC (Mile 0.5) ORGDP (1981)

« Poplar Creek [Mile0Oto 5,
(17 locations)]

1982 * Core from New Hope Pond » New Hope Pond (core) Van Winkle et al. (1984)
to evaluate Hg deposition * EFPC [Mile 1.3t014.2 (8
since last major dredging locations)]
activity in 1973
* Single surface samplesin
EFPC
1985 Shallow cores Watts Bar Reservoir and other E. TVA (1986)
Tenn. reservoirs
1984 Cores to evaluate transport of » EFPC floodplain (122 locations) TVA (1985b, c,d)
Hg in sediment during » EFPC (19 locations)
stormflow events « Poplar Creek (3 locations)

« Clinch River (8 locations)
» Watts Bar Reservoir (7 locations)

1985 » 180 surface samples * EFPC Ashwood et al. (1986)
* 3 cores « Poplar Creek
« Clinch River

1985 Two 1-meter cores Poplar Creek at proposed Olsen and Cutshall (1985)
construction site of Blair Road
Bridge (near K-25 Plant) (one in
floodplain, onein creek bed)

1986 * 190 surface samples Watts Bar Reservoir Olsen et al. (1990)
* 60 cores

1989-1990 « Surface grab samples « Poplar Creek CRRI (Cook et a., 1992)
« Cores « Clinch River

» Watts Bar Reservoir

1990 * 5 composited 12-inch cores 12 recreational areas on Watts Bar TVA (1991b)
* Cores from Watts Bar Reservoir
Reservoir water intakes
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Table5-5: Historical Vegetation Sampling Programsfor Mercury Near Y-12

Y ear (s) Description of Samples L ocation(s) of Sample Collection Reference
1982 Live/ dead pasture grass at EFPC (Miles 5.5 and 8.3) Van Winkle et al. (1984)
distances of 5, 30, and 100 m
from the stream bank
1983-1987 100 co-located soil and plant Throughout the city of Oak Ridge TDHE (1983), Hibbitts
sample pairs and EFPC floodplain (1984), Hibbitts (1986)
1992 16 co-located soil and plant Bruner’'s Center in EFPC floodplain SAIC (1994b)

sample pairs

Table5-6: Historical Terrestrial Biota Sampling Programsfor Mercury Near Y-12

Y ear (S) Description of Samples L ocation(s) of Sample Collection Reference
1982 Tissue from cow Grazed in EFPC floodplain UCCND (1983a)
1982 Hair from cow and horse Grazed in EFPC floodplain and UCCND (1983a)

drank water from EFPC
mid-1980s Muscle and liver tissue from Oak Ridge Turnpike adjacent to Gist (1987) ascited in
deer killed in vehicle EFPC Traviset a. (1989)
collisions
Table5-7: Historical Fish Sampling Programsfor Mercury Downstream of Y-12
Y ear (S) Description of Samples L ocation(s) of Sample Collection Reference
1970  Carp and bluegill  Pond near EFPC Sanders (1970)
« EFPC (Mile 14.2)
1976 * 6 species * Poplar Creek (Mile 0 to 6.0) Elwood (1984)
* 272 samples * Clinch River (Mile 4.5t0 13.5)
1977, 1979 « 15 gpecies « Poplar Creek (Mile 0.5, 5.5, 11.0) Loar et a. (1981a,b)
« Clinch River (Mile 10.5, 11.5, 15,
19, 21.9)
1982 * 14 species * Poplar Creek Stiff (1982)
1982 * 3 species « EFPC (Mile 1.3, 8.3, 14.1, 14.2) Van Winkle et al. (1984)
1983 * 6 species « Ponds near EFPC Blaylock et al. (1983)
1984 * 11 species * Poplar Creek (Mile 0.2) TVA (1985¢)
* Clinch River (Mile 2, 6, 11, 20)
» Tennessee River (Mile 572, 558)
1990 * 3 species « Poplar Creek (Mile 1.4, 4.6, 5.3) Cook et al. (1992)
* Tennessee River (Mile 530.5,
557.0)




Table 5-8: Background Environmental Concentrations of Mercury

M edium (units) Concentration Y ear Comments
Ambient Air (ug m3) 0.002 - 0.010 1984 average concentration (USEPA Mercury Health Effects
Update)
0.0055 1988-89 | over the forested Walker Branch, TN (mean concentration)
40- 80 1971 stack gas of large coal-fired power plantsin Ontario,
Canada
Surface Water (ugL™) 0.001 - 0.003* 1986 unpolluted inland lakes in Canada
<0.005 1991 freshwater with no known sources of mercury

contamination

0.008 - 0.017 1991-92 rainwater collected in Walker Branch, Tennessee watershed
0.0005 - 0.104 1990 Californialakes and rivers
0.005 - 0.100 1984 drinking water (USEPA Mercury Health Effects Update)
Soil (mg kg?) 0.08 1970 approximate concentration in the earth’s crust
0.020 - 0.150 1972 soil and glacial depositsin Canada
0.040 - 0.193 1983-84 | coastal North Carolina
0.010 - 0.550 1994 New York State orchard soils
0.020 - 0.625 1979 virgin and cultivated soils from a number of countries
<0.01-34 1986 Eastern USA soils
Sediment (mg kg?) 0.008 - 0.020 1983-84 | Pungo River, North Carolina
0.090 - 0.210* 1980-84 | 5lakesand river sitesin Finland
0.090 - 0.240 1989 Wisconsin lakes due to atmospheric deposition
Fish (mg kg?, wet wt.) 0.1531 1972 freshwater fish from US Fish and Wildlife National Pesticide
Monitoring Program (mean concentration)
0.112* 1976 freshwater fish from US Fish and Wildlife National Pesticide
Monitoring Program (mean concentration)
0.110* 1980, freshwater fish from US Fish and Wildlife National Pesticide
1984 Monitoring Program (mean concentration)
0.17-1.8? 1986-89 | predatory game fish from USEPA study of residuesin fish
0.05 - 0.200* 1985 most freshwater fishes; <0.010 in short-lived herbivorous
species
0.290 - 1.69* 1980-84 | 5lakesand river sitesin Finland
3411 1992 bluefin tunain the Northwest Atlantic Ocean (mean conc.)
Plants (mg kg?, dry wt.) 0.00001 - 0.037 1972 terrestrial plantsin Canada
0.200 - 30.0 1972 terrestrial plantsin Canada near natural mercury deposits
Notes: 1 Mercury as methyl or organic mercury. All other values are total mercury.

Sources.  Toxicological Profile for Mercury- Draft for Public Comment (August 1997), U.S. Department of Health and Human Services, Public Health
Service, Agency for Toxic Substances and Disease Registry (ATSDR).
Files for Mercury (CAS# 7439-97-6) and Methylmercury (CAS# 22967-92-6), Hazardous Substances Data Bank (HSDB) 1998, National Library
of Medicine, Washington, D.C.
Elementsin North American Soils (1991). J. Dragun and A. Chiasson. Hazardous Materials Control Resources I nstitute, Greenbelt, MD.

5-6
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be taken into the body on contact, and how it behaves oncein the body are dependent on the forms of
mercury that are present in the environment and that are contacted.

When evd uating hedlth risksfromenvironmenta exposures, information on chemica speciation can be used
to:

. Predict how the chemica will behave in the environment,

. | dentify appropriate reference criteriato describethelikelihood that the chemical
will produce an adverse health effect, and

. Predict how much of the chemical will be absorbed into the body following an
environmenta exposure relative to how muchwas absorbed under the exposure
conditions that are the basis for the health effects reference criteria

Mercury speciesfound in theenvironment or used inindustria processesare usually classified into three
groups. These groups are described below.

Metallic or elemental mercury (Hg"), ashiny, silver-white, extremely dense, odorless liquid, is the familiar
mercury species found in thermometers. Some evaporation of elemental mercury occurs at room
temperature to form mercury vapor. Compared to some mercury compounds (e.g., mercuric chloride,
mercuric acetate), elemental mercury is relatively insoluble in water.

Inorganic mercury compounds or “salts’ [including mercuric sulfide (HgS), mercuric chloride (HgCl,),
mercuric hydroxide (Hg(OH),)] form when mercury ions (such as divalent mercury, Hg**) combine with
other elements such as chlorine or sulfur or with hydroxide (OH") ions in aqueous solution. Elemental
mercury and inorganic mercury compounds are often grouped under the generic term “inorganic mercury”
(in this report, “inorganic mercury” refers to mercuric mercury salts, while “elemental mercury” refersto
Hg?%). The water solubility of inorganic mercury compounds ranges from nearly insoluble (HgS) to highly
soluble (HgCl,).

Organic mer cury compounds, including methylmercury (CH,Hg") and dimethylmercury (CH,CH,Hg), form
when mercury combines in a chemical bond with carbon. Bacteria and abiotic (chemical) processes can
methylate mercury(ll) ions (that is, add a methyl (CH,) group) to form methylmercury compounds.
Methylmercury is more easily absorbed by fish and other aguatic fauna than elemental and inorganic
mercury, and can bioaccumulate to higher concentrations than in surrounding media.

Typicdly it isassumed that, oncetaken into the body and absorbed into the blood, compoundswithin eech
of these three groups have the same critical hedlth effect endpoint (the first adverse effect that occurs with
increasing dose).

Differencesin chemica and physica characteristicsof mercury compoundswithin each group, however,
will have an effect on how much of the mercury isin aform that can be absorbed into the bloodstream.
For example, the solubility of inorganic mercury compoundsvarieswiddy (Table 5-9), and highly soluble
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forms (such asmercuric chloride) are more readily absorbed into the bloodstream following ingestion or
other contact than insolubleforms (such asmercuric sulfide). Inother words, the solubleformsare more
bioavailable.

Table5-9: Water Solubility of Mercury Speciesand Compounds (at about 20 C)

Compound Solubility in Water
Mercuric acetate 400,000 mg L (a)
Mercuric chloride (HgCl,) 70,000 mg L* (b)
Mercuric oxide (HgO) 53mgL™* (b)
Elemental mercury (Hg?) 0.060 S 0.080 mg L™ (b)
Mercuric sulfide (HgS) ~0.010 mg L™ (b)
a ATSDR (1994)
b Henke et a. (1993)

Quantifying the species of mercury in the environment at any given time can be difficult because mercury
convertsto other forms under different environmental conditions and because extraction and anaytica
methods used to measure the quantity of mercury in an environmental sample may changethe speciation
(Daviset d. 1996). The speciesof mercury can, however, be predicted from information about the species
of mercury that isreleased and the characteristics of the environmental medium. For example, elementa
mercury (Hg”) used in the Colex processa Y -12 waswashed with nitric acid, likely causing its conversion
to divaent mercury (Hg™) through aprocess called oxidationin which dectronsarelost from the lementd
mercury and the mercury becomes positively charged (Hg” <+ Hg?). Chlorinein chlorinated processand
cooling water may also have caused the oxidization of elemental mercury. Once oxidized to Hg, sulfate-
reducing bacteria, such asfound in sediments, can cause the Hg? to form bonds with other elements or
chemical groups, such as sulfur (§*) to form mercuric sulfide (HgS) or amethyl group (CH;) to form
methylmercury (CH;Hg").

Typicdly, toxicity benchmark valuesused for regul atory purposesto predict the potentia for adversehedlth
effects, including reference doses (RfDs) established by the U.S. Environmental Protection Agency
(USEPA) or minimal risk levels (MRLs) established by the Agency for Toxic Substances and Disease
Registry (ATSDR), are based on studies with laboratory animals or on studies that investigate worker
exposures (known as epidemiol ogic studies). The speciesof chemical investigated in these studiesis not
always the same as the chemical species associated with environmental exposures.

The species of mercury used as the bases for toxicity benchmarks for different routes of exposure to
mercury, and examples of these values, are summarized in Table5-10. Thesetoxicity benchmarksare
described in greater detail in Section 11.0.
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Table 5-10: Speciesof Mercury Commonly Evaluated
in Investigations of Toxicity through Different Routes of Exposure

Mercury Species

Exposure Commonly Investigated in - Example(s) of
Route Toxicity Studies Toxicity Benchmark Values
Inhalation Elemental mercury » USEPA Reference Concentration (RfC), based
(Hg®) vapor on long-term exposure of workers to airborne

mercury vapors (IRIS 1998)

 ATSDR Minimal Risk Level (MRL), based on
acute exposures of young rats (11-17 days old)
to airborne mercury vapors (ATSDR 1997)

Ingestion Soluble inorganic » USEPA Reference Dose (RfD) and ATSDR
mercury (Hg*) salts MRL, based on intermediate-duration exposures
of rodents to mercuric chloride administered in
food or water (IR1S 1998; ATSDR 1997)

Ingestion Methylmercury » USEPA RfD, based on ingestion of
methylmercury-treated grain by pregnant
women in Iraq, and effects on children exposed
in utero (IRIS 1998)

* ATSDR MRL, based on ingestion of
methylmercury in fish by pregnant women in
the Seychelles Islands, and effects on children
exposed in utero (ATSDR 1997)

*  Ongoing studies are investigating the health
effects of ingestion of methylmercury in fish
(Crump et a. 1996; Grandjean et al. 1992;
Kjellstrom et a. 1989; McKeown-Eyssen et al.
1983; Marsh et al. 1995; Myers et al. 1995)

Often, toxicity benchmarks are based on studies of hedlth effectsfollowing administration of much higher
dosesthan typicaly occur in environmenta exposures. For example, much of the toxicologica dataon
adversehedth effects associated with exposuresto inorganic and el emental mercury are based on studies
of animalsadministered high dosesin the laboratory or on datafrom humans exposed to high mercury
concentrations in occupational settings. Likewise, asignificant portion of the database describing toxic
effectsfrom exposuresto methylmercury is based on exposuresto methylmercury not methylated in the
environment (specifically exposures of apopulation in Irag who consumed seed grain that had been treeted
with methylmercury because of itsfungicide properties). Because these are the most robust data sets
available, it is necessary to compare typically lower dose environmental exposures to dose-response
relationships established using these data.



TASK 2 REPORT
July 1999 Mercury Releases from Y-12 Lithium Enrichment—
Page 5-10 Measurements of Mercury in the Environment

Sincetheroutes of exposure and chemical speciesinvestigated in environmental assessmentsoften differ
from the toxicity studiesto which they are compared, theinterna (absorbed) doses generdly differ even
when theexterna (administered) dosesarethe same. These differencesin theamount of achemical that
is bioavailable through different routes of exposure are accounted for in the dose equation, described in
Section 2.1, by the relative bioavailability parameter. The relative bioavailability parameter can be
described asthe ratio between the bioavail ability of asubstance in aperson exposed in the environment
and the bioavailability of that substance administered to an animd in atoxicity study or to which ahuman
isexposed inaworker exposurestudy. Although knowledge of mercury speciationinair, soil, water and
other environmental mediaat Oak Ridge and other Sitesisimperfect, dueto anumber of factorsincluding
analyticd difficultiesand temporal and spatial variability, speciationinformationissufficient tojustify
selection of atoxicity benchmark value from among those described in Table 5-10, to which to compare
estimates of mercury exposures due to releases from the ORR.

For example, dataonmercury speciationin soil inthe EFPC floodplain indicateit isamixture of inorganic
and elemental mercury species; therefore, it ismost appropriate to compare exposures from ingestion of
soil to toxicity databased on studies of ingestion of inorganic mercury compounds (see Table 5-10). Very
little data are avail able addressing thetoxicity of elemental mercury following ingestion, in part because
elemental mercury tendsto be poorly absorbed following ingestion and becauseingestionis not acommon
route of exposure to elementa mercury. In thisassessment, uncertainties about the relative biocavailability
of mercury speciesin an environmental medium compared to the bioavailability inthe referencetoxicity
study arereflected in the PDFs used to characterizethe relative bioavailability parameter. PDFswere
selected to account for both uncertainties in speciation data as well as expected temporal and spatial
variability in speciation within a medium.

The sections that follow summarize:

. Studies by investigators at Oak Ridge and elsewhere to qualitatively or
quantitatively characterize the Species of mercury in different environmenta media,

. Mercury species assumed by the project team to be present in each environmenta
medium, for purposes of comparing estimated dosesto toxicity benchmarks, and

. Rd ativebioavailability PDFsestablished by the project team for each mediumand
route of exposure.
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5.2.1 Mercury Speciation in Surface Water

Asdescribed in Section 3.5, mercury wasreleased from the Y -12 Plant directly to surface water (EFPC).
The 1983 Mercury Task Force Report (UCCND 19834) isthe only document located by the Task 2
project team that refersto the chemical and physica forms of mercury released from Y-12 into EFPC (see
Appendix B).

Data Describing Mercury Speciation in Surface Water Downstream from Y-12

Data describing the speciation of mercury in surface water downstream from the ORR and at other Sites
indicate:

. In the period before 1961, about 200,000 pounds of mercury weredischarged to
EFPC from aprocessin which e ementa mercury used inthe lithium separation
process was cleaned with anitric acid solution. The goal of this process wasto
removeimpurities detrimenta to the separation process. Trestment with nitric acid
likely oxidized some of the d ementa mercury to the mercuric sate (Hg?), greatly
increasing both the solubility and chemical reactivity of thedischarged mercury, but
decreasingitsvolatility. Intheoxidized State, mercury hasastrong tendency to (1)
bind rapidly to suspended matter, (2) combine with the sulfide ion and sulfur-
containing compoundsto form highly insoluble compounds, or (3) be reduced
again to the elemental state'.

. During the 1950s and 1960s, there was abundant suspended meatter availablein
EFPC, including organic matter and cod fines, to bind oxidized mercuric mercury
(Hg*). Inaddition, regular back flushing of sand filters at the Oak Ridge Water
Treatment Plant located on Pine Ridge near the east end of Y-12 supplied
suspended matter from the Clinch River (the source of water to the treatment
plant) to the upper reach of EFPC (Wing unpublished)-.

. During the 1950s, sulfide levelsin EFPC were probably high. Sulfide sources
likely included organic loading, which fosters microbial reduction of sulfateto
produce elevated sulfide levels in sediments, and release of sulfides from
acidification of metal sulfide compounds, such asmay have occurred whenthe pH
of EFPC varied widely prior to construction of New Hope Pondin 1963. Sulfide
isapowerful precipitant for mercuric mercury, leading to production of insoluble
mercuric sulfide.

! Personal communication between T. R. Mongan and G. M. Bruce of the project team with Ralph Turner and
Nicolas Bloom of Frontier Geosciences, Inc., May 1997.
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. Although elemental mercury is somewhat soluble in water (about 60 parts per

billion (ppb), equivalent to 0.060 mg L™), it could not have accounted for the
concentrations of total mercury observed in EFPC inthe 1950s. Annual average
mercury concentrations measured in EFPC (up to 3 parts per million (ppm),
equivalent to 3mg L) far exceeded the solubility of elemental mercury. At the
maximum concentrations measured in EFPC, the solubility of elementa mercury
would have limited it to less than 2% of total mercury concentrations.

Mercury speciation significantly impacts the fate of mercury in surface water sysstems— whether the
mercury evades (volatilizes) from the water surface, binds to suspended particulates or sediment, or
remainsdissolved inwater. Mercury in any surface water system likely consists of amixture of dissolved
inorganic mercury, dissolved demental mercury, mercury sorbed to particulates, and avery minor fraction
of dissolved organic mercury. A number of water quaity parameters, including pH andleve sof suspended
solids, aswell as the volume of available mercury, can affect the equilibrium between these forms.

For evasion of mercury from surface water to occur, the mercury must existin avolatile form such as
elemental mercury or dimethylmercury.  Studiesin lakes and oceans have shown that dissolved e ementa
mercury (referred to as dissolved gaseous mercury or DGM) accountsfor lessthan 1% to about 6% of
thetotal dissolved or suspended mercury inthese systems (Liebert et d. 1991, Amyotl et d. 1995, Seouter
et al. 1995).

DGM may form through several processes including:

. Solubilization of elemental mercury in contact with the water (the solubility of
elemental mercury in water is about 60 ppb),

. Reduction of divalent mercury (Hg*") to elemental mercury by both bictic and
abiotic processes (Hg* = Hg"), and

. Dismutation of monovalent mercury to divaent mercury and elemental mercury
(2Hg" + Hg* + Hg’).

Whiletherdativeimportance of individua processes can vary consderably from siteto Steand fromtime
to time, these processes collectively regul ate the fraction of mercury available to escape from water by
evasion.

The project teamidentified no dataon measurements of dimethylmercury or other organic mercury species
in water downstream of Y-12. Studies of mercury speciation in surface water at other siteswith high
mercury concentrations, including the Carson River in Nevada, show that organic mercury compounds
typically comprise lessthan 5% of mercury in surface water (Praskins 1996; Henke et a. 1993; Porcella
1994).
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Based on thisinformation, the project team assumed that mercury in surface water near the ORR was a
mixture of dissolved inorganic and gaseous (elementa) mercury and suspended inorganic mercury sorbed
to particulates.

Sdlection of Toxicity Benchmarks and Relative Bioavailability Factors for Evaluating Exposures to
Mercury in Surface Water

Asindicated in Table 5-10 and described in detail in Section 11.0, most studies of inorganic mercury
toxicity followingingestion eva uate highly solubleinorganic mercury saltsdissolvedinwater. Dosesfrom
ingestion of mercury in EFPC water were therefore compared to toxicity benchmarks based oningestion
of inorganic mercury. Doseswere evaluated assuming that the bioavailability of mercury in EFPC water
may haveranged from dightly lessthan the bioavailability of the mercury in thetoxicity studies (because
elemental mercury and mercury sorbed to particulate areless sol uble than the inorganic forms of mercury
evaluated in the toxicity studies) to as bioavailable asthe mercury in thetoxicity studies. Therdative
bioavailability PDF for evauating ingestion of mercury in water (B 4..qe) WaS Characterized by auniform
distribution with a minimum of 0.8 and a maximum of 1.0.

5.2.2 Mercury Speciation in Air

In addition to direct rel eases to surface water, mercury wasreleased from Y-12 directly to air. Mercury
may also have volatilized from contaminated surface water and soil.

Data Describing Mercury Speciation in Air Near Y-12
Data describing the speciation of mercury in air near the ORR and at other sites indicate:

. Mercury was released to air from ORR operations largely as elemental mercury
vapor (UCCND 1983a).

. Greater than 99% of airborne mercury in the Walker Branch watershed of the
Clinch River (located just southwest of the Y-12 Plant on the south side of
Chestnut Ridge) occurs as vapor (Lindberg et al. 1991), with less than 1%
occurring asparticulate. Similar percentages have been reported for other sites
(Fitzgerald and Clarkson 1991; Mason et al. 1994).

. Other formsof mercury (induding inorganic mercury and methylmercury) typicaly
comprise less than 2% of the total airborne concentration (Fitzgerald 1986;
Fitzgerald 1989; Fitzgerald and Clarkson 1991; Henke et a. 1993).

