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GLOSSARY

absorbed dose - ameasurement of the energy imparted by radiation to a unit mass of material, such as tissue in the body.
Absorbed dose is quantified by the gray (Gy) which is equal to the absorption of one joule of energy in one kg mass
of tissue. Formerly, absorbed dose was quantified in terms of the rad (Radiation Absorbed Dose): 1 gray (Gy) = 100 rad.

actinon - ashort-lived naturally occurring radioactive gas (also known as radon-219) that is generated by the radioactive
decay of uranium-235.

alpha buildings - collection of five Y-12 buildings which housed the first stages of the electromagnetic enrichment
process.

air sampling - the collection and analysis of a measured quantity of air from adefined area or source. Samples of air are
collected to measure or to detect the presence of radioactive substances, particulate matter, or chemical pollutants.
Samples can be taken from rooms, exhaust systems, stacks, or ambient air.

alpha particle - a positively charged particle that is ejected spontaneously from the nuclel during the decay of certain
radioactive elements such as uranium. Physically, it isidentical to a helium nucleus, with two neutrons and two protons,
and has a mass number of 4 and an electrostatic charge of +2. Generally, alpha particles have very low-penetrating
power; even the most energetic apha particle will fail to penetrate the skin. Alpha-emitting isotopes only pose a health
hazard if directly introduced into the body either by inhalation or ingestion.

AMAD - (Activity Median Aerodynamic Diameter) given in microns, is a measure of the diameter of aparticle size asit
relatesto inhalation.

anisokinetic sampling - nonrepresentative sampling of an air or fluid stream caused by a difference between the air or
fluid velocity in the sampling probe and the velocity of the particlesin the stack. Such sampling inaccuracies can be a
source of biasin effluent sampling. In contrast, isokinetic sampling, in which the two velocities are equal can result in
an unbiased sample of the stack effluent.

Atomic Energy Commission (AEC) - afederal agency created in 1946 to manage the development, use, and control of
nuclear energy for military and civilian application. Abolished by the Energy Reorganization Act of 1974 and succeeded
by the Energy Research and Development Administration. The former AEC and ERDA (1974 - 1977) was splitin 1977
between the Nuclear Regulatory Commission and the Department of Energy.

background radiation - the radiation received by man from natural and environmental sources including cosmic rays,
radiation from the naturally radioactive elements in the environment, and natural concentrations of radionuclidesin the
body (carbon-14, potassium-40). The usually quoted average individual exposure from background radiation for a person
living in the continental United States is 250 to 300 millirem per year.

beta buildings - three Y -12 buildings which housed the second stages of the electromagnetic enrichment process.

bias - a systematic error of measurements that results in either an over- or underestimation of the result. Biasisnot the
same as accuracy, which is a measure of how close a value is to the true number. Precision is a measure of the
repeatability of a measurement.

biokinetic modeling - the use of mathematical models to quantify the movement and accumulation of ingested or inhaled
material throughout the human body.

calibration - the check or correction of the accuracy of a measuring instrument to assure proper operational
characteristics. Calibration of measuring equipment is performed periodically to ensure an accurate response of the
detector system to the propertiesit is measuring.



GLOSSARY

calutrons - production scale mass spectrometers that were used at Y-12. The high magnetic fields were used to
electromagnetically separate the lighter U-235 isotope from the heavier, more naturally-abundant U-238 isotope. Derived
from California University Cyclotron.

cascade - a system of gaseous diffusion process components arranged so as to enrich uranium in its U-235 component.
Porous gaseous diffusion barrier was contained in stages, the basic units of the enrichment process. Because each stage
provided only about 0.2% enrichment, a number of stages were connected together to form cells, and a large number of
cells were connected in series to provide the needed enrichment. The system of cells was called a cascade because

about half the introduced gas flowed to the next higher stage, while the remaining portion flowed to the next lower stage.

chemical symbols- abbreviations for different elements and compounds. Examples of elementsinclude U for uranium,
O for oxygen, N for nitrogen, and F for fluorine. Examples of compounds include UF, for uranium tetrafluoride (green
salt) and UO; for uranium trioxide (orange oxide).

counter - agenera designation usually applied to radiation detection instruments or radiation survey meters that detect
and measure each individual interaction of a particle or gamma ray with the materials in the detector portion of the
instrument. The signal registered by these instruments represents an ionization event and can be referred to as a count;
examples of counters include the Geiger-Mueller (G-M) counter.

curie(Ci) - aunit used to quantify the amount of radioactivity associated with aradioactive element. The curieis equal
to 37 billion disintegrations per second, which is exactly the rate of decay of one gram of radium-226. A curie (Ci) isalso
the quantity of any radionuclide that decays at arate of 37 hillion disintegrations per second. Named for Marie and Pierre
Curie, who discovered radiumin 1898. The S.1. unit for activity isthe Becquerel (Bq); one curieis equal to 37 hillion Bq.

depleted uranium - on the ORR, depleted uranium consisted mostly of U-238 and usually contains between 0.14 and
0.20% uranium-235 by weight. Natural uranium contains 0.72% uranium-235, while enriched uranium contains greater
than 0.72% uranium-235 by weight. For example, depleted uranium is generated as aresult of the K-25 gaseous diffusion
uranium enrichment and is found in the tailings portion of the process outputs.

detector - a material or device that is sensitive to radiation and which can produce a response signal suitable for
measurement or analysis. It isthis response that can be converted into a characteristic that can be counted or measured
asin aradiation detection instrument.

DOE - the U.S. Department of Energy.

dose - the total amount of ionizing radiation or chemical agent received by an person. For radiation, this differs from
absorbed dose which represents the total energy deposited in a unit mass of tissue. There are specific definitions of
radiation dose which are described by technical terminology such as absorbed dose, equivalent dose, and effective dose.

effective dose - The sum over specified body tissues of the products of the equivalent dose in that tissue and the
weighting factor for that tissue. These weighting factors reflect that some organs are more susceptible to radiation
damage than others, and have a greater risk of producing cancer or other adverse effects. Each weighting factor
represents the relative contribution of the specified organ or tissue to the total risk of effects such as cancer, compared
to that from uniform irradiation of the whole body. The unit of effective dose is the rem (traditional system) or sievert
(SI system); 1 sievert (Sv) = 100 rem.

effluent - treated or untreated air emission or liquid discharge containing contaminants that has been released into the
environment from afacility.

enriched uranium - on the ORR, enriched uranium typically contained between 0.95% and $99% uranium-235. Natural
uranium contains 0.72% uranium-235, while depleted uranium contains less than 0.72% uranium-235.
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enrichment of uranium - aprocessin which the relative abundance of one of the isotopes of uranium isincreased with
respect to the others. These processes in the past used the difference in the mass of the isotopes to increase the relative
fraction of oneisotope over the others. The resultant material is enriched in one particular isotope (usually uranium-235)
and depleted in its other isotope (uranium-238).

episodic releases - nonroutine or accidental releases of relatively short duration.

equivalent dose - the relative biological impact of each type of radiation (alpha, beta, or gamma) upon cells differs due
to the relative behavior of that radiation. To account for each type of radiation, the absorbed dose is multiplied by a
quality factor for that particular type of radiation (see quality factor). The quality factor for a particle depends also on
itsenergy. This quality factor adjusts for the relative biological impact of each type of radiation, and the product of the
absorbed dose and the quality factor is referred to as the equivalent dose. Any combination of different types of
radiation can be summed using the equivalent doses. The unit of equivalent dose is the rem (traditional system) or
sievert (Sl system); 1 sievert (Sv) = 100 rem.

exposure point - alocation where people may come into contact with contaminants in environmental media such asair,
soil, water, and food also called a reference location.

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

external exposure pathways - exposure routes arising from close proximity to radioactive material that is not taken into
the body. Examples of external exposure are immersion in contaminated air or water and exposures from contaminants
in or on the ground. Through these pathways, beta and gamma emitting radionuclides can impart a radiation dose to
anearby person without entering the body of the person. Also see immersion.

femtocurie - one thousandth of a millionth of a millionth of a curie, 1 x 10™ Ci (see curie). One femtocurie is one
thousandths of a picocurie (see picocurie).

gaseous diffusion enrichment - a process by which uranium hexafluoride is passed through a series of semipermeable
molecular barriers for the purpose of separating the lighter uranium-235 isotope from the heavier, more naturally-
abundant uranium-238 isotope (see enrichment of uranium).

gastrointestinal tract (Gl) - the digestive tract, which is composed of four compartments: the stomach, small intestine,
and upper and lower large intestines.

gray - a unit, in the International System of Units (SI), of absorbed dose that is equal to 1 joule per kilogram (see
absorbed dose).

green salt - the common name for uranium tetrafluoride (UF,); this product was used in Buildings 9212 and 9206 at Y-12.

grossor net alpharadioactivity - radioactivity measured in terms of a pha particles emitted, with no determination of their
energy or the identity of the specific radionuclides from which they were emitted.

health impacts - deleterious health effects. For uranium, the potential effect from its emitted radiation is cancer. Chemical
toxicity effects of uranium may lead to kidney damage.

health physics - the profession concerned with recognition, evaluation, and control of health hazards associated with
ionizing and nonionizing radiation.

I CRP - the International Commission on Radiological Protection.
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immersion - in this report, the surrounding of an individual by an atmosphere or body of water contaminated with
radionuclides that emit gamma or beta radiation.

ionization chamber - an instrument that detects and measures ionizing radiation by measuring the electrical current that
flows when radiation ionizes gas in a chamber, making the gas a conductor of electricity. (See counter.)

isotopes - atoms with the same number of protons, but different numbers of neutronsin their nuclei. Carbon -12, carbon-
13 and carbon-14 are isotopes of the element carbon, the numbers denoting the approximate atomic weights. |sotopes
have very nearly the same chemical properties, but often different physical properties, e.g., carbon-12 and carbon-13
nuclei are stable, carbon-14 is radioactive.

kilo - aprefix that multiplies abasic unit by 1000. For example, 1 kilogram = 1000 grams.

LOAEL - (Lowest-Observed-Adverse-Effect Level). In dose-response experiments, the lowest exposure level at which
there are statistically or biologicaly significant increases in the frequency or severity of adverse effects between the
exposed population and its appropriate control group.

mass loading - the concentration of dust or particulatesin air: usually quantified as grams of dust in a cubic meter of air
(g m®). This value can be used to quantify the concentration of a contaminant in air as aresult of dust resuspension if
the concentration of the contaminant in the surface layer of the soil is known. Mass loading values can be used in
conjunction with breathing rates to determine the quantity of aresuspended contaminant that isinhal ed.

microcurie - one-millionth of acurie, 1 x 10°. (Seecurie.)

micron - one-millionth of ameter, 1 x 10°m.

millirem - one-thousandth of arem, 1 x 10°® rem.

natural uranium - natural or “normal” uranium contains 0.72% uranium-235. Contrast with enriched uranium, which
contains more than the natural concentration of uranium-235, and depleted uranium, which contains less than 0.72%

uranium-235.

NCRP - the National Council on Radiation Protection and Measurements. The Council strives to provide accurate,
complete, and useful information for the advancement of the field of radiation protection.

NOAEL - (No-Adverse-Effect-Effect-Level). In dose-response experiments, an exposure level at which there are no
statistically or biologically significant increases in the frequency or severity of adverse effects between the exposed
population and its appropriate control; some effects may be produced at this level, but they are not considered to be
adverse, nor precursors to specific adverse effects.

oralloy - uranium enriched in the isotope uranium-235. ThisisaManhattan Project nickname, from Oak Ridge Alloy.
orange oxide - the common name for uranium trioxide (UQ,); this product was used in Buildings 9212 and 9206 at Y-12.
ORR - the Oak Ridge Reservation.

partsper million (ppm) - parts of a substance contained in amillion parts of air (or water) by volume.

percentiles- if alarge set of datais arranged from its smallest value to its largest, and thislist is divided into 100 classes
containing nearly equal numbers of data, 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.

-iv-
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picocurie - one millionth of amillionth of acurie, 1 x 10™ Ci (see curie). One disintegration per second of aradioactive
element equals about 27 pCi.

proportional counter - an instrument in which an electronic detection system receives pulses that are proportional to
the number of ionsformed in agas-filled tube by ionizing radiation. Used to measure alpha and beta activity on air, soil,
and water samples.

pur ge cascade - a segment of the gaseous diffusion process equipment that was used to separate and remove light gases
(such as air, fluorine, and coolant vapors) from the uranium hexafluoride that was being enriched. If these light gases
were not removed, they would accumulate at the top of the cascade and block the flow of enriched uranium hexafluoride.

quality factor - the factor by which the absorbed dose is to be multiplied to obtain a quantity that expresses, on a
common scale for all ionizing radiations, the biological damage to exposed persons per unit of energy absorbed in the
body. It is used because some types of radiation, such as apha particles, are more biologically damaging than other

types.

radioactive decay - the spontaneous emission of radiation, generally alphaor beta particles, often accompanied by gamma
rays, from the nucleus of an unstable isotope.

radionuclide - an unstable isotope of an element that decays or disintegrates spontaneously, emitting radiation.

radon - a short-lived naturally occurring radioactive gas (radon-222) that is generated by the radioactive decay of
uranium-238.

rem - acronym of roentgen equivalent man. The unit of dose of any ionizing radiation that produces the same biological
effect as aunit of absorbed dose of ordinary X-rays. (See equivalent dose, effective dose, quality factor.)

reference dose - a criterion recommended by the USEPA to evaluate chronic noncarcinogenic health effects of a
chemical. Itisthe highest dose of achemical that is not expected to cause adverse health effects over alifetime of daily
exposure.

reference location - a geographic location of individuals within the assessment domain where concentrations are
calculated by amodel.

Reservation - for purposes of this report, used to refer to the Oak Ridge Reservation.
risk - the probability of a deleterious health effect, such as cancer, being induced.

scintillation counter - the combination of phosphor, photomultiplier tube, and associated electronic circuits for counting
light emissions produced in the phosphor by ionizing radiation. (See counter.)

soil resuspension - the transport of soil particles from the ground surface to the air by the action of mechanical
disturbance or wind.

sour ceterm - the quantity, chemica and physical form, and the time history of contaminants released to the environment
from afacility.

thoron - older name of a short-lived naturally occurring radioactive gas (radon-220) generated by the radioactive decay
of thorium-232.

tuballoy - a commonly used synonym for depleted uranium. Likely derived from Tube Alloys, the cover name for the
British Atomic Energy Office.
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UCI, - uranium tetrachloride, used at Y-12 for electromagnetic enrichment during the Manhattan Project.

UF, - uranium tetrafluoride, or green salt, was processed at both Y-12 and K-25.

UF; - uranium hexafluoride or “hex,” was in K-25 enrichment operations and received at Y-12 for weapons production.
UO, - uranium dioxide.

UQO, - uranium trioxide, often called orange oxide, was used at Y-12.

U,0, - uranium oxide, the most common oxide of uranium found in typical ores. U,O; is extracted from the ore during the

milling process. The ore typically contains only 0.1% U,O,. The yellow-cake, the product of the milling process,
contains about 80% U,O,.

UO,(NQO,), - uranyl nitrate, a product encountered in the refinement of enriched uranium. These activities occurred in
Buildings 9206 and 9212 at Y-12.

uncertainty - the level of confidence in a given estimate based on the quality and quantity of the available data.
Inherent uncertainties are generated by a number of sources including: uncertainties in measurements, absence of data
due to the lack of environmental monitoring, 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.

uranium - anaturally-occurring, radioactive metal which, in natural ores, has an atomic weight of approximately 238. The
two principal natural isotopes are uranium-235 (0.7%) and uranium-238 (99.3% of natural uranium). Natura uranium also
includes a very small amount of the daughter uranium-234 by weight. The activity associated with this U-234 is
significant as U-235 enrichment increases. Uranium has been used chiefly in nuclear reactors and nuclear explosives.



UNITS& CONVERSIONS

METRIC MULTIPLES

Multiple Decimal Equivalent Prefix Symbol
10° 1,000,000 mega- M
10° 1,000 kilo- k
10° 100 hecto- h
10 10 deka- da
10" 0.1 deci- d
10? 0.01 centi c
10° 0.001 milli- m
10° 0.000001 micro- vl
10° 0.000000001 nano- n
10 0.000000000001 pico- p
107 0.000000000000001 femto- f
10 0.000000000000000001 atto- a
METRIC CONVERSION TABLE
Multiply by to obtain Multiply by to obtain
in. 2.54 cm cm 0.394 in.
ft 0.305 m m 3.28 ft
ac 0.404 ha ha 247 ac
mi 161 km km 0.621 mi
lb 0.4536 kg kg 2.205 Ib
lig. gt.-U.S. 0.946 1 1 1.057 lig. gt.-U.S.
ft? 0.093 m? m? 10.764 ft?
mi?2 2.59 km? km? 0.386 mi?2
ft® 0.028 m? m? 35.31 ft®
d min® 0.450 pCi pCi 222 d min?
pCi It (water) 10° pCi mL™ (water) pCi mL™ (water) 10° pCi L (water)
pCi m? (air) 10" pCi cm’® (air) uCi cm’® (air) 10" pCi m?(air)

TRADITIONAL AND INTERNATIONAL SYSTEMS OF RADIOLOGI CAL

U N | TS (Traditional units are in parentheses)

Quantity
absorbed dose

activity
dose equivalent

exposure

Name
gray
(red)
becquerel
(curie)
sievert
(rem)
coulomb per kilogram
(roentgen)

Symbol  Expression in Terms of Other Units

Gy 1Jkg*

rad 102 Gy

Bq 1d s* (disintegration per second)

Ci 3.7x10° Bq

Sv 100 rem
rem 102 Sv

Ckg*
R 2.58x10* C kg*in air
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Properties and Hazards of Uranium

U ranium isanauraly-occurring radioactive eement that isused for nuclear reactor fuel and in nuclear
weapon componentslikethe ones made at Oak Ridge. When hit by thermal neutrons, uranium can
achievenuclear fission, inwhich theuranium-235isotope (Z°U) splitsinto fragmentsand releasesmuch
energy. Uranium-238 (**U) can aso undergo fission when hit by fast neutrons. As shown below,
natural uranium is made up of three main forms, or “isotopes.”

| sotope Abundancein Natural Uranium  Half-Life (years)
(% wt.)

Uranium-234 0.0057% 246,000

Uranium-235 0.72% 704 million

Uranium-238 99.28% 4.47 billion

Oak Ridge sK-25 & Y-12 Sites enriched the®U in uraniumto levelsfrom afew percent (for use
in reactors) to over 90% by weight for use in nuclear powered submarines and for weapons.
Enrichment was performed using el ectromagnetic, liquid thermal diffusion, gaseousdiffusion, gas
centrifuge, and laser techniques.

T he three main uranium isotopes all emit alphaparticles. Some gammarays are less frequently
emitted from?U. Sinceadphaparticlescan’t penetrate the outer layer of our skin, the most significant
radiation hazard from uranium comeswhen it isinhaed or ingested. The degree of hazard from uranium
exposure dependsonitschemical and physical form and its degree of 2°U enrichment. Because past
enrichment processes couldn’ t separate U from U dueto their small differencesin mass,®*U was
enriched dong with2U. While?*U makesup only asmall fraction of theweight of natura uranium,
its contributes asmuch ashalf of itstotal radioactivity. Asuraniumisenriched in 2°U, U rapidly
becomes the major radiation source and gamma radiation from #°U also increases.

Asaheavy metal, uranium can also betoxic to thekidneys. At high exposures, kidney failure can
result. Normal, healthy kidneysapparently can repair some damage caused by uranium poisoning.
Scientists are uncertain whether these repair mechanisms are compromised by low-level, chronic
exposuresto uranium. Further discussionsregarding the chemical and radiologica toxicity of uranium
are presented in Appendix M to this report.

-iX-
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EXECUTIVE SUMMARY

Preiminary investigationsin the Oak Ridge Dose Reconstruction Feasibility Study indicated that uranium
wasnot among thelist of contaminantsthat warranted highest priority for detailed investigation of potentid
off-gtehedth effects (ChemRisk 1993b). After reviewing thefindingsof the preliminary Feasibility Study
evaluation of uranium releases, several individuals who had been long-term employees at Oak Ridge
uranium facilities and a number of ORHA SP members nonethel ess recommended that past uranium
emissions and potentia resulting exposures receive closer examination. These recommendations were
based on the following considerations:

. Avalilablerecordsof past uranium releases were found to beincomplete, and there was knowledge
of substantial uranium releases that had gone unmonitored and unreported,;

. the different isotopes of uranium had been evaluated separately in the Feasibility Study;

. the releases from the three ORR complexes (K-25, X-10, and Y-12) had been evaluated
separately in the Feasibility Study; and

. there had been no direct evaluation in the Feasibility Study of the potential combined exposures
that members of the public could have received as aresult of concurrent releases of al of the
uranium isotopes from the three ORR compl exes.

When the Oak Ridge Dose Reconstruction wasinitiated in 1994, it included a Task 6 component that
entailed further evauation of Oak Ridge uranium operations and effluent monitoring records to determine
if uranium releases from the Oak Ridge Reservation (ORR) likely resulted in off-site doses that warrant
further study. This report summarizes the methods and results of that evaluation.

The Task 6 investigation followed these basic steps:

. Information that described uranium uses and releases on the ORR was collected.

. Effluent monitoring data were evaluated for quality and for consistency with previous U.S.
Department of Energy (DOE) historical uranium release reports.

. Since the airborne effluent monitoring data were found to be incomplete, updated estimates of
airborne uranium rel eases over time were generated using the more complete data available to the
project team.

. Because of the nature of the available data, the screening evaluation of potential off-site exposures

to waterborne uranium was based on environmental measurementsof uraniumin theselocal surface
waters. Waterborne uranium releases from the Oak Ridge complexes were not routinely measured
near their individual points of origin like airborne effluents were. Waterborne releases from X-10
were routinely sampled at White Oak Dam, and the uranium isotopes were among those eval uated
under the Task 4 dose reconstruction for releases from White Oak Creek to the Clinch River. Early
Task 4 screening indicated that the uranium isotopes were not among the eight radionuclides that
warranted detailed dose reconstruction. Uranium concentrations were also periodically measured
in samples of EFPC water collected just downstream of New Hope Pond on the Y-12 Site, and at
the confluence of Poplar Creek and the Clinch River near the K-25 Site.
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. Air dispersion models were used to estimate uranium air concentrations at selected reference

locations near each ORR facility. Due to complexities of the topography surrounding the Y-12
facility, an alternate approach to classical air dispersion modeling was used to estimate uranium air
concentrations for the selected reference location. For each reference location, uranium
concentrations in surface water and soil were estimated from environmental measurement data.

. A screening-level evaluation of the potential for health impacts was performed by calculating uranium
intakes and associated radiation doses. A two-tiered exposure assessment methodology was
employed, which provided both upper bound and more typical results. These results are called
screening indices. The calculated screening indices were compared to the decision guide established
by the Oak Ridge Health Agreement Steering Panel to assess if releases of a material warrant
detailed investigation.

I ndependent efforts to reconstruct estimates of past airborne uranium releases focused in most detail on
the Y-12 production facility, the K-25 gaseous diffusion plant, and the S-50 liquid thermd diffusion plant.
For theY-12 Plant, rel easesfrom operationsthat were historically monitored were quantified by the project
team based on measurements of indoor uranium concentrationsand ventilation exhaust rates, or detailed
stack sampling and analysis recordsfound on archived computer tapes. For periodsin which effluent
sampling wasnot performed, or for which sampling records could not befound, air rel easeswere estimated
by the project team using averages of releasesfor adjacent years or using uranium production data (relaive
rates of production over time) to scae monitoring results from preceding or subsequent periods for which
monitoring datawere available. Independent release estimatesfor 1944 to 1988 were determined by the
Task 6 project team sincethe bulk of thereleases occurred during this period. DOE release estimatesfor
the period 1989 through 1995 are considered significantly more reliable due to improved effluent
monitoring.

Asshown in Table ES-1 and Figure ES-1, the independent evaluation of past Y-12 airborne uranium
releases yielded resultsthat are over seven times higher than release total s reported by the DOE, with
amost 44,000 kilograms moretota uranium released than officidly reported. The difference between the
Task 6 and DOE estimatesislargely dueto DOE' s use of incomplete sets of effluent monitoring dataand
related documents, together with their use of some annual release estimates that are based on effluent
monitoring datathat were not adequately corrected to account for sampling biases. The Task 6 estimates
also include some unmonitored releases that were not included in official release estimates.

The independent eval uation of airborne uranium releases from the K-25/S-50 complex was based on
andysisof uranium accountability recordsandincident reports, calculation of purge cascade releasesusing

IA “cascade’ is a system of gaseous diffusion process components arranged so as to enrich uranium in its
U-235 component. Porous gaseous diffusion barrier was contained in stages. Because each stage provided only about
0.2% enrichment, a number of stages were connected together to form cells, and alarge number of cells were connected
in series to provide the needed enrichment. The system of cells was called a cascade because about half the introduced
gas flowed to the next higher stage, while the remaining portion flowed to the next lower stage. The purge cascade was
a segment of the process equipment that was used to separate and remove light gases (such as air, fluorine, and coolant
vapors) from the uranium hexafluoride that was being enriched. [f these light gases were not removed, they would
accumul ate at the top of the cascade and block the flow of enriched uranium hexafluoride.
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monitoring datafrom that system, and use of results of periodic monitoring inthreeindividud buildingson
theK-25 Site. A database of over 1,200 documented uranium release events was devel oped using data
from over 40 sources, and associated uranium losses were estimated.

Table ES-1: Airborne Uranium Release Estimatesfor the Y-12 Plant
Prepared by the Task 6 Team and Published by DOE"

Y ear Task 6 DOE Year Task 6 DOE
Estimate (kg) Estimate (kg) Estimate (kg) Estimate (kg)

1944 310 55 1970 300 259
1945 670 102 1971 580 290
1946 390 102 1972 870 222
1947 250 55 1973 410 206
1948 650 0 1974 210 207
1949 650 0 1975 210 209
1950 650 0 1976 210 207
1951 650 0 1977 210 206
1952 650 0 1978 210 205
1953 4000 30 1979 210 206
1954 3800 32 1980 220 218
1955 3800 32 1981 210 207
1956 3000 43 1982 210 207
1957 2300 41 1983 210 208
1958 5700 41 1984 330 329
1959 6200 120 1985 210 210
1960 930 99 1986 210 211
1961 1300 109 1987 150 116
1962 1400 100 1988 150 116
1963 2100 103 1989* 44
1964 2700 170 1990* 21
1965 640 281 1991* 21
1966 920 212 1992* 7
1967 340 212 1993* 3
1968 440 211 1994* 24
1969 250 223 1995* 2

TOTAL 50,000 6,535

* Values for these years were based on releases reported by DOE. Release estimates for these late years were not
independently reconstructed by the project team.
" DOE Estimates from Lay et al. 1986 and Rogers 1985. Task 6 estimates are rounded to 2 significant figures.
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Figure ES-1: Airborne Uranium Release Estimates for the Y-12 Plant
Prepared by the Task 6 Team and Published by DOE

Purge cascade releases were recongtructed by the project team for selected time periods. While they were
the only airborne rel eases from K-25 that were historically monitored on aroutine basi's, purge cascade
releases made up asmall fraction of total uranium releases from the K-25 complex (e.g., 1.5% over
1953-1955 and 0.06% for 1975). Task 6 screening aso included estimates of uranium releasesfrom a
series of UF; cylinder fire tests that were conducted in 1965. K-25 airborne releases after 1985 were
based on data contained in annual environmental reportsissued by DOE. Asshownin Table ES-2 and
FigureES-2, theindependent eval uation of past K-25/S-50 airborne uranium rel eases yiel ded results that
are aimost 5,300 kg greater than the release total s reported by the DOE.

Figure ES-3 presentsthe airborne rel ease estimates generated by the Task 6 team for both complexesand
those reported by the DOE for the period 1944 through 1995.

Once uranium releases had been quantified, various techniques were used to estimateair concentrations
at referencelocationssurrounding the ORR. Air dispersion modeling was used to identify the communities
surrounding the three facilities that were used for exposure assessment. Dueto the consderable distances
between the Y -12, K-25/S-50 and X-10 facilities, three distinct reference locations were used for the
exposure assessment. Thereferencelocation for each complex was sel ected based on consideration of
housing areas close to the facility, adignment with predominant wind directions, and habitation patterns
during the periods of most significant releases.
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Table ES-2: Airborne Uranium Release Estimates for the K-25/S-50 Complex
Prepared by the Task 6 Team and Published by DOE'

Year Task 6 DOE Y ear Task 6 DOE
Estimate (kg) Estimate (kg) | Estimate (kg) Estimate (kg) |

1944 58 0 1970 8.0 8
1945 3000 0 1971 50 21
1946 14 1 1972 50 49
1947 1.0 1 1973 290 144
1948 4.8 5 1974 620 622
1949 80 45 1975 370 371
1950 140 136 1976 110 45
1951 200 146 1977 30 17
1952 1200 345 1978 20 19
1953 1300 1307 1979 50 25
1954 80 68 1980 120 21
1955 270 264 1981 70 5
1956 260 225 1982 74 2
1957 310 306 1983 2.0 2
1958 2700 2711 1984 1.0 1
1959 540 531 1985 1.2 1
1960 1500 977 1986 0.20 0
1961 780 773 1987 0.40 0
1962 50 29 1988 460 2
1963 1000 1005 1989* 1
1964 7.0 7 1990* 2
1965 270 269 1991* 40
1966 1.0 1 1992* 112
1967 2.0 2 1993* 12
1968 1.8 1 1994* 10
1969 10 9 1995*% 16

TOTAL 16,000 10,713

* Values for these years were based on releases reported by DOE. Release estimates for these late years were not
independently reconstructed by the project team.
" DOE Estimates are from Lay et al. 1986 and Rogers 1985. Task 6 estimates are rounded to 2 significant figures.
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Figure ES-2: Airborne Uranium Release Estimates for the K-25/S-50 Complex
Prepared by the Task 6 Team and Published by DOE

{Jranium Release Estimates in Kilograms A
K-25/S-50 10,713 O DOE Estimates
Complex O Task 6 Estimates

Y-12
Complex 50,000
N J

Figure ES-3: Airborne Uranium Release Estimates for Y-12 and K-25/S-50
Prepared by the Task 6 Team and Published by DOE



TASK 6 REPORT
Review of Uranium Monitoring and Screening of Off-site Exposures— July 1999
Executive Summary Page ES-7

Threereferencelocations were selected for usein the Task 6 screening assessments. Initial screening of
exposures at other nearby |ocations confirmed that thesethree reference locations received the largest
impact from past releases from the ORR facilities.

