Human Health and Worker Safety

APPENDIX D: HUMAN HEALTH
AND WORKER SAFETY




Human Health and Worker Safety

D.1 INTRODUCTION

This appendix to the Y-12 Site-Wide Environmental Impact Statement (SWEIS) provides supplemental
information pertaining to potential human health impacts associated with radiation exposures, chemical
exposures, and worker safety i ssuesdueto No Action - Status Quo Alternative operationsand those proposed
under the No Action - Planning Basis Operations Alternative, the Highly Enriched Uranium (HEU) Storage
Mission, and the Special Materials Mission Alternatives analyzed inthe Y-12 SWEIS. Human health risks
from radiological and chemical exposures are presented in Sections D.2 and D.3, respectively. In these
sections, acomprehensiveeval uation of the potential risksassociated with human exposureto environmental
media (air, surface water, soils, sediment, and groundwater) was conducted using either data from 1998 or
the most recent data available to establish the No Action - Status Quo Alternative baseline.

Impacts to worker safety are evaluated in Section D.4. The summaries presented in Section D.5 provide
public health profiles pertaining to cancer incidence rates and mortalities for the United States, Tennessee,
Anderson County, and Roane County. Section D.6 presents adescription of relevant epidemiologic studies.
Section D.7 presents technical analysis of potential impacts to workers and the public due to accidents.

D.2 RADIOLOGICAL IMPACTSON HUMAN HEALTH
D.21 Radiation and Radioactivity

Radiationiseverywhere. Although most radiation occursnaturally, asmall percentageismanmade. Humans
are constantly exposed to naturally occurring radiation through sources such as the solar system and the
earth’ srocksand soils. Thistypeof radiationisreferred to asbackground radiation, and it always surrounds
us. Background radiation remainsrelatively constant over timeand is present in the environment today just
asit washundreds of yearsago. Manmade sources of radiation include medical and dental x-rays, radio and
television transmissions, household smoke detectors, and materials released from nuclear and coal-fired
powerplants. The following sections describe some important principles concerning the nature, types,
sources, and effects of radiation and radioactivity.

D.2.1.1 What |sRadiation?

All matter in the universe is composed of tiny particles called atoms, and it isthe activity of these particles
that produces radiation. While the atom is infinitessimally small, it is composed of even smaller particles,
called electrons, protons, and neutrons. Electrons are negatively charged particles that are principally
responsible for chemical reactivity. Protons are positively charged particles, and neutrons are neutral.
Protons and neutrons are located in the center of the atom, called the nucleus. Electrons reside in a
designated space around the nucleus. The total number of protonsin an atom is called its atomic number.

Atoms of different typesare known aselements. Thereare over 100 natural and manmade elements. Atoms
of the same element always contain the same number of protons and electrons, but may differ by their
number of constituent neutrons. Atoms of an element having a different number of neutrons are called the
isotopes of the element. The total number of protons and neutrons in the nucleus of an atom is called its
mass number, which is used to name the isotope. For example, the element uranium has 92 protons.
Therefore, al isotopesof uranium have 92 protons. Eachisotope of uraniumisdesignated by itsunique mass
number: 28U, the principal naturally occurring isotope of uranium, has 92 protonsand 146 neutrons; 2*U has
92 protons and 142 neutrons; and “*U has 92 protons and 143 neutrons. Atoms can lose or gain electrons
in a process known as ionization.

lonizing radiation has enough energy to free electronsfrom atoms, creating ionsthat could cause biological
damage. Although it ispotentially harmful to human health, ionizing radiation is used in avariety of ways,
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many of which are familiar to usin our everyday lives. Anx-ray machineisoneform of ionizing radiation.
Likewise, most home smoke detectors use a small source of ionizing radiation to detect smoke particlesin
theroom’ sair. Thetwo most common mechanismsinwhichionizing radiationisgenerated aretheelectrical
acceleration of atomic particles such as electrons (as in x-ray machines) and the emission of energy from
nuclear reactionsin atoms. Examples of ionizing radiation include alpha, beta, and gamma radiation.

Alpha radiation occurs when a particle consisting of two protons and two neutrons is emitted from the
nucleus. Alpha particles, because of their relatively large size, do not travel very far and do not penetrate
materialswell. Alphaparticleslosetheir energy almost as soon asthey collide with anything, and therefore
asheet of notebook paper or the skin's surface can be used to block the penetration of most apha particles.
Alpha particles only become a source of radiation dose after they are inhaled, ingested, or otherwise taken
into the body.

Beta radiation occurs when an el ectron or positron is emitted from an atom. Betaparticlesare much lighter
than alphaparticlesand therefore cantravel faster and farther. Greater precautions must betaken to stop beta
radiation. Beta particles can pass through a sheet of paper but can be stopped by athin sheet of aluminum
foil or glass. Most of the radiation dose from beta particles occursin the first tissue they penetrate, such as
the skin, or dose may occur asthe result of internal deposition of beta emitters.

Gamma and x-ray radiation are known as el ectromagneti ¢ radiation and are emitted asenergy packetscalled
photons, similar tolight and radiowaves, but from adifferent energy region of the el ectromagnetic spectrum.
Gamma rays are emitted from the nucleus as waves of pure energy, whereas X-rays originate from the
electron field surrounding the nucleus. Gamma rays travel at the speed of light , and because they are so
penetrating, concrete, lead, or steel is required to shield them. For example, to absorb 95 percent of the
gamma energy from a®Co source, 6 cm of lead, 10 cm of iron, or 33 cm of concrete would be needed.

The neutron is another particle that contributesto radiation exposure, both directly and indirectly. Indirect
exposure is associated with the gamma rays and al pha particles that are emitted following neutron capture
in matter. A neutron has about one quarter of the weight of an alpha particle and can travel 2.5 timesfaster
than an alphaparticle. Neutrons are more penetrating than beta particles, but less penetrating than gamma
rays. They can be shielded effectively by water, graphite, paraffin, or concrete.

Some elements such as uranium, radium, plutonium, and thorium, share acommon characteristic-they are
unstable or radioactive. These radioactive isotopes are called radionuclides or radioisotopes. As these
elements attempt to change into more stable forms, they emit invisible rays of energy or particles at rates
which decrease with time. Thisemissionisknown asradioactive decay. Thetimeit takesamaterial to lose
half of its origina radioactivity isreferred to asits half-life. Each radioactive isotope has a characteristic
half-life. The half-life may vary from a millionth of a second to millions of years, depending upon the
radionuclide. Eventually, the radioactivity will essentially disappear.

As aradioactive element emits radioactivity, it often changes into an entirely different element that may or
may hot beradioactive. Eventually, however, astable element isformed. Thistransformation may require
several steps, known as a decay chain. Radium, for example, is a naturally occurring radioactive element
withahalf-lifeof 1,622 years. It emitsan al phaparticle and becomesradon, aradioactive gaswith ahalf-life
of only 3.8 days. Radon decays to polonium and, through a series of steps, to bismuth, and ultimately to
lead.

Nonionizing radiation bounces off or passesthrough matter without displacing electrons. Examplesinclude
visible light and radio waves. At thistime, scientists are unclear as to the effects of nonionizing radiation
on human health. InthisY-12 SWEIS, the term radiation is used to describe ionizing radiation.
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D.2.1.2 HowisRadiation Measured?

Scientists and engineers use a variety of units to measure radiation. These different units can be used to
determine the amount, and intensity of radiation. Radiation can be measured in curies, rads, or rems. The
curie describesthe activity of radioactive material. Therate of decay of 1 gram of radiumisthe basisof this
unit of measure. It isequal to 3.7x10% disintegrations (decays) per second.

Therad is used to measure the absorbed dose of radiation. Onerad is equal to the amount of radiation that
leads to the deposition of 0.01 joule of energy per kilogram (kg) of absorbing material.

A rem is a measurement of the dose from radiation based on its biological effects. The rem is used to
measure the effects of radiation on the body. As such, 1 rem of one type of radiation is presumed to have
the same biological effectsas 1 rem of any other type of radiation. This standard allows comparison of the
biological effects of different types of radiation. Note that the term millirem (mrem) is also often used. A
millirem is one one-thousandth (0.001) of arem.

D.2.1.3 How Does Radiation Affect the Human Body?

lonizing radiation affects the body through two basic mechanisms. The ionization of atoms can generate
chemical changesin body fluidsand cellular material. Also, in some casesthe amount of energy transferred
can be sufficient to actually knock an atom out of its chemical bonds, again resulting in chemical changes.
These chemical changes can lead to alteration or disruption of the normal function of the affected area. At
low levels of exposure, such as the levels experienced in an occupational or environmental setting, these
chemical changesare very small and ineffective. The body hasawide variety of mechanismsthat repair the
damage induced. However, occasionally, these changes can causeirreparable damage that could ultimately
lead to initiation of acancer, or change to genetic material that could be passed to the next generation. The
probability for the occurrence of health effects of this nature depends upon the type and amount of radiation
received, and the sensitivity of the part of the body receiving the dose.

At much higher levels of acute exposure, at least 10 to 20 times higher than thelegal limitsfor occupational
exposures (the limit for annual occupational exposuresis 5 rem), damage is much more immediate, direct,
and observable. Health effects range from reversible changes in the blood to vomiting, loss of hair,
temporary or permanent sterility, and other changes leading ultimately to death at acute exposures (above
about 100 timesthe regulatory limits). Inthese cases, the severity of the health effect is dependent upon the
amount and type of radiation received. Exposuresto radiation at these levels are quite rare, and, outside of
intentional medical procedures for cancer therapy, are amost always due to accidental circumstances.

For low level sof radiation exposure, the probabilitiesfor induction of variouscancersor genetic effectshave
been extensively studied by both national and international expert groups. The problemisthat the potential
for health effectsat low level sisextremely difficult to determinewithout extremely large, well-characterized
populations. For example, to get astatistically valid estimate of the number of cancers caused by an external
doseequivalent of 1 rem, 10 million people would be required for the test group, with another 10 million for
the control group (BEIR 1990). The risk factorsfor radiation-induced cancer at low levels of exposure are
very small, anditisextremely important to account for the many nonradiation-rel ated mechanismsfor cancer
induction, such as smoking, diet, lifestyle, chemical exposure, and genetic predisposition. These multiple
factorsalso makeit difficult to establish cause-and-effect rel ationshipsthat coul d attribute high or low cancer
rates to specific initiators.

The most significant ill-health effects that result from environmental and occupational radiation exposure
are cancer fatalities. Theseill-health effects arereferred to as“latent” cancer fatalities (L CFs) because the
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cancer may take many yearsto develop and for death to occur. Furthermore, when death does occur, these
ill-hedlth effects may not actually have been the cause of death.

Health impactsfrom radiation exposure, whether from sources external or internal tothebody, generally are
identified as somatic (affecting the individual exposed) or genetic (affecting descendants of the exposed
individual). Radiation is more likely to produce somatic effects rather than genetic effects. The somatic
risks of most importance are the induction of cancers.

For auniformirradiation of the body, theincidence of cancer varies among organs and tissues. Thethyroid
and skin demonstrate a greater sensitivity than other organs; however, such cancers also produce relatively
low mortality rates because they are relatively amenable to medical treatment.

D.2.1.4 What are Some Types of Radiation Dose M easurements?

Theamount of ionizing radiation that the individual receives during the exposureisreferred to asdose. An
externa dose is delivered only during the actual time of exposure to the external radiation source. An
internal dose, however, continuesto be delivered as long as the radioactive source is in the body, although
both radi oactive decay and elimination of the radionuclide by ordinary metabolic processesdecreasethedose
rate with the passage of time. The measurement of radiation dose is called radiation dosimetry and is
completed by a variety of methods depending upon the characteristics of the incident radiation.

External radiation is measured as a value called deep dose equivalent. Internal radiation is measured in
terms of the committed effective dose equivalent (CEDE). The sum of the two contributions (deep dose
equivalent and CEDE) provides the total dose to the individual, called the total effective dose equivalent
(TEDE). Often the radiation dose to a selected group or population is of interest and is referred to as the
collective dose equivalent, with the measurement units of person-rem.

D.2.1.5 What are Some Sources of Radiation?

Several different sources of radiation have been identified. The mgjority of them are naturally occurring or
background sources, which can be categorized ascosmic, terrestrial, or internal radiation sources. Manmade
radiation sourcesinclude consumer products, medical sources, and other miscellaneoussources. Theaverage
American receives a total of about 360 mrem per year from all sources of radiation, both natural and
manmade (Figure D.2.1-1).

Cosmic radiation is ionizing radiation resulting from energetically charged particles from space that
continuously hit the earth’ satmosphere. These particlesand the secondary particles and photonsthey create
are referred to as cosmic radiation. Because the atmosphere provides some shielding against cosmic
radiation, the intensity of this radiation increases with altitude above sea level. For example, aperson in
Denver, CO, is exposed to more cosmic radiation than a person in New Orleans, LA. The average annual
doseto personsin the United Statesis about 27 mrem. The average cosmogenic dose contribution (mostly
due to carbon-14) adds another 1 mrem. The average dose equivaent in Tennessee is about 45 mrem per
year. When shielding and the time spent indoors are considered, the dose for the surrounding population is
reduced to about 36 mrem per year.

Terrestrial radiation is radiation emitted from the radioactive materials in the earth’s rocks, soils, and
minerals. Radon, radon progeny, potassium, isotopes of thorium, and isotopes of uranium are the elements
responsible for most terrestrial radiation. The average annual dose from terrestrial radiation is about
28 mrem, but the dose variesgeographically acrossthe country. Typically reported valuesareabout 16 mrem
on the Atlantic and Gulf coastal plains and about 63 mrem on the eastern slopes of the Rocky Mountains.
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The average external gamma exposure rate in the vicinity of the Oak Ridge Reservation (ORR) is about

51 mrem per year.
| Miscellaneous |
Consumer Products ‘

Medical Sources
[] Internal: 239 mrem B Medical Sources: 53 mrem
[ ] Terrestrial: 28 mrem Il cCosmic: 27 mrem
[] Consumer Products: 10 mrem [ Miscellaneous: 3 mrem

Source: DOE 1999c.

FIGURE D.2.1-1.—Average U.S. Annual Doses from Common Radiation Sources.

Internal radiation arisesfrom the human body metabolizing natural radioactive material that hasentered the
body by inhalation ingestion, or through an open wound. Natural radionuclidesin the body includeisotopes
of uranium, thorium, radium, radon, bismuth, polonium, potassium, rubidium, and carbon. The major
contributors to the annual dose equivalent for internal radioactivity are the short-lived decay products of
radon which contribute about 200 mrem per year. The average dose from other internal radionuclidesis
about 39 mrem per year, most of which results from potassium-40 and polonium-210.

Consumer products also contain sources of ionizing radiation. In some products, like smoke detectors and
airport x-ray machines, the radiation source is essential to the operation of the product. In other products,
such as televisions and tobacco products, the radiation occurs incidentally to the product function. The
average annual dose from consumer productsis about 10 mrem.

Medical source radiation is an important diagnostic tool and is the main source of exposure to the public
from manmade radiation. Exposureis deliberate and directly beneficial to the patient exposed. In general,
medical exposures from diagnostic or therapeutic x rays result from beams directed to specific areas of the
body. Thus, all body organs generally are not irradiated uniformly. Nuclear medicine examinations and
treatments involve the internal administration of radioactive compounds or radiopharmaceuticals by
injection, inhalation, consumption, or insertion. Even then, radionuclides are not distributed uniformly
throughout the body. Radiation and radioactive materials also are used in the preparation of medical
instruments, including the sterilization of heat-sensitive products such as plastic heart valves. Diagnostic
X rays result in an average annual exposure of 39 mrem. Nuclear medical procedures result in an average
annual exposure of 14 mrem. It isrecognized that the averaging of medical doses over the entire population
does not account for the potentially significant variationsin annual dose among individuals, where greater
doses are received by older or less healthy members of the population.
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A few additional sources of radiation contribute minor dosesto individualsin the United States. The doses
from nuclear fuel cycle facilities, such as uranium mines, mills, and fuel processing plants, nuclear power
plants, and transportation routes have been established to be lessthan 1 mrem per year. Radioactivefallout
from atmospheric atomic bomb tests, emissions of radioactive material from DOE facilities, emissionsfrom
certain mineral extraction facilities, and transportation of radioactive materials contributeslessthan 1 mrem
per year totheaverageindividual dose. Air travel contributesapproximately 1 mrem per year to the average
dose.

D.2.2 Radioactive Materialsat Y-12

Therelease of radiological contaminantsinto the environment at Y-12 occurs almost exclusively asaresult
of plant production, maintenance, and waste management activities. This section describes the primary
radioactivesourcesat Y-12, how DOE regulatesradiation and radioactive materials, and the datasourcesand
methodol ogies used to evaluate the potential health effects of radiation exposure to the worker and public.

D.2.2.1 What Are Some Y-12 Sources That May Lead to Radiation Exposure?

Historically, Y-12 has conducted many operations that involve the use of enriched, natural, and depleted
uranium. These haveincluded recovery and recycle operations; purification processes; and metal forming,
machining, and material handling operations. The releases from these operations consisted primarily of
uranium particulates, fumes, and vapors. Under thecurrent Y -12 mission to dismantle weapons components,
store nuclear material, and pursue new technol ogies, uranium remainsthe primary radionuclide. Inaddition
tothe Y-12 operations, the Oak Ridge National Laboratory (ORNL) also operatesresearch facilitieslocated
at Y-12. The ORNL facilities emit avariety of radionuclides from small-scale research projects conducted
by the Life Sciences Division and Chemical Technology Division laboratories.

Potential radiation exposures at Y-12 could result primarily from process materials, industrial radiation
generation equipment, and criticality or nuclear accidents. The most common process materialsareenriched
uranium and depleted uranium. Both materials are primarily alphaemitters. However, >°U does emit low-
level gammaradiation. Inaddition, protactinium, neptunium, and thorium have been detected as secondary
radionuclides. Most of the external dose from depleted uranium results from the **Th and #*Pa daughter
products, with *Pa being the stronger contributor, due to its emission of a strong beta particle as well as
several gammaand X rays.

Airborne emissions contribute the most significant potential for radiation dose at Y-12. National Emission
Standards for Hazardous Air Pollutants (NESHAP) regul ations specify that any source that potentially can
contribute>0.1 mrem/year TEDE to an off siteindividual isto be considered a“major source” and emissions
from that source must be continuously sampled. As such, there are a number of process exhaust stacks at
Y-12 that are considered major sources. At the end of 1998, Y-12 had 51 active stacks that were being
monitored.