Based on thisinformation, the project team assumed that airborne mercury near the ORR was el ementa
mercury vapor.
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Sdlection of Toxicity Benchmarks and Relative Bioavailability Factors for Evaluating Exposures to
Mercury in Air

Asindicated in Table 5-10 and described in detail in Section 11.0, most studies of theinhalation toxicity
of mercury are based on worker exposures to mercury vapor. Doses from inhalation were therefore
compared to toxicity benchmarks based on inhalation of airborne mercury. Becausethe chemical and
physica characteristicsof mercury in breathing zoneair near the ORR are assumed to be similar to those
in these worker studies, doses from inhalation of airborne mercury were evaluated assuming that the
bioavailability of mercury in air near Oak Ridge wasthe same asin the worker studies (i.e., therelative
bicavailabilityis1.0). Therelativebioavailability PDF for evaluating inhaation of mercury inair (B,,) was
characterized by a point estimate with avalue of 1.0.

5.2.3 Mercury Speciation in Soil/ Sediment

The speciation of mercury in soil isvery complicated. Soilsand sedimentsinthe EFPC floodplain likely
contain amixture of eemental and inorganic mercury; however, andytica methods can strongly affect the
mixture one sees and species may vary considerably over short distances.

Data Describing Mercury Speciation in Soil and Sediment Near Y-12

Three studies between 1984 and 1994, using different extraction and analytical methods, attempted to
determinethe mercury speciesin EFPC floodplain soils(Reviset d. 1989, SAIC 1994b). Datafrom these
studies (described in detail in Appendix K) are summarized below:

. Reviset d. (1989) conducted thefirst study in 1984 using asequentia extraction
method. Resultsimplied that most of the mercury (range 84 to 98%) wasinsoluble
mercuric sulfide. Only aminor percentage (0.003 to 0.01%) was identified as
methylmercury.

. TheUSEPA Environmenta Monitoring SystemsL aboratory (EMSL) conducted
the second study in 1993 using adifferent sequential extraction method (SAIC
1994b) and adifferent set of soil samples. Resultsimplied that the mercury was
amixture of soluble, insoluble, and e emental mercury infairly equa proportions.
L ess than 0.01% was methylmercury.

. USEPA conducted athird study in 1994 using both the Reviset d. (1989) and
EMSL methods, aswell asan extraction method devel oped by Sakamoto et d.
(1992) (SAIC 1994b). The same set of soil samples was used for all three
methods. Reported percentages of elemental mercury and different inorganic
mercury speciesvaried considerably. For example, the reported percentage of
mercury present as mercuric sulfide ranged from 1 to 105%. The methods also
demonstrated poor specificity in extraction of spiked samples.
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The wide variation in reported soil speciation was likely due to analytical difficulties, including:

. Wet chemical manipulation techniques (such asleaching and digestion), that are
the basisfor most extraction techniques, can dter the chemica equilibrium of the
system, making the observed speciation an arbitrary function of the extraction
conditions (Davis et al. 1996);

. Different speciesmay be extracted by morethan onetype of chemical extractant,
resulting in poor specificity (Davis et al. 1996); and,

. High temperature ovens used to dry soils in some methodologies may alter
speciation (Davis et a. 1996).

Because of unresolved difficultiesin speciating mercury in soil using current methods, attendees at the
USEPA Workshop on Mercury Speciation (Denver, CO, September 1996) concluded that inorganic
mercury speciesin soil will probably never be quantified with certainty using these methods. However,
whilethe percentage of mecury present as different species cannot be definitively quantified, results of the
studies of EFPC floodplain soils suggest:

. Concentrations of methylmercury in floodplain soil arevery low (<0.01%). Smilar
findings have been observed at other Stes (Rissanen 1975, Lindqvist et d. 1991).

. Forms of mercury solublein water or weak acids (such asmercuric chloride or
mercuric oxide) comprise from 2 to 70% of the total mercury in floodplain soil.

. Insoluble forms of mercury (such as mercuric sulfide) are definitely present in
floodplain soil, as confirmed by spectrophotometric techniques. However, the
exact percentage measured varied among samples and among extraction and
analytical methods.

Based on thisinformation, the project team assumed that mercury in EFPC floodplain soil wasamixture
of soluble and insoluble inorganic mercury species and elemental mercury.

While efforts to date have not been successful in quantifying the species of mercury in soil, for purposes
of eva uating hedlth risks associated with soil contact, preci se quantification of speciesmay belessrelevant
than understanding thefraction of mercury that isbioavailablein soil, regardless of speciation, relativeto
thefraction that is bioavailablein the toxicity studiesto which soil contact iscompared. Thefraction of
mercury in agiven medium that is bioavailable can be considered to be the product of two components:
(2) thefraction that isbioaccessible (that is, the fraction that desorbsfrom its matrix under physiological
conditions and isavailable for absorption into the bloodstream), and (2) the portion of the bioaccessible
fraction that isactualy absorbed into the bloodstream. While studies quantifying thein vivo bioavail ability
(inliving systems) of mercury in soil have not been conducted, severd invitro (Iaboratory) methodshave
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been devel oped to approximate metal bioavailability in soil by determining its bioaccessibility under
conditions simulating gastrointestinal digestion (Ruby et al. 1993, 1996; Paustenbach et al. 1997).

Barnett and Turner of the ORNL Environmental Sciences Division conducted a study to assess the
bioaccessibility of mercury in soil using samplesfrom the EFPC floodplainS these were the same samples
evaluated in the 1994 USEPA soil speciation study (Barnett and Turner 1995). Two samplesfrom each
of 10floodplain locationswere digested for four hoursin ahydrochloric acid solution of pH 2.5, followed
by four hoursin asolution of pH 6.5. Study results suggested that the solubility of mercury in most
floodplain soil during digestion (based on these smulated conditions) isminimal. Total soluble mercury
ranged from 0.30 to 14% in 19 of 20 samples, and 46% in one sample. The averagetota soluble mercury
was5.3% (see Appendix K for individual sampleresults). Incontrast, 100% of mercuric chloride, the
speciesthat isthe basisfor theregulatory criteriaused to eva uate potentia hedth effectsfrom ingestion of
inorganic mercury (including the USEPA RfD andthe ATSDR MRL), dissolved under these conditions.

Sdlection of Toxicity Benchmarks and Relative Bioavailability Factors for Evaluating Exposures to
Mercury in Soil/Sediment

Asindicated in Table 5-10 and described in detail in Section 11.0, most studies of inorganic mercury
toxicity followingingestion eva uate highly solubleinorganic mercury saltsdissolvedinwater. Dosesfrom
ingestion of mercury soil or sediment were therefore compared to toxicity benchmarks based on ingestion
of inorganic mercury. Therdativebioavailability PDF for evaluating ingestion of mercury in soil or sediment
(B,..c01) Was developed using the datafrom the rel ative bioaccessibility assay (Barnett and Turner 1995).
This study indicatesthat the biocaccessibility of mercury in soil islow relative to the bioaccessibility of the
inorganic mercury species used in the toxicity studiesfor ingestion of inorganic mercury (averagerelative
bioaccessibility 5.3%). Itisassumed that therelationship of the bioavailability of mercury insoil relative
to the bioavailability of mercuric chloride isthe same as the rel ationship between the bioaccessbility of
mercury in soil relative to the bioaccessibility of mercuric chloride.

Thisstudy suggestsfor agiven point of contact with EFPC floodplain soil, the most likely approximation
of therelative bioavailability of mercury in soil is5.3%. To address possible spatial differencesinthe
bioavailability of soil mercury at different floodplain locations and depths, resultsfrom all 20 of the soil
samplesanayzed in the assay (relative bioavailability range 0.3% to 46%) were used. Using these date,
therelative bioavailability PDF for ingestion of mercury in soil or sediment (B, ;) Was characterized by
alognormal distribution with amean of 0.053 and a standard deviation of 0.10.

Itislikely that mercury concentrationsin surface soil in thefloodplain were highest during the period when
releasesfrom Y-12 were highest. Later surface soil concentrations were probably lower dueto removal
of soil during flood events and deposition of suspended materia swith lower concentrations. 1t isassumed,
however, that historical relative bioavailability fell within the range of values reflected in the PDF.
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5.24 Mercury Speciation in Plants

Plants may take up mercury from both soil and air. Overal, plant uptake of mercury from soil through the
rootsis minimal (Beauford and Barringer 1977; de Temmerman et al. 1986; Mosbaek et al. 1988;
Lodenius 1990; Lindberg et d. 1995), duein part to the generdly limited solubility of the metal associated
withthe solid phasein soil (Cataldo and Wildung 1978). Mercury in plantsisprobably largely duetofoliar
uptake (through the leaves) of airborne mercury.

Data Describing Mercury Speciation in Vegetation Near Y-12

A few studieshaveinvestigated mercury concentrationsin vegetables and/or pasturegrownin or near the
EFPC floodplain (Hibbitts 1986; Van Winkle et al. 1984; SAIC 1994b). None of these studies
differentiated between mercury species-resultswere reported astotal mercury (TDHE 1983; Hibbitts
1984; Hibbitts 1986; Van Winkle et al. 1984; SAIC 1994b).

Dataon mercury in plants at other sites indicate:

. Speciation studies of mercury in plantsgrown on soilswith elevated inorganic
mercury concentrations suggest that, while uptake of mercury from soil islimited,
mercury that istaken into the plantsistaken up as mercuricions (i.e., inorganic
mercury) (Bacheet d. 1973). Although methylmercury wasdetected in plantsat
concentrations up to 36% of the total mercury when plants were grown on soils
amended with methylmercury or with sewage dudge, these studies suggest it is
unlikely that methylmercury isformed within plants grown in inorganic mercury-
contaminated soil under field conditions (Bache et al. 1973; Cappon 1981,
Fortmann et al. 1977).

. Plants may take up mercury from ar by foliar absorption of lementa mercury or
uptake of soluble divaent mercury following deposition on the plant surface. In
an area with high airborne mercury concentrations, Mosbaek et al. (1988)
estimated that 90% of the total plant mercury in the” green parts’ of the plant was
contributed by airbornemercury. Insidethe plant, absorbed mercury equilibrates
between Hg (elemental mercury), Hg' (monovaent mercury), and Hg? (divalent
mercury).

Based on thisinformation, the project team assumed that mercury in vegetation near the ORR was a
mixture of inorganic and elemental mercury species.
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Sdlection of Toxicity Benchmarks and Relative Bioavailability Factors for Evaluating Exposures to
Mercury in Vegetation

Asindicated in Table 5-10 and described in detail in Section 11.0, most studies of inorganic mercury
toxicity following ingestion evaluate highly solubleinorganic mercury satsdissolved inwater. Dosesfrom
ingestion of mercury in vegetation were therefore compared to toxicity benchmarks based on ingestion of
inorganic mercury. It isexpected that the presence of fibrous materia in ingested vegetation may have
someeffect onlimiting thebioavailability of ingested mercury. Similar observations have been madeof the
effect of soil on reducing the bioavailability of ingested lead compared to lead ingested without soilS this
was hypothesized to be due in part to the soil acting as a fiber source, absorbing the lead in the
gastrointestingl tract and reducing net absorption (Chaney et d. 1989). Although limited dataareavailable,
the bioavailability of elemental mercury following ingestion is considered to beless than soluble inorganic
mercury compounds such as mercuric chloride (ATSDR 1997).

Based on these cons derations, dosesfrom ingestion of mercury in vegetation were eva uated assuming that
thebioavailability of mercury in vegetation may have ranged from somewhat lessthanto asbioavailable as
themercury inthetoxicity sudies. Thereative bioavailability PDF for evaluating ingestion of mercury in
vegetation (B, ,..) Was characterized by auniform distribution with aminimum of 0.6 and a maximum of
1.0.

5.25 Mercury Speciation in Fish

Studies of mercury speciation in fish downstream of the Y-12 Plant and at other sites have shown that
mercury is predominantly present in fish muscle as methylmercury.

Data Describing Mercury Speciation in Fish Near Y-12
Data on mercury in fish downstream from the ORR and at other sitesindicate:

. 94.8 + 10.7 % (range 65 to 103%) of mercury in the muscle of ten fish collected
in Poplar Creek in 1974 was in the methyl form (Elwood 1977).

. Studies at other sites, both freshwater and saltwater, agree that most mercury in
fish (typicaly >95%) is methylmercury (Bishop and Neary 1974, Westoo 1973,
Zitko et al. 1971, Bloom 1992).

. The proportion of methylmercury isindependent of fishsze, length, or weight, with
no significant differencesin percent methylmercury between species (Bishop and
Neary 1974).

Based on these data, the project team assumed that mercury in fish near the ORR was predominantly
methylmercury.
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Sdlection of Toxicity Benchmarks and Relative Bioavailability Factors for Evaluating Exposures to
Mercury in Fish

Asindicated in Table 5-10 and described in detail in Section 11.0, studies of methylmercury toxicity
followingingestion eva uate human popul ationsthat ingested methylmercury infeed grainor infish. While
the percent of mercury infish that ismethylmercury variesamong individud fish (between gpproximately
90 and 100%), it isassumed that the distribution of percent methylmercury in freshwater fish caught near
the ORR was the same asin the mostly saltwater fish that are the basis for recent studies of the adverse
health effects from ingestion of mercury in fish.

Based on these cong derations, doses associated with ingestion of mercury infish were estimated assuming
that the bioavailability of mercury infishisthe sameasin thetoxicity sudies(i.e, thereative biocavalability
is1.0). Therelative bioavailability PDF for evaluating ingestion of mercury in fish (B, ,.54) WaS
characterized by a point estimate with avalue of 1.0.

5.2.6 Summary of the Mercury Species Assumed to be Present in Each Medium

The speciesof mercury assumed in thisassessment to be present in each exposure medium, and therelative
bioavailability PDF assumed for exposure to mercury in each medium, are summarized in Table 5-11.
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Table5-11: Speciation Assumptionsfor Each Exposure Medium
Basisfor Reference
Exposure Mercury Species Assumed Toxicity Benchmark Relative Bioavailability
Medium to be Present Values PDF
Inhalation exposure of
: adult workersto Binnaaion = 1.0
Alr Elemental mercury vapor elemental mercury (point estimate)
vapor
Mixture of soluble and
insoluble inorganic mercury Ingestion of soluble B — 081010
Surface Water | species and insoluble mercuric chloride by oral-water =
: : (uniform distribution)
inorganic mercury sorbed to rodents
particulates
_ . Mlxture of solubl_e and Ingestlc_)n of solluble B, ., = 0.053 (mean)
Soil/Sediment | insoluble inorganic and mercuric chloride by . -
. (lognormal dist., SD = 0.1)
elemental mercury species rodents
Mixture of soluble and Ingestion of soluble _
: : . ; . B, e = 0.6t0 1.0
Plants insoluble inorganic and mercuric chloride by ralveg
. (uniform distribution)
elemental mercury species rodents
Fish Methylmercury Ingestion of B, a5 = 1.0
methylmercury in fish (point estimate)
or treated grain
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6.0 IDENTIFICATION AND CHARACTERIZATION OF EXPOSURE PATHWAYS
AND POTENTIALLY EXPOSED POPULATIONS

This section describes the exposure pathways and popul ations eval uated in the assessment of exposures
to mercury released fromthe ORR. Stepsin theidentification and characterization of exposure pathways
and potentially exposed populations include:

. | dentifying complete exposur e pathwaysthrough which individualsmay have
been exposed to mercury in the environment;

. | dentifying and char acterizing exposed populations, including their location
and the pathways through which these popul ations may have been exposed to
mercury, and characterizing potentially sensitive population subgroups; and

. | dentifying appropriate equations to describe exposur e via each pathway
identified as potentially compl ete.

For each exposure popul ation and exposure pathway, doseswere estimated using aderivation of thedose
equation described in Section 2.1, combined with population- and pathway-specific exposure point
concentrations (described in Section 7.0), transfer factors (described in Section 8.0), and exposure
parameters (described in Section 9.0).

6.1 I dentification of Complete Exposure Pathways

The presence of acontaminant in the environment doesnot necessarily mean that exposurewill occur. For
exposure to occur, a pathway of exposure through which an individual contacts and takes up the
contaminant from the environment must exist. Severa factors, including environmenta conditions, the
potential for achemica to movefrom one medium to another, and thelifestylesand characteristics of the

potentially exposed population, can influence whether a pathway is complete.

For mercury historically used a Y -12 to have posed a health hazard to off-siteindividuals, each of the
following elements of a complete exposure pathway must have existed:

. A sour ce that released mercury to the environment,

. A transport medium that carried the mercury off-site to a location where
exposure could have taken place, and

. An exposur e route through which mercury entered an individua's body.

If any of these elements was missing, the pathway was not complete.



TASK 2 REPORT
July 1999 Mercury Releases from Y-12 Lithium Enrichment—
Page 6-2 Exposure Pathways and Potentially Exposed Populations

Based on the abovecriteria, anumber of pathways of exposureto mercury historicaly released from the
ORR arelikely to have been completefor someindividualsin nearby populations. Potential exposure
pathways to mercury in different environmental media are described in the following sections.

6.1.1 Pathways Associated with Exposureto Mercury in Surface Water

Asdescribed in Sections 3 and 4, between 1953 and 1962, large quantities of mercury were released
directly from Y-12to EFPC. After cessation of the Colex processin 1962, mercury releasesto EFPC
were much lower, although somemercury continued to bereleased from Y-12. After 1963, much of this
mercury was retained in New Hope Pond, constructed as an equalization basin for upper EFPC surface
water exiting Y-12. Severd resdentswho historically lived near the creek report that in the late 1940s
and early 1950s, the creek often had afoul smell and occasionally amilky color (DaMassa 1995).

In recent years (after 1982), the Tennessee Department of Health and Environment (TDHE) has posted
EFPC with signs advising against contact with water or ingestion of fish from EFPC. However, in most
areas of EFPC, there areno physicd restrictionsto access. Further, individuaswho historicaly resided
near EFPC indicated that, during the 1950s and 1960s, they occasionally contacted EFPC surface water
during farming or recreational activities. Someformer residents of Oak Ridge report having playedin
EFPC and nearby creeks as children for periods of up to eight hours per day severd times per week during
the summer (DaMassa 1995). In addition, individuals who lived near EFPC reported that livestock that
grazed dong EFPC ingested surface water from the creek, suggesting that exposure to mercury in milk or
meet from these animasmay have occurred. Interviewswithindividuaswho historically farmed or raised
vegetables adjacent to EFPC indicate that EFPC surface water was not used for irrigation (DaMassa
1995).

Data collected downstream from Y-12 from 1955 to 1961 show that, compared to concentrationsin
EFPC, surface water concentrationsin downstream waterways (including Poplar Creek, the Clinch River,
and Watts Bar Reservoir) were 7 to 350 fold lower (Kwasnoski and Whitson 1955-1961) (Table 6-1).
These lower concentrations were likely the result of a combination of factors, including dilution,
volatilization, and adherence of mercury to particulatesfoll owed by settling out of solution. Because of this
reduction in downstream concentrations, exposuresto mercury in surface water (not including fish ingestion)
were evaluated in the current assessment only for popul ations exposed to water in EFPC, not those who
may have contacted water further downstream.

Pathways of exposureto mercury in EFPC surface water considered in this assessment are listed below.
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Table 6-1: Concentrations of Mercury in Surface Water Downstream from Y-12 to EFPC

Study and Year of Sample L o Mean Concentration
Collection ocation (mgL?)

Kwasnoski and Whitson (1955-61)

1955 Y-12 (Daily effluent at weir) 1.67
1956 EFPC/ Poplar Creek junction (~EFPC Mile 0.5) 0.147
1957 EFPC/ Poplar Creek junction (~EFPC Mile 0.5) 0.191
1958 EFPC/ Poplar Creek junction (~EFPC Mile 0.5) 0.102
1959 EFPC/ Poplar Creek junction (~EFPC Mile 0.5) 0.014
1960 EFPC/ Poplar Creek junction (~EFPC Mile 0.5) 0.011
1961 EFPC/ Poplar Creek junction (~EFPC Mile 0.5) 0.0097
1955-1957 Poplar Creek (~PCM 4.5) 0.055
1955-1957 Clinch River (~CRM 14.5) 0.0048
1956-1957 Clinch River (~CRM 10.5) 0.0049
Sanders (1970)
1970 EFPC (New Hope Pond) 0.00038
1970 EFPC (~EFPCM 14) 0.0002
1970 EFPC (~EFPCM 9.7) <0.0002
1970 EFPC (~EFPCM 6.5) <0.0002

UCC (1976-1983)

1975-1982 Clinch River (~CRM 11) <0.001

1975-1982 Clinch River (~CRM 9.7) <0.001

TVA (1985a)

1984 EFPC (EFPCM 14.36) 0.0014
1984 Poplar Creek (PCM 13.8) <0.0002
1984 Clinch River (CRM 24.0) <0.0002
1984 Clinch River (CRM 6.8) <0.0002

MMES (1988-1992)

1987, 1989, 1991 Clinch River (~CRM 9.7) <0.0002

1989, 1991 Clinch River (~CRM 10.5) 0.00017

Olsen et al. (1990)

1989 Watts Bar Reservoir (Whites Creek) 0.00021
Cook et al. (1992)

1990 Poplar Creek (PCM 00 5.5) 0.00028

1990 Clinch River (CRM 0to 12) <0.0002

1990 Waitts Bar Reservoir <0.0002

For each study, locations are listed in order of increasing downstream distance from Y -12 effluent release point (EFPC Mile 14.36)

EFPCM = East Fork Poplar Creek Mile; PCM = Poplar Creek Mile; CRM = Clinch River Mile

c The confluence of EFPC with Poplar Creek is at approximately PCM 5.5. The confluence of Poplar Creek with the Clinch River is at
approximately CRM 12.

o @
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Exposur e Pathwaysto Mercury in Surface Water

Surface water 6 Humans (Incidental ingestion)
Surface water 6 Humans (Dermal contact)

Surface water 6 Livestock (Meat) 6 Humans
Surface water 6 Dairy cattle (Milk) 6 Humans

The methods used by the project team to estimate historical mercury concentrationsin surface water that
may have been contacted by Oak Ridge residents or ingested by livestock are discussed in Section 7.1.

6.1.2 Pathways Associated with Exposureto Mercury in Air

Asdescribed in Sections 3 and 4, between 1953 and 1962, large quantities of mercury were released
directly to air from Y-12 primarily as a result of building ventilation systems installed to lower
concentrations of airborne mercury inhaled by workersin thelithium isotope separationsfecilities. Itis
likely that mercury aso volatilized from EFPC and from soil inthe EFPC floodplain. Airborne mercury
may have been inhaled by humans and/or livestock, or deposited on or absorbed by vegetation and
subsequently ingested by humansand/or livestock. However, uptake of mercury by livestock through
direct inhdation of airborne mercury islikely to have been minor compared to other routes of uptake (such
asingestion of mercury in surface water or in pasture grass). Therefore, the direct inha ation pathway was
not evaluated for livestock.

