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CONTENTS OF THE OAK RIDGE HEALTH STUDIES PHASE I REPORT

Volume I summarizes the activities of the Oak Ridge Health Agreement Steering Panel,
other than the Dose Reconstruction Feasibility Study, during Phase I of the Oak Ridge
Health Studies. It includes four major topics:

Executive Summary of the Oak Ridge Health Studies Phase I Report
Health Studies Background and Overview

Phase I Goals

Conclusions and Recommendations for Phase I

Volume II documents the study (referred to as the Dose Reconstruction Feasibility
Study) to find out if enough data exist to estimate historical doses of chemicals and
radionuclides to the public living around the Reservation. It is comprised of four parts:

o Part A addressing project Tasks 1 and 2 to identify the historical
operations and emissions at each of the complexes and characterize the
availability of environmental sampling and research data

o Part B addressing Tasks 3 and 4 to identify important
environmental exposure pathways and contaminants released from
the Reservation

o Part C addressing Task 5 to' identify- information regarding historical
locations and activities of off-site populations that could potentially be
affected by releases from the Reservatlon

. Part D addressmg Task 6 to 1dent1fy the hazards associated with
substances ‘used at the reservatlon : »
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VOLUME SUMMARY

The purpose of the Phase 1 Health Studies of the Oak Ridge Reservation (ORR) is to provide
a wide-ranging review of past facility operations in order to 1) identify ORR activities that
resulted in the release of contaminants that could-have impacted the health of off-site individuals
and 2) determine the need and/or feasibility of performing more detailed investigations.
Previous project tasks have focussed on the review of documents related :to the history of
operations and contaminant releases. The product of these efforts is a report documenting the
history of facility operations and the availability of information related to contaminant releases
in the form of a Project Tasks 1 & 2 Final Report (ChemRisk, 1993a). In view of the 50-year
history of operations and the complex nature of the activities at the three main ORR facilities,
this initial review, although in many respects only a summary-level overview of activities,
presents a large volume of data and information. In addition, the Tasks 1 & 2 report identifies
a number of activities at the facilities that had a high potential for release of substantial quantities
of contaminants to the environment.” Based on this qualitative determination, these activities
were recommended as the potential focus of any future detailed health studies. The availability
of information for further study of these activities was also characterized in this earlier report.

In structuring the scope of the Phase I studies, there was a desire to attempt a quantitative
evaluation of the identified releases to further aid in the focussing of any future phases of the
health studies. Project Tasks 3 & 4, which are the subject of this report, are designed to offer
a first attempt at such a quantitative evaluatlon In essence, these tasks are designed to provide
an initial, very rough evaluation of the large quantity of information and'data identified in Tasks
1 & 2 with regards to the potential for the contaminant releases to cause harm to the public’s
health. The data and information from Tasks 1 & 2 have not been thoroughly evaluated or
independently verified, as would be done in any subsequent, more lengthy and detailed studies.

As such, any conclusions reached in. Tasks 3 & 4 are subject to revision due to errors in the
readily available data or mformatron or future identification of additional data and information.

The analyses presented in_ this- report should be vxewed as one approach to settmg some initial
priorities for the detalled study of an enormously complex issue.

As mentioned earlier, h1stor1cal fac111ty processes and actwmes which were 1dent1fied in Project
Tasks 1 & 2 as likely being assoc1ated with the release of substantlal quantmes of contaminants
to the environment were recommended as broad areas for potentlal further study. This report
prov1des analyses that attempt to 1dent1fy the exposure pathways and envxronmental media (e.g.,
air, surface water, soil)’ hkely to be most highly associated with public exposure to contaminants
in the environment, and should therefore :be the initial focus of. additional efforts. -In addition,
where some data or mformatlon are available to’ permit further quantltatlve evaluation as part
of this feasibility study, the potentxal relative health hazard associated with-identified contaminant
releases has also been evaluated. This quantitative evaluation provides a screening-type estimate
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of the relative hazard posed by measured or estimated quantities of contaminants in areas outside
ORR boundaries. This evaluation was only performed when appropriate data or information
were readily available. Consequently, some of the facility activities and contaminants suggested
as the potential focus of further study in Tasks 1 & 2 could not be quantitatively evaluated in
this report. The highest priorities that emerged from the quantitative analysis are summarized
in Table VS-1. Those focus areas that could not be formally evaluated quantitatively for any
environmental medium as part of this feasibility study are listed in Table VS-2. A complete
ranking of all of the contarmnants for which there was sufficient information for evaluation is -
provided in the report.

TABLE VS-1

HIGHEST PRIORITY OPERATIONS/CONTAMINANTS
FOR FURTHER STUDY BASED ON QUANTITATIVE SCREENING

Facility ’ Operation Years of Contaminant(s)
. l 7 Operation
X-10 Radioactive Lanthanum (RaLa) Processing 1944-1956 Iodine-131, -133
X-10 Various Chemical Separation Programs Late 1943 - Cesium-137
1960s
Y-12 Lithium Separatlon and Ennchment Operation 1955-1963 Mercury
K-25/Y-12 | Transformers/Machmmg Indeterminate Polychlorinated
Biphenyls

It should be noted that in some cases very limited information, often in only a single
environmental medium, was available to perform the quantitative evaluation. In addition, the
data that were available came from a variety of sources of differing quality or conservatism.
The lack of information in one or more media or inconsistent levels of conservatism may have
resulted in an incorrect placement in the hazard ranking. For these and other reasons, the results
presented in this report should be considered preliminary and subject to change as more
information becomes available. Keeping these limitations in mind, the priorities identified using
this quantltatlve screening evaluation can be used in conjunction with information developed in
Tasks 1 & 2 and input received from the public regarding their concerns to focus any subsequent
Health Studies Work. :
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TABLE VS-2

CONTAMINANTS THAT COULD NOT BE QUANTITATIVELY EVALUATED
FOR ANY MEDIUM AS PART OF PHASE I OF THE HEALTH STUDIES

]

Facility Operation Contaminant(s)
IF — —
K-25/Y-12 Cooling towers Chromium(V])
K-25/Y-12 Waste disposal ponds . Neptunium-237
X-10/Y-12 Plutonium separation at X-l'O (plutonium-240, -241 Plutonium-239, -240, 241
only)/feed material from Savannah River Plant at Y-12
Y-12 Lithium deuteride production Tritium
Y-12 Coal Ash Piles . Arsenic

0514ALR1
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1.0 INTRODUCTION

A pnmary objective of this Tasks 3 & ‘4 report is to identify the important environmental

pathways through which off-site- populatlons could have been exposed to contaminants released
from the Oak Ridge Reservation (ORR) This report relies upon information collected in three

~other project tasks. Task 1 describes the historical operations at the, ORR and identifies activities

that have likely been associated with significant off-site releases of i 1mportant contaminants, while
Task 2 focusses on identification and description of environmental monitoring and research data
that are available to support dose reconstructxon efforts. The results from Tasks 1 & 2 are
presented in a combined final draft report (ChemRisk, 1993a),: :and provide the basis for

‘identification of the contaminants: evaluated in Tasks 3 & 4. Task 5 involves the identification

of available information on historical popu]atxons and land uses thhm approximately 10 miles
of each of the three plant sites on the-ORR (ChemRisk, 1993b).

The existence of an exposure pathway is determined by a nurnber of factors. These include

- environmental conditions (e.g., location of surface water and/or groundwater, prevailing wind

direction), potential for a contaminant to move from one medium (e.g., soil, water, air) to
another, and the life-styles and activities of the exposed population (e.g., gardening, water
recreation). The combinations of medla, .transport mechanisms, and routes of contact create
many possible envuonmental ‘pathways; however, not all environmental pathways are necessanly
complete. In addition, not all complete pathways make a significant contribution to the total
potential health risk experienced by an off-site population. The combined objective of Project
Tasks 3 & 4 and this report is to. identify those complete exposure pathways that warrant detailed
dose reconstruction efforts.