In addition to major sources, there are a number of minor sources that have the potential to emit
radionuclidesto theatmosphere. Minor sourcesare composed of any ventilation systemsor componentssuch
asvents, laboratory hoods, room exhausts, and stacksthat do not meet the criteriafor amajor source but are
located in or vent from a radiological control area. Emissions from Y- 12 room ventilation systems are
estimated from radiation control data collected on airborne radioactivity concentrations in the work areas.
Other emissions from unmonitored processes and laboratory exhausts are categorized as minor emission
sources. There were 54 unmonitored areas of uranium emissions from room ventilation systems or process
stacks, and 28 minor emission pointswereidentified from ORNL activitiesat facilitieswithin the boundary
of Y-12. Sevenminor emission pointswereidentified at the Analytical Chemistry Organi zation (ACO) Union
Valley Laboratory.
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In addition, there are also five areas of potential fugitive and diffuse sources at Y-12, consisting of a
contaminated metal salvage yard, three storage areas, and a tooling lay-down area. Diffuse and fugitive
sourcesinclude any sourcethat is spatially distributed, diffusein nature, or not emitted with forced air from
astack, vent, or other confined conduit. They include emissionsfrom sources where forced air is not used
to transport the radionuclides to the atmosphere. In this case, radionuclides are transported entirely by
diffusion or thermally driven air currents. Typical examples include emissions from building breathing;
resuspension of contaminated soils, debris, or other materials; unventilated tanks; ponds, | akes, and streams;
wastewater treatment systems; outdoor storage and processing areas; and leaks in piping, valves, or other
process equipment.

Liquid discharges are another source of radiation release and exposure. Three types of liquid discharge
sourcesat Y-12includetreatment facilities, other point- and area-sourcedischarges, and in-stream|ocations.
In addition, the sanitary sewer ismonitored since Y-12 is permitted to discharge domestic wastewater to the
city of Oak Ridge publicly owned treatment works (POTW).

Soils and sediment also provide a potential for radiation exposure. The generation of fugitive dust from
potentially contaminated surface soilsis captured by both the perimeter air monitoring stations and onsite
uranium particul ate monitoring. Sediment exposed on creek banksand flood plains or transported to the off-
site environment serves as an additional source of radiation exposure.

Groundwater transport of radionuclidesto potential off-sitereceptorsal so providesthe potential for radiation
exposure. A comprehensive groundwater monitoring program is in place at the Y-12 Plant to track
contaminant transport and to ensure the public safety.

D.2.2.2 How Does DOE Regulate Radiation Exposure?

Therelease of radioactive materials and the potential level of radiation doses to workers and the public are
regulated by the U.S. Department of Energy (DOE) for its contractor facilities. Under conditions of the
Atomic Energy Act (as amended by the Price-Anderson Amendments Act of 1988), DOE is authorized to
establish Federal rules controlling radiological activities at the DOE sites. The act also authorizes DOE to
impose civil and criminal penalties for violations of these requirements. Some Y-12 activities are also
regulated through a DOE Directives System that is contractually enforced.

Occupational radiation protection isregulated by the Occupational Radiation Protection Rule, 10 CFR 835.
DOE has set occupational dose limitsfor an individual worker at 5,000 mrem per year. Accordingly, Y-12
has set administrative exposure guidelines at a fraction of this exposure limit to help enforce the goal to
manage and control worker exposure to radiation and radioactive material aslow as reasonably achievable
(ALARA). TheY-12 ALARA administrative control level for the whole body is 1,500 mrem per year for
enriched uranium operation workers and 1,000 mrem per year for other Y-12 workers.

Environmental radiation protection iscurrently regulated contractually with DOE Order 5400.5. ThisOrder
sets annual dose standards to members of the public, as a consequence of routine DOE operations, of
100 mrem through all exposure pathways. The Order requires that no member of the public receive an
annual dose greater than 10 mrem from the airborne pathway and 4 mrem from ingestion of drinking water.
In addition, the dose requirements in the Radionuclide National Emission Standards for Hazardous Air
Pollutants (Rad-NESHAP) limit exposure of an individual member of the public to airborne releases of
radionuclides to a maximum of 10 mrem/year.

D.2.2.3 Data Sources Used to Evaluate Public Health Consequences from Routine Operations

Because Y-12 operations have the potential to release measurable quantities of radionuclides to the
environment that result in exposure to the worker and the public, Y -12 conducts environmental surveillance
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and monitoring activities. These activities provide data that are used to evaluate radiation exposures that
contribute to dose to the public. Each year, environmental data from the ORR and each of the facilities,
includingY-12, are collected and analyzed i n accordance with the guidelines specified in DOE Order 5400.1
General Environmental Protection Program. The results of these environmental monitoring activities are
summarized in the Oak Ridge Reservation’ s Annual Ste Environmental Report (ASER) (DOE 1999c). The
environmental monitoring conducted at Y-12 consists of two major activities: effluent monitoring and
environmental surveillance.

Effluent monitoring involvesthe collection and analysis of samples or measurementsof liquid (waterborne)
and gaseous (airborne) effluentsprior to releaseinto theenvironment. Theseanalytical dataprovidethebasis
for the evaluation and official reporting of contaminants, assessment of radiation and chemical exposures
to the public, and demonstration of compliance with applicable standards and permit requirements.

Environmental surveillance data provide a direct measurement of contaminantsin air, water, groundwater,
soil, food, biota, and other media subsequent to effluent release into the environment. These data verify
Y-12's compliance status and, combined with data from effluent monitoring, allow the determination of
chemical and radiation dose and exposure assessment of Y-12 Plant operations and effects, if any, on the
local environment. The effluent and environmental surveillance data presented in the ASER were used as
the primary source of datafor the analysis of radiation exposure to the public for the No Action Alternative.

Ongoing remedial investigation data for soils, surface water, and groundwater collected from areas of
concern at Y-12 served as an additional source of environmental datato eval uate the potential health effects
of radiation and chemical exposure presented inthe SWEIS. Theremedial investigation datawere collected
to support a determination of the need for remedial action, if any, to protect human headth and the
environment at locationswhereradiol ogical and/or chemical contaminantswereknownto havebeentreated,
stored, disposed of, or released to the environment. The Remedial Investigation for the Upper East Fork
Poplar Creek (UEFPC) characterization area encompasses the devel oped Y-12 industrial areasand includes
waste management areas as well as dispersed areas of contamination from operations not related to the
management of wastes. The remedial investigation documents the nature and extent of contamination,
environmental conditions, resultsof fate and transport modeling, and the estimated risksto human health and
the environment. Because the UEFPC characterization areais within the bounds and coversthe mgjority of
the area evaluated in the SWEIS, the data presented therein will be used to supplement the information
contained in the ASER.

D.2.2.4 Methodology for Estimating Radiological | mpacts

AirborneRadionuclides. Thepublic health consequencesof radionuclidesrel eased to theatmospherefrom
operations at Y-12 were characterized and calculated in the ASER. TEDESs were derived for a maximally
exposed offsite individual and to the entire population residing within 80 km (50 mi) of the center of the
ORR (See Appendix E.4). Thedosecalculationsweremodeled using The Clean Air Act Assessment Package
of 1988 (CAP-88) package of computer codes (Beres 1990). CAP-88 was developed to demonstrate
compliance with the Rad-NESHAP, 40 CFR 61, Subpart H, which governs the emissions of radionuclides
other than radon from DOE facilities. Six emission pointswere modeled for Y-12. Table D.2.2-1 liststhe
emission point parameter values and receptor locations used in the dose calculations. Meteorological data
used inthe calculationswerein the form of joint frequency distributions of wind direction, wind speed class,
and atmospheric stability category derived from data collected at the 60-m height on Tower MT6 for all

sources at Y-12.

The exposure assumptions for the dose calculations were that each person remained at home (actually,
outside of the house), unprotected, during the entire year and obtained food according to the rura pattern
defined in the NESHA P background documents (DOE 1999k). This pattern specifiesthat 70 percent of the
vegetablesand produce, 44.2 percent of the meat, and 39.9 percent of the milk consumed by each person are
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produced in the local area (e.g., ahome garden). The remaining portions of each food group are assumed
to be produced within 80 km (50 mi) of the ORR. For collective TEDE estimates, production of beef, milk,
and cropswithin 80 km (50 mi) of the ORR was cal culated using the state-specific production rates provided
with CAP-88.

TABLE D.2.2-1.—Emission Point Parameters and Receptor Locations
Used in the Dose Calculations

Release .~ GasExit _GasExit Distance (m) and Direction to
SourceName Type Height ) Velocity Temperature Maximally Exposed Individual
(m) (m/s) (°C) Y-12 ORR

Y-Monitored Point 20 NA NA Ambient 1080 NNE 12200 SSW
Stacks
Y-Minor Point 20 NA NA Ambient 1,080 NNE 12200 SSW
Processes
Y-Lab Hoods Point 20 NA NA Ambient 1080 NNE 12200 SSW
C;\IAI;O Union  point 975 0.8 10 Ambient 2410 WSW 15000 SW
Y-9207 Point 20 NA NA Ambient 700 NW 13100 S
Y-9204-3 Point 20 NA NA Ambient 1,100 N 12100 SSW

Source: Adapted from DOE 1999c.

Surface Water. The health consequences of radionuclides contained in surface water were characterized
and evaluated from surveillance and monitoring data in the ASER. Water samples were collected and
analyzed to determine the concentration of selected radiological parameters. The resultant concentrations
of radionuclidesin surface water were compared to established risk-based concentration values to identify
contaminants of concern.

Sediment and Soil. Sediment datawere collected and presented in the ASER. Due to the limited number
of samples and analytes, no risk evaluation was performed for these data. The soil/sediment data collected
as part of the remedial investigation of the UEFPC were used to evaluate potential exposure to the public.
In the risk assessment for the UEFPC characterization area, data were segregated into exposure units,
representative concentrationswerederived, and risks/hazardswere cal culated for several exposure pathways.
The pathway considered most appropriate for use in this Y-12 SWEIS was the open-recreational land use
scenario. Risks'hazards were calculated for this scenario using standard U.S. Environmental Protection
Agency (EPA) risk methodology and default exposure parameters.

Groundwater. DatafromtheY-12 groundwater monitoring program were compiled and eval uated as part
of the remedial investigation for the UEFPC characterization area. Excess lifetime cancer risks and hazard
guotients(HQs) werecal culated for groundwater contami nantsunder two exposure scenarios: drinking water
ingestion for anon-protected Y -12 Plant worker and ingestion, inhalation, and dermal contact for an off-site
resident. For purposes of this SWEIS, the industrial drinking water ingestion scenario is considered to be
of use in evaluating potential exposure under normal operating conditions. The industrial drinking water
ingestion scenario assumesthat aPlant worker ingests 1 L/day of groundwater for 250 days/year for 25years.
The residential scenario is a hypothetical future exposure scenario that is currently known to be an
incomplete exposure pathway where no current receptors exist and therefore is not considered to be
representative of current conditions.
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D.2.25 Risk Characterization and I nterpretation of Radiological Data

The risk estimators for determining the health consequences of radiation exposure are 500 excess fatal
cancers per million person-rem for the general public and 400 excess fatal cancers per million person-rem
for workers (BEIR 1990). The higher risk estimator for the general public reflectstheinclusion of sensitive
population groups, such as children. Based on recommendations of the International Commission on
Radiological Protection (ICRP 1991), the health risk estimators for nonfatal cancer and genetic disorders
among the general public are 20 percent (100 per million person-rem) and 26 percent (130 per million
person-rem), respectively, of the fatal cancer risk estimator of 400 Latent Cancer Fatalities (LCFs) per
million person-rem. Inthis SWEIS, only fatal cancers are presented.

The number of LCFsin the general population or in the workforce is determined by multiplying 500 LCFs
per million person-remwith the cal culated coll ective popul ation dose (person-rem), or 400 L CFs per million
person-rem with the cal culated collective workforce dose (person-rem), respectively.

For example, in apopul ation of 100,000 people exposed only to natural background radiation of 0.3 rem per
year, 15 cancer fatalities per year would beinferred to be caused by theradiation (100,000 personsx 0.3 rem
per year x 0.0005 cancer fatalities per person-rem = 15 cancer fatalities per year).

Sometimes, cal culations of the number of excess cancer fatalities associated with radiation exposure do not
yield whole numbers and, especially in environmental applications, may yield numbers less than 1.0. For
example, if a population of 100,000 were exposed as above, but to a total dose of only 0.001 rem, the
collectivedosewould be 100 person-rem, and the corresponding estimated number of cancer fatalitieswould
be 0.05 (100,000 persons x 0.001 rem x 0.0005 cancer fatalities/person-rem = 0.05 fatal cancers).

A nonintegral number of cancer fatalities such as 0.05 should beinterpreted as a statistical estimate. That
is, 0.05isinterpreted as the average number of deathsthat would result if the same exposure situation were
applied to many different groups of 100,000 people. In most groups, no person (0 people) would incur a
cancer fatality fromthe 0.001 rem dose each member would havereceived. Inasmall fraction of the groups,
one fatal cancer would result; in exceptionally few groups, two or more fatal cancers would occur. The
average number of deaths over all the groups would be 0.05 fatal cancers (just asthe average of 0, 0, 0, and
1lis1/4, or 0.25). The most likely outcome is O cancer fatalities.

These same concepts apply to estimating the effects of radiation exposure on asingleindividual. Consider
the effects, for example, of exposure to background radiation over a lifetime. The “number of cancer
fatalities” corresponding to asingleindividual’ s exposure over a (presumed) 72-year lifetimeto 0.3 rem per
year isthe following:
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1 person x 0.3 rem/year x 72 years x 0.0005 cancer fatalities/person-rem =
0.011 cancer fatalities

Total number of fatal cancersin general population from
annual exposure =

500 annual
——|X collective
10°person — rem dose(person — rem)

or
Total number of fatal cancersin worker population from
annual exposure =

annual
wor ker
[ 400 ]x popul ation
108 _ collective
person — rem ose
(person - rem)

This could be interpreted that the estimated effect of background radiation exposure on the exposed
individual would produce a 1.1 percent chance that the individual might incur afatal cancer caused by the
exposure.

Health effectsresulting from exposure to both airborne and waterborne radionuclides may al so be evaluated
by comparing estimated concentrationsto established radi onuclide-specific, risk-based concentration val ues.
For example, DOE Order 5400.5 establishes Derived Concentration Guidelines (DCGs) for the inhalation
of air and the ingestion of water. The DCG is the concentration of a given radionuclide for one exposure
pathway (e.g., ingestion of water) that would result in a TEDE of 100 mrem per year to areference man, as
defined by the International ICRP Publication 23 (ICRP 1975).

To ensurethat exposure viathe drinking water pathway is limited to the established 4 mrem/year, 4 percent
of the DCG values are used as comparison values. Members of the public are assumed to ingest 730 L/year
(2 L/day) of water or to inhale 8,400 m¥/yr (23 m*/day) of air at the DCG level. The exposure is assumed
to occur 24 hours per day for 365 days per year. The DCG values are used as reference concentrations for
conducting environmental protection programs at DOE sites, as screening values for considering best
available technology for treatment of liquid effluents, and for making dose comparisons. Using radiol ogical
data, percentages of the DCG for a given isotope are calcul ated.

D.23 Risk Estimatesand Health Effectsfor Potential Radiation Exposuresto Workers

For the purpose of evaluating radiation exposure, Y-12 workers may be designated as radiation workers,
nonradiation workers, or visitors based upon the potential level of exposure they are expected to encounter
in performing their work assignments.

Radiation workers are either Lockheed Martin Energy Systems, Inc. (LMES) employees, or subcontractors
whose job assignments place them in proximity to radiation-producing equipment and/or radioactive
materials. These workers are trained for unescorted access to radiological areas, and may also be trained
radiation workers from another DOE site. These workers are assigned to areas that could potentially
contribute to an annual TEDE of more than 100 mrem per year. All trained radiation workers wear
dosimeters.
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Nonradiation workers may be either LMES employees or subcontractors who are not currently trained as
radiation workers but whose job assignment may require their occasional presence within aradiologically
controlled areawith an escort. They may be exposed to transient radiation fields as they pass by or through
aparticular area, but their job assignments are such that annual dose equivalentsin excess of 100 mrem are
unlikely. Based upon the locations where such personnel work on a daily basis, they may be issued a
Personal Nuclear Accident Dosimeter.

Visitors are individuals who do not perform routine work at Y-12. They are not trained radiation workers
and are not expected to receive 100 mreminayear. Their presencein radiological areasislimited, interms
of timeand access. Theseindividualsgenerally enter specified radiological areasonalimited basisfor walk-
through or tours with a trained escort. As appropriate, visitors participate in dosimetry monitoring when
requested by the hosting division.

D.2.3.1 Radiological Health Effects for Workers Under Alternative 1A (No Action - Status Quo
Alternative)

A primary goal of the Y-12 Radiation Protection Program is to keep worker exposures to radiation and
radioactive material ALARA. Such aprogram must evaluate both external and internal exposureswith the
goal to minimize worker radiation dose. The worker radiation dose presented in this SWEIS is the total
TEDE incurred by workersasaresult of normal operations. Thisdoseisthe sum of the external whole body
dose, including dose from both photons and neutrons, and internal dose, as required by 10 CFR 835. The
internal doseisthe 50-year CEDE. ThesevaluesaredeterminedthroughtheY -12 Plant External and Internal
Dosimetry Programs.

TheExternal Dosimetry Programat Y -12 provides personnel monitoring information necessary to determine
the dose equivalent received following external exposure of aperson to ionizing radiation. The programis
based on the concepts of effective dose equivalent, as described in publications of the ICRP and the
International Commission on Radiation Quantities and Units.

Internal dose monitoring programs are conducted at Y-12 to estimate the quantity and distribution of
radionuclidesto which aworker may have been exposed. Theinternal dose monitoring program consists of
urinalysis, fecal analysis, lung counting, continuous air monitoring, and retrospective air sampling. Dose
assessments are generally based on bioassay data. Bioassay monitoring methods and participation
frequencies are required to be established for individuals who are likely to receive intakes that could result
in a CEDE that is greater than 100 mrem.