Exposure pathways evaluated for mercury in air are listed below.

Exposur e Pathwaysto Mercury in Air Releases
Air 6 Humans (Inhalation)

Air 6 Above-ground Fruits and Vegetables 6 Humans
Air 6 Pasture 6 Livestock (Meat) 6 Humans
Air 6 Pasture 6 Dairy cattle (Milk) 6 Humans

The methods used by the project team to estimate historical mercury concentrationsin air that may have
been inhaled by nearby populations or taken up by vegetation are discussed in Sections 7.2 and 7.3.
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6.1.3 Pathways Associated with Exposuresto Mercury in Soil/Sediment

Some of the mercury released to air and surface water was deposited on soil or sediment near the ORR.
Sampling dataindicate that mercury concentrationsin soil inthe EFPC floodplain areelevated. Further,
coresamplesof floodplain soil show stratification of mercury concentrationsin the soil, with the highest
concentrations typically at depths of approximately six-inches to one-foot below the surface (SAIC
1994b). These datasuggest mercury concentrationsin surface soil were higher in the past, pesking during
theyearsof highest rleasesfrom Y -12, and, during subsequent years, these soilswere overlain with less
contaminated material. In generd, areas of highest concentrations are in areas of the floodplain most
frequently inundated by flood waters.

Mercury occurs naturally in soils (Henke et a. 1993). Background concentrations of mercury in soilsin
the Eastern United Statesrange from <0.01 to 3.4 mg kg™ (Dragun and Chiasson 1991, see Table 5-8).
Mercury concentrationsmeasured by Oak Ridge Associated Universities(ORAU) insoil samplescollected
inthe city of Oak Ridge outside of the floodplain between 1983 and 1987 weretypicaly lessthan 1 mg
kg* (TDHE 1983; Hibbitts 1984; Hibbitts 1986). Therefore, inthisassessment, the project team focused
oneva uating exposuresto mercury in soil and sediment inthe EFPC floodplain. Exposuresto soil mercury
may have occurred through direct contact with soil or sediment, root uptake of mercury from soil into
vegetabl esand subsequent vegetabl eingestion, and/or root uptake or surface contamination of pasturewith
soil mercury and ingestion of beef and/or milk from cattle that grazed on the pasture.

Exposure pathways evaluated for mercury in soil or sediment are listed below.

Exposur e Pathwaysto Mercury in Soil or Sediment

Soil/ Sediment 6 Humans (Incidental ingestion)
Soil/ Sediment 6 Humans (Dermal contact)
Soil 6 Below-ground Vegetables 6 Humans

Soil 6 Livestock (Meat) 6 Humans
Soil 6 Dairy cattle (Milk) 6 Humans

Soil 6 Pasture 6 Livestock (Meat) 6 Humans
Soil 6 Pasture 6 Dairy cattle (Milk) 6 Humans

Themethods used by the project team to estimate historical mercury concentrationsin soil/sediment that
may have been contacted by Oak Ridge residents or ingested by livestock are discussed in Section 7.4.
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6.1.4 Fish Ingestion

Inorganic mercury in surface water systems may be converted to methylmercury by microorganismsin the
water column or bottom sediments, although concentrations of methylmercury in water or sediment are
generally very low (Huckebee et d. 1975; Gilmour et al. 1992). Fish and other aguatic species may
absorb or bioconcentrate methylmercury ether directly through the water or through the components of
thefood chain. Becausetherate of uptake of methylmercury by fishisrapid and the clearance rate very
dow, the net resullt ishigh methylmercury concentrationsin fish reaive to surrounding water and sediments
(Huckabee et al. 1975; Henke 1993; Bogle 1972; Cole et a. 1992). A number of studies show a
correlation between concentrations of mercury in fish and concentrationsin surface water or sediment. In
the absence of direct measurementsin fish, these correlations have been used to predict fish concentrations.

Whileindividualsmay have occasionally caught and consumed fish from EFPC, it isunlikely that the
numbers of fishin the creek during the years of peak releases(i.e., early 1950s through mid-1960s) were
aufficient to support subs stence fishing (Barnthouse and Deppen 1996). However, fish populations were
significantly larger further downstream in Poplar Creek, the Clinch River, and Watts Bar Reservoir.

The methodsused by the project team to estimate historical mercury concentrationsin fish are discussed
in Section 7.5.

6.2  Selection and Characterization of Exposed Populations

The dose an individual receives depends greatly on wheretheindividua isexposed. For example, as
airborne contaminants are transported away from the release point, air concentrations decrease through
dilution and deposition onto the ground or on other objects. Inaddition, individuasresiding at different
locations have different day-to-day activity patternsthat affect the rate at which they may be exposed to
a contaminant.

Individualswho historically lived near the ORR could have been exposed to mercury released from the
ORR a anumber of locations. In this assessment, populations at several locations were investigated to
capture potential variationsin population- or site-specific intake ratesand exposure point concentrations.
These“reference” populationsincludethoselikely to have had the highest exposures, dueto their activity
patternsand their proximity to release pointsand areas of high off-site concentrations, and those with lower
or moretypical exposures reflective of larger segments of the population.

This section describes the reference popul ations considered in this assessment and the exposure pathways
throughwhich it wasassumed they may have been higtorically exposed to mercury released from the ORR.
L ocations of these populationsare shown in Figure 1-2. Although exposure characteristicsand exposure
point concentrationsfor specific individual sin these popul ations may vary from those modeled inthis
assessment, the popul ation groups selected are intended to reflect exposuresto arange of individuaswho
resided in the Oak Ridge area.
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6.2.1 Selection and Characterization of Refer ence Population Groups

Asdescribed in Section 1, air exchange between Y -12 and the city of Oak Ridgeislargely impeded by
Pine Ridge, and winds blow predominantly northeast and southwest dong Bear Vdley, following theloca
terrain. However, EFPC flowsthrough agap in Pine Ridge, beyond New Hope Pond/ L ake Redlity, and
flows through business and residential areasin the city of Oak Ridge before joining Poplar Creek about
14 milesdownstreamfromY-12. Thus, individudsexposed to mercury released from Y-12 likely included
peopleliving downvaley from Y -12, exposed directly to mercury inair releases, aswell asindividuasliving
ontheother sde of Pine Ridge, exposed to mercury in EFPC. In addition, peoplewho fished in waterways
further downstream, including Poplar Creek, the Clinch River, and WattsBar Reservoir, may have been
exposed to methylmercury in fish.

Based on the locationsand activity patterns of peoplewho historicaly lived near the Y-12 Plant, severa
populations downvalley or downstream of Y -12 were selected for evaluation in the dose reconstruction.
These population groups were selected to estimate exposures to:

Q) Residents who lived in closest proximity to the Y-12 facility. These included
resdentswho lived in Wolf Vadley, thearea of nearest downwind residencesfrom
Y-12, and resdentsof the Scarboro Community, who lived lessthan one-hdf mile
from Y-12, on the opposite side of Pine Ridge.

2 Residentswho were likely among the most highly exposed off-site individuals,
due primarily to their activity patternsaswell asthe location of their residences.
Theseincluded residentswho lived in smal rura farmsat the western end of the
city of Oak Ridge, directly adjacent to the EFPC floodplain, and who were known
to have engaged in backyard gardening and raising livestock for personal use.

3 Residents who lived further from EFPC in suburban settings typical of the
lifestyle of most Oak Ridge residents, but who may have been exposed to
airbornemercury that volatilized fromthe creek. Whileexposurestoindividuas
in these population groups were likely lower than some of the other groups, itis
assumed that the size of these population groups was substantially larger.

4) Sudentswho attended a school directly adjacent to EFPC (Robertsville Junior
High School), who may have been exposed to airborne mercury that volatilized
from the creek, or played in and around the creek.

(5) I ndividual swho fished in downstreamwaterways, including Poplar Creek, the
Clinch River, and Watts Bar Reservoir, and may have been exposed to mercury
in fish that they consumed.
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Population groups evaluated in this assessment are described below. For each population group,
exposures parameters PDFs were defined to characterize the range of exposures likely within the group
of individuals making up thepopulation. Much of theinformation used to describe behaviorsand possible
exposures of these population groups was gathered during interviewswith arearesidents (compiledin
DaMassa 1995) or from higtorical literature and land useinformation. Other information (including intake
rates) isbased largdy on published information in the scientific literature that Satistically evauates exposure
patternsin different populationsin the United States (including datafrom the United States Environmenta
Protection Agency (USEPA) and the United States Department of Agriculture (USDA)). To some extent,
however, thereisuncertainty about thetrue value of the parameters used to describe exposure (such as
rates describing how much milk or vegetables people consumed, or how often they played in EFPC).
Consequently, exposure parameter PDFswere aso sel ected to encompass the uncertainty about the true
vaueof aparameter for individuasin the population. Exposure parameter PDFsfor each popul ation group
are summarized in Section 9 and described in detail in Appendix V.

6.2.1.1 Wolf Valley Residents
Activities and Characteristics of the Population

Meteorol ogical data collected between 1987 and 1992 by X-10 personnel at atower near the east end
of the Y-12 Plant show that winds blow predominantly northeast and southwest (Figure 6-1) along Bear
Creek/ Union Vdley between Pine Ridge (approximately 300 feet high) and Chestnut Ridge, following the
locdl terrain. The nearest dwelling historically present dong the predominant airflow direction during the
time of maximum airborne releases (1953 to 1962) was on the opposite side of the Clinch River (now
Méeton Hill Lake), intheextension of Union Valey about five milesnortheast of the Y-12 Plant (DaMassa
1995). Thisrural setting, known astheWolf Valey area, has consisted of residencesand small farmssince
before World War 11 (DaMassa 1995).

Inthisassessment, it was assumed that individual s (adultsand children) residing in Wolf Valley raised
garden fruits (e.g., berries) and vegetables, dairy cows, and beef cattle, and may have been exposed to
mercury through the pathways listed below.
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Figure 6-1: Wind rose for the Y-12 facility [based on measurements from
meteorological tower “MT5” (east), 1992, 10-m level).

NOTE: A wind rose graphically depicts frequencies of wind directions and speeds at a
location where measurements have been made. There are 16 lines or “spokes” radiating
out from the center of the wind rose, one for each 22.5-degree wind direction sector (i.e.,
N, NNE, NE, etc.}. Wind roses are typically prepared so that the north sector represents
true north (as opposed to magnetic north or a locally-defined grid north). The length of
the line in each sector indicates the fraction of total hours that the wind was blowing from
that stated direction. In this example, each concentric ring that a line crosses represents
3 percent of the measured data. For example, the wind was blowing from the northeast
just over 15 percent of the time. The prevalences of different wind speed classes are
often depicted by varying widths along the line in each sector. In this wind rose, for
example, 2 majority (approximately 75%) of the winds from the ENE fell within the 0 to
2.0 meters per second wind speed class, while about 20% fell within the 2.0 to 4.0 m/s
class and about 5% fell in the 4.0 to 6.0 m/s class.

6-9
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Exposur e Pathways Evaluated for Wolf Valley Residents

Air (pathways associated with direct airborne releases from Y-12)
Air = Humans (Inhalation)
Air +— Above-ground Fruits and V egetables =+ Humans (I ngestion)

Air + Pasture + Dairy cows (Milk) = Humans (Ingestion)

Air + Pasture + Livestock (Meat) + Humans (Ingestion)

Population Sze

Examination of USGS quadrangle maps (Clinton quadrangle) for 1952, 1968, 1975, and 1990 shows that
the number of buildingsin the Wolf VVdley areawithin onemile of Clinch River/ Mdton Hill Lakeincreased
dightly between 1952 and 1990 from about 14 to 20 buildings (USGS 1952, 1968b, 1975, 1990). Based
on thisnumber of residences, it isestimated that during agiven year between 1950 and 1990, the Size of
the Wolf Valey population within one mile of Clinch River/ Meton Hill Lake was between 30 and 100
individuds. Per Isragli and Nelson (1992), the average residence time for afarm family household (based
on datafrom 1985 and 1987 U.S. housing surveys) was 17.3 years, individua swithin agiven household
may have lived a the resdencefor ashorter time. Assuming that in any given year, 1/15 of theWolf Vdley
population left and was replaced by new residents, the total popul ation size between 1950 and 1990 was
estimated to be between 100 and 350 individuals.

6.2.1.2 Scarboro Community Residents
Activities and Characteristics of the Population

The Scarboro Community islocated approximately 0.3 milesnorth of Y-12 on the opposite sideof Pine
Ridge. The Scarboro Community was built in the late 1940sto house black workers who had been living
in hutmentsin other areas of Oak Ridge. The decision was made to establish the Scarboro Community
a theformer ste of the GambleValey Traler Campin 1948. The Scarboro Community wasfirst opened
to residents in 1950, and has been continuously inhabited since.

The Scarboro Community isaresidentid areaconssting of snglefamily homes. Somefamilieshad smdll
backyard gardens. Although meteorological studiesindicate that windsnear the Y -12 Plant predominantly
follow Bear Creek/ Union Vdley, meteorological studies and ambient air monitoring programs (including
anair monitoring program for uranium fromthe Y -12 Plant) indicate that thelocal ridgesarenot perfect
barriers— some degree of transport of airborne effluentsfrom the Y -12 Plant into adjacent valeys occurs
(theelevation of the Y-12 building exhaust was as much as 90 feet above the ground, compared to the
elevation of Pine Ridge 300 feet abovetheground). Low concentrationsof mercury have been measured
insoilsaround the Scarboro Community, resulting most likely from deposition of airborne mercury from
either direct releases from Y-12 or volatilization of mercury from EFPC.
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In addition to exposuresto mercury while at home, some residents of the Scarboro Community reported
that they traveled the short distance to EFPC to engage in recreationd fishing or other activities such as
wading or playing in the creek, particularly during the 1950swhenthe city of Oak Ridge was segregated
and accessto somerecreational facilitieswasrestricted. Fish and other aquatic biotareportedly caught
during the 1950s and 1960s by Scarboro residents included bluegill, stripers, crappies, bass, sunfish,
crayfish, andturtles(DaMassa1995). Accountsdiffer asto whether water quality in EFPC during this
period could have supported fish popul ations (DaM assa 1995)S it has been suggested that fish reportedly
caught in EFPC were actudly caught in tributariesto EFPC; however, for purposes of thisassessment, it
isassumed that individuals who lived in the Scarboro Community and fished in EFPC occasionally
consumed fish that they caught from the creek.

In thisassessment, it was assumed that individuals (adults and children) residing in the Scarboro Community
could have been exposed to mercury through the pathways listed below.

Exposur e Pathways Evaluated for Scarboro Community Residents

Air (pathways associated with both direct airborne releases from Y-12 and volatilization

Air =~ Humans (Inhalation)

Air +— Above-ground Fruits and V egetables -+ Humans (I ngestion)
Soil (pathways associated with backyard soil)

Soil =+ Humans (Incidental ingestion)

Soil =+ Humans (Dermal contact)

Soil =+ Below-ground Vegetables — Humans (Ingestion)
Sediment (pathways associated with EFPC sediment)

Sediment =+ Humans (Incidental ingestion)

Sediment +~ Humans (Dermal contact)
Surface Water  (pathways associated with EFPC water)

Surface water =+ Humans (Incidental ingestion)

Surface water =+ Humans (Dermal contact)

Fish  (pathway associated with EFPC fish)
Fish = Humans (Ingestion)
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Population Sze

The 1950 censusindicated that the non-white popul ation of Oak Ridge was approximately 1,200 people.
USGS quadrangle maps (Bethel Valley Quadrangle) for 1953 shows approximately 200 housesin the
Scarboro area (USGS 1953a). A number of additional buildings (about 10 to 20) are apparent in the 1968
and 1989 quadrangles (USGS 1968a, 1989). Based on the census dataand USGS maps, it is estimated
that the population of Scarboro during agiven year between 1950 and 1990 was between 800 and 1,200
people. Per Israeli and Nelson (1992), the averageresidencetimesfor rura and urban households (based
on datafrom 1985 and 1987 U.S. housing surveys) were 7.8 and 4.2 years, respectively. Assuming that
the average residence time for individual s in the Scarboro Community was intermediate between these
vaues (about 6 years), it was assumed that in any given year, 1/6 of the population may have left and been
replaced by new residents. Based on these assumptions, the total population size between 1950 and 1990
was estimated to be between 6,000 and 10,000 individuals.

Giventhe 9ze and characteristics of EFPC and itslow productivity, it isunlikely that a substantiad number
of anglersused it asafishery. Anecdota information indicatesthat EFPC has not aways supported vigble
fish populationsasaresult of industrial releasesfromY-12. Because of thesefactors, the project team
assumed that the total population of anglersin EFPC between 1950 and 1990 was less than 100
individuals.

6.2.1.3 Robertsville School Children
Activities and Characteristics of the Population

Robertsville Junior High School islocated on Robertsville Road, north of the Oak Ridge Turnpikeand just
west of IllinoisAvenue. The schoolyard isdirectly adjacent to EFPC, on the north side of the creek at
approximately EFPC Mile 12. The school islocated at the site of the original Robertsville School, a
country schoolhouse that belonged to the community of Robertsville, one of four original farming
communities displaced prior to construction of the ORR. Inthe early 1940s, Jefferson School was built
intemporary buildingsat the site, incorporating the origina schoolhouse. Initialy an eementary school,
Jefferson School was converted to ajunior high school, comprising grades seven through nine, shortly
before the end of World War 11 to relieve pressure on the overcrowded Oak Ridge High School. Inthe
early 1950s, thetemporary buildingswere replaced by permanent structures, and the school wasrenamed
Robertsville Junior High School (Skidmore Owings & Merrill 1948, Overholt 1987).

The Robertsville Junior High School yard includes severd playfiedsthat directly abut EFPC. Partsof the
school yard haveflooded during thelast 50 years. For example, during an April 1956 flood, overflow from
EFPC covered the football field end zone to a depth of approximately onefoot (TVA 1959). Higtoricaly,
there has been afootbridge across EFPC at the location of the school (TVA 1959), and there are no
physical restrictionsto creek access. Inthisassessment, it isassumed that Robertsville Junior High School
students may have been exposed to airborne mercury and contacted contaminated soilsin the school yard,
particularly the area closest to the creek that was subject to occasional flooding.
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In addition, some students may have occasondly engaged in recregtiond activity in or dong EFPC (such
aswading), resulting in exposure to mercury in sediment or surfacewater in the creek. Some former
residents of Oak Ridge report having played in EFPC and nearby creeks as children for periods of up to
eight hours per day several times per week during the summer, and that there was aswimming hole used
by asmall number of children during the 1950s between approximately EFPC Mile 10 and 11, near the
present Site of the Weigl€ s conveniencestore (DaMassa 1995). Two individua swho grew up near EFPC
inthe late 1940s and 1950s reported that construction workers occasiondly gave the children plywood,
and the children would build rafts to float down the creek (DaMassa 1995).

In this assessment, it was assumed that Robertsville Junior High School children could have been exposed
to mercury through the pathways listed below.

Exposur e Pathways Evaluated for Robertsville School Children

Air (pathway associated with volatilization from EFPC)
Air = Humans (Inhalation)

Soil (pathways associated with schoolyard soil)

Soil =+ Humans (Incidental ingestion)
Soil =+ Humans (Dermal contact)

Sediment (pathways associated with EFPC sediment)
Sediment = Humans (Incidental ingestion)
Sediment +— Humans (Dermal contact)

Surface Water (pathways associated with EFPC water)

Surface water = Humans (Incidental ingestion)
Surface water =+ Humans (Dermal contact)

Population Sze

Robertsville Junior High School was built to serve approximately 2,000 students (Skidmore Owings &
Merrill 1948). It was assumed that these students were primarily exposed to airborne mercury and
mercury in contaminated floodplain soil. Assuming about one-third of these sudentswere new every year,
the total population size between 1950 and 1990 was estimated to be between 20,000 and 30,000
students.

It was more difficult to determine the fraction of school-age children who regularly used the stream for
recreational purposes and may have been exposed to mercury in surface water and sediment. The
attractiveness of EFPC for recreational purposesislimited in many areas dueto the varying depth, width
and steepness of the banks. 1n addition, access would have been limited in some areas due to proximity
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to private properties and roads. Although afootpath used by schoolchildren to cross the stream was
identified, the existence of abridge along the path wasassumed to have limited the likelihood of contact
with the sediments and surface water of the stream. Based on these considerations, the project team
assumed that the children regularly using the stream were those who lived in close proximity to the stream.
Based on interviews with area residents, the project team assumed that approximately 5 to 20 of the
elementary school age children who lived near the stream at any onetime used it for recrestiond activities.
It was assumed that a new group of children began using the stream every six years, resulting in an
estimated total population size between 1950 and 1990 of 100 to 300 children.

6.2.1.4 EFPC Floodplain Farm Family
Activities and Characteristics of the Population

Land within the boundaries of the EFPC floodplain has historically been mostly undevel oped. However,
data gathered during interviews of current and former Oak Ridge-arearesidentsindicate that several
familieslived adjacent to the EFPC floodplain and farmed in or near the floodplain (DaM assa 1995).
These familiesresided between approximately EFPC Miles 8 and 11 (near the present day location of
Windsor Drive). Farming activitiesincluded raising beef and/or dairy cattle. Typicdly, when beef cattle
weredaughtered, some of the meet was kept for family useand somewassold. Milk from dairy cattlewas
kept for family use. Individualswho lived near EFPC reported that livestock that grazed along EFPC
ingested surface water from the creek.

Farm familieswho lived near EFPC also grew fruits and vegetablesin backyard gardens, some of which
wasreportedly canned or frozen for year-round use (DaMassa1995). Interviewswith individualswho
farmed or rai sed vegetabl es adjacent to EFPC indicate that EFPC surface water was not used for irrigation
(DaMassa 1995).

Individuaswho historicaly lived near EFPC indicated that, during the 1950s and 1960s, they occasiondly
contacted EFPC surfacewater during farming or recreationd activities. Membersof onefarm family report
that their children were taught how to swim in EFPC (DaMassa 1995). Members of these families,
particularly children, reportedly occas onally caught fish from EFPC; however, itisunlikely that thefish
populations during the years of peak releases were sufficient to support subsistence fishing or that
consumption of large numbers of fish was desirable due to the apparent contamination of the creek
(DaMassa 1995, Barnthouse and Deppen 1996).

Inadditionto livestock grazed in thefloodplain by familieswho lived directly adjacent to thefloodplain,
severd larger commercia herdswere dso reported to have been grazed in the floodplain during the 1950s
through 1970s (DaMassa 1995). Theseincluded a herd on the Oak Ridge Turnpike across from the
Bruner’s Center from 1961 to 1974 (at approximately EFPC Mile 11), aherd near theinflow of Mill
Creek during the 1950s and 1960s (at approximately EFPC Mile 9), and aherd just east of the present
day location of the Oak Ridge Country Club during the 1950s and 1960s (at approximately EFPC Mile
8). Thesewerereportedly beef cattlerai sed for daughter; these commercial herdsreportedly drank water
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from EFPC. In addition, after 1965, aherd of beef cattle was reportedly grazed further upstream on EFPC,
acrossthe creek from the NOAA site (at approximately EFPC Mile 14). Unlikethe other herds, these
animasreportedly did not drink water from the creek, but from aspring that originated onthe*Y-12 Hill”
(DaMassa 1995).