1.1 ° Contaminants Released from the Oak Ridge Reservation

In the Tasks 1 & 2 report, contaminants that were handled in large quantities and/or in a manner
such that there was a high probablhty that the contaminant was released to the environment, or
whose releases were documented; were: identified for each of the ORR plant areas. ‘Some of the
contaminants identified in the Tasks 1 & 2 report are ‘not believed to have contributed

- significantly to the total health hazard posed by the ‘site. . The basis for this conclusion is

described in this report

1.2 Complete Exposure Pathways o

Complete exposure pathways de., pathways for Wthh a source of contaminant release an
environmental medium that will transport the contammant t0'a point of exposure, and a route

of exposure or entry to the. body are all present are identified for each of the important
contaminants released by the various ORR facilities to the air, surface waters, and soil or
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sediment. Exposure pathways associated with releases of contaminants to groundwater are not:
believed to have been complete in the past, and the basis for this conclusion is described in this
report. The identified complete exposure pathways are reviewed further to determine, where
possible, their potential relative importance to the total dose received by off-site individuals.

1.3 -Compzirison Within an Environmental Medium

There are many ways through which an individual can be exposed to a contaminant released to
a single environmental medium. The relative importance of these pathways to the total dose of
the contaminant can be identified by comparing the health risks to an individual based on a unit
concentration. of the contaminant in that medium. This comparison is based on exposure
assumptions appropriaté for an adult, since the additional complexity associated with taking into
account various age groups is not warranted as part of this feasibility study. The results of this
comparison are used to identify the relative importance of exposure pathways in each relevant
environmental medium (i.e., air, surface water, and soil/sediment).

1.4  Comparison Between Environmental Media

Even though one pathway may be identified as the most important for a particular contaminant
in a particular medium (e.g., direct inhalation of the contaminant in air), the associated health
risk may be insignificant compared with the risk associated with exposures to the contaminant
in another medium (e.g., diréct ingestion of the contaminant in surface water). A comparison
between media is used, where possible, to focus future dose reconstruction efforts. This type
of comparison requires actual contaminant concentrations in different media; however, at this
stage of the project, this information could not be obtained for a number of the contaminants
included in the evaluation. This report does, however, present preliminary estimates of
contaminant concentrations in the relevant environmental media for many of the contaminants
of concern.

2.0 CONTAMINANTS RELEASED FROM THE OAK RIDGE RESERVATION

Project Tasks 1 & 2 provided an initial review of the historical operations and releases at the -
ORR. Because the missions differed between each of the complexes, i.e., X-10, K-25, and

Y-12, and over time, historical operations and releases for each complex were addressed
separately. The Tasks 1 & 2 report ended with a discussion of available environmental data that

are not necessarily associated with the plants individually. Based on the investigations-conducted

as part of Tasks 1 & 2, a preliminary list of contaminants released from each of the plants for

which additional investigation may be warranted has been compiled (Table 2-1). ~These

contaminants are separated into four general groups of contaminants: radionuclides,

nonradioactive metals, acids/bases and organics. The fact that no nonradioactive metals or
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. TABLE 2-1

CONTAMINANTS RELEASED FROM THE OAK RIDGE RESERVATION FOR WHICH
ADDITIONAL INVESTIGATION MAY BE REQUIRED BASED. ON PROJECT

TASKS 1 & 2 REVIEW

. K25

|| - } x-1o

Y12 I

Argon-41

Barium-140

Cerium-144

Cesium-137

Cobalt-60

Iodine-129, -131, -133
Krypton-85
Lanthanum-140
Niobium-95
Plutonium-238, -239, -240, -241
Protactinium-233
Ruthenium-103 .
Ruthenium-106
Strontium-89, -90
Tritium

Uranium-234, -235, -238
Xenon-133

Neptunium-237
Plutonium-239
Technetium-99
Uranium-234, -235, -238

. Neptunium-237
Plutonium-238, -239, -240, -241
Technetium-99
Thorium-232
Tritium
Uranium-234, -235, -238

Zirconium-95

'None Initially Identified

Beryllium

Chromium, trivalent and
hexavalent

Nickel

Arsenic

Beryllium

Chromium, trivalent and
hexavalent

Lead

Mercury

Hydrochloric acid
Hydrogen peroxide
Nitric acid

Sodium hydroxide
Sulfuric acid

Acetic Acid
Chlorine trifluoride

| Fluorine and fluorine

. compounds
Hydrofluoric acid
Nitric acid
Potassium hydroxide
Sulfuric acid

R Ammomum hydroxlde

Fluorme and various fluorides

: Hydrpﬂuonc_acxd
-} Nitric a¢id .-

Phosgene. = ..

QSI4ALR2

None Imnally Identified Carbon tetrachloride |, Carbon. tetrachlonde
Freons ‘Freons'.. -
_Methylene chloride Metbylene chlondc
Polychlorinated bephenyls’ Polychlorinated biphenyls
1,1,1-Trichloroethane - Tetrachloroethylene
Trichloroethylene 1,1,1-Trichloroethane
- Trichloroethylene
3
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organics are identified for the X-10 site is not. meant to imply that these types of contaminants
were not used or potentially released to the environment, only that they do not appear to be -
significant compared to the identified radionuclides and acids/bases. Of the approximate 50
contaminants listed in the table, only a portion may be important with regard to historical
exposures to off-site individuals. The contaminants evaluated in this report are shown in
Table 2-2. Those contaminants shown in Table 2 -1 that are not evaluated further in this report
are discussed below. '

Acids/Bases

Eleven of the identified compounds are classified as either acids or bases. The primary health
effect of these compounds is commonly associated with acute exposure, producing some type
of irritation. Acids and bases released to the environment (especially to water) are likely.to
rapidly dissociate, reacting with organic material present in the environment. As such, acids and
bases are not generally associated with chronic, long-term health effects and are not evaluated
further in this report.

Freons

A group of compounds, collectively known as chlorofluorocarbons (i.e., Freons), was used at
multiple locations at each of the plant sites as coolants and/or solvents. As a class of
compounds, exposure to freons results in little to no toxicity, even at high concentrations. As
such, this class of compounds is not expected to have contributed to historical off-site health
effects and is not evaluated further in Phase I.

Other Contaminants Not Evéiuated in Phase I

Three contaminants, a group of compounds known as polyaromatic hydrocarbons (PAHSs),
asbestos, and unspecified pesticides, were identified in the Request for Proposal (RFP) for this
project as being potential contaminants of concern for the three plant sites. Based on the results
of Tasks 1 & 2, it was determined that the only source of PAHs would be combustion products
associated with the TSCA incinerator and the coal gasification/coal liquification research. The
TSCA incinerator represents a carefully controlled and monitored process, and the coal
gasification/liquification was not production-related. Therefore, it is expected that only small
quantities of PAHs would have been available for release to the environment from these
~ activities. Any-asbestos present at the ORR is likely associated with old insulation and building
materials, and primarily represents a potential safety hazard to on-site workers. Any off-site
releases of asbestos are not expected to be significant ‘when compared to other contaminants
released from the ORR. - Pesticides have likely been used throughout the history of the
Reservation for pest control. Chlordane, an organochlorine insecticide, is being studied as part
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TABLE 2-2

CONTAMINANTS TO BE EVALUATED IN TASKS 3 & 4

Radionuclides ’ Nonradioactive Metals Organics
Argon-41 . : : Arsenic Carbon tetrachloride
Barium-140 . - . Beryllium Methylene chloride
Cerium-144 - - Chromium, trivalent and hexavalent Polychlorinated biphenyls
Cesium-137 * .~ DU .| Lead’ Tetrachloroethylene
Cobalt-60 - > " - T Mercury 1,1,1-Trichloroethane -
lodine-129, -131, -133 Lo T Nickel Trichloroethylene
Krypton-85 L ’ .
Lanthanum-140 -
Neptiinium-237 -
Niobium-95 * =

Plutonium-238, -239 -240 -241‘
-Protactunum-233 '
Ruthenium-103 o
Ruthenium-106 l, -
Stront1um—89 <90 .
Technetlum-99
Thonum—232

Tritium . .
Uramum-234 -235,238
Xenon-133
Zirconium-95 -
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of the remedial investigation of the Clinch River/Watts Reservoir System. Information regarding
the use or potential release of chlordane and other pesticides was not found during Task 1 & 2;
however, any off-site releases are not expected to be significant when compared to other
contaminants released from the ORR.