Table D.2.3-1 lists the individual and collective doses for all radiation workers from 1990 to 1998, as
presented in the Y-12 Dosimetry Record System (DRS) database. Table D.2.3-2 lists the individual
collective doses for all monitored workers, from 1990 to 1998. Monitored workers include radiation
workers, nonradiation workers, and visitors. The doses projected for the No Action - Status Quo Alternative
are based on 1998 data.

Note that the 1998 data reflect higher dose values as a result of the use of a more conservative risk model
in 1998 than that used in previous years and the resumption of some operations. This model contains
parameters based upon conservative assumptions pertaining to the solubility of materialsin the body. This
resulted in higher internal dose contributions; however, DOE has recently approved the use of a new
dosimetry model using more accurate dose assumptionsthat could potentially lower doses by asmuch as 20
percent. Implementation of the new model will affect dose calculationsfor the period beginning January 1,
2000. The radiation doses and projected health impacts to workersfor No Action - Status Quo Alternative
are summarized in Table D.2.3-3.

D-12



Human Health and Worker Safety

TABLE D.2.3-1.—Y-12 Annual Individual and Collective Radiation Doses
for all Rad Workers from 1990 - 1998

Number of Rad Average Individual Rad Worker
Y ear Workers Worker Dose Collective Dose
(mrem) (person-rem)
1990 2,907 14.8 43.16
1991 3,050 7.3 22.27
1992 2,787 131 36.46
1993 2,701 6.8 18.48
1994 2,533 54 13.58
1995 2,924 31 9.10
1996 3,140 31 9.73
1997 3,552 2.96 10.51
1998* 3,563 11.4 40.61

21998 data reflect higher doses due to the use of a more conservative risk model in 1998 than that
used in previous years and the resumption of some operations.
Source: Adapted from Y-12 1999.

TABLE D.2.3-2.—Annual Individual and Collective Radiation Doses
for All Monitored Y-12 Workers (Rad and Non-Rad) from 1990 - 1998

Number of Average I ndividual Site Worker
Y ear M onitored Worker Dose Collective Dose
Workers (mrem) (person-rem)
1990 9,799 5.0 48.95
1991 10,824 2.7 29.60
1992 10,273 3.7 3791
1993 9,995 21 20.52
1994 9,748 16 15.31
1995 9,327 11 10.27
1996 9,159 12 10.90
1997 4,758 2.2 10.69
1998* 5,128 8.0 41.24

21998 data reflect higher doses due to the use of a more conservative risk model in 1998 than that used in previous years.
Source: Adapted from Y-12 1999.

TABLE D.2.3-3.—Radiation Doses and Estimated Health | mpacts to Workers from Y-12
No Action - Status Quo Alternative Normal Operations

Worker Dose Radiation Dose No. of LCFs
Baseline
Annual Average Individual Worker Dose (mrem/yr) 8.0 3.2x10%
Annua Workforce Collective Dose (person-rem/yr) 41.02 1.64 x 10?

“This represents the risk of latent cancer fatality for an individual worker.
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Theradiologica dosesfor rad and non-rad workers within the major production operationsfor No Action -
Status Quo Alternative are presented in Appendix E (Table E.4.2-3). Dosevaluesfrom thistable were used
to estimate the number of projected LCFs and are presented in Table D.2.3-4.

D.2.3.2 Radiological Health Effects for Workers Under Alternative 1B (No Action - Planning Basis
Operations Alternative)

For No Action - Planning Basis Operations Alternative, it was determined that annual enriched uranium
emissions and other effluents for the 2001-2010 time period can be assumed to be 65 percent of the 1987
levels (LMES 2000a). However, internal dose reporting requirements were not in effect until 1989. Prior
to that time, only external (deep) dose was reported. The average deep dose for al monitored Y-12
employees was 16 mrem in 1987, 12 mrem in 1989, and less than 5 mrem for subsequent years.
Consequently, 1989 radiation doses provide the best available data for estimating radiation impacts to the
worker for No Action - Planning Basis Operations Alternative. The full value of the 1989 dose, rather than
65 percent, was used to provide aconservative estimate of the average worker dose. Theradiation dosesand
proj ected health impactsto workersfor No Action - Planning Basis Operations Alternative are presented in
TablesD.2.3-5 and D.2.3-6. The projected health impacts to workers for major production operations are
presented in Table D.2.3-7.

D.2.3.3 Radiological Health Effects Under the Highly Enriched Uranium Storage Mission Alternative

The process operations projected for the HEU Materials Facility include loading, unloading, and storage of
canned materialsand general fissile containers; nondestructive eval uation activities; sampling, canning, and
recontai nerization of special nuclear material s; and material sinventory andtracking. Becausetheseactivities
closely mirror current operations at the 9720-5 facility, radiation doses from 9720-5 warehouse operations
were used to estimate the projected health impacts to HEU workers. Table D.2.3-8 presents the radiation
dose and projected health impact to workersfor the No Action - Planning Basis Operations Alternative and
for two operating scenarios (new facility and upgrade to Bldg. 9215) under the HEU Storage Mission
Alternative. Under the No Action - Planning Basis Operations Alternative, normal operations at the 9720-5
warehouse would be expected to continue at the levels conducted in 1998.

It isexpected that 90 to 95 percent of the designated on-site materialswill berelocated to the HEU Materials
Facility during the first year of operation. Operations during the initial relocation would more closely
resemble 1999 activities. During 1999, much of the HEU inventory was retrieved from storage, weighed,
tagged, and returned to storage as part of a criticality safety validation process. The doses incurred by
workersthrough theincreased handling of materialsduring this process provide areasonabl e estimate of the
dose that would likely be received during theinitial phase of facility operation. The average deep dose for
1999 was increased by afactor of 3 to account for the relativeincrease in the number of hours projected for
workers during the rel ocation phase.

After the relocation phase, normal HEU Materials Facility operations should result in annual worker doses
at or below the 1998 levels (15 - 21 mrem) due to:

* Theuse of gloveboxes, inert atmosphere, negative air pressure, and other engineered controls
* Automatedinventory and tracking system should result in significant reductionin dosefrom 1998 levels

* Management of facility operations to minimize and eliminate, where possible, the use and creation of
radiologically contaminated areas

e Decreased number of workers
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TABLE D.2.3-4.—Estimated Radiological Health Effect for Workers for Major Production Operations (No Action - Status Quo Alternative)

Radiological Workers

All Workers (Radiological and Non-Radiological)

Number Individual Collective LCFs Number Average Collective LCFs
Operation of Worker Doses Dose of Individual Dose
Workers (mrem) (person-rem) Workers | Worker Dose | (person-rem)
(mrem)

Enriched Uranium 192 85.83 16.48 6.59x10°3 393 8.0 3.14 1.26x103
Depleted Uranium 220 10.92 2.40 9.6x10™ 223 8.0 1.78 7.12x10*
Assembly/Disassembly/ 150 10.63 1.59 6.36x10* 160 8.0 1.28 5.12x10*
Quality Evaluation
Product Certification 125 3.2 0.4 1.6x10* 150 N/A 1.20 4.80x10*
Analytical Chemistry 126 0.95 0.12 4.8x10° 163 N/A 1.30 5.20x10*
Organization
Y-12 Plant 3563 114 40.61 1.62x10? 5128 8.0 41.24 1.64x10°

Source: Based on Appendix E, Table E.4.2.-3.
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The Special Materials Mission Alternatives would have no impact on the No Action - Planning Basis
Operations Alternative level s because there were no radiological operations associated with this mission.

TABLE D.2.3-5.—Y-12 Worker Individual and Collective
Radiation Doses for Alternative 1B No Action - Planning Basis Operations Alternative

All Workers
(Rad and Non-Rad)
No. of workers 5,128
Average worker dose (mrem) 11.6
Collective dose (person-rem) 59.48

Source: Y-12 1999.

TABLE D.2.3-6.—Radiation Doses and Health | mpactsto
Workers Under the No Action - Planning Basis Operations Alternative

Radiation
Worker Dose Dose No. of LCFs
Annual Average Individual Worker 116 4.64x10%
Dose (mrem/yr)
59.48 2.38 x 10°

Annua Workforce Collective Dose
(person-rem/yr)

2 This represents the risk of latent cancer fatality for an individual worker.
Source: Y-12 1999.

TaBLE D.2.3—7.—Radiological Health Effects for Workersfor Major Production
Operations Under the No Action - Planning Basis Operations Alternative

All Workers (Rad and Non-Rad)

Operation No. of Workers Average Collective Latent
Individual Dose Fatal
Worker Dose  (person-rem) Cancers
(mrem)
Enriched Uranium 492 11.6 571 2.28x10°
Depleted Uranium 223 11.6 2.59 1.04x 103
Assembly/Disassembly/
Quality Evaluation 160 11.6 1.86 7.44 x 10
Product Certifications 158 11.6 1.83 7.32x10*
Analytical Services 180 11.6 2.09 8.36 x 10"
Y-12 Plant 5128 11.6 59.48 2.38x 10”

Source: Based on LMES 2000a.

D-16



Human Health and Worker Safety

TABLE D.2.3-8.—Radiation Doses and Health I mpacts to Workers Under
the Highly Enriched Uranium Storage Mission Alternative

No Action - Planning Basis Operations Alter native

Dose (mrem) 21
No. of involved workers 35
Collective dose (person-rem) 0.74
No. of fatal cancers 3x10*

HEU Storage Mission Alter natives

I nitial Relocation Operations

Dose (mrem) 150
No. of involved workers 35
Collective dose (person-rem) 5.25
No. of fatal cancers 2.1x10°

Normal Operations

Dose (mrem) 21
No. of involved workers 14
Collective dose (person-rem) 0.29
No. of fatal cancers 1.16 x 10*

Source: Based on LMES 2000a; LM ES 2000b.

D.24 Risk Estimates and Health Effects for Potential Radiation Exposures to the Public for
Alternative 1A (No Action - Status Quo Alternative)

Dose estimates for exposure to releases of radiological contaminants from Y -12 were compiled from the
ASER for 1997 and 1998 and the remedial investigation for UEFPC to establish the No Action - Status Quo
Alternative for contaminant environmental concentrations and the subsequent potential exposure results.
Doseestimatesfor thedetermined al ternativeswere cal cul ated using standard environmental transport codes
and exposure assumptions. In both cases, the dose estimates were then compared to relevant regulatory
criteriaand are presented below.

D.2.4.1 Health Effects of Airborne Radionuclides

Effluent Monitoring. Releases of radiological contaminants, primarily uranium, into the atmosphere at
Y-12 are continuously monitored in accordance with NESHAP regulations. NESHAP regul ations specify
that any source that potentially can contribute >0.1 mrem/year TEDE to an offsite individual is to be
considered a“ major source” and emissions from that source must be continuously sampled. Uranium stack
losses were measured continuously on 51 of 57 (six were temporarily shut down) process exhaust stacks
(major sources) in 1998. Particulate matter (including uranium) was filtered from the stack sample; filters
at each location were changed routinely, from oneto three times per week, and analyzed for total uranium.
In addition, the sampling probes and tubing were removed quarterly and washed with nitric acid; thewashing
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was analyzed for total uranium. At the end of the year, the probe-wash data were included in the fina
calculations in determining total emissions from each stack.

In addition to the active stacks at Y -12, “minor sources’ of radionuclide release areincluded in the estimate
of emissions. Minor sources at the Y-12 Plant are described below:

e Laboratory exhaust: Uranium and other radionuclides are handled in millicurie quantities at facilities
within the boundary of Y-12 as part of ORNL and Y-12 ACO laboratory activities. In addition,
emissionsfromthe ACO laboratory located 1/3 mile east of the Plant on Union Valley Road areincluded
in Y-12 source term. The releases from the ACO are minimal and have negligible effects on the total
Y-12 dose.

Room Exhaust: Radionuclide releases from process room ventilation systems are estimated from
radiation control datacollected on airborne radioactivity concentrationsin thework areas. Areaswhere
the monthly average concentrations exceeded 10 percent of the DOE derived air concentration worker
protection guidelines are included in the annual emissions estimate.

Emissions from unmonitored process and laboratory exhausts, categorized as minor emission sources, are
estimated according to EPA-approved calculation methods. In 1998, 50 minor emission points were
identified from unmonitored radiological processes and laboratories. Twenty-eight minor emission points
wereidentified from ORNL activitiesat facilitieswithintheboundary of Y-12. Seven minor emission points
were identified at the ACO Union Valley laboratory. No areas were identified where room ventilation
emissionsexceeded 10 percent of thederived air concentration worker protection guidelines. TableD.2.4-1
liststhe quantities of enriched and depleted uranium estimated to have been rel eased into the atmosphere as
aresult of Y-12 Plant activities during 1998.

TABLE D.2.4-1.—Y-12 Plant Airborne Uranium Emission Estimates, 1998
Quantity Emitted

Sour ce of Emissions

Ci kg

Enriched Uranium

Process exhaust (monitored) 0.012 0.184
Process and laboratory exhaust (unmonitored) 0.00009 0.0014
Room exhaust (from health physics data) 0.00 0.00
Depleted Uranium

Process exhaust (monitored) 0.0021 3.93
Process and laboratory exhaust (unmonitored) 0.0031 5.85
Room exhaust (from health physics data) 0.00 0.00
Total 0.017 9.97

Source: DOE 1999c.

Environmental Surveillance. Ambient air monitoring is performed to measure radiological parameters
directly in the ambient air adjacent to the facility. Ambient air monitoring provides direct measurement of
airborne concentrations of radionuclides and other hazardous pollutantsin the environment, allowsfacility
personnel to determine the relative level of contaminants at the monitoring locations during an emergency,
verifiesthat the contributions of fugitive and diffuse sourcesareinsignificant, and servesas acheck on dose-
modeling calculations. 1n 1998, three low-volume uranium particul ate monitoring stations were operated
by Y-12 within the Plant boundaries. For 1998, the average 7-day concentration of uranium at the three
monitored locations ranged from alow of 0.00001 .g/m? to a high of 0.00044 w.g/m?* (DOE 1999c).
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Additionally, air monitoring was conducted on the ORR to perform surveillance of airborne radionuclides
at the reservation perimeter and to collect reference datafrom aremote location not affected by activitieson
the ORR. The closest perimeter monitoring station, Station 40, monitors the east end of the Y-12.
Station 46 measures of f-site impacts of the Y -12 operations in the Scarboro Community and islocated near
the theoretical area of maximum public pollutant concentrations as calculated by air quality modeling. A
comparison of data collected from the monitoring locationsindicates that there is no appreciable difference
between the concentrations of radionuclides detected at the monitoring locations, Stations 40 and 46, and
the reference station, Station 52 (Table D.2.4-2).

TABLE D.2.4-2.—Environmental Surveillance Perimeter Air Monitoring Results

Moni to_r ing Be Co WCg a0 3 23 235 23y Gross Gross
L ocation alpha beta
Station 40 2.6x 10" b 2.3x10% b 35x10"” 18x10Y 1.0x10%® 13x10%Y 1.9x10%™ 4.7x10%
Station 46 3.7x 10" b b b b 1.5x 10" b 1.5x 10" b b

Station 52
(reference) 3.1x10™ b 3.6x 10" 47x10%  33x10%? 50x10™® 75x10%° 4.6x10"® 24x10% b
Inhaled Air 4.0x10°® 8x10™ 4x10% 9x10% 2x10* 9.0x10™ 1.0x10® 1.0x10% c c

DCG

2 All values are mean concentrations in p.Ci/mL.
® Not detected at 95 percent confidence level.
°No DCGs are available for gross alpha and beta.
Source: Adapted from DOE 1999c.

Summary of Health Effects from Airborne Radionuclides. The TEDE received by the hypothetical
maximally exposed individual (MEI) for Y-12 was cal culated to be 0.53 mrem (0.0053 mSv) based on both
monitored and estimated effluent data (see Appendix E). Thisindividual islocated about 1,080 m (0.7 mi)
north-northeast of the Y -12 release point. The major radionuclide emissions from Y-12 are nuclides ‘U,
2%, 25, and 28U. The contribution of Y-12 emissions to the 50-year committed collective TEDE to the
population residing within 80 km (50 mi) of the ORR was calculated to be about 4.3 person-rem (0.043
person-Sv) which is approximately 35 percent of the collective TEDE (12 person-rem) for the ORR. Both
the individual and collective TEDE are well below all applicable DOE and NESHAP criteria.

D.2.4.2 Health Effects of Waterborne Radionuclides

Effluent Monitoring. Radiological monitoringisconducted in accordance with the guidelines specifiedin
the Radiol ogical Monitoring Plan for the Oak Ridge Y-12 Plant: Surface Water, (LMES1995a). Theresults
of thismonitoring are submitted quarterly as an addendum to the National Pollutant Discharge Elimination
System [NPDES] Discharge Monitoring Report. Under the monitoring program, effluent monitoring is
continued at three types of locations: treatment facilities, other point and area source discharges, and in-
stream locations. Table D.2.4-3 lists the radiological parameters monitored at Y-12 in 1998. These
parameters were selected based on operational history and the results of past monitoring activities. Table
D.2.4-4 provides a summary of the locations sampled along with the sum of DCG percentages for each
location.

The Radiological Monitoring Plan also addresses monitoring of the sanitary sewer. Y-12 is permitted to
discharge domestic wastewater to the city of Oak Ridge POTW. Radiological monitoring of this discharge
is also conducted and is reported to the city of Oak Ridge. The following parameters are monitored
routinely: alpha, beta, and gamma activity, plutonium, and uranium.
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Radiological monitoring of storm water isrequired by the NPDES permit, and a comprehensive monitoring
plan has been designed to fully characterize pollutantsin stormwater runoff. The most recent version of the
plan wasissuedin December of 1998, StormWater Pollution Prevention Plan for the Oak Ridge Y-12 Plant,
which incorporates the radiol ogical monitoring requirements (LMES 1996).