Y-12 Reference Location - Scarboro Community

For uranium releases from the Y -12 complex, the Scarboro community was selected as the
referencelocation. The Scarboro community islocated approximately 1 km north of Y-12, and
isseparated fromthe Y-12 facility by Pine Ridge. Thereferencelocation waslocated at what is
currently the Scarboro community center. The proximity of Scarboroto the Y-12 site suggeststhat
screening results would present upper bound values. The closest surface water body to the
Scarboro community is East Fork Poplar Creek (EFPC), which runs a ong the south side of the
Y-12facility, turnstoward the north and northwest, and passes about 0.4 mile to the northeast of
the populated area of Scarboro at its closest point.

K-25/S-50 Reference Location - Union/Lawnville

For K-25/S-50 releases, the selected reference location was the Union/Lawnville community,
whichislocated gpproximatey 4.5 km south-southwest of the K-25/S-50 complex. Based onthe
initia air disperson modeling, aswell as an assessment of areas around the K-25/S-50 facilities
that were inhabited, this community was selected as a suitable reference location for the
assessment. Thelocation of the community isdefined by the Union Church, whichislocated on
LawnvilleRoad, gpproximately 1 km north of Galaher Road. The primary source of surfacewater
isthe Clinch River, which is approximately 1.5 km northeast of Union Church.

X-10 Reference Location - Jones I sland (Clinch River)
The selected reference location for X-10 releases was in the area of Jones Island, which is
goproximately 5 km southwest of the ste. Thisarearepresentsthe closest location off reservation
from X-10, and isaso along a predominant wind direction. The Task 6 assessment included
evauation of air exposure pathwaysfrom X-10 rel eases, soil-related pathways based on maximum
soil concentrations measured near the reference location, and surface water pathway's reflecting
consumption of fish from and recreational use of the Clinch River.

Due to the complex terrain surrounding the Y-12 facility, any analytical approach to estimating air
concentrations at Scarboro that did not reflect the effects of Pine Ridge would lead to overestimation of
thefraction of Y-12 releasesthat were trangported to the Scarboro community. An alternative approach
using measured uranium air concentrations at Scarboro was devised for use on this project. By relating
air concentrations measured at Scarboro from 1986 through 1995 with Y-12 uranium rel ease estimates
for the same years, an empirica reative concentration (c/Q) relationship was described. Thisrelationship
wasthen applied to dl annua rel ease estimates (1944-1995) to generate estimates of annual averageair
concentrationsat Scarboro. Anair dispersion model was used to estimate concentrationsat the reference
locations from K-25/S-50 and X-10 rel eases.
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The two main surface water bodies addressed in thisanalysisare the Clinch River and EFPC. Estimates
of uranium concentrations in these surface water bodies were derived from available environmental
monitoring data. Estimates of soil concentrationswere based on limited measurements compiled over the
yearsof interest. Co-location of soil concentrations and reference locations was not dways possible, as
sampling locations used for soil measurements were sdl ected based on the monitoring requirementsfor the
facility and were not specific to acommunity. Therefore, the Task 6 team selected measured soil
concentrations from locations closest to each reference location.

Once concentrations of uranium in the gpplicable environmental media had been quantified, the next step
wasto evaluate the potential significance of those concentrations. In the case of uranium, which can be
chemically toxic as a heavy metal aswell as hazardous as a radioactive material, this was done by
estimating the radiation dosesthat could have been received by off-site populations and the total quantities
(masses) of uranium that they could have taken into their bodies. Radiation dose estimates were then
trandated into screening indices, and uranium intakes were used to estimate level s of the meta that might
have been present in sensitive body organs, such asthe kidneys. These body burdens were compared to
published datathat indicate the levels above which uranium, as atoxic heavy metal, can start to cause
adverse hedlth effectsin exposed individuals. These approaches represent conservative estimates of the
potential health effectsassociated withthereleases. Asdescribed below, different levelsof conservatism
weremaintained inthescreening level eval uation of potentia exposuresto maximum individua sand those
exposed under more typical conditions.

Thisscreening assessment eval uated the potential health effectsto theindividuasthat havelivedin areas
surrounding the ORR. Estimates of material intake were made for individualsliving at three selected
reference locations. The screening methodol ogy employed atwo-tiered approach to assessing screening
indices. The Level | assessment focused on the maximally exposed individual, and represents a
conservative assessment of uranium screening indices. The second assessment tier (Level 1) represents
more typical exposures and yielded less conservative screening indices.

Becauseof the paucity of historical measurements of
uranium in the soil near Scarboro and the lack of SCREENING INDICES
complete documentation of the methods used for
some of the measurementsthat are available, some | Thescreening indicesin this report represent
special considerationsentered intotheassessment of | estimatesof the potential human healthimpacts
dosesto Scarboro residents. Theassessment used | from the releases estimated for the three
uranium concentrations measured in surface | complexes. he screening indices are
s0il/sediment samples from the EFPC floodplain. | compared to the decision guide established by
The best available measurements were made in | Oak Ridge Health Agreement Steering Panel
studiesconductedinthe 1980s, and theresultswere | (ORHASP) to determine if further work is
reported asuranium concentrationsin unitsof parts | Warranted to estimatethe human health risks
per million (ppm). Detailed information about these | from past uranium releases.

data is not available, most significantly the
concentrations of the specific uranium isotopesthat
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were present. Evidence of earlier soil samplingin Scarborowasnot located during the Task 6 investigation.
The project team consulted with DOE and current and retired site contractor personnel, who were unable
to supply more information regarding the abundance of the uranium isotopes in the soil samples or
determine if earlier soil measurements were made in Scarboro.

In the most conservative Level | assessment, the maximum reported value of 70,000 pCi kg™* 22U from
the EFPC floodplain was used, and theisotopic mixture of natural uranium wasassumedin calculaing a
corresponding 2¥2®U concentration of 76,000 pCi kg. IntheLeve |1 assessment, areported average
vaueof 26 ppm total uranium from the EFPC floodplain was converted to uranium isotope concentrations
using similar assumptions. Thevalue of 26 ppm convertsto concentrations of 14,000 pCi kg* 2¥25U and
12,000 pCl kg?22U. The®*2*U component of the uranium is most important in terms of doses ddlivered
from uranium exposure, particularly for pathwaysinvolving irradiation of the body from contamination
outside of thebody. The second level of screening was considerably less conservativethantheLeve |

andyss lessconservative"Leve 11" valueswereused for variousexposure parameters (consumption rates,

fractions of foods contaminated, etc.) than were used inthe Level | screening assessment. Thegoal in
Levd |l assessmentsisto remove known sources of conservativebias. For soil concentrations, an average
valuewas used in Level Il compared to a maximum measured value used for the Level | assessment.

Because of the scarcity of information regarding estimates of uranium concentrationsin the environment
over the period of interest, some conservatism was maintai ned i n the uranium concentration estimates used
inLeve Il screening to ensure that hazardsto asignificant portion of the potentially exposed population
were not underestimated. Conservatism was probably asointroduced by the use of 1980 EFPC floodplain
measurements to represent concentrations at Scarboro, which is outside of the floodplain. Assuch, the
second level of screening may be more gppropriately called aRefined Leve | andlysis. Thedatathat are
currently available are not sufficient to support adefensible analysisof average or typical exposuresto
members of the Scarboro community from the community's inception to the present.

A sgnificant factor in the decision to maintain aconservativevaue of soil concentrationin Leve |1 screening
was the uncertainty concerning thelevel of 2°U enrichment in the soil represented by the value of 26 ppm
total uranium. Becauseof thisuncertainty, the concentration corresponding to 14,000 pCi kg2 2¥#5U (or
26,000 pCi kg™ total uranium) wasused. Toillustrate how the overall results of the assessment would
differ if lower soil concentrations were assumed, screening indices were also calculated for soil
concentrations of 7,000 and 2,000 pCi kg™ total uranium.

Annud radiation dosesfrom uranium intake and externa exposurewere calculated for the adult age group
for each screening assessment and then converted to screening indices using adose-to-risk coefficient of
7.3% Sv!. Theindividual dose conversion factorsfor*U,**U, and®® U were used in estimating internal
and externd radiation doses from uranium contamination in the environment. Screening indicesfor Task
6 are presented in Table ES-3.



TASK 6 REPORT
July 1999 Review of Uranium Monitoring and Screening of Off-site Exposures—
Page ES-10 Executive Summary

Table ES-3: Summary of the Screening I ndices from Each Task 6 Assessment
(Screening Indices in bold exceed the decision guide of 1x10%)

Assessment LEVEL | LEVEL Il
e S o,
Srersamuieaniscomey | om0 || 40ao;
Gresaimesmicmy | 7pa0r w

NA: Not Assessed, asthe Level | assessment result was below the decision guide

The Scarboro community was associated with the highest total screening index attributableto uranium
releases from the Y-12 facility. The screening indices were 1.9x107°for the Level | assessment and
8.3x10° for the Leve |1 assessment. Thesevauestrandateinto potentia health impacts (excessfatal and
nonfatal cancer and severe hereditary effects) of about 2 in 1,000 and 8 in 100,000, respectively. While
theoveral Level | screening index for the Scarboro community isabove the ORHA SP decision guide of
1in 10,000, theLevd Il vaueisbeow that guidevaue. Thisindicatesthat the'Y-12 uranium releasesare
candidates for further study, but that they are not high priority candidates for further study.

The Y-12 screening indices are most sensitive to 2#2*U and U concentrations in soil, %2y
concentrationsin air, and 2#2U concentrationsin water. The major pathways of concernincludethe
ingestion of vegetables grown in contaminated soil, external doses from 242U in soil, the inhal ation of
airborne YU, and consumption of meat and milk from cattle raised on contaminated pasture. The Level
Il result for the Y -12 assessment in Table ES-3isbased on a?¥2*U soil concentration of 14,000 pCi kg*
(or 26,000 pCi kg™ total uranium). Using asoil value of 7,000 pCi kg™ total uranium yieldsascreening
index of 5.8x10°, a30% reduction from the screening index calculated for the Level |1 assessment. A
2,000 pCi kg™ total uranium soil concentration producesanindex of 5.1x10°, a40% reduction. Note
that even though these alternative soil concentrations (7,000 and 2,000 pCi kg™) represent 73% and 92%
reductionsin soil concentrationsrespectively, thereductioninthe screeningindex for Level I1isnotin
proportion. The soil pathways represent only 38% of thetotal screening index from 242U and 51% from
8. Sincethe concentrationsin air and water were not changed for the aternative evaluations, agiven
reductionin soil concentrationwill not equa acorresponding reductioninthetota screeningindex. Further
characterization of theextent of uranium contamination in soilsshould beacomponent of any futurestudies
of potential exposures to residents of the Scarboro community.

Air concentrations at the Scarboro community were estimated using the empirical ¢/Q approach. This
approach used 10 years of measurements of uranium inambient air at Scarboro with estimates of annual
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releases from the Y-12 Plant to calculate an effective annual dispersion factor that was then used to
gpproximate concentrationsfor earlier years. Itisimportant to remember that this approachisrdiant upon
Scarboro air concentration measurements, which are available only for the period 1986 to 1995, and
rel ease estimates for the same years. Differences in operations and release point distributions or
characteristics for periods before 1986 could call into question the gpplicability of the empirica ¢/Q vdue
to earlier years. In addition, information was gained late in the project that indicated that Y-12 uranium
releases for some of the years used for devel opment of the empirica ¢/Q vaue may have been understated
dueto omission of some unmonitored rel ease estimates. It wasnot possiblewithin thetimeframeof this
project to evauate the new datasufficiently to warrant itsusein thisassessment. If Y-12 uranium releases
during years used to develop the empirical ¢/Q value applied in this assessment were indeed under
reported, that would mean that the associated empirica ¢/Q vaueswere overestimated, and concentrations
at Scarboro that were estimated using that approach wereinturn overestimated. Itisimpossibleto gauge
the magnitude of any biases potentially introduced by this possible under reporting without closely
evaluating the bases of the release estimates during the associated years in the 1980s and 1990s.

For the K-25/S-50 assessment, the total screening index for Union/Lawnvillefrom the Level | assessment
(3in 10, 000) exceeded the decision guide. Thelessconsarvative Leve |1 screening result did not exceed
theguide. Thisindicatesthat the K-25/S-50 uranium rel eases are candidatesfor further study, but that they
arenot high priority candidatesfor further study. For theLeve | screening, the air pathways account for
approximately 23% of the screening index; 76% of the total screening index was attributable to the soil
pathways. With limited dataavailable to characterize the soil concentrations at Union/Lawnville, these
assessments are the best estimates of health impacts possible within the scope of Task 6.

Theassessment of releasesfrom X-10did not yield Leve | screening indicesthat exceed thedecision guide
for Leved |. Therdeasesfrom X-10warrant alower priority giventhe pilot-plant nature and relatively short
duration of most X-10 uranium operations. Uraniumin liquid effluentsfrom X-10'sWhite Oak Creek to
the Clinch River were addressed in the Task 4 component of the Oak Ridge Dose Reconstruction. The
Task 4 preliminary screening andysisfor radionuclidesin Clinch River water and sedimentsisdescribed
in Section 3 of the Task 4 report. In that report, 2°U and 22U areidentified as contaminants that were
included inthe screening andysis. Based on the preliminary Task 4 screening, these two uranium isotopes
areidentified asbeing among those 16 contaminantsthat were assigned low priority for further study based
on comparison of screening resultswith the decision guide of 1x10°excess lifetime cancer risk applied to
individual radionuclides within the Task 4 screening.

Estimatesof annua-averageintakesof uranium by inhalation and ingestion were a so used by the project
team to evaluate the potential for health effects due to the chemical toxicity of uranium compounds,
specificaly for damageto thekidneys. Using estimated annua average uranium intakeratesviainhaation
and ingestion at the Scarboro community, the project team used biokinetic modeling of uranium retention
and excretion inthe human body to estimate annual kidney burdens (uranium concentrationsin kidney
tissue) over theyearsof interest. Predicted uranium burdenswere compared to toxicity thresholds reported
in the scientific literature.
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For the conservative Task 6 screening for chemical toxicity, uranium was assumed to beinitsmost soluble
form (suchasuranyl nitrate), and safety factorswereincluded to minimize the potential for underestimation
of the potential for toxic effects. Asshown in Figure ES-4, estimated kidney burdens resulting from
smultaneous intake of uranium by ingestion and inhalation under the Scarboro assessment do not exceed
an effectsthreshold criterion of 1 microgram of uranium per gram of kidney tissue (1 Fgg™) proposed by
some scientists, but do exceed an effectsthreshold criterion of 0.02 Fg g™ advocated by otherswho have
studied uranium effects in the kidney.
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Figure ES-4: Annual Average Uranium Intakes Via Simultaneous I ngestion and
Inhalation (Fg d*) with Resulting Kidney Burdens (Fg g*)
Calculated for the Y-12 Assessment, at the Scarboro Community

Estimates of annua-averageintakes of uranium were a so compared to the USEPA ora Reference Dose
(RfD) asan dternative method of evauating the potentid effectsof ORR uranium exposures. The RfD of
3x10° mg kg d* isprimarily based on animal studies, and is conservatively set at alevel to ensurethat
thereareno adverseeffectson rend function. Using estimated annud-average daily uranium intakerates
viainhdation and ingestion at the Scarboro community, the project team determined annua Hazard Indices
(HIs) by dividing the annua-average daily intake rates by the RfD. Hazard Indices are presented in Figure
ES5. TheaverageHI iswell below unity and suggeststhat further study of heavy metd toxicity from past
ORR uranium exposures does not warrant high priority.
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Figure ES-5: Annual Average Hazard Indicesfor a 70 kg
Person and an Oral RfD of 3x10° mg kg d*

Based upon the experience of the project team in conducting the Dose Recongtruction Feasibility Study
and the Task 6 evaluation, a number of areas have been identified that are logical next stepsin the
evauation of potential health effects from Oak Ridge uranium releases. These areas, which areidentified
throughout thisreport, deal with components of the study that the project team believes are significant
contributorsto the overal uncertainty of the results of the Task 6 screening evaluation. Theseareas should
be examined if the eva uation of Oak Ridge uranium releasesisto proceed beyond the screening stage, and
into astage of refined evaluationsthat will likely include uncertainty and sensitivity andysesto assstinthe
decision making process.

Activities that should be evaluated for possible follow up work include:
@ Additional recordsresearch and data eval uation regarding S-50 Plant operations and potentia

rel eases.

2 Additional searching for and review of effluent monitoring data for Y-12 electromagnetic
enrichment operationsfrom 1944 to 1947 and data relating to rel eases from unmonitored depleted
uranium operations in the 1950s through the 1990s.

(©)) Uncertainty analysis of the Y -12 uranium release estimates derived in this study.
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(4)

©)

(6)

(7)

(8)

9)

Review of additional dataregarding unmonitored K-25 uranium releases. Inthisand other areas,
new information continues to become available each month, and it should be reviewed so that we
are assured that analyses thought to be bounding are in effect sufficiently conservative.

Refinement of the approach used to evaluate surface water and soil-based exposure
concentrations. Thisrefined analysis could possibly involve shifting to a source term-based
approach rather than one based on environmental measurements. Thiswould include review of
release estimates to assure that the rel ease estimates used in the screening assessments were

appropriate.

Evduation of the effects of theridgesand valeysthat dominate thelocd terrain surrounding Y-12
and Scarboro and investigation of aternative gpproachesto estimate air concentrationsat Scarboro
with an emphasisonidentifying additiona monitoringdata. Evauation of the uncertainty associated
with air concentrations would provide upper and lower bounds of confidence in the estimates.

Performance of abounding assessment of the amounts of uranium that were handled at the X-10
site, for comparison with Y-12 and K-25/S-50, and for evaluation of thefeasibility of generating
amore complete air source term for uranium.

Improvement of the exposure assessment to include region-specific consumption habits and
lifestyles, identification of likely exposure scenariosinstead of hypothetica upper boundandtypical
assessments, and inclusion of uncertainty andysisto provide statistical bounds for the eva uations
of risk.

Refinement of the chemicdl toxicity evauation, possibly to include other gpproaches’ models and
an uncertainty analysis.
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1.0 INTRODUCTION

Starting in the early 1940s, large quantities of uranium were processed on the Oak Ridge Reservation
(ORR) to enrich the uranium-235 (*°U) component for nuclear weapon component production, andin
various research and devel opment projects (ChemRisk 1993a). The ORR islocated approximately 25
mileswest of Knoxvillein eastern Tennessee. Mg or complexes bearing the code namesK-25, S-50, X-
10, and Y-12 were located on the 58,000-acre Reservation. Figure 1-1 showsthelocations of the Y-12,
K-25and ORNL complexes; S-50 was|ocated adjacent to the K-25 siteand X-10 islocated within the
areadesignated by ORNL. Photographs 1, 2, and 3 depict the Y-12, K-25, and S-50 Sites, respectively.

. TheK-25 Sitewasthe home of operationsthat enriched uraniumin its**U component using the
gaseous diffusion process from 1945 to 1985.

. The S50 Plant enriched uranium using theliquid thermd diffusion processfor only oneyear, from
1944 to 1945.
. Built for development of methodsfor separation of plutonium from uranium reactor fud, the X-10

Site later was the home of avariety of pilot-scale operations to chemically separate desired
products from irradiated uranium and other nuclear materials.

. While Y-12 Plant operations from 1944 to 1947 centered around enrichment of uranium by the
el ectromagnetic process, facilities were converted to perform nuclear weapon component
fabrication from 1952 to 1995.

In the Oak Ridge Dose Reconstruction Feasibility Study, preliminary investigations and screening
caculationsindicated that uranium was not among the list of contaminants that warranted highest priority
for detailed investigation of potentia off-ste hedlth effects(ChemRisk 1993b). Becauseof the prominence
of uraniuminthehistorical operationsof each Oak Ridge complex, these resultswere counterintuitiveto
many people. Because of this, Task 6 of the Oak Ridge Dose Reconstruction was designed to examine
Oak Ridge uranium operations and associated effluent monitoring recordsin more detail to determineif
uranium releasesfrom the ORR likely resulted in of f-site doses that were high enough to warrant further
study.
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THE INTENT OF THE TASK 6 STUDY

Theintent of the Task 6 study wasto evaduatethe qudity of historica uranium effluent monitoring data,
and to confirm or modify previous uranium release estimatesfor the period from 1944 to 1995 for all
three complexes on the Oak Ridge Reservation. The main results of the study are screening-level
estimates of potentia healthimpactsto peopleliving near the Reservation. Theseresults, whichwill be
caled“ screening indices’, are conservative estimates of potentia heath impacts and areintended to be

used with the decis on guide established by Oak Ridge Health Agreement Steering Panel (ORHASP)
to determineif further work iswarranted to estimate the human hedlth risksfrom past uranium releases.

Task 6investigatorseva uated the quality of historical uranium effluent monitoring data, modified previous
uranium rel ease estimatesfor the period from 1944 to 1995 based on additiona sourceterm information,
and developed screening-level estimates of potential doses and health risks to people living near the
Reservation. TheTask 6investigation used afive-step approach, whichisdepicted in Figure 1-2 and can
be summarized as follows:

Q) Information that described uranium uses and releases on the ORR was collected to identify
important release sources and to focusthe Task 6 investigation on relevant effluent monitoring deta

2 Effluent monitoring data were evaluated for quality and for consistency with previous U.S.
Department of Energy (DOE) historical uranium release reports. This step aso involved
determination of whether or not the available information suggested a need to modify DOE’s
estimates (USDOE 1988) for usein Task 6 screening.

©)] Sincethe evauation of effluent monitoring datashowed that asignificant amount of information
regarding monitored and unmonitored air releases was not taken into account in the preparation
of previous DOE estimates, revised estimates of airborne uranium releases were prepared using
the more compl ete data set now available to the project team.

4) Air dispersion modeling for the K-25 and X-10 assessments and empirical dispersion factor
(“c/Q”) values for the Y-12 assessment were used to estimate annual-average uranium air
concentrationsat areas near these steswhere people have higtorically lived (“referencelocations’).
For each reference | ocation, uranium concentrations in surface water and soil were dso estimated
from environmental monitoring data for use in screening calculations.

5) A screening-level evduation of potentia off-gte uranium exposure was performed by caculating
uraniumintakes, associated radiation doses, and the potentia increasesin hedth effectsin people
living near the ORR asaresult of releasesthat occurred from 1944 through 1995. These screening
results (referred to as screening indices) represent conservative or upper bound estimates of
potential health effects, and are intended to be used for the sole purpose of determining whether
or not a complete and thorough dose reconstruction study of ORR uranium operations is
warranted.



Figure 1-1:
Area Surrounding the Oak Ridge Reservation,
with Locations of Interest for the
Screening Evaluation of Uranium Releases
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PHOTOGRAPH 3: VIEWS OF THE S-50 PLANT (1946)

A Service of McLaren/Hart

1-7



TASK 6 REPORT
July 1999 Review of Uranium Monitoring and Screening of Off-site Exposures—
Page 1-8 Introduction

Gathered Data/Information Relevant to Uranium Operations

Identified Key Uranium Release Sources

Identified Significant Monitored Release Identified Significant Unmonitored Release
Sources Sources
Evaluated Effluent Monitoring Data Evaluated Production & Other Monitored Data
Estimated Release Amounts for U-234, U-235, Estimated Release Amounts for U-234, U-235,
U-238 (Monitored) U-238 (Unmonitored)

Calculated Cumulative Release Estimates to Air
(1944-1995)

v

Performed Air Dispersion Modeling for K-25/S-50 and X-10 and an
Empirical c/Q Approach for Y-12

Predicted Air Concentrations at Reference Locations Based on Annual
Release Estimates

v

Selected Uranium Concentrations in Surface Water and Soil at or Near
Selected Reference Locations

Estimated Radionuclide Screening Indices for Off-Site Populations
Exposed to Uranium from Past ORR Releases

Figure 1-2: The Task 6 Approach
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11 Sour ces of Information for Task 6

An extensve information gathering and review effort was undertaken by the project team in searching for
information related to historical uranium operations at the K-25, S-50, and Y-12 sites. Thousands of
documents were searched, and many active and retired workers were interviewed to obtain information
relevant to Task 6. The following techniques were used to gather relevant information for Task 6:

. Review of documents identified from keyword searches of in-plant computer databases,
. Random searches of documents from in-plant computer databases,
. Directed searches of document repositories for uranium effluent monitoring data

and descriptions of uranium operations and release points,

. Interviews with key active and retired workers knowledgeabl e about historical
uranium operations and effluent monitoring,

. Review of engineering drawings to identify uranium processes and operations
and characterize associated rel ease points, and

. Verification of release points from aerial photographs taken throughout the period of
plant operations.

Many origind documentsof relevanceto Task 6 werefound in various document centerson the ORR and
in off-site repositories such asthe Federal Records Center in Atlanta, Georgia. Particular attention was
directed at those documents and information sources that related to characterization of uranium uses,
mechanisms by which uranium was released to the off-site environment, and effluent monitoring
measurements and practices. Nearly al of the relevant information was obtained from the following
SOUrces:

. Monthly and quarterly health physics and industrial hygiene reports,

Effluent sampling procedures,

. Analytical procedures used to measure uranium in effluent samples,

. Exhaust duct or stack sampling logbooks,

. Miscellaneous reports that describe uranium production operations,

. Logbooks of ventilation system tests and measurements,

. Miscellaneous reports that describe uranium monitoring practices and data,

. Incident reports,
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. Accident investigation reports,

. Nuclear material accountability records (uranium inventory information),

. Monthly and quarterly reports of airborne effluent releases,

. Monthly and quarterly reports of waterborne effluent rel eases,

. Quarterly and semi-annual site environmental monitoring plant reports, and

. Interviews with active and retired plant employees.

Eachintervieweetypicaly began by relating hisor her persond employment history and highlighting specific
involvement with uranium operationsand effluent monitoring. Examplesof thetypesof questionsasked
by project investigators are:

. What were the primary uranium operations and buildings that you are familiar with?

. Were you involved with uranium effluent monitoring? When did the plant first begin stack
monitoring? When did the plant first begin surface water monitoring? Who or what department
or divison was responsiblefor uranium effluent monitoring data or generation of uranium release
estimates?

. How were effluent estimates reported? How often were results reported (daily, weekly, etc.)?
What department provided these reports? Do you know where to find documents or other
information that describes effluent monitoring practices and uranium release estimates? How did
reporting practices changed over the approximately fifty-year history?

. Do you recall any accidental or nonroutine events that resulted in releases of uranium from
production operations or storage areas at the plant?

. Can you provide namesof other individuasthat are knowledgeabl e about uranium operations and
uranium effluent monitoring practices?

A list of theindividuals who were interviewed in the course of Task 6 investigationsis provided in
Appendix L.

1.2  Indicationsfrom Reported Releases and Project I nvestigations

In May 1988, DOE published the Historical Radionuclide Release Report, ORO-890 (USDOE 1988).
Thisreport presented estimates of radionucliderel eases from the K-25, X-10, and Y -12 sitesand annual
summariesof radionuclide“releases’ through on-site buria and airborne and waterborne effluents. The
report did not address releases from the S-50 Plant. Only K-25 and Y-12 provided airborne and
waterborne uranium release estimates. X-10 provided estimates of uranium buried on site, but airborne
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and waterborne effluent reporting was limited to fission products, activation products, unidentified
transuranic nuclides, and unidentified beta (waterborne) or apha (airborne) emitting radionuclides.

Releasesof uranium at X-10 came primarily from the chemica processing of reactor fud and other nuclear
materiasfor separation of desired radionuclides. These processing pilot programsor “campaigns’ were
quite short in duration compared to production operations at K-25 and Y-12. By ther nature, chemical
Separation processes were associ ated mostly with uranium compounds or metal dissolved or entrainedin
water, and operations were generally conducted so that uranium wastes (* metd wastes’) were captured
and separately retained so that the uranium could berecovered. Asanilludtration of this, a“meta recovery
plant” became operationa in 1952 to process uranium-bearing wastes. By 1960, more than 130 tons of
uranium had been recovered (Feigeet d. 1960). Itisclear, however, that some waterborneuranium was
released from X-10 waste processing systems to White Oak Creek. Task 4 of the Oak Ridge Dose
Reconstruction evaluated radionuclide releases from White Oak Creek to the Clinch River indetail. At
the sametime, for the sake of completeness of the Task 6 screening eva uation, exposures a the reference
location for the X-10 Site via surface water pathways were estimated based on historical measurements
of uranium in appropriate environmental media as described in Section 3.

While X-10 uranium rel eases gppear to have been primarily to surface waters, some airborne rdleases o
occurred. Unfortunately, airborne uranium effluent monitoring data are not available for the X-10
operationsof interest. 1nthe Dose Reconstruction Feasibility Study, historical uranium releasesto the
atmosphere were estimated for (1) early chemical separation of plutonium [1944-1945], (2) radioactive
lanthanum separation operations[1944-1956], (3) process ng of freshly-irradiated thoriumusing the Thorex
process[1956-1957], and (4) ruptures of Graphite Reactor fuel dugs[1944-1948] (ChemRisk 1993b).
Appendix H discusses aspects of the Dose Reconstruction Feasibility Study that are relevant for this
discussion. For Task 6 screening of airborne releases from X-10,2°U and 22U rel ease estimates from
the Dose Reconstruction Feasibility Study were used. In cases where the Feasibility Study provided
estimatesfor peak yearsof processing, these peak estimateswerereplicated through al yearsof duration
for each operation of interest. If the analysis of uranium releases from the ORR is carried beyond the
screening stage, amore detail ed investigation of airborne uranium releasesfrom X-10 operations may be
warranted. After review of theinformation and resources available to the project team, it was determined
that Task 6 investigations should focus on the K-25, S-50, and Y -12 plants as the dominant sources of
airborne uranium releases.

The project team has determined that the May 1988 DOE uranium release estimates are based on
incomplete effluent monitoring data and nuclear material accountability records. Assuch, they are
consdered aninadequate basi sfor estimating potential dosesreceived by peopleliving near the ORR from
1944 to 1995. The project team used additional information obtained during the investigation to
independently reconstruct estimates of how much uranium was historically released from the Oak Ridge
facilities. The Task 6 estimates are based on a much more complete set of origina records and detailed
uranium effluent monitoring data than those previoudy presented in the 1988 DOE report. Theserevised
rel ease estimates are considered amore defensible basisfor estimating potentia historical risksfor off-gte
populations.
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1.3  Organization of this Report

Thisreport presentsthe results of the Task 6 investigation. Organized in four main sections, this report
contains the following information:

. Descriptionsof K-25, S-50, and Y -12 uranium processi ng operationsand important monitored
and unmonitored release sources.

. Descriptionsof avail able uranium effluent monitoring data, cal culationsused by the project team
to develop revised K-25, S50, and Y-12 air release estimates for both monitored and
unmonitored releases, and estimates of uranium concentrations in surface water and soil.

. Descriptions of the air dispersion modeling and other approaches used by the project team to
describe themovement of airborne uranium from the ORR to off-sitelocations, and to predict air
concentrations at these off-site reference locations.