The contaminants listed in Table 2-1 represent only a subset of those investigated during

Tasks 1 & 2. A variety of other contaminants that were used in relatively small quantities or

in processes that are not believed to be associated with significant off-site releases were

identified in the Tasks 1 & 2 report. These contaminants and the plant site and/or operation

with which they were associated are listed in Table 2-3. In all cases, the information that has

been gathered as part of this feasibility study suggests that these contaminants do not warrant
further evaluation in Phase 1.

3.0 COMPLETE EXPOSURE PATHWAYS

For a radionuclide or chemical used by the ORR to have posed a health hazard to off-site
individuals, each of the following elements must have existed (Figure 3-1):

FIGURE 3-1: ELEMENTS OF A COMPLETE EXPOSURE PATHWAY

When any one of these three elements is missing, the pathway is incomplete. However, it is
important to note that certain radionuclides that emit gamma or beta radiation can cause adverse
health effects without entering the body, although these radionuclides need to be sufficiently
~ close to the individual to produce external radiation exposure. An incomplete exposure pathway
~ will not pose a health hazard to off-site individuals. It should be noted that complete exposure
pathways are defined in a slightly different manner by different regulatory agencies (USEPA,
-1989a; ATSDR, 1993). Although they may be broken down into more than three components,
all of the definitions contain the essential elements listed above.
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TABLE 2-3

CONTAMINANTS USED IN RELATIVELY SMALL QUANTITIES
OR NOT BELIEVED TO BE ASSOCIATED WITH SIGNIFICANT OFF-SITE RELEASES

IL : Material : o7 Operation/Use I

Americium-241 | X-10 Metal Recovery; Curium Recovery Facility
Californium-252 X-10 High Flux Isotope Reactor; Isotope Production,
Neutron Activation Products

Carbon-14 IR X-10 Isbtope Production; Neutron Activation Products

Cobalt-57 , - X-10 Isotope Production; Cyclotroﬁ Products

Cesium-yl 34 ; Known Disposal by ﬁydrofracture

Curium-242, -243, -244 o X:10 Isotope Production; Neutron Activation Products

Europium-152, -154, -155 X-10 Isotope Pro;iuction; Neutfon Activation Products

Phosphorus-32 : X-10 Isotope Production; Neutron Activation Products

Selenium-75 : X:10 Isotope Production; Neutron Activation Products

Uranium-233 N X-10 Thorium Processing

Berkeliurﬁ, Einsteinium, Fermium X-10 High Flux Isotope Reactor; Isotope Production;
’ Neutron Activation Products

Lithium o Y-12 Lithium Separation and Enrichment

Benzene L K-25 Laboratory Use |

Chloroform 7 K-25 Laboratory Use I
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The complete environmental exposure pathways for the contaminants released from the ORR are
identified for air, surface water, soil/sediment, and groundwater in the following sections.
Information specific to the ORR is used in the evaluation. It should be noted that complete
pathways are identified for this project solely on a retrospective basis. The likelihood of
exposure pathways being complete in the futufe is not considered.

The approaches to the evaluation of environmental transport and exposure for tritium differ from
the other contaminants released from the ORR. When released into the environment, tritium (in
the form of tritiated water or hydrogen gas) is completely mixed with stable hydrogen in nature.

Therefore, specific exposure pathways are not identified for tritium. A conventional method for
estimating doses from tritium, the specific activity method, assumes an equilibrium between
tritium concentrations in the atmosphere, water, food, and body tissues (Till, 1983). The
National Council on Radiation Protection and Measurements (NCRP, 1979) proposed a variation
of the specific activity method that can be used when the tritium concentrations in air, water,

and food products are known or can be estimated. - These methods are described in Appendix
A, and are used later in this report to calculate screening-level risk estimates associated with the
release of tritium from the ORR. Based on a comment received on the Draft Tasks 3 & 4
report, a comparative analysis using the exposure model developed for the other contaminants
of concern is included in the appendix.

3.1 Compléte Air Pathways

Complete exposure pathways f_or contaminants released into the atmosphere are identified in this
section based on the criteria listed in Figure 3-1.

Contaminant Source

As described in the Final Tasks 1 & 2 report (ChemRisk, 1993a), routine operations and several
accidents or incidents at the ORR have resulted in the release of a variety of contaminants to the
atmosphere. During the early years of the plants’ operations, airborne effluents were largely
unfiltered and released directly to the atmosphere. Large quantities of particulates, vapors and
gases were released during this period. Although most airborne effluents emitted from the three
plant sites were filtered beginning in the late 1940s and early 1950s, some particulates were
emitted continually to the atmosphere even when the filtering systems were working as intended.
Large quantities of highly volatile solvents have reportedly been used at the ORR. In some
cases, the majority of these solvents evaporated into the air and were ultimately released in the
ventilation exhaust.
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Transport Medium

Routine operations and accidents resulted in the release to the atmosphere of radioactive gases,
radioactive and nonradioactive metals, and organic compounds. *All but one of the organics
identified in Table 2-2 (i.e., polychlorinated biphenyls) are volatile solvents. They are released
to the air as vapors and are likely to stay in the atmosphere and be transported great distances
by the wind. Similarly, some of the other contaminants, including argon-41, krypton-85,

xenon-133, and some chemical forms of radioiodine- and mercury, are released as gases or
vapors and will also be dlspersed over long dlstances in the atmosphere The remaining
radioactive contaminants and nonradioactive metals are nonvolatile and are released to the
" atmosphere as particulates. Particulates released before any filtration systems were installed
likely consisted of a wide range of different particle sizes. Particles at the lower end of the
range were likely transported significant distances away from the ORR, while the larger particles
would have deposited within relatively short distances from the plant sites. Particulates released
after filtration systems were installed were likely composed predominantly of extremely small
particles that can be transported long distances by the wind before settling.

Exposure Routes

Table 3-1 presents the complete exposure routes associated with airborne releases from the ORR.
The rationale for selecting these routes for one or more of the contammants released from the
ORR 1s detalled below. :

, TABLE 3-1
COMPLETE EXPOSURE PATHWAYS ASSOCIATED WITH THE AIR MEDIUM

Vapors, gases, and particulates released” from the ORR are llkely ‘t0 have reached off-site
locations. For vapors .and gases, direct inhalation exposure is a complete pathway. - Whether
inhalation is a complete pathway for the particulates depends on the size of the particulates.
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According to the American Conference of Governmental Industrial Hygienists (ACGIH) and the
U.S. Atomic Energy Commission (USAEC), respirable particulates have aerodynamic diameters
less than 10 um.- Table 3-2 shows the relationship between particle size and percent of particles
considered resplrable (Hmds 1982).

TABLE 3-2
CRITERIA FOR RESPIRABLE DUST

<2 - ' 100 %
2.5 | 75 75
3.5 | | 50 - 50
5.0 | 25 25
10 0 0

Source: Hinds, 1982
*The term "selector” refers to a component of a respirable mass sampling apparatus. The selector is a

device that separates particles in an air stream that are various size fractions.