TABLE D.2.4-3.—Surface Water Radiological Parameters Monitored
at the Y-12 Plant in 1998

Specific | ngested
Parameters | SOLODES Water DCG Rationale for Monitoring
P (pCilL)?
Uranium isotopes =y 20 These parameters reflect the major activity,
5 uranium processing, throughout the history of
U 24 Y -12 and are the dominant detectable radiological
23 on parameters in surface water.
total U 20
weight NA
percent®U
Fission and activation *H 80,000 These parameters reflect a minor activity at Y-12,
products % processing recycled uranium from reactor fuel
Sr 40 eements, from the early 1960s to the late 1980s
©TC 4000 and will continue to be monitored as tracers for
' beta and gamma radionuclides, although their
1370g 120 concentrations in surface water are low.
Transuranium 21Am 1.2 These parameters are related to recycle uranium
isotopes . processing. Monitoring continued because of their
Np 12 half-lives and presence in groundwater.
=8py 16
239/240Pu 1.2
Other isotopes of Ra 4P These parameters reflect historical thorium
interest - . processing and natural radionuclides necessary to
Ra 4 characterize background radioi sotopes.
#28Th 16
Z0Th 12
#2Th 2

Angested water DCGs are 4 percent of the water DCGs recommended in DOE Order 5400.5 Chapter |11 Derived Concentration Guides for
Air and Water and represent the DOE criterion of 4 mrem EDE from ingestion of drinking water.

bCombined radium-226 and radium-228 shall not exceed 5 x 10°° 1.Ci/mL per DOE Order 5400.5.

Source:DOE 1999c.

Environmental Surveillance. Surface water environmental surveillance monitoring is conducted on the
ORRto assesstheimpact of past and current DOE operationson the quality of local surfacewater. Sampling
locations are downstream of ORR waste sources, at reference points on streams and reservoirs upstream of
waste sources, and at public water intakes. DischargesfromY-12 enter the Clinch River viaBear Creek and
the East Fork Poplar Creek (EFPC), both of which enter Poplar Creek before it entersthe Clinch River, and
by dischargesfrom Rogers Quarry into McCoy Branch and then into Melton Hill Lake. Sampling locations
pertinent to the evaluation of Y-12'simpact on surface water quality and the parameters analyzed are listed
in Table D.2.4-5 along with the results and the appropriate DCG.
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TABLE D.2.4-4.—Summary of Y-12 Plant Radiological Monitoring Plan Sampling
Locations and Results for 1998

Outfall No. L ocation Sum of DCG
per centage

Y-12 Plant wastewater treatment facilities

501 Centra Pollution Control Facility 16
502 West End Treatment Facility 8.6
503 Steam Plant Wastewater Treatment Facility No flow
512 Groundwater Treatment Facility 6.1
520 Steam Condensate No flow
551 Central Mercury Treatment Facility 4.6

Other Y-12 Plant point and area source discharges
S17 Kerr Hollow Quarry 2.8
S19 Rogers Quarry 3.6

Y-12 Plant instream locations

BCK 4.55 Bear Creek, plant exit (west) 5.0
Station 17 East Fork Poplar Creek, plant exit (east) 3.9
200 North/south pipes 6.5

Source: DOE 1999c.

Sampling and analysis of surface water at the easternmost monitoring station (Station 17 on UEFPC) and at
the westernmost monitoring station (BCK 4.55/NPDES Ouitfall 304) provide information regarding the
concentrations of radionuclides from Y-12 operations that contribute to increased risk to the public. Table
D.2.4-6 liststhe monitoring results for these two locations along with the associated DCG. In comparing the
4 percent DCG with the average values of the detected radionuclides, none were found to exceed the DCG.
However, acomparison of the maximum detected value with the DCG would identify radium (**Ra) asthe
only radionuclide to exceed the DCG as was reported in the 1998 ASER.

Summary of Health Effects from Waterborne Radionuclides. Radiological data for al effluent
monitoring locations were well below the allowable DCGs. The highest summed percentage of DCGswas
from the West End Treatment Facility (WETF). Radium (*®Ra) was the major contributor of radioactivity
there, contributing 7.6 percent to thetotal 8.6 percent of the sum of the percentages of the DCGs. In 1998,
thetotal mass of uranium and associated curiesreleased fromthe Y-12 Plant at the eastern-most monitoring
station (Station 17 on UEFPC) and the western-most monitoring station (BCK 4.55) was 375 kg or 0.167 Ci.
No single radionuclide in the Y-12 contribution to the sanitary sewer exceeded 1 percent of the DCG.
Radiological monitoring of storm water is consistent with past years. Uranium is the dominant constituent
and increases during storm flow either due to surface sources or increased groundwater flow. Radionuclide
concentrations in surface water do not, therefore, pose an adverse health impact to the public.
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TABLE D.2.4-5.—0ak Ridge Reservation Surface Water Surveillance Sampling Pertinent to Y-12

i ()
L ocation Parameters Mlsxe;rﬂ '? sm L\t\fatler;?lg%eg R?:‘;tgeage
(pCi/L)? (pCi/L)

Bear Creek downstream from the Y-12 ®Co 31 200 0.02
Plant inputs (Bear Creek km 0.6) Gross alpha 6.1 15be c
Gross beta 5.7 c C

Total U 52 20 0.26

=y 20 20 0.10

=Y 0.080 24 0.003

=8y 4.2 20 0.21
East Fork Poplar Creek (EFPC) prior to Gross alpha 3.0 15°¢ C
entering Poplar Creek (EFPC km 0.1) Gross beta 54 c c

Total U 25 20 0.13

=y 1.0 20 0.05

=8 14 20 0.07

EFPC downstream from floodplain ®Co 3.0 200 0.02
(EFPCkm5.4) Gross apha 2.5 15°¢ c
Gross beta 4.5 c C

Total U 3.0 20 0.15

=y 15 20 0.08

=8 14 20 0.07

McCoy Branch prior to entering the Clinch ®Co 2.7 200 0.01

River (McCoy Branch km 1.8)

2All radionuclide concentrations were determined to be significantly greater than zero.
A National Primary Drinking Water Standard of 15 pCi/L is available for gross alpha.
°No DCG is available for gross alpha or beta. The alowable drinking water dose to the public established in DOE Order 5400.5 is

4 mrem/year.
Source: Adapted from DOE 1999c.

D.2.4.3 Health Effects from Sediment Radionuclides

No sediment samples were collected at either in-stream locations or at outfalls during calendar year 1998.

As such, the most recent sediment data available, 1997, are presented herein. In addition, sediment data
collected as part of the remedia investigation of the UEFPC characterization area are presented to
supplement the available historical data.

Environmental Surveillance. 1n 1997, the Environmental Monitoring Plan for the ORR was modified and
sediment sampling at Y-12 in EFPC and Bear Creek was discontinued. However, as a best management
practice, Y-12 collected one sample from EFPC and one from Bear Creek. The sampleswere analyzed for
mercury, PCBs, and isotopes of uranium since historical dataindicated these are contaminants of concern
that are present at detectable levelsin the sediment. The purpose of the annual sampling isto determineif

these contaminants are accumulating in the sediment. The results for the radionuclides measured are

presented in Table D.2.4-7.
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TABLE D.2.4-6.—Environmental Surveillance Surface Water Monitoring Results (pCi/L)
Collected to Determine Release of Radionuclides to the Off-site Environment.?

Radionuclide Concentration Concentration at 4 percent Drinking
at Station 17 Station BCK 4.55 Water DCG

Am 0.76 b 12
®Co 11 b 200
='Np 0.058 b 12
Z8py 0.078 b 16
2924py 0.0067 b 12
28Ra 21 b 4

“Tc 7.6 14 4,000
28Th 0.093 0.061 16
2Th 0.35 0.5 12
22Th 0.018 b 2
%4Th 4 7.8 400

°H 262 b 80,000
V) 18 4 20

=5y 0.095 0.23 24

=8 4 7.8 20

2Y early average values reported.
® Not detected above minimum analytical detection value.
Source: Adapted from DOE 1999c.

Sediment data collected at mainstream locations indicate that gross alpha, gross beta, *!Am, total radium,
*28Ra, and #?°Th were detected. |sotopes with background levels that were detected above their associated
background concentration are 2’Np, *Tc, 2¥24U, 2°U, and ?U. |sotopic activities for total radioactive
strontium, *’Cs, ?®Th, and #?Th were not above their respective background values.

Sediment data.coll ected within pipesand catch basinscorresponding to particul ar outfallsor location indicate
that uranium isotopes are ubiquitous and were detected at al but one sampled location. The most prevalent
isotope was 22U (DOE 1998c).

Remedial Investigation. Sediment data collected in support of the remedial investigation for the UEFPC
characterization areawere aggregated into two categories. samplescollected insidethe Y -12 Plant boundary
and those collected outside the Y-12 Plant boundary. Estimates of exposure for the open recreational land
usewerecal culated for each aggregate. All datacollected were compared to radionuclide-specificrisk-based
concentration values. Theresult of thiscomparisonisalist of radionuclides detected in sediment that were
evaluated quantitatively in therisk assessment and includes®*’Np, *®Ra, total radium-al phaactivity, 2¥%4U,
25, and #8U. Therisk assessment for the UEFPC characterization areaconcludesthat exposureto sediment
viathe open recreational exposure scenario for radionuclideswould not result in riskswithin the EPA range
of concern (10°-10°) for either the inside or outside Y-12 Plant boundary aggregates. Thus, limited
exposure to radionuclides in sediment does not pose a significant health threat.
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TABLE D.2.4-7.—1997 Results of Y-12 Plant Sediment Monitoring

Analyte Station 17 Station 9.4
(pCi/g) (EFPC) (Bear Creek)
*Ra 2.8 2.4
28Th 0.97 0.70
20Th 12 0.41
22Th 0.73 0.68
sl 2.6 3.6
el 0.13 0.20
28y 29 6.3

Source: DOE 1998b.

D.2.4.4 Health Effectsfrom Radionuclidesin Soils

Soil samplesare not collected as part of the environmental monitoring activities at the ORR. Therefore, the
remedial investigation data for the UEFPC characterization areawill be used as the sole source of soil data
(DOE 1998c). The investigation of UEFPC characterization area evaluated both exposure to surface and
subsurface soils. Evaluation of the open recreational land use scenario indicated that the primary contributor
toradiological risksfor the adult receptor was**’Cs. Excess cancer risks (ECRS) were calcul ated according
to the methods outlined in Section D.3.1.3 for the ingestion, inhalation, and external exposure pathway and
are 1.8 x 10°, 6.3 x 10", and 1.1 x 10, respectively. The risk from external exposure was the primary
contributor to unacceptable risk. This external exposure was mitigated by aremoval action that occurred
subsequent to the samplling and analysis and istherefore no longer a public health concern. Radionuclides
detected in subsurface soilswere not determined to pose apotential threat of adverse health effects. Excess
cancer risks were well below the EPA range of concern.

D.2.4.5 Health Effectsfrom Radionuclidesin Groundwater

Radionuclides detected in groundwater monitoring data that exceeded risk-based radionuclide-specific
screening levels were evaluated quantitatively in the risk assessment for the UEFPC Characterization Area
and include *'Am, *¥'Cs, 2Py, #?°Ra, *Ra, #*Th, Tritium, U, #°U, #°U, and #*U (DOE 1998c). An
evaluation of the risks resulting from exposure to radionuclides in groundwater was conducted for an
industrial and residential scenarioonly. Datawere compiled and sorted into four aggregates: an exit pathway
aggregate, ashallow clastics aggregate, an intermediate clastics aggregate, and Union Valley and arboretum
wellsaggregate. An ECR was calculated for each aggregate for each receptor. No unacceptable ECRswere
calculated for the industrial scenario for any aggregate. Evaluation of the residential ingestion of
groundwater indicated that exposure to concentrations of radionuclides in the exit pathway aggregate and
the shallow clastics aggregate would result in ECRs within the EPA range of concern. The total pathway
risk for the residential exit pathway aggregate was 1.1 x 10 and for the shallow clastics aggregate was
1.6 x 10*. The radionuclides contributing to these pathway risks are listed in Table D.2.4-8.
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TABLE D.2.4-8.—Radionuclides of Concern for Residential Groundwater Scenario

Aggregate Roa;dci:%r:]ﬁrige Excess Cancer Risk
Pathway Residential Exit 1¥7Cs 25x10°
2Ra 1.2x10°
*Ra 7.5x10°
28Th 1.1x10°
=4y 44x10°
=5y 1.8x 10°
=8y 3.9x10°
Shallow Clastics BCs 2.3x10°
°Ra 55x 10°
2’Ra 4.6x10°
®Tc 6.2x 10°
28Th 7.0x 10°
2y 8.3x10°
=8y 1.7x10°

Source: Adapted from LMES 2000a (Remedial Investigation/ East Fork Poplar Creek).
D.25 Risk Estimatesfor Potential Radiation Exposuresto the Public for the Alternatives

The additional proposed actions under consideration in this Y-12 SWEIS include HEU Storage Mission
Alternatives, and the Special Materials Mission Alternative. Each of these actionswill be discussed in the
following subsectionsrelativeto their respectiveimpact on therisk estimatesfor potential radiation exposure
to the public.

D.25.1 Alternative 1B (No Action - Planning Basis Operations Alternative)

No Action - Planning Basis Operations Alternative does not include the construction or significant
upgrade/expansion of any new or existing DP facilities. The Y-12 Plant would continue to use the existing
storage facilities and the existing special materials operation facilitiesto perform the HEU Storage Mission
and the Special Materials Mission, respectively. Under this alternative, the major production activities
during the 2001-2010 time period will involve weapons production, weapons dismantlement, quality
evaluation, special production, and enriched uranium recovery.

Production operations and enriched uranium recovery operations were significantly decreased during the
1990's because of mgjor upgrades and the 1994 stand-down of the Y-12 Plant. As such, a review was
conducted to determine what historical data were available that would most accurately represent the
operationsand emissionsfor the projected workload in the 2001-2010time period (LM ES 2000a). The 1987
Y-12 Plant emissions data were determined to be the most appropriate for use in this assessment.

During 1987, 50 percent of the environmental emissions were attributed to production operations and the
remaining 50 percent were from enriched uranium recovery operations. The projected work load for 2001-
2010 assumes that weapons production, quality evaluation, and special production will be approximately
30 percent of the 1987 level experienced for production operations, and that the enriched uranium recovery
operationswill be 100 percent of the 1987 level experienced for recovery operations. Thus, the radiol ogical
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airborne emissionsdatawere collected for 1987, the resultswere multiplied by 65 percent, and the modified
values served as the basis for the modeling conducted to estimate airborne emissions for the 2001-2010
workload under No Action - Planning Basis Operations Alternative (Appendix E).

Airborne Emissions. A total of 0.14 Ci of uranium was released from the Y -12 Plant during 1987 (Rogers
1988). Sixty-five percent of thisamount, 0.0908 Ci, is assumed to be released per year fromthe Y-12 Plant
under No Action - Planning Basis Operations Alternative. Given these assumptions, the modeling results
indicate that the TEDE to the hypothetical maximally exposed individual was4.5 mrem/year. Althoughthis
dose is higher than the 1998 baseline dose of 0.53 mrem/year, it is still well below the NESHAP standard
of 10 mrem/year. The 50-year collective TEDE resulting from CAP88 modelling for No Action - Planning
Basis Operations Alternative to the population residing within 80 km (50 mi) of the Y-12 Plant was 33.7
person-rem. That isapproximately 0.01 percent of the dose the same popul ation would receive from natural
sources of radiation. Thus, no adverse health impacts to the public would result from increased operations
under No Action - Planning Basis Operations Alternative.

In 1987, 12 perimeter ambient air monitors were operated at the Y-12 Plant. Uranium, fluoride, SO,, and
total suspended particulates data were collected. The results of this monitoring are presented and
summarized in the report Environmental Surveillance of the U.S Department of Energy Oak Ridge
Reservation and Surrounding Environs During 1987 (MMES 1988). Ambient uranium isotope
concentrations measured were within the guidelines established in DOE Order 5480.1. Table D.2.5-1 lists
the range of concentrations for each isotope.

TaBLE D.2.5-1.—Ranges of Uranium | sotopic Concentrations at
Perimeter Air Monitoring Stations During 1987

| sotope Minimum Maximum (..g/m?3)
(ug/m’)
=y 0.13 24
2y 0.013 0.72
=8y 0.0098 0.39

Source: LMES 1995a.

Waterborne Emissions. The existing Radiological Monitoring Plan was not in place and effective until
1995 (LMES 19954q). Assuch, radiological datafor liquid dischargesin 1987 was limited to two sampling
locations. The first location, Bear Creek kilometer 12.4 (near the former S-3 ponds ared), was sampled
weekly in response to a 1983 complaint and order from the Tennessee Department of Health and
Environment (TDHE). The second location, influent to New Hope Pond, was sampled in order to determine
the effectiveness of Y-12 Source area controls and to determine the appropriate closure recommendations
for the pond.

The results of the sampling for each of these locations is summarized in Table D.2.5-2. Only the
radionuclides that were detected are included along with their associated ingested water DCG.

As is evidenced in Table D.2.5-2, the maximum detected values for *Am, Z’Np, and ?°Ra exceed the
associated ingested water DCG. All other radionuclides were below their associated DCG.

These data are not directly comparable to 1998 data due to a difference in sampling location, sample
collection methods, and subsequent Resource Conservation and Recovery Act (RCRA) closure activities.
As such, the surface water data as presented in the baseline is also considered as representative of the No
Action - Status Quo Alternative (see Section D.2.4.2).
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TABLE D.2.5-2.—Results of 1987 Radiological Surface Water Sampling

Radionuclide Maximum  Minimum Average 4 percent
(pCilL) (pCilL) (pCilL) Ingested
Water DCG

Upper Bear Creek, kilometer 12.4

Gross apha 1,000 6.7 496.5 NA
Gross beta 2,000 9.3 776.1 NA
ZINp 18 0.23 <2.43 12
235 40 <0.58 <11.17 24
U total (mg/L) 1.69 0.019 0.969 20

New Hope Pond I nfluent

21Am 4.3 <0.27 <1.01 12
2Ra 6.1 <04 <1.6 4

28Th 4.1 0.15 0.97 16
=4y 19 <0.85 <10 20
=y 19 <0.34 <2.3 24
=8y 10 0.3 <65 24
U total (mg/L) 0.029 0.007 0.017 20

Source: Adapted from DOE 1999c.

Sediment and Soil data. Soilsand sediment datawere not collected from |ocations representative of Y-12
effluentsin 1987. Soil sampleswere collected as part of the ORR environmental surveillance activitiesto
provide a measure of the quantity of radioactivity or other pollutants that were deposited from the
atmosphere. No discussion or differentiation was made regarding the relative contribution of the various
facilitiesto the measured concentrations. Assuch, the baseline sediment and soil data presented in Sections
D.24.3 and D.2.4.4 are considered to be representative of No Action - Planning Basis Operations
Alternative.