The EFPC floodplain farm family popul ation was assumed to reside at approximately EFPC Mile 10, with
potential exposure to mercury through the pathways listed below.

Exposur e Pathways Evaluated for the EFPC Floodplain Farm Family

Air (pathways associated with volatilization from EFPC)
Air = Humans (Inhalation)
Air + Above-ground Fruits and V egetables =+ Humans (I ngestion)
Air + Pasture + Dairy cows (Milk) = Humans (Ingestion)
Air + Pasture + Livestock (Meat) +~ Humans (Ingestion)
Soil (pathways associated with EFPC floodplain soil)
Soil = Humans (Incidental ingestion)
Soil =+ Humans (Dermal contact)
Soil =+ Below-ground Vegetables — Humans (Ingestion)
Soil =+ Livestock (Meat) = Humans (Ingestion)
Soil =+ Dairy cows (Milk) = Humans (Ingestion)
Soil =+ Pasture = Livestock (Meat) = Humans (Ingestion)
Soil =+ Pasture = Dairy cows (Milk) — Humans (Ingestion)
Sediment (pathways associated with EFPC sediment)
Sediment = Humans (Incidental ingestion)
Sediment +~ Humans (Dermal contact)
Surface Water (pathways associated with EFPC water)
Surface water = Humans (Incidental ingestion)
Surface water = Humans (Dermal contact)
Surface water =+ Livestock (Meat) =+ Humans (Ingestion)
Surface water =+ Dairy cows (Milk) +— Humans (Ingestion)

Fish (pathway associated with EFPC fish)
Fish + Humans (Ingestion)
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Population Sze

Availabledatasuggest therewere gpproximatey ten farmsin the EFPC floodplain over the history of ORR
operations. Based on thisnumber of farms, the number of farm family individuals was estimated to range
between 10 and 50 during agiven year from 1950 and 1990. Assuming that in any given year, 1/15 of the
population left and was replaced by new residents (Israeli and Nelson 1992), the total population size
between 1950 and 1990 was estimated to be between 40 and 200 individuals. It is not known how many
people may have been exposed to mercury in beef from cattle that were grazed in the floodplain and sold
for slaughter.

6.2.1.5 Oak Ridge Community Near-Floodplain Residents
Activities and Characteristics of the Population

Two* near-floodplainresident” locationswere sel ected asrepresentative of exposuresto individuds (adults
and children) who lived in residentia areas outside of the floodplain yet near EFPC, who may have been
exposed to mercury volatilized from EFPC. In addition to direct inhalation of airborne mercury, itis
assumed that theseresidentsmay have had their own backyard gardensand consumed fruitsand vegetables
containing mercury takenupfromair. The*near-floodplainresident” populationlocationsevauatedinthis
assessment are on the north side of Tennessee Highway 95 (the Oak Ridge Turnpike)— Community
Population #1 islocated on LouisanaAvenuejust northeast of theintersection of LouisanaAvenue and
Lincoln Road, approximately 200 yards north of thefloodplain, and Community Population#2 islocated
off of Jefferson Avenue, between Robertsville Road and Livingston Road and across from Johnson Road,
approximately one-quarter mile from EFPC (Figure 1-2).

In this assessment, it was assumed that near-floodplain residents could have been exposed to mercury
through the pathways listed below.

Exposur e Pathways Evaluated for Near-Floodplain Residents

Air (pathways from volatilization from EFPC)

Air =~ Humans (Inhalation)
Air +— Above-ground Fruits and V egetables -+ Humans (I ngestion)

Population Sze

The population of the city of Oak Ridge reached a peak of about 77,000 individualsin 1945, then
decreased rgpidly and stabilized at around 27,000 to 30,000 individuals (Overholt 1987, Broughton 1989).
Historical population estimates are presented in Table 6-2.
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Table 6-2: Estimated Population of the City of Oak Ridge between 1943 and 1990

Y ear Population
1943 0
1945 77,000
1950 30,200
1960 27,200
1970 28,300
1980 27,700
1990 27,310

Sources: Overholt (1987), Broughton (1989)

Asoriginaly planned, most of theresidentia areas of the city of Oak Ridge werenorth of the Oak Ridge
Turnpike (Skidmore Owings & Merrill 1948). In the 1948 Oak Ridge Master Plan, the neighborhoods
west of 1llinois Avenue and what was then Gamble Road were designated as neighborhoods 7, 8, and 9.
Inthe 1940s, housing in these neighborhoods cl osest to EFPC consisted primarily of dormitoriesor other
multiple-family gpartment-type dwellings. Approximately 20 of these unitswere located within one-quarter
mile of EFPC in thisarea, on theflat land closeto EFPC. Each of these dormitories housed an average
of about 130 people (Skidmore Owings & Merrill 1948). However, by thelate 1940s, approximately
three-fourths of these unitswere no longer used for housing (Skidmore Owings & Merrill 1948). Itis
assumed that asmany as 600 individua smay have been livingin these unitsin the early 1950s, and that the
majority were single male workers. It is assumed that these individuals did not have gardens.

In the early 1950s, about 30 “ garden gpartment” buildingswith atotal of 453 apartmentswere built just
south of the Oak Ridge Turnpike, west of the present day location of 11linois Avenue (Skidmore Owings
& Merrill 1948, USGS 1952). Apartments of thistype were designed to house an average of between
two and three people per unit. Based on thesefigures, it isestimated that about 900to 1,300 individuals
livedintheseunitsintheearly 1950s. It isassumed that theseindividuasdid not have gardens, or that they
had small container gardens. By 1968, most of the dormitories had been removed, athough the gpartment
buildings remained (USGS 1968a).

Based on housing units shown on USGS quadrangle mapsfrom 1952 and 1953 (Windrock and Bethel
Valey Quadrangles, USGS 19534, b), it isestimated that there were about 250 detached homeswithin
one-quarter mileof EFPCinwest Oak Ridge (west of I1llinois Avenue) inthe early 1950s. However, data
inthe 1948 Master Plan indicate that about two-thirds to three-fourths of these units were two-family
homes, with the remainder being single-family homes. Thusitisestimated that unitsfor about 400 to 450
familiesexiged inthisareaintheearly 1950s. By 1968, gpproximately 40 to 50 new homes had been built
within severa hundred yards of EFPC off Lynwood Road, and about 150 new homeswere added within
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one-quarter mile of EFPC in the Oak Hills Estates area (USGS 1968a). Based on these data, it is
estimated that during the 1960s, 1970s, and 1980s, detached homesfor about 600 to 650 familiesexisted
inthisarea

Average household sizesin Oak Ridge have decreased over theyears. In 1948, the average household
gzewas 3.34 individuds (Skidmore Owings& Merrill 1948). By 1970, the household size had decreased
to3.00individuas, and by 1980it had further decreased to 2.50 individuals (Broughton 1989). Based on
thesefigures, it was estimated that the popul ation sze within one-quarter mile of EFPC during agiven year
between the early 1950s and the early 1990s was between 2,000 and 3,500 individuals. Assuming one-
sixth of these individuals moved every year and were replaced by new residents, it is estimated that
between 15,000 and 30,000 individuals lived in this area between 1950 and 1990.

6.2.1.6 Downstream Angler Populations
Activities and Characteristics of the Populations

Potential exposureto mercury through fish consumption waseva uated for individua swhofishedin Clinch
River/ Poplar Creek and WattsBar Reservair, in addition to individua sfrom the Scarboro Community and
EFPC Floodplain Farm Family populations who were assumed to occasionally catch and consumefish
from EFPC. Studiesof mercury in fish downstream from EFPC show that concentrations of mercury in
fish were frequently abovefish advisory levels (see Table 5-7 and Appendix J). In generd, exposureto
mercury through fish consumption isrecognized as one of the primary pathwaysof exposure to mercury
worldwide (WHO 1976; Clarkson 1990; Fitzgerald and Clarkson 1991; ATSDR 1994).

Historical fish consumption ratesfor four angling populationswho fished Clinch River/ Poplar Creek or
Watts Bar Reservoir were estimated (see Appendix L). In addition, consumption of fish from these two
river sysemswas evauated for three categories of fish consumers based on the number of fish measthat
these individuals consumed (for an adult female, an average fish meal is assumed to be 170 g).

Angling populations downstream of EFPC that were evaluated were:

. Watts Bar Reservoir Commercia Anglers,

. Watts Bar Reservoir Recreational Anglers,

. Clinch River/ Poplar Creek Commercial Anglers, and
. Clinch River/ Poplar Creek Recreational Anglers.

Theterm “recreational angler” isused to describeindividua swho caught fish for persona consumption,
while*commercia angler” refersto full-time anglerswho used commercia fishing gear to catch large
amountsof fishfor commercid sde. 1t isassumed that commercid anglers consumed fish they were unable
to market. These angling populaionsare characterized in detail in Appendix L. Higtorical minimum, meen,
and maximum consumption rates estimated angler populations are summarized in Table 6.3.
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Table 6-3: Fish Consumption Rate Distributions for Angler Populations®

L ower-Bound Arithmetic Mean Upper-Bound
P . Consumption Consumption Consumption
opulation .1 o .1
(gd? (gd?) (gd?
Wetts Bar Reservoir Commercial Angler 0.97 24 90
Clinch River/ Poplar Creek Commercial Angler 0.090 2.2 8.4
Weatts Bar Reservoir Recreational Angler 12 30 110
Clinch River/ Poplar Creek Recreational Angler 0.76 18 65
East Fork Poplar Creek Angler 0.047 12 4.6

® The shapes of the consumption rate distributions for the Commercial and Recreational Angler populations are
lognormal ; the upper- and lower-bound values shown represent the 5" and 95" percentiles of the distributions.

Categories of fish consumers that were evaluated were as follows:

. Category 1S >1t0 2.5fish meals per week (equivalent to approximately 24 to 61
g d*, assuming 170 g per fish meal)

. Category 2S > 0.33 to 1 fish meals per week (or more than 1 meal every 3
weeksto 1 meal per week, equivalent to approximately 8.0 to 24 g d*, assuming
170 g per fish meal)

. Category 3S 0.04 to 0.33 fish med s per week (or 1 meal every six monthsto 1
meal every 3 weeks, equivaent to approximately 0.97t0 8.0 gd*, assuming 170
g per fish meal)

Based on the historical fish consumption rates estimated for angler populations downstream of Y-12
presented in Table 6-3, Category 3istheonly category of fish consumer likely to have existed for EFPC.
Interviewswith Oak Ridge arearesidents, including resdents of the Scarboro Community, suggest that the
maximum rate of consumption of fish from EFPC was about one meal per month (DaMassa 1995).

Population Sze

TennesseeVadley reservairs, including WattsBar Reservoir, and their tailwatersare productive and popul ar
recreational fisheries. In addition, Watts Bar Reservoir has been commercialy fished since its
impoundment. For Waitts Bar, the project team conservatively assumed that there were atotal of seven
full-time commercid anglersinagiven year (Hargis 1968), and that each year one angler stopped activity
and another commenced activity. The resulting estimate of the total commercial angler population
potentially exposed between 1945 and 1995 may have been aslarge as 57 anglers. Becauseit was
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reasonableto assumethat membersof commercid anglers familiesmay have consumed fish caught by the
angler, an average household size of 3.1 individuas (average of household s zes between 1960 and 1990)
was assumed to derive an estimate of 180 individuaswho may have consumed al of their fish fromthis
source over the duration of the ORR operations. Given theuncertaintiesin this estimate, the population
size was estimated to be between 100 to 300 persons.

In the absence of recreationd angler population datafor Watts Bar, abase popul ation size was estimated
using dataonlevel of effort (total trips) and the number of tripsthat the average angler might have taken
inayear. TWRA (1993) reported 150,698 tripsin 1990 for Watts Bar. Based on the assumption that
the average Tennessee angler took 14.6 fishing tripsto lakesand reservoirsin asingle year (USDOI 1993),
it was estimated that approximately 10,321 anglersfished WattsBar in 1980. Based onloca censusdata
for that year, this angler population represented approximately six percent of the total population of
Anderson, Loudon, Meigs, Rheaand Roane Countiesat that time. To develop population estimates, it was
first assumed that, in any given year, approximately six per cent of the total population, reported by the
censusfor these counties, fished Watts Bar. Thisfactor was applied to the total population datafor each
of the census years during the time period of interest to estimate population sizein agiven year. Dueto
changesin residence and fishing behavior over time, however, the same individuas could not be assumed
tofishthereservoir during every year. Thus, it wasimportant to include an annual turnover rate when
estimating thetotal number of potentialy exposed individuasover theperiod of interest. By adjustingfarm
family residence times reported by Israeli and Nelson (1992) to reflect alower rate of inter-regiona
mobility, amean exposure duration of 31 yearswasderived. It wasassumed that inany given year, 1/31
of the angler population was replaced by new anglers. Using thisassumption, assuming 3.1 individudsin
thetypica angler household, and accounting for increasesin the loca population from yeer to year, it was
estimated that gpproximatdy 132,000 individuas may have consumed recregtiondly-caught fish from Wetts
Bar between 1945 and 1995. Based on thisanaysis, apopulation size ranging from 100,000 to 300,000
persons was estimated for Watts Bar.

However, itisunlikely that the Clinch River/ Poplar Creek systemwas commercially fished to any great
degree dueto limited accessto larger boats and the proximity of the Watts Bar commercid fishery. While
itispossblethat the Clinch River/ Poplar Creek system was used for commercia fishing, the catch by full-
time commercid anglerswas probably small compared to the catch from the larger, more productive, and
more accessible Watts Bar Reservoir (Ebert 1996). For the Clinch River /Poplar Creek, the project team
used the data reported for Watts Bar combined with datafrom Todd (1990) that reported that only 20
percent of commercia anglersfishedrivers. If thispercentage was applied to the seven anglersestimated
for WattsBar Reservoir, theresulting estimatewas onecommercid angler using Clinch River/Poplar Creek
inagivenyear. It wasconsarvatively assumed that every sevenyears another angler beganto fishthe areq,
resultinginatotal commercia angler population sizeestimated at eight individual sbetween 1945 and 1995.
Assuming 3.1 individudswereinthetypica commercia angler household, it was estimated that atota of
25 individuds may have consumed dl of their fish from this source on the Clinch River/Poplar Creek during
operation of theORR. Giventheuncertaintiesin thisestimate, the project team estimated apopulation size
ranging from 10 to 30 individuals.
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Therewere no dataavailableto provide estimates of the number of anglerswho may have used Clinch
River/Poplar Creek asafishery. U.S. Fishand Wildlife (USDOI 1993) datafor Tennesseeindicated that
atotal of 479,600 state residentsfished largelakesor reservoirsduring 1991. Inthat sameyear, 338,300
anglersfished the state’ sriversor streams. Based on those data, it gppeared that he number of anglerswho
fished riversand streamswas approximately 70 percent of the number of anglerswho fished |akesand
reservoirs. Applying this percentage to the estimated 132,000 persons consuming recreationally-caught
fishfrom Watts Bar, resulted in an estimated popul ation sizefor Clinch River/Poplar Creek anglers of
92,000. A population size ranging from 30,000 to 100,000 individual s who consumed fish asaresult of
recreational angling on Clinch River or Poplar Creek during the years the ORR has been in operation was
assumed for thisanalysis.

6.2.2 Potentially Sensitive Population Subgroups

Typicaly, in human hedth risk assessment, exposures are eva uated for two popul ation subgroups— adults
and children— because of differences in exposure characteristics and intake rates. Children are often
considered to be more susceptibleto adverse hedl th effectsfrom exposure to contaminantsthan adults, in
part because of therelatively higher ratio of intakerate to body weight in children as compared to adults.
In this assessment, exposures to both adults and children were considered.

Asdiscussed briefly in Section 5.0 and in greater detail in Section 11.0, each of the several forms of
mercury associated with environmental exposureshasadifferent health effect endpoint. For example,
chronic (long term) exposureto highlevel sof dementa mercury, such asinworkplace exposures, hasbeen
associated with centra nervous system (CNS) effectsin someindividuals, including tremor, changesin
persondity and behavior, lossof memory, and depression (Goyer 1996), whilein someindividuds, chronic
expaosureto high concentrations of inorganic (mercuric) mercury has been shown to affect kidney function.

The primary effects of exposure to organic (methyl) mercury arealso on the CNS, although studies of
methylmercury exposuresin several populations suggest that the fetus may be particularly susceptibleto
adverse health effects from methylmercury exposure. Thisis because organic mercury can crossthe
placentaand the blood-brain barrier, so that women pass methylmercury to thefetus during pregnancy, and
because of the sensitivity of the developing nervous system (Marsh et al. 1980; Marsh et al. 1987,
Clarkson et d. 1985; Kjelstrom et a. 1986; Skerfving 1988; Clarkson 1990). Although investigations of
acute and subchroni c exposuresto high concentrations of methylmercury in Minamata, Japan and Iraq
showed an increasein CNSeffectsin children exposed in utero, these reports were associated with no
or slight transient symptoms in the mother (Clarkson et a. 1985; Marsh et a. 1987 Clarkson 1990).

Thereis some evidence that sengitivity of the devel oping nervous system to methylmercury exposure may
continue shortly after birth (i.e., postnatal). A study of methylmercury exposuresin juvenilemice suggests
that postnatal exposure may result in devel opmental effects, but no dose-responsedataareavailable(i.e.,
data linking a specific level of exposure to a specific response; Sager et al. 1984; Stern 1993).
Observations of developmental effectsresulting from postnatal methylmercury exposure have not been
confirmed in humans.
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Dataindicating an increased risk of reproductiveeffectsfollowing ingestion of inorganic mercury have not
beenidentified. Though the databaseislimited, there is some evidence from workplace exposure and
animd gtudiesthat theincidence of adverse reproductive effects may increase following exposuresto high
concentrations of airborne elemental mercury (ATSDR 1997; IRIS1998). However, other studies have
detected no adverse reproductive effects, and available data are not sufficient to eval uate dose-response
relationships. Nonetheless, because very young children and the devel oping fetus may be more sensitive
to exposure to mercury than older populations, exposures to these potentially sensitive population
subgroups were considered in this assessment.

Childhood exposureswere al so evauated for students of Robertsville School, ajunior high school located
adjacent to thefloodplain serving grades 7 through 9. For this population group, exposureswere eva uated
for children assumed to be between 12 and 15 years of age.

Datafrom the 1948 Oak Ridge Master Plan indicate that in the late 1940s, approximately 20% of the
population of Oak Ridge were women between 20 and 35 years of age, and 17.5% were children under
theageof 4. Itisassumed that approximately 15% were children between 6 monthsand 3 years of age.

The population subgroups eva uated for each of the reference population groups are summarized in Table
6-4.
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Table 6-4: Population Subgroups Evaluated in the Mercury Dose Reconstruction

Approximate Population Size per Year

Refer ence Population Subgroups Evaluated (Approximate Total Population Size) #

Wolf Valley Farm Family Adult 30- 100

Child (6 mo - 3 yrs) (100 - 350)
Scarboro Community Adult 800 - 1,200
Residents Child (6 mo - 3yrs) (6,000 - 10,000)
Robertsville School Child (12 - 15 yrs) general students®: 1,500 - 2,000
Children (20,000 - 30,000)

recreational users of EFPC ©: 5-20
(100 - 300)

East Fork Poplar Creek Adult 10-50
Floodplain Farm Family Child (6 mo - 3 yrs) (40 - 200)
Oak Ridge Community Adult 2,000 - 3,000

Residents

Child (6 mo - 3yrs)

(15,000 - 30,000)

EFPC Angler Adult (<100)
Child (6 mo - 3 yrs)
In utero exposure®
Watts Bar Commercial Adult 20- 30
Angler Child (6 mo - 3yrs) (100 - 300)

In utero exposure®

Weatts Bar Recreational
Angler

Adult
Child (6 mo - 3yrs)
In utero exposure®

10,000 - 30,000
(100,000 - 300,000)

Clinch River/ Poplar Creek | Adult 1-5
Commercial Angler Child (6 mo - 3 yrs) (10- 30)

In utero exposure®
Clinch River/ Poplar Creek | Adult 3,000 - 10,000

Recreational Angler

Child (6 mo - 3 yrs)
In utero exposure®

(30,000-100,000)

EFPC Anglers

Adult
Child (6 mo - 3yrs)
In utero exposure®

10- 30
(30 - 100)

(9]

Estimated total population size during agiven year. For the Wolf Valley, Scarboro, EFPC floodplain farm family, and
Oak Ridge community residents, adult females of child bearing age and children 6 mo to 3-years of age were assumed to
comprise approximately 20% and 15% of the total population, respectively.

Assumed to be exposed to mercury in air and contaminated floodplain soil.

Assumed to be exposed to mercury in EFPC surface water and sediment.

The number of fetuses that may have been affected (average doses above the NOAEL) was estimated based on birth
rates, the fraction of women of childbearing age, their fish consumption rates, and annual fractions of consumers that
exceeded the NOAEL for in utero exposure. The estimate is uncertain, but is nearer to 100 than to 1,000.
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Estimated doses for each subgroup differ because each was evaluated using exposure characteristics
specifictothat population (such asbody weights, ingestion rates, and inhalation rates). Inaddition, different
exposure times were used to devel op average intake rates. For example, chronic exposuresto adultsand
children were evauated by averaging exposures over oneyear. Datafrom methylmercury exposuresin
Minamataand Irag suggest that the late embryonic and fetdl stages, particularly in the second trimester of
pregnancy, may bethe periods of greatest vulnerability to mercury exposure during gestation (Cox et al.
1989; Stern 1993).

6.2.2.1 Evaluation of Dosesto Adults

Exposuresto adults were evaluated by characterizing intake rates by an adult female between 18 and 35
yearsof age. Thereisno evidencethat adult females are more sensitive to adverse effectsfrom mercury
exposure than adult males, athough maternal exposure to the fetus may represent a sensitive exposure.
Exposures to this population subgroup focused on adult femal es because:

. Evauation of dosesto adult femalesallows characterization of possiblein utero
effects.
. Body weight and intake rates vary sgnificantly between maesand femdesinthis

agerange. By focusing on one gender and age range, the uncertainty bounds on
exposure parametersused in the Monte Carlo uncertainty analysisof estimated
doseare narrowed. However, since dosesare normalized to a per-kilogram of
body weight basis, it isassumed that estimated doses caculated for an adult from
this gender and age group are representative of exposuresto all adults.

. It was assumed that during the 1950s and 1960s, adult femalesin the Oak Ridge
areawere likely to spend agreater amount of time at home—where they could
have been exposed to rel eases of mercury that migrated off-site from the ORR—
than adult males.