Nonvolatile contaminants released from the ORR during routine operations after filtration
systems had been installed were likely to have been predominantly submicron-sized (i.e., < 1
pm) particles. Additionally, some of the particles released before the filtration systems were
installed and from several accidents or incidents are believed to have been in the respirable size
range. Inhalation exposure is therefore considered a complete pathway for the nonvolatile
contaminants released from the ORR.

In addition to direct inhalation, individuals may be exposed to certain airborne radionuclides by
immersion. Immersion exposure occurs when the atmosphere around an individual contains beta
or gamma emitting radionuclides. All of the radionuclides released from the ORR emit beta,

X, or.gamma. radiation. As such, immersion is considered a complete pathway for these

contaminants. '

: A1rbome contannnants can be inhaled by farm animals or wild game and reach humans through '
the food chain. - Additionally, contaminants deposited on fruits or vegetables can be taken up by
humans through ingestion and contaminants deposited on pasture can be taken up by grazing
cattle or wild game, and subsequently by humans through meat and/or milk ingestion. Based -
on information collected in the Final Task 5 report (ChemRisk, 1993b), vegetables, beef cattle,
and dairy cattle were raised in the vicinity of the ORR in the past. Therefore, indirect exposures

0514ALR1




: Volume II-Part B
Oak Ridge Health Studies Phase I Report - . . Page 11

to contaminants through the ingestion of vegetables, beef, and milk are all considered complete

' pathways Exposure pathways related to deer and other wild game are not specifically evaluated
in this assessment.” Any exposurcs as the result of ingestion of these animals would be expected
to.be lower than those estimated for beef ingestion due to lower rates of intake of w11d game by
humans.

3.2  Complete Surface Water Pathways

Complete exposure pathways for contaminants released to surface waters are identified in this
‘section based on the criteria listed in Figure 3-1.

Contaminant Source

As described in the Final Tasks 1 & 2 report (ChemRisk, 1993a), waste water generated by the
three plant sites -was released into several holding ponds-and/or waterways. For example, at
X-10, several concrete (gunite) tanks were used initially to contain wastes generated by the plant.
As the mission of X-10 expanded, the volume of waste exceeded the capacity of the concrete
tanks and wastes were released directly to White Oak Creek. ‘A dam was built across White Oak
Creek to aid in the retention of radionuclides released from the plant. Waste water from K-25
was released to the Poplar Creek Embayment, while waste water from Y-12 was released to a
series of holding ponds that drained into East Fork Poplar Creek and/or Bear Creek. White Oak
Creek, Poplar Creek Embaymeént, East Fork Poplar Creek and Bear Creek are all tributaries to
the Clinch River, which subsequently drains into the Tennessee River. Contaminants released
from the ORR could have also reached the Clinch and Tennessee Rivers as a result of deposition
of airborne contaminants on these watersheds.

Transport Medium

Dissolved gases, volatile :and nonvolatlle orgamcs and nonvolatrle metals were released into
surface waters around the ORR.. Dtssolved or entrained gases and volatile orgamcs will readily
evaporate from holdmg ponds and surface waters, and are unhkely to be transported off-site in
surface waters to .any* s:gmﬁcant ‘extent’ (Dilling ‘et "al.; 1975).  In contrast, nonvolatile
contaminants have low solublhty in: water and tend- to- adsorb to. soil. and sediments. These
contaminants are much more likely ‘to be transported as suspended partxcles than as dissolved
ions. “Exposure pathways assocrated 'with surface water are not consndered to be complete for
the gases and volatile orgamcs ‘released from the ORR but surface water is consrdered a medium
of transport for the nonvolattle contammants o »
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Exposure Routes

The complete exposure routes associated with waterborne releases from the ORR are presented
in Table 3-3. The rationale for selecting these routes for one or more of the contaminants
released from the ORR is detailed below. ;

TABLE 3-3

COMPLETE EXPOSURE PATHWAYS ASSOCIATED
WITH THE SURFACE WATER:MEDIUM

As described in the Final Task 5 report (ChemRisk, 1993b), surface water was withdrawn during
the 1980s at several locations on the Clinch and Tennessee. Rivers, and from other surface water

bodies in the vicinity or downstream of the ORR. Specific information on surface water

withdrawal was not identified before 1980; however, it is anticipated that surface water was also
withdrawn in the preceding years. Surface water has been withdrawn for both domestic and
industrial uses, including use as drinking water. In some cases, surface water withdrawals
represented the sole water source, including drinking water, for several surrounding
communities. Very little surface water has been used for irrigation.

Complete pathways assomated with domestic use of surface water include direct ingestion of
water and indirect exposure via migration of contaminants through the food chain. Beef and

milk could have become contaminated as a result of ingestion of surface water by cattle. Since .

essentially no irrigation occurred in the vicinity of the ORR, movement through the food chain
via pasture and vegetation is not considered to be complete. The Clinch and Tennessee Rivers

and two nearby reservoirs also serve as major recreational areas for boating and fishing. As

~ such; direct exposure via immersion (radionuclides) or dermal contact - -(chemicals) during

‘recreational  activities and indirect exposure via ingestion of fish are also considered to. be

complete pathways.
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3.3  Complete Soil/Sediment Pathways

Complete exposure pathways for contaminants released to soil and sediment are identified in this
section based on the criteria listed in Figure 3-1. :

Contaminant Source

Soil and sediment at off-site . locatxons can become contaminated ‘through contact with
contaminants in liquid efﬂuents from. the plant or by deposition of airborne contaminants.
Contaminated soil particles on-site can- also be entrained by surface water or the wind and
carried off-site. Nonvolatile contammants deposited or released to soil may remain and
“accumulate in surface soil for a long perlod of time. Alternatively, volatile contaminants and
dissolved gases do not remain in surface'soil, but evaporate into the atmosphere or infiltrate to
deep soils or groundwater. Surface soil and sediment therefore are not considered important
envxronmental medla for exposure to volatlle contammants

‘ Transport Medium

As stated above, deposited contammants can be re-entrained. by strong winds and dispersed
through the air... This transport mechanism:is known as resuspension and is enhanced by the
occurrence of small soil particles, low humidity, high wind speed, mechanical disturbance, and
an'exposed ground surface. In addmon surface soils:and sediments can be entrained by surface
water runoff and carried away from the source. This latter transport mechanism may be
particularly relevant to several waste disposal’ pits and holding ponds at the ORR. Soil is
therefore considered to be a transport medium for nonvolatile contaminants.

' Exposure Routes

The complete exposure routes assocxated w1th the soxl/sedlment medium are presented in
Table 3-4. The rationale for selecting these routes for one or more of the contaminants released
from the ORR is detalled below B R : :

Contaminants in surface soﬂs mcludmg sedunent can be taken up. by humans through inhalation
following resuspension,’ mgestxon, and dermal contact.” Addmonally, humans may-be exposed
to certain radionuclides in surface s011 or sedxment through immersion followmg resuspensmn
or ground exposure. : - Similar to 1mmersxon ground exposure occurs when -an individual is
exposed to beta or gamma radiation emltted from radionuclides deposned on the- ground surface -
or from gamma-exmmng radxonuchdes mcorporated into - soil OF. sediments. - - Inhalation or -
- immersion following resuspensmn ingestion, dermal-contact and ground exposure are therefore
considered complete pathways for soil and sediment at ORR:
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TABLE 34
COMPLETE EXPOSURE PATHWAYS ASSOCIATED WITH THE SOIL/SEDIMENT MEDIUM

Besides direct exposures, contaminants in soil or sediment that has been dredged and used as fill
material can migrate through the food chain and reach humans. Beef and milk can be
contaminated in two ways:

2 Contaminants in soil can be absorbed by pasture grasses through their root
systems or be deposited onto pasture grasses following resuspension and then
ingested by grazing cattle, or

o Contaminants in soil can be taken up by cattle through soil ingestion.