Groundwater Data. Groundwater data were collected and analyzed in 1987 for a limited suite of
contaminantsin accordance the existing RCRA permitting requirements. Thefocuswasnot on determining
off-site transport of contaminants to potential receptors, but rather on monitoring of permitted facilities.
Currently, acomprehensive groundwater monitoring programisconducted for Y -12 that includesmonitoring
to comply withtherequirementsof RCRA postclosureregul ations, to support Compr ehensive Environmental
Response, Compensation, and Liability Act (CERCLA) remedial investigation/feasibility study efforts and
records of decision, to comply with Tennessee Department of Environment and Conservation (TDEC) solid
waste management regul ations, and to support DOE Order 5400.1 requirements. Assuch, the data collected
under this comprehensive program is considered appropriate for usein determining the potential impactsto
the public for both No Action - Status Quo Alternative and No Action - Planning Basis Operations
Alternative (see Section D.3.5).
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In summary, airborne emissions of radiological contaminantswouldincreaseover current No Action - Status
Quo Alternative emissions by a factor of 5.3 based on the projected activities to be undertaken in the No
Action - Planning Basis Operations Alternative (Table D.2.5.1-2). However, the resulting impact to the
public would remain well below all applicable exposure criteria. Surface water, soil/sediment, and
groundwater concentrations are not expected to vary significantly from the No Action - Status Quo
Alternative due to the increase in effectiveness and efficiency of current pollution control measures.

D.2.5.2 Highly Enriched Uranium Storage Mission Alternatives

There are three proposed alternatives for the HEU Storage Mission at Y-12: No Action - Planning Basis
Operations Alternative, Alternative 2A (Construction and Operation of aNew HEU Material s Facility), and
Alternative 2B Upgrade Expansion to existing Building 9215 (see Section 3.2.2). Theemission datafor No
Action - Planning Basis Operations Alternative is assumed to include all the emissions from the storage of
HEU in existing facilities. The emissions for the HEU storage mission action alternatives are expected to
be at or below the current levels due to administrative and engineering controls such as multiple levels of
high-efficiency particulate filters at the new facilities. Risks to the public from environmental emissions
would remain the same aswere presented in Section D.2.5.1 for Alternative 1B (No Action - Planning Basis
Operations Alternative).

D.25.3 Special Materials Mission Alternatives

There are two proposed aternatives for the Special Materials Mission at Y-12: No Action - Planning Basis
OperationsAlternativeand Alternative 3A (Construction and Operation of anew Specia MaterialsComplex)
(see Section 3.2.3). The Specia Materials Complex does not have radiological material. Under the No
Action - Planning Basis Operations Alternative the new Special Materials Complex would not be
constructed. The Y-12 Plant would continue to use the existing special materials operations facilities and
theradiological impactsto the public would remain the same as under Alternative 1B (No Action - Planning
Basis Operations Alternative) discussed in Section D.2.5.1.

The purpose of and the materials produced under the Special Materials Mission would not result in any
increase in airborneradiological emissions. Surface water, soil/sediment, and groundwater concentrations
of radionuclides would aso not be affected.

D.3 HAZARDOUS CHEMICAL IMPACTSTO HUMAN HEALTH
D.3.1 Chemicalsand Human Health

Chemicalsareever presentinour environment. We use chemicalsin our everyday tasks—as pesticidesin our
gardens, cleaning productsinour homes, insulating material sin buildings, and asingredientsin medications.
Potentially hazardous chemicalscan befoundin all of these products, but usually the quantitiesarenot large
enough to cause adverse health effects.

In contrast to home use, chemicals used in industrial settings are often found in concentrations that may
affect the health of individualsin the workplace and in the surrounding community. Thefollowing sections
describe both the carcinogenic and noncarcinogenic effects of chemicals on the body and how these effects
are assessed.

D.3.1.1 How Do Chemicals Affect the Body?

Industrial pollutantsmay berel eased either intentionally or accidentally to the environment in quantitiesthat
could result in health effects to those who come in contact with them. Chemicals that are airborne, or
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rel eased from stacksand vents, can migratein the prevailing wind direction for many miles. The public may
then be exposed by inhaling chemical vapors or particles of dust contaminated by the pollutants.
Additionally, the pollutants may be deposited on the surface soil and biota (plants and animals) and
subsequent human exposure could occur. Chemicals may also be released fromindustriesasliquid or solid
waste (effluent) and can migrate or be transported from the point of release to a location where exposure
could occur.

Exposure is defined as the contact of a person with achemical or physical agent. For exposure to occur, a
chemical source or contaminated media such as soil, water, or air must exist. This source may serve as a
point of exposure, or contaminantsmay betransported away from the sourceto apoint where exposure could
occur. In addition, an individual (receptor) must come into either direct or indirect contact with the
contaminant. Contact with achemical can occur through ingestion, inhalation, dermal contact, or external
exposure. The exposure may occur over a short (acute or subchronic) or long (chronic) period of time.
These methods of contact are typically referred to as exposure routes. The process of assessing all of the
methods by which an individual might be exposed to a chemical is referred to as an exposure assessment.

An exposure assessment is the determination or estimation (qualitative or quantitative) of the magnitude,
frequency, duration, route of exposure, and receptor population for each pathway evaluated. During the
exposure assessment process, the assessor:

» Characterizestheexposuresettinginan effort toidentify the potential ly exposed popul ations (receptors),
their activity patterns, and any other characteristics that might increase or decrease their likelihood of
exposure

» Determines exposure pathways based on the characterization of the exposure setting, identifying the
unique mechanisms by which a population may be exposed to the contaminants

*  Quantifiestheexposureto acontaminant by estimating concentrationsusing environmental datatowhich
areceptor may be exposed

e Cadlculates a chemical-specific intake (referred to as the chronic daily intake) and/or a radionuclide-
specific dose for each exposure pathway

Theresult of an exposure assessment isalist of pathways by which achemical may migrate or betransported
to a receptor who can then be exposed. Exposure to a chemical is quantified as a rate of intake and is
measured in quantity per body weight per time. Intake rates are typically expressed as mg/kg-day for
chemicals and are calculated using the following general equation:

CDI =CxIRXEF xED/BW x AT

where, CDI = Chronic Daily Intake
C = Maedia-specific Concentration (e.g., mg/L, mg/m?, mg/kg)
IR = Intake Rate (e.g., mg/day, m*day
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
AT = Averaging Time (period over which exposure is averaged - days)

Once an individual is exposed to a hazardous chemical, the body’ s metabolic processes typically alter the
chemical structure of the compound initseffortsto expel the chemical fromthe system. For example, when
compounds are inhaled into the lungs they may be absorbed depending on their size (for particulates) or
solubility (for gases and vapors) through the lining of the lungs directly into the blood stream. After
absorption, chemicals are distributed in the body and may be metabolized, usually by the liver, into
metabolites that may be more toxic than the parent compound. The compound may reach its target tissue,
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organ, or portion of the body whereit will exert an effect, beforeitisexcreted viathekidneys, liver, or lungs.
The relative toxicity of a compound is affected by the physical and chemical characteristics of the
contaminant, the physical and chemical processes ongoing in the human body and the overall health of an
individual. For example, infants, theelderly, and pregnant women are considered more susceptibleto certain
chemicals.

Chemicalshavevarioustypes of effectsonthebody. Generally, when considering human health, chemicals
are divided into two broad categories: chemicals that cause health effects but do not cause cancer
(noncarcinogens) and chemical sthat cause cancer (carcinogens). Notethat exposureto some chemicalscan
result in the manifestation of both noncarcinogenic health effects and an increased risk of cancer.

D.3.1.2 Chemical Noncarcinogens

Chemica noncarcinogens are chemicals or compounds that when introduced to the human body via
ingestion, inhalation, or dermal absorption may result in a systemic effect if the intake exceeds alevel that
can beeffectively eliminated. For example, anoncarcinogenic chemical or compound may affect the central
nervous system, rena (kidney) function, or other systems that have an effect on the body’s metabolic
processes. They may also cause milder effects such asirritation to the eyes or skin, or asthmatic attacks.
Thelevel of the effects are directly related both to the chemical and the level of exposure.

For many noncarcinogenic effects, the body is equipped with protective mechanismsthat must be overcome
before an adverse effect ismanifested fromachronic chemical exposure. For example, where alarge number
of cellsperformthe same or similar function, thecell popul ation may haveto besignificantly depleted before
an effect is seen. The body can tolerate a range of exposure where there is essentially no change in
expression of adverse effects. This is known as the "threshold" or "nonstochastic” concept and has been
observed in multiple animal studies. The results of these animals studies are a set of guidelines that serve
asthebasisfor the devel opment of noncarcinogenictoxicity values. The No Observed Adverse Effect Level
(NOAEL) isan estimate of the threshold dose and the L owest Observed Adverse Effect Level (LOAEL) is
the lowest dose where an adverse effect was seen.

The EPA appliesuncertainty factorsto the NOAEL or LOAEL to obtain the Reference Dose (RfD) for both
subchronic and chronic exposures to noncarcinogenic chemicals. These uncertainty factorsusually include
afactor of 10 for extrapolating effectsfrom animalsto humans, 10 for including the most sensitive humans,
and another 10 for incomplete data. Chronic RfDs are devel oped for protection from long-term exposure to
achemical (7 yearsto alifetime); subchronic RfDs are used to evaluate short-term exposure (2 weeks to
7 years). In this assessment, only long-term, chronic exposures to contaminants are evaluated. RfDs used
in this document were obtained from the EPA’ s Integrated Risk Information System (IRIS) (EPA 1999).

Noncarcinogenic effectsare expressed asacomparison of adaily exposurelevel (chronicdaily intake[CDI])
averaged over a specified period of time with an RfD. The ratio of the average daily exposure level of a
single toxicant to the RfD for that toxicant is defined as an HQ.

HQ = CDI / RfD or HQ = Air concentration/RfC

where, HQ = Hazard Quotient
CDI = Chronic Daily Intake
RfD = Noncarcinogenic reference dose
RfC = Noncarcinogenic reference concentration
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The sum of more than one HQ for multiple toxicants and/or multiple exposure pathwaysis called a hazard
index (HI). AnHQ or an HI > 1isconsidered unacceptable. Note that because the HI is not a percentage or
probability, thelevel of concern doesnot necessarily increaselinearly asthe HI approachesor exceedsunity.

In addition to the RfD, the EPA has calculated a Reference Concentration (RfC) for many chemicals. The
RfC is an estimate of a continuous (24 hours per day, 365 days per year for 70 years) inhalation exposure
to the human population without appreciable risk of deleterious noncancer effects during alifetime. The
RFCisto be used only under these exposure conditionsand is hot applicableto varying exposure parameters
unless the appropriate corrections are made. The RfC is a chemical-specific concentration expressed in
ug/mthat can be directly compared to a measured air concentration without necessitating the calculation
of aCDI. Provided the ratio (HQ) of the measured concentration to the RfC islessthan or equal to 1.0, no
unacceptable adverse health effects are expected.

D.3.1.3 Chemical Carcinogens

Over the past century, many chemicals have beenidentified that cause cancer in humans. Examples of these
carcinogens include asbestos in insulation, vinyl chloride in the rubber industry, and benzene in solvents.
Cancers caused by industrial chemicals can occur in any organ in the body, including the respiratory tract,
bladder, bone marrow, gastrointestinal tract, or liver. Unlike noncancer effects, cancer-causing agents are
assumed to have no safe intake or dose levels.

Currently, chemicals are categorized aseither confirmed human carcinogens, suspected human carcinogens,
or confirmed animal carcinogens. For cancer agents (including al radionuclides), EPA provides toxicity
information that can be used to determine the probability that cancer may occur. The toxicity factors used
to assess exposures to carcinogens are referred to as cancer slope factors (CSFs). The CSFs represent the
slope of the dose-response curve from varioustoxicity studies. Most of the CSFsfor nonradionuclideswere
devel oped based on the data from chemical-specific 2-year animal studies.

The CSFsfor chemicals are the upper-bound estimate of the probability of aresponse per unit intake of a
chemical over alifetime. Thisslopefactor isexpressed in unitsof mg/kg-day. Becausethe slopefactorsare
the 95th percentile upper confidence limit on the probability of a carcinogenic response, the carcinogenic
risk estimate represents an upper confidence bound estimate. Therefore, a5 percent probability exists that
the actual risk will be higher than the estimate presented, and the actual risk may well be less than the
estimate. Radionuclide CSFs are central tendency estimates based primarily on measured human data.

Cancer risk from exposure to achemical or multiple chemicals (including radionuclides) is expressed asan
ECR or, stated differently, cancer incurred in addition to normally expected rates of cancer devel opment.
The excess cancer risk for carcinogens is calculated by multiplying the calculated intake/dose for each
contaminant by the appropriate slope factors.

ECR =CDI x CSF or ECR =CDI x UR

where, ECR = Excess Cancer Risk
CDI = Chronic Daily Intake
CSF = Cancer Slope Factor
UR = Inhaation Unit Risk

This estimate of ECR represents the potential of an individual developing excess cancer over alifetime,
above and beyond the normal, unavoidable incidence of cancer. For example, an excess cancer risk of
1.0x 10°indicatesone personinonemillionispredicted toincur cancer from exposureto this contamination
level over a 70-year lifetime.
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Consideration is given to exposure to multiple chemicals as well as multiple exposure pathways when
calculatingtherisk of anindividual devel opingcancer. Thisisaccomplished viasumming excesscancer risks
for each chemical both within agiven pathway and across pathways within an exposure scenario. Although
chemical concentrationsthat represent an upper-bound excesslifetime cancer risk to anindividual of between
0% and 10° are under some circumstances considered acceptable (55 FR 46), risks above 10° are
undesirable. Therisk to an individual should not exceed 10™.

The EPA hasderived unit risk factorsto eval uate human exposureto chemicalsviainhalation. The unit risk
is the upper-bound (1.0 x 10°) excess lifetime cancer risk estimated to result from a continuous (24 hours
per day, 365 days per year, for 70 years) exposureto acancer-causing chemical at aconcentration of 1 ..g/m?®.
The unit risk factor is to be used only under these exposure conditions and is not applicable to varying
exposure parameters unless the appropriate corrections are made.

D.3.2 What are SomeY-12 Sourcesthat May Lead to Chemical Exposure?

Airborne emissions of chemicalsused at Y-12 occur asaresult of plant production, maintenance, and waste
management operations and steam generation. Most process operations are served by ventilation systems
that remove air contaminants from the workplace. 1n 1997, amajor effort was expended to prepare Y-12's
first major source operating permit application for these sources under Title V of the Clean Air Act.
Nonradionuclide emissions at Y-12 include chemica processing aids (hydrochloric, sulfuric, and nitric
acids), cleaning and cooling aids (methanal), refrigerants(Freon 11, 12, 22, 13, and 502), and emissionsfrom
the steam plant (particul ates, SO,, carbon monoxide, volatile organic compounds[VOCsg], and NO,). More
than 90 percent of the pollutants emitted from Y-12 are the result of steam plant operations. The level of
pollutant emissions from Y-12 is expected to decline in the future because of the changing mission and
downsizing of production areas.

Additionally, past operational or accidental releasesof contaminantsinto the surrounding environment serve
as on-going sources of potential chemical emissions. In particular, mercury used in the former lithium
separation process was rel eased to the storm sewer system and ultimately UEFPC during the period of 1950
t01982. Although mercury isnot presently usedinany experimental or manufacturing processesat theY-12
Plant, small amounts of mercury continue to escape the Y-12 Plant. Outdoor airborne mercury vapor at the
Y-12 Plant is primarily the result of vaporization from mercury-contaminated soils and drains, fugitive
emissions from former mercury-use area buildings, and rel eases from coal burning at the Y-12 Steam Plant.
Current operational activities at the Y-12 Plant include a Special Materials Mission of which beryllium
production operations are akey component. The existing special materials operations facilities are housed
in buildings that are from 27 to 50 years old and must rely heavily on administrative controls and personal
protective equipment to provide for the protection of workers, the public, and the environment from the
hazards associated with beryllium and other special materials. In 1997, compliance tests were conducted to
determine therate of emissions of beryllium from those facilities housing beryllium operations. Theresults
of these testsindicate that no measurable amount of berylliumisreleased to the atmosphere via the exhaust
stacks.

Liquid dischargesto surface water are sourcesfor potential transport and migration of chemicalsfromY-12.
These discharges include process effluents and storm water as permitted under the existing Y-12 NPDES
permit, and sanitary wastewater discharged to the City of Oak Ridge POTW under the Industrial and
Commercia UsersWastewater Permit Number 1-91. Dischargesto surfacewater allowed under the NPDES
permit include storm drainage, cooling water, cooling tower blowdown, and treated process wastewaters,
including effluentsfrom wastewater treatment facilities. Sumpsthat collect groundwater inflow in building
basements are al so permitted for dischargeto the creeks. Both sources are monitored to ensure compliance
with existing permitting requirements. NPDES samples are collected and may be analyzed for pH, residua
chlorine, oil and grease, ammonia, mercury, total toxic organics, inorganics, and PCBs depending on the
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outfall permitting requirements. Sanitary wastewater is sampled and analyzed for a variety of inorganic
constituents, oil and grease, specified organics (benzene, methylene chloride, toluene, and trichloroethene)
and other physical and chemical parameters.

Again, although mercury isnot presently used in experimental or manufacturing processesat the Y -12 Plant,
small amounts of mercury continue to escape the Y-12 Plant. The foundations of former separation plants
and equipment drains and sumps still contain some residual mercury. Rain water and storm drainage have
also washed mercury into pipings and building foundations at other locations around Y-12. Trapped in
porous spaces along foundations and storm sewer outfalls, mercury continues to dissolve slowly into the
water that flows through these conduits. This water flow eventually leads to outfalls and the UEPFC.

Soils and sediments provide another potential source of nonradiological contaminants. Operational and
historical information as well as environmental sampling have confirmed the presence of chemical
contaminantsin both surface and subsurface soils at particular locations within the Y-12 area. In addition,
sediment sampl es collected at in-stream locations and from floodpl ai n areasindi cate the presence of mercury
and PCBs.