. Risk screening results and comparisons with the decision guide that have been proposed for use
within this project.

. Discussion of areas of the Task 6 assessment (such as aspects of source term development and
site-specific exposure eval uation) that the project team believes aretop candidatesfor further
investigation if the analyses are to continue beyond first-level screening.

Additional information regarding ORR uranium operations, uraniumrel easesto the off-steenvironment,
and the approachesused by the Task 6 team to eva uate effluent monitoring dataand reconstruct uranium
releases can befound in gppendicesof thisreport. These gppendices are referenced throughout this report.

1.4  Summary of Y-12 Operations

The Oak Ridge Y-12 Plant was built for the U.S. Army Corps of Engineersin 1943, as part of the
Manhattan Project. Located at the eastern end of Bear Creek Valley, the Y-12 complex is within the
corporatelimitsof the city of Oak Ridge and is separated from the main residentia areas of thecity by Pine
Ridge. The plant isbordered on the south by Chestnut Ridge and on the north by Bear Creek Road and
PineRidge. WhilethemainY-12 production areaisabout 0.6 mileswide by 3.2 mileslong, covering
roughly 825 acres, the plant and itsfenced buffer areatotal about 4,860 acres (Godling 1990). Thesite
containsroughly 240 principa buildings, about 18 of which were directly involved with processing and/or
storage of uranium compounds (Patton 1963; UCC-ND 1983). During World War 11, Y-12 workers
produced highly-enriched uranium for use in thefirst atomic weapons by e ectromagnetically enriching
uraniuminits U isotope. Starting in the 1950s, Y -12 began large-scale production of nuclear weapon
components, including some made of uranium, and continued these operations into the 1990s.
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Moredetailed descriptionsof Y-12 uranium operations, buildings, and important uranium releasesare
presented in Appendix A. Appendix A containstables and figuresthat provide asummary of historica
operations, effluent monitoring practices, releases sources, and sources of informationthat arerelevantin
recongtructing uranium releasesto the of f-site environment. Thekey processes and activities associated
with uranium at the Y-12 Plant include:

# Electromagnetic Enrichment (1943 - 1947): During thewar effort, Y-12 enriched uraniumin
its 2°U isotope for usein the first atomic weapons by processing large amounts of uranium
tetrachl oridein electromagneti c enrichment devicescalled* calutrons.” Theseoperationswere
housed in“Alpha’ buildings (Buildings 9201-1, 9201-2, 9201-3, 9201-4, and 9201-5) and “Betd’
buildings (Buildings 9204-1, 9204-2, 9204-3, and 9204-4) that contained the first and second
stages, respectively, of the enrichment processes.

# Feed Preparation for Enrichment Operations (1943 - 1947): Feed preparation involved
conversion of large quantities of uranium oxides (namely UO,, UO;, and U;G;) into uranium
tetrachloride (UCl,), the feed materia for electromagnetic enrichment in the calutrons. The
majority of these operations were housed in Buildings 9202, 9203, 9206, and 9212.

# Uranium Recovery and Recycle Operations (1944 - 1951): Y-12 had an elaborate system
of mechanica and chemical processesto recover and recycleuranium feed and product materia
that had *°U content worth recovering. Themgjority of these operationswere housed in Buildings
9202, 9203, and 9206.

# Uranium Salvage Oper ations (1947 - 1951): After thewar, cautron partsand feed preparation
and materia recovery equipment containing small amounts of uranium were cleaned and
decontaminated. Some uranium was recovered for future use, some contained in wash fluidswas
discharged to East Fork Poplar Creek, and scrapsand materia sthat could not be decontaminated
were buried within the ORR. The mgority of these operations were housed in Buildings 9206,
9207, and 9211.

# Uranium Preparation and Recycle for Weapon Component Oper ations (1949 - 1995):
Uranium for weapon production wasfirst processed in recovery, purification, and conversion
operations. From approximately 1949to0 1964, Y -12 received cylinders of 93.5 percent enriched
uranium hexafluoride asfeed materid for nuclear wegpon partsmanufacturing. Once purified and
converted to itsmetal form, uranium wastransferred to metal processing operations for forming and
shaping into weapon part configurations. After 1964, themgj ority of enriched uranium processed
a Y-12 wasrecycled from nuclear weapon stockpiles. Uranium recycle and purification processes
continued up through present day operations. Themgjority of these operationswere housed in
Buildings 9202, 9206, and 9212.
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# Uranium Forming and Machining for Weapon Component Oper ations (1949 - 1995):
Formed uranium meta parts were machined into finished wegpon parts and then transferred to Y -
12 assembly operations. Numerous buildingswere needed to support these diverse operationsand
werefrequently modified to meet changesin production needs. Themajority of these operations
were housed in Buildings 9201-5, 9204-4, 9215, and 9998.

# Weapon Component Assembly Oper ations (1952 - 1995): Weapon parts were assembled
into finished products, inspected and tested against design criteria, and then shipped off-gite. The
majority of these operations were housed in Buildings 9204-2 and 9204-2E.

1.5 Summary of K-25 and S-50 Operations

Congtruction of the K-25 uranium enrichment facility began in 1943, and the facility was operationa by
January 1945. TheK-25 Siteislocated near thewestern end of the ORR, dong Poplar Creek near where
it meetsthe Clinch River. The primary mission of K-25 wasto enrich uranium inits®U component by
the gaseous diffusion process. Uranium hexafluoride (UF;) gaswasfed into aseries of vessalsthat formed
the gaseous diffusion cascade. UF, with enhanced %°U content was withdrawn near one end of each
cascade, and UF with decreased 2°U content (“ depleted” uranium) was discharged at another location.

Located along the Clinch River near the K-25 Site, the S-50 Site was the location of aliquid thermal
diffusion plant that operated from October 1944 to September 1945. Task 6 investigators searched for
and reviewed available documentation of S-50 Site operations. Very little information was found
concerning uranium massbal ances, inventories, accidental and non-accidental rel eases, environmenta
sampling, or release fractions for the 12 months of S-50 operations. If the Task 6 analysisisto proceed
beyond the screening stage, additiona investigation would likely be warranted in theform of searching for
moreinformation on S-50 Plant operations and more rigorous characterization of the uranium releasesthat
resulted from its one year of operation. Because of their close proximity, the K-25 and S-50 complexes
will generally be discussed together in this report.

From the beginning of operationsin 1945, K-25 personnel maintained accounting systemsfor tracking the
guantities of uranium that were processed and handled. In 1983, at the request of the DOE, K-25
personnel summarized the quantities of uranium historically received at the plant aswell as quantities that
were considered lost or unaccounted for (Rogers 1985). Key findings of the study included:

# Asof the end of September 1983, thetotal amount of uranium that had been received at K-25
over the previous 39 years was estimated to have been 232,412 metric tons, including 2,119
metric tons of *°U.

# Over the same period, the cumulative K-25 inventory deficit (material received or fed to the
cascade, but not accounted for in final product, inventory, or wastes) was 168 metric tons of
uranium, including 4.8 metric tons of *°U.
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# Over 50% of the K-25 Site historical uranium inventory deficit can be attributed to feed
manufacturing and devel opment of feed manufacturing processes, with most of the remainder
(47%) attributed to the gaseous diffusion cascade operations.

The numbers above are applicable to facilities associated with the gaseous diffusion plant only, and do not
include operations at the S-50 Plant. The S-50 Plant was located at the K-25 site, but was separately
administered.

Information regarding each major process that contributed to uranium releases from the K-25 and S-50
sitesis presented in figures and tables that can be found in Appendix B. Each figure in the appendix
indicatesthe location and period of operation for aparticular process. Buildings presented in thesefigures
have been shaded differently to indicate the varying levels of U enrichment for each facility. Tables
found in the same appendix summarize rel evant information about each key uranium processor activity,
including potentia sourcesof monitored and unmonitored releases and the avail ability of effluent monitoring
data.

The key operations and activities at the K-25 and S-50 sites that involved uranium were:

# Liquid Thermal Diffusion Enrichment (S-50 Plant) (1943 - 1945): A liquid thermal diffusion
plant wasbilt to determinethe economic and technical feasibility of thismethod of separating U
from #¥U. The plant started operationsin October 1944, but was shut down in September 1945
dueto excessve equipment failures and resulting releases of uraniumto theair and the Clinch River.
The S-50 Plant releases were not included in the K-25 DOE release estimates in the past.

# Hydrogen Fluoride and Fluorine Disposal (1944 - 1952): A “disposal tower” was used to
convert fluorine and hydrogen fluoride, encountered in feed manufacturing and conditioning of
cascade component surfaces, to less toxic materials before venting to the atmosphere.

# GaseousDiffusion Enrichment (1945 - 1985): Uranium hexafluoride (UF;) gaswasfed into
the gaseous diffusion cascade, ultimately producing UFs with ahigher concentration of the 2°U
isotope at the “top” of the cascade. UF, depleted in the 2°U isotope was discharged at the
“bottom” of the cascade.

# UF; Feed Manufacturing (1952 - 1965): Feed manufacturing was the process that made
gaseous UF; by converting uranium dioxide (UQ,) to uranium tetrafluoride and then to uranium
hexafluoride.

# Product and TailsWithdrawal (1945 - 1985): Gaseous UF; product and depleted uranium
“tails’ wereremoved from the cascade through the product and taillswithdrawd facilities. Inthese
facilities, gaseous UF; from the vacuum of the cascade was compressed to a pressure greater than
22 psia, cooled to condenseinto aliquid, and drained into cylinders used for storage and shipping.



TASK 6 REPORT

July 1999 Review of Uranium Monitoring and Screening of Off-site Exposures—
Page 1-16 Introduction
# Uranium Recovery and Decontamination (1944 - 1985): Equipment used in the gaseous

diffusion process was periodically decontaminated to remove gradual deposition of uranium
compounds (USDOE 1979). When uranium-contaminated gloves, shoes, and oil Sudge was
incinerated, the resulting ash was also processed for recovery of uranium.

# Feed Vaporization (1945 - 1985): Thefeed vaporization facilities heated cylinders containing
solidified UF, thereby converting the material to the vapor phase for feeding to the cascade.

# Resear ch and Development Activities (1944 - 1985): Research and devel opment activities
a K-25included fluorination of uraniummeta chipsto UF;, processing of zirconium-clad uranium
oxide, uranium chemistry research, equipment performance testing, and compressor testing.

# K-25 Laboratories (1944 - 1985): A laboratory complex was used to support cascade
operations and research and development at the K-25 Site.

# Toll Enrichment (1969 - 1985): The Toll Enrichment Facility was placed into operation in
January 1969 as a shipping and receiving point for non-DOE owners of UF; who sought uranium
enrichment servicesfromtheK-25 Site. Their uranium wasused for fuding of light- water nuclear
power reactors throughout the world. From 1969 to 1983, atotal of 13,297 of the 2.5-ton
product cylinders were shipped to private industry (MMES 1985).

# Gas Centrifuge Program (1960s - 1980s): The Gas Centrifuge Program operated from the early
1960sto themid 1980s. Therewere 6 facilitiesthat devel oped and tested the centrifuges which
were designed as an improvement on the cascade enrichment process.
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20 QUANTIFYING HISTORICAL URANIUM RELEASESFROM ORR FACILITIES

The Task 6 investigation focused on independent eva uation of the quantities and qudities of uranium that
were released from the main uranium processing facilities on the Oak Ridge Reservation (i.e, Y-12, K-25,
and S-50). Thissection characterizes key rel ease sources associated with each facility, summarizesthe
approaches used by the project team to evaluate the quality of airborne effluent monitoring data, and
presentsindependently reconstructed estimates of uranium releasesfrom the ORR for thetime period 1944
through 1995.

21  Air Releasesfrom the Y-12 Complex

Preliminary investigationsof the Oak Ridge Health Studiesindicated that, whiletherewereroutine uranium
releasesto thewaters of East Fork Poplar Creek, associated exposuresto off-ste populationswerelikely
minimized by predicted low concentrations of uranium in surface water and limited human use of the Creek.
A significant portion of the Task 6 investigation focused on describing key uranium production operations,
plausible release mechanisms, effluent monitoring data, and amounts of uranium compoundsreeased to the
air during historical Y-12 operations. This section presents descriptions and discussions of:

# key uranium air release sources associated with the Y-12 site;

# historical monitoring methods and practices used by Y-12 contractors to measure the
amounts of airborne uranium released to the off-site environment;

# approaches used by the Task 6 project team to evaluate the quality of historical air
monitoring data for uranium concentrations in exhaust stacks and indoor air;

# the approach used by the project team to estimate monitored and unmonitored airborne
uranium releases from Y-12; and

# results of the processto derive improved annua uranium release estimates for the
Y-12 site.

211 Y-12 Release Sources and M onitoring Practices

Historical uranium process operations housed in avariety of buildingsat the'Y-12 siteroutinely released
uranium to the outdoor air or are known to have been sources of accidental releases. Included inthis
section are descriptions of theserel ease sourcesand historical effluent monitoring practicesused by Y-12
contractors to estimate uranium releases. The approach used by the Task 6 project team to evaluate the
quality of effluent monitoring data and estimate historical uranium air releases are also described.
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2.1.1.1 Y-12 Air Release Sources

Uranium operationsat Y-12 were usually carried out in ventilated enclosures (e.g., glovesboxes) and, in
many casesas Y -12 devel oped into a nuclear weapon component manufacturing facility in the 1950s,
exhausted air was passed through dust collectors (air filters) or chemical scrubbers before theair was
released to the atmosphere' (Patton et al. 1963; McRee et a. 1965; Compere 1991). During theyears
of uranium enrichment (1943 through 1947) uranium was released to the air as aresult of:

# Chemical conversion of uranium oxide to uraniumtetrachloride— Large quantities of carbon
tetrachloride (CCl ) and thousands of kilogramsof natural uranium oxides (uranium dioxide (UO,)
“brownoxide’, uranium trioxide (UO,) “orange sat”, and (U,O,) were used to produce uranium
tetrachloride (UCI,) feed materid for the e ectromagnetic separation units. These operationswere
primarily housed in Buildings 9202 and 9203 and resulted in Sgnificant releases of uraniumto the
outdoor air. Physical handling and chemical mixing of uraniumtook placein large versions of
laboratory-type hoods that exhausted uranium-contaminated air through unfiltered vents and
exhaust stacks' (Griffith 1957; Compere et al. 1991). Uranium that was not contained by the
hoods often became suspended in general building air and wastypically released to the outside
through building vents. For alimited period in 1945, Y-12 received partialy enriched uranium
hexafluoride (UF,) gas from K-25 and S-50 as additional feed material for electromagnetic
enrichment.

# Electromagnetic separation of uranium- Airborne uranium releases during electromagnetic
enrichment werefairly small because the cal utrons were operated under vacuum (Griffith 1957;
Compereet a.1991). Thesereleasesweregeneraly small in comparison tothefeed preparation
and depleted uranium recovery operations. When failures occurred and uranium escgped from the
cautrons, subsequent releases contained avariety of enrichment levels and occurred mostly through
generd air ventsin the Alphaand Beta Buildings (9201-1, 9201-2, 9201-3, 9201-4, 9201-5,
9204-1, 9204-2, 9204-3, and 9204-4).

# Uranium recovery and recycle- After each calutron enrichment run, natural, enriched, and
depleted uranium were recovered from the cal utron units using scraping and brushing tools and
nitric acid solutions. 1f necessary, uranium solutions were then prepared for further enrichment
(“recycle’ through another calutron separation). Recovery took placein laboratory exhaust hoods
or in open rooms, where uraniumwas released to general building air. These operationswere
housed in Buildings 9202, 9203, and 9206. The variousforms of uranium that were released to
theair during these operations passed filtered and unfiltered to the outsi de through el evated exhaust
stacks and vents (Rutherford 1956; Griffith 1957; Emch 1971; Compere et a. 1991; Owings

YPersonal communication between John M. Googin (former Y-12 worker) and the Task 6 project team on
February 26, 1993.
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1995). Although onasmaller scale, releases from these operations aso occurred through vents
in the Alpha and Beta el ectromagnetic process buildings.

From 1947 through 1951, Y-12 carried out an extensive recovery program to retrieve natural and depleted
uranium from miscellaneous parts and egui pment associated with the € ectromagnetic enrichment operations
(Googin 1993). For example, large strips and plates made of carbon and contaminated with uranium were
fed through a“crusher” and a“pulverizer” to reducetheir sze. Smal pieceswere then loaded in muffle
furnaces and burned (Uffdman 1948a-d). The resultant ash wasretrieved and dissolved in an acetic/nitric
acid solution to recover the uranium. These operationsresulted in consderable levels of uranium dust being
suspended inlocd air (exhaust hoods) and generd building air (Smith et al. 1946; Compere 1991). Smilar
operations continued during Y -12's weapon component manufacturing years (1952-1995).

Later on during the years of nuclear weapon component manufacturing at Y-12 (approximately 1952 to
1990s), uranium in various chemica formswas chemicaly processed, purified, and converted to metd form
for production of nuclear weapon parts. Themain processeswere housed in Buildings 9201-5, 9204-2E,
9204-4, 9206, 9212, 9215, and 9998. Chemica forms associated enriched uranium operationsincluded
(Struxness 1951a; Griffith 1957; Patton et al. 1963):

# uranium hexafluoride (UF) and uranyl fluoride (UO,F,) associated with chemical reactor
operationsfor converting UF to uranium tetrafluoride (UF, ). Effluentsfrom these processeswere
treated with cold traps to minimize releases of UF; and UO, F;

# uranium dioxide (UG, ), uranium trioxide (UQ,), and uranium tetrafluoride (UF,) associated with
metal conversionand forming operations. Effluentsassociated with theseoperationsweretypicaly
treated with roughing and high efficiency particulate air (HEPA) filters; and

# uranyl nitrate hexahydrate (UO,(NO,), 6H,0) and numerous other forms associated with chemical
recovery and purification operations. Theseeffluentsweretreated with scrubbersand particulate
filters.

Natural and depleted uranium processed from 1952 to 1995 were handled almost exclusively in meta
forming and machining operations (Patton et al. 1963). Main material handling processes for these
operations were housed in Buildings 9201-5, 9204-4, 9202, 9203, 9211,9212, and 9998. Chemical
formsincluded uraniumdioxide (UQ,), uraniumtrioxide (UQ,), and uraniummetd (whichusualy oxidized
rather rgpidly). Most natura and depleted uraniumin airborne effluentswererel eased mostly unfiltered and
unmonitored" (Owings 1986).

Oncein meta form, uranium wasforged or cast, cut to approximate sizes, rolled and pressed into rough
shapes, machined on cutting lathes, and passed through or dong sanding and polishing machines. Similar

Personal communication between Charles M. (“Hap”) West (Former Y-12 worker) and the Task 6 project
team, October 29, 1992.
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to the early operations of 1944 to 1951, these processes released uranium to building air or to ventilation
ducts and exhaust stacks. The uranium-laden air was either passed unfiltered to outdoor air or passed
through one or morefiltersprior to release. Based on review of production records, effluent monitoring
data, and information gathered from interviews with active and retired workers, Task 6 personnel focused
ontheY-12 buildingslisted below asthe key sources of atmospheric uranium releasesfor the period 1944
t0 1995. The estimated contributionsfrom these buildingsto total Y-12 uranium air releasesare aso
indicated below.

# Buildings 9206, 9212, and 9215 contributed over 90% of enriched uranium air releases,
# Buildings 9202, 9203, and 9211 accounted for about 70% of natural uranium air releases;

# The “Alpha’ buildings (9201-1, 9201-2, 9201-3, 9201-4, and 9201-5) and “Beta’ buildings
(9204-1, 9204-2, 9204-3, and 9204-4) added about 30% of natural uranium air releases; and

# Buildings 9201-5, 9204-4, 9211, 9212, and 9998 contributed over 95% of depleted uranium air
releases.

Appendix A can bereferred to for details regarding the locations of these key buildings, summaries of the
uranium processesthat occurred in each building, and how, for some buildings, processesand even basic
missionschanged sgnificantly over time. Appendix C aso presents specificinformation on monitored and
unmonitored uranium release sources at Y-12 (such as stack locations and flow rates).

Asprevioudy gated, uranium releasesfrom Y-12 included enriched uranium, depleted uranium, and natura
uranium. Thesereleases consisted primarily of uranium particulates, fumes', and vapors. Most uranium
compounds handled at Y-12 would react with moisturein air to form highly insoluble oxide. Highly
insolubleuranium oxide wasreported to be the dominant chemica form released inarborne effluentsfrom
Y-12. Thismateria exhibitsadow clearance rate from the body if inhaed, and therefore resultsin the
highest radiation dose for inhalation of any chemical form of uranium. A key physical characterigticin
accurate air sampling, atimaospheric dispersion modeling, and assessment of inhalation of contaminated air
isthe particle size distribution of the contaminant. Studies have been conducted at Y-12 to characterize
uranium particlesizesin effluents. These studiesindicated that, under norma conditions, uranium oxide
particles were predominantly composed of small particles with typical mean diameters of 0.05to 5
micrometers(millionths of ameter, Fm) (Struxness 1952; Struxness 1953; Pflasterer 1953). Based on
review of thisinformation, one micrometer diameter uranium oxide particulateswastheform of uranium
assumed to have been rel eased for the purposes of the Task 6 screening assessment that is presented in
Section 4 of this report.

Minute solid particles formed by heating of the metal.
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2.1.1.2 Descriptions of Y-12 Air Effluent Monitoring Practices

During the Manhattan Project (1943-1947), Y-12 conducted indoor air monitoring for purposes of
ng worker exposuresto airborne uranium and determining theamount of uranium being lost tothe
atmosphere (Smith et a. 1945). Uranium concentrationsin indoor air were determined through the
collection of periodic grab (short term) air samples. Measurement techniques used in obtaining grab
sampleswere crude by today’ s tandards, however, these did provide quantitative estimates of therelative
amounts of uranium that were present in the production areas that may have been lost through genera
building ventilation and exhaust hoods. Air sampling equipment commonly used at Y-12 during this period
was devel oped by the University of Chicago and consisted of a high-efficiency asbestos-based filter paper
through which air was drawn to collect airborne particles. Thefilter paper was manufactured by the
Hallingsworth and V ose Company and was known asthe HV No. 9081 or the HV No. 8912. The paper
was formed into a cylinder, supported by a specia “bird cage,” and placed in the sample apparatus,
commonly referred to asfilter tubes. Flowmeterswere used to set the proper sampling flow rate. Therest
of the sampling equipment consisted of aholder and plugsfor the filter tube, avapor removing canister, a
source of suction (Filter Queen Vacuum Cleaner), and ableed valvefor controlling air flow (Berggren
1947).

Thefilter paper tubes were then measured for gross apha radioactivity (counts per minute) in Building
9203. A background (blank) filter tube was also counted and subtracted from the sample count for
determining the net amount of Y -12 uranium onthe sample. Uranium releaseswerereported by converting
the net countsper minuteto net activity and thento mass (e.g., grams) by applying the specific dphaactivity
inasample. Samplesusudly had the same specific activity asthe uranium being processed in the sampling
area. When the uranium isotopic concentration was different or unknown, Y-12 then collected samples
of the process uranium and performed aspecific dphaactivity anaysisusing measurement techniques such
as fluorometry.

Starting in mid 1950s, operations that handled enriched uranium were increasingly measured for loss of
uranium through ventilation systems and exhaust stacks through the use of continuous exhaust stack air
samplers (Schappd 1961; Googin 1993). Continuous sampling was accomplished using sampling probes
mounted inside exhaust stacks and ventilation ducts. Air sampling probes were used to collect
representative (isokinetic) air samplesfrom air streamsinsidethe stacksand ductsin order to quantify the
uranium that was routinely exhausted to the atmosphere. Air sampleswere drawn from exhaust air by
isokinetic probes attached to vacuum pumps, and passed through sampling linesto one-inch diameter filter
papers|oaded insde holderslocated on the outside of exhaust stacks or ducts. Samplelinelengthsranged
from just afew inches up to severa feet. Schematicsof commonly used Y -12 stack sampling sysemsare
shown in Figure 2-1.
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Air sampleswere collected continuoudy, with sampling durations usualy ranging from oneto three days.
Onceretrieved fromits holder, each filter was sent to the radioactive counting laboratory (Building 9995),
loaded into an dphascintillation or gas proportional radiation counting instrument, and andyzed for alpha
radioactivity. Theamount of apharadioactivity present on thefilter wasthen converted to the amount of
uranium on the sample based on a predetermined Z°U enrichment level.

Each sample was typically held for 24 to 48 hours prior to counting, to allow for decay of natural
radioactive background that was also present on the filter paper, such as from radon (*?Rn; 3.82 day
radioactive half life) and thoron (*°Rn; 55.6 second radioactive haf life) and their associated radioactive
decay progeny! (e.g., 2Bi; 19.9 minute radioactive half life) (McReeet a. 1965; Kocher 1981). This
holding period alowed the ad pha measurementsto more precisely determine the uranium concentration in
airborne effluents,

In some operations, excessive sampling equipment failure occurred due to the highly acidic nature of
sampled gas streams. In these cases, such asin Building 9212 chemical operations, Y-12 personnel
collected periodic grab samples using portable air samplers’ (Struxness 1952; Sanders 1992). In addition,
airborne rel eases associated with depleted and natural uranium operations were monitored only on a
periodic basis for limited periods of time using grab samples.

Overdl, the methods and approaches used by Y-12 to monitor uranium effluents were usually accepted
practicesfor thetime period and provide adequate datafor present-day estimatesof historical rel eases.
Based on the Task 6 investigation, it was concluded that the largest, single source of uncertainty in
estimating uranium releases are unmonitored releases that occurred from 1943 through the 1970s.

2.1.2 Y-12 Air Release Estimates

Estimatesof uranium releasesfor individua exhaust stlacksand building ventsweretabul ated by the project
team from origina Y -12 documents and included two basic types of release information: (1) reported
releasesfor individual buildingsor uranium processesand (2) exhaust stack or indoor air monitoring data
and quantitiesof air exhausted fromindividual buildings or exhaust stacks. For unmonitored rel eases or
for sampling periods where there was limited data, the project team used uranium production rates or
release estimates for preceding or subsequent years for which sampling data were available.

For operating periods for which monitoring data were available, the project team used uranium
concentrations determined from air samplesin combination with the amount of air exhausted through stacks
and building ventsto estimate the quantity of uranium routinely or accidental rel eased during aparticular
sampling period. Basic effluent monitoring dataidentified by the project team were found in medical
physics, hedth physics, industria hygiene, and production-related Y - 12 reports and on archived ectronic

personal communication between Bill Tucker (Y-12 worker) and the Task 6 team, Oct. 13, 1995.
%Personal communication between Jerry Hunt (former Y-12 worker) and the Task 6 team, July 1993.
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files. These dataconssted of aphaactivity measurementsfor individua air samples and exhaust stack air
flow ratesfor individual stacks and ventilation ducts. Examination of these data by the project team
indicated that some of the air sample results may have been corrected for sampling biases, such asparticle
losses in sampling equipment and alpha particle buria within samplefilter paper (Smith et al. 1946;
Schappel 1961). For purposes of the Task 6 evaluation, the project team corrected for these potentia
lossesif it was apparent that Y -12 workers had not applied corrections to the monitoring data prior to
reporting release estimates. For indoor air monitoring data, correction for samplelinelosses were not
applied to the rel ease estimates.

Task 6 release estimates were then compared to previoudy reported DOE estimates. If a previously
reported release estimate for particular year was found to be larger than the Task 6 estimate, then the
release amount was increased to equal the DOE estimate. Based on discussionswith Y-12 workers,
unmonitored rel ease sourceswerea most exclusi vely associated with depl eted uranium operationsand
would account for themagjority of the differences between the Task 6 and DOE release estimates'. For
the purposes of the Task 6 evaluation, the project team assumed the balance of uranium released was
depleted uranium. Details of the data used in the Task 6 evaluation of the Y-12 releasesis presented in
Section 2.1.2 and in Appendix D.

Thefollowing sections describe the gpproaches used by Task 6 project team to quantify historica airborne
uranium releasesfrom the Y-12 complex. These discussions are separated into five discrete time periods,
namely 1944-1956, 1957-1959 and 1963, 1960-1962, 1964-1988, and 1989-1995.

2.1.2.1 1944 -1956 Airborne Uranium Release Estimates

Release estimatesfor the period 1944 through 1956 were derived by the project team using air monitoring
data and uranium release estimates presented in heath physics, industria hygiene, and
production/accountability reportsretrieved fromY -12 Central Filesandthe'Y -12 Records Center. Some
of these reports provide uranium concentrations measured inindoor air and exhaust stacks and exhaust air
flow rates (Smith et a. 1945; Smith et a. 1946; Berggren 1947; Herndon et al. 1947; Morfitt 1947).
Other reports used by the project team to estimate historical rel eases contain only previoudy determined
rel ease estimates without the supporting effluent monitoring data (Griffith 1957).

Using available monitoring data, the project team ca culated rel eases to verify the accuracy of the reported
releases. Average uranium air concentrations (ng m?) weremultiplied by exhaust air flow rates (m*yr?)
to determined thetotal amount of kilogramsreleased per year per release point. Annua massreleases
were then converted by the project team to the amount of radioactivity released (curiesy?, Ci y*) based
on the estimated **U enrichment level. The majority of releases that occurred from 1944 to 1956
consisted primarily of natural uranium (0.0057 percent weight 2*U; 0.72 percent weight 2°U; and 99.28

Personal communication between Edward Owings (former Y-12 worker) and the Task 6 team, July 1997.
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percent weight 22U) and depleted uranium (an average of 0.002 percent weight 2*U; 0.25 percent weight
25U;and 99.75 percent weight>*U was assumed for the Task 6 assessment). Thespecific activities of
theindividual uraniumisotopesused inthecalculationsare 6.29 Ci kg™ for 2%U, 2.19x10° Ci kg™ for 2°U
and 3.4x10* for #8U. Other releases that occurred during this time period also contained enriched
uranium. Descriptions of the Task 6 approach used to estimate releases for this operating period are
presented in Appendix D. The formulas used to derive release estimates for 1944-1956 were:

Mass Release Rate (kg y*) = (g m?) (m® d*) (365d y*) (10°kg g*) and
Uranium Isotope Release Rate (Ci y*) = (kg y*) ( percent weight of isotope) (Ci kg*)*.