Vegetables and food crops -grown on contaminated soil can also be contaminated via root
absorption or deposition. Since vegetables, beef cattle' and dairy cattle were raised in the
vicinity-of the ORR in the past, these indirect pathways are considered complete for nonvolatile
contaminants released from the ORR.

34 Groundwhter Pathways |

The potential for" éxistc:nce of complete exposure pathways for contaminants réleased_.to .
- groundwater is discussed in this section based on the criteria listed in Figure 3-1.
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Contaminant Source

* Groundwater can be contaminated througlf the percolation of liquid effluent discharged to soil
or holding ponds and leaching of buried waste. Groundwater contamination has been
documented on the ORR site (MMES, 1990).

Transport Medium

The information located to date on the historical location of drinking water wells in the urban
portion of Oak Ridge and around the perimeter of the ORR is incomplete at this time. However,
it is our current understanding that no public groundwater wells have been impacted by
contaminated groundwater from the facility (Kornegay, 1993). Based on the hydrogeology of
the ORR area, groundwater beneath the plant sites is generally believed to be connected to area
streams and rivers within relatively short distances, and the extent to which groundwater

contamination would be of concern for off-site exposures is associated with its potential to
transport contaminants to surface waters -that lead to transport. off-site (Boyle et al., 1982;
Sherwood and Borders, 1987; Moore, 1989;: HSW, 1991; Tucci, 1992). For these reasons,
exposure pathways associated- drrectly with groundwater are considered to have been incomplete
in the past and are not evaluated further in this report

3.5 Mother s Milk

Exposure to contammants through mother s milk is a unique pathway, since contaminants can
reach breast milk throughany of the pathways discussed in the previous sections. - This pathway
is considered complete at the ORR, since it is likely that some women in the area breast-fed their
children. However, this pathway is not included in the comparisons within a particular medium
or between media conducted in this report. As drscussed in the followmg sections, these
comparisons are based on exposure. assumptlons appropriat¢ for an adult. The additional
complexity associated with ‘taking into account various “age groups meludmg infants, is. not
warranted as part of this feasibility . study. The potential importance of -the mother’s milk
pathway is more appropnately evaluated as part of any future health studies.

3.6 Summary—Exposure Pathway Selectnon

Complete exposure pathways at the ORR were 1dent1ﬁed in thxs sectxon Potent1a1 pathways that

“lack one or more of the elements of a complete pathway for the contammants released from the
ORR are not considered further in'this report. Exposure pathways consrdered to be complete
are listed in Table 3-5 and are evaluated further in the followmg sectxons
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TABLE 3-5

COMPLETE EXPOSURE PATHWAYS FOR CONTAMINANTS RELEASED
FROM THE OAK RIDGE RESERVATION

Air to Humans (Inhalation) ‘ Radionuclides, Nonradioactive metals, Organics
| Air to Humans (Immersion) : ' | Radionuclides

Aiyr to Livesto'c'k/Game (Beef) to Humans (Ingestion) ' Radionuclides, Nonradioactive metals, Organics

Air to Dairy Cattle (Mllk) to Humans (Ingestion) N Radionuclides, Nonradioaétivc imetals, Organics

Air to Vegetation to Humans (Ingestion) Radionuclides, Nonradioactive metals, Organics

Air to Pasture to Livestock/Game (Beef) to Humans (Ingestion) Radionuclides, Nonrédioactive metals, Organics

Air to Pasture to Dairy Cattle (Milk) to Humans (Ingestion) Radionuclides, Nonradioactive metals, Organics
SURFACE WATER MEDflJM

Water to Humans (Ingestion) Radionuclides, except argon-41, krypton-85, and xenon-133; Nonradioactive

metals; PCBs

Water to Livestock/Game (Beef) to Humans (Ingestion) Radionuclides, except argon-41, krypton-85, and xenon-133; Nonradioactive
metals; PCBs '

Water to Dairy Cattle (Milk) to Humans (Ingestion) Radionuclides, excépt argon-41, krypton-85, and xenon-133; Nonradioactive
metals; PCBs :

Water to Fish to Humans (Ingestion) Radionuclides, except argon-41, krypton-85, and xenon-133; Nonradioactive
metals; PCBs

Water to Humans (Recreational-Immersion) Radionuclides

Water to Humans (Recreational-Dermal Contact) _ Nonradioactive Metals, PCBs

0514ALR2 o 16




TABLE 3-5

COMPLETE EXPOSURE PATHWAYS FOR CONTAMINANTS RELEASED
FROM THE OAK RIDGE RESERVATION

SOIL/SEDIMENT MEDIUM:

Contaminants ‘

Soil/Sediment to Air to Humans (Inhalation)

Radionuclides, except argon-41, krypton-85 and xenon-133; Nonradioactive
metals; PCBs

Sonl/Sedxment to Alr to Humans (lmmerswn)

Radionuclides

Sml/Sedlment to Humans (Ingestlon)

metals; PCBs

Radionuclides, except argon-41, krypton-85 and xenon- 133 Nonradioactive -

Soil‘/SQdixn“ent to:LiveStocli/Garné (Beef) to Humans (Ingestion)

Radionuclides, except argon-41, krypton-85 and. xenon-l33 Nonradloacnve
metals; PCBs" -

Soil/Sediment to Dairy Cattle (Milk) to Humans (Ingestion)

Radionuclides, except argon-41, krypton-85 and xenon-133; Nonradioactive
metals; PCBs

Soil/Sediment to Végetniion ) Humzxzns-g(ingestién)

Radionuclides, except argon-41, krypton-85 and xenon-133; Nonradioactive
metals; PCBs

So:lISedlment to Pasture to leestock/Game (Beet) to Humans
(Ingestlon) :

Radionuclides, except argon-41, krypton-85 and xenon-133; Nonradioactive
metals; PCBs

Soil/Sediment to Pasture to Dairy Cattle (Milk) to Humans
(Ingestion)

Radionuclides, except argon-41, krypton 85 and xenon-133; Nonradioactive
metals; PCBs

Soil/Sedirment to Humans (Dermal Contact)

Nonradioactive Metals, PCBs

Radionuclides

Soil/Sediment to Humans (Ground Expostre)
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4.0 COMPARISON WITHIN AN ENVIRONMENTAL MEDIUM

A fairly large number of complete exposure pathways were identified in the preceding section.
However, not all of these pathways will contribute significantly to the total potential health risk
experienced by an off-site individual. Within each environmental medium, one or two exposure
pathways are likely to dominate over the doses received from other pathways. The objective of
this comparison is to identify the important pathway(s) for each contaminant in air, surface
water, and soil/sediment.

The potential health hazards associated with exposure to a chemical or radionuclide are related
to the magnitude of intake. For a radionuclide, intake can be estimated using the following
equation:

I =CxUxFD

where:

I = Intake of a radionuclide received through an exposure pathway (pCi).

C = Concentration of a radionuclide at the exposure point (pCi/m®, pCi/L, or
pCi/kg).

U = Intake rate [breathing rate (m’/day), drinking rate (L/day), or ingestion
rate (kg/day)]. This factor does not apply to immersion or ground
exposure.

FD = Exposure frequency and duration [i.e., how long and how often exposure

occurs (days/year x years)].

‘Similar equations have been developed by.regulatory agencies for exposure to radionuclides
(USEPA, 1979; NCRP, 1991) and chemicals (USEPA, 1989a).