Groundwater is another potential pathway for exposure to hazardous chemicals and provides a means of
contaminant transport and migration. A comprehensive groundwater monitoring programisin-placeat Y-12
to address all DOE, state, and Federal regulatory regquirements relative to groundwater surveillance and
monitoring. The primary groundwater contaminants at Y-12 are nitrate, VOCs, trace metals, and
radionuclides.

D.3.3 How Does DOE Regulate Chemical Exposures?
D.3.3.1 Environmental Protection Standards

DOE Order 5400.1 establishes environmental protection program requirements, authorities, and
responsibilities for DOE operations to ensure compliance with applicable Federal, state, and local
environmental protection laws and regulations, executive orders, and internal DOE policies. The Order
specifically definesthe mandatory environmental protection standards (including thoseimposed by Federal
and state statues), establishes reporting of environmental occurrences and periodic routine significant
environmental protectioninformation, and providesrequirementsand guidancefor environmental monitoring
programs. Applicable Federal and state environmental acts/agreements include:

« RCRA

» CERCLA asamended by the Superfund Amendments and Reauthorization Act (SARA)

» Federal Facility Compliance Agreement

» Endangered Species Act

» Safe Drinking Water Act

» Clean Water Act (which resulted in the establishment of the NPDES and pretreatment regulations for
POTW)

» Clean Air Act (Title lll, Hazardous Air pollutants Rad-NESHAP, Asbestos NESHAP)

»  Toxic Substances Control Act (TSCA)

» Federal Insecticide, Fungicide, and Rodenticide Act

Many of these acts/agreements include environmental standards that must be met to ensure the protection
of the public and the environment. Most of the acts/agreements require completed permit applicationsin
order to treat, store, dispose of, or rel ease contaminants to the environment. The applicable environmental
standards and reporting requirements are set forth in the issued permits and must be met to ensure
compliance.
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The Emergency Planning and Community Right-To-Know Act, also referred to as SARA Title Il requires
reporting of emergency planning information, hazardous chemical inventories, and environmental releases
tofederal, state, and local authorities. Theannual Toxic Releaselnventory Report addressesrel easesof toxic
chemicalsinto the environment, waste management activities, and pol | ution prevention activities associated
with those chemicals.

D.3.3.2 Regulated Occupational Exposure Limits

Occupational limits for hazardous chemicals are regulated by the Occupational Safety and Health
Administration (OSHA). The permissible exposure limits (PELS) represent the legal concentration levels
set by OSHA that are safe for 8-hour exposures without causing noncancer health effects. Other agencies,
including the National Institute for Occupational Safety and Health (NIOSH) and the American Conference
of Governmental Industrial Hygienists (ACGIH) provide guidelines. The NIOSH guidelines are
Recommended Exposure Limits and the ACGIH guides are Threshold Limit Values(TLVs). Occupational
limits are further defined as time-weighted averages (TWAS), or concentrations for a conventional 8-hour
workday and a40-hour workweek, to which it isbelieved nearly all workers may be exposed, day after day,
without adverse effects. Often ceiling limits, or airborne concentrationsthat should not be exceeded during
any part of the workday, are also specified. In addition to the TWA and ceiling limit, short-term exposure
[imits may be set. Short-term exposure limits are 15-minute TWA exposures that should not be exceeded
at any time during aworkday, even if the 8-hour TWA iswithin limits. OSHA also uses action levels to
trigger certain provisionsof astandard, for instance appropriateworkpl ace precautions, training, and medical
surveillance, for workers whose exposures could approach the PEL .

D.34 Data Sources Used to Evaluate Public Health and Worker Consequences from Routine
Operations

Airborne emissions, with the exception of mercury, are represented by model ed concentrations based on the
purchasesrecorded and maintainedinthe -12 HazardousMaterial sInventory System (HMI1S) (LM ES 1998)
and engineering calculations for emissions from the Y-12 Steam Plant. Modeled concentrations of
noncarcinogenic and carcinogenic materials both on-site and at the plant boundary were calculated for an
MEI and an 8-hour worker exposure. On-site emissions concentrations are not availablefor the Y-12 Steam
Plant because the stack height used in the modeling effort negates the possibility for the modeled plume to
disperse prior to the facility boundary. With the exception of mercury, these data are considered
representative of emissions of nonradionuclides under current operations at Y-12. Mercury is the only
nonradionuclide for which actual air measurements were available.

Outdoor airborne mercury vapor at Y-12 isprimarily the result of vaporization from mercury-contaminated
soils, fugitive emissions from former mercury-use area buildings, and releases from coa burning at the
Y-12 Steam Plant. Four outdoor ambient mercury monitoring stations (boundary stations) are operated at
Y-12. A monitoring stationislocated on the east and west ends of the plant and two stations are located near
Building 9201-4, aformer lithiumisotope separation facility contaminated with mercury. Theyearly average
concentrations of mercury vapor will be used in lieu of modeled data for this contaminant.

Liquid discharges are represented by both the results of the effluent monitoring conducted to meet the
requirements of the NPDES permit and routine surface water surveillance monitoring. The current
Y-12 Plant NPDES permit, issued on April 28, 1995, requires sampling, analysis, and reporting at various
effluent locations. Currently, the Y-12 Plant has outfalls and monitoring points in the following water
drainage areas: EFPC, Bear Creek, and several unnamed tributaries on the sourth side of Chestnut Ridge that
eventually drain to the Clinch River. The environmental surveillance monitoring is conducted as a best
management practice and is above and beyond that required by the NPDES permit (DOE 1999c).
Environmental surveillance monitoring was conducted in:
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e EFPC near the junction of Scarboro and Bear Creek roads. The samples are analyzed for mercury,
ammonia-N, inductively coupled plasma metals, and total suspended solids.

e Bear Creek at the western boundary of the Y-12 area of responsibility. Samples are analyzed for
mercury, anions (sulfate, chloride, nitrate, nitrite), inductively coupled plasmametals, total phenols, and
total suspended solids.

« NPDES Iocation S19 at Rogers Quarry, the exit pathway for Chestnut Ridge regime. Thislocation is
an instream location of McCoy Branch and is sampled for inductively coupled plasma metals.

Additionally, a network of real-time monitors is located at in-stream locations along UEFPC and at key
points on the storm drain system that flows to the creek. Samples are analyzed for inorganics.

Sediment data were not collected during 1998. As such, the most recent data (DOE 1998c) are presented
belowin TableD.3.4-1. Thesedatawere collected to determinewhether mercury and PCBsare accumul ating
in sedimentsin EFPC and Bear Creek. Duetothelimited number of samples collected (onein eachlocation)
and thelimited set of analytes, these dataare not considered to be representative of the sediment contaminant
concentrations for these streams and floodplain areas. No comparison or risk cal culations were performed
for these sample data. As such, the results of the remedial investigation for the UEFPC Characterization
Area(DOE 1998c) are presented asrepresentative of hazardsand risks associated with exposureto sediment
contaminant concentrations.

TABLE D.3.4-1.—1998 Results of Y-12 Sediment Monitoring

Parameter Station 17 Bear Creek
Kilometer 9.4
Mercury (1.g/Q) 9.5 0.3
Total PCBs (1.g/kg) 370 F 350J
2The Jflag of the PCB data indicates an estimated value below the analytical method
reporting limit.

Source: DOE 1998c.

Soil dataare not collected as part of theannual surveillanceactivitiesat Y-12. Therefore, datacollected and
presented inthe Remedial Investigation Report for the Upper East Fork Poplar Creek Characterization Area
(DOE 1998b) are used to summarize the contaminants of concern in both surface and subsurface soils.

A comprehensivegroundwater monitoring programisconductedfor Y -12 that includesmonitoring to comply
with requirements of RCRA postclosure regul ations, to support CERCLA remedial investigation/feasibility
study efforts and records of decision, to comply with TDEC solid waste management regulations, and to
support DOE Order 5400.1 requirements. The datafrom the Y-12 comprehensive groundwater monitoring
program was compiled and evaluated in the risk assessment presented in the remedial investigation for the
Characterization Area, (DOE 1998d) which was used to evaluate the potential for adverse health effects
resulting from worker and public exposure to hazardous chemicals detected in groundwater.

D.3.5 Methodology for Estimating Hazardous Chemical | mpacts

Concentrations of airborne hazardous chemicalswere modeled for an MEI located at the Y -12 boundary and
for amaximally exposed onsiteworker. Exposure point concentrationswere derived based on purchase data
and are considered to be conservative estimates of actual emissions. Exposure assumptions for both the
maximally exposed individual and the onsite worker arelisted in Table D.3.5-1. Toxicity information (i.e.,
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inhalation reference concentrations and unit risks) for the contaminants of concern asidentified in the Air
Quality Analysis(see Appendix E) wasobtained from IRIS (EPA 1999). Thistoxicity information was used
to calculate HQs and excess lifetime cancer risks for all contaminants of concern.

TABLE D.3.5-1.—Exposure Assumptions for Evaluation of Risk/Hazard
to Workers and the Public

Parameter Worker MEI
Inhalation rate (IR) 20 m*/day 20 m*/day
Exposuretime (ET) 8 hours/24 hours 24 hours/24 hours
Exposure frequency (EF) 250 days/year 365 days/year
Exposure duration (ED) 40 years 70 years
Body weight (BW) 70kg 70kg
Averaging time (AT)-noncarcinogens ED x 365 days/year ED x 365 days/year
Averaging time (AT)-carcinogens 70 years x 365 days/year 70 years x 365 days/year

Note: AT - averaging time; BW - body weight;.ED - exposure duration; EF - exposure frequency; ET - exposure time;
IR -inhalation rate.

D.3.6 Risk Estimatesand Health for Potential Chemical Exposuresfor theNo Action - Status Quo
Alternative

Airborne Emissions. Theresultsof the air modeling of purchase data and engineering cal culationsfor the
Y-12 Steam Plant are presented in Tables D.3.6-1 through D.3.6-5. The contaminants and associated
concentrationsto which an onsite worker and an MEI located at the plant boundary might be exposed, based
onthemodeled purchase data, arelistedin Tables D.3.6-1 through D.3.6-4. Modeled concentrationsof Y-12
Steam Plant emissions data are listed in Table D.3.6-5 for the maximally exposed individual at the plant
boundary. On-site emissions concentrations are not available for the Y-12 Steam Plant because the stack
height used in the modeling effort negates the possibility for the modeled plume to disperse prior to the
facility boundary. Toxicity valuesfor both noncarcinogenic and carcinogenic exposures were obtained and
HQs and excess cancer risks were calculated for the maximally exposed individual of the public and for a
maximally exposed onsite worker. The results of these assessments are also presented in Tables D.3.6-1
through D.3.6-5.

TABLE D.3.6-1. —Y-12 Facility Operations Maximum Boundary Hazardous Air Pollutants
Noncarcinogenic Chemical Hazard Quotients

Chemical Maximum Boundary Inhalation RfC - Hazard
Concentration (ug/mq) Chronic (mg/m?)? Quotient
Cobalt & Compounds 3.31x10? b c
Lead Compounds 3.43x 10? b c
M ethylene Bisphenyl 9.82x 10? 6.00x 10" 1.64 x 10*
| socyanate

aToxicity values were obtained from the EPA’s IRIS (EPA 1999).
PToxicity values are not currently available.
‘Not calculated dueto lack of toxicity values.
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TABLE D.3.6-2.—Y-12 Facility Operations Maximum Boundary Hazardous Air Pollutants
Carcinogenic Chemical Excess Cancer Risk

Chemical Maximum Boundary Inhalation Unit Excess Cancer
Concentration (ug/m?®) Risk Risk
(mg/m3)-la
Cadmium & Compounds 1.42x10° 1.8x10° 2.56x 108

*Toxicity values were obtained from the EPA’s IRIS (EPA 1999).

The HQs and excess cancer risks for the chemicals and compounds that were determined to be of concern
as aresult of the air quality screening of purchase data (see Section 5.7.1) are listed in Tables D.3.6-1
through D.3.6-4. Two exposure scenarios were eval uated: maximally exposed individua (residential), and
on-site worker (industrial). The hazard quotients and excess cancer risks for contaminant concentrations
modeled to the maximally exposed individual of the public were all below levels of concern. Thus, no
adverse healthimpactsto the public are anticipated from exposureto airborne nonradiological contaminants
emitted from Y-12 Plant normal operations. The hazard quotient for the on-site worker exposed to the
maximum on-site concentration of methylene biphenyl isocyanate was determined to be greater than 1.0.
Therefore, methylene biphenyl isocyanate is considered to be a baseline contaminant of concern for on-site
workers.

TABLE D.3.6-3.—Y-12 Facility Operations Maximum On-Site Hazardous Air Pollutants
Noncarcinogenic Chemical Hazard Quotients

Chemical Maximum On-site Inhalation RfD - Hazard Quotient
Concentration (ug/m?®) Chronic (mg/m?)?
Cobalt & Compounds 5.88 x 10 b c
Lead Compounds 6.10 x 10 b c
Methylene Bisphenyl 1.75x 102 1.71x 10* 6.68 x 10"
| socyanate

*Toxicity values were obtained from the EPA’s IRIS (EPA 1999).
PToxicity values are not currently available.
‘Not calculated dueto lack of toxicity values.

TABLE D.3.64.—Y-12 Facility Operations Maximum On-Site Hazardous Air Pollutants
Carcinogenic Chemical Excess Cancer Risks

Chemical Maximum On-site Inhalation Slope Factor Excess
Concentration (ug/mq) (mg/kg-day)™@ Cancer Risk
Cadmium & Compounds 2.52 x 10? 6.30x 10° 5.92x 10°®

*Toxicity values were obtained from the EPA’s IRIS (EPA 1999).

D-37



Draft Y-12 SWEIS

TABLE D.3.6-5.—Y-12 Steam Plant Maximum Boundary Hazardous Air Pollutant
Carcinogenic Chemical Concentrations

Chemical Maximum Boundary Inhalation Unit Risk Excess
Concentration (ug/m°) (mg/m3)* Cancer Risk
Arsenic 7.71x 10° 4.3x10° 3.32x 107
Beryllium 116 x 10° 2.4x10° 2.78x 10®
Cadmium 1.00 x 10° 1.8x10° 1.8x10°®
Nickel 1.85x 10" b c

*Toxicity values were obtained from the EPA’s IRIS (EPA 1999).
PToxicity values are not currently available.
‘Not calculated due to lack of toxicity values.

Cadmium and compounds under the on-site exposure scenario were al so determined to pose an excess cancer
risk within the EPA’ srange of concern and are al so considered a baseline contaminant of concern for the on-
Site worker.

No noncarcinogenic contaminants exceeded the preliminary air quality screening of Y-12 Steam Plant
emissions data (Volume |, Chapter 5, Section 5.7). As such, no noncarcinogenic chemicals were included
in the evaluation of public exposures. The carcinogenic contaminants and their associated excess cancer
risksresultingfromY -12 Steam Plant emissionsare presented in TableD.3.6-5. No excess cancer riskswere
determined to fall within the EPA’s range of concern. Thus, no noncarcinogenic or carcinogenic
contaminants of concern were determined to be associated with Y-12 Steam Plant emissions.

Averagemercury vapor concentrationsin 1998 for thefour sitescurrently monitored are comparableto those
reported for the last 2 years and are presented in Table D.3.6-6. In 1998, athough ambient mercury
concentrationsat thetwo monitoring sitesnear Building 9201-4 werestill el evated abovenatural background,
results indicate that concentrations of mercury vapor are well below the ACGIH threshold limit value of
50 ug/m? and the EPA reference concentration of 0.3 n.g/m® for chronic inhaation exposure. Average
concentrationsat thetwo boundary monitoring siteslocated at the east and west endsof Y -12 arecomparable
tolevelsmeasured at the reference site on Chestnut Ridge. The measured mercury vapor concentrationsfor
1998 are presented in Table D.3.6-6 along with the associated RfC and RfD. HQs were calculated for each
location in an effort to demonstrate that the measured concentrations are below (i.e., HQ <1.0) both the
threshold for continuous public and occupational exposure. The results indicate that mercury is not a
concern for either the public or on-site workers.

Surface Water. Morethan 500 surfacewater surveillance sampleswere collected in 1998. The monitoring
locations include:

e Station 17 in EFPC near the junction of Scarboro and Bear Creek Roads
*  BCK 4.55in Bear Creek which isthe western boundary of the Y-12 Plant area of responsibility

* NPDES Iocation S19 at Rogers Quarry which is the exit pathway from the Chestnut Ridge hydrologic
regime

* Instream locations along the UEPFC and at key points on the storm drain system
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TABLE D.3.6-6.—Mercury Ambient Air Concentrations and Evaluation

Regulated Exposure
LimitgRisk Factors

Hazard Quotients

Ambient Mercury Monitoring 1998 -
Stations (Ave; 393)9 RfC RfD ME%S‘SZQV Worker 8
mg/m 3 X
g (mg/m?®) (mg/kg-d) Individual hours

Station 2 (east end) 4.8x10° 3.00x10* 8.57x10° 1.60x1072 3.65x103
Station 8 (west end) 7.4x10°® 3.00x10* 8.57x10° 2.5x102 5.63x10°
Building 9422-13 (SW of Building 4.4x10° 3.00x10* 8.57x10° 1.47x10* 3.35x10
9201-4)

Building 9805-1 (SE of Building 5.7x10° 3.00x10* 8.57x10° 1.9x10* 4.34x10
9201-4)

Reference Site, 1988 6.0x10°® 3.00x10* 8.57x10° 2.00x10 4.57x10°
Reference Site, 1989 5.0x10° 3.00x10* 8.57x10° 1.67x102 3.81x10°%

Source: DOE 1998a

Comparisonswith Tennessee water quality criteriaindicate that only silver, mercury, zinc, and copper from
samples, collected at Station 17 were detected at values exceeding a criteria maximum. Results are shown
in Table D.3.6-7. Of all the parameters measured in the surface water as a best management practice,

mercury isthe only demonstrated contaminant of concern.

Table D.3.6-7.— Surface Water Surveillance Measurements Exceeding Tennessee
Water Quality Criteria at the Y-12 Plant, 1998

Concentration (mg/L) Water Number of
Parameter Number Quality ~ Measurements
DHEl s Detedion  Max  Ave (R g
Mercury 413 0.0002 0.0191 <0.001 0.00015 408
Silver 148 0.02 <0.02 <0.008 0.0041 1
Copper 148 0.02 0.0388 <0.01 0.0177 13
Zinc 148 0.05 0.15 <0.04 0.117 21

2 The most restrictive of either the freshwater fish and aguatic life“ criterion maximum concentration” or the
“Recreation concentration for organisms only” is reported. The comparison is made for information purposes only.