Since the project team did not obtain a complete set of monitoring data for the period 1944 to 1956,
reported releasesfor Buildings 9206 (post 1947), 9211, 9212, and an unspecified Betabuilding werea so
used to derive Task 6 release estimates for thistime period (Griffith 1957). Reported estimates of tota
kilogramsof uranium released from aparticul ar rel ease source were used by the project team to complete
the revised release estimates for 1944 through 1956 (e.g., 10,000 kg of normal to depleted uranium
released from Building 9212 from 1953 through 1955). According to the 1957 Griffith report, reported
releaseswere based on avail abl e effluent monitoring data, known rel eases, and production and inventory
records. The mgjority of these releases were reported to have been depleted uranium.? Documents that
describeadditiond effluent monitoring dataand production and inventory dataused by Y-12 to derivetheir
rel ease estimates were not availablefor the Task 6 evaluation. Dueto limited available monitoring dataor
rel ease estimates for some years, the project team estimated releases by cal culating averageshbased on
release estimates and/or production datafor the preceding and subsequent years. Calculationsused for
this portion of the Task 6 assessment are presented in Section D.2 of Appendix D. Further evaluation
regarding the accuracy of the DOE/AEC reported Y -12 release estimates iswarranted during afuture dose
recongtruction study of Y-12 uranium. Table D-3 in Section D.3 of Appendix D providesalist of
documentsthat may providefurther informationto assist in ascertaining the uncertainty in thesereported
release estimates. These documents were not found during the Task 6 investigation.

2.1.2.2 1957 - 1959 and 1963 Airborne Uranium Rel ease Estimates

Quarterly average total uranium concentrations measured in exhaust stack effluents were used by the
project team to estimate air releases for the years 1958, 1959, and 1963. These datawerelocated in'Y -
12 andytical laboratory documents (Tucker et a. 1996). Reported quarterly averages were determined
by Y-12 workersbased on daily stack monitoringdata. Daily measurement datafor these yearswere not
located during the Task 6 investigation, therefore, the project team used the quarterly datafor estimating

Percent weights of uranium isotopes (i.e., U, 2*U, and ?*U) are based on enrichment level.

%Personal communication between John M. Googin (former Y-12 worker) and the Task 6 team on February
26, 1993.
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releases. For 1957, reported monthly measurement datawere used for the andlysis. The daily or quarterly
dataconsisted of average net aphaactivity per unit volumeof air expressed as disintegrations per minute
per cubic meter of air (dmin™m?®). Net dphaactivity concentrations represent the amount of total uranium
released in Y-12 airborne effluents. 'Y -12 determined the net activity by alowing for the decay of short-
lived radon and thoron progeny prior to counting the air samples and through the subtraction of long-lived
background radiation. Thesevalueswerethen multiplied by reported volumetric air flow rates (m3qr *)
to arrivea monthly, quarterly, and annua uranium release totals. The project teamthen converted the
total alphaactivity released to the amount of kilograms and activity per uranium isotope (3'U, U, and
#31) based on the known **U enrichment level. Release estimates for this operating period were either
enriched uranium (93.5 percent 2°U by weight) or depleted uranium with an average®U weight content
of 0.25 percent (Patton 1963; Owings 1986). Additiona detailsregarding the dataand cal culations used
by the project team for this portion of the Task 6 assessment are presented in Sections D.4 and D.5 of
Appendix D.

2.1.2.31960 - 1962 Airborne Uranium Release Estimates

Monthly stack sampling results presentedin Y -12 hedlth physicsreportsfor 1960, 1961, and 1962 were
used by the project team to derive enriched and depleted uranium release estimates for these three years.
Monthly releasetotasin units of microcuries (nCi) of total dphaactivity are presented in these reportsand
were used asthe basisfor the Task 6 rel ease estimatesfor this operating period. Reported uranium releases
per stack are based on daily measurements of effluents collected by continuous or periodic stlack samplers.
Sampleswere collected in exhaust stacks down stream of exhaust filtersin Buildings 9206, 9212, 9215,
and 9998. Daily measurement data for these years were not located during the Task 6 investigation,
therefore, the project team used the monthly rel ease estimatesfor estimating annua rel easesfor thethree
years. The project team then converted the total a phaactivity released to the amount of kilogramsand
activity per uranium isotope (**U, U, and *2U) based on the known #°*U enrichment level. Release
estimatesfor thisoperating period were either enriched uranium (93.5 percent *°U by weight) or depleted
uranium with an average #°U weight content of 0.25 percent. Data and cal culations used for this portion
of the Task 6 assessment are presented in Section D.6 of Appendix D.

2.1.2.4 1964 - 1988 Airborne Uranium Release Estimates

Badic radiation measurement datathat represent the amount of radioactivity collected on stack air samples
wereidentified by the project team. These datawere found on archived computer tapesand contain basic
radiation measurement data (gross alpha count rates, stack flow rates, counter efficiencies, etc.) for
individua air samples collected daily in exhaust stacks and ventilation systems from 1964 to 1988. These
datawere analyzed by the project team and used to cal cul ate atmospheric rel eases of uraniumfor 1964
to 1988.

To reconstruct uranium air releases for this operating period, the project team used the radiation
measurement results for 177,356 individual air samples collected from 287 stack or ventilation duct
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monitoring locationsat Y-12 (Garmeson et . 1996). The data were examined and corrected for errors,
such asincorrect reporting of exhaust stack air flow rates and omission of appropriate correction factors
to adjust the data for biases caused by sample line and alpha burial losses. Over 47,000 errors were
corrected using other information collected during the investigation such asreported stack flow ratestaken
from Y -12 health physicslogbooks (Rutherford 1956; Schappel 1961; Emch 1970; Emch 1971). This
means that approximately 26 percent of the data were found to contain one or more errors and were
corrected aspart of the Task 6 processto reconstruct uranium release estimates. The stack sampling data
used by Task 6 investigatorsto reconstruct rel ease estimatesinclude the following information (Garmeson
et al. 1996):

. Date and frequencies of sampling for each exhaust stack;

. Sample location (stack or vent location);

. Type of uranium sampled, in terms of 2°U enrichment, selected from four categories:
highly enriched. . ........... 93.5 percent or greater 2°U content
intermediate enriched. . ... ... 70 percent U content assumed for Task 6 assessment
depleted. . ................. 0.25 percent #°U content assumed for Task 6 assessment

. Volumetric air flow rate in the sampling line;

. Air sampling duration (usually 1 to 3 days);

. Volumetric air flow rates periodicaly measured in exhaust ducts and stacks and reported in hedlth
physics and operations logbooks (Rutherford 1956; Emch 1971);

. Net alpha activity measured on filter paper to determine uranium content;

. Counting time used to measure alpha activity on filter paper;

. Alphacounting efficiencies(cdibrationfactorsfor aphascintillation and gasproportiona radiation
counters);

. Correction factor of 0.3 for samplelossdueto absorption of alphaparticlesinfilter paper (also
known as burial loss)* (Smith et al. 1945; Struxness 1951);

. Correction factor of 0.25 to account for sampleline losses dueto particle deposition and impaction

in the tubing or piping used to draw the samples (Schappel 1961); and

. Measured collection efficiencies of filter papers (usually reported to be between 98 and 100
percent) (Struxness 1951a; Schappel 1961).

Personal communication between Bill Tucker and the Task 6 project team on October 13, 1995. Personal
communication between Bob Rutherford (Y-12 fomer Y-12 worker) and the Task 6 project team on November 18, 1992.
Personal communication between C. M. “Hap” West (retired Y-12 worker) and the Task 6 project team on April 30,
1996.
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Using the corrected measurement data, uranium rel ease estimatesfor 1964 to 1988 were generated by the
project team. Detail ed descriptions of the cal cul ations and methods used by the project team to derive
release estimates from these sample data are included in Section D.7 of Appendix D.

2.1.2.5 1989 - 1995 Airborne Uranium Release Estimates

The project team decided that it was not appropriate to devote significant Task 6 resources to
recongtruction of releasesfor thisperiod of relatively low releases and modern monitoring practices. DOE
and Y -12 reported estimatesfor 1989 to 1995 were determined to be representative of actual releases,
and were used to compl ete the Task 6 reconstructed air rel ease estimates.

2.1.2.6 Estimates of Unmonitored Releases

For periodswhen sampling was either not performed or sampling records could not befound, air rel eases
were primarily estimated by the project team using uranium production dataor uranium rel ease estimates
for preceding or subsequent sampling periods. Uranium rel eases were estimated using this approach for
the following operational periods and release sources:

e Natural uranium releases

For 1944 and 1945: .... Selected releases Alpha, Beta, 9202, 9203, and 9206 Buildings
* Depleted uranium releases o

For 1968, 1972, 1974 - 1987. ... Selected releases Buildings 9201-5, 9204-4, and 9998
* Enriched uranium releases

For1968: ...................... Selected releases from Buildings 9206, 9212, 9215

For example, monitoring data located for 1944 and 1945 were limited and determined not to be
representative of all releases during that time period. To estimate rel eases for those periods for which
monitoring dataor reported releaseswere not found, Task 6 investigators used production dataand release
estimates for adjacent years. Production datafor an unmonitored period was compared to production data
for adjacent time periodsfor which rel ease estimateswere avail able. Rel ease estimatesfor the unmonitored
period were then cal culated based on the differencesin production datafor the two time periods. Estimates
of unmonitored or undocumented rel eases were then added to the total rel eases presented in Appendix D.

Uncertai nties associated with unmonitored estimateswere not eval uated and, in some cases, estimates of
these releases could not be made due to the limited amount of data. A full accounting of releaseswould
require additional information that describesthe air sampling approaches used and the extent to which
monitoring dataare representative of the unmonitored rel eases. Information could be sought to assessthe
uncertainties of rel ease estimatesfor these unmonitored operations. The project team believesthat other
records, such as the ones described in Appendix D, may provide further information to estimate the
uncertainty in the estimates. The sample documents presented in Appendix D were identified from a
bibliography list, but were not located during the Task 6 investigation.
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For the remaining operating periodsand uranium operations|isted above (depleted and enriched rel eases
for the 1960sto the 1990s), the Task 6 project team averaged rel eases for adjacent years or used DOE
reported release estimates to arrive at estimates for unmonitored releases.

The Task 6 uranium air release estimates for 1944 to 1995 are summarized in Figures 2-2, 2-3, and 2-4.
Uranium activity amounts for 2*U and #°U were combined to add alevel of conservatism to the Task 6
screening assessment. Thisapproach is considered reasonable for the assessment since the majority of
activity released from 1944 to 1995 is associ ated with the ‘U component, Task 6 rel ease estimates do
not includeaformal uncertainty analysis, and the dose conversion factor (DCF) for U ishigher than the
DCFfor #U. It would be appropriate to eva uate these uranium isotopes separately during arefined dose
assessment such as one associ ated with acomplete dose reconstruction study. The project team’ sestimates
are presented alongside published DOE release estimatesin Table2-1 and Figure 2-5. Detailsregarding
the data and calculations used by Task 6 to estimate uranium releases are given in Appendix D.
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Figure 2-2: Task 6 Estimates of Annual Airborne Uranium Releases from the Y-12 Complex
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Table 2-1: Y-12 Airborne Uranium Release Estimates’
Year Task 6 DOE Year Task 6 DOE
Estimate (kg) Estimate (kg) Estimate (kg) Estimate (kg)

1944 310 55 1970 300 259
1945 670 102 1971 580 290
1946 390 102 1972 870 222
1947 250 55 1973 410 206
1948 650 0 1974 210 207
1949 650 0 1975 210 209
1950 650 0 1976 210 207
1951 650 0 1977 210 206
1952 650 0 1978 210 205
1953 4000 30 1979 210 206
1954 3800 32 1980 220 218
1955 3800 32 1981 210 207
1956 3000 43 1982 210 207
1957 2300 41 1983 210 208
1958 5700 41 1984 330 329
1959 6200 120 1985 210 210
1960 930 99 1986 210 211
1961 1300 109 1987 150 116
1962 1400 100 1988 150 116
1963 2100 103 1989* 44
1964 2700 170 1990* 21
1965 640 281 1991* 21
1966 920 212 1992* 7
1967 340 212 1993* 3
1968 440 211 1994* 24
1969 250 223 1995* 2

TOTAL 50,000 6,535

* Values for these years were based on releases reported by DOE. Release estimates for these late years were not
independently reconstructed by the project team.
" DOE Estimates for years 1944 to 1988 compiled from USDOE 1988; estimates for years 1989 to 1995 were from
LMES 1996. Task 6 estimates are rounded to two significant figures.
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Figure 2-5: Task 6 and USDOE Estimates of Annual Airborne Uranium Releases
from the Y-12 Complex

2.2  Air Releasesfrom the K-25 Complex

This section describes the methods used by the project team to estimate airborne uranium releases from
the K-25 complex for the period 1944 through 1995. Because the K-25 site did not monitor most uranium
releases, the principal method used to quantify historical uranium releases wasto identify and retrieve
pertinent historical recordsand to compile a database of release data using the information obtained. As
much information as possible about each release was gathered. Releases were categorized by their date
of occurrence and amount of release aswell as other information that allowed the rel eases to be classed
according to release pathway or location.

The project team’s rel ease estimate database is a Microsoft® Excel ™ workbook containing many
spreadsheetsthat detail the construction of the uranium release history from 1945 to 1995. References are
givenfor al datacontained in the database. Air release estimates are presented astotal sfor each calendar
year. Thesetotalsare compared against those from similar assessments performed by DOE/AEC/K-25
staff. In cases where the totals calculated by the project team for agiven year were less than those from
the DOE/AEC/K-25 assessment, the vaue from the DOE/AEC/K -25 assessment was used to establish
thetotal for that year. The sum of all air releases cal culated by the project team over all yearswasthen
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compared to that from the DOE/AEC/K-25 assessments. The total calculated during the Task 6
investigation is 16,336 kilograms of uranium released. The historical rel ease assessments performed by
DOE/AEC/K-25 staff for the same period amount to 10,713 kilograms, nearly 6,000 kilogramslessthan
the Task 6 estimates. The project team was unable to establish the magnitude of releases for nearly one
third of the reported rel ease events that occurred during past K-25 operations (1944 to 1995) because
essentid data (e.g., mass of materid released) were not available to the project team. It islikely that actua
releasesare substantially higher than the estimates presented in thisreport. In addition, these total s do not
include the mgority of releasesthat occurred a the S-50 liquid thermd diffusion plant. Releasesfrom this
facility areknown to have been very large, but only limited historical information was availableto the
project team.

The mgjority of the data used by Task 6 to estimate K-25 airborne releases came from accountability
records. These records provide specific information regarding uranium rel eases such aswhen, where, why,
and how uraniumwasrel eased from K -25. Such recordsinclude routine accountability reports, reports
describing accidenta releases, and effluent and rel ease reportsfor specific buildings (rather than for the site
asawhole). In addition to these accountability documents, environmenta monitoring reports were also
used to augment the information in the release database.

It should be noted that only quantified datawereincluded inthetotal release sums, even though thereare
many instances where unquantified rel eases are known to have occurred. Known releases for which no
guantitative datawere available (e.g., release reports where no estimationswere given for the quantity
released) are not accounted for in the Task 6 rel ease estimates. Hence, the release database is known to
underestimate theamount of uranium actually rel eased from the K-25 site. Despitethis, total uranium
rel ease estimates compiled by the project team are il greater than estimates reported by DOE/AEC/K -25
by nearly 6,000 kilograms. In dternate estimations of releasesfrom the K-25 site performed earlier inthe
project, the available release datawere fit using probability distributionsin an effort to “fill in the gaps’
where releases were known to be understated or undocumented. This approach was not used in this
present investigation due to concerns expressed by reviewers and would require additional source term
information to validate assumptions used in the probability analysis.

One source of chronic airborne uranium releases to the environment were the purge cascades, which were
facilitieswithintheK-25 and K-27 diffuson plantsused to separate light diluents (such asair that bled into
the system) from the UF; (see Appendix F for details). While it was thought by the K-25 staff to bea
magor source of releasesfor the Ste, the Task 6 assessment found thisnot to be the case. Release estimates
for the purge cascades are discussed in Section 2.2.3. The overall process used by the project team to
independently develop airborne release estimates for K-25 is as follows:

# Compiled dataon releases tracked by the Uranium Accountability Divison for both the K-25 and
S50 plants

# Developed release estimates for a series of UF, cylinder fire tests
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# Compiled and reviewed Annual Environmental Monitoring Report rel ease estimates

# Performed release calculations for the purge cascade and assessed significance

# Compared the total release estimates to officially-reported DOE/AEC/K-25 plant releases
The sectionsthat follow describe these five steps, provide estimates of the total masses and activities of
uranium rel eased from the K-25/S-50 complex, and compare these estimatesto previous rel ease estimates
reported by DOE/AEC/K-25. Section 2.2.5 summarizesfuture refinementsto the K-25 rel ease estimations

that were identified by the project team as aresult of their assessments.

2.2.1 TheAirborne Release Databasefor 1944 to 1995

The Excel™ workbook devel oped by the project team primarily functioned as a database of uranium
releases from the K-25 site. Release data were obtained from documents retrieved from records centers
at the Oak Ridge Reservation (ORR). The documents were mainly accountability records that indicated
when, where, why, what and how much material containing uranium was rel eased. Rel ease datawere
entered into the database by release date. In cases where datawere given for aspecified period of time
(such asmonthly, quarterly or annua totals), the date assigned was the first day of the first month inthe
period.

After the database had been compiled, the uranium release data (in terms of kilograms of total uranium)
weresummed for each cdendar year. These sumswere then compared with thosefrom smilar assessments
performed by DOE/AEC/K-25 staff (Lay and Rogers 1986) (Rogers 1985). In cases where the Task 6
estimates from the current effort were less than those from the DOE/AEC/K-25 assessments, the total
release assigned for that year was taken from the DOE/AEC/K -25 eva uation. This was done because it
was assumed that the DOE/AEC/K -25 assessments have amore compl ete data set availablefor thosetime
periods. Subsequently, thetota sfor each calendar year were summed over dl yearsand compared to the
values reported by DOE/AEC/K-25.

Themgority of therecordsin the database camefrom the K-25 Uranium Accountability Group, whichwas
charged with tracking uranium asit moved throughout the plant to prevent diversion, theft or excessive
losses. Thisincluded tracking any accidenta or chronic environmenta rel eases. Theenvironmenta releases
werereported by shift supervisorsin Material Release Reports. Each report contai ned adescription of the
incident, the date and location of theincident, the personnel involved in theincident, and either the duration
of therelease or the quantity of material released. Asthese reports and similar release information were
gathered by the project team, datawere entered into the database. The database entriesincluded the date
of theincident, thequantity and enrichment level of themateria (if known), thelocation of theincident, and
adescription of the incident. The database currently contains over 1200 entries. The accountability
information in the database includes:
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# Accidental releases
# Purge cascade monitoring datafor 1945, 1946, 1953-1955, 1961, 1969, 1976-1978, 1980
# Periodic effluent monitoring datafor K-1131, K-1420, and K-1401

Other sources of information in the database are environmenta monitoring reportsand rel eases established
for the cylinder fire tests conducted in 1965. The cylinder fire tests were destructive tests carried out at the
K-25 rifle range to establish the failure limits for UF, cylindersinvolved in transportation accidents.
Specifically, the tests were performed to determine how long the cylinders could withstand being
incinerated in an accident involving afire. These sudieswere carried out by lighting afire undernegth full
or partidly-filled UF; cylindersand observing theresults. In totd, the testsreleased 277 kilograms of 0.22
percent enriched UF, (Mallett 1966), equating to 188 kg of uranium. Table 2-2 presents the dates and
amounts of material released during each test. The project team reviewed the available information
concerning the cylinder tests, and believesthat the reported rel ease total sare adequate for usein the Task
6 screening. YU refers to the sum for these two nuclides.

Table 2-2: Uranium Release Estimatesfor UF; Cylinder Fire Tests

Date of Test Uranium (kg) 24235 (Ci) 8 (Ci)
October 4, 1965 3 4.5%x10* 1.0x10°
October 5, 1965 17 2.5x10° 5.7x10°
October 7, 1965 76 1.1x10? 2.6x107

October 14, 1965 16 2.4x10° 5.5x10°
October 29, 1965 75 1.1x107? 2.5x1072

TheK-25 airborne rel ease database was an Excel ™ workbook consisting of ten spreadsheets. Theten
spreadsheets aretitled: 1) Atmospheric Release, 2) Atm. Yearly Release, 3) Cylinder Fire Test, 4)
Environment, 5) Environment 2 6) 10% Diff, 7) Uranium, 8) New Data 10-31-96, 9) New Data 8-29-
96 and 10) New Data 11-6-97. Each sheet is described in the text that follows.

The spreadsheet Atmospheric Release contains achronologica listing of releases of uranium for the K-25
Stetha wasestablished fromtheinitid, large-scaereview of accountability records. Releasesareclassified
by their location, total mass of uranium, U mass, U mass, weight percents of 2°U, total activity (in
curies) and release pathways. Descriptive notesand references are provided with the rel ease estimates.
Releaseswere assessed into several rel ease pathways. The ESA pathway was used to describe releases
from Equipment to Stacks or vents and thus to the Atmosphere. Other pathway categories are EIVA,
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which describesrel easesfrom process equi pment to indoor air to theatmosphereviabuilding ventilation.
CA describesoutdoor releasesfrom cylindersdirectly to the atmosphere. CISA describesindoor rel eases
from cylindersto theatmospherethrough building ventilation. Thisspreadsheet ispresented in Appendix
E aong with the other spreadsheets in the database documenting rel ease information obtained from
accountability records. The Atmospheric Release sheet contains 960 data records.

Theworksheet Atm. Yearly Release givesthetotal yearly release amountsfor 1945 to 1995 in kilograms
of total uranium, curiesof tota uranium, kilograms of 22U, kilograms of U, and curies of 22U, U, and
2. Cumulativetotals are also given. Entriesfor aparticular year are the sums of many releases. The
releaseslisted in Atmospheric Releasewere summed for each individual year. To these sumswere added
contributions from Environment, Environment 2, 10% Diff, New Data 10-31-96, New Data 8-29-96
and New Data 11-6-97, as appropriate. The sheet Atm. Yearly Release represents the results of the
project team’ seffort to estimate the airborne uranium emissionsfrom the K-25 complex andis presented
as Table 2-5in Section 2.2.4.

The next sheet, Cylinder Fire Test, recordsthe releases of UF, that occurred in October 1965 at the K -
25RifleRangeasapart of the UF, cylinder test and devel opment program. These releaseswereregarded
differently than rel eases associ ated with normal production, sincethey werenot considered asmateria
losses, but rather as an approved use, analogous to material processed. Thus, these rel easeswould not
have been accounted for in the rel ease estimations performed by DOE/AEC/K -25, since these estimates
were based on materia lossreports. Thisisan example of aclass of amaospheric releaseincluded in the
project team estimates that were not included in previously reported estimates.

The sheet Environment givesthe estimated atmospheric dischargesin curies of uraniumfor theyears 1973
t0 1982. Thedischargesweretaken from Environmental Monitoring Reportsfor the Oak Ridge Facilities
for the years 1973 to 1982 inclusive (US AEC 1973) (US ERDA 1974-1976) (US DOE 1977-1982).
Theinformation in these reportswere estimates of uranium rel eased from al Oak Ridge Facilities. It was
conservatively assumed that al| rel easeswerefrom K-25 operations since therewas no way to separate
the contributionsfrom al facilities. The curies of uranium were converted into curiesand gramsof 22U and
25U using representative enrichments for each year (see below). These amounts were then compared to
the amountsthat had been determined for the corresponding years from the review of historical records.
Wherethe difference between the amount from the environmental report and theamount from records
review was postivefor aparticular year (i.e., the amount from the environmenta report waslarger), it was
assumed that information was missing from the release history and the difference wastherefore added to
the Task 6 estimates. Thispracticelikely overdtated the releases from K-25 to asmall extent, though the
total for all of the affected years amounts to less than 5% of the total release estimate for 1944-95.

In Environment it was necessary to have an enrichment level in order to convert curies to grams.
However, theenvironmenta reportsdid not give any information regarding enrichment levels. Thus, for
those years where there was a positive difference between the environmental report data and the release
estimation from therecordsreview, the release datafrom the review were used to establish arepresentative
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enrichment level. Thiswas done by summing the?*U mass and thetotal uranium massfor al of therelease
data for a given year. The total U mass was then divided by the total uranium mass to get a
representative enrichment level . These enrichment val ueswere then used to establish the?*U and 22U
massrel easesfor each year from the environment data, with the yearly rel ease estimatesfrom therecords
review subsequently reconciled with these va uesin accordance with theassumptionthat al of the uranium
came from K-25.

The sheet Environment 2 containsthe environmental monitoring datafor 1986 to 1995. The datawere
provided in terms of total curies and total mass of uranium. Thus, to arrive at abreakdown of kilograms
and curies for theindividual radionuclides (28U, 2°U, and 2U), it was necessary to determine the
enrichment level. Thiswas accomplished by using thefollowing numerica expression for aphaspecific
activity as afunction of 2°U enrichment by percent weight (Rich et al. 1988):

Soecific Activity™ 1x10%5(0.4%0.38E%0.0034E 2) curies/gram

where E is the 2°U enrichment in percent.

For each year, theratio of the activity to the masswas used to define a specific activity to enable solving
for E, the percent weight of *U. Once the amount of Z2°U was determined, the corresponding amounts
of 2*U and **U were computed. Graphical representation of this approach is shown in Figures F-3 and
F-4 of Appendix F. Asfor the earlier environmental data contained in the Environment spreadshest, the
resulting enrichment level was an expression of the average enrichment for agiven year. One particular
year, 1989, had a cal cul ated enrichment that was negative. Thisimplied that the release datafor that year
wereinconsstent. Since only asmall amount of uranium was reported that year, namely 1.11 kg, anatura
25U enrichment of 0.72% was assumed. For such asmall release amount, the assumption had anegligible
effect on the site cumul ative rel ease estimate, but the assumption wasthe determining factor for that year
since the environmental monitoring datawas the only release information available. Thiswas the case for
1986 to 1995, with exceptions for 1988 and 1993, for which additional release data were located.

The sheets New Data 10-31-96, New Data 8-29-96 and New Data 11-6-97 contain release data
identified after theinitial, large-scal e records review was compl eted. Assumptionswere employed when
adding some of these new datainto the annua releasetotas. In the New Data 10-31-96 sheet, the uranium
released in 1958 and 1959 was assumed to have been natural with a?°U enrichment of 0.72%. This
assumption was based on the known operations a the K-1401 and K-1413 facilities. Likewise, therelease
datafor 1988 in this sheet were a so assumed to have had an enrichment of 0.72%. However, inthiscase
thechoiceof enrichment level wasmorearbitrary, asthe project team did not haveinformation regarding
wherethese materialswere processed. A 2°U enrichment level was assigned to avoid having zero values
in the database for the 22U and *°U masses and their associated activities. This assumption has negligible
impact on the total mass of uranium asserted to have been released in 1988.
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IntheNew Data 11-6-97 sheet, the activity data by isotope from the effluent rel ease reportsfor 1993 and
1994 were converted to mass using the specific activitiesfor the three uraniumisotopes. Thevauesused
were 3.4 x 107 Ci g* for U, 2.19 x 10° Ci g* for *U and 6.29 x 10° Ci g* for *U. Enrichments
were then established by simply taking theratio of the #U massto the total mass. For the S-50 releases
in 1944 and 1945, natura enrichment was assumed given these releases were generally associated with
feed material and that the S-50 plant achieved only slight enrichment.

The sheet Uraniumgivesphysical datafor the element uranium and itsisotopes. Asnecessary, these data
were used to calculate grams and curies.

2.2.2 The S50 Liguid Thermal Diffusion Plant

The S50 plant, dso called theliquid thermal diffusion plant, wasbuilt on about 37 acres of land adjacent
to the K-25 Power House. Construction began on June 6, 1944 and took 75 days to complete. Partial
operations commenced on September 17, 1944 while congtruction of the other buildings at the Ste was
still being completed (Fox 1945). The plant was operated for nearly 12 months prior to shut down on
September 9, 1945. The buildings were demolished and buried during the following year. Some narratives
of the operationa history assert 10 months of operation, which presumably reflectsthe period from first
product withdrawal to shutdown.

Theintended purpose of the S-50 plant wasto produce low-enrichment uranium, initially asafeed materid
to the Y-12 el ectromagnetic enrichment process, and then later as afeed for the K-25 gaseous diffusion
plant. Operations were terminated after its short operating period, in part due to the rapid growth of the
output from the gaseous diffusion plant and perhapsin part due to unsustainable losses suffered during the
ten to twelve month operating history. Losses from the S-50 plant are thought to represent a significant
fraction of the total uranium releasesfor the K-25/S-50 complex, and were likely the dominant releases
during the war years. Theselosses have not been includedin prior DOE/AEC/K-25 rel ease estimates.
Although S-50 was physicaly located at the K-25 Site, it was not considered part of K-25 operations. The
S50 plantisone of themgjor undocumented (or partialy documented) sources of historic uranium releases
from the Oak Ridge Reservation.

Releases of uranium from the S-50 plant to the atmaosphere would occur from planned routine emissions,
unplanned chronic releases, and large episodic events. Examples of routine planned emissonsinclude the
practice of conditioning the columns by alowing eight pounds of UF,to passvate or react with the tubing
surface. Current documentation of K-25 environmentd activities describes this process as bizarre (LMES
1995). Following conditioning, theresidual UF,, which might be alargefraction of the UR, used, was
allowed to vent to the atmosphere. Transfers of UF, to and from the process equipment were al'so
problematic. Examplesof unplanned chronic rel easesare piping and connection failureswhich, giventhe
temperature and pressure of the UF,, were difficult to arrest. There was a complex piping system
interconnecting the 2142 triple nested pipes with water, steam, and UF,. From various accounts of the
process, it gppearsthat failures such asthis occurred on agreater than daily frequency, perhaps ranging
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up to adozentimesaday. Large episodic eventsoccurred asaresult of significant failuresthat would occur
in the process system.

2.2.3 Calculation of Purge Cascade Releases

Historicaly, the purge cascade was considered the only routinely monitored effluent point at K-25. The
purge cascade monitoring was process monitoring, which indirectly measured the uranium released dong
with the other light gases. The gas was then subject to filtering, which reduced the release relative to the
amount measured. Some purge cascade effluent data (1946, 1953 through 1955, 1961, 1969, 1975
through 1978 and 1980) were compiled with the uranium accountability datain the rel ease database. While
the 1946, 1953-1955, 1961, 1969, and 1975 rel ease totals were independently reconstructed by Task
6 investigators, the 1976-1978 and 1980 data were located only in summary-level form.

Anoverview of the purge cascade operation and monitoring isprovided in Appendix F. The purge cascade
effluent reconstruction was based upon data contained in shift supervisors daily report logbooks. Thelogs
documented purge gas flow rates and UF, concentrations measured in the purge gas before the dumina
traps and carbon absorbers. Although datawerelocated for nearly dl years of operation, it wasnot feasible
aspart of the Task 6 screening evaluation to reconstruct rel ease estimates based on forty years of daily
purgelogs. In addition, it isimportant to note that the purge cascade monitoring was done only for process
control. The monitoring equipment was used to determine the concentration of UF,in the purge stream to
optimize operation of the gaseous diffusion cascade, not to measure the uranium being released to the
environment. For those reasons, the measurements were taken prior to any effluent trestment or control
devices.