Exposure pathway equations that can be used to calculate chemical and radionuclide intakes for
all of the identified complete exposure pathways are presented in Appendix B. These equations
are consistent with those that have been developed by the aforementioned regulatory agencies.
It should be noted that the determination of radionuclide intake as a result of immersion or
ground exposure is not appropriate, since exposure occurs without the contaminant being taken
up by the body. As such, the equations in Appendix B for these ‘pathways are in terms of a
radiation dose, which is described in more detail below. It should also be noted that the
equations presented in Appendix B do not take into account radioactive decdy of radionuclides
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between the time of release from the ORR and the time of human intake. This omission likely
affects only iodine-131 (half-life of 8.05 days) and iodine-133 (half-life.of 20.3 hours). A more
detailed discussion of the potenual nnpacts on- the screenmg calculations is provided in
Section 5.4.

Ideally, many of the required inputs in the exposure equations (e.g., biomass yield, annual
precipitation rate, inhalation rate or milk ingestion rate) should. be based on site-specific or
population-specific values. However, the identification and. use of ssuch detailed information is
beyond the scope of this feasibility study. For the purpose of this assessment, estimates based
prunarlly on the scientific literature are used It is important to note that we have attempted to
select the literature values i in'a consistent manner so that the identification of dominant pathways
is unbiased. For the purpose of this evaluation, typical or "best-estimate” values for an adult
. are used The exposure parameters are summarized in Appendix C.

- A number of contammant—specrﬁc parameters are required to estlmate exposure or hazard. For .
examiple; the transfer of a contaminant present in soil or water to vegetatlon is dependent upon
several physical characteristics. (e. g solubility, binding strength to organic material, chemical

R form). Parameters that describe the movement of contaminants into vegetation, pasture, meat,
-~ 'milk, and fish are presénted in Table 4-1-for each of the contaminants released from the ORR.

“In addition, the permeability constant, which describes the movement of a contaminant across
the skin, is also presented for the contammants for which dermal contact is a complete pathway.

~ For each of the contaminants released from the ORR, the intake associated with each applicable
pathway <in each applicable medlum is estimated for a unit contaminant concentration (e.g.,
- 1 pCi/m® for a radionuclide in air, 1 p,g/L for a chemical in water) using the exposure equations
- and exposure parameters presented in Appendices B and C and Table 4-1. However, the relative
importance of each pathway within a particular medium cannot be determined by comparing the
calculated intakes, because a contaminant may be more or less hazardous to an exposed
individual depending on the route of intake. As such, some esnmate of hazard or risk must be
incorporated to evaluate relative nnportance : /

For chemicals, cancer risk or hazard is determined by using the calculated intakes and the

toxicity criteria of the contaminants. Slope factors (SFs) and reference doses (Rst) established

by the USEPA are used as toxrcxty criteria for carcinogens and. nonearcmogens ‘respectively (see

Table 4-2). A SF, which is expressed in units of (mg/kg-day)1 -is defined as the 95 percent.
upper confidence limit of the probability of a carcinogenic- response per unit’ dally intake of a
chemical over a lifetime.- An RfD, which is expressed in units of mg/kg-day, deliniates a dose

of a chemical that is not expected to cause adverse health effects over-a lifetime of daily

exposure. Estimated cancer rxsks (x e., intake multxphed by the SF) or. hazard indices (i.e.,
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TABLE41 |
PHYSICAL CONSTANTS FOR CONTAMINANTS RELEASED

FROM THE OAK RIDGE RESERVATION

- BCF

Material (uniditss) ST @ayL) dayikey | O

~ _ (mg/kg)/(mg/L) -
Argon-41 0.0* 0.0* 0.0° 0.0°* 1.0° NA
Cerium-144 8.4 x 10%¢ 9.0x 107 | 60x10%¢c | 7.5x 10% 1.25 x 1004 NA
Cesium-13‘7 2.6 x.10%2¢ . 1.4 x 10%¢ 7.1x 109¢ 2.0 x 1092 2¢ 5.6 x 10*034 NA
Cobalt-60 20x107 | . 30x 10 29x10% | 97x10%c | 125 x10%0¢ NA
Jodine-129 3.4 x 10%¢ 1.8 x 109 9.9x10%° | 7.2x10%¢ 4.4% 10014 NA
Todine-131 3.4 x 10%°¢ 1.8 x 10°'¢ 9.9x10% | 7.2x 10®¢ 4.4 x 100 ¢ NA
Iodine-133 3.4 x 10%¢ 1.8 x 10°¢ 9.9x10% | 72x10%° 4.4 x 10*91 ¢ NA
Krypton-85 0.0°* 0.0* 0.0° 0.0° 100 NA
Lanthanum:140 1.7 x 10®* 1.0 x 109+ 20x10%* | 30x10% | 25x70% NA
Neptunium-237 1.0 x 109 4.3 x 109 5.0x 10%°® 5.5 x 10%°* | 1.0-x 10*%° NA
Niobium-95 2.0 x 10%* 2.1 x 10+ 20x1022 | 25x10%% | 30x10*®® NA
Plutonium-238 4.5 x 10%* 9.0x 10 | 1.0x109% | 1.0x 10%¢ 8.0¢ NA

Plutonium-239/240 4.5 x 10" 9.0 x 10° 10x 107 | 1.0x 10%¢ 8.0¢ NA .
Plutonium-241 4.5 x 10 9.0 x 10%¢ 1.0 x 10072 1.0 x 10%¢ 8.0 NA
Protactinium-233 © 2.5x 100 1.1 x 10%2 50x10% | 1.0x10%: 1.0 x 10*0® NA
Ruthenium-103 1.3 x 10%¢ 9.0 x 10%2¢ 3.3x 10%¢ 2.0 x 1092 1.9 x 10014 NA
Ruthenium-106 1.3 x 102¢ 9.0 x 10%¢ 33x10%¢ | 2.0x 10%% 1.9 x 10+°1¢ NA
Strontium-89 1.1 x 100 1.1 x 10 1.4 x 10%¢ 3.0x 10"_‘ ac 2.8 x 10*014 NA
Strontium-90 1.1 x 10%¢ 7.2 x 100 14x10% | 3.0x10%= | 28x10t0¢ NA
Technetium-99 6.4 x 1092 9.5 1.0x 102 | 85x10m: 7.8 x 10*0'¢ NA
Thorium-232 8.5 x 1091 3.6x10% | sox10% | 6.0x10% 8.0 x 10+ 4 NA
Uranium-234/235 8.5 x 109+ 1.7 x 109 3.7x10% | 2.0x 104 7.5¢ NA
Uranium-238 8.5 x 109°* 1.7 x 109 37x10% | 2.0x10%* 7.5¢ NA

0SMALR2
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TABLE 4-1

PHYSICAL CONSTANTS FOR CONTAMINANTS RELEASED
FROM THE OAK RIDGE RESERVATION '

BCF

Material B  Bigusure (pCl/kg)/(pCl/L) PC

.
(uni(tvle&s) ‘ ’ (umtless) ’ »(dayll?L)_ v/ (cm/hr)