Source: Adapted from DOE 1999c.

Sediment. The UEFPC risk assessment evaluated sediment samples collected both within and outside of
the plant boundary. Therisk assessment eval uated exposureviathree scenarios: industrial, open recreational,
and residential. Theresultsfor the industrial and open recreational scenario are considered applicable for
the purpose of evaluating worker and public exposure in the SWEIS and are presented below.

* No contaminants of concern were identified for sediments within the plant boundary for the industrial
receptor. Excess cancer risks in the range of 10° from PCBs and polycyclic aromatic hydrocarbon
(PAHSs) were the primary contributors to total risk outside the plant boundary. Cadmium (HI = 0.059)
and mercury (HI = 0.043) were the primary contributors to unacceptable hazards for the industrial
receptor outside the plant boundary.
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e Cadmium (HI = 0.016), mercury (HI = 0.019), and PCB-1254 (HI = 0.075) resulted in unacceptable
hazardsto the adult under the open recreational land use both inside and outside the plant boundary. No
carcinogenic contaminants of concernwereidentified withinthe plant boundary. Elevated ECRsoutside
the plant boundary were primarily from benzo[a]pyrene (ECR = 1.4 x 10*), several other PAHs with
ECRsinthe10° range, and PCBs(ECR = 2.4x10°). Risksand hazardsto achild receptor werethe same
as those for the adult.

Soils. The investigation of the UEFPC Characterization Area evaluated both exposure to surface and
subsurface soils. Soil sampleswere aggregated for the eastern plant area, western plant area, central plant
area, and outside the plant area. The scenarios evaluated for the three plant areasinclude an industrial and
residential exposure. Residential and open recreational land use scenarioswere evaluated for the outside the
plant areaaggregate. Theresultsfor theindustrial and open recreational scenario are considered applicable
for the purpose of evaluating worker and public exposure in the SWEIS and are presented below.

» Eastern Plant Aggregate. Dibenzo[a,h]anthracene (ECR = 1.5 x 10®), which is a PAH that was the
primary contributor to surface soil risk for an industrial receptor.

»  Western Plant Aggregate. Beryllium (ECR = 1.2 x 10°) and PCB-1260 (ECR = 1.3 x 10°°) were the
primary contributors to the industrial risks.

e Central Plant Area Aggregate. Dibenzo[a,h]anthracene (ECR = 3.1 x 10°) and PCB-1254 (ECR= 3.0
x 10°) were the primary contributors to industrial risks. PCB-1254 (HQ = 2.1) was the primary
contributor to industrial hazards.

« Outside the Plant Area Aggregate. PCB-1242 (ECR = 1.2 x 10*) was the primary contributor to the
open recreational land use surface soil risks while PCB-1254 (HI = 2.9) was the primary contributor to
hazards.

Therisk assessment for the UEFPC Characterization Area also evaluated exposure to subsurface soil (soil
at a depth greater than 5 ft). The results indicate that no contaminants of concern were identified for the
eastern or central plant area for the industrial receptor. For the western plant area, no noncarcinogenic
contaminants of concern wereidentified. However, beryllium was determined to contribute significantly to
the risksin the western plant area subsurface soil.

Groundwater. Exposure point concentrations for groundwater were developed for four exposure unit
aggregates based on the geol ogical formations and sampling locations. The aggregates are shallow clastics,
intermediate clastics, Maynardville and Copper Ridge exit pathways wells, and offsite wells. Exposure
scenarios included incidental ingestion by aworker and residential exposure viaingestion, inhalation, and
dermal absorption.

Exposure point concentrationsfor groundwater were devel opedin theremedial investigation for UEFPC for
four exposure unit aggregates based on thegeol ogical formationsand samplinglocations. TableD.3.6-8lists
the groundwater contaminants for each aggregate that either exceeded an HQ of 1.0 or had an excess cancer
risk greater than 10°. Notethat groundwater isnot used at Y -12 asapotablewater supply. Potential contact
with contaminantsin groundwater islimited to those individual swho routinely collect groundwater samples
for variouscompliance, surveillance, and remedial investigation activities. Thesesamplersaretrainedinthe
appropriate Environmental Safety and Health Procedures, are routinely audited for compliance with health
and safety protocols, and are protected under occupational safety and health standards.
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TABLE D.3.6-8.—Groundwater Contaminants of Concern by Aggregate and Scenario

Industrial Contaminants

Aggregate HQ>1.0 Risk>10°
Shallow Clastics Arsenic Arsenic
Nitrate (as N) 1,1-DCE
Intermediate Clastics 1,2-DCE 1,1-DCE
Cadmium Beryllium
Manganese Carbon tetrachloride
Nitrate (as N) Vinyl choride
Exit Pathways Benzene
Cadmium Beryllium

Carbon tetrachloride
Tetrachloroethene
Vinyl choride

Carbon tetrachloride

Source: DOE 1998c.
D.3.7 Summary: Contaminantsof Concern for No Action - Status Quo Alter native Oper ations

Table D.3.7-1 summarizes the potential contaminants of concern for each of the media addressed in the
preceding sections. The most prevalent contaminants of concern are mercury, beryllium, PAHs, and PCBs.
Mercury is of concern for surface water and sediment. PAHs and PCBs, both of which are relatively
insolubleinwater, tend to precipitate or adhereto particul ates, and are persistent in the environment, arealso
contaminants of concern for both sediment and soil. Several inorganic constituents (arsenic, beryllium, and
manganese) are identified as contaminants of concern for groundwater. The presence of elevated
concentrations of these inorganic constituents is attributable to both historical operations at Y-12 and
emissions from the Y-12 Steam Plant. VOCs are present primarily as contaminants in groundwater.

Some of the chemicalsused at Y-12 are of particular concern due to their extensive use in plant operations,
the nature and extent of contamination from past operations, or the potential adverse health effects from
exposure to these chemicals. These include mercury, beryllium, PCBs, PAHs and VOCs. Additional
information regarding the historical use and current controlsto mitigate exposure to these contaminantsis
discussed in the following text.

D.3.7.1 Mercury

Y-12 historically used mercury in the greatest quantity for lithium separation operations in the 1950s and
1960s. Over 20 million poundsof mercury wererequired for thethreelithium productionfacilities. Releases
of mercury occurred over the same time period into the EFPC and into air. The waterborne releases were
largely theresult of aprocesswhere mercury was washed with nitric acid. Most airborne mercury releases
weretheresult of ventilation from the lithium process buil dings designed to protect worker health. The Oak
Ridge Health Studies mercury project team estimated that more than 280,000 |b of mercury were released
into EFPC and over 74,000 Ib were released to the air from 1950 to 1993 asaresult of the lithium separation
work (ChemRisk 1997a).
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TABLE D.3.7-1.—Contaminants of Concern Matrix

Chemical Air Surface Water Sediment Sail Groundwater

Arsenic X

Benzene

Beryllium X
Cadmium X X

Carbon

11-

1,2-

Lead X

Manganese X
Methylene X

X X X X X X

Mercury X X

Nitrate (as N) X
PAHs X X

PCBs X X

Tetrachloroethene X
Vinyl chloride X

Corrective actions conducted since 1985 by DOE have greatly reduced releases of mercury from former
mercury-use facilities. These corrective actionsinclude:

Storm sewer cleaning and relining

Storm sewer replacement

Piping reroutes

Mercury source removals

Treatment of mercury-contaminated sump water

In keeping with DOE' s priority to protect the public and the environment from dangers related to mercury
and other hazardous substances from its sites, the identification and elimination of known mercury sources
isan ongoing concern. Efforts continueto further understand the nature of the mercury rel eased to UEFPC.
Sources of mercury from surface runoff, erosion of the creek bank and sediments, and from the plant itself
areunder continual investigation. Experimental approachesand new investigationsare currently in progress
to assess the feasibility of other corrective actions.

D.3.7.2 Beryllium

Since the 1950s, the processing of beryllium metals and aloys has been an important part of the Y-12
mission. Beryllium-containing compounds have been used for research and development, testing, and
manufacturing operations at multiple locations throughout the Y-12 Plant. Included in the beryllium
operations have been melting and molding, grinding, and machine tooling of parts. Worker exposures have
been through inhalation of beryllium dust or particles.

Y-12 implemented a Chronic Beryllium Disease Prevention Program in response to DOE requirementsin
DOE Order 440.1A, Worker Protection Management for DOE Federal and Contractor Employees. Chronic
beryllium disease is a disease of the lungs caused by the body’ sreaction to inhaled beryllium dust or fumes.
TheY-12 prevention program was desi gned to reduce the number of workersexposed to beryllium, minimize
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the levels of exposure, and establish medical surveillance procedures to identify workers with early stages
of chronic beryllium disease. The Department of Energy published a final rule to establish the Chronic
Beryllium Disease Prevention Programin the Federal Register on Wednesday, December 8,1999. Thisnew
rule became effective on January 7, 2000. The new rule hasincorporated arevised action level of 0.2 ug/m?
that corresponds to the new TWA proposed by the ACGIH.

To evaluate the beryllium-contaminated areas and to protect worker health, the Y-12 Industrial Hygiene
Department hasdevel oped asampling and analysisplantoidentify theareaswithin the plant whereberyllium
was once used. Approximately 300 |legacy areas were identified in 39 buildings. These beryllium legacy
areaswere defined to protect theworkersat risk, including beryllium-sensitized individuals, to provide data
for modernization projects and to reduce the number of beryllium-contaminated areas.

Ongoing activities at Y-12, in addition to the identification of beryllium legacy areas, include

« Initial and periodic exposure monitoring (currently includes monitoring of al beryllium workers)
* Hazard assessment

* Posting of beryllium work areas

* Medical Surveillance, Respiratory Protection

e Training

*  Counseling for the sensitized workers

e Warning signs

e Waste disposal

D.3.7.3 Poalychlorinated Biphenyls

Thelargest use of PCBs at Y-12 has been in the electrical systems (including transformers and capacitors),
as PCB-contai ning cutting oil sfor the machining of enriched uranium, and in the el ectromagnetic separation
process cooling system (Z-oil system). In addition, PCBs were used in the hydraulic systems throughout
the plant (Chem Risk 1997b). Y -12 manages PCBs in accordance with state and federal regulations, LMES
policies and procedures, and Y-12 Site Standards. These regulations include the strict control of the use,
storage, disposal, decontamination, transport and spill clean-up of PCB-containing materials.

D.3.7.4 Polycyclic Aromatic Hydrocarbons

Polycyclic Aromatic Hydrocarbons (PAHS) are agroup of chemicalsthat are formed during the incomplete
combustion of wood and fuel, including coal, ail, gas, and other organic substances. Exposureto PAHs may
occur via inhalation, ingestion, and dermal contact. In any medium, PAHsS most often exist as complex
mixtures of compounds, and these compounds have been divided into carcinogenic and noncarcinogenic
PAHSs.

Carcinogenic PAHSs Noncarinogenic PAHs
benzo[a]pyrene acenaphthene
benzo[a]anthracene acenaphthylene
benzo[ b]fluoranthene anthracene
benzo[k]fluoranthene benzo[g,h,i]perylene
chrysene fluoranthene
dibenzo[ a,h]anthracene fluorene
indeno[1,2,3-cd]pyrene methylnaphthalene
naphthalene
phenanthrene
pyrene
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PAHsdetected in environmental mediaat Y-12 are believed to be associated mainly with the burning of coa
at the Y-12 Steam Plant. Other potential Y-12 sources include accidental releases of various organic
substances and/or gas and oil.

D.3.7.5 Volatile Organic Compounds

Volatile Organic Compounds (VOCs) detected at Y-12 that are of concern to human health are benzene,
carbon tetrachloride, 1,1-dichloroethene, 1,2-dichloroethene, tetrachloroethene, and vinyl chloride. The
majority of these compounds were historically used as solvents or degreasers at Y-12. Several are
components of compounds used in the paint shops. Note that most of these compounds are no longer used
at the facility and have been replaced by safer products. In addition, all chemicals purchased for use at the
facility are now inventoried and their use is closely supervised under existing Industrial Hygiene and
Environmental Safety and Health protocols.

D.3.8 Risk Estimates for Potential Chemical Exposures for HEU Storage Mission and Special
Materials Mission Alternatives

The additional proposed actions under consideration in this SWEIS include: HEU Storage Mission
Alternatives, and the Special Materials Mission Alternative. Each of these actionswill be discussed in the
following subsectionsrelativetotheir respectiveimpact ontherisk estimatesfor potential radiation exposure
to the public.

D.3.8.1 Alternative 1B (No Action - Planning Basis Operations Alternative)

No Action - Planning Basis Operations Alternative does not include the construction or significant
upgrade/expansion of any new or existing DP facilities. TheY-12 Plant would continue to use the existing
storage facilities and the existing special materials operation facilities to perform the HEU Storage Mission
and the Special Materials Mission, respectively. Under the No Action - Planning Basis Operations
Alternative, the major production activities during the 2001-2010 time period will involve weapons
production, weaponsdismantlement, quality evaluation, special production, and enriched uraniumrecovery.

Nonradiological airborne discharges from Y-12 mission facilities under No Action - Planning Basis
Operations Alternative consist of those criteriaand chemical pollutant emissionsfromthe Y -12 Steam Plant
and chemical emissions from Y -12 operations. No adverse direct or indirect air quality inputs are expected
from normal operationsassociated with the continuation of Y-12 missionsunder No Action - Planning Basis
Operations Alternative (see Section 5.7).

In 1987, 12 perimeter ambient air monitors were operated at the Y-12 Plant. Uranium, fluoride, SO,, and
total suspended particulates data were collected. The results of this monitoring are presented and
summarized in the report Environmental Surveillance of the U.S. Department of Energy Oak Ridge
Reservation and Surrounding Environs During 1987 (MMES 1988). Fluoride and SO, concentrationswere
below all applicable state standards. Total suspended particulates did exceed state standards four times
during 1987, but thiswas attributed to road dust in the area of the station beforeitsrelocation. Mercury was
not monitored at these ambient air stations in 1987.

Available surface water historical data for the release of chemical contaminants as a result of process
operationsarelimited to the reported NPDES monitoring datain the above mentioned report. Ingeneral, the
data are reported as either less than or greater than the detection/reporting limits and actual measurements
are not readily available. In addition, the sampling locations were monitored for primarily inorganic
constituents and physical characteristics (i.e., temperature, turbidity, pH, etc.). The other compounding
factors in using the historical data are that waste process treatment facilities have been upgraded and
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improved during the subsequent years and administrative and engineering controls have improved. Lastly,
increased production and recovery operations during the 2001-2010 time period are not expected to result
in any increased release of chemical contaminants to the environment compared to current operations.
Therefore, thedatafor the 1998 baselineis considered representativefor No Action - Status Quo Alternative.

D.3.8.2 Highly Enriched Uranium Storage Mission Alternatives

There are three proposed aternatives for the HEU Storage Mission at Y-12: No Action - Planning Basis
Operations Alternative, Alternative 2A (Construction and Operation of aNew HEU Material s Facility), and
Alternative 2B (Upgrade Expansionto existing Building 9215) (seeVolumel, Chapter 3). Theemissiondata
for No Action - Planning Basis Operations Alternative is assumed to include all the emissions from the
storage of HEU in existing facilities. Theimpacts associated with the criteriaand toxic pollutants presented
would be the same as described for Alternative 2B (No Action - Status Quo Alternative) environmental
consequences. Similarly, chemical emissions are considered to be the same asthose for No Action- Status
QuoAlternative (1998 baseline). Contributionsfromthecurrent HEU StorageMissionfacilitiesarereflected
in the emissions from the Y-12 Steam Plant which supplies steam to the facilities (see Section 5.7). In
addition, the environmental emissions for the HEU Storage Mission Alternatives are expected to be at or
below the current levels due to administrative and engineered controls. Risks to the public from
environmental emissionswould remain the same or bel ow those presented in Section D.2.5.1 for Alternative
1B (No Action - Planning Basis Operations Alternative).

D.3.8.3 Special Materials Mission Alternatives

There are two proposed alternativesfor the Special Materials Mission at Y-12: No Action - Planning Basis
Operations Alternative, Alternative 3A (Construction and Operation of a new Special Materials Complex)
(see Chapter 3). Under No Action - Planning Basis Operations Alternative the Special Materials Complex
would not be constructed. The Y-12 Plant would continue to use the existing special materials operations
facilitiesand the chemical impactsto the public would remain the same asunder Alternative 1B (No Action -
Planning Basis Operations Alternative) discussed in Section D.2.5.1.

No criteria pollutant emissions would be generated from the new Special Materials Complex facilities.
Chemical emissions with the exception of beryllium are considered to be the same as those in the 1998
baseline as the activities to be undertaken will not change only the location at which these activities are
completed will change. Additional steam generation for heating requirements at the new complex would be
off-set by areduction in heating requirements of the old facilities.

The construction of the New Special Materials Complex includes anew Beryllium Facility. Thetransfer of
beryllium operationsto the new facility would result in apositiveimpact by reducing emissions at the Y-12
Plant. The new Beryllium Facility would be equipped with a 99.5 percent pre-filtration system through
which process exhausts would be filtered prior to passing through a high-efficiency particulate air (HEPA)
filtration system and subsequent exhausting through the building stacks. The new filtration system is
estimated to reduce current baseline emissions of beryllium by 90 percent (LMES 2000c).

D.4 IMPACTSTO WORKER SAFETY

Y-12 worker risks from radiation and chemical hazards are closely controlled by health and safety
requirements. Inadditionto theserisks, workersat Y-12 havethe potential for industrial accidents, injuries,
and illnessesdueto everyday operations. Dueto thesepotential impacts, injury andillnessratesareincluded
in this SWEIS.
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The Safety Program at Y -12 encompasses the DOE Orders described below and implements the Integrated
Safety Management System as the facility safety structure. The objective of the Integrated Safety
Management System isto provide asafe workplaceto performwork safely while protecting the worker, the
public, and theenvironment. Integrated Safety M anagement System principlesinclude theline management
responsibility for safety, clear lines of authority for ensuring safety, input and support from all workers, and
the effective hazard controls to ensure the safety of work.