Edtimates of the purge cascade's contribution to uranium releases at K-25 were based on the project team's
reconstruction of releases from purgelog datafor five time periods. December 1945 through December
1946, 1953 through 1955, 1961, 1969, and 1975. These time periods were selected because they
represented four distinctive periods of K-25 site operations:

# Thelate 1940s represented the startup phase, when cascade equipment was coming into operation.
Design changes, productionimprovements, and problem solving were wi despread as enrichment
capacity grew to around 93 percent >°U by weight.

# The 1950sand early 1960s represented high production for high-enrichment uranium. During this
time, K-25 power requirements heightened as the Cold War push to produce weapons-grade
uranium and highly-enriched uranium for the naval propulsion program peaked.

# Inthelate 1960s, production changed from high enrichment for wegponsand navd reactorsto low
enrichment (around 3.5 percent 2°U by weight ) for the commercial nuclear power industry.

# In the mid-1970s, after USEPA air release regulations were introduced, new trapping and
monitoring systems were installed on the purge cascade.
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In order to cal culate the mass of UF, released from the purge cascade, data sheets containing the records
of daily purge rates for time periods of interest were entered into a database by the project team. The
volume of gaspurged each day and its UF,; concentration were used to compute daily volumetric flow rates
of UF; release. The daily flows of UF, were summed to estimate the total volume of UF, vented during
each month. The mass of UF; released each month from the purge cascade was then derived from this
volume.

Theactivity of UF, released each month in the purge cascade was computed by multiplying the grams of
UF; by the specific activity of UF, at the assumed #°U enrichment level (see Fig. F-3in Appendix F).
Table 2-3 summarizesthe project team calculations of uranium releases through the purge cascade during
the selected periods. Results of the project team's analysisdemonstrated that historical releasesfrom the
purge cascade were lessthan 1 percent of total airborne uranium releases from K-25. Therefore, further
project investigation for purposes of estimating rel easesfor other periodswas not warranted for the Task
6 screening assessment.

Table 2-3: Independently Calculated Purge Cascade Release Estimates

Period - . Uranium Released Total Activity

Reconstr ucted Represents U Enrichment (kg) (Ci)
Dec. 1945 through . 0
Dec. 1946 Not Applicable -35% 0.076 0.00092
1953 through 1955 1947-1959 -93% 25 11
Mar. 1961 through o
Dec. 1961 1960-1963 -93% 2.3 0.1
1969 1964-1973 -3.5% 0.18 0.00022
1975 1974-1985 -3.5% 0.21 0.00025

The rel ease estimates made for the purge cascade were included in the atmaospheric release database dong
with all of the other data obtained from the detailed review of historical records. Thefollowing section
describeshow al of these datawere combined by the project teamto arrive at yearly release estimatesfor
the K-25 site.

2.24 Airborne Release Estimatesfor the K-25 Complex

All of the datain the Atmospheric Release, Cylinder Fire Tests, Environment, Environment 2, New
Data 10-31-96, New Data 8-29-96 and New Data 11-6-97 spreadsheets were summed for each
calendar year and compared with the reported yearly release amounts from K/HS-95 (Lay and Rogers
1986) and K/HS-163 (Rogers 1985). For those years where the reported value was 10% or more grester
than the project team’ s estimate, the difference was added to the estimated value. It was argued that for
thoseyears, DOE/AEC/K-25 reports had valid but unavailable data that had not yet been identified, and
to account for these data, the differenceswere added in to the Task 6 estimates. Thisandysisis presented
in the 10% Diff worksheet (Table 2-4).



Review of Uranium Monitoring and Screening Off-Site Exposures—

Estimating Historical Releases

TASK 6 REPORT

July 1999
Page 2-25

Table 2-4: Spreadsheet “10% Diff” Showing Comparisons Between Annual Sums from the Project
Team’s Assessment and Those from the Historical Release Histories Compiled by DOE

Uranium | K/HS-95 10% Add toORHS Average

Date (kg) (kg) Difference (kg) U (Ci) U-235 (kg) | U-238(kg) | Enrichment Add Ci AddU-235 | AddU-238
1944 58

1945 3043

1946 14 1 0.0%

1947 0.3 1 68.4% 0.7 001 015 017 87 0.04 0.60 0.09
1948 48 5 0.0%

1949 78 45 0.0%

1950 136 136 0.0%

1951 200 146 0.0%

1952 1211 345 0.0%

1953 686 1307 475% 621 081 10 676 15 0.60 9.26 611.69
1954 81 68 0.0%

1955 268 264 0.0%

1956 263 225 0.0%

1957 309 306 0.0%

1958 1623 2711 40.2% 1088 109 1148 1611 0.7 0.73 78 1081
1959 542 531 0.0%

1960 1474 77 0.0%

1961 783 773 0.0%

1962 49 29 0.0%

1963 1.0 1005 99.9% 1004 0.002 0.04 0.9 41 2.02 411 963
1964 48 7 3L.% 22 001 0.1 47 21 0.003 0.05 22
1965 29 269 89.2% 240 015 1230 27782 44 052 106 2294
1966 0.6 1 44.0% 04 0.001 0.01 05 27 0.001 0.01 04
1967 0.0 2 100.0% 20 0 0 0 20 0.002 0.04 20
1968 18 1 0.0%

1969 10 9 0.0%

1970 6 8 25.3% 20 0.01 0.11 5.9 19 0.002 0.04 198
1971 51 21 0.0%

1972 25 49 485% 24 0.02 0.38 248 15 0.02 04 234
1973 284 144 0.0%

1974 70 622 83.7% 552 0.13 26 67.7 38 105 211 531
1975 93 371 74.9% 278 0.16 31 89.8 35 049 9.7 268
1976 114 45 0.0%

1977 29 17 0.0%

1978 13 19 3B8% 6.4 0.03 044 121 37 0.01 0.24 6.2
1979 46 25 0.0%

1980 122 21 0.0%

1981 69 5 0.0%

1982 74 2 0.0%

1983 0.7 2 66.8% 13 0.0011 0.02 0.6 34 0.002 0.04 13
1984 04 1 55.2% 0.6 0.0006 001 03 36 0.001 0.02 05
1985 1.0 1222 17.1% 0.2 0.0005 001 0.3 38 0.0004 0.01 0.2
1986 0.2 0.2 0.0%

1987 04

1988 463

1989 11

1990 20

1991 40

1992 112

1993 12

1994 10

1995 16
Totals 12513 10517 3823 2 1259 30277 6 101 3722

Table 2-4 showsthat the rel ease total s compiled by the project team are greater than those reported inthe
K/HS-95 and K/HS-163 reports. Thisisbeforethe differences between the DOE/AEC/K-25totalsand
the project team’ stotal are added to the Task 6 totalsfor yearswhere the DOE/AEC/K -25 va ues exceed
the Task 6 totalsby 10% or more. Thisisindicative of the fact the project team’ slist is accounting for
releases not considered in DOE/AEC/K -25 assessments. One example of these differencesarethe cylinder
firetests conducted in 1965. Theselosses did not occur in the course of normal plant operation and thus
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were not considered in their assessment. Another example of unaccounted for massismateria lost from
the purge cascade. The project team’ srel ease estimationsinclude purge cascade rel eases determined for
the ten calendar years 1945, 46, 53-55, 61, 68, 69, 75 and 76; but not for any other years. The S-50
Liquid Therma Diffusion Plant isthought to represent asignificant source of unaccounted for rel eases of
natural and low-enriched uranium. However, only limited records associated with S-50 were available
during this project, as K-25 was not given responsibility for these records once the plant was shut down
in September of 1945. Task 5 (systematic document search task) investigators concluded that therecords
werelikdy archived by theWar Department, and if any till exist, they may belocated in the gpproximeately
1,000 boxesof records maintained by the Defense Nuclear Agency at the Nationa Archivesand Records
Administration in Washington, D.C.

The conclusion drawn by the project team isthat even when the differences between the DOE/AEC/K-25
assessment and the project team’ s estimate are added in (see Table 2-5), the resulting total is an
underestimate of actua releases. It should be noted that nearly one-third of al records reviewed during the
Task 6 investigation describe rel eases without providing quantitative information regarding the amount of
uranium released to the atmosphere.

The project team’ sannual estimates of the massand activity of uranium released to the atmosphere from
the K-25 complex are presented in Table 2-5. For purposes of the Task 6 screening assessment, the
project team estimates that roughly 16,336 kilograms of uranium were rel eased from the K-25/S-50
complex from 1944 to 1995.

Fig. 2-6 showsthe release estimatesin terms of total mass released from Table 2-5 plotted over time from
1944 to 1995. Fig. 2-7 shows the 2*U/”°U datain terms of activity, and Fig. 2-8 showsthe 22U activity.
Table 2-6 provides acomparison of the team’ s rel ease estimates and those reported by DOE/K-25. The
two data sets are shown graphically in Fig. 2-9.
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Table 2-5: Total Estimated Uranium Releasesto Air from the K-25 Site

Y ear Uranium (kg) 2342351 (ClI) 238U (CiI)
1944 58 0.019 0.019
1945 3000 1.0 1.0
1946 1.4 0.047 0.00022
1947 1.0 0.049 0.000086
1948 4.8 0.0022 0.0015
1949 78 0.019 0.026
1950 140 0.046 0.045
1951 200 0.063 0.067
1952 1200 0.38 0.40
1953 1300 0.98 0.43
1954 81 0.76 0.024
1955 270 0.17 0.089
1956 260 0.073 0.088
1957 300 0.11 0.10
1958 2700 0.92 0.90
1959 540 0.41 0.18
1960 1500 0.50 0.49
1961 780 0.34 0.26
1962 49 0.16 0.015
1963 1000 1.7 0.32
1964 7.0 0.0069 0.0023
1965 270 0.58 0.086
1966 1.0 0.0011 0.00033
1967 2.0 0.0017 0.00066
1968 1.8 0.00042 0.00060
1969 10 0.0038 0.0033
1970 8.0 0.0063 0.0026
1971 51 0.076 0.017
1972 49 0.032 0.016
1973 290 0.35 0.093
1974 620 0.98 0.20
1975 370 0.53 0.12
1976 110 0.21 0.037
1977 29 0.051 0.0093
1978 19 0.036 0.0062
1979 46 0.10 0.015
1980 120 0.16 0.040
1981 69 0.11 0.022
1982 74 0.086 0.024
1983 2.0 0.0028 0.00065
1984 1.0 0.0013 0.00029
1985 1.2 0.00077 0.00016
1986 0.20 0.00094 0.000058
1987 0.40 0.00016 0.00013
1988 460 0.16 0.15
1989 1.1 0.00037 0.00037
1990 2.0 0.00042 0.00067
1991 40 0.011 0.013
1992 110 0.026 0.038
1993 12 0.0041 0.0041
1994 10 0.0047 0.0033
1995 16 0.0012 0.0055
TOTAL 16000 11 5.4

NOTE: All values are rounded to two significant figure
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Figure 2-6: Estimates of Annual Airborne Uranium Releases from the K-25/S-50 Complex
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Figure 2-8: Task 6 Estimates of Annual Airborne U Releases from the K-25/S-50 Complex
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Table 2-6: K-25/S-50 Airborne Release Estimates’

Year Task 6 DOE Y ear Task 6 DOE
Estimate (kg) Estimate (kg) | Estimate (kg) Estimate (kg) |

1944 58 0 1970 8.0 8
1945 3000 0 1971 50 21
1946 14 1 1972 50 49
1947 1.0 1 1973 290 144
1948 4.8 5 1974 620 622
1949 80 45 1975 370 371
1950 140 136 1976 110 45
1951 200 146 1977 29 17
1952 1200 345 1978 19 19
1953 1300 1307 1979 46 25
1954 80 68 1980 120 21
1955 270 264 1981 69 5
1956 260 225 1982 74 2
1957 310 306 1983 2.0 2
1958 2700 2711 1984 1.0 1
1959 540 531 1985 1.2 1
1960 1500 977 1986 0.20 0
1961 780 773 1987 0.40 0
1962 50 29 1988 460 2
1963 1000 1005 1989* 1
1964 7.0 7 1990* 2
1965 270 269 1991* 40
1966 1.0 1 1992* 112
1967 2.0 2 1993* 12
1968 1.8 1 1994* 10
1969 10 9 1995* 16

TOTAL 16,000 10,713

* Values for these years were based on releases reported by DOE. Release estimates for these late years were not
independently reconstructed by the project team.

T DOE Egtimates compiled from K/HS-95 and K/HS-163. Task 6 estimates are rounded to two significant figures.
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Figure 2-9: Task 6 and DOE Estimates of Annual Airborne Releases from the K-25/S-50 Complex

In addition to the fact that the total rel ease estimation is known to understate the actual amount released,
another factor to consider when reviewing the atmospheric rel ease data is the importance of accurate
knowledge of enrichment vaues. When assessing stochastic (cancer) risks associated with atmospheric
releases of uranium, the quantity of interest is not as much the massreleased asit isthe corresponding
activity. Becauseof thevery different haf-livesof thethree uraniumisotopes, theactivity associated with
agiven release is a strong function of the enrichment. Thus, uncertainties in enrichment equate to
uncertainties in activity and hence uncertainties in the screening assessment.

Toestablishif therewereany yearswherethere wasthe potentia for biasin enrichment va ues, the mass
datafor each cdendar year for tota uranium were compared with the sums of the corresponding totals for
U and 2U. Any differences between the total uranium vaues and the sums of the®U and U values
would beindicative of potential biasin enrichment, and thusthe total activities asserted for those years.
(Such differenceswould result from rel ease datawhere only total masswas given and not massesfor the
individua isotopes.) The comparisonswere carried out using only the actud rel ease datafrom the database
-- thedifferences between thedatabaseand DOE/AEC/K-25 values werenot includedinthe Task 6
analysis. This comparison showed that of all the years considered, there were only two where there
gppeared to be the potentid for enrichment biasin the documented rel eases. Thetwo yearswere 1984 and
1985, which had tota uranium release values of 0.4 kg and 1.0 kg, respectively. However, the enrichment
values calculated for these two years agree well with those for this general era of K-25 operations, so it
appearsdoubtful that the enrichment valuesareindeed inaccurate. Given that therest of the comparisons
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between total mass and the sums of the °U and ?*U data show good agreement, it would appear the
enrichment val ues associated with these data do not suffer from any substantial bias. One should kegpin
mind this conclusion is made regarding the data currently in the rel ease database and cannot be extended
to any unquantified rel eases or to the datafrom K/HS-95 and K/HS-163 reports. There are many cases
whereknown releases occurred, but quantitativeinformation wasnot avail ableto the project team. These
eventsare not accounted for in the annual totals, nor can the enrichment values given in the database for
any given year be reliably extended to apply to these events.

The comparison between the total uranium val ues and the sums of the®*U and U datafor each year are
shownin Table 2-7. Thelast two columnsin thistable are weighted averages of the enrichment datausing
three-year and five-year periods. Thisweighting was performed to seeif the enrichment data appeared to
be reasonably smooth over timeor if they showed large variability. The NA entriesin thistablefor 1967
is because release data were not available for that year. NA also appearsin the three- and five-year
weighted averages becausethe zero releasefor 1967 isbeing weighted into these computations. From the
plots of these data shown in Fig. 2-10, it isevident that the enrichment dataare quite variable over the
years. Thisimpliesthat the yearsfor which the DOE/AEC/K-25 datarepresent the bulk of thetotal release,
the enrichment (and thus activity) valuesfor these years are subject to large uncertainties. The enrichments
for these data were established based on what information was available in the release database. The
variability in the enrichment dataare indicative of the biasthat could result, in that the release data used to
establish the average enrichment for the DOE/AEC/K-25 datamay not be representative of the bulk of
the materid released. The end result of the andysisis, that the yearsfor which the differences between the
DOE/AEC/K-25 data and the rel ease database are used for the rel eases total's, potentia uncertaintiesin
enrichment. Themagnitude of these uncertaintiesincreases asthefraction of thetotal releasethat isderived
from the DOE/AEC/K-25 assessment increases. Therefore, the years where the DOE/AEC/K-25 data
make up the bulk of the release are those years with the highest uncertainty in enrichment and thusthe
highest uncertainty in activity. Note that these uncertainties are included in the rel ease estimates presented
in Table 2-5. Estimates of uncertainties associated with undocumented rel ease eventsare not included in
release estimates.
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Table 2-7: Comparisons Between Total Uranium and the Sum of the #°U and #*U data

Weighted Weighted
Per cent Per cent Average  Awerage

Year U(kg) U-235(kg) U-238(kg) Difference Enrichment 3-year 5-year
1944 583 04 579 0.0% 0.71

1945 3042.9 216 3021.1 0.0% 0.71 0.74

1946 14 0.8 0.6 0.0% 55.40 0.74 0.74
1947 0.3 0.1 0.2 0.0% 46.53 15.17 0.74
1948 438 0.0 4.6 -3.3% 0.88 0.67 105
1949 777 04 77.3 0.0% 047 0.63 0.67
1950 135.6 1.0 134.3 -0.3% 0.71 0.63 0.64
1951 200.5 13 199.1 0.0% 0.65 0.65 0.89
1952 1210.9 7.8 1203.0 0.0% 0.64 0.91 1.36
1953 686.1 10.1 676.0 0.0% 147 147 1.37
1954 810 11.3 69.8 0.0% 13.88 2.36 134
1955 268.1 31 265.0 0.0% 114 258 174
1956 263.2 15 261.7 0.0% 0.55 0.79 116
1957 308.9 2.1 306.8 0.0% 0.69 0.69 0.86
1958 1622.5 115 1611.0 0.0% 0.71 0.86 0.79
1959 541.8 7.7 534.1 0.0% 141 0.82 0.81
1960 1473.9 10.6 1463.3 0.0% 0.72 0.88 0.88
1961 782.6 6.4 776.2 0.0% 0.81 0.87 0.97
1962 48.9 3.1 45.8 -0.1% 6.36 114 0.87
1963 10 0.0 0.9 -0.1% 393 5.94 125
1964 438 0.1 4.7 0.0% 207 393 533
1965 29.0 12 27.8 0.0% 4.24 391 NA
1966 0.6 0.0 0.5 0.0% 2.60 NA NA
1967 0.0 0.0 0.0 NA NA NA NA
1968 18 0.0 1.8 0.0% 043 NA NA
1969 10.0 0.1 9.9 0.0% 0.83 113 NA
1970 6.0 0.1 5.9 0.0% 1.85 3.00 2.55
1971 513 18 49.3 -04% 356 281 2.86
1972 252 04 24.8 0.0% 150 293 304
1973 2845 84 276.1 0.0% 294 298 311
1974 70.3 2.6 67.7 -0.1% 3.69 315 3.33
1975 93.0 31 89.8 0.0% 337 3.90 345
1976 114.4 5.1 1115 1.9% 445 4.00 3.92
1977 28.8 12 275 0.0% 4.27 4.34 4.14
1978 126 04 121 -0.1% 353 455 3.96
1979 46.1 23 438 0.0% 5.00 3.60 371
1980 121.7 3.7 117.9 0.0% 3.08 3.65 345
1981 68.7 2.6 66.1 0.0% 3.76 318 345
1982 738 21 717 0.0% 280 3.27 318
1983 0.7 0.0 0.6 0.0% 325 2.80 325
1984 0.4 0.0 0.3 -19.8% 2.77 211 2.80
1985 1.0 0.0 0.3 -70.9% 1.07 273 2.59
1986 0.2 0.0 0.2 0.0% 11.24 2271 0.72
1987 04 0.0 04 0.0% 0.91 0.72 0.72
1988 462.9 33 459.6 0.0% 0.71 0.71 0.71
1989 11 0.0 11 0.0% 0.71 0.71 0.69
1990 20 0.0 20 0.0% 0.39 051 0.65
1991 40.2 0.2 40.0 0.0% 0.52 0.46 048
1992 112.4 0.5 111.9 0.0% 0.44 0.48 051
1993 12.3 0.1 12.2 0.0% 0.66 051 047
1994 10.0 0.1 9.9 0.0% 104 049

1995 16.2 0.0 16.2 0.0% 0.03
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Figure 2-10: Plot of Actual and Weighted Average Enrichment Values

2.25 Future Refinementsto the K-25/S-50 Release Estimations

This section describes possible refinements to K-25/S-50 rel ease estimates that are warranted during the
future study of ORR uranium. These observations were made by the project team as aresult of the K-
25/S-50 assessment documented in this report.

The Task 6 assessment of uranium at the K-25/S-50 plants concludes that estimates of uranium released
have been understated by the AEC, DOE, and ORR site contractors. The Phase | Oak Ridge Dose
Reconstruction Feasibility Study performed ascreening evauation for uranium using the DOE reported
rel ease estimates. Because of the concern that uranium, which wasused inlarge quantities at the K-25 Site,
wasnot properly screened, the objectives of Task 6 wereto evauate the qudity of effluent monitoring data
and identify the potential for unmonitored or undocumented rel eases. DOE reported that the major
unreported atmospheric releases of uranium were associated with the purge cascade. As aresult, one of
theinitia study focuses of the Task 6 project team wasthe review of the purge cascade for afew operating
periodsthat were selected to beindicative of operations during an eraof smilar operating conditions. This
model showed that the purge cascade rel eases were small compared to the historically reported rel eases
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and would not change the screening resultsfrom thefeasibility study. During other portions of the Task 6
investigation, mgor discrepancieswere found that were partialy accounted for, resultingin Task 6 release
estimatesthat likely underestimate actua releases. Many of these discrepancieswereidentifiedlateinthe
project, and full study of their overdl effect was not possible. During future study of uranium, it would be
useful to refine the estimates in the following areas:

#

S-50 Facility- Estimated releases of uranium from the S-50 plant account for alarge portion of
the uncertainty in the total releasesfor K-25. Thefacility was operated for ayear by a contractor
who | eft after operationswere completed, and compilations by DOE of K-25 sitereleaseshave
never included the releases from S-50. Initial rel ease estimates were made with the limited
amount of data available. These indicated that S-50 releases in the single year of operation
exceeded releasesfrom the K-25 site. Currently, the location and avail ability of most of the S-50
records has been established, and additional investigation would permit retrieval and study to
improve estimates of S-50 uranium releases.

Operationsat K-1131 and K-1420- K-1131 wasthefirst facility for on-site production of
UF;. Asapilot plant using anew process, operationa problems resulted in releases that were
quite large, especially during the first few years of operation. Together with the K-1420
decontaminationfacility, K-1131 isthe source of about one haf of thetotal material unaccounted
for the K-25 site (amounting to tens of thousands of kilograms). Reports from the 1950s have
asserted that releasesduring thefirst few years of operation amounted to thousands of kilograms,
but the DOE asserted rel eases are | ess than one thousand kilograms. Recovery of the materid
release reportsfor K-1131 shows anumber cons stent with the DOE reported values. Additiond
study of thistype hasthe potential to add additiona quantitiesof uranium to the current Task 6
rel ease estimates.

Cascade Releases- The Task 6 cascade release estimates are based release reports that
describe rel ease points such asleaksfrom Equipment to Indoor locationswith entrainment into
Ventilation systems and subsequent rel ease to the Atmosphere (EIVA). Leaks from Cylinders
(CIVA) were dso found. These two pathways amounted to 43% of the total releases (reported
in accountability release reports) at the K-25 site, but amounted to only 4% of the massreleased.
Thisisdue, in part, to thelack of reported releases. The project team identified that many of
thesereleasesdid occur, but could not find information that describesthe quantities of uranium
released. Therewasinsufficient datato permit the datato be assembled into yearly releasetotds.
Thefeashility of using an dternate approach involving study of al yearsto determineif categories
of releases could befit into probability digtributions and sampled (using Latin hypercube sampling
methods) could be evaluated during futureinvestigations of K-25 uranium. Results of afuture
study of thistype have the potentia to add additional quantities of uranium to the current Task
6 release estimates.

Stack Sampling- At present, the Task 6 estimates of uranium releases are not corrected for
samplelineloss. At the Y-12 plant, the project was able to find studies which demongtrated that
failureto correct for samplelinelosswould under estimate uranium rel eases from stacks by a
potential factor of four. A study of thistype that describes potential biasesin the K-25 release
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estimateswas not identified during the Task 6 investigation. A careful study of samplelineloss
for all reported stack rel eases would permit a proper assessment of the sample linelossfactor.
Results of afuture study of thistype havethe potentia to add additiona quantities of uranium to
the current Task 6 release estimates.

# Water Pathway- Materia release reports were collected that identify rel easesto storm sewer
drainsand settling ponds. Thesedatawereincons stent with environmental monitoring records.
Assuch, theenvironmenta monitoring reportswere used for screening without confirmation that
thereportswere consi stent with operational rel eases. DOE documents concerning rel easesto
local surface waters have noted that the sampling point was changed from the outfall of the
settling pond to the pond’s inlet. The change was reportedly made because the outfall
measurements exceeded the amount of material being reported aslost viathe accountability
materia rel easereports. Alternate explanationsfor the gpparent discrepancy can be postulated,
including resuspension of materia previoudy deposited in the settling pond due to scouring and
discard of uranium to the settling pond from undocumented sources such aswaste watersfrom
equi pment decontamination activities. Thistask would provide greater assurance that other,
unmonitored releases are included in the historical uranium releases estimates and serve to
reconcile the differences between the plant losses and environmental measurements.
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3.0 ESTIMATION OF URANIUM CONCENTRATIONSIN THE ENVIRONMENT

In order to estimate off-gite screening indices from past Oak Ridge uranium releases, concentrationsin air,
surfacewater, and soil at locations of potential public exposurewere estimated. Uranium concentrations
in environmenta mediawere estimated using fate and transport methods as well as established sources of
environmenta monitoring data. Referencelocationswere selected for atmospheric air disperson modeling
aswell asidentifying exposure point concentrationsof uraniumin soil andwater. Thesereferencelocations
represent established communities surrounding the ORR where residents resided during the years of
uranium releases. Screening indices based on the uranium concentrationsin the environment were then
estimated for these reference locations. The approach and results of the screening assessment are
presented in section 4 of this report.

Toidentify appropriatereferencelocationsfor the Task 6 screening assessment, the project teaminitialy
used an air dispersion modeling approach. Ground-level air concentrations were estimated for a40 km
by 47 km grid of locations that included several pre-selected receptor locations surrounding the site.
Dispersion modeling quantitatively relates contaminant rel ease rates to resulting average airborne
concentrationsat pointsof interest. For the Task 6 andydis, theinitid off-ste uranium concentrationswere
estimated using EPA’ sIndustrid Source Complex Short Term (ISCST 3) dispersonmodel, Version 96113
(USEPA 1995). For theinitid ISCST3 anaysis, atota of 1880 grid nodeswere established covering an
area of 40 km by 47 km. Each receptor grid represents an area of 1000 meter by 1000 meter; air
concentrations were estimated at each grid node point. Using theresultsfrom theinitial air dispersion
modeling, the Task 6 team was able to identify off-site locations with the highest estimated air
concentrations. Results of theinitial atmospheric dispersion assessment were used to select specific
communities where the maximally exposed individuals resided during years of past operations.

To derivefind estimates of air concentrations for each screening assessment (i.e,, K-25, Y-12, and X-10),
approaches specific to the characteristics of each reference location were employed. For the K-25/S-50
and X-10 screening assessments, the | SCST 3 approach was consi dered to be adequate, sincetheterrains
arereatively flat between the points of release and the referencelocations. However, due to the unique
characteristics of the topography surrounding the Y -12 facility and the nearest reference location (the
Scarboro community), aclassical air dispersion modeling approach would typicaly over-estimatetheair
concentrations. Therefore, estimates of air concentrationsfor the Y -12 reference location were derived
using an empirica gpproach based on environmenta measurement dataand estimates of uranium releases.

Thetwo main surface water bodies addressed in thisanaysis are the Clinch River and East Fork Poplar
Creek. Estimatesof uranium concentrationsin these surface water bodieswere derived fromavailable
environmental monitoring dataand from reported surface water releases. Estimates of soil concentrations
were based on avail able measurement datafor samples collected near a specific referencelocation. Soil
concentrationsdirectly at specific reference locationswere not available for the Task 6 assessment, as
sampling locations used for soil measurements were based on the monitoring requirements for the facility
or a particular study, and were not necessarily specific to a particular community.
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31 Reference Locations

Due to the considerable distances between the Y-12, K-25/S-50 and X-10 facilities, three distinct
reference locations were used for the three exposure assessments. While other potentially exposed
communitieswere considered in the selection process, thesereference locations represent residentswho
lived closest to the ORR facilities and would have received the highest exposures from past uranium
releases and thus be associ ated with the highest screening indices derived by the project team. Factors
such as patterns of habitation for the duration of the releases, as well as the existence of present day
communities, were used to select the reference locations. The selected referencelocation for each ORR
facility isshownin Figure 1-1.

3.1.1 Y-12 Reference Ll ocation - Scarboro Community

For the Y -12 screening assessment, the Scarboro community was selected asthereferencelocation. The
Scarboro community islocated gpproximately 1 km north of Y-12 and is separated from the Y -12 facility
by PineRidge. Even thoughthe predominant wind direction at Y-12 isgeneraly from the southwest or
northeast (i.e., up-valley or down-valley), the proximity of Scarboro to the Y-12 facility supports the
selection of thisareaasthemost suitablefor screening both amaximally and “ typically” exposedindividud.
The closest surface water body to the Scarboro community is East Fork Poplar Creek (EFPC), which runs
along the south side of the Y -12 facility, turnstoward the north and northwest, and passes about 0.4 mile
to the northeast of the populated area of Scarboro at its closest point.

3.1.2 K-25/S-50 Reference L ocation - Union/L awnville

For K-25/S-50 screening assessment, the Union/Lawnville community was selected as the reference
location. Thiscommunity islocated approximately 4.5 km south-southwest of the K-25/S-50 facility.
Based ontheinitid air digperson modding, aswell asan assessment of areasaround the K-25/S-50 fecility
that wereinhabited during years of past operations, thiscommunity was sel ected asthe most representative
of maximum and typicd exposuresfor the screening assessment. Thelocation of the community isdefined
by the Union Church which islocated on Lawnville Road, approximately 1 km north of Gallaher Road.
Theprimary sourcefor surfacewater isthe Clinch River, whichisgpproximately 1.5 km northeast of Union
Church.