Xenon-133 i~ . 0 C o000 - 0.0° T 000

Zirconium-95 | | 20x10%: 2.1x10%* 3.0x10% | 55x10%° 26¢ | NA
*‘NONRADIOA, -
Arsenic  © o ' 4.0 x 105 4.0 x 1092 6.2 x 10%°¢ 2.0 x 109 4.4 x 10*%f 4.6 x 10%¢
Beryllium " | 1.0x10%e 1.0x102* | 9.1x107 | 1.0x10%¢. 1.9x 1077 | 1.03 x10%s ||
Chromium{) -~ | 80x 10%e 75x10% | 1.1x10%° ["92x10% | 1.6x10%1 .| 6.01 x 10%s ||
Chromium (VI) - | 80x10%¢ 7.5x 109 | 1.1x10%¢ | 92x10% | 1.6x10*' | 6.0ix 10%¢ "
Lled - - - - 5.0x10%° |° 45x102* - [2.6x10%< | 40x10% | 49x10+°” | 7.98x10%¢ T
Mercury - 9.0 x 10¢ 9.0 x 10V 47x10% | 27x10% | ssxiomf | 878 x 1005: 1
Nickel _ , 6.0 x 109 6.0 x 102 1.0 x 109¢¢ 20x 10 | 4.7x10%° )
Carbon Tetrachloride NA NA 3.5 x 10%" 1.1 x 10%* 1.9 x 10*0'f NA ||
Methylene Chlonde i NA NA 1.4x 107" |. 45x107 | NA - NA
Polychlorinated Blphenyls 2.8 x 10% 28x10% | 1.0x102° | 50x10%c | 1.0x10*%° 1.1 x 1098
Tetrachloroethylene , NA . - = NA | 32x10% | 1.0x10%" 1.1 x 10%01¢ NA T
1,1,1-Trichloroethane __NA NA 25x10% | 7.9x10%¢ | © 56 __NA. " )
| Trichloroethylene: ’ ___NA ! NA | 19x10%¢ | 60x10%¢ 106 x 10+0¢_ NA
a USEPA, 1989b , NA = Not Applicable (e.g., not a complete Pathway) ' '
b Chapman et al., 1968 Boy = Congntration ratio for the transfer of a contaminant from dry soil to leafy vegetables (wet
’ weight)
c Ng, 1982 Beauey = Concentration ratio for the transfer of a contaminant from dry soil to pasture (dry weight)
d Peterson, 1983 F, = Biotransfer factor from cattle intake to milk concentration
e Clement, 1988 F, = Biotransfer factor from cattle intake to meat concentration
f USEPA, 1986 BCF = Bioconceéntration factor for fish
USEPA, 1991 PC = Skin permeability constant .
l% McKone and Daniels, 1991
i HDR, 1988
i USNRC, 1977
0514ALR2 21




TABLE 4-2

TOXICITY CRITERIA FOR CHEMICALS RELEASED
FROM THE OAK RIDGE RESERVATION

Materialk‘ ‘Inhalation SF Oral SF . Inhalation RfD Oral RfD
: ‘ (mg/kg-day)” (mg/kg-day)” (mg/kg-day) (mng/kg-day)

Arsenic Sl 50 1750 ND 0.0003*

Beryllium 8.4 430 ND* ~0.0050
Chromium(iIl) . NA ND* ND* | 1.0

Chromium(V) 42 NA : ND * 0.0050
Lead | NA ~ ND* ND* 0.0014
Mercury “F mpr ND* © 0.00030 0.0030

Nickel

Carbon Tetrachloride 0.053 - 0.13 : ND* 0.00070

Methylene Chloride 0.0017 0.0075 ND?* : 0.060
Polychlorinated ' NA 7.7* ND* ND*
Biphenyls

Tetrachloroethylene "~ 0.0020 ND * ND* 0.010
1,1,1-Trichloroethane ND ¢ ND * 0.30 ~ ND*
Trichloroethylene ~0.0060 ND* ND* ' ND*
NA = Not Applicable

ND = Not Determined

SF = . Slope Factor

RfD = Reference Dose

a IRIS, 1993

b HEAST, 1991

c USEPA, 1986

d HEAST, 1992
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intake divided by the RfD) have been 1dent1ﬁed for each of the chemicals released from the
ORR.

For radionuclides, only an estimate .of dose needs-to be made to compare exposures to a single
radionuclide through multiple pathways. Radiation dose is equal to the intake multiplied by the
~dose coefficient. Dose coefficients, which- were previously referred to as dose conversion
factors, are route-specific parameters for estimating dose for exposure to a radionuclide through
a specified pathway (see Tables 4-3 and 4-4). Radiation dose can be estimated for a particular
organ (equivalent dose). or for the whole body (effective dose). In either case, they are
'-expressed in sieverts (Sv), although historically radiation doses were more commonly expressed
in rem. One sievert is equal to 100 rem. For the purpose of this evaluation, radiation dose is
expressed in terms of effective dose. Although not necessary to evaluate the relative importance
of various exposure pathways, effective dose ¢an be converted to an estimate of cancer risk by
.multlplymg it by a whole body risk factor. The magnitude of this factor has been and continues
to be debated within the sc1ent1ﬁc community. Values ranging from 4% to 8% per sievert have
been recommended (NRC, 1990; ICRP, 1990a). For the purpose of this assessment, a whole
body risk factor of 7.3% per Sv recbmrhendedi by the International Commission on Radiological
Protection (ICRP) was used in the between-media evaluation presented in Section 5.0.

For each contaminant, the relatlve 1mportance of the complete exposure pathways within each
environmental medium can be determmed from the hypothetical health hazards (i.e., cancer
risks, hazard indices, or radionuclide doses) described above. The calculation spreadsheets used
to determine, the hypothetical* health- hazards' have been compiled in a separate document
(ChemRisk, 1993c). Once calculated, the estimated health hazards. are ranked, and the highest
value is the “benchmark” to which all ‘other pathways are compared. The ratio of each
individual health hazard to the benchmark value is then calculated. ‘A graphical representation
of this comparison is shown for protactinium-233 in soﬂ/sedlment in Figure 4-1. For the
purpose of this assessment, all pathways for which the calculated health hazard is greater than
or equal to 1% of the most important pathway aré the subject of further evaluation in this report.
The results of these comparlsons for each envnonmental medlum are summarized below.

4.1 Air Pathway Comparlsons

Table 4-5 presents the results of the evaluatxon of the relatrve 1mportance of complete pathways
within the air medium. The squares. mdlcate the most: 1mportant pathway -for.each contaminant,
and the check marks mdlcate the other pathways for whlch the calculated health hazard is greater
than 1% of the most rmportant pathway The cancer risks, hazard indices, and radiation doses
“used to create this table are presented in. Appendix- .D. As shown in the- table, the "direct
inhalation pathway. contnbutes to the hazard for nearly all contaminants, but in many cases does
not represent the most important pathway On the other hand the air to livestock/game or dairy

0514ALR!




TABLE 4-3

COMMITTED EFFECTIVE DOSE EQUIVALENT FACTORS
FOR INHALED AND INGESTED RADIONUCLIDES*

Adult Inbalation Committed Effective | Adult Ingestion Committed Effective
Nuclide Dose Equivalent Factors Dose Equivalent Factors
(Sv/Bq inhaled)" (Sv/Bq ingested)

Argon-41 - NA NA
Barium-140 9.7x10°D 2.3x10°
Cerium-144¢ 1.0x107Y 5.8 x 10°
Cesium-137¢ '8.6x 10° D 1.3 x 10°
Cobalt-60 41x10°Y 7.0 x 10°
Iodine-129¢ 4.0x10%D 6.4 x 10°®
Iodine-131°¢ 8.2x 10°D 1.3x 10%
Todine-133 1.5x10°D 2.7 x 10°
Krypton-85 NA NA
Lanthanum-140 1.2x10°W 2.1x 10°
Neptunium-237¢ 55x10° W 4.5x 107
Niobium-95¢ 17x10°Y 6.8 x 1070
Plutonium-238° 1.1 x104W 8.8 x 107
Plutonium-239° 1.2x10* W 9.7 x 107
Plutonium-240 14x10° W 1.2 x 10¢
Plutonium-241¢ 23x108W 1.9x 10%
Protactinium-233 23x10°Y 8.9x 10
Ruthenium-103¢ 25x10°Y  8.1x10"
Ruthenium-106° 1.3x107Y 7.5x10°
Strontium-89 1.0x10°Y 24x10°
Strontium-90¢ 6.0x10°D 3.5x10°%
Technetium-99 20x10°W 3.5x10"
Thorium-232 43x104W 7.6 x 107
Uranium-234 3.5x10%Y 7.0 x 10°®
Uranium-235 32x10°Y 6.8x 104
Uranium-238 32x109Y - 6.2 x 104