D.41 Department of Energy Regulation of Worker Safety

DOE Order 440.1A, Worker Protection Management for DOE Federal and Contractor Employees, regul ates
the health and safety of workers at all DOE sites. This comprehensive standard directs the contractor
facilities to establish the framework for an effective worker protection program that will reduce or prevent
injuries, illnesses, and accidental losses by providing DOE Federal and contractor workers with a safe and
healthful workplace. Baseline exposure assessmentsare outlined in thisrequirement, along with day-by-day
health and safety responsibilities.

Industrial hygienelimitsfor occupational chemical exposures at federal sitesare regulated by 29 CFR 1910
and 29 CFR 1926, Occupational Safety and Health Sandards, including the PELs set by OSHA. DOE
requires that all sites comply with the PELs unless a lower limit (more protective) exists in the ACGIH
TLVs.

The Y-12 Safety Program conducts investigations of plant accidents according to DOE Order 225.1A,
Accident Investigations, and reports work-related fatalities, injuries, and illnesses according to DOE Order
231.1, Environment, Safety and Health Reporting.

D.42 Y-12Injury/lliness Rates

The Y-12 worker nonfatal injury/illness rates presented in Table D.4.2-1 were used to calcul ate the 4-year
average (1995-1998) injury/illnessratefor 100 workers(or 200,000 hours). Theaverage4-year injury/illness
rateand the 4-year average Y -12 worker population size werethen used to cal cul ate thetotal number of Y-12
worker nonfatal injury/illness per year for the entire Y-12 workforce under the No Action - Planning Basis
Operations Alternative. It was assumed that the 4-year average rate would remain constant.

TABLE D.4.2-1.—Y-12 Four-Year Average (1995-1998) IlIness/I njury Rate per 100 Workers

Data Items 1995 1996 1997 1998 A-vear
Average
Annua Y-12 Worker Population 5777 5,034 5,034 5,105 5,238
Annua Y-12 Nonfatal Occupational 8.03 914 953 768 858

Injury/lliness Rate
Source: LMES 1999.

Theestimated Y -12 worker population under each alternativewasmultiplied by the 4-year averaged nonfatal
injury/ilinessrate (per 100 workers) to obtain the total number of nonfatal injuries/illnesses per year for the
entire Y-12 workforce for each aternative (Table D.4.2-2).
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TABLE D.4.2-2.—Calculated Nonfatal I njuries/llInesses per Year for
Y-12 Workforce by Alternative

No Action - No Action -
4-Y ear Planning Basis
Data Items Status Quo .
Average ' Operations
Alternative .
Alternative
Y-12 Worker Population 5,238 5,105 5,128°
Y-12 Nonfatal Occupational
Injury/Iliness (per 100 workers) 8.58 8.58 8.58

4-year average (1995-98)

Total Number of Nonfatal
Occupationa Injuries/IlInesses 449 438 440
for the Y-12 Workforce

AWorker population is assumed to remain the same as the current level of 5,128.

D.5 PuBLIC HEALTH DATA PROFILES

The supplemental information in this section provides the context for the human health analysis and
epidemiologic studies presented in this SWEIS. The following sections provide public health profiles
pertaining to cancer incidence rates and mortalitiesfor the United States, Tennessee, Anderson County, and
Roane County, along with definitions necessary for the interpretation of results.

D.5.1  Definition of Termsused in Health and Epidemiologic Studies

Standardization: A statistical method to remove the effects of differences in age, gender, or other
characteristics when comparing two or more population groups.

Standardized Mortality Ratio (SMR): Theratio of the number of deaths observed in a study population
to the number that would be expected. Usually, the expected number of deathsisbased ontheU. S. or State
of Tennessee (reference) popul ation for these studies. Therisk of death in the study group isthe same asthe
riskinthereferencegroupif theSMRis1. Thestudy populationisat greater risk of death than the reference
group if the SMR is greater than 1, and at lessrisk if the SMR isless than one.

Confidence Interval: A range around avariable, (e.g., rate) constructed so that this range has a specified
probability of including the true value of the variable.

D.5.2 Public Health in the United States

According to the Centersfor Disease Control (CDC 1999) the age-adjusted death rate (these rates are age-
adjusted to eliminate the distorting effects of the aging population) for the United States in 1997 was the
lowest on record, 479.1 deaths per 100,000 U.S. population. While death rates have been declining for the
past 20 years, the leading causes of death in the U.S. have remained fairly consistent. Heart disease remains
the number one cause of death, followed by cancer and strokes.

Life expectancy at birth for 1997 reached arecord high of 76.5 years, an increase of 0.4 year compared with
life expectancy in 1996. Thisis attributed to a decline in deaths from AIDS, heart disease, cancer, stroke,
and homicide.

Table D.5.2-1 shows the leading causes of death and the age-adjusted death rates per 100,000 U.S.
population for the year 1997 along with the percent change since 1979.
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TABLE D.5.2-1—Age-Adjusted Mortality Rates

Caussof Dt e oo e P e Snce

Heart disease 130.5 314 -34.6
Cancer 125.6 233 -4.0
Stroke 25.9 6.9 -37.7
Chronic obstructive pulmonary disease 211 4.7 445
Accidents 30.1 41 -29.8
Pneumonia and influenza 12.9 3.7 15.2
Diabetes mellitus 135 2.7 37.8
Suicide 10.6 13 -9.4
Nephritis 44 11 23

Chronic liver disease and cirrhosis 7.4 1.1 -38.3

Source: CDC 1999.

For the first timein many years, the incidence and death ratesfor cancer in the United States have declined.
A collaborative report from the American Cancer Society, National Cancer Institute, and CDC (CDC 1998)
announced the downshift. The report used cancer incidence data from the CDC's Surveillance,
Epidemiology and End Results program and mortality data from the CDC's National Center for Health
Statistics.

Beforetherel ease of the new data, cancer incidence and death rateshad shown asteady increasefor 20 years.
Incidence rates, or rates of new cancers, increased 1.2 percent per year from 1973 to 1990 and then started
adownward trend, averaging a decline of 0.7 percent per year from 1990 to 1995.

The four leading cancers reported during 1990-1995 were lung, prostate, breast, and colon, accounting for
over half of the newly diagnosed cancers. These four sites were also the top causes of cancer death. Lung
cancer incidence and deaths are continuing to rise for women, largely attributed to the increase in smoking
among women. Thisisin contrast to thelung cancer ratesin men, which rose sharply from 1940 t01990, but
have been declining over the past 10 years with the decline in cigarette smoking.

D.5.3 Comparison of U. S. and Tennessee Cancer Rates

Tennessee has a higher mortality rate for lung cancer and prostate cancer than the United States as awhole
(Table D.5.3-1). Tennessee ranks 12" highest overall in cancer mortality rates among the 50 states and

Washington, D.C. (CDC 1998). Age-adjusted cancer death rates have declined in Tennessee over the past
5 years, following the pattern for the United States as a whole.
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TABLE D.5.3-1.—Average Annual Age-adjusted Mortality Rates for
Cancer-related Deaths per 100,000 Persons, 1991-1995

Type of cancer Tennessee National
Lung 59.4 49.8
Breast 257 26.0

Colorectal 17.6 17.8
Prostate 26.9 26.1

Source: CDC 1998.
D.54 Anderson and Roane County Cancer Rates

The following cancer incidence and mortality data are included to augment the epidemiologic studies and
reflect the cancersof concerninthereported studies. Thedata presentedin Tables D.5.4-1 through D.5.4-6
arecompiled by the Tennessee Cancer Registry, Tennessee Department of Health. The Tennesseepopulation
dataisprovided fromthe U.S. Bureau Census. Four year age-adjusted rateswere used to compare Anderson
and Roane Counties to the Tennessee rates. The U.S. rates are not compared in this data profile since
national population data differs from that compiled by the State of Tennessee.

According to the CDC, the prostate-specific antigen test for prostate cancer wasintroduced in thelate 1980s
and early 1990sand caused anincreasein thediagnoses of previously undetected prostate cancers. TheCDC
proj ects that since these prevalent cancers have been detected, the rate may be dropping to an equilibrium
that more represents the actual incidence.
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TABLE D.5.4-1.—1989-1992 Age-adjusted® Cancer Mortality Rates with 95 Percent

Confidence Interval (Cl) and Number of Cases
Site Anderson Co. Roane Co. Tennessee
Rate 16.7 14.3 24.5
Ef':aast'e No. Cases 40 19 3,169
95 percent Cl 11.4-22.1 7.8-20.9 23.7-25.4
Rate 6.7 5.0 6.0
Leukemias No. Cases 26 12 1,443
95 percent Cl 4.0-9.3 2.1-7.8 57-6.3
Rate 52.6 64.2 56.5
Lung No. Cases 196 169 12,813
95 percent Cl 45.1-60.1 54.4-73.9 55.5-57.5
Rate 4.7 6.1 5.0
Nervous System No. Cases 15 15 1,096
95 percent Cl 22-71 3.0-9.3 4.7-5.3
Rate 6.3 84 59
E;;;?}g?ﬁaﬁns No. Cases 24 24 1,417
95 percent Cl 3.8-8.9 5.0-11.8 5.6-6.2
Rate 3.0 2.9 34
Myelomas No. Cases 12 8 812
95 percent Cl 1347 0.9-5.0 3.1-3.6
Rate 24.6 19.0 26.1
Prostate No. Cases 37 19 2,507
95 percent Cl 16.5-32.6 10.3-27.7 25.1-27.2
Rate 0.6 - 0.3
Thyroid No. Cases 2 - 77
95 percent Cl -0.2-14 - 0.2-04
Rate 160.8 166.1 172.2
m‘:‘t' al(i:?;cer No. Cases 620 440 40,493
95 percent Cl 147.9-173.7 150.4-181.8 170.5-173.9

2Age-adjustment methodology adjusts to the 1970 U.S. standard population.
"Data are as reported to the Tennessee Department of Health, Health Statistics and Research, Nashville, TN.

Source: CDC 1998.
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TABLE D.5.4-2.—1993-1996 Age-adjusted® Cancer Mortality Rates with 95 Percent

Confidence Interval (Cl) and Number of Cases’
Site Anderson Co. Roane Co. Tennessee
Rate 19.3 22.3 25.0
E?Ee No. Cases 46 34 3,576
95 percent Cl 13.4-251 14.6-29.9 24.1-25.8
Rate 6.3 8.0 6.3
Leukemias No. Cases 28 24 1,655
95 percent Cl 3.9-8.7 4.7-11.2 6.0-6.6
Rate 62.7 67.6 58.9
Lung No. Cases 258 195 14,601
95 percent Cl 54.9-70.5 58.0-77.2 57.9-59.8
Rate 7.8 3.2 50
Nervous System No. Cases 27 8 1,188
95 per cent Cl 4.7-10.9 0.9-5.6 4.7-5.3
Rate 4.7 6.1 6.7
t';;;ﬁg‘:ﬁa‘gns No. Cases 23 17 1,759
95 percent Cl 2.8-6.7 3.2-9.1 6.4-7.0
Rate 4.4 2.7 34
Myelomas No. Cases 18 8 902
95 percent ClI 2.3-65 0.8-45 3.2-3.6
Rate 24.5 21.1 26.3
Prostate No. Cases 41 26 2,748
95 percent Cl 16.9-32.0 12.9-29.2 25.3-27.3
Rate 11 - 0.3
Thyroid No. Cases 5 - 86
95 percent ClI 0.1-2.2 - 0.2-04
Rate 175.5 1717 177.7
Lo al(ff‘;cer No. Cases 738 503 45,723
95 percent Cl 162.6-188.5 156.4-186.9 176.1-179.4

2Age-adjustment methodology adjusts to the 1970 U.S. standard population.
"Data are as reported to the Tennessee Department of Health, Health Statistics and Research, Nashville, TN.

Source: CDC 1998.
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TABLE D.5.4-3.—1989-1992 Age-adjusted® Cancer I ncidence Rates 95 Percent

Confidence Interval (Cl) and Number of Cases’

Site Anderson Co. Roane Co. Tennessee
Rate 110.1 74.0 85.4
E?Qaast'e No. Cases 216 104 10,636
95 percent Cl 94.9-125.2 59.4-88.6 83.7-87.1
Rate 6.9 8.5 6.2
Leukemias No. Cases 25 18 1,366
95 percent ClI 4.0-9.7 4.4-12.6 5.9-6.6
Rate 68.9 74.7 58.5
Lung No. Cases 258 195 13,104
95 percent Cl 60.3-77.4 64.1-85.3 57.5-59.5
Rate 8.0 55 59
Nervous System No. Cases 25 12 1,232
95 percent ClI 47-11.2 2387 5.6-6.3
Rate 115 11.0 10.9
E;%:}g‘f;”s No. Cases 43 28 2,482
95 percent Cl 8.0-15.0 6.9-15.2 10.4-11.3
Rate 38 4.3 3.2
Myelomas No. Cases 15 11 742
95 percent ClI 19-58 1.7-6.8 29-34
Rate 153.5 104.7 95.8
Prostate No. Cases 248 119 9,314
95 percent Cl 134.2-172.9 85.7-123.6 93.9-97.8
Rate 11 04 17
Thyroid No. Cases 3 1 392
95 percent ClI -0.2-25 -0.4-1.2 1.6-1.9
Rate 394.3 349.3 317.3
Total Incidence No. Cases 1,474 904 72,839
95 percent Cl 373.7-414.8 326.2-372.3 315.0-319.7

2Age-adjustment methodology adjusts to the 1970 U.S. standard population.

"Data are as reported to the Tennessee Department of Health Cancer Registry, Nashville, TN.

Source: CDC 1998.
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TABLE D.5.44.—1993-1996 Age-adjusted® Cancer | ncidence Rates with 95 Percent

Confidence Interval (Cl) and Number of Cases’

Site Anderson Co. Roane Co. Tennessee
Rate 96.8 81.0 93.3
E?Qaast'e No. Cases 204 124 12,659
95 percent Cl 83.1-110.6 66.4-95.7 91.6-94.9
Rate 54 6.2 7.1
Leukemias No. Cases 20 15 1,674
95 percent ClI 29-79 2.9-9.6 6.7-74
Rate 72.1 70.9 64.4
Lung No. Cases 288 204 15,681
95 percent Cl 63.7-80.6 61.1-80.7 63.4-65.4
Rate 6.7 4.2 6.2
Nervous System No. Cases 22 10 1,394
95 percent ClI 3.7-9.6 1.4-6.9 5.8-6.5
Rate 9.5 9.6 11.6
F;;ﬁg?ﬁ:sms No. Cases 39 23 2,885
95 percent Cl 6.4-12.6 5.5-13.7 11.2-121
Rate 4.3 3.3 3.6
Myelomas No. Cases 17 10 916
95 percent ClI 2264 1.2-54 34-39
Rate 100.6 86.1 93.2
Prostate No. Cases 170 110 9,674
95 percent Cl 85.4-115.7 70.0-102.3 91.3-95.1
Rate 58 51 3.6
Thyroid No. Cases 21 13 868
95 percent ClI 3.383 2378 34-39
Rate 345.1 328.6 335.2
Total Incidence No. Cases 1,367 921 82,730
95 percent Cl 326.4-363.8 306.9-350.3 332.9-337.5

2Age-adjustment methodology adjusts to the 1970 U.S. standard population.

"Data are as reported to the Tennessee Department of Health Cancer Registry, Nashville, TN.

Source: CDC 1998.
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TABLE D.5.4-5.—Four-Year Average Age-specific Childhood Cancer Mortality for Tennessee Residents

Age Group (1989 - 1992)

County 00-04 05-09 10-14 15-19 Total
Anderson Cases 2 3 0 2 7
Population 17,072 18,717 18,970 18,740 73,499
Age-Specific Rate 11.72 16.03 0.00 10.67 9.52
Roane Cases 0 1 0 1 2
Population 10,744 12,085 13,410 14,012 50,251
Age-Specific Rate 0.00 8.27 0.00 7.14 3.98
Total Cases 52 70 68 79 269
Population 1,349,134 1,367,900 1,372,540 1,474,378 5,563,952
Age-Specific Rate 3.85 5.12 4,95 5.36 4.83
Four-Year Average Age-specific Childnood Cancer Mortality for Tennessee Residents
Age Group (1993 - 1996)
County 00-04 05-09 10-14 15-19 Total
Anderson Cases 0 1 2 2 5
Population 17,829 19,578 19,406 18,758 75,571
Age-Specific Rate 0.00 511 10.31 10.66 6.62
Roane Cases 0 0 0 0 0
Population 10,829 12,090 13,194 13411 49,524
Age-Specific Rate 0.00 0.00 0.00 0.00 0.00
Total Cases 60 62 52 86 260
Population 1,441,383 1,469,146 1,448,870 1,497,132 5,856,531
Age-Specific Rate 4.16 4.22 3.59 5.74 4.44

Note: As reported to the Tennessee Department of Health Cancer Registry, Nashville, TN.

Source: CDC 1998
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TABLE D.5.4-6.—Four-Year Average Age-specific Childhood Cancer I ncidence for Tennessee Residents

Age Group (1989 - 1992)

County 00-04 05-09 10-14 15-19 Total
Anderson Cases 4 1 2 1 8
Population 17,072 18,717 18,970 18,740 73,499
Age-Specific Rate 23.43 5.34 10.54 5.34 10.88
Roane Cases 1 1 1 1 4
Population 10,744 12,085 13,410 14,012 50,251
Age-Specific Rate 9.31 8.27 7.46 7.14 7.96
Total Cases 273 168 128 239 808
Population 1,349,134 1,367,900 1,372,540 1,474,378 5,563,952
Age-Specific Rate 20.24 12.28 9.33 16.21 14.52
Four-Year Average Age-specific Childhood Cancer Incidence for Tennessee Residents
Age Group (1993 - 1996)
County 00-04 05-09 10-14 15-19 Total
Anderson Cases 0 4 2 3 9
Population 17,829 19,578 19,406 18,758 75,571
Age-Specific Rate 0.00 20.43 10.31 15.99 11.91
Roane Cases 2 3 0 4 9
Population 10,829 12,090 13,194 13411 49,524
Age-Specific Rate 18.47 24.81 0.00 29.83 18.17
Total Cases 275 165 149 253 842
Population 1,441,383 1,469,146 1,448,870 1,497,132 5,856,531
Age-Specific Rate 19.08 11.23 10.28 16.90 14.38

Note: As reported to the Tennessee Cancer Reporting System.

Source: CDC 1998
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