3.1.3 X-10 Referencel ocation - Jones|sland (Clinch River)

The selected reference location for X-10 releaseswasin the area of Jones |9 and along the south bank of
the Clinch River, approximately 5 km southwest of the site. This area represents the closest off-site
location near X-10, and isaong a predominant wind direction. The assessment included eva uation of air
exposure pathways from X-10 releases, soil-related pathways based on maximum soil concentrations
measured near the reference location, and surface water pathways reflecting fish consumption and
recreational use of the Clinch River.
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3.2 Evaluation of Air Concentrations

ThelSCST3arr dispersion mode isaccepted by the United States Environmenta Protection Agency as
an gppropriate air disperson model for usein reatively flat terrain. Themodd usesthe release ratesfrom
numerous types of release sources, including area, point, volume, and line sources, to predict ground-level
concentrations at multiple reference locations. The |SCST3 modeling approach was used for the K-25/S-
50 and X-10 facilities to estimate ground-level concentrations based on release source data, local
meteorological data, and referencelocation data. The area surrounding the K-25/S-50 facility isrelatively
flat, and the reference location iswithin the same valey asK-25/S-50. The X-10 facility islocated within
Bethd Valley, where channeling effectsare known to occur. Based on1SCST3 modeling of airborne™
releasesfrom X-10 and analysisof ambient monitoring data, flat terrain modeing isconsdered gppropriate
for a screening assessment of X-10 uranium releases.

Duethe unique characteristics of the topography surrounding the Y-12 facility, aclassica air dispersion
modeling technique, such asISCST3, would overestimateair concentrations at the Scarboro reference
location. The presenceof Pine Ridgeto the north of the Y -12 facility meansthat theflat terrain approach
used by ISCST3 would not account for the attenuation and redirection of wind flow away from the
Scarboro community, whichislocated 1 km north of the Y-12 fence-line. Pine Ridge represents an
elevation change of approximately 200-400 feet from Bear Creek valey. Thechangein eevationvaries
acrossthelength of theY-12 facility. Given thereative height of Pine Ridge, the mgority of Y-12 release
points are at alower dtitude than the intervening ridge. The ISCST3 model does not account for the
presence of terrain abovethe height of release, and thusisnot appropriatefor useat Y-12. Algorithms
for complex terrain areavailablefor the | SCST3 model, however, it isquestionableif these algorithms
could account for the abrupt change in topography. Any attempts to use complex terrain modeling would
require additional study that was beyond the scope of the Task 6 assessment. In addition, therelative
dtitude of the Scarboro community isbelow the top of Pine Ridge, which further complicates the digperson
characterigtics. Modeling these characteristicswould require asubstantia effort and was beyond the scope
of this screening assessment.

An empirica approach using measured ambient air concentrationswas developed. Anempirical P/Q
approach was used to describe the relationship between measured air concentrations at the Scarboro
monitoring station and Y'-12 uranium rel ease estimates generated by the project team or Y-12 contractors.
Thisrelationship was then used to estimateair concentrations at Scarboro for dl yearsfor which release
estimates were determined.

Based onthe annual releasesfrom eachindividual site (Y-12, K-25/S-50, and X-10), predictionsof air
concentrations at each exposure grid location were made using the methodol ogies discussed above. With
releases from multiple facilities, thereisthe potentia for combined impacts at each exposure point. To
evaluate such effects, an additional assessment of the combined effect from multiple Stesto areference
location was conducted by the project team. To complete the assessment, the project team examined
releasesfrom K-25/S-50 that are transported to the Scarboro community using the |ISCST3 model and
concluded that contributions from K-25 and S-50 are minor in comparison to the Y-12 releases
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transported to Scarboro. The contribution of K-25/S-50 releases to the Scarboro screening index is
described in Section 4.

3.2.1 Air Dispersion Modeling for K-25/S-50 and X-10 Releases

Thel SCST3 mode wasused to cd cul ate airborne uranium concentrationsfrom the K-25/S-50 and X-10
plant releases. Thefacility-specific information used to provide an accurate representation of effects of
releases from each release point included local meteorological data, an appropriate receptor grid, and
parametersthat specify optionsthat areto be active in execution of the modding program. The parameters
chosen are described below.

3.2.1.1 Meteorological Data

Meteorologica dataobtained fromthe“MTE Station” onthe Y-12 stefor the year 1987 were used for
the disperson modding inthis screening-level assessment. These datawereintheform of hourly-average
values of wind speed, wind direction, temperature, stability class, and mixing height. The Y-12
meteorological data were selected to represent wind patterns at each site after comparison of wind
frequency distributions (wind roses) for the Y-12, K-25/S-50, and X-10 plants. Theridge and valley
influence of thelocal terrain resultsin similar wind distributions at all three sites. When the exposure
analysisfor uranium releasesis carried beyond this screening phase, dispersion modeling using the
meteorologica datameasured at each individua stewould be an appropriaterefinement for aforma dose
reconstruction.

3.2.1.2 Specification of Model Options

The following options were used in the ISCST3 modeling analysis:

Q) Mixing heights (the hei ghts above the surface within which effluentsnormally become
mixed) and dispersion curves (numerical expressionsthat represent the predicted rate of
dispersion of airborne contaminants as afunction of distance downwind and crosswind)
were set to be representative of conditionsin rural areas.

2 Coefficients and equations that predict how wind speeds and air temperaturesvary with
height above the ground were set to their default values for rural settings.

3 The height of calculation for each referencelocation was set at 1.5 meters (about 5 feet)
above the local ground surface.

4) Airborne effluents, such asthose from exhaust stacks, can experience plumerise dueto
the momentum of the exhaust stream and differencesin temperature compared to ambient
ar. Cdculationsat dl referencelocationswere set to reflect the fina results of plumerise
calculations.
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(5) The program was directed to include the effects of calm winds on effluent transport and
dispersion. Thiscan beimportant near Oak Ridge, wherefrequenciesof cam conditions
are quite high compared to many regions of the U.S.

3.2.1.3 Source-Specific Release Parameters for Modeling

Releasesfrom each facility of interest were modeled as point sources, asreleases occurred from discrete
exhaust stacks or building vents. For the X-10 Site, asingle rel ease point was specified, the Chemical
Processing Pilot Plant stack. For the K-25/S-50 Site, asingle hypothetical release point was specifiedin
the middle of the U-shgped K-25 Building. Source-specific parameters necessary to characterize arelease
sourcefor air disperson modeling include stack height and diameter, exit velocity or volumetric flow rate,
and exit temperature. The values used for the K-25/S-50 and X-10 stacks are given in Table 3-1.

Table 3-1: Stack Parametersused for Air Dispersion Modeling of X-10 and K-25/S-50 Releases

Parameter X-10 Stack K-25 Stack
Stack Height (m) 60.96 22.56
Exit Temperature (K) 363 293.15
Stack Diameter (m) 152 1.94
Exit Velocity (m s?) 31 9.8

3.2.1.4 Dispersion Modeling Results

The ISCST3 modding that was used to estimate annual -average of f-site uranium concentrationsin air was
based on unit rleaserates (i.e., 1 g s*or 1 Ci s*) from each of the sources described earlier. Theresulting
relative concentration (anaytica P/Q) at each grid point from each source had the units of sm'®, subsequent
multiplication by theannud releaserate (ing s* or Ci s?) yielded an estimated annual average concentration
at that pointing m®or Ci m?. Thegrid locations used to represent the reference locations, and the P/Q
values generated by the ISCST 3 code are presented in Table 3-2.

Table 3-2: Air Dispersion Resultsfor X-10 and K-25/S-50 Releases

Release Reference UTM Coordinates of Reference Analytical P/Q
Facility L ocation L ocation (m) (sm?)
UTM-X UTM-Y
K-25/S-50 Union/Lawnville 733,000 3,976,000 7.4x107
X-10 Jones Island 737,000 3,976,000 3.4x10°
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3.2.1.5 Predicted Air Concentrations from Past K-25/S-50 Releases

Using the andlytica P/Q for the Union/Lawnville area presented in Table 3-2, dong with the annual K-25
uranium releases, the air concentrations of the two uranium isotopes can be estimated. The annual average
air concentrations at Union are presented in Table 3-3 along with the range of values and the years
correspondingtotheir release. All annual air concentrationsare presented in Figure 3-1; tabul ated values

are presented in Table 3-4.

Table 3-3: Calculated Annual Average Air Concentrations (fCi m3)

at Union/Lawnville from K-25 Releases
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Table 3-4: Calculated Annual Air Concentrations (fCi m?)

at Union/Lawnville from K-25 Releases

Y ear 234/235U ZSBU

1944 0.46 0.45
1945 24 24
1946 11 0.0051
1947 11 0.0020
1948 0.052 0.036
1949 0.45 0.61
1950 11 11
1951 15 1.6
1952 8.9 9.4
1953 23 10
1954 18 0.55
1955 4.0 21
1956 17 21
1957 25 24
1958 21 21
1959 9.5 4.2
1960 12 12
1961 8.0 6.1
1962 3.7 0.36
1963 40 7.6
1964 0.16 0.054
1965 14 2.0
1966 0.026 0.0076
1967 0.039 0.015
1968 0.0098 0.014
1969 0.089 0.078
1970 0.15 0.062
1971 18 0.39
1972 0.75 0.38
1973 8.1 22
1974 23 4.7
1975 12 2.8
1976 5.0 0.88
1977 12 0.22
1978 0.83 0.14
1979 2.2 0.34
1980 3.7 0.93
1981 25 0.52
1982 2.0 0.56
1983 0.064 0.015
1984 0.031 0.0069
1985 0.018 0.0038
1986 0.022 0.0014
1987 0.0038 0.0031
1988 3.7 3.6
1989 0.0086 0.0086
1990 0.099 0.016
1991 0.25 0.31
1992 0.61 0.87
1993 0.095 0.096
1994 0.11 0.078

1005 0.029 013 |

NOTE: All values are rounded to two significant figures
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3.2.1.6 Predicted Air Concentrations from Past X-10 Releases

Asthe uranium rdeasesfrom X-10 included in thisanadysis occurred during thefirst 14 years of operation
(1944-1957), there are no contributionsto the total screening index from X-10 air releases beyond 1957.
Using the analytical P/Q for Jones Idland presented in Table 3-2, dong with the annual X-10 uranium
releases, the air concentrations of the two uranium isotopes can be estimated. The annual average air
concentrations at Jones Idand are presented in Table 3-5 along with the range of vaues and the years
correspondingtotheir release. All annual air concentrationsare presented in Figure 3-2; tabul ated values
are presented in Table 3-6.

Table 3-5: Calculated Annual Average Air Concentrations (fCi m?)
at Jones|sland from X-10 Releases

234/235U 238U
Annual Average Air 0.0029 0.078
Concentration
Maximum Concentration 0.039 0.84
(Release Y ear) (1946) (1946)
Minimum Concentration 0.000038 0.00084
(Release Y ear) (1949-1957) (1949-1957)
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Figure 3-2: Calculated Annual Average Air Concentrations (fCi m=)
at Jones|lsland from X-10 Releases
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Table 3-6: Calculated Annual Air Concentrations (fCi m3)
at Jones|sland from X-10 Releases

Y ear 234/235U 238U
1944 0.0018 0.23
1945 0.00022 0.0014
1946 0.038 0.84
1947 0.00023 0.0014
1948 0.00023 0.0014
1949 0.000038 0.00084
1950 0.000038 0.00084
1951 0.000038 0.00084
1952 0.000038 0.00084
1953 0.000038 0.00084
1954 0.000038 0.00084
1955 0.000038 0.00084
1956 0.000038 0.00084
1957 0.000038 0.00084

NOTE: All values rounded to two significant figures

3.2.2 Air Dispersion Modeling for Y-12 Releases

Asdiscussed earlier, the complexities of theterrain surrounding the Y -12 facility prohibit the use of the
|SCST3 mode to predict air concentrations at the Scarboro Community. Instead of an andytical gpproach
to estimating air concentrationsat Scarboro, an empirical approach based on measured air concentrations
was used. Thisempirical P/Q (sm™) value was based on measured air concentrationsin the Scarboro
community and the Y -12 uranium release estimates generated by the Task 6 team. Air monitoring data
were available for the Scarboro community, however, they were limited to the period 1986 to 1995. To
estimateair concentrations prior to 1986, arel ationship between air concentrations at Scarboro, P (pCi
m?®), and the Y-12 release rate estimates, Q (pCi s'), was derived. Using this relationship, air
concentrationsfor al years (1944-1995) were estimated. Eventhough air concentrations at Scarboro were
available for the period 1986 through 1995, the evaluated air concentrations using the empirical P/Q
approach for these years was used.

3.2.2.1 Sources of Uranium Air Monitoring Data for Scarboro

A continuousair monitoring station wasingaled in the Scarboro community during the 3 quarter of 1986,
and was operational and generating databy the4™ quarter. Thisair monitoring station, called Station “46,
was placed in the Scarboro community just west of the Mount Zion Church on Tuskegee Drive,
approximately 140 meterswest of the Scarboro Community Center. Figurel-1in Appendix | contains
amap showing the location of the Scarboro station. Sinceingtdlation, the monitoring station has provided
quarterly and annual measurements of 2*U, #°U and U in air and has been operated and maintained by
ORNL. This station represents the closest measurement location to the north side of Pine Ridge (Figure
3-3). Thedationisoperated as part of the DOE ORR air monitoring network, and wasinitialy desgnated
asA46. Later reportsreferred to this sampling location as Station 46. For the period since Station 46
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began operationin 1986, 10 yearsof annua average uranium isotopic measurement dataare availablefor

the empirical P/Q evaluation.
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Figure 3-3: Locations of Air Monitoring Stations Including Station 46

The primary sourcesof information for reported uranium concentrations at the Scarboro station arethe
environmenta reportsthat areissued annually by the Department of Energy and their prime contractors
(e.g., Martin Marietta Energy Systems, Inc.). These reports have been issued since 1971, and are
generally given titles such as Oak Ridge Reservation Environmental Report for 1987. These reports
provide documentation asto theregul atory statusof thefacilitiesfor aparticular reporting period, genera

sitecharacteristics, effluent monitoring data, and acompilation of resultsof environmental monitoring
programs. Detailed radionuclide concentrationsare usualy presented in Volume 2 of thesereports. The
sources of information and a document reference list are presented in Table 3-7.
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Table 3-7: Information Sourcesfor Uranium Air Monitoring Data

Y ear Document DOE Réf.

1986 Environmental Surveillance of the U.S. Department of Energy Oak Ridge ES/ESH-1/V2
Reservation and Surrounding Environs During 1986. Volume 2: Data
Presentation.

1987 Environmental Surveillance of the U.S. Department of Energy Oak Ridge ES/ESH-4/V2
Reservation and Surrounding Environs During 1987. Volume 2: Data
Presentation.

1988 Oak Ridge Reservation Environmental Report for 1988. Volume 2: Data ES/ESH-8/V2
Presentation.

1989 Oak Ridge Reservation Environmental Report for 1989. Volume 2: Data ES/ESH-13/V2
Presentation.

1990 Oak Ridge Reservation Environmental Report for 1990. Volume 2: Data Erratafor 1990 in
Presentation. ES/ESH-22/V2

1991 Oak Ridge Reservation Environmental Report for 1991. Volume 2: Data ES/ESH-22/V2
Presentation.

1992 Oak Ridge Reservation Environmental Report for 1992. Volume 2: Data ES/ESH-31/V2
Presentation.

1993 Environmental Monitoring and Surveillance on the Oak Ridge ES/ESH-69
Reservation: 1993 Data.

1994 Environmental Monitoring and Surveillance on the Oak Ridge ES/ESH-69
Reservation: 1994 Data.

1995 Environmental Monitoring and Surveillance on the Oak Ridge ES/ESH-69
Reservation: 1995 Data.

3.2.2.2 Quality of Scarboro Uranium Air Monitoring Data

Asearly as 1960, ambient air monitorswere placed throughout the DOE Oak Ridge Reservation and
surrounding communitiesfor purposes of detecting the presence of contaminantsrel eased fromthe ORR
and estimating concentrations of contaminantsinair. Thechoice of location for the Scarboro monitor was
reportedly based on discuss onswith community membersand siting criteriathat would minimize biasesin
the collection of representative samples. This station has included at different times a particulate air
sampler, anoble gas collection and andysis system, asilicagd tritium trgp and monitor, apressurized ion
chamber for measuring gross gammaexposure rates, awet and dry deposition collection tray, and arain
gauge. All sampling equipment ishoused in or near asmdl building ona 15 x 25' concrete dab enclosed
ondl sdesby achain-link security fence. Figurel-2in Appendix | providesaplan view of the monitoring
gation. Sinceitsinception in 1986, particulate air samplesfrom the station have been used by ORNL to
estimate uranium air concentrations within the Scarboro community.
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TheTask 6 project team conducted reviews of the qudity of theair sampling practicesand methods used
to eva uate measurement data and report uranium concentrationsin air. The purpose of thesereviewswas
to determineif themethods used by ORNL for estimating uranium air concentrationsmeasured at Scarboro
meet minimum acceptableindustry standards and yielded results of sufficient quaity to beusedinthe Task
6 P/Q evaluation presented in Section 3.2.2.

The project team’ sreview of the Scarboro monitor and sampling resultsinvolved review of relevant
documents and interviews with active and retired ORNL workers. In addition, the project team submitted
alist of questionsto ORNL gaff regarding historica ar sampling practicesand techniquesused to estimate
Scarboro uranium air concentrations. Five steps used by the project team in evaluating the quality of
Scarboro air montioring data were:

1) review of documents that describe methods and procedures for air sample collection and
measurement of radioactivity collected on filter samples,

2) a project team visit to the ORNL Analytical Services Laboratory to observed laboratory
procedures and handling of air samples by lab personnel,

3) interviews with ORNL Analytical and Health Physics field personnel,

4) interviewswith ORNL Environmental Monitoring staff regarding data collection and reporting of
uranium air concentrations based on results of Scarboro samples, and

5) site visit by project team members to the Scarboro station.
Specific topics of interest to this review and conclusions drawn from The Task 6 investigation include:

# The 1990 Tiger Team assessment, findings regarding the Scarboro ambient air monitoring station
and corrective actions implemented by ORNL in response to the 1990 Tiger Team finding—

The 1990 Tiger Team audit found that the Scarboro monitor may not have been providing
representative measurements to assess radiation dose to members of the public, in
accordance with federa regulatory criteria. The audit found that potentia influenceson
measurementsmay have occurred asaresult of an air conditioning unit located beneath the
particulate air sampler and wooden dlats mounted to the chain-link security fence that
surrounds the monitoring station.

In response to the Tiger Team finding, ORNL relocated the air conditioning unit and
removed wooden dats from the security fence that may have had an influence on the
collection of airborne particles. Conclusions drawn from the project team review of
monitoring data do not indicate that an observable increase in measured uranium
concentrations occurred after the changes were made to the monitoring Sation, taking into
account changesin Y-12 uranium releases. Any improvements in the collection of
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representative air samplesat Scarboro appear to be minimal and would havelimited, if
any, impact on the Task 6 P/Q approach for estimating annual uranium air concentrations
in the Scarboro community used in the Task 6 screening assessment.

# Samplecoallectionfrequencies, samplecollection methods used for air particul ate samples, and
types of samples (i.e., individual or composite samples)—

Since 1986, weekly air sampleswere collected and anayzed for total a pharadioactivity.
Weekly samplescollected during agiven quarter werethen composited and submitted to
the ORNL laboratory servicesfor uranium isotopic analyses. These sampling frequencies
are considered adequate for measuring airborne uranium, assessing trends in
concentrationsover an extended period of time, and identifying unusua resultsor episodic
release events. A complete set of isotopic measurement results for the period 1986
through 1995 were reviewed by the project team and determined to be adequate for the
P/Q evaluation.

# Operationd characteristicsof the particulateair sampler (e.g., volumeof air, typesof filter paper,
design of air sampler/filter housing/particulate inlets)—

Sinceinitia operations, standard particulateair sampling equipment has been used at the
Scarboro gtation and is consdered to be adequate for collecting representative air samples
for the purpose of determining uranium concentrations. Theinitia particulate air sampler
was alow-volume system conssting of a47 millimeter diameter Whatman 41 glass fiber
filter with areported particle collection efficiency of 99.99 percent. Thistypeof filteris
commonly used in the nuclear industry for evauation of arborne radioactivity. Thefilter
and filter holder were mounted to the south side of the instrument building as shown in
Figurel-2 of Appendix I. Airborne particleswere collected on thefilter by continuousy
drawing air through thefilter at arate of two cubic feet per minute. In 1993, ORNL
ingdled ahigh-volume particulate sampler that drawsar through a8* x 10" glassfiber filter
a arate of 35 cubic feet per minute. The new sampler replaced the origind 47 millimeter
sampler dueto lower levels of uranium present inthear. Figurel-2in Appendix | shows
thelocationsof thetwo samplers. Both samplersused stlandard pumpstodraw air through
the particul atefiltersand empl oyed an € ectronic volumetotalizer that recorded thevolume
of air drawn through thefilter for aspecified period of time. Thevolumetotalizer also
recorded interruptions of airflow.

# Verification methods/calibration procedures used to assert volume of air collected—

The project team reviewed procedures and interviewed ORNL workersto ascertain how
ORNL routinely checked to ensure the accuracy of air sample collection. Weekly
instrument calibration of the volume totalizer and vacuum system were performed, and
have shown that measured air flow rates are within plus or minus 2 percent of the actual
flow rates.
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# Handling procedures for air samples—

Weekly samples collected from the air samplers were placed in plastic bags and
trangported to ORNL’s Analytical Laboratory for gross a phameasurement and specific
isotopic analyses. The volume of air collected for each sample was recorded and
submitted to the lab aong with the sample. Handling of air sampleswere performedin
such amanner to ensure minima loss of activity collected on the surfaces of the air filters
and are cons stent with industry standards. The project team did not identify any areasin
the ORNL samplehandling proceduresthat would compromisetheintegrity of thesamples
or bias estimates of uranium concentrations.

# Types of radiation detection systems used to screen air filters for radioactivity and ascertain
uranium concentrations based on single or composite samples—

Gasproportiond counterswere used to measureweekly air samplesfor dpharadioactivity
content. Weekly samplesreceived at the lab were loaded into metal sample holders,
counted for five minutes, and stored for quarterly composites. Composite sampleswere
then measured once aquarter for uranium isotopi ¢ concentrations using anion exchange
sample separation and alpha spectroscopy. A uranium-232 tracer was added to the
dissolved samplefor determing the amount of uranium recovered fromthe samplethat is
measured for aphaspectroscopy. Unique, characteristic apha energies associated with
4, 24, and 22U dlow laboratory technicians to quantify the specific amount of activity
of each uranium isotope present in each sample. A sample apha spectroscopy report and
alpha spectrum for a Scarboro sample are shown in Figures I-3 and I-4, respectively, of
Appendix I. Figurel-5showsacalibration spectrum of known uranium activity that is
used to estimate the amount of uranium collected on Scarboro samples. Typica detection
limits for apha spectrographic analysis are presented in Table 3-8. Sample preparation
and calibration procedures for the equipment used were found to be consistent with
industry standards. All radiation measurement equipment isperiodically caibrated with
traceabl e radionuclide standards.
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Table 3-8: Typical Limits of Detection for all Uranium | sotopes

Uranium | sotope Limit of Detection (fCi m™)
U 0.03
U 0.0043
Y 0.0022

Sampling procedures reviewed by the project team included:

Calibration Procedure for Sierra Side Track Flow Controller/Totalizer
Calibration Procedure for HI-Q High Volume Particulate Samplers
Ambient Air Sampling for Particul ates and Adsorbable Gases
Collection of Samples from Ambient Air Samplers for Uranium
Preparation of Nonagueous Samples for Radiochemical Analyses
Radiochemical Method for Uranium in Air Filters

FHHFHHH

Insummary, procedures and methodsthat have been used to collect and analyze air samplesfor uranium
concentrationsat the Scarboro | ocation were deemed by the project team to be of adequate quality for use
in the Scarboro P/Q evaluation presented below. The methods employed by ORNL are congstent with
industry standards and are capable of producing reliable estimates of uranium concentrationsin Scarboro.

3.2.2.3 Uranium Air Concentrations at Scarboro

The reported air concentrations at Scarboro, published in the documents referenced in Table 3-7, are
presentedin Table 3-9. Figure 3-4 showsthevariation of total uranium air concentrations measured at
Scarborofor the period 1986 through 1995. Reported val ues have been converted to fCi m®, and the U
and U concentrations have been summed in column 4 so asto be consistent with the Y-12 releases
reported in earlier sections of this document.

By comparing the total uranium activity measured at Scarboro with the background concentrations
measured at the Remote Air Monitoring stations (RAM), it is evident that releases from Y-12 are
transported across Pine Ridge to the Scarboro community. The RAM stations are located at various
locations outside the Oak Ridge Reservation, at distances of 1910 21 km. The RAM dationsthat were
operational during the period 1986-1995 include Norris Dam, Fort Louden Dam, Douglas Dam, Great
FalsDam, Dale Hollow Dam, and Knoxville. Not al these stations reported uranium air concentrations
during the entire period, hencethe RAM dataused inthisandysiswasan annua average of dl operationd
gations. For comparison, measurements reported from Station 41 (Oak Ridge Turnpikeand lllincisAve.)
and Station 40 (East end of Y-12) are presented with the RAM and Station 46 (Scarboro) datain Figure
3-5.
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Table 3-9: Reported Uranium Air Concentrations (fCi m?) M easur ed
at the Scarboro Community Monitoring Station

Yeal’ 234U 235U 234U + 235U 238U TOtaj Uranlum
Activity

1986 0.57 0.045 0.615 0.078 0.693
1987 0.97 0.14 111 0.16 1.27
1988 0.53 0.071 0.601 0.11 0.711
1989 0.36 0.015 0.375 0.052 0.427
1990 0.21 0.027 0.237 0.031 0.268
1991 0.16 0.01 0.17 0.029 0.199
1992 0.21 0.052 0.262 0.032 0.294
1993 0.1 0.012 0.112 0.018 0.13
1994 0.044 0.006 0.05 0.015 0.065
1995 0.026 0.0017 0.0277 0.011 0.0387

1.4+

1.2+

Ou-238

' 1 W U-234 + U-235
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Figure 3-4: Uranium Air Concentrations (fCi m?) Measured
at the Scarboro Community Monitoring Station
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Figure 3-5: Total Uranium Air Concentrations (fCi m) from Monitoring Stationsin the Vicinity
of the Y-12 Facility and from the Remote Air Monitoring (RAM) Stations

3.2.2.4 Evaluation of an Empirical ¢/Q for Y-12

By using theair concentrations measured at the Scarboro community monitoring station and the Y-12
uranium rel eases estimated by the Task 6 team, an empirical relationship was devel oped that wasused to
predict air concentrations at Scarboro. The empirical ¢/Q istheratio of measured air concentration to
release rate and is expressed in terms of sm’,

Uranium Air Concentration (pCi m*3)

Enpirical ¢/Q (s m&3) ~
Uranium Release Rate (pCi s¥)

The uranium release rates were based on the Y - 12 rel ease estimates cal culated by the Task 6 team (or
reported by DOE for the most recent years), and presented in earlier sectionsof thisreport. Thesmplest
approach to evauating a ¢/Q would beto usealinear regression relationship of theair concentration and
release rates to derive avaue for ¢/Q. However, as shown by Tables 3-10 and 3-11, the rank of the
annual rel ease estimate does not away's coincide with therelativerank of the air concentration measured
at Scarboro. For example, the highest 22U air concentration (see Table 3-11) was measured in 1987, but
the highest 22U occurred in 1986. Of the 10 22U release estimates for 1986 - 1995, only one year
matchesthe rank of the air concentration (1995). Similarly for 242U, only five of the ten years show the
rank of the release quantities matching with the air concentrations.
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Table 3-10: Rankings of Y-12 #¥2*U Release Estimates Ver sus Rankings
of Air Concentrations Measured at Scarboro

Y ear 24235 Annual Scarboro Air Do Rankings
Release Concentration Match?
Ci Rank fCim? Rank

1986 0.349 2 0.62 2 YES
1987 0.592 1 1.10 1 YES
1988 0.302 3 0.60 3 YES
1989 0.148 4 0.38 4 YES
1990 0.080 5 0.24 6 NO
1991 0.039 6 0.17 7 NO
1992 0.037 7 0.26 5 NO
1993 0.030 9 0.11 8 NO
1994 0.032 8 0.05 9 NO
1995 0.018 10 0.03 10 YES

NOTE: Annual releases presented to 3 decimal places so as to establish rank

Table 3-11: Rankings of Y-12 *®U Release Estimates Ver sus Rankings
of Air Concentrations Measured at Scar boro

Y ear 23U Annual Scarboro Air Concentration Do Rankings
Release Match?
Ci Rank fCim?® Rank

1986 0.0708 1 0.08 3 NO
1987 0.0496 2 0.16 1 NO
1988 0.0482 3 0.11 2 NO
1989 0.0025 6 0.05 4 NO
1990 0.0014 8 0.031 6 NO
1991 0.0065 5 0.029 7 NO
1992 0.0023 7 0.032 5 NO
1993 0.0010 9 0.018 8 NO
1994 0.0080 4 0.015 9 NO
1995 0.0006 10 0.01 10 YES

NOTE: Annual releases presented with 4 decimal places so as to establish rank

Such digparity in the ranks of releases and air concentration indicates that there is some uncertainty
associated withtheair measurementsand/or release estimates. To account for these uncertainties, annua

P/Q valueswere evaluated for each of the years under consideration (1986-1995). So asto maintaina
larger samplesize, and henceimprovethe statistica andysisof theempirica P/Q, independent valueswere
caculated for both 22U and 2*U. These data pointswere then combined to generate a20 value data
set (Table 3-12).
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Table 3-12: Empirical P/Q Values

Release Rate Air Concentration Empirical P/Q
Y ear Radionuclide (pCi sec™) (pCi m?) (sec m?®)
1986 ) 11,000 6.2x10* 5.6x10°®
1986 U 2,300 7.8x10° 3.5x10°®
1987 By 19,000 1.1x10° 5.9x10°®
1987 U 1,600 1.6x10* 1.0x107
1988 Bz 9,600 6.0x10* 6.3x10°
1988 U 1,500 1.1x10* 7.2x10°
1989 By 4,700 3.8x10* 8.0x10°®
1989 U 80 5.2x10° 6.6x107
1990 ) 2,500 2.4x10* 9.4x10°®
1990 U 50 3.1x10° 6.8x10”
1991 By 1,200 1.7x10* 1.4x107
1991 =y 210 2.9x10° 1.4x107
1992 Bz 1,200 2.6x10* 2.2x107
1992 U 70 3.2x10° 4.4x107
1993 By 950 1.1x10* 1.2x107
1993 =y 30 1.8x10° 5.9x107
1994 Bz 1,000 5.0x10° 4.9x10°
1994 U 250 1.5x10° 5.9x10°®
1995 By 560 2.8x10° 5.0x10°®
1995 U 18 1.1x10° 6.0x107

NOTE: All values are rounded to two significant figures

Statistical analyses were then performed on the entire data set to estimate ameasure of central tendency
that could be used to represent the range of P/Q values (Table 3-13). Although tests for conformance of
the data set with various distributions wereinconclusive, for this gpplication, the data were trested asiif
normally distributed. For estimating airborne contaminant concentrationsat Scarboro dueto direct releases
from'Y-12, theempirica P/Q va ue corresponding to the 95% upper confidencelimit of the mean was used
(3.1x107 s m®, which will be rounded to 3x107 s m?).