Food intake rates and other exposure characteristicstypical of adult femalesfrom the rura South during
the 1950sand 1960swere used, when availabl e, to characterize exposuresto thisgroup. Exposureswere
averaged over a period of one year.

6.2.2.2 Evaluation of Dosesto Children
For most of the popul ation groups, exposuresto children were evaluated assuming exposureto amaleor

afemale child lessthanthree years of age. Exposuresto this population subgroup focused on exposures
to young male and female children combined because:
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. Limited data from toxicological studies suggest that the CNS of very young,
developing children may be potentially sensitive to exposure to mercury.

. The size (e.g., body weight) and intake rates of males and femalesin this age
group are smilar; therefore, PDFs describing exposure characteristics of young
children were defined for males and females combined.

It was assumed that children of thisage werelikely to spend the mgjority of their timein and around the
homeand were not likely to engagein unsupervised play away from the home (e.g., playing in EFPC).
Food intake rates and other exposure characteristics typica of young children from the rurd South during
the 1950s and 1960s were used when available. Exposures were averaged over a period of one year.

Robertsville School isand has historically been ajunior high school; thus, exposuresto children attending
thisschool wereeva uated assuming exposureto ama e child between 12 and 15 yearsold. Althoughthere
isno evidence that malesin thisage group are more sengtive to adverse effects from mercury exposure
than femaes, exposuresto this popul ation subgroup focused on exposures to mae children because some
exposure characteristics (e.g., inhaation rates) vary significantly between males and femalesin thisage
group. By focusing on one gender and age range, the uncertainty bounds on exposure parameters used
in the Monte Carlo uncertainty analysis of estimated dose are narrowed.

It was assumed that estimated doses cal culated for a child from this gender and age group (presented in
mg per kg body weight per day) are representative of exposuresto all children in this population group.
Exposuresto this population group were eval uated assuming exposure to mercury occurred only whilethe
children were at or near the school. It was assumed that children of this age had a greater level of
independence than younger children and so potentially spent agreater amount of timein unsupervised
recreationa activities(e.g., in and near EFPC), and may have spent timeat or near the school groundson
weekends or after school. Exposures were averaged over a period of one year.

6.2.2.3 Evaluation of Dosesto Unborn Children (In Utero Exposure)

In uter o exposure of the devel oping fetusto methylmercury from consumption of contaminated fish was
evaluated by characterizing maternd intakerates. In thisassessment, materna intake was evaluated by
characterizing exposure to adult femaes of child bearing age(i.e., between 18 and 35 years of age). Food
intake rates and other exposure characteristicstypica of adult femalesfrom the rural South during the
1950s and 1960s were used when available.
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6.3 Parametersand Equationsto Estimate Dose

Asdiscussed in Section 2.1, health hazards associated with exposure to a chemical arerelated to the
amount, or dose, of chemical absorbed into thebody. Parameters used to estimate the dose of mercury
received through exposure pathways identified in Sections 6.1.1 through 6.1.4 are described in detail in
Section 7.0 (Estimation of Exposure Point Concentrations), Section 8.0 (Characterization of Transfer of
Mercury to Vegetation, Milk and Meat), and Section 9.0 (Identification of Parameter Distributionsto
Characterize Exposure). Inaddition, tablesin Section 9.0 present the equations used to estimate the dose
of mercury through each exposure pathway for each population of interest.
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7.0 ESTIMATION OF EXPOSURE POINT CONCENTRATIONSIN SURFACEWATER,
AIR, SOIL/SEDIMENT, AND FISH

Thissection describeshow historica exposure point concentrationsof mercury wereca culated for different
environmenta medianear the ORR. Theseexposure point concentrationswere modeled using historical
rel ease data or were based on actud measurementsin the off-ste environment. This section aso describes
the assumptions used to characterize the uncertainty and variability in estimated exposure point
concentrations, and defines the PDFs used in the dose cal culations.

Specificaly, this section describes:

. Exposur epoint concentrationsin surfacewater, based on measurements of
mercury concentrationsin EFPC and modeling of downstream dilution and loss of
mercury to other compartments including air and sediment;

. Exposure point concentrationsin air, based on measured and estimated
building air concentrationsand ventilation rates and estimated vol atilization of
mercury from EFPC, and dispersion modeling to locations of off-sitereference
populations;

. Exposur epoint concentrationsin EFPC floodplain soil and sediment, based
on measurements of mercury concentrations in surface and core samples; and

. Exposur e point concentrationsin fish, based on measured and estimated
concentrations in downstream fish.

Assumptions used to characterize exposure point PDFs for each medium are described in the following
sections.

7.1  Mercury Concentrationsin Surface Water

During the years of peak mercury releases from Y-12, few measurements were made of mercury
concentrationsin surface water downstream of Y-12. The K-25 Technical Division (Kwasnoski and
Whitson 1955-1961) took spot measurements of mercury concentrations in EFPC surface water just
upstream of the confluence of EFPC and Poplar Creek weekly between 1955 and 1961 (Table 7-1).
Between 7 and 26 measurementswere taken each quarter. Comparisons of these measurementsto water
samples collected at the Y -12 discharge point during the same time period (described in Section 4.5)
indicate that concentrationsin EFPC near the EFPC/ Poplar Creek junction ranged from approximately
1% to 60% (average 11%) of concentrations measured directly below the discharge point. Thisistheonly
historical sampling program during which water sampleswerecollected routingly in EFPC downstream
from Y-12 and analyzed for mercury.
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The decrease in mercury concentrations in EFPC near the confluence of EFPC and Poplar Creek,
compared to concentrationsat Y-12, islikely primarily dueto thediluting effect of additiond drainageinto
EFPC. However, some of the mercury released from Y-12 was also “lost” to other environmental
compartmentssuch asair or sediment. For example, mercury hasahigh affinity to bind to sediment. Some
of themercury released from Y - 12 adsorbed onto suspended particles and deposited in sedimentsin EFPC
or, during flood events, in the EFPC floodplain (TV A 1985b). During subsequent stormsand periods of
high water flow, some of thismercury would have become resuspended and been carried downstream to
Watts Bar Lake (TVA 1985b). Because of the relatively high vapor pressure of elemental mercury,
volatilization of mercury from surface water was also likely to have occurred to some extent.

It isdifficult to quantify how much of the mercury originally released from Y-12 was|ost to different
compartments (e.g., sediment or air). As discussed above, minimal data are available on mercury
concentrations in EFPC downstream of the Y-12 Plant. Further, the rate at which mercury transfers
between compartmentsisnot well characterized, largely because the fate and transport of mercury inthe
environment is extremely complex. To gain agenera understanding of the relative magnitude of the
mercury lost from EFPC, the project team cal culated the concentration of mercury expected at the
confluence of EFPC and Poplar Creek, assuming no net loss of mercury from surfacewater and adecrease
inconcentrationsdueto dilution only, and compared these concentrationsto those measured by Kwasnoski
and Whitson (1955-1961) during the same time periods. Based on these calculations, the net loss of
mercury to other compartments between Y -12 and the confluence was gpproximated. The results of these
ca culationswerethen used to approximate surface water concentrationsat thelocations of the downstream
populations along EFPC during subsequent years.

Approaches for modeling water concentrations downstream of Y-12, and results of thismodeling, are
described in the following sections. Details of these calculations are provided in Appendix M.

7.1.1 Approach and Assumptions

Surface water concentrations at downstream locations in EFPC were estimated assuming that
concentrations were reduced due to dilution and loss to sediment and air. Specifically, downstream
concentrationswere ca culated by multiplying theannual average concentration at the'Y - 12 discharge point
by adilution ratio, to account for theincreasein the tota water volumein EFPC, and by the fraction of the
total mercury mass assumed to remain after loss to other compartments:

EFPC conc. (mg L &1) "Y&12 conc. (mg L &1) x Dilutionratio x (1.0 S Fraction lost to other compartments)

(7.1)
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Table 7-1: Comparison of Mercury Concentrationsin Surface Water
at the Y-12 Discharge and the EFPC/ Poplar Creek Junction
Average Concentration Average Concentration Per cent of
in Y-12 Effluent at EFPC/PC Junction Release
Date (ug/L) @ (ug/L)® Concentration

Sept. 1955 1,240° 252 20%

4" Q, 1955 700 427 61%

14 Q, 1956 360 141 39%

2" Q, 1956 640 171 27%

3“0, 1956 1460 94 6.4%
4" Q, 1956 1010 181 18%

14 Q, 1957 1610 382 24%

2¥0Q, 1957 2490 172 6.9%
3“Q, 1957 3020 113 3.7%
4" Q, 1957 1810 96 5.3%
19Q, 1958 3650 152 2.2%
2¥0Q, 1958 3060 130 4.2%
3“0, 1958 1250 54 4.3%
4" Q, 1958 1370 72 5.3%
18 Q, 1959 1020 25 2.5%
2" 0Q, 1959 740 84 1.1%
3“0, 1959 750 8.3 1.1%
4" Q, 1959 200 14 9.5%
18 Q, 1960 190 18 9.5%
2™ Q, 1960 200 16 8.0%
3“0, 1960 360 5.9 1.6%
4" Q, 1960 400 34 0.85%
1°Q, 1961 300 7.6 2.5%
2¥0Q, 1961 100 11 11%

3“0, 1961 280 52 1.9%
4"Q, 1961 120 15 13%

Average (SD) 11% (14%)

SD

Source = See Appendix | of this report.
Source = Kwasnoski and Whitson (1955-61)

Standard deviation
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Calculation of dilution ratios and loss to other compartments is described below.
Calculation of Dilution Ratios

Thediluting effect of additiond inflow into EFPC at downstream | ocationswas approximated based on the
ratio of theinitial dischargevolumeat Y-12 (in cubic feet per second, cfs) to the estimated water volume
inthe creek at the downstream | ocation (assumed to be equd to the volume of theinitia discharge plusthe
volume of additional inflows to the creek):

. Y&12 discharge volume (cfs)
Y&12 discharge volume (cfs) % EFPC inflow volume (cfs)

Dilution ratio

(7.2)

Theinflow volume was estimated from the area of the drainage basin and therate of precipitation runoff:

0.07367 ft%/mi?2

EFPC inflow (cfs) " Drainage basin area (mi?) x Precip (in) x Runoff (%) x v
y

(7.3)

Since 1958, the city of Oak Ridge waste water trestment plant (WWTP) at EFPC Mile 8.3 has augmented
flow in EFPC below the treatment plant’ s discharge intothe creek (TV A 1985d). Discharge from the
WWTP between 1961 and 1964 ranged from 3 to 10 cfs (USGS 1967). However, the populations
evaluated in this assessment that are assumed to have contacted EFPC resided upstream of the WWTP.
Therefore, discharges from the WWTP were assumed not to contribute to dilution at these locations.

Data on the size of the drainage basin above severa points on EFPC, including upstream of New Hope
Pond, at severa TV A flow measuring stations, and at a USGS flow measuring station, are presented by
TVA intheir Instream Contaminant Study (TV A 1985b) (Table 7-2).
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Table 7-2: Drainage Areasfor EFPC Measuring Stations
Used to Estimate Dilution of Mercury in EFPC Surface Water °

EFPC River Mile Drainage Area (mi?) Remark

14.7 1.25 New Hope Pond
14.36 1.69 TVA Gage Site
10.0 8.72 TVA Gage Site
6.89 13.9 TVA Gage Site

3.3 19.5 USGS Gage Site
0.03 29.8 TVA Gage Site

a Source = Instream Contaminant Study (TV A 1985d)

Based on thesefigures, the estimated area of the EFPC drainage basin, downstream of New Hope Pond/
LakeRedlity (at EFPC Mile14.7), isapproximately 28.6 mi?(29.8 - 1.25 mi%). Runoff fromthedrainage
areaabove New Hope Pond is assumed to beincluded in measurements of the Y-12 discharge volume.

Theannual average precipitation in the Oak Ridge area between 1948 and 1964 was 53.9 inches (USGS
1967). During asimilar period (1936-1960), the estimated annual average runoff at the USGS EFPC
gaging station at EFPC Mile 3.3 was 21.7 inches (USGS 1967), or about 40% of the annual precipitation.

Thereissome uncertainty about the true value of each of theinput parametersto the Equation 7.3. PDFs
for these inputs were defined as follows:

. Annua precipitation runoff to other creeks near EFPC, including Emory Valley
Creek, Scarboro Creek, Poplar Creek, and Bear Creek, between 1936 and 1960
ranged from 21.7 to 25.2 inches (USGS 1967), or about 37% to 46% of annual
precipitation. It wastherefore assumed that annual runoff at different reference
population locationsmay have varied from estimates for the USGS EFPC gaging
station by £10%.

. The uncertainty inthe areaof the drainage basins, based on possible measurement
errors and the accuracy of linear extrapol ation to locations between theriver miles
listed above, was assumed to be +10%.

. During 1935-1959, annua average preci pitation ratesmeasured by Union Carbide
at K-25 and ORNL were 57.85 inches and 51.52 inches, respectively (USGS
1967), compared to 53.9 inches during approximately the same period inthe city
of Oak Ridge. It wastherefore assumed that annual precipitation at different
reference population locations may have varied from measurementsin the city of
Oak Ridge by + 5%.
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Calculation of Loss to Other Compartments

The massof mercury lost from EFPC surface water was approximated by determining the “ expected”
mercury concentration at the EFPC/ Poplar Creek junction, assuming no loss of mercury mass between
Y -12 and thejunction, and comparing these estimates to concentrations measured near the junction by
Kwasnoski and Whitson (1955-1961) during the sametime periods. For purposes of these comparisons,
“expected” downstream concentrationsbased on dilutionwerecal culated quarterly, because precipitation
runoff in the Oak Ridge areavariessgnificantly depending on thetime of year. For example, runoff ismuch
lower during summer months (July to September) than winter months (January to March) (USGS 1967)
(Table 7-3).

Table 7-3: Average Quarterly Precipitation and Runoff Measured at Oak Ridge®

Average Quarterly Average Quarterly | Runoff/ Precipitation
Quarter Precipitation (in/gtr) © Runoff (%)
(in/gtr) ©
Jan-Mar 17.7 10 56%
Apr-May 114 5.1 45%
Jun-Sept 12.3 2.6 21%
Oct-Dec 131 4 31%
a Source = USGS (1967)
b Based on data collected at the Oak Ridge U.S. Weather Bureau Station during 1948 - 1964
c Based on data collected at EFPC Mile 3.1 during 1936-1960

Using the estimates of quarterly runoff presented in Table 7-3, the quarterly average water volume near the
EFPC/ Poplar Creek junction was approximated quarterly dilution ratioswere cal culated by dividing the
Y -12 rel ease volume by the volume estimated at thejunction. * Expected” quarterly concentrationsat the
junction werethen cdculated by multiplying the concentration measured a Y-12 by thedilution ratio (Table
7-5). These" expected” concentrationswere compared to average concentrations measured at thejunction
by Kwasnoski and Whitson during the same quarter, to estimate the percent of total mercury released to
EFPC that was “lost” to other compartments between Y-12 and the junction (Table 7-5).
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Table 7-4: Dilution Ratios Calculated for the EFPC/ Poplar Creek Junction,
First Quarter 1956 through Fourth Quarter 1961
Y-12 WWTP Estimated Estimated
Release Release Runoff Junction Dilution
Quarter Volume Volume Precip. Volume Volume Ratio (at
(cfg) (cfs)® (in)°® (cfs) ¢ (cfs) © Junction) f
1% Q, 1956 181 NA 215 102.2 120.3 0.15
2™ Q, 1956 17.3 NA 16.4 61.9 79.2 0.22
39Q, 1956 16.9 NA 12.9 23 39.8 0.42
4" Q, 1956 184 NA 16.3 42 60.4 0.30
1% Q, 1957 204 NA 20.8 99 119.5 0.17
2MQ, 1957 16.2 NA 11.8 445 60.7 0.27
39Q, 1957 14.7 NA 13.6 243 39 0.38
4 Q, 1957 16.7 NA 21.6 55.6 72.3 0.23
1% Q, 1958 14.9 6.5 8.8 41.6 63 0.24
2™ Q, 1958 14.5 6.5 11.7 441 65.1 0.22
39Q, 1958 12.4 6.5 10.9 195 38.3 0.32
4" Q, 1958 121 6.5 6.1 15.6 34.1 0.35
1% Q, 1959 13.2 6.5 145 68.9 88.6 0.15
2™ Q, 1959 15 6.5 114 43.1 64.6 0.23
39Q, 1959 14.7 6.5 94 16.8 38 0.39
4" Q, 1959 16.2 6.5 15.2 39 61.8 0.26
1% Q, 1960 16.6 6.5 12.6 59.8 82.9 0.20
2™ Q, 1960 15.8 6.5 11.1 41.7 64 0.25
39Q, 1960 13.8 6.5 18.9 33.6 53.9 0.26
4" Q, 1960 13.8 6.5 11.8 304 50.7 0.27
1% Q, 1961 16.2 6.5 171 81.2 104 0.16
2MQ, 1961 16.7 6.5 15.2 57.1 80.3 0.21
39Q, 1961 16.9 6.5 115 205 43.8 0.38
4" Q, 1961 18.1 6.5 17.5 441 68.7 0.26
a Flow measured at the Y-12 release point
b Average flow from the City of Oak Ridge Waste Water Treatment Plant at EFPC Mile 8.3, based on measurements between 1960 and 1964
(USGS 1967)
c Quarterly precipitation measured at the Oak Ridge U.S. Wesather Bureau Station (USGS 1967)
d Calculated by multiplying the quarterly precipitation by the average quarterly percent runoff (see Table 7-3) and the area of the EFPC drainage
basin (28.55 mi?) (see Table 7-2).
e Equals the sum of Y-12 release volume + the waste water treatment plant discharge volume + the cal culated runoff volume.
f Equal to the Y-12 release volume divided by the estimated junction volume

NA Not applicable
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Table 7-5: Calculation of “ Expected” Mercury Concentrations near
the EFPC/ Poplar Creek Junction and Approximation of Mercury L 0ss
M easured “Expected” M easured Conc.
Dilution Conc. at Conc. at at Junction Per cent of
Ratio Y-12 Junction (ugLhd Mercury
Quarter (at Junction) @ (ugL?Y)P (ugL™he© “Lost”®
1% Q, 1956 0.15 360 54 141 +160%
2" Q, 1956 0.22 640 140 171 +22%
39 Q, 1956 0.42 1460 618 94 -85%
4" Q, 1956 0.3 956 291 181 -39%
1 Q, 1957 0.17 1610 275 382 +39%
2M Q, 1957 0.27 2420 648 172 -73%
39Q, 1957 0.38 3020 1138 ND ND
4 Q, 1957 0.23 1810 418 96 -77%
1% Q, 1958 0.24 3650 861 152 -82%
2MQ, 1958 0.22 3060 683 130 -81%
39 Q, 1958 0.32 1250 404 54 -87%
4" Q, 1958 0.35 1370 484 72 -85%
1% Q, 1959 0.15 1020 151 25 -84%
2M Q, 1959 0.23 740 172 8.4 -95%
39 Q, 1959 0.39 750 290 8.3 -97%
4" Q, 1959 0.26 200 53 14 -73%
1% Q, 1960 0.20 190 38 18 -53%
2" Q, 1960 0.25 200 49 16 -68%
39 Q, 1960 0.26 360 92 5.9 -94%
4" Q, 1960 0.27 220 60 34 -94%
1% Q, 1961 0.16 300 47 7.6 -84%
2MQ, 1961 0.21 100 21 11 -47%
39Q, 1961 0.38 280 108 5.2 -95%
4h 0 1961 0.26 120 32 15 -53%
Average -58%

ND No data available for this quarter.

a See Table 7-4

b See Appendix | of this report

c Equal to the dilution ratio multiplied by the concentration measured at Y-12

d Average concentration measured at the EFPC/ Poplar Creek junction by Kwasnoski and Whitson (1956-1961)

e Equal to the measured concentration minus the “expected” concentration, divided by the “expected” concentration.
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Based on the above cal culations, the average quarterly loss of mercury was58%. However, during the
first two quarters of 1956 and thefirst quarter of 1957, the “expected” concentration waslessthan the
concentration measured by Kwasnoski and Whitson. Thisiscounterintuitive, snceitislikely that some of
the mercury released was|ost to other compartments. Averaging loss estimatesfor the second quarter of
1957 and later resultsin an average percent loss of 79%.

Clearly, thereareanumber of uncertaintiesinherent inthisapproach, including analytical uncertaintiesin
mercury concentrations measured at Y-12 and the junction, uncertainties in flow measurements,
uncertainties about the size of the drainage basin and the fraction of precipitation that runs off into EFPC,
and uncertainties about the amount of time required for mercury released from Y-12 to travel to the
junction. Further, little is known about the sampling methods used to collect water samples at the
EFPC/Poplar Creek junction. For purposesof thisevaluation, it was assumed that the anaytical methods
used to measure mercury inwater near the EFPC/ Poplar Creek junction were similar to those used to
measure mercury concentrationsinwater at Y -12 and, therefore, that the precision and accuracy of the
analytica methodswerethe same. However, while there are significant uncertainties in these methods,
available data suggest that a sgnificant fraction of the mercury released to EFPC from Y-12 was“log” to
other compartments between Y -12 and the environment. These compartments may have included
volatilization to air or deposition to sediment.

Mercury, likeanumber of other trace metd's, tendsto bind readily to suspended particul ates, such that both
bottom and suspended sediments contain significantly higher concentrationsthan isfound in the dissolved
phase (Horowitz 1991). Researchers at other sites have indicated that, typicaly, >99% of mercury
transport in surface water systemsis associated with the solid phase (Horowitz 1991). Aspart of the
I nstream Contaminant Study conductedin 1984, the TV A estimated the total massof mercury in sediments
in EFPC and the EFPC floodplain based on concentrations of mercury measured in transects across the
floodplain, a depths ranging from the surface to the boundary between contaminated and uncontaminated
sediment. The estimated total mass of mercury in sedimentsin 1984 was 157,000 pounds. Thismassis
approximately 57% of the estimated 275,000 pounds of mercury released from Y'-12 between 1953 and
mid-1984. Thisvalueis approximately the same as the average mercury loss estimated above, and
gpproximately 20 to 30% less than the upper-bound estimate. These anadlyses suggest that alarge fraction
of the mass of mercury released from Y-12 was|ost to other compartments between the Y-12 discharge
and the EFPC/Poplar Creek junction, and that most of the mercury that was|ost wasbound to sediments
with only asmall fraction of the mercury in the creek likely lost to air.

For purposes of estimating downstream concentrations of mercury in EFPC surface water, it was assumed
that approximately 70% of the mercury released from Y-12 to EFPC was lost to other compartments
between Y -12 and thejunction. Thelossof mercury aong thelength of the creek was assumed to belinear
with downstream distance. For purposes of the uncertainty andys's, uncertainty in the percent of mercury
mass released from Y-12 that was lost to other compartments was assumed to be + 30%.