0514ALR2
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TABLE 4-3

COMMITTED EFFECTIVE DOSE EQUIVALENT FACTORS
FOR INHALED AND INGESTED RADIONUCLIDES*

Adult Inhalation Committed-Effective Adult Ingestion Committed Effective

Nuclide . Dose Equivalent Factors Dose Equivalent Factors
: (Sv/Bq’inhaled)® . ~ (Sv/Bq ingested)

Xenon-133 _ NA o NA

| Zirconium-95° ~ 73x10°D | 1.1x10° | “

NA = Not Applicable

a DOE/EH-0071, "Internal Dose -Conversioq‘F_actofs for Calculation of Dose to the Public.” U.S.
Department of Energy, July 1988, unless otherwise noted.

b  The letters after the values indicate the lung clearance class for inhaled material (D for days, W for
weeks, or Y for years) associated with the 'selected value. For inhalation and ingestion, the highest
dose factors for each nuclide were selected, across all lung clearance classes and gastrointestinal
absorption factors. : ,

¢ ICRP Publication 56, "Age-dependent Doses to Members of the Public from Intake of Radionuclides: Part
' 1." 1990. ‘
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TABLE 44

EFFECTIVE DOSE EQUIVALENT RATE FACTORS FOR EXTERNAL EXPOSURE TO RADIONUCLIDES®

Radionuclide(s)

Bold values used in screening; others are

intermediate values for parent-daughter chains.
——eeeeee e e e e

Immersion in
Contaminated Water
(Sv/y per Bq/cm®)

Immiersion in
~ Contaminated Air
.(Sv/y per Bg/cm’)

" Irradiation from
Contaminated Ground Surface
(Sv/y per Bg/cm?)

americium-241 6.39 x 10% 2.61 x 10 8.25 x 10%
argon-41 3.95 x 109 182 3.26 x 10
barium-137m 1.80 x 10 8.39 x 10° 1.69 x 10
barium-140 5.67 x 10 2.62 x 10 5.92 x 10%
Ba-140 + La-140 daughter® ' 8.96 x 10 4.15 7.46 x 10%
cerium-144 5.76 x 10 2.55 x 10 5.92 x 10%
Ce-144 + Pr-144 daughter® 1.89 x 10% 19.95 x 10 4.85 x 10%
cesium-137 2.49 x 10% 2.36 x 109 1.08 x 10%
Cs-137 + Ba-137m daughter? 1.71 x 10® 7.96 x 10 1.61 x 10*
cobalt-60 7.72 x 10 3.56 L 6.22% 10
iodine-129 2.96 x 10% - 1.16 x 102 6.09 x 10%
iodine-131 1.14 x 109 5.26 x 10 1.12 x 10%
iodine-133 1.83 x 10% 8.49 x 10 1.78 x 10% “
krypton-85 1.11 x 10% 7.30 x 10% 4.46 x 10 "
lanthanum-140 7.30 x 10 3.38 5.97 x 10*
molybdenum-99 4.82 x 10% 2.26 x 10% 528 x 10%
Mo-99 + Tc-99m daughter® 8.79 x 10% 4.03 x 10 9.23 x 10%
neptunium-237 ‘ 7.35 x 10% 3.15 x 10® 8.96 x 10%
Np-237 + Pa-233 daughter' 4.23 x 10% 1.90 x 109 4.37 x 10%
niobium-95 2.34 x 10 1.09 2.13x 10
praseodymium-144 1.34 x 10% 7.51 x 10 4.32 x 10%
US14ALR2 26




TABLE 44
EFFECTIVE DOSE EQUIVALENT RATE FACTORS FOR EXTERNAL EXPOSURE TO RADIONUCLIDES®

Radionuclide(s) Immersion in Immersion in Irradiation from
Bold valies used in screening, others are Contaminated Water Contaminated Air Contaminated Ground Surface
intermediate values for parent-daughter chains. (Sv/y per Bg/cm®) (Sv/y per Bg/cm®) (Svly per Bg/em?) -
plutoniumi-238 3.24 x 107 1.27 x 10% 2.51 x 107
plutonium-239 = .\ 2.73 x 1097 1.15x 10% 1.10 x 10
plutmii‘im-'zw“" 3 o 3.18 x 1077 1.25 x 10 2.40 x 107
plutomum-241 e 0.00 0.00 0.00
Pu-241 + Am-24l daughter' 8.48 x 107 3.46 x 10% ,4 1.09 :i(' 10%® )
protactimum-233 o 6.51 x 10% 2.95 x 10" 6.47 x 10% I
rhodlum-103m e "i"‘";if o 7.31 x.107 2.82 x 10% 3.25 x, 107 o
thodium-106 © - 6.57 X 10 3.18 x 10 9.89 x 10%
ruthemum-103 o i 1.44 x 10 6.63 x 10 1.37 x 10* |
Ru-103 + Rh-103m daughter". 1.44 x 10% 6.63 x 10° 1.37 x 10% ||
ruthemum- 106 0.00 0.00 ‘0.00 "
Ru-106 + Rh-106 dsughter' 6.57 x 10 3.18 x 10 9,89 x 10 |
stromium-89 1.30 x 10% 1.20 x 10® 1.60 x 10% "
strontium-90 3.16 x 10% 3.00 x 10 1.58 x 10 I
Sr-90 %'Y-od' daught’et‘ ' 2.44 x 10% 2.30 x 10% 2.89 x 10 -
technetlum-99 6.37 x 107 6.06 x 10 1.71 x 107
technetmm-99m o 4.08 x 10 1.81 x 10 4.05 x 10%
thorium232 6.30 x 107 2.60 x 10 1.93 x 10 |
uranium-234 5.08 x 107 2.16 x 10% 2.35 x 107
uranium-235 4.71 x 10% 2.11 x 10® 4.68 x 10
uranium-238 3.66 x 10 1.47 x 10° 1.89 x 107
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TABLE 4-4

EFFECTIVE DOSE EQUIVALENT RATE FACTORS FOR EXTERNAL EXPOSURE TO RADIONUCLIDES*

Radionuclide(s)

Bold values used in screening; others are
intermediate values for parent-daughter chains.

Immersion in -

Contaminated Water
(Sv/y per Bg/cm®)

Immersion in
Contaminated Air
(Sv/y per Bg/cm?)

~ Irradiation from
Contaminated Ground Surface
(Sv/y-per Bq/cm?)

Xenon-133 116 x 10% - 4.91 x 10 139 x 10%
yttrium-90 -2.12 x 10% 1.99 x 10 2.73 x 10%
zirconium-95 2.25 x 10® 1.04 2.05 x 10*
| Zr-95 + Nb-95 daughter* ' 3.46 x 10 1.61 3.15 x 10

a DOE/EH-0070, "External Dose-Rate Conversion Factors for Calculation of Dose to the Public.” USDOE, July 1988.

Effective dose rate factors were modified by addition of the skin dose rate factors times a weighting factor of 0.01. Units were also converted.

b La-140 reaches equilibrium with Ba-140 in about 15 days. The effective dose rate conversion factor for the parent plus daughter is estimated as the
Ba-140 factor plus 1.15 times the La-140 factor, where 1.15 is the approximate ratio of daughter to parent activity at equilibrium.

¢ Because Pr-144 reaches equilibrium with Ce-144 in about 4 hours, the effective dose rate conversion factor for the parent plus daughter is estimated
as the Ce-144 factor plus 0.986 times the Pr-144 factor, where 0.986 is the ratio of daughter to parent activity at equilibrium. _

d Because Ba-137m reaches equilibrium with Cs-137.in less than one day, the effective dose rate factor for the parent plus daughter is estimated as the
Cs-137 factor plus 0.946 times the Ba-137m factor, where 0.946 is the ratio of daughter to parent activity at equilibrium.

e Because Tc-99m reaches equilibrium with M0-99 in about 4 days, the effective dose rate factor for the parent plus daughter is estimated as the Mo-