Table 3-13: Statistical Analysis of Empirical P/Q Values

Statistic Empirical P/Q (sec m?)
Mean 2x107
Standard Deviation 2x107
95" UCL of the mean* 3x10”
Maximum 7x107
Minimum 4x10°®
Data Points 20

* 95 percent upper confidence limit of the mean for a normal distribution



TASK 6 REPORT
July 1999 Review of Uranium Monitoring and Screening of Off-site Exposures—
Page 3-20 Estimation of Concentrations in the Environment

The 95" UCL value representsthe upper confidence limit of the mean; whereby thetrue mean of thedata
liesbelow thisvalue. The 95" UCL hasbeenwidely used for limited datasetsfor which adistribution
cannot be determined. The use of distribution-free statistical methods(based on raw data) could have been
used to determine the 95" UCL directly, however, given thelimited number of data points and the range
of values estimated, such an approach would have led to avalue approaching the maximum estimated
value.

The selected empirical P/Q value of 3x107 sec m? isindependent of uranium isotope (22U or #2U).
Thisvaluewas used directly with the rel ease estimates presented in Section 2 of thisreport to estimate
uranium air concentrations at Scarboro.

3.2.2.5 Predicted Air Concentrations from Past Y -12 Releases

Air concentrationsfor the Y -12 assessment were estimated for the Scarboro community situated about 1
km north of the Y-12 Plant. Air concentrationsat the Scarboro community were evaluated for each year
of rel ease (1944-1995) based on the project team’ sestimates of airborne uranium releasesfromthe Y-12
Plant and theempirical P/Q approach. Eventhough air concentrationsat Scarboro wereavailablefor the
period 1986 through 1995, the eval uated air concentrations using the empirical P/Q approach for these
yearswere used S0 asto maintain consistency with prior years. Figure 3-6 presentsair concentrations of
2425 and U at the Scarboro community from Y-12 releases only. The annua average air
concentrations at Scarboro are presented in Table 3-14 along with the range of values and the years
corresponding to their release; tabulated air concentrations for all years are given in Table 3-15.
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Figure 3-6: Estimated Annual Average Air Concentrations (fCi m?)
at Scarboro from Y-12 Releases
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Table 3-14: Estimated Annual Average Air Concentrations (fCi m=)
at Scarboro from Y-12 Releases
Estimated Using the Empirical P/Q Approach

234/235U 238U
Annual Average Air
Concentration 15 31
Maximum Concentration 170 19
(Release Y ear) (1958) (1959)
Minimum Concentration 0.17 0.0055
(Release Y ear) (1995) (1995)

NOTE: All values are rounded to two significant figures

It isimportant to remember that the empirical P/Q approach isreliant upon Scarboro air concentration
measurements, which are available only for the period 1986 to 1995, and release estimates for the same
years. Differencesin operationsand release point distributions or characteristicsfor periods before 1986
could call into question the applicability of theempirical P/Q vaueto earlier years. Inaddition, information
was gained latein the project that indicated that Y -12 uranium releases for some of the years used for
development of theempirica P/Q value may have been understated due to omission of some unmonitored
release estimates. It was not possible within the time frame of this project to evaluate the new data
aufficiently towarrant itsuse inthisassessment. If Y-12 uranium releases during years used to develop the
empirical P/Q value applied in this assessment were indeed under reported, that would mean that the
associated empirical P/Q valueswere overestimated, and concentrationsat Scarboro that were estimated
using that approach werein turnoverestimated. It isimpossible to gauge the magnitude of any biases
potentialy introduced by thispossible under reporting without closaly evaluating the bases of therelease
estimates during the associated years in the 1980s and 1990s.
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Table 3-15: Estimated Average Air Concentrations (fCi m'3) at Scarboro from Y-12 Releases
Estimated Using the Empirical P/Q Approach

Y ear 234/235U 238U

1944 24 11
1945 4.0 2.2
1946 3.0 13
1947 2.5 0.81
1948 1.6 21
1949 1.6 21
1950 1.6 21
1951 1.6 21
1952 1.6 21
1953 6.5 13
1954 5.6 12
1955 5.7 12
1956 31 10
1957 56 7.8
1958 170 17
1959 120 19
1960 24 3.0
1961 38 4.2
1962 41 4.5
1963 20 6.8
1964 6.5 8.8
1965 33 2.0
1966 11 3.0
1967 4.9 11
1968 2.2 14
1969 9.4 0.77
1970 15 0.91
1971 20 18
1972 36 2.7
1973 31 12
1974 2.7 0.67
1975 5.0 0.67
1976 3.2 0.67
1977 1.6 0.67
1978 17 0.67
1979 2.3 0.67
1980 4.6 0.71
1981 2.8 0.67
1982 4.7 0.66
1983 4.0 0.67
1984 34 11
1985 2.7 0.68
1986 34 0.69
1987 5.7 0.48
1988 29 0.47
1989 14 0.024
1990 0.77 0.014
1991 0.38 0.063
1992 0.36 0.022
1993 0.29 0.0093
1994 0.31 0.078
1995 017 0.0055

NOTE: All values are rounded to two significant figures
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3.3 Uranium Concentrationsin Surface Water

There are two principal sources of surface water that could conceivably present complete exposure
pathways for inclusion in this screening assessment. East Fork Poplar Creek (EFPC) flowsfromthe Y-12
Ste, within about 0.4 mile of the Scarboro community, and westward to its confluence with Poplar Creek.
EFPC representsthemost credible source of surfacewater exposurefor the Scarboro resident. The other
major surface water sourceis the Clinch River, which runs along much of the western, southern, and
eastern boundariesof the ORR. Referencelocationsfor K-25/S-50 and X-10 are both in close proximity
totheClinch River. TheClinch River was considered asource of water-based recreationa exposure and
asthe source of fresh fish. Exposure durations and fish consumption rates were higher than those used for
the Y-12 and combined assessments, asthe Clinch River was better suited to water-based recreational
activities than was EFPC and could support larger fish populations.

Surface water concentrations of uranium in EFPC were retrieved from Y-12 Health Physics and
Accountability reportsthat contained uranium release estimates and flow rate datafor EFPC. Flow rates
and concentrations in the Creek were determined based on aweir-based flow measurement system and
acontinuous, flow-proportiona compaosite sampler on EFPC and New Hope Pond. A diagram of thisflow
measurement and sample collection system is presented in Appendix C. Annual waterborne release
estimates reported in Y-12 Health Physics and Accountability records were based, in part, on water
samples collected with this sampling system (We&t 1958; Sanders 1958; Owings 1986, 1996).

Annua average uranium concentrationsin EFPC for 1944 to 1991 were derived by dividing the annua
average release rate (Owings 1986; Woltman 1996) by the EFPC annud flow rate of 2,920 million gallons
per year (8 gallons per day times 365 days per year). No datawere available for 1992 through 1995,
therefore it was assumed that the concentrationsin EFPC for these yearswas the same asthose for 1991.
From the 1944-1995 data, an average uranium concentration over 1944-1995 was caculated for usein
the Task 6 screening assessment (Table 3-16).

Reported annua average uranium concentrationsin Clinch River water were used for the Task 6 screening
evaduation. Clinch River datawere reported as average annual concentrations (UCi mL™?). Thesevaues
were derived by K-25 personne based on water samples collected at the confluence of Poplar Creek and
the Clinch River. Datawere compiled by the project team from K-25 Industrial Hygiene and DOE
Environmenta Monitoring Reportsfor dl yearsof operation. In most cases, only thetotal uranium activity
wasmeasured. To partition these concentrations by isotope, it was assumed that both the EFPC and the
Clinch River surface water concentrationswere natura uranium. Using the specific activity of each uranium
isotope, along with the natura abundance of each isotope, 22U and #*U concentrations were cal cul ated.
Tota uranium (mass) concentrationswere cal cul ated based on the cal cul ated specific activity for natural
uranium. Theconcentrationsof uraniumin surface water used for thisassessment are presented in Table
3-16 for EFPC and Table 3-17 for the Clinch River.

Personal communication between Charles (Hap) West and Bill Tucker (former Y -12 health physics workers)
and the Task 6 project team.
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Table 3-16: Uranium Concentrationsin East Fork Poplar Creek

Total Uranium (pCi L) Y (pCi L™ 423 (pCi LY Uranium (mgL™)
1944 2100 1000 1100 3.0
1945 450 210 240 0.63
1946 450 210 240 0.63
1947 450 210 240 0.63
1948 99 47 52 0.14
1949 290 140 150 0.41
1950 9.1 4.3 4.8 0.013
1951 6.2 2.9 33 0.0088
1952 0.0070 0.0033 0.0037 0.000010
1953 61 29 32 0.085
1954 71 34 37 0.099
1955 68 32 36 0.095
1956 320 150 170 0.45
1957 540 260 280 0.76
1958 640 300 340 0.89
1959 660 320 350 0.93
1960 640 300 340 0.90
1961 200 93 100 0.27
1962 14.8 7.0 7.8 0.021
1963 80 38 42 0.11
1964 420 200 220 0.59
1965 570 270 300 0.79
1966 510 240 270 0.71
1967 970 460 510 14
1968 1100 530 590 16
1969 270 130 140 0.38
1970 560 270 290 0.79
1971 230 110 120 0.32
1972 190 92 100 0.27
1973 71 34 37 0.099
1974 99 47 52 0.14
1975 104 50 55 0.15
1976 87 42 46 0.12
1977 48 23 25 0.067
1978 26 12 14 0.036
1979 23 11 12 0.033
1980 9.9 4.7 5.2 0.014
1981 44 21 23 0.062
1982 54 25 28 0.075
1983 110 54 60 0.16
1984 110 54 60 0.16
1985 50 24 26 0.070
1986 42 20 22 0.058
1987 42 20 22 0.058
1988 42 20 22 0.058
1989 42 20 22 0.058
1990 42 20 22 0.058
1991 42 20 22 0.058
1992* 42 20 22 0.058
1993* 42 20 22 0.058
1994* 42 20 22 0.058
1995* 42 20 22 0.058
EFPC average concentration (1944-1995) 121 134 0.36

* Values not available: assume same concentration as last reported year (1991)
NOTE: All values are rounded to two significant figures
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Table 3-17: Uranium Concentrationsin the Clinch River

Total Uranium (pCi L) 28U (pCi L™ B2 (pCi LY Uranium (mgL™)
1944 0.0 0.0 0.0 0.0
1945 0.0 0.0 0.0 0.0
1946 0.0 0.0 0.0 0.0
1947 1.0 0.47 0.53 0.0014
1948 1.0 0.47 0.53 0.0014
1949 1.6 0.76 0.84 0.0023
1950 1.6 0.76 0.84 0.0023
1951 0.0012 0.00057 0.00063 0.0
1952 4.5 2.1 2.4 0.0063
1953 4.5 2.1 2.4 0.0063
1954 2.3 11 1.2 0.0032
1955 12 5.7 6.3 0.017
1956 79 38 42 0.11
1957 25 12 13 0.035
1958 27 13 14 0.038
1959 20 9.5 11 0.028
1960 16 7.6 8.4 0.022
1961 54 26 28 0.076
1962 13 6.2 6.8 0.018
1963 14 6.6 7.4 0.019
1964 12 5.7 6.3 0.017
1965 15 7.1 7.9 0.021
1966 15 7.1 7.9 0.021
1967 15 7.1 7.9 0.021
1968 15 7.1 7.9 0.021
1969 15 7.1 7.9 0.021
1970 15 7.1 7.9 0.021
1971 21 10 11 0.029
1972 4.0 1.9 2.1 0.0056
1973 4.0 1.9 2.1 0.0056
1974 21 10 11 0.029
1975 10 4.7 5.3 0.014
1976 14 6.6 7.4 0.019
1977 6.1 2.9 3.2 0.0084
1978 4.0 1.9 2.1 0.0056
1979 5.0 2.4 2.6 0.0070
1980 4.0 1.9 2.1 0.0056
1981 6.1 2.9 3.2 0.0084
1982 3.0 14 1.6 0.0042
1983 4.0 1.9 2.1 0.0056
1984 7.0 3.3 37 0.0098
1985 8.0 3.8 4.2 0.011
1986 8.0 3.8 4.2 0.011
1987 9.0 4.3 4.7 0.013
1988 7.0 3.3 37 0.0098
1989 7.0 3.3 37 0.0098
1990 7.0 3.3 37 0.0098
1991 7.0 3.3 37 0.0098
1992* 7.0 3.3 37 0.0098
1993* 7.0 3.3 37 0.0098
1994* 7.0 3.3 37 0.0098
1995* 7.0 3.3 37 0.0098
Clinch River average concentration (1944-1995) 5.2 5.8 0.015

* Values not available: assume same concentration as last reported year (1991) NOTE: All values are rounded to two significant figures
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34 Uranium Concentrationsin Soils

Soil concentrations used for the screening assessment were those measured at | ocations nearest the Task
6 referencelocations. Valuesweretaken from the report of Tasks 3 and 4 of the Dose Reconstruction
Feasibility Study (ChemRisk 1993b) and ORR environmental monitoring reports. 1n the absence of soil
data, concentrationsin sedimentswere used, Since exposureto sediments may occur asaresult of dredging
and subsequent use of dredge soils asfill material (ChemRisk 1993b).

Soil or sediment values were chosen from locations close to each reference location. For the X-10
assessment, thelocation was dong the Clinch River between the entrances of White Oak Creek and Poplar
Creek (Cook et al. 1992). Thisspan includesthe areaof Jones|dand, the referencelocation for X-10.
For the K-25/S-50 assessment, valueswere sel ected from al ong the Clinch River between the entrance
of Poplar Creek and the confluence with the Tennessee River (Cook et a. 1992). Thiscorrespondswell
with the K-25/S-50 reference location.

Soil datafor Y -12 were taken from surface measurementsin the EFPC floodplain between New Hope
Pond and EFPC Mile 8.8 (Hibbitts 1984), near the referencelocation for Y-12 exposures. Thereference
cited by Hibbittsincludes areport prepared by C. S. Gist (Oak Ridge Associated Universities). TheY-12
values used for this assessment differ from the valuesreported in the report of Tasks 3 and 4 of the Dose
Reconstruction Feasibility Study (ChemRisk 1993b), as the concentration of 2*U isassumed to bein
secular equilibrium with?*U. Asaresult, the concentration of 2*U isequal to the concentration of 2*U.
Therefore, the 22U concentration is the sum of the value reported for 2°U (5,900 pCi/kg) and the
assumed secular equilibrium value for 2*U (70,000 pCi/kg). A second set of concentrations was
developed for useinthe Levd |1 screening assessment. The dataused by Hibbittsand Gist (Hibbitts 1984)
were analyzed, and the mean concentrations for 2¥2°U and 22U were evaluated. Thereported average
uranium concentration (26 ppm or 26 mgkg™) was converted into activity concentrations of the uranium
isotopes by assuming the rel ative concentrations of theisotopeswere equa to their natural abundances (see
Table 3-18).

Table 3-18: Selected M easurements of Uranium in Soil or Sediment
near Task 6 Reference Locations and Concentrations Derived from Them
(Bold values are as reported; remaining values were derived from the reported values)

(U isequal)
Y-12 Level | 76,000 70,000 5,900 NA
Y-12 Leve Il 14,000 12,000 2,000 26
K-25/S-50* Leve I/l 6,200 4,000 2,200 NA
X-10 Leve | 2,100 1,800 300 NA

* Limited available data to the project team prevented the use of different values for Level | and 11
NOTES All values are rounded to two significant figures, if applicable. NA = Not Available.
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Asnoted earlier, the concentrationsof 2*U and U were not segregated for the assessment of exposures
viaair and water pathways. The relative doses received internally after ?*U and #°U areinhaled or
ingested do not differ significantly dueto thesmilarity intheir dose conversion factors. However, when
conddering externad doses received from radionuclide concentrationsin soil, there are Sgnificant differences
between the?*U and **U dosefactors. To account for these differencesin the dose assessment, it was
necessary to characterize the relative abundances of these two radionuclides.

For the Y -12 assessment, the Level | screening assessment assumed that 2*U wasin secular equilibrium
with its parent, ®U. Since the reported concentration of 2*U equaled 70,000 pCi/kg, the ‘U
concentration was assumed to al so be equal to 70,000 pCi/kg. The concentration of 2°U in soil for the
Level | assessment was 5,900 pCi/kg, which isthe concentration reported by Hibbitts (Hibbitts 1984).
Themean uranium concentrationin termsof partsper million (ppm) of uranium was converted into activity
concentrations by assuming the relative concentrations of the isotopes were equal to their natural
abundances. Thus, the 22U concentration of 14,000 pCi/kg is assumed to be composed of 12,000
pCi/kg of #*U and 2,000 pCi/kg of *°U.

A similar approach was used to determine the rel ative abundance of U and U for the Level | K-25/S-
50 assessment. The reported concentration of 22U equals 4,000 pCi/kg, and the 2*U concentration is
assumed to also be equal to 4,000 pCi/kg. Therefore, the concentration of *°U in soil for the K-25/S-50
assessment is the reported concentration for 242U of 6,200 pCi/kg minusthe 4,000 pCi/kg assumed for
#4, to give a*U concentration of 2,200 pCi/kg.

Specia Considerations Regarding Scarboro Soil Concentrations

TheLeve | assessment used highly conservative uranium soil concentrations dueto the limited nature and
uncertainty of the data that are available to the project team. The project team used these values
recogni zing the need to ensurethat the assessment did not underestimate potential exposuresthat occurred
over thelast 45+ years. The Level | assessment used maximum uranium concentrations measured in
soil/sediment samples from the EFPC floodplain from studies conducted in the 1980s.

The second level of screening was considerably less conservative than the Level | analysis; less
conservative"Levd 1" values were used for various exposure parameters (consumption rates, fractions
of foods contaminated, etc.) than were used inthe Level | screening assessment. Thegod inLevel |1
assessmentsisto remove known sources of conservative bias. For soil concentrations, an average value
wasused in Level |1 compared to amaximum measured value used for the Level | assessment. Because
of the scarcity of information regarding estimates of uranium concentrationsin the environment over the
period of interest, Some conservatism was maintained in the uranium concentration estimatesused in Level
Il screening to ensure that hazardsto asignificant portion of the potentially exposed population were not
underestimated. Conservatism was probably also introduced by the use of 1980 EFPC floodplain
measurements to represent concentrations at Scarboro, which is outside of the floodplain. Assuch, the
second level of screening may be more gppropriately called aRefined Leve | anadlysis. Thedatathat are
currently available are not sufficient to support adefensible analysisof average or typical exposuresto
members of the Scarboro community from the community's inception to the present.
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A sgnificant factor in the decision to maintain aconservativevaue of soil concentrationin Leve |1 screening
was the uncertainty concerning the level of °U enrichment in the soil represented by the vaue of 26 ppm
total uranium. Becauseof thisuncertainty, the concentration corresponding to 14,000 pCi kg™* 22U (or
26,000 pCi kg™ total uranium) wasused. Toillustrate how the overall results of the assessment would
differ if lower soil concentrations were assumed, screening indices were also calculated for soil
concentrations of 7,000 and 2,000 pCi kg™ total uranium. Lacking isotopic ratio information, it was
assumed that the 7,000 and 2,000 pCi kg*'vauesrepresented natura uranium. Thisdiscussion givesthe
reader anindication of how theoveral resultsof the assessment would changeif lessconservative estimates
of soil concentration were used.
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4.0 ASSESSMENT OF URANIUM SCREENING INDICESFROM PAST RELEASES

Once concentrations of uranium were estimated at the reference locations, thelogical next step wasto
evauatethe potentiad significance of those concentrations. Thiswasdone by estimating the radiation doses
that could have been received by off-site populations and the total quantities (masses) of uranium that they
could have taken into their bodies. Radiation dose estimates can then be trand ated into screening indices,
and uranium intakes were used to estimate level s of uranium metal that might have been present inthe
kidneys, themain target organ for ng potentia deterministic effectsfrom uranium exposures. These
body burdens were compared to published data that indicate the level s above which uranium, asatoxic
heavy metal, can sart to cause adverse health effectsin exposed individuals. These approachesrepresent
aconservative estimation of the potential health effects associated with past uranium rel eases.

Thisscreening assessment eval uatesthe potentia
hedlth effectsto theindividuasthat havelivedin | SCREENING INDICES
areas surrounding the ORR from the rel eases of
uranium from the Y-12, K-25/S-50 and X-10 | Thescreeningindicesrepresent estimatesof the
facilities. Due to the distances between these | potentid human healthimpactsfromthereleases
facilities, independent assessments were | estimated for the three complexes. The
conducted for each site. Reference locations | screeningindicesare compared tothedecision
were selected based on areasthat wereinhabited | guide established by Oak Ridge Hedth
during the operational phases of thefacilities,and | Agreement Steering Panel (ORHASP) to
on theproximity of theselocationstothepointsof | determineif further work to estimate the human
release. By employing established exposure | health risks from past uranium releases is
assessment methods, estimatesof materid intake | warranted.

weremadefor individudsliving at thesereference
locations.

4.1  Screening Methodology

The screening methodol ogy used in this assessment employed atwo tiered gpproach to ng screening
indices (ChemRisk 1996). TheLevel | assessment was used to assess health impactsto the maximum
exposedindividua, andtheLevel |1 assessment representsalessconservative, typicad individual. For the
Level 11 assessment, known sources of conservative biasin the Level | assessment were eliminated if
adequate information was available during the Task 6 investigation. The purpose of the Leve | screening
was to identify the uranium release sources and exposure pathways that do not warrant detailed
investigation (thet is, those that yielded screening indicesthat fell below the decision guide). The purpose
of theLevd Il screeningwasto identify which, if any, of the rel ease sources and exposure pathways that
appeared to be potentially important from Level | screening should be given high priority for detailed
investigation (that is, those that yielded Level Il screening indices above the decision guide).
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411 Leve |l Screening

TheLevd | assessment addressed anindividual with the highest potentid for exposureto the releases, this
isgenerdly regarded asthe maximally exposedindividual. TheLevel | screening assumeshigher exposure
frequenciesto thereleases aswell ashigher consumption ratesfor produce rai sed in the contaminated
environment. Theintake for produce raised at the referencelocation represents the upper bound both in
termsof daily intake aswell thefraction of mesat, milk, and vegetablesthat areraised in the contaminated
environment.

412 Levd |l Screening

TheLeve |l screeningisdesigned to estimate the screening index for an average or moretypically exposed
individual. The Level Il analysiswas performed for those rel eases that produced a screening index that
exceeded thedecision guideusingthe Levd | approach. Exposurefrequencieswere assumed to beequal
to 350 days per year to account for aperiod of two weeks per year away from thereferencelocation. The
fraction of consumabl esthat are contaminated was significantly lower thantheLeve | screening, to account
for thefact that thetypical individua will rely (at least in part) on outside sourcesfor produce. Sincethe
Task 6 source term assessmentsfor air and water releases did not include forma uncertainty anayses, the
Level | and 11 screening used the same release estimates as the basis for completing the exposure
evaluations. Except for the Scarboro/Y -12 assessment, the Level | and |1 screening for K-25/S-50 used
the same estimates of uranium concentrationsin soil dueto thelimited dataavailable to the project team.

4.2 Exposur e Assessment

The exposure assessment considered a series of exposure pathways and materia transport mechanisms
to quantify the extent to which anindividud at areference location was exposed to uranium released to the
environment. Exposureispresented intermsof the quantity of material that iseither inhaled or ingested
over agiventimeframe. For uranium, the exposure assessment al so included external exposuresfrom
radionuclidesin soil and water. The exposure assessment accounted for both the timethat the hypothetica
exposed individual spent in an exposed environment, as well as the quantity of produce raised in the
exposed environment that he or she consumed. The results of the exposure assessment can be used to
estimate screening indicesfor potentially exposedindividuals. For this screening study, the exposure
assessment quantified the extent of exposurefrom thereleases of uraniumfromtheY-12, K-25/S-50 and
X-10facilities. Exposures are based on the three contaminated media: soil, water and air. Intakes of
uranium present in these three media were estimated based on the applicable pathways of exposure.
Typicd pathwaysincludetheinhaation of contaminated air, theingestion of fish caught in contaminated
water, and the ingestion of milk from cows raised on contaminated soil.
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421 Referencel ocations

Dueto the distances between the Y-12, K-25/S-50 and X-10facilities, three distinct reference locations
were used for the exposure assessment. These reference locations represent the closest point from the
facility of interest at which residents were expected to have lived. Factors such as patterns of habitation
for the duration of the releases, aswell asthe presence of present day communities were used to select the
reference location for the screening assessment. Selection of these reference locations was discussed in
Section 3 of thisreport; al three reference locations were described in Section 3.1.

For each referencel ocation, the exposure assessment was based on compl ete exposure pathwaysfrom
ar, soil, and water. Pathwaysrepresent mechanismsand routes by which the materials can comein contact
withtheexposed individua. Someof these pathwaysaredirect, such astheinhalation of contaminated air,
while othersrequire sgnificantly complex modeling. Complex mode s are used to assess the intake through
multipleintermediate media, such astheintake of beef from cattle grazing on pasture contaminated by the
deposition of airborne materials. The pathways addressed for each of the three media are described
below.

422 Air Exposure Pathways

Airreleaseswereestimated at the sdl ected referencel ocationsusing either atmospheric dispers onmodeling
or anempirica P/Q gpproach. A discussion of theseassessment methodswas presented in Section 3. The
estimated concentrations of uranium in air were used in units of pCi m® or mg m®. From these
concentrations, exposures viainhalation, ingestion, or direct external radiation were evaluated for the
pathways described in Table 4-1.

Table 4-1: Air Exposure Pathways Evaluated in the Screening Analysis

Air Pathways Exposure Route

Air to Humans - Direct Inhalation of Airborne Particulates Inhalation
Inhalation of contaminantsin air that were released from the facility and were
transported to the reference location. Exposure assessment accounts for the time

an individual spent at the reference location as well as the time spent indoors,
where the concentration is lower.

Air to Humans (Immersion in contaminated air) External

Anindividual located within the plume of air releases will be subject to external
radiation from the uranium suspended in the atmosphere.

Air to livestock ( via inhalation) to beef to humans Ingestion
Cattle located at the reference location will also inhale uranium suspended in air
that originated from the facility. This material, once inhaled, will transfer to the
consumable portions of cattle (meat) viatransfer fractions that account for the

biokinetics of the cow. Uranium will accumulate over time, and will be ingested
by the exposed individual once the cattle is harvested for consumption.
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Table4-1: Air Exposure Pathways Evaluated in the Screening Analysis (continued)

Air to dairy cattle (via inhalation) to milk to humans Ingestion

Similar to the air to livestock (inhalation) to beef to humans viaingestion
pathway, bio-accumulation of uranium can also occur in milk from uranium
inhaled by dairy cattle.

Air to vegetables (deposition) to humans Ingestion
Uranium released to the air and transported to the reference location will
eventually deposit onto vegetation that can be consumed. Generally, some of
this material is removed by washing, however, afraction of the deposited uranium
will be present when the vegetables are consumed.

Air to pasture (deposition) to cattle beef to humans Ingestion
Similar to the deposition of materials onto vegetables from uranium released to
the air, deposition will also occur onto pasture that is consumed by both beef and
dairy cattle. Unlikethe air to vegetables pathways, there is no removal by
washing. Once the uranium isingested by the cattle, it will transfer to the
consumabl e portions of beef cattle where it will accumulate until the cattle is
harvested for consumption.

Air-pasture (deposition) to dairy cattle to milk to humans Ingestion
This pathway is similar to the air to pasture (deposition) to cattle beef to humans
viaingestion pathways, with the exception that uranium accumulation and
consumption is viamilk from dairy cows.

4.2.3 Water Exposure Pathways

Water pathwaysin this assessment represent the routes of exposure for waterborne uraniumin thetwo
primary surfacewater sources: East Fork Poplar Creek (EFPC) for the Scarboro referencelocation and
theClinch River for the Union/Lawnvilleand Jones|dand referencel ocations. Concentrationsfor EFPC
were evaluated based on release estimates, and on the flow rates measured close to the point of release.
Uranium concentrations in the Clinch River used for this analysis were reported annual average
concentrations. Concentrations measured as (pCi L™) or (mg L™) were used to estimate exposure viathe
pathways described in Table 4-2.
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Table 4-2: Water Exposur e Pathways Evaluated in the Screening Analysis

Water Pathways Exposure Route

Incidental Ingestion by humans during recreation Ingestion
Although the direct consumption of surface water is not a credible pathway,
incidental ingestion of river water may have occurred during recreational
activities such as swimming. This pathway is used to evaluate the quantity of
waterborne uranium ingested viaincidental ingestion of surface water. The
exposure accounts for the limited amount of time that a exposed individual will be
in the river, aswell asthe number of times per year that a person will use the river
for recreational purposes.

Water to livestock (ingestion) to beef to humans Ingestion
Surface water may have been used to water farm animals such as beef and dairy
cattle. Asisthe casewith all cattle pathways, afraction of the waterborne
uranium ingested by cattle will transfer to the consumable portion of the cow.

Water to dairy cattle (ingestion) to milk to humans Ingestion
Asisthe case with the water to livestock (ingestion) to beef to humansvia
ingestion pathway, uranium ingested from surface water will accumulate in milk.

Water to fish to humans Ingestion
Both surface water bodies considered here (East Fork Poplar Creek and the Clinch
River) are sources of consumable fish. Fish raised in contaminated water will
accumulate uranium over time within the edible portion of the fish. This pathway
evaluates the intake of uranium by the ingestion of fish caught in the two surface
water bodies considered.

Water to humans via immersion during recreation External
During recreational use of the surface water bodies, the exposed individual is
likely to receive an external dose from the waterborne uranium. Asanincidental
ingestion pathway, this exposure route is limited by the time spent immersed in
surface water

424 Soil Exposur e Pathways

M easured uranium soil concentrationswere compiled from anumber of sources. Thesesamplinglocations
could not always be co-located with the referencel ocations; for the screening assessment, concentrations
closest to the reference location were used. Measured concentrations were presented in units of pCi kg*
or mg kg™. From these concentrations, the exposure was quantified for the pathways described in Table
4-3.



TASK 6 REPORT
July 1999

Page 4-6

Review of Uranium Monitoring and Screening of Off-site Exposures—
Assessment of Uranium Screening Indices from Past Releases

Table 4-3: Soil Exposure Pathways Evaluated in the Screening Analysis

Soil Pathways Exposure Route

Soil to air (dust resuspension) to humans

The resuspension of dust occurs by either wind driven forces or by the
mechanical disturbance of surface soils. Since the uranium will be attached to
soil, this means that the contaminants will be resuspended and can be inhaled.