Thelossof mercury to other compartments at thelocation of agiven reference popul ation was cal cul ated
asfollows:
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Reference population downstream distance from Y&12 (mi)
14.7 mi

Fraction lost to other compartments * 0.70 x

(7.4)

Surface water concentrations cal culated for each of the downstream reference popul ation locations on
EFPC are described below.

7.1.2 EFPC Surface Water Concentration— Scarboro Community

Annua average surface water concentrations at an EFPC |ocation nearest the Scarboro community
(approximately EFPC Mile 14) were calculated assuming the following:

. The area of the EFPC drainage basin was assumed to decrease linearly between
EFPC Mile 10.0 and 14.36, resulting in an estimated drainagebasin areaat Mile
14 of approximately 2.27 mi2. Subtracting the drainage basin area above New
Hope Pond (1.25 mi?) gives adrainage basin area contributing to inflow from
runoff at Mile 14 of 1.02 miZ.

. Theannual average runoff was assumed to be 40% of the annual precipitation,
based on measurements at EFPC Mile 3.3.

. Theannual averagefractionlost to other compartmentswas assumed to be 0.033
[i.e, 0.70 x (14.7 mi ¥ 14 mi)/14.7 mi].

Dilution ratios calculated for 1950 to 1990 are presented in Table 7-6. The averagedilutionratio for this
period was0.90. Multiplying thisratio by 0.967 (i.e., 1.0 ! 0.033, to reflect |ossto other compartments)
produces an estimated average downstream water concentration ratio of 0.87 (i.e., for agiven year, the
average mercury concentration in surface water at EFPC Mile 14 wasassumed to be 87% of the average
concentration in the Y-12 discharge).

7.1.3 EFPC Surface Water Concentr ation— Robertsville School

Annual averagesurfacewater concentrationsat Robertsville School (approximately EFPC Mile 12) were
calculated assuming the following:



Table 7-6: Calculated Dilution Ratios at L ocations of Downstream Populations

Concentration

EFPC Mile 14

EFPC Mile 12

EFPC Mile 10

Year at Y-12 (mg/L) Dilution Ratio Dilution Ratio Dilution Ratio
1950 0.008 0.90 0.69 0.55
1951 0.016 0.90 0.69 0.56
1952 0.078 0.93 0.77 0.66
1953 0.35 0.92 0.74 0.62
1954 0.22 0.90 0.69 0.56
1955 1.06 0.91 0.71 0.58
1956 0.85 0.90 0.68 0.54
1957 2.22 0.89 0.67 0.53
1958 2.33 0.92 0.74 0.62
1959 0.68 0.91 0.70 0.57
1960 0.24 0.90 0.69 0.55
1961 0.2 0.90 0.69 0.56
1962 0.12 0.91 0.72 0.59
1963 0.086 0.93 0.77 0.65
1964 0.044 0.90 0.68 0.55
1965 0.095 0.90 0.69 0.56
1966 0.043 0.92 0.73 0.61
1967 0.031 0.88 0.63 0.49
1968 0.005 0.93 0.76 0.65
1969 0.006 0.91 0.70 0.57
1970 0.026 0.90 0.68 0.54
1971 0.006 0.90 0.68 0.55
1972 0.001 0.86 0.60 0.46
1973 0.065 0.85 0.59 0.45
1974 0.015 0.85 0.57 0.43
1975 0.001 0.85 0.58 0.44
1976 0.001 0.89 0.65 0.52
1977 0.002 0.88 0.63 0.49
1978 0.001 0.87 0.61 0.47
1979 0.002 0.85 0.58 0.44
1980 0.002 0.92 0.73 0.60
1981 0.002 0.90 0.68 0.55
1982 0.003 0.89 0.65 0.51
1983 0.002 0.91 0.70 0.57
1984 0.0016 0.89 0.67 0.53
1985 NA 0.91 0.72 0.59
1986 NA 0.93 0.75 0.63
1987 NA 0.91 0.72 0.59
1988 0.0019 0.87 0.63 0.49
1989 0.0017 0.85 0.58 0.44
1990 0.0017 0.89 0.67 0.54
AVERAGE | 0.90 0.68 0.55

7-11
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. The area of the EFPC drainage basin was assumed to decrease linearly between

EFPC Mile 10.0 and 14.36, resulting in an estimated drainagebasin areaat Mile
12 of approximately 5.5 mi®. Subtracting the drainage basin area above New
Hope Pond (1.25 mi?) gives adrainage basin area contributing to inflow from
runoff at Mile 12 of 4.25 mi?.

. Theannual average runoff was assumed to be 40% of the annual precipitation,
based on measurements at EFPC Mile 3.3.

. The annual averagefraction lost to other compartments was assumed to be 0.13
(i.e, 0.70 x 2.7 mi/14.7 mi).

Dilution ratios calculated for 1950 to 1990 are presented in Table 7-6. Theaveragedilutionratio for this
period was 0.68. Multiplying thisratio by 0.87 (i.e., 1.0 1 0.13, to reflect loss to other compartments)
produces an estimated average downstream water concentration ratio of 0.59 (i.e., for agiven year, the
average mercury concentration in surface water at EFPC Mile 12 wasassumed to be 59% of the average
concentration in the Y-12 discharge).

7.1.4 EFPC Surface Water Concentration— EFPC Floodplain Farm Family

Annual average surface water concentrations at the location of the EFPC Floodplain Farm Family
population (approximately EFPC Mile 10) were cal culated assuming the following:

. The area of the EFPC drainage basin above EFPC Mile 10 was assumed to be
8.72 mi? (TVA 1985h). Subtracting the drainage basin area above New Hope
Pond (1.25 mi?) gives adrainage basin area contributing to inflow from runoff at
Mile 12 of 7.47 miZ.

. Theannual average runoff was assumed to be 40% of the annual precipitation,
based on measurements at EFPC Mile 3.3.

. The annua averagelossto other compartments was assumed tobe 0.22 (i.e., 0.70
X 4.7 mi/14.7 mi).

Dilution ratios calculated for 1950 to 1990 are presented in Table 7-6. Theaveragedilutionratio for this
period was 0.55. Multiplying thisratio by 0.78 (i.e., 1.0 T 0.22, to reflect loss to other compartments)
produces an estimated average downstream water concentration ratio of 0.43 (i.e., for agiven year, the
average mercury concentration in surface water at EFPC Mile 12 wasassumed to be 43% of the average
concentration in the Y-12 discharge).
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7.1.5 Characterization of Uncertainty in Surface Water Concentration Estimates

PDFsused inthe dose cal cul ationsto describe annua average mercury concentrationsin surfacewater at
different population locations were defined as follows:

C

‘water Cwater (Y&12 discharge)

x Dilution ratio (%) x (100% ! Loss to other compartments) x C,.ne (7.5)

Where:

Coater = Location-specific annual average surface water
concentration, used in Monte Carlo uncertainty anaysis
(mgL™)

Cvater(v-12 discharge) = Annua average mercury concentrationin’Y-12 discharge
to EFPC (mg L™)

Dilution ratio = Calculated annual averagedilutionfactor at downstream
popul ation | ocationsdueto contribution of runoff to Y-12
flow rate (unitless)

Loss to other

compartments = Cdlculated percentage of mercury mass“lost” to air or sediment
betweentheY -12 discharge and the popul ation location (unitless)

Cvater(uno) = Uncertainty in calculated downstream water

concentration (unitless)

PDFsdescribing annua exposure point concentrationsin surfacewater were defined based on uncertainties
inconcentrationsand volumesof Y-12 dischargeto EFPC, aswell asassumptionsto reflect uncertainties
inthe size of the drainage basin, average precipitation and runoff rates, discharge volumesfrom the Oak
Ridge waste water treatment plant, and |oss of mercury massto other compartments, as described above.
Dataon the precision of the analytical methods for measuring mercury concentrationsin dischargesto
EFPC indicate uncertainties in measured concentrations range from = 50%in 1953 to £ 10%in 1993, and
data on the quality of the flow rate data, as determined by the USGS, indicate that uncertaintiesin
measured annua average discharge volumesfrom Y-12 ranged from £ 15%in 1953 to + 10% in 1993.
Assumptions used to derive the uncertainty boundsfor each of these parameters are described in Appendix
M and summarized in Table 7-7.
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Table 7-7: Uncertainty Boundsfor Characterization of
Surface Water Concentrations Downstream from Y-12

Lossto other
Annual Annual Drainage Compart-

Y-12 Y-12 Average Average Basin WWT Plant ments
Y ear Conc. Flow Rate Precip. Runoff Area Flow Rate
1953-56 +50% +15% +10% +10% +10% NA +30%
1957-59 +15% +15% +10% +10% +10% 3-10 cfs (uniform, +30%

1958-59 only)

1960-61 +30% +15% +10% +10% +10% 3-10 cfs (uniform) +30%
1962-67 +40% +15% +10% +10% +10% 3-10 cfs (uniform) +30%
1968-82 +20% +10% +10% +10% +10% 3-10 cfs (uniform) +30%
1983-93 +10% +10% +10% +10% +10% 3-10 cfs (uniform) +30%

NA = Not applicable
7.2  Mercury Concentrationsin Air Dueto Direct Emissionsfrom Y-12

Measurements of mercury concentrationsin air a off-stelocationssurrounding the ORR are not available
for theyears of peak mercury releasesfrom Y-12 (1953 - 1962). The earliest available ambient air data
for the area surrounding Oak Ridge are from 1986 (Table 5-1; summary data are tabulated in Appendix
J). Because concentrationsof mercury inair at off-sitelocationsfor earlier yearsare not available, the
project team estimated of f-sitear concentrationsfor theseyearsusing the Industria Source Complex Short
Term (ISCST) air digpersion moded with emissionsdataand local meteorol ogical data(dispersonmodeing
quantitatively relates contaminant emiss on concentrationsto resulting airborne concentrations a points of
interest). Two sources of air emissions were considered for mercury: direct releases from Y-12 and
volatilization of mercury from EFPC surface water. The approach used to estimate airborne mercury
concentrationsat pointsof interest dueto direct releasesfrom Y -12 issummarized below. The approach
used to estimate concentrationsof mercury inair dueto volatilization from EFPC isdescribed in Section
7.3.

Direct air emissonsfromY -12 during 1953 to 1962 were model ed to estimate mercury concentrationsin
ar a thelocation of aresdentia community intheWolf Valey area Wolf Vdley islocated “downvaley”
from Y-12, about five miles northeast of Y-12 on the opposite side of the Clinch River. Mercury
concentrationsin air dueto disperson of direct emissonsfromY-12 were so modeed for the Scarboro
Community. Asdescribed in Sections 6.2.1.1 and 6.2.1.2, Pine Ridge restricts the exchange of air
between Y -12 and the Scarboro Community (U.S. Weather Bureau 1953; Gifford 1995). However,
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meteorological studiesand environmenta monitoring programsfor airborne contaminantsindicatethat the
ridgesin the Oak Ridge areaare not perfect barriersto transport of airborne effluentsinto adjacent valleys.
For example, although airborne mercury concentrations have not been measured in the Scarboro
Community, concentrations of airborne uranium in Scarboro have been recorded; it isassumed that the
uranium originated from Y-12. In this assessment, historical airborne mercury concentrationsin the
Scarboro Community dueto Y-12 releases were estimated using “empiricd P/Q’'s’ developed by the Oak
Ridge Dose Recongtruction Task 6 team to characterize therel ationship between concentrationsof airborne
uraniumin Scarboro and uranium releasesfrom Y-12 (Task 6 addressesrel eases of uraniumfrom'Y -12).

The approach used to estimate of f-site ambient air concentrations of mercury dueto direct releasesfrom
Y -12 and the results of the modeling are described in the following sections.

7.2.1 Estimation of Downvalley Air Concentrations

Emissionsof mercury to air from Y -12 were estimated from measurements of mercury in building air and
measured and estimated building ventilation rates. The gpproach and assumptions used and the modeling
results are described below.

7.2.1.1 Approach and Assumptions

Locations of mercury releasesto air from Y-12 modeled in this assessment included Buildings 9201-2,
9201-4, 9201-5, 9204-4, 9401-1, 9401-2, 9401-3, 81-10 and an incinerator west of Building 9720-26.
Individua emission sourcesincluded 62 stacks, 43 fans, and 9 vent sourcesS these were modeled as point
sources. A former Y-12 ventilation engineer determined the locations and volumeflow rates (in cubic feet
per minute) of individual emission sourcesusing ORR engineering drawings(Choat 1996; see Appendix
G). Source locations are shown in Figure 7-1.

Mercury emission rates (in lbs yr*) were estimated for each source as described in Section 4.4.2.
Estimated emission rates are tabulated in Appendix H.

Model Description

Air disperson modding was conducted to estimate ground-level exposure point concentrationsof airborne
mercury at severa discrete receptor points, including Wolf Valley, on-ste ambient air monitoring stations,
and the locations of treesthat were analyzed for mercury in treerings (see discussion, Section 7.2 and
Appendix O). The computer model used to smulate air dispersion of mercury emissions was the most
recent version of the USEPA-gpproved Industrid Source Complex Short Term (ISCST3) model, Version
96113 (USEPA 1995¢). |SCST3isaccepted by the USEPA asan appropriateair dispersion model for
useinrelatvely flat terrain. The ISCST3 air dispersion model was run to determine annual average
airborne mercury concentrations at the receptor pointsbased on aunit emissionrate (1 g s*) from each
source. The contribution of each source to the annual average air concentration at each receptor was
determined by multiplying theair concentration at thereceptor associated with aunit emission by theannua
average emission rate (Q) for the source:
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Cin = Cuj * Qp (7.6)

where;

= Concentration at receptor | dueto emission from sourcei during year n
(ug m3)/(1gs?)

= Concentration at receptor j due to unit emission (1 g s*) from sourcei
(ug m3)/(1gs?)

= Mercury emission rate from sourcei for year n (g s)

= Source number

= Receptor number

= Y ear of emission

The total annual average air concentration at each receptor was then calculated by summing the
contributions from all sources:

m
C " =C.
j.n _lll i

where mis the total number of sources.

Model |nput Parameters

Inputs to the air dispersion model included:

Sour ce parameter sincluding source location, stack height, release direction,
velocity, and exit gas temperature. Source parameters input to the model are
presented in Appendix N in Table N-2.

Sourceemisson ratesin gramsper second. Sourceemissionratesinput tothe
model are presented in Appendix NinTableN-3. Source emission rateswere
based on acomprehensivereview of historica documents, operationsrecords, and
interviews with plant personnel, as described in Section 4.

Hourly meteor ol ogical data describing wind speed, wind direction, temperature,
stability class, and mixing height. During the years of greatest air emissions of
mercury (i.e., 1950-1963), hourly meteorologica datafor the EFPC floodplainare
not available. Monthly average data from the Oak Ridge town center station
(Station 886) were compared to hourly average data collected from 1987-1992

(7.7)



TASK 2 REPORT
July 1999 Mercury Releases from Y-12 Lithium Enrichment—
Page 7-18 Concentrations in Water, Air, Soil/Sediment, and Fish

at the Y-12 East Meteorological station. Based on this comparison,
meteorological datafrom the Y-12 East station for the year 1987 were used to
providehourly wind speed, wind direction, temperature, stability class, and mixing
height information to model releases from EFPC.

. Receptor locations, including the off-site Wolf Valley residential residence, on-
dtear monitoring locations, and on-Stetreesandyzed for mercury concentrations
in tree rings.

7.2.1.2 Simulation Results and Uncertainty in Exposure Estimates
Estimated airborne mercury concentrationsat thedownvalley reference popul ationsand theon-siteambient

ar samplersdueto air rleasesfrom Y-12 are summarized in Table 7-8 for the years of pesk releases(i.e.,
1953-1962). These concentrations are assumed to represent annual average air concentrations.

Table 7-8: Estimated Air Concentrations dueto Emissionsof Mercury from Y-12,
Modeled Using | SCST 3 (g m-3)

L ocation 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962
of Interest

Wolf Valley 0.0008 0.0020 0.014 0.0084 0.0037 0.0057 0.0048 0.0022 0.0016 0.0016
Resident

Ambient Air 0.0080 0.018 0.12 0.077 0.035 0.048 0.040 0.022 0.016 0.016
Monitoring
Station No. 2

Ambient Air 0.059 0.15 0.71 0.42 0.19 0.27 021 0.12 0.090 0.089
Monitoring
Station No. 8

PDFs describing air concentrations at the locations of off-site reference popul ations were defined by
bounding annual average air concentrations modeled to each location for a given year (C; ,) using
information onuncertaintiesinmode inputs(i.e., emissionrates) and uncertaintiesinduced by themodeling
approach, asfollows:

Cair&Y&lZ .Cj,n X QUnc X |lenc (78)

where:

Cairyv12 = Receptor-specific annual average air concentration due to dispersion of
emissions from Y-12, used in Monte Carlo uncertainty analysis (ug m)
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Cn = Modeled average air concentration at receptor j during year n due to

emissions from Y-12 (ug m3) (see Table 7-8)

Que = Uncertainty in emission rate (equivalent to aggregated uncertainty in
measured building air concentration + uncertainty in building ventilation
rate)

Mype = Uncertainty in air dispersion model

Assumptions used to characterize emission rate uncertainty and model uncertainty are described below.

Emission Rate Uncertainty

Asdescribed above, mercury emissionsto air from 114 sourcesat Y-12 were used in the |ISCST3 model
to predict air concentrationsat the pointsof interest. For several sources(e.g., Buildings9201-5, 9201-4,
9204-4, and 9201-2) emission rateswere cal cul ated asthe product of measured building air concentrations
and air flow rates from the building (Appendix N):

Q1@ 5*) ™ Cyigmag (Mg M®) x Flow rate (ft*> min®') x 00000283 (m* ft*%)(g mg*)(min s*) (7.9

Uncertainties in emission rates were assumed to result from uncertainties in both measured air
concentrations and flow rates. Assumptions used to characterize the uncertainties are described in Section
4.4 and summarized below:

. Uncertainty in mercury air concentrationsfrom Buildings 9201-5, 9201-4, and
9204-4, measured using Y -12 portable mercury vapor detectors, is estimated to
be + 40% (Prestbo 1996).

. Uncertainty in building air flow ratesfor Buildings 9201-5, 9201-4, and 9204-4
is estimated to be + 3%, based on ventilation design drawings and assumptions
about minor variationsin as-built conditionscompared to design conditionsand
minor aterationsfor spot ventilation in problem areas (Choat 1996). Sincethere
wereincompletedrawingsof the 9201-2 building ventilation system, uncertainty
inthe exhaust air flow rate for Building 9201-2 isestimated to be + 50% (Choat
1996).

. Dataon mercury released from several sources (e.g., Buildings 81-10 and the
steam plants) were reported as pounds of mercury released per year. The
uncertainty about the true mass of mercury released was assumed to be
+ 50%.
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Aggregating the uncertaintiesin emission rates asapplied to the Wolf Valey exposure population resulted
in the assumption that, for agiven year, the true annua average concentration &t this receptor ranged from
+44% of the predicted concentration.

Model Uncertainty

Uncertaintiesin model predictionsarisefrom incomplete knowledge or oversamplification of the processes
modeled. Little and Miller (1979) reviewed Gaussian plume dispersion models such as ISCST and
estimated that, for ahighly instrumented flat-field Site, ground-level centerline concentration predictions
within 10 kilometers of acontinuous point-source are accuratewithin afactor of 1.2. Predictionsof annua
average concentrationsfor aspecific point onflat terrain and within 10 kilometersof therelease point are
accurate within afactor of 2. Miller and Hively’ s more recent review (1987) of Gaussian plume mode
estimates of airborne radionuclide exposures reiterates the earlier estimates.

The meteorologic data used in the ISCST model in the current assessment are not derived from ahighly
ingrumented Ste. However, the studies described above suggest that uncertaintiesinthemodel predictions
range fromafactor of 1.2to 2. The PDF used to characterize|SCST model uncertainty isrepresented
by alognormal distribution having ageometric mean of 1 and ageometric standard deviationof 1.4 (i.e.,
95% of the distribution is within afactor of 2 of the geometric mean).

PDFsused inthe calculationsto characterize of f-site air concentrations at downvalley locations dueto

dispersion of mercury emissions from Y-12 are summarized in Table 7-9.

Table 7-9: Probability Density Functionsfor Characterization of Air Concentrations
Dueto Dispersion of Emissionsfrom Y-12

PDF
Parameter o o
Distribution Type Description
Modeled air concentration Point See model output summary (see
(Cairvaz (mod)) Table 7-6)
Model uncertainty (My,.) L ognormal Geometricmean=1
Geometric SD = 1.4

Building air concentration uncertainty Uniform L ower-bound = -40%
(Cairbidgung) Upper-bound = +40%
Building ventilation rate uncertainty Uniform Lower-bound = -3%
(Flowy,n) Upper-bound = +3%
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7.2.2 Estimation of Scarboro Air Concentrations

No measurements of mercury concentrations in air have been made in the Scarboro Community.
However, measurements of airborne uranium at Scarboro, presumably released from Y-12, have been
madein recent years, suggesting that somefraction of the arborne releasesfromY -12 are trangported over
Pine Ridge.

Because of the unique characteristics of the topography surrounding the Y-12 facility, aclassical air
disperson modeling approachwould over-estimateair concentrationsat the Scarboro Community resulting
from releases of acontaminant from Y-12. For example, the ISCST3 model usesaflat terrain approach
and would not account for the attenuation and redirection of wind flow away from the Scarboro Community
caused by theridge-and-valley terrain. Although agorithmsfor complex terrain are available for the
ISCST3 model, itisquestionableif these algorithms could account for the abrupt change in topography.
Further, therdativeatitude of the Scarboro Community bel ow thetop of Pine Ridgefurther complicates
thedispersion characteristics. Mercury concentrationsin air at the Scarboro Community, dueto direct
airborne releasesfrom Y-12, were therefore estimated using an empirical approach based ontheratio
between measurements of airborne uranium inthe Scarboro areaand estimates of uranium releasesfrom
Y -12 devel oped by the Oak Ridge Dose Reconstruction Task 6 team. It isassumed that the relationship
between mercury concentrationsin air at Scarboro and mercury releaseratesfrom Y-12 isthe sameas
the relationship between uranium air concentrations and release rates.

Empirical ¢/Q valuesused to estimate airborne mercury concentrations at Scarboro, based on releases
from Y-12, were devel oped as follows (Equation 7.10):

Uranium Air Concentration Measured at Scarboro (pCi m¥3)

Empirical ¢c/Q (s m&3) =
Uranium Release Rate (pCi s%%)

(7.10)

Empirical ¢/Q swere calculated for calendar years 1986 through 1995 (the years of uranium sampler
operation at Scarboro) for two uranium istopesS 225U and 22U. Statigtical analyses of theannua ¢/Q
vauesyieldsthe summary statistics presented in Table 7-10. Testsfor lognormality of the data set were
inconclusive; consequently, for purposesof estimating mercury concentrations at Scarboro dueto direct
releases from Y-12, a custom distribution was established using each of the 20 discrete ¢/Q values.
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Table 7-10: Statistical Analysis of Empirical P/Q Valuesfor Y-12 Uranium Releases

Statistic Empirical P/Q (sm?)
Mean 2.2 x 107
Standard deviation 2.3x 107
g5 UCL of the mean 31 x 107
(when treated as if normally distributed)

Maximum 6.8 x 10”7
Minimum 3.5x10%

Data points 20

For the Task 2 eva uation of mercury concentrationsat Scarboro, theempirical P/Qrelationship for Y-12
uranium rel eases was salected asthe best dternative for estimating annua average mercury concentrations
at that community. Giventhe complexity of the airborne effluent transport patterns between Y-12 and
Scarboro, this measurement-based approach wasfavored over the mathematical modeling that would be
poss ble within the schedule and budget of this project. Theevauation of the applicability of theempirica
P/Q approach included congderation of the fact that, while uranium and mercury were both released from
the Y-12 Plant, there were differences in the contaminants and how they were released.

Some key lithium enrichment operations were conducted in buildings that had earlier housed
€l ectromagnetic enrichment operationsfor uranium (e.qg., Buildings9201-2, 9201-4, 9201-5, and 9204-4,
all located in the west-central area of the main groupings of Y-12 buildings). Approximately 93% of
estimated Y-12 airborne mercury releases occurred from three buildings that had earlier housed key
uranium enrichment operations. Uranium forming and machining operationswere active after 1952, when
Y-12 uranium rel easesincreased sgnificantly before decreasing significantly again inthe mid-1960s. While
these operations used two of the buildingsthat had been used for lithium enrichment, somebuildingsinthe
north-central area of the site were also used. Both uranium and mercury were released from awide
number of release points on the Y-12 gite, rather than from single point sources. Thefact that emission
sourcesfor both contaminantswere distributed over asignificant portion of the Y -12 siteindicatesthat
variationsin theidentity of specific sources over time should not strongly influence rel ative concentrations
at the Scarboro Community.

Mercury is considered to have been released to the air from Y-12 operationsin the form of elemental
mercury vapor. Uraniumwasreleased fromY-12 operationsin theform of solid particles, most likely in
forms such as uranium metal, oxides, or salts. Most airborne mercury releases appear to have been
associated with ventilation of buildingsthat housed lithium enrichment operations or support functions,
rather than from process venting or exhausts. Evidenceof thisincludesthe huge fansthat were added to
thewallsof Building 9201-5 to reduce concentrationsin operating areas. Uranium releaseswere more
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likely to have been discharged viastacks or el evated rel ease pointsthan were mercury releases. At the
sametime, the“ stacks’ that were used for uranium emissons were generdly not of thetal, 200-foot type
like severd built at X-10. Rather, they were often roof-top or relatively short stacksthat would in most
cases be within the zone of building wake effectsand would fail to quaify for eevated release point Satus
under regulatory guidance.

Ingenerd, increasing the eevation of arelease point resultsinlower concentrationsat close-in distances.
However, at the sametime, increased elevation may have increased thefraction of the releasesthat carried
over Pine Ridgeto reach Scarboro. Inaddition, uranium releases likely experienced greater rates of wet
and dry depogition than mercury vapors, dueto their particulate nature.  So, while uranium releases might
have been released at dightly greater el evationsthan mercury releases, the differencewasnot likely large
enough to have had a significant impact on relative concentrations at Scarboro.

Based on the assessment of uranium transport to Scarboro, arel ative concentration factor was applied to
annua Y -12 airborne mercury emissionsto estimate mercury concentrationsat Scarboro. Thefactor was
applied asfollows:

Concentration at Scarboro (ﬂé) " Annual Average Release Rate (ﬂ) x Empirical ¢/Q (is) (7.12)
m S m )

For application to the Task 2 assessment, the empirical ¢/Q factor was specified asaPDF in the form of
acustom distribution, incorporating each of the 20 empirica ¢/Q’ sestimated using theuraniumdata. The
factor was applied to each annual estimate of direct airborne releases from the Y-12 Plant for 1953 to
1962. To convert annual release estimates to average rel ease rates, totals were assumed to be evenly
distributed over the year in question.

Airborne concentrations resulting from cross-ridge travel were added to the Scarboro concentrations
resulting from mercury volatilization from EFPC (described in Section 7.3). The relative contributions of
Y-12 Plant emissions and emissions from EFPC to air concentrations estimated at the Scarboro
Community for 1953 to 1962 are shown in Figure 7-2. For 1950-1952 and 1963-1990, when major
airborne mercury releasesfrom Y-12 did not occur, airborne mercury concentrations at Scarboro were
estimated based on volatilization from EFPC alone.

7.3  Mercury Concentrationsin Air Dueto Volatilization from EFPC

In 1993, Ralph Turner of ORNL and Nicolas Bloom of Frontier Geosciences measured €l evated mercury
concentrationsin tree rings of red cedars growing in the EFPC floodplain (Turner and Bloom 1995).
Severd investigators have measured € evated mercury concentrationsin treeringsfrom areaswith el evated
airborne mercury concentrations, such asnear chlorakai plants(Lodeniuset a. 1994; Turner and Bloom
1995). Thetreering mercury wasassumedto comefrom foliar uptake of airborne mercury, because plants
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take up (and release) mercury through their foliage and uptake of mercury through tree rootsis minimal
(Beauford and Barringer 1977; de Temmerman et al. 1986; Mosbaek et a. 1988; Lindberg et a. 1995).

Treesadd anew ring for each year of growth. Therefore, mercury concentrationsin treering core samples
can provideanindication of historical trendsin airborne mercury concentrations (L odenius 1990; Turner
and Bloom, n.d; Turner and Bloom 1995). Indeed, treering datafrom the EFPC floodplain trees, plotted
in Figure 7-3, show that concentrations of mercury in tree rings corresponding to the ten years (1953-
1962) surrounding the period of peak mercury releasesfrom Y -12 (1955-1959) were considerably higher
than tree ring concentrations for earlier or later periods.

Asdiscussed in Section 5.2, somevolatilization of e emental mercury to form mercury vapor occursat
room temperature. Mercury may volatilize from surface water and soil (Lindberg et al. 1991; Xiao et al.
1991; Lindberg et al. 1995; Lindberg et d. 1996). Becauseexchange of air between Y-12 and the EFPC
floodplainisimpeded by Pine Ridge (U.S. Weather Bureau 1953; Gifford 1995), the source of mercury
in EFPC treesislikely primarily volatilization from EFPC and not direct air emissions from Y-12.

Treering dataclearly indicatethat air concentrationsof mercury in thefloodplain were eevated during the
yearsof peak releasesfrom Y -12. However, with present knowledge, mercury concentrationsin individua
tree rings cannot be used to reliably estimate annual average airborne mercury concentrations at the tree
locations. Thisisbecause mercury isrelatively mobilein the sapwood of the tree and can move fromring
to ring before the sapwood becomes heartwood. In addition, individual trees appear to respond quite
differently to airborne mercury. For example, Figure 7-4 shows mercury concentrations (inpg g?) intree
ringsfromtwo treesthat grew very closetogether in the EFPC floodplain. Both of these trees experienced
the sametempora pattern of exposureto airborne mercury, peskingin 1957, but it isclear from Figure 7-4
that the two treesresponded very differently to the airborne mercury exposure. The difference may bedue
to differencesin therate of uptake of mercury and trand ocation of mercury between tree rings, between
the two trees, and from year to year withinasingletree. Thelack of adirect correspondence between tree
ring data and annual average airborne mercury concentration is discussed in Appendix O. At thistime,
thereisnot enough information on mercury uptake by red cedars, trand ocation of mercury within thetrees,
and variation from tree to tree and from year to year within asingle tree to alow detailed mathematical
modeling of mercury in tree rings as afunction of ambient airborne mercury concentrations.

Historical airborne mercury concentrationsin and near the EFPC floodplain were estimated by modeling
mercury volatilization from EFPC. The modeling was based on the estimated fraction of mercury
discharged from Y -12 to EFPC that subsequently escaped into the air above the EFPC floodplain between
Y -12 and the junction of EFPC with Poplar Creek.
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Data collected by Lindberg et al. (1995) in the EFPC floodplain can be used to assess the possible
significanceof soil emission of airborne mercury during the peak emission years, compared to emissions
from EFPC. Pegk air concentrations estimated from air dispersion modeling for EFPC were about 1.7 pg
m™ (1,700 ng m*) immediately adjacent to the creek. In contrast, Lindberg et a. measured an average
air concentration in thefloodplain of about 5 ng min 1993 when thewind blew from the southeast over
soil contaminated with mercury at an averagelevel of about 40 mg kg, Thisisapproximately equa tothe
peak soil contamination used inthe dose reconstruction. So, the contribution to air contamination from soil
emission islikely to have been minimal in comparison to the release from EFPC.

The air modeling approach and the modeling results are summarized below.
7.3.1 Approach and Assumptions
Emission of elemental mercury vapor from EFPC was estimated based on:
. Annual releases of mercury from Y-12 to EFPC, and
. Assumptions about the fraction f of the total mercury released from Y-12 that
volatilized asthe water traveled from Y -12 to the junction between EFPC and
Poplar Creek.
Mercury volatilization from EFPC was model ed assuming the annual averagelossof mercury toair from
aone meter stretch of EFPC is proportional to the annual average mass of mercury in that stretch of the
creek. Thisapproach assumesthat lossfrom narrow fast-moving sectionsisequivalent tolossfromwide
slow-moving sections.
7.3.2 Model Description
Modeling of mercury volatilization from EFPC was comprised of two steps: source modeling of mercury
volatilizationfrom EFPC, and dispersion modeling of mercury emitted from the creek to receptor locations.
Each of these stepsis described in the following sections.

Source Modeling

The mass M, of mercury in EFPC at adistance | from Y -12 can be approximated using the following
equation:

In@rh,
M " M, e L (7.12)
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where:

M, = Mass of mercury at distance | from Y-12 (g y?)

My = Initial mass of mercury released to EFPC from Y-12 (g y?)

L = Total length (in meters) of EFPC (assumed to be 23,200 m)

I = Distance of start of segment from discharge point at Y-12 (m)

f = Fraction of themercury inthe original dischargelost to air asthe water
flows from Y-12 to the junction with Poplar Creek

For EFPC air dispersion modeling, EFPC wasdivided into atotal of 403 straight-line segments, each
characterized by a distinct length, d, with a maximum length of 100 meters.

The total annual mass lost or emitted from each segment i, in g y'*, can then be calculated as follows:
Memitea; ~ M) — M(ly,,) (7.13)

where:

l; Distance from Y-12 to beginning of segment i

li., = Distance from Y-12 to beginning of segment i+1

Derivation of thisequationisdescribed in Appendix P. Assumptionsused to characterizethe parameters
in the source model are described below.

Initial Mass of Mercury Released to EFPC from Y-12 (M)

Theinitial mass of mercury released to EFPC from Y-12, M,, was based on datafor 1950 to 1990 on
pounds of mercury released to EFPC per year, as described in Section 4.5.

Fraction of Mercury Lost to Air (f)

Comparison of datadescribing mercury concentrationsin EFPC floodplain soil and Watts Bar Reservoir
sediment to pounds of mercury released to EFPC per year from Y -12 and the limited measurements of
mercury concentrationsin EFPC surface water near the junction of EFPC and Poplar Creek, asdescribed
in Section 7.1, suggest that thefraction of the mercury released to EFPC that vol atilized from the creek may
have been rdatively small. Comparison of surfacewater concentrationsat Y-12 vs. near the EFPC/ Poplar
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Creek junction in 1956-1961 suggeststhat, on average, about 60 to 90% (range 40-95%) of the mercury
released to EFPC was“lost” between Y-12 and the junction. Measurements of mercury concentrations
infloodplain soil by TV A, however, suggest that about 60% of thetotal mercury released from Y-12 was
dill inthefloodplainin 1984S additiona mercury that wasinitialy bound to sedimentswas probably washed
downstream during subsequent flood events.

The concentration of volatile mercury in air immediately above the water surface has been directly related
to the concentration of dissolved gaseous mercury (DGM) inthe water body. DGM is primarily dissolved
elemental mercury (Hg"). Because of itslow solubility (6 x 10° /100 ml water at 25 C) and high vapor
pressure (Henry’ sLaw constant =0.3), Hg isvery volatile. Thus, formation of DGM favorstheremoval
of mercury from the system through evasion of mercury vapor.

Limited information isavailable quantitatively describing volatilization of mercury from surface waters
bodies. Review of the scientific literature and discussionswith expertsindicate that most datathat are
available data are from lakes and ponds; datafrom moving water bodies such as streamsor riversare
extremely limited. However, DGM hasbeen measured in EFPC. Measurementsin EFPC below Redlity
Lake/New Hope Pond in 1996 showed that DGM concentrations ranged from 0.016% to 0.21% (average
0.095%) of total mercury concentrations (Turner personal communication). DGM concentrationsin the
upper creek (above Redlity Lake/ New Hope Pond) ranged from <1% to 3.3% of total mercury (Saouter
et al 1995, Liebert et al 1991). The percent DGM measured in EFPC is consistent with DGM values
measured in pristineand uncontaminated systems. For example, datapresented by Harrisand Snodgrass
(1997) suggest DGM in a Canadian Shield Lakeis 1.3 to 2.3% of dissolved mercury, or <1% of tota
mercury.

While DGM reflectsthefraction of thetotal mercury in awater body that isin avolatile form, the actua
fraction of thetotal mercury that volatilizesover aspan of timemay belarger or smaller, depending onsuch
factors as the turbulence of the water and the time and distance over which thewater travels. Also, as
elemental mercury isremoved from thewater by evasion, more elemental mercury will beformed asthe
equilibrium among reactants and products drives the reactions that produce e emental mercury (e.g.,
reduction of divaent mercury (Hg?) by biotic and abiotic processes) to produce more e emental mercury.

Measurements of mercury in EFPC in 1996 showed that most of the mercury in the EFPC water column
is adsorbed to suspended particul ates (Sauoter et d. 1995). In generd, the percentage of mercury in the
water column that was present as dissolved mercury during 1989 and 1996 decreased with downstream
distance: the percentage of mercury present as dissolved mercury was 68% at EFPCM 15.7 (above Redity
Lake/ New Hope Pond), 16% at EFPCM 12.9, and 2.1% at EFPCM 1.3. Mercury that is adsorbed to
particulateisnot very available, either to volatilize or to be methylated. However, over thelength of EFPC,
the percent of mercury present as DGM relative to total dissolved mercury was generally consistent
(around 1.0to 1.5% of totd dissolved mercury). This suggests that with increasing distance downstream,
less of the mercury in the water column is available to be reduced and evade to air as more and more of
the mercury binds to suspended particul ate.
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Studies of the “reductive potentia” of water in EFPC and other sites (Barkay et al. 1992, Turner et al.
1993, Saouter et d. 1995) demondtrate that anumber of water quaity parameters can decrease or enhance
the reduction of instream mercury to DGM. Parametersthat inhibit reduction of waterborne mercury
includelow pH and high suspended matter concentrations. Suspended matter, particularly mineralsand
dead organic matter, compete strongly with the reduction processfor mercury in the solution phase and,
once sorbed to suspended matter, mercury does not appear to be available for reduction or the rate of
reduction is much slower than for dissolved mercury (Turner et al. 1993). Itisdifficult to determine
whether water qudity conditionsin EFPC inthe 1950s consistently favored or inhibited instream reduction
of mercury. However, it may be reasonably assumed that total suspended solids concentrationswere high
in EFPC during the 1950s (having an inhibitory effect on reduction) and that pH fluctuated widely between
vauesfavorableto reduction (high pH) and inhibitory to reduction (low pH). Physical parameterssuch as
temperature, wind speed, and mixing of the water column, can also affect the rate of evasion of elementd
mercury from the water column (Saouter et al. 1995).

Inastudy conducted by Saouter et a. (1995), alaboratory microcosm consisting of water, sediment, and
ar compartmentswas used to smulate mercury geochemica cyclingin Redlity Lake. Totd and dissolved
mercury, total gaseous mercury, and methylmercury were measured in the water at theinlet and outlet of
the microcosm, and at the inlet and outlet of Reality Lake. Resultsindicate that in the microcosm,
approximately 32% of the total mercury in water was*“lost” between the inlet and the outlet. In Redity
Lake, approximately 7.4% of themercury was*“logt”. However, measurements of mercury concentrations
insediment at the bottom of the microcosm indicatethat most of the*lost” mercury adsorbed to particulates
and settled out of the system— only about 2 to 7% of the mercury that was lost appeared to have
volatilized.

Based on the above considerations, it was assumed that:

. On an annual average basis, between 60 and 90% of the mercury released from
Y-12 was “lost” between Y-12 and the junction.

. Onan annual average basis, 60% or more of the mercury that was released from
Y -12 was bound to sedimentsin the floodplain, suggesting that the dominant
processremoving mercury from surfacewater waslikely absorption to particulates
and sedimentation.

. Onanannud average basis, thelikely maximum amount of mercury released from
Y-12 that volatilized from EFPC was 30%.

Based on these cons derations, the upper-bound estimate of the fraction of mercury discharged from Y-12
inagivenyear that escaped to air above EFPC was assumed to be 30%. Thelower-bound was assumed
to be 1%, based on the assumption that most al of the mercury waslost to sediment. Thebest-estimate
was assumed to be 5%, determined by multiplying the mid-range of the estimated percentage of mercury
lost to either air or sediment between Y-12 by the mid-range of the estimated percentage of “lost” mercury
assumed to have volatilized in the microcosm and Lake Reality studies.
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Dispersion Modeling

Air dispersion modeling was conducted to estimate ground-level concentrations of airborne mercury at
receptors near EFPC, using estimates of emission rates from EFPC. The most recent version of the
USEPA-gpproved Industrial Source Complex Short Term (1SCST 3) computer model wasused (USEPA
1995¢, Version 96113). ISCST3 is a Gaussian air dispersion model that calculates ground-level
concentrations downwind from an area source from the following doubleintegral in the upwind (x) and
crosswind (y) directions:

K
cn 2K VD e 205 Yy dy dx (7.14)
2 plug x S, s, y S,
where:
Qa = Area source emission rate (mass per unit area per unit time)
K = Units scaling coefficient
Vv = Vertical term
D = Decay term as afunction of x
Sy, S, = Standard deviation of lateral and vertical concentration distribution (m)
Us = Mean wind speed (m s?) at release height

The dispersion modeling used unit emissions (1 g s*) from each creek segment. This determinesthe
contribution to annua average airborne concentration at each receptor from aunit release by each segment.
The contribution to the annual average air concentration at each receptor from agiven segment isthen
obtained by multiplying the contribution from a unit release at the segment by the estimated emission rate
(Q) from that segment for each year of emission. Thetotal annual average airborne concentration at each
receptor for each year is calculated by summing the contributions from all segments.

Required inputs to the air dispersion model included:

. Location, length, width, and orientation of area sources used to represent EFPC
. Emission rates for each source

. Meteorological data representative of conditions in the EFPC floodplain

. Receptor locations

EFPC was represented as a series of 403 elongated area sources a ong the creek with amaximum length
of 100 metersand anomina width of 15 meters. Thelength of each segment was chosen to gpproximate
the shape of the creek, asshownin Figure 7-5. Source parameters necessary to characterize emissions
for air dispersion modeling, including length, width, orientation and emission rate for each segment are
presented in Appendix P (see Tables P-1 and P-2). Three values of the mercury lossfraction f (0.01, 0.05,
0.3) were model ed.



L RECEPTOR

=", CREEK
C =] DESIGNATED SOURCE AREA (TOTAL NUMBER OF SOURCE AREAS = 403)

p==p  CONTRIBUTION FROM DESIGNATED SOURCE AREA TO EFPC-2

TOTAL CONCENTRATION AT EFPC-2 = CONC.g g+ CONC.igp+ CONC. g gt CONC.iggs wornmiemenn

Figure 7—\5: Conceptual Model for Mercury Releases from EFPC Using the ISCST3 Air Dispersion Model

e,
VNN
(CChem/Rigs’
A Divislon of Mclaren/Hart

OAK1997/EPPC_REC/FIG7-4.0WG 7/9/97 vib 7-33




TASK 2 REPORT
July 1999 Mercury Releases from Y-12 Lithium Enrichment—
Page 7-34 Concentrations in Water, Air, Soil/Sediment, and Fish

EFPCisinavaley between two ridges— Blackoak Ridgeto the northwest and Pine Ridge to the southesst.
Sincethe EFPC floodplain is generaly flat, ISCST3 can be used to model air dispersion near the creek.
Thetwo ridges createawind pattern that ismainly in the northeast-southwest direction. Duringtheyears
of greatest air emissonsof mercury (i.e., 1950-1963), hourly meteorologica datafor the EFPC floodplain
are not available. Monthly average data from the Oak Ridge town center station (Station 886) were
compared to hourly average data collected from 1987-1992 at the Y-12 East Meteorological station.
Based on this comparison, meteorological datafromthe'Y-12 East station for the year 1987 were used
to provide hourly wind speed, wind direction, temperature, stability class, and mixing height informeation to
model releases from EFPC. Receptor |ocations modeled near EFPC include the Scarboro Community,
Robertsville School, the EFPC farm family, the community receptors, and thelocations of treesinthe
EFPC floodplain analyzed for mercury content in their tree rings (Figures 1-2 and 7-6).

7.3.3 Simulation Results and Uncertainty in Exposur e Estimates

Inthe Monte Carlo uncertainty andys's, air concentrationsat receptorsfor agiven year dueto volatilization
of mercury from EFPC were characterized by defining adistribution of air concentrationsat the receptors
based on the bounding of volatilization rates of mercury from EFPC (i.e., assuming 1%, 5%, and 30% of
mercury volatilizesfrom EFPC over the length of the creek) and uncertaintiesinduced by the modeling
approach:

Cair&vol .Cair&vol(mod) (1%, 5%, 30%) X MUnc (715)
where:
Cair-vol = Receptor-specific air concentration due to volatilization of
mercury from EFPC, usedin Monte Carlo uncertainty analysis (g
m)
Cair-vol(mod) = M odel ed receptor-specific air concentration dueto volatilization

of mercury from EFPC (ug m?)
M e = Uncertainty in air dispersion model (unitless)

PDFs used in the calculations to characterize air concentrations for each year due to volatilization of
mercury from EFPC are summarized in Table 7-11. The PDF used to characterize |SCST3 model
uncertainty for the EFPC areawas again represented by alognormal distribution with geometric mean of
1 and geometric standard deviation = 1.4 (i.e., 95% of the distribution iswithin afactor of 2 of the
geometric mean), as described in Section 7.2.3.
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Table 7-11: Probability Density Functions
for Air Concentrations Dueto Volatilization from EFPC

PDF

Parameter Distribution Type Description

Lower-bound = Modeled air
concentration at 1% emission

Modeled air concentration Logtriangular Best estimate = Modeled air
(Cairvol (o) concentration at 5% emission

Upper-bound = Modeled air
concentration at 30% emission

Geometric mean =1
Model uncertainty (My,.) L ognormal Geometric SD = 1.4

7.4  Mercury Concentrationsin Soil and Sediment

I nvestigationsof mercury concentrationsin soil in the EFPC floodplain have shown that soil concentrations
aredevated dueto sedimentation of mercury from water and deposition of airbornemercury. Asdiscussed
in Sections 7.2 and 7.3, alarge percentage of the mercury released from Y-12 to EFPC waslikely bound
to sedimentsin EFPC or the EFPC floodplain. Itislikely that mercury concentrationsin surface soil inthe
floodplain were highest during the period when releases from Y-12 were highest. Later surface soil
concentrationswere probably lower dueto remova of soil during flood events and deposition of materids
with lower concentrations. Numerous floods have been reported on EFPC over the last 200 years.
Floods occur on the creek at an average of approximately four per year (TVA 1959). During the period
of peak releases from Y-12, alarge flood occurred in April 1956 (TVA 1959).

Asdiscussed in Section 6.1.3, pathways of exposureto mercury infloodplain soil and sediment could have
included direct contact (e.g., ingestion and dermal contact) aswell asindirect pathwaysfromingestion of
vegetablesgrown in or near the floodplain or ingestion of milk or meat from animalsthat grazed in the
floodplain and ingested soil.

The earliest measurements of mercury in EFPC sediment were three sediment (“mud”) samples collected
by Sandersin 1970 (Sanders 1970). The sampleswere collected just below New Hope Pond (0.90 mg
kg?), in EFPC near Wiltshire Estate (1.6 mg kg™), and in EFPC near the Oak Ridge Country Club (11.3
mgkg"). No further sampling was conducted until 1982 when Van Winkle et a. (1984) collected atotal
of seven surface sediment samples aong the length of EFPC. Concentrationsranged from 19to 127 mg
kg™, with the maximum concentration measured at EFPC Mile 13.8, just downstream from New Hope
Pond. VanWinkleet al. (1984) aso collected a sediment core from New Hope Pond to gauge mercury
deposition since dredging of New Hope Pond in 1973. Data from this core show a peak sediment
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concentration at adepth of 30 to 45 inchesbelow the surface, indicating that mercury releasesfrom Y -12
had decreased since 1973.

The earliest measurements of mercury in soil inthe EFPC floodplain were madein 1983. The Oak Ridge
Associated Universities (ORAU) conducted extensive sampling of mercury concentrationsin EFPC
floodplain soil and €l sewherein the Oak Ridge community between 1983 and 1987 as part of the Oak
Ridge Task Force (ORTF) investigations (MMES 1984, 1985, 1986, 1987, 1988; TDHE 1983; Hibbitts
1984, 1986). TheTVA aso conducted an extensive sampling program for mercury inthe EFPC floodplain
as part of the Instream Contaminant Study, also apart of the ORTF investigations (TV A 1985b). The
TVA collected 122 sediment cores from the EFPC floodplain, 19 instream sediment samples from EFPC,
and 15 sediment cores from the Clinch River and Watts Bar Reservoir.

Another extensive sampling program for mercury in EFPC floodplai n soilswas conducted between 1990
and 1992 by SAIC, as part of the EFPC Floodplain Remedia Investigation (SAIC 1994b). SAIC
conducted the sampling in two phases. During Phasela, they collected soil samplesin thefloodplain from
three areas of known contamination (NOAA, Bruner's Center sites, and Sturm sites). During Phase 1b,
they conducted large scale sampling of floodplain soilsin 159 transects acrossthe floodplain and at right
anglestothecreek a 100 m (330ft) intervals. Almost al of these sampleswere collected over three depth
intervals: 0 — 16 inches below ground surface (bgs), 16 — 32 inches bgs, and 32 — 48 inchesbgs. Samples
from each depth interval were homogenized (blended into a uniform mixture) for analysis.

Asdiscussedin Section 5.2 and described in gregter detail in Appendix K, anumber of investigationsusing
severd different extraction and anaytica methods were conducted from 1988 through 1994 to attempt to
speciatethemercury in floodplain soil (Barnett and Turner 1995; SAIC 1994b; Reviset d. 1989). Results
suggest that much of the mercury iscurrently present informsnot likely to be mobilein soil. Reviset al.
(1989) reported that mercury in soilsin the EFPC floodplain were primarily restricted to thetop 40 cm
(about 16 inches) of the soils (Henke et al. 1993). Movement of elemental mercury vapor and mercuric
mercury (Hg?) ionsin soils and sedimentsis frequently hindered by the tendency of mercury to bind to
natural organic matter and, to alesser extent, to fine-grained minerals (Henke et d. 1993). In addition, the
solubility of elemental mercury islow, limitingitspotentia toleach through soil (Porcella1994). Based on
these data, it isassumed that mercury deposited historicaly on EFPC floodplain soils did not significantly
leachinto deeper soils. Thisassumptionisborne out by theresults of the SAIC sampling, which indicate
that the average concentration measured in the top depth interval (0 — 16 inches bel ow ground surface
(bgs)) generally exceeded average concentrationsin the deeper depthintervals (16 — 32 inchesbgsand
32 —-48inchesbgs). For example, at the location in the floodplain near that assumed to have been
occupied by the EFPC farm family (e.g., between gpproximately EFPC Mile 9.5 and 10.5), the arithmetic
mean concentration in thetop depth interva was 13 mgkg?, while the arithmetic mean concentrationin the
second interval was 5.0 mg kg™.

Theexposure point concentrations used to eval uate exposuresto mercury in floodplain soil and EFPC
sediment are described below.
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The project team used soil data collected by SAIC between July 1991 and May 1992, during Phase b
of the EFPC Floodplain Remedia Investigation (RI), to estimate exposuresto mercury in floodplain soil
and sediment at the EFPC Floodplain Farm Family and Robertsville School population locations. Data
from thissampling program were sel ected for usein eval uating exposuresto individuasliving near or
recreating in the floodplain because thisisthe most extensive data set available. Exposures of Scarboro
Community residentsto mercury in surface soil were evaluated using soil data collected in the Scarboro
areaby ORAU in 1984, because no soil sampleswere collected in the Scarboro Community during the
1991-92 EFPC RI.

As discussed, samples were collected during the EFPC RI from 159 transects extending across the
floodplain, spaced 100 m apart along 23 km of the creek. Soil samples were taken at the edge of the
creek and every 20 m (65 ft) away until the eevation of the 100-yr floodplain wasreached. Sampleswere
collected to a maximum depth of 48 inches at depth intervalsfrom 0— 16 inches below ground surface
(bgs), 16 — 32 inches bgs, and 32 — 48 inches bgs. Within these depth intervals, samples were
homogeni zed, such that reported concentrati ons represent the average mercury concentration over the
entiredepthinterval. In generd, of the three depth interval's, homogenized samplesfrom thetop (0— 16
inches) interval had the highest concentration. Thisinterval likely reflectsmercury deposited on the soil
during the period of highest releasesfrom Y-12. Samplesfrom thisinterval were used to characterize
exposures to soil and sediment in the floodplain.

To characterizethestratification of mercury concentrationsin soil with depth, SAIC conducted aVertical
Integration Study in 1992 during which they collected five 18-inch long soil cores and divided each core
into 1-inchdepthintervals. Coreswere collected from four locations: the EFPC/ Poplar Creek confluence,
Grand Cove Subdivision, the Bruners Study site (two samples), andthe NOAA Study Site. Datafrom this
investigationindicatethat averaging of individua resultsfrom 1-inch samplescollected from 0 to 16 inches
bgs produced concentrations that are generdly cons stent with concentrationsin homogenized 0— 16 inch
depthinterval samplesfrom the samelocation (Table 7-12). Resultsalso showed that the soil horizon
containing the highest mercury concentrationswastypicaly buried under 9to 16 inchesof overburden; this
deeper horizon probably represent mercury deposited during the period of highest releases from 1955 —
1959. Concentrationsin this horizon were about 300% to 500% greater than concentrations averaged
overthe0S 16inchinterval. Incontrast, concentrationsmeasured in depthintervalscloser to the surface
were as low as <1% of the concentration averaged over the 0 S 16 inch interval.

Toadjust for gtratification with depth, and the likelihood that surface soil concentrationsin the past were
higher than the present, average soil concentrations measuredinthe 0 S 16 inch depth interval samples
were adjusted based on the mass of mercury annually released from Y-12 between 1950 and 1990.



Table 7-12: Results of the SAIC (1994) Vertical Integration Study of Soilsin the EFPC Floodplain

NOAA (#N334E02) Bruners Center (#E534NQQ) Bruners Center (#£534N00-Dup) EEPC/ Poplar Creek (#£203N00)
Depth Conc. % of Conc. % of Conc. % of Conc. % of
Interva (mg kg™ Homogenized (mg kg?) Homogenized (mg kg™ Homogenized (mg kg™ Homogenized
O-]! in. 451 34% <17 0.090% NA NA <3.9 1.1%
1-2in. 593 45% 25 2.8% 29 3.2% 14 7.9%
2-3in. 642 49% <2.1 0.11% 8.1 0.90% <4.0 1.1%
3-4in. 647 49% 32 3.6% 71 7.9% 54 3.1%
4-5in. NA NA 40 4.5% 1990 220% 6.5 3.7%
5-6in. NA NA 492 55% <3.6 0.20% NA NA
6-7in. 510 39% 1740 190% <3.6 0.20% NA NA
7-8in. 1190 90% 2450 270% <3.3 0.18% 14 7.9%
8-9in. 1920 150% 2440 270% <3.3 0.18% 63 36%
9-10in. 2870 220% 2740 310% <3.7 0.21% 307 170%
10-11in. 1950 150% 3420 380% <4.2 0.23% 425 240%
11-12in. NA NA 1870 210% 226 25% 228 130%
12-13in. NA NA 292 33% 181 20% 117 66%
13-14in. 318 24% 374 42% 2080 230% 96 54%
14-15in. 306 23% 295 33% 2920 330% 56 32%
15-161in. 436 33% 168 19% 2130 240% 45 25%
Average 986 1024 643 99
Concentration in Homogenized Sample
0-16in. 1320 898 898 177
NA Data not available for this depth intervalS Sample result was rejected.

7-39




TASK 2 REPORT
July 1999 Mercury Releases from Y-12 Lithium Enrichment—
Page 7-40 Concentrations in Water, Air, Soil/Sediment, and Fish

Surface soil concentration PDFs used to estimate dose were characterized as follows;

Csoil i Csoil&measured X AI:depth (7.16)
where:
Cqi = Sail concentration used in Monte Carlo uncertainty analysis
Cuilmeasred = Average soil concentration measuredin cores(0S 16 inch depth

interval) by SAIC during the EFPC RI (EFPC farm family and
Robertsville School children) or in the surface depth interva by
ORAU (Scarboro Community), for each area of interest

AF enin Adjustment factor, applied to floodplain soil/sediment samples
only (to reflect stratification of mercury concentrations at depth
and the likelihood that past surface soil concentrations were
different than concentrations in the homogenized sample)S
adjustment factorswere not applied to the Scarboro soil data set,
since these sampleswere collected in the surfaceinterval (0to 3
inches bgs) and soils in this area were not subject to EFPC

flooding
The input parameters are described below.
Soil Data

Soil datacollected in the floodplain during the EFPC RI or in the Scarboro Community by ORAU were
used to eval uate exposuresto individual swho resided near or recreated inthefloodplain. Subsetsof data
from different areas were used to evaluate exposures via different pathways as follows:

. For the EFPC Farm Family and Robertsville School children populations, direct
contact exposures to soil (such asingestion or dermal contact with soil) were
evaluated using soil data collected during the EFPC RI acrossthe width of the
floodplain. The same data set was used to evaluate the “ingestion of soil by
livestock” pathwaysfor the EFPC Farm Family. For the Scarboro population,
direct contact exposures to soil were characterized using surface soil data
collected in and near the Scarboro Community by ORAUS these data were
collected from approximately 0 to 3 inches bgs.
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. For the EFPC Farm Family population, uptake of mercury from soil into

vegetableswas evd uated using soil datacollected duringthe EFPC RI inan area
gpanning between 20 m from the creek and the edge of the 100-year floodplain.
It was assumed that the frequency of inundation of lower eevations by floodwater
precluded growing vegetable gardens in these areas. For the Scarboro
population, uptake of mercury from soil into vegetables was evaluated using
surface soil data collected in the Scarboro community by ORAU.

. Sediment samples collected in EFPC were limited. Therefore, exposures to
mercury ininstream sediment by members of the Scarboro community, the EFPC
Farm Family population, and Robertsville School childrenwereevaluated using
soil samples collected on the edge of EFPC during the EFPC RI.

Soil dataused to characterize exposuresto each popul ation through different pathwaysaretabulated in
Appendix Q.

Adjustment Factors

Soil concentration adjustment factors applied to samples collected in the EFPC floodplain were derived
assuming that:

. During the peak release years, concentrations at the surface were significantly
higher than average concentrations over the entire depth interval,

. During recent years, concentrations at the surface were significantly lower than
average concentrations over the entire depth interval, and

. During interim periods, concentrations at the surface were at or near average
concentrations over the entire depth interval.

Historical concentrationsin floodplain surface soilswere estimated by applying adjustment factorsto the
concentrations reported for homogenized samplesfromthe 0 S 16 inch depth interva. 1t wasassumed that
the mercury concentrationsin floodplain surface soil between 1950 and 1990 changed in proportion to the
pattern of mercury rdeasesfrom Y-12. Thus, it was assumed that surface soil concentrations was highest
during 1957, when the mass of mercury released was the highest, and lowest during 1990.

Evauation of the floodplain soil datafrom the SAIC Verticd Integration Study (Table 7-12) showsthat
the highest soil concentrations were measured at 10 to 15 inches bgs. Assuming that the highest
concentrations were deposited during 1957, this suggests that the rate of deposition of sedimentary
materiadsin the floodplain ranged between %2and %2 inch per year, with an average closer to ¥ainch per
year inthree of the four stratified samples (NOAA, Bruner’ s Center, and EFPC/ Poplar Creek junction).
Assuming adepositional rate of ¥ainch per year, soil layersin the stratified sampleswere“ dated”, and
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adjustment factor ranges cal cul ated based on the rel ationship between the concentration measuredina
“dated” depthinterval, and the concentration measured in the corresponding homogenized sample (Table
7-13). To estimate surface soil concentrations corresponding to different years, these adjustment factors
were gpplied to soil concentrations measured in homogenized samples collected during the EFPC RI from
the0 S 16 inch depth interva. Thus, for example, the concentration of mercury a the soil surfacein 1957
was assumed to range from 200% to 500% of the concentration averaged over the entire core.

Table 7-13: Soil Concentration Adjustment Factors

Y ear Adjustment Factor (%)
1950 - 1954 100 - 400
1955 - 1958 200 - 500
1959 - 1962 50 - 300
1963 - 1966 50 - 300
1967 - 1970 40 - 200
1971 - 1974 10-100
1975- 1978 5-100
1979 - 1982 3-50
1983 - 1986 1-50
1987 - 1990 2-50
1991 - 1994 1-30

Adjustment factor PDFs were defined as uniform distributions.

7.4.2 Soil and Sediment Concentrations— EFPC Floodplain Farm Family

It was assumed that the EFPC Floodplain Farm Family population resided at approximately EFPC Mile
10 and farmed and recreated primarily inthisarea. Soil samples collected during the EFPC RI were used
to characterize exposures to this population group.

Soil concentrations— Direct contact with soil

Exposuresthrough direct contact with soil (e.g., ingestion or dermal contact by farm family members) or
ingestion of soil by livestock were evaluated using soil datathat met the following description:
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. Exposure point concentrations were characterized using samples collected

between approximately EFPC Miles 9.5 and 10.5 (i.e., between EFPC RI creek
transects X47500 and X51500) across the entire width of the 100-year floodplain
(i.e., between EFPC RI northing N20 and southing S14).

. It was assumed that exposures were primarily to surface soils. Samples collected
from the surfaceinterva (0— 16in. bgs) were used to characterize exposure point
concentrations. Historical concentrationsfor specific yearswere cdculated using
the adjustment factors described above.

A total of 151 soil samples were collected that met the above description. Concentrations in the
homogeni zed sampleswere characterized by alognormal distribution with amean of 13 mgkg™* (dry wt)
and a standard deviation of 51. The maximum concentration measured was 298 mg kg™ (dry wt).

Soil concentrations— Root uptake into vegetables

Exposuresthrough uptake of mercury by vegetables grown in thefloodplain were evaluated using soil data
that met the following description:

. Exposure point concentrations were characterized using samples collected
between approximately EFPC Miles 9.5 and 10.5 (i.e., between EFPC RI creek
transects X47500 and X51500) at adistance of at least 20 metersfrom the creek
(i.e., excluding the samples collected aong the edge of the creek at EFPC RI
northing NOO or southing S00), since the frequency of inundation of lower
elevations of the floodplain precluded growing vegetable gardensin these areas.

. It was assumed that root uptake was associated primarily with surface soils.
Therefore, samples collected from the surface interva (0— 16 in. bgs) were used
to characterize exposure point concentrations. Average concentrationsof mercury
inthisinterval were higher than in deeper intervals(i.e., 16 —32in. bgsand 32—
48in. bgs). Historical concentrationsfor specific yearswere cal culated using the
adjustment factors described above.

A total of 127 soil samples were collected that met the above description. Concentrations in the
homogenized samples were characterized by alognormal distribution with amean of 7.2 mg kg* (dry wt)
and a standard deviation of 20. The maximum concentration measured was 241 mg kg™ (dry wt).
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Sediment (in-creek) concentrations

Since limited sediment data collected in EFPC are available, EFPC Foodplain Farm Family exposuresto
mercury in sediment in EFPC were evaluated using soil data that met the following description:

. Exposure point concentrationsfor sediment were characterized using samples
collected between approximately EFPC Miles 9.5 and 10.5 (i.e., between EFPC
RI creek transects X47500 and X51500) on the edge of the creek (i.e., a EFPC
RI northing NOO and southing S00).

. Samples collected from the surface interval (0— 16 in. bgs) were used. Higtorica
concentrations for specific years were calculated using the adjustment factors
described above.

A totd of 24 sampleswere collected that met thisdescription. Concentrationsin the homogenized samples
were characterized by alognorma distribution with amean of 55 mg kg™ (dry wt) and astandard deviation
of 138 mg kg*. The maximum concentration was 298 mg kg™ (dry wt).

7.4.3 Soil and Sediment Concentrations— Scar boro Community

It was assumed that the Scarboro Community population resided at the current location of the Scarboro
Community, onthe opposite side of Pine RidgefromtheY-12 Plant, and recreated primarily inthisarea.
Sail samples collected in the Scarboro areain 1984 by ORAU were used to characterize exposuresto
individuasin thispopulation viasoil ingestion, derma contact with soil, and ingestion of vegetablesthat took
up mercury throughtheir roots. 1n 1984, atotal of 16 surface soil sampleswere collected along Hampton
Road in the Scarboro Community and 41 samples were collected near the intersection of Tulsaand
Tuskegee Roads. Measured mercury concentrations were low (maximum concentration 3.8 mg kg™?).
While EFPC does not flow through the Scarboro Community itsdlf, the creek is close enough that children
who wereresidents of the Scarboro Community likely visited the creek for fishing and other recresational
activity, particularly snce Oak Ridge was segregated until thelate 1950sand community membersdid not
have accessto many of thecity of Oak Ridgefacilities. Exposure point concentrationsfor sediment were
therefore characterized using soil samples collected during the EFPC RI along EFPC.

Soil concentrations-- Direct contact with soil and Root uptake into vegetables

Exposuresof the Scarboro Community populationto mercury in“backyard” soil through direct contact and
ingestion of vegetablesthat took up mercury from soil wereeva uated using soil datathat met thefollowing
description:

. Exposure point concentrations for soil were characterized using surface soil
samples collected in the Scarboro Community (on Hampton Road and the
intersection of Tulsa and Tuskegee Roads) by ORAU in 1984.
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A tota of 57 surface soil samples (0 to 3inch depthinterval) were collected that met the above description.
These samples were characterized by alognormal distribution with amean of 0.35 mg kg* (dry wt) and
astandard deviation of 0.63 mg kg*. The highest measurement was 3.8 mg kg™ (dry wt).

Sediment (in-creek) concentrations

Exposures to mercury in sediment in EFPC were evaluated using soil data that met the following
description:

. Exposure point concentrations for sediment were characterized using samples
collected between approximately EFPC Miles 13 and 15 (i.e., between EFPCRI
creek transects N33400 and N36700) on the edge of the creek (i.e. at EFPCRI
easting EOO0 and westing WO00).

. Samples collected from the surfaceinterval (0-16 in. bgs) were used. Historical
concentrations for specific years were calculated using the adjustment factors
described above.

A totd of 95 sampleswere collected that met thisdescription. Concentrationsin the homogenized samples
were characterized by alognormal distribution with amean of 82 mg kg™ (dry wt) and astandard deviation
of 250 mg kg*. The maximum concentration was 1,590 mg kg™ (dry wt).

7.4.4 Soil and Sediment Concentr ations— Robertsville School Children

It was assumed that members of the Robertsville School Children population lived near the EFPC
floodplain and attended school at approximately EFPC Mile 12, and that they occasiondlly participated
inrecreational activitiesaong the creek in thisarea. Soil samples collected during the EFPC RI between
approximately EFPC Miles 11.5 and 12.5 were used to characterize exposures to this group.

Soil concentrations-- Direct contact with soil

Exposuresthrough direct contact with soil (e.g., ingestion or dermal contact with soil) wereevauated using
soil datathat met the following description:

. Exposure point concentrationsfor soil were characterized using samples collected
between approximately EFPC Miles11.5and 12.5 (i.e., between EFPC RI creek
transects X 55000 and X59000) across the entire width of the 100-year floodplain
(e.g., between EFPC RI northing N14 and southing S16).

. It was assumed that exposures occurred primarily to surface soils. Samples
collected from the surface interval (0 — 16 in. bgs) were used to characterize
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exposure point concentrations. Historical concentrationsfor specific years
were cal culated using the adjustment factors described above.

A total of 55 soil samples were collected that met the above description. Concentrations in the
homogenized sampleswere characterized by alognormal distribution with amean of 37 mg kg™ (dry wt)
and a standard deviation of 183 mg kg*. The maximum concentration was 207 mg kg™ (dry wt).

Sediment (in-creek) concentrations

Exposures to mercury in sediment in EFPC were evaluated using soil data that met the following
description:

. Exposure point concentrations for sediment were characterized using samples
collected between approximately EFPC Miles11.5 and 12.5 (i.e., between EFPC
RI creek transects X55000 and X59000) on the edge of the creek (i.e., at EFPC
RI northing NOO and southing S00).

. Samples collected from the surfaceinterva (