Inhalation

Soil incidental ingestion

Incidental soil ingestion occurs through a variety of mechanisms, including the
ingestion of resuspended dust and the ingestion of material that accumulates on
the hands and fingers of an individual. This pathway quantifies the amount of
contaminated soil that isincidentally ingested.

Ingestion

Soil to livestock (soil ingestion) to beef to humans via ingestion

Soil isingested by cattle as part of their grazing activities. Aswasthe case for al
other cattle pathways, the ingested material will transfer to the edible portions of
cattle.

Ingestion

Soil to dairy cattle (soil ingestion) to milk to humans

Similarly for dairy cattle, material associated with ingested soil will accumulatein
milk.

Ingestion

Soil to vegetables (root uptake) to humans

Uranium in soil will translocate through the root into vegetation. The uptake of
uranium is represented by a bio-accumulation factor that is aratio of the
concentration of uranium in plantsto that in soil. Ingestion of vegetation grown
in contaminated soil can be amajor pathway for exposure viaingestion if the bio-
accumulation potential for the material is high.

Ingestion

Soil to pasture (root uptake) to livestock to beef to humans

The translocation of uranium from soil to vegetation is aso of concern when
considering pasture that is consumed by cattle. Contaminated pastureis
consumed by cattle, and uranium will bio-accumulate in the consumable portion
of the cow. This pathway requires multiple sub-models: these include the
translocation of uranium to pasture, the consumption of pasture by cattle, the
accumulation of uranium into the consumable portion of the cattle, and finally the
consumption of the beef by the exposed individual.

Ingestion

Soil to pasture (root uptake) to dairy cattle to milk to humans

A similar number of sub-models exist for the transfer of material from soil to
pastureto dairy cattle, to milk and eventually to humans. This pathway is
analogous to soil to pasture (root uptake) to livestock to beef to humansvia
ingestion, however, different transfer fractions are used for the accumulation of
uranium in milk, and for the quantity of milk ingested per day.

Ingestion

Soil to humans via external radiation

Uranium present in soil will emit penetrating radiation according to its nuclear

characteristics. This pathway quantifies the doses to individuals from the
penetrating radiation emitted from uranium isotopesin soil.

External
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A seriesof moddswere used to estimate intake from these pathways. These equations are cons stent with
thosethat have been devel oped by variousregulatory agenciesfor eval uating exposuresto chemicalsand
radionuclides (USEPA 1979; NCRP 1991; USEPA 1988). These moddlsare used to estimatetheintake
of uranium by the three modes of exposure: inhalation, ingestion and direct radiation exposure. The
equations used are presented in Appendix Jand are used to estimate either intake viainhalation or
ingestion, or direct exposureto uranium. Each equation yieldsresultsin unitsof either picocurie per day
(pCi d*) or milligrams per day (mg d*).

425 Exposure Assessment Parameters

Two setsof exposure assessment parameterswere used to quantify uranium intake by exposed individuas.
These sets correspond to the two levels of screening assessment defined previoudy (Level | and Levd 11).
Exposure parameters quantify the magnitude of exposure; there are generally six types of exposure
parameters:

# intake of consumables (meat, milk, vegetables, fish),

# incidental intake of soil and incidental ingestion of surface water during
recreational activities,

# the fraction of time spent within the contaminated environment,

# physiological parameters such as breathing rates,

# parameters for livestock, including breathing rates, pasture consumption, water
intake, incidental soil intake, and

# foliar deposition parameters for vegetation, including interception fractions,

deposition velocities, and weathering rates.

All the parameters used for both assessments (Leve | and Leve 1) are presented in Appendix K, along
with the rationales for selection of values.

Bio-transfer factors are used to estimate the fraction of a contaminant that is transferred from the
environmental mediato productsthat are consumed. Thesefactors are used to estimate concentrations
in meat, milk, vegetation, and fish. Factors required for exposure assessment include:

Concentration ratio for the transfer of contaminant from soil to vegetation,
Concentration ratio for the transfer of contaminant from soil to pasture,
Biotransfer factor for contaminant inhaled or ingested by cattle to meat,
Biotransfer factor for contaminant inhaled or ingested by cattle to milk, and
Bio-concentration factor for uranium in fish.

R
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Asthese vaduesare dependent upon the transferability of the materials of concern, thesevauesare dement
specific. The bio-transfer factors for uranium used for this assessment are presented in Table 4-4.

Table4-4: Bio-Transfer and Accumulation Factorsfor Uranium

Bio-Transfer Factor Unit Value Reference
By [Concentration ratio for the transfer of unitless 1.2x10?  [(IAEA 1994). Converted to wet
uranium from dry soil to vegetables weight by dividing by factor of 7 as
(wet wt.) recommended.

Besrg |CONCENtration ratio for the transfer of unitless 1.0x10"  [NCRP Report No. 123 (NCRP 1996)
uranium from dry soil to pasture (dry
wit.)

F. (s/p) |Biotransfer factor from cattle intake dL* 4.0x10"  |NCRP Report No. 123 (NCRP 1996)
(soil and pasture) to milk
F.(s/p) [Biotransfer factor from cattle intake dkg* 8.0x10*  [NCRP Report No. 123 (NCRP 1996)
(soil and pasture) to meat
F.(w) [Biotransfer factor from cattle intake dL* 4.0x10"  |Assume same as Biotransfer from Soil
(water) to milk concentration
F(w) |Biotransfer factor from cattle intake dkg* 8.0x10*  [Assume same as Biotransfer from Soil
(water) to meat concentration
BCF |Bio-concentration factor for fish (mg kg™h)/ 10 NCRP Report No. 123 (NCRP 1996)
(mgL™)

4.3  Calculation of Radionuclide Screening Indices

To convert uranium intake estimated by the exposure assessment to ascreening index, the intake wasfirst
converted to aradiation dose using dose conversion factors (DCFs). These factors are radionuclide
specific, and represent acommitted effective dose equivalent (CEDE) per unit intake. DCFsare aso
specificto theroute of exposure; valuesfor inhalation, ingestion and external exposurefor each of the
radionuclides consdered were used. For inhaation and ingestion DCF va ues, thelatest recommendations
of the|CRP (Internationa Commission on the Radiologica Protection) were used. Recent improvements
inthe characterization of radionuclide kineticsin the body, and the use of improved internal dosimetry
models, havelead to theissuance of anew set of dose conversion factorsfor membersof thepublic. These
new DCF values for uranium have been used for this assessment.

The inhalation and ingestion DCFs for 2*U and *°U, as recommended by the ICRP, are similar in
magnitude. Hencethe selection of either DCF (**U or ?°U) has very little effect upon the resultant dose
from the inhalation and ingestion pathways. For doses received from exposure to radiation from
radionuclidesto soil, the DCF, ..« differs by orders of magnitude; the value for 2°U isamost 2,000
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timesgreater than that for 2*U. To account for thisvariation in DCF g« @C0MPOSite DCF e ra-si
was derived based on the rel ative abundances of thetwo radionuclides (3*U and**U) in soil. Therdative
abundancesfor each radionuclide were previoudy discussed and quantified in Section 3.4. Thefive DCFs
for each of the uranium isotopes are presented in Table 4-5. Thetwo vauesfor DCF g g.s &€ aso
presented in Table 4-5.

Table 4-5: Uranium Dose Conversion Factors (DCFs)

DCF Exposure BBy =8y Notes

DCF, ation DCF for uranium isotope inhaled 9.4x10°® 8.0x10°® 1,4,6
(SvBq?)

DCF, gestion DCF for uranium isotope ingested 4.9x10°8 4.5%x10°8 2,5,6
(SvBq?)

DCFimmair External DCF for immersionin 2.27x107 1.08x10™° 3
contaminated air (Sv m®)/(Bqy)

DCF,ynwaer | EXterna DCF for immersion in 5.01x10%° 2.51x10% 3
contaminated water (Sv m?)/(Bqy)

DCF.erasi | External Dose conversion factor for 24: 6.75x10 1.74x10% 3,78
exposure to radiation from 25Y: 1.18x10

radionuclidesin soil. (Sv m®)/(Bqy)

Notes:

1. ICRP Publication 72 (ICRP 1996)

2. ICRP Publication 71 (ICRP 1995)

3. Federal Guidance Report 12 (USEPA 1993)

4. Inhalation absorption rate classified as Type S particulate size specified as 1 AMAD (Activity Median
Aerodynamic Diameter)

5. Ingestion transfer fraction f;=0.02 (fraction of contaminant ingested that is transferred to the blood stream from
the gastrointestinal tract)

6. 2U used to represent 242U DCF (highest value)

7. Acomposite DCF,..; Was calculated based on the relative abundances of 2*U and #°U

8. External DCF for uranium for contaminant in soil to a depth of 15 cm.

Converting dosesinseverts(Sv) to screening indiceswas achieved using adose-to-risk coefficient of 7.3%
Sv. Thisvalueisconsistent with the recommendations of ICRP Publication 60 (ICRP 1990), and is
cong stent with the dose conversion factorslisted abovein Table 4-5. Doses evaluated for each pathway
were converted to screening indices by multiplying the dosein sievertsby 0.073. The screening index
calculation for each exposure pathway can be represented by the following equation:

Radionuclide Screening Index; * INTAKE, x EF x ED x Cf, x DCF, x 0.073
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Where:

Radionuclide Screening Index; = radionuclide screening index from pathway i
INTAKE; = daily intake through pathway i (pCi d*)

EF = exposure frequency (d y*)

ED = exposure duration (y)

Cf, = conversion factor (Bq pCi™)

DCF, = dose conversion factor for pathway i (Sv Bq?)

0.073 = dose to risk coefficient (Sv?)

4.4 Summary of Screening Indices

Based on the concentrations of uranium isotopesestimated in the three environmental media (air, water,
and soil) and the methodol ogy of eva uating screening indices presented above, the screening indicesfor
the three assessments were estimated.

Screening indices cal culated for each pathway were summed to estimate atotal screeningindex for each
reference location from each uranium isotope of concern. Screening indices for 2*2°U and U were then
summed to generate atotal screeningindex. Where exposure parameters varied as afunction of the age
of theindividua, valuesthat arerepresentative of the adult age group were selected. Theinitia approach
for the Task 6 screening was to evaluate screening indices for adultsliving at each referencelocation. If
these indices did not exceed the project decision guide (1x10* cancer risk) over al pathways, then indices
for children would be evaluated, since children are more radiosensitive. Asdiscussed later in this section,
estimated screening va uesfor adultsdid exceed the decision guide, and therefore eva uationsfor other age
groupswerenot performed. Asprevioudy mentioned, these screening resultsare not intended to be used
asameasure of true risksincurred by nearby residents. Rather, the screening indices are for usein
evaluating if further study of potential health effects from past uranium releases is warranted.

A summary of the uranium screening indices ca culated for the Scarboro, Unior/Lawnville, and Jonesidand
assessmentsis presented in Table 4-6. These indices were summed across all media of exposure (air,
water and soil) and for both uranium isotopes (3*2*U and 22U). Figure 4-1 showsthe relative magnitude
of the screening indices cal culated for each complex. Detalled analysisof thetotal screening indicesfor the
Scarboro, Union/Lawnville, and Jones |dand assessments are presented in Sections 4.5, 4.6, and 4.7,
respectively.
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Table 4-6: Summary of Screening Indices Calculated for Each Assessment
(Screening Indices in bold exceed the Decision Guide of 1x10%)

Assessment LEVEL | LEVEL Il
Scarboro Community from Releases from , -
the Y-12 Complex 1.9x10 8.3x10
Union/Lawnville Community from Releases from , -
the K-25/S-50 Compl ex 2.1x10 3.0x10
Jones Island Community from Releases from -
the X-10 Complex 7.6x10 NA
NA = Not Assessed, asthe Level | assessment is below the decision guide
0.002
x
)
©
=
o /
c
c 0.00%
)
o
O
n
¢
Scarboro Union/Lawnville Jones Island
(Y-12 Releases) (K-25/S-50 Releases) (X-10 Releases)
ELEVEL | 0.0019 0.00021 0.000076
OLEVEL Il 0.000083 0.000030

Note: All values are rounded to two significant figures.

Figure 4-1: Summary of Screening Indices
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Theresultsfrom Table 4-6 show that both the Scarboro Level | and Level 11 assessmentsfor Y-12 exceed
the decision guide of 1in 10,000. For the Union/Lawnville assessment for K-25/S-50 rel eases, the
decision guidefor the Level | assessment isexceeded. Sincethe screening index for the Level | X-10
assessment does not exceed the decision guide, aLeve 11 assessment was not necessary. An analysis of
these resultsis presented for each of the three assessmentsin the following sections.

4.5 Analysis of Uranium Screening Indices from Y-12 Releases
Aspresented in Table 4-6, the screening indicesfor both theLevel | and Level |1 assessmentsof Y-12

releases exceeded the decison guide of 1in 10,000. To identify the mediaand isotopes of importance,
Table 4-7 presents the screening indices for each component of the assessment.

Table 4-7: Screening Indicesfor the Scarboro Community from Uranium Releases from Y-12
(Screening Indices in bold exceed the Decision Guide of 1x10%)

Exposure M edia LEVEL | LEVEL Il
sy 1.2x10* 1.9x10°
Air Releases from Y-12
=8y 2.3x10° 3.1x10°
24235 2.5x10° 1.4x10°
EFPC Water Concentrations
=8y 2.1x10° 1.2x10°
a2 9.8x10* 2.0x10°
Soil Concentrations near Scarboro
=8y 7.7x10* 1.6x10°
|
24235 1.1x10% 5.3x10°
TOTAL ACROSSALL MEDIA
=8y 8.1x10* 3.0x10°
TOTAL SCREENING INDEX FROM 1.9x10° 8.3x10°

ALL MEDIA & ISOTOPES

For the Level | assessment, the decision guide is exceeded by the following pathway and isotope
combinations:

# 24235 from air releases from Y-12,
# 24235 from soil concentrations at Scarboro, and

# 28U from soil concentrations at Scarboro.
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For theLevel 11 assessment, no one combination of isotope and mediaexceeded the decision guide. In
addition, thetotal screening index from all mediaand isotopeswas below the 1in 10,000 decision guide.
The Leve | assessment represented amaximally exposed individua, dueto the use of upper bound values
used for both uranium concentrationsin soil and exposure parameters. The Level |1 assessment actualy
represented arefined Level | screening, as discussed earlier. Soil pathways were associated with the
highest screening index, followed by water pathways and then air pathways. To identify which exposure
mediawere major contributorsto the Scarboro screening index, their contributionsto thetotal screening
index is depicted in Figure 4-2.

LEVEL | Assessment for the Scarboro Community

Soil Pathways
91%

Air Pathways
7%

LEVEL Il Assessment for the Scarboro Community

Water
Pathways
31%

Soil Pathways
43%

Air Pathways
26%

Figure 4-2: Relative Contributionsto the Scarbor o Screening I ndices
from the Exposure Media (Y-12 Releases)
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Figure4-2 presentsthe relative fraction for exposure from each of thethree exposuremedia. For the Level
| assessment, exposure wasdominated by the soil pathways. For the Level 11 assessment, the contributions
from the air and water pathways become more significant. The distinction between the two exposure
assessments can be attributed to two factors:

(1) FortheLeve | assessment, the maximum concentration measured in surface soil in the vicinity of
the Scarboro community was used. Dueto the conservative nature of the Level | assessment,
these maximum concentrations translate into significant contributions to the screening index.

(2) FortheLeve Il assessment, an average soil concentration valuefor the Scarboro community was
used. Thisfact, aong with less conservative estimates of exposure parameters, limited the
significance of the soil pathways, and their relative importance was reduced. The differencesin
exposure parametersbetween al eve | and aLeve |1 assessment were most Sgnificant for the soil
pathways. Consumption rates, aswell asthe fraction of vegetables grown in contaminated soil,
were significantly reduced for aLeve 11 assessment, and thesefactors dso limited the significance
of the soil pathways.

Toidentify which pathwaysfor each exposure media contributed the most to thetotal screening index,
Tables4-8 through 4-13 present the dosesinSeverts (Sv) for the Scarboro community from Y-12 uranium
releases. Tables4-8, 4-9, and 4-10 present the pathway components for 2¥2°U, and tables4-11, 4-12,
and 4-13 present doses for the U exposures. The third and fifth columns present the percent that each
pathway contributesto thetotal dosefor that specificisotope of uranium. The dosesare summed over 52
years of exposure.

For the Level | assessment of 22U, the major pathways of exposure are:

consumption of vegetables grown in contaminated soil,

consumption of milk from dairy cattle receiving pasture grown in contaminated soil,
external dose from #¥#*U concentrations in sail,

the inhalation of airborne #¥?*U, and

consumption of vegetables contaminated with deposited airborne particulates.

a s owbdpE

For the Level |1 assessment of 242U, the major pathways of exposure are:

the inhalation of airborne 242U,

consumption of vegetables grown in contaminated soil,

consumption of fish caught in the EFPC,

consumption of vegetables contaminated with deposited particulates, and
external dose from #¥2U concentrations in soil.

a s owbdpE
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Table 4-8: Dose Estimates from 242U Exposure at the Scarboro Community via Air Pathways

LEVEL I LEVEL Il
0, 0,
Committed Cg;?é:\;\:/to Committed C;?;?é:\:\:/to
EXPOSURE PATHWAY Effective Dose Effective Dose
. Total 24235y . Total 2425y
TO HUMANS Equivalent Equivalent
(V) Dose () Dose
(All Pathways) (All Pathways)
Inhalation of Airborne Particulates 7.7x10* 5% 2.2x10* 30 %
Immersion in Airborne Particul ates 2.5x10° <1% 7.6x10™ <1%
Air to Livestock, Meat Ingestion 1.2x10°® <1% 1.4x10° <1%
Air to Dairy Cows, Milk Consumption 3.0x10°® <1% 4.3x10° <1%
Air to Vegetables, Consumption 7.7x10* 5% 2.8x10° 4%
Air to Pasture to Livestock to Beef 3.8x10° <1% 1.3x10° <1%
Air to Pasture to Dairy Cows to Milk 9.6x10° <1% 3.1x10° <1%
SUM OF DOSES FROM AIR 1.7x10° 11% 2.5x10* 35%
PATHWAYS

Table 4-9: Dose Estimates from %25 Exposur e at the Scarboro Community via Water Pathways

LEVEL | LEVEL Il
0, 0,
Committed Cg;];’iaf)z\:gyto Committed C:;;?:):\:vezo
EXPOSURE PATHWAY Effective Dose Effective Dose
Total 2425 Total 2425y
TO HUMANS Equivalent Equivalent
() Dose () Dose
(All Pathways) (All Pathways)
Incidental Ingestion of EFPC Water 1.3x10° <1% 1.2x10° <1%
Water to Livestock, Meat Ingestion 4.4%x10° <1% 4.7%x10° <1%
Water to Dairy Cows, Milk 1.1x10* <1% 1.3x10° 2%
Consumption
Water to Fish, Fish Consumption 1.8x10* 1% 1.8x10* 24%
Immersion in EFPC Water 3.0x10°® <1% 2.8x10°® <1%
(recreational)
SUM OF DOSESFROM WATER 3.4x10* 2% 2.0x10* 27%
PATHWAYS




TASK 6 REPORT
July 1999

Page 4-16

Review of Uranium Monitoring and Screening of Off-site Exposures—

Assessment of Uranium Screening Indices from Past Releases

Table 4-10: Dose Estimates from ¥ Exposur e at the Scarboro Community via Soil Pathways

LEVEL | LEVEL Il
0,
Committed Cgljwtiiat'ﬂv;yto Committed %o Pethway
EXPOSURE PATHWAY . 235 , Contributes to
Effective Dose Total u Effective Dose 2301235
TO HUMANS . . Totd U Dose
Equivaent (Sv) Dose Equivaent (Sv) (Al Pathways)
(All Pathways) &y
Inhalation of Resuspended Dust 2.6x10* 2% 1.4x10° 2%
Soil Ingestion 1.8x10* 1% 5.7x10° <1%
Sail to Livestock, Meat Ingestion 2.5x10* 2% 2.7x10° < 1%
Sail to Dairy Cattle, Milk Consumption 5.2x10* 3% 6.8x10° <1%
Sail to Vegetables, Consumption 9.4x10°% 61% 2.2x10* 30%
Sail to Pasture to Livestock, Beef 5.0x10* 3% 3.1x10° <1%
Ingestion
Soil to Pasture to Cows, Milk 1.3x10° 8% 7.4x10° < 1%
Consumption
Soil to Humans, External Exposure 1.1x10% 7% 1.9x10° 3%
SUM ACROSS SOIL PATHWAYS 1.4x102 87% 2.8x10* 38%

Table 4-11: Dose Estimates from #®U Exposur e at the Scarboro Community via Air Pathways

LEVEL | LEVEL I
0 0
EXPOSURE PATHWAY Ef(f:;rzvm;éegse 035?;:\:210 Ef(f:gg?;éegse cﬁwﬁz\?go
TO HUMANS Equivalent (Sv) Total #*U Dose Equivalent (Sv) Total 28U Dose
(All Pathways) (All Pathways)

Inhalation of Airborne Particulates 1.4x10* 1% 4.0x10° 10 %
Immersion in Airborne Particul ates 2.6x10™" <1% 7.7x10" <1%
Air to Livestock, Meat Ingestion 2.3x10° <1% 2.7x10™° <1%
Air to Dairy Cows, Milk Consumption 5.9x10° <1% 8.4x10™ <1%
Air to Vegetables, Consumption 1.5x10* 1% 2.1x10° <1%
Air to Pasture to Livestock to Beef 7.5x10° <1% 1.5x107 <1%
Air to Pasture to Dairy Cows to Milk 1.9x10° <1% 3.6x107 <1%
SUM ACROSS AIR PATHWAYS 3.2x10* 3% 4.3x10° 10 %
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Table 4-12: Dose Estimates from #*U Exposur e at the Scarboro Community via Water Pathways

LEVEL | LEVEL 1l
% Pathway
0,
Committed C(fr){r)?tt):\':vezo Committed Contributes
EXPOSURE PATHWAY Effective Dose o ) to Total #U
. Total #°U Effective Dose
TO HUMANS Equivalent ) Dose
() Dose Equivaent (Sv) (Al
(All Pathways) Pathways)
Incidental Ingestion of EFPC Water 1.1x10° <1% 1.0x10° <1%
Water to Livestock, Meat Ingestion 3.7x10° <1% 3.9x10° <1%
Water to Dairy Cows, Milk 9.2x10° <1% 1.1x10° 3%
Consumption
Water to Fish, Fish Consumption 1.5x10* 1% 1.5x10* 35%
Immersion in EFPC Water (recreational) 1.3x10™ <1% 1.3x10™ <1%
SUM OF DOSESFROM WATER 2.8x10* 3% 1.6x10* 39%
PATHWAYS

Table 4-13: Dose Estimates from 28U Exposure at the Scarboro Community via Soil Pathways

LEVEL | LEVEL Il
. % Pathway . % Pathway
EXPOSURE PATHWAY Ef(]f:g?:;egse Contributes to Ef(f:;rzvm;éegse Contributes to
TOHUMANS Equivalent (Sv) Total 28U Dose Equivalent (Sv) Total **U Dose
q (All Pathways) d (All Pathways)
Inhalation of Resuspended Dust 2.1x10* 2% 1.0x10° 3%
Soil Ingestion 1.6x10* 1% 4.7x10° 1%
Sail to Livestock, Meat Ingestion 2.1x10* 2% 2.3x10° <1%
Soil to Dairy Cattle, Milk Consumption 4.4x10"* 4% 5.6x10° 1%
Soil to Vegetables, Consumption 8.0x10° 72% 1.8x10* 43%
Soil to Pasture to Livestock, Beef 4.3%x10* 4% 2.6x10° <1%
Ingestion
Soil to Pasture to Dairy Cattle, Milk 1.1x10° 10% 6.2x10° 1%
Consumption
Soail to Humans, External Exposure 1.9x10° <1% 3.7x10% <1%
SUM OF DOSESFROM SOIL 1.1x10? 95% 2.1x10* 51%

PATHWAYS
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While many of the same pathways that were significant for Level | are also important for the Level 11
assessment, the relative rank of the pathways has changed. This changeis dueto the changein both soil
concentration values used and the use of less conservative exposure parameters characterizing
consumption.

For the Level | assessment of ?**U, the major pathways of exposure are:

consumption of vegetables grown in contaminated soil,

consumption of milk from dairy cattle receiving pasture grown in contaminated soil,
consumption of milk from dairy cattle ingesting contaminated soil,

consumption of meat from livestock receiving pasture grown in contaminated soil, and
consumption of milk from dairy cattle ingesting contaminated soil.

s owdE

For the Level |l assessment of 2%U, the major pathways of exposure are:

consumption of vegetables grown in contaminated soil,

consumption of fish caught in the EFPC,

inhalation of airborne #°U,

consumption of milk from dairy cattle receiving water from the EFPC, and
the inhalation of resuspended dust contaminated with ##U.

s owdE

For the Levd | assessment, the major pathway's of exposure are from?*U concentrationsin soil. For the
Level Il assessment, the upper bound concentration in soil was replaced with an average value, which
reduces the significance of these pathways. However, 43% of the dosefrom U was from theingestion
of vegetablesgrown in contaminated soil. Plant uptake va ues (used to eval uate uranium concentrations
in plants) are highly dependent upon the characteristics of the soil and the chemical properties of the
contaminant. Site gpecific datawould need to be collected for further refinementstothisanalyss. Another
pathway isthe consumption of fish caught in EFPC. Even though the consumption rate of fishfrom this
sourceisreatively low, the concentrationsin EFPC and the accumulation of uranium in fish elevate the
significance of this pathway.

Screening Results When Lower Scarboro Soil Concentrations are Assumed

Additiona screening calculations were performed to illustrate how the resultswould differ if lower levels
of uranium contamination in Scarboro soil were assumed. Screening indices were calculated for soil
concentrations of 7,000 and 2,000 pCi/kg total uranium. Again, lacking isotopic ratio information, Task
6 assumed the 7,000 and 2,000 valuesto be natura uranium. These additional screening evauationsfor
Scarboro give thereader an indication of how the overall results of the assessment would change if less
conservative estimates of soil concentration were used.

Use of asoil value of 7,000 pCi/kg yielded a screening index of 5.8x10°. Thiswas a 30% reduction of
the screening index calculated for the Level 11 assessment. A 2,000 pCi/kg soil concentration produced
ascreeningindex of 5.1x10° (40% reduction). Notethat, even though these dternative soil concentrations
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(7,000 and 2,000 pCi/g) represent a 73% and 92% reduction in soil concentrationsover theLeve | vaue,
respectively, the reduction in the screening index for Level 11 isnot in proportion. The soil pathways
represent only 38% of thetotal screening index from 2¥2*U and 51% from?*U. Sincethe concentrations
inair and water were not changed for thedternative eva uations, agiven reductionin soil concentration will
not equal a corresponding reduction in the total screening index.

4.6 Analysisof Uranium Screening Indices from the K-25/S-50 Facility

An assessment of the screening indices associated with air releases from the K-25/S-50 complex was
made based on air concentrations at the Union/Lawnvillearea. Maximum soil concentrations measured
near that areawere used to eval uate soil-based exposures, and the Clinch River was used as a source of
fishand recreationd use. Exposure durationsand fish consumption rateswere higher than those used for
the Y-12 and combined assessments, as the Clinch River is better suited to water-based recreational
activities. Table 4-14 presents the results of the K-25/S-50 assessment, presented by environmental
medium and by uranium isotope.

Table 4-14: Summary of Screening Indicesfor the Union/Lawnville Community
from Uranium Releases from K-25/S-50
(Screening Indices in bold exceed the Decision Guide of 1x10*)

Exposure Media LEVEL I LEVEL 11
24235 4.3x10° 6.5x10°
Air Releases from K-25/S-50
=8 1.8x10° 2.5x10°¢
A 2.0x10® 1.5x10°
Clinch River Water Concentrations
z8Y 1.7x10° 1.3x10°
24235 1.0x10* 1.4x10°
Soil Concentrations near Union/Lawnville
=8 4.4x10° 5.0x10°
A28 1.5x10* 2.2x10°
TOTAL ACROSSALL MEDIA
z=8Y 6.4x10° 8.7x10°
TOTAL SCREENING INDEX FROM ALL , .
MEDIA & ISOTOPES 2.1x10 3.0x10

As shown by the screening indices presented in Table 4-14, results of the Level | assessment for the
Union/Lawnville areafrom K-25/S-50 rel eases exceeds the decision guide of 1in 10,000 (1x10%). The
only medialisotope combination that exceeds theguide is****U exposure from soil concentrations. Air
releases from K-25/S-50 are significantly lower thanthose from Y-12; hence the relative contribution to
thetotal screening index from air pathwaysisless significant than those estimated for the Scarboro
assessment . However, asshown in Figure 4-3, theair pathway till accountsfor 23% of the screening
index at Union/Lawnville.
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LEVEL | Assessment for the Union/Lawnville Community

Water Pathways

0,
2% Soil Pathways

69%

Air Pathways
29%

LEVEL Il Assessment for the Union/Lawnville Community

Water Pathways

0,
9% Soil Pathways

62%

Air Pathways
29%

Figure 4-3: Relative Contributionsto Union/L awnville Screening Indices
from the Key Exposure Media (K-25/S-50 Releases)

Aslimited soil concentration datawere avail able, the same exposure concentration was used for both Level
| and Level Il assessments. Soil datawere usually collected in response to environmental compliance
needs of the operational facility. Soil sampleswererarely collected from populated areas. Given the
constraintsof the Task 6 work, additional investigation into other possible sources of soil measurements
wasnot possible. Should thisanalysis proceed to the dosereconstruction level, further search, for and
analysis of, the available environmental monitoring data could be conducted.
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4.7 Analysisof Uranium Screening Indices from the X-10 Facility

The predominant direction of atmospheric transport off-gtefrom the X-10 facility istoward the southwest.
Thereferencelocation for X-10 releaseswas on the banks of the Clinch River near the northern end of
Jonesldand. Thisareaisapproximately 5 km southwest of the site. Soil concentrationsfrom thevicinity
of the X-10 site were used to eval uate potentia exposures viasoil-based pathways. Dueto its proximity,
the Clinch River was considered an areafor water-based recreationa exposure and asource of fish. As
was the case for the K-25/S-50 assessment, exposure durations and fish consumption rates were higher
than those assumed for the Y-12 and combined assessments, as the Clinch River was better suited to
water-based recreationd activitiesthan was EFPC. Thescreening indices calculated for JonesIdand from
X-10 releases are presented in Table 4-15.

Table 4-15: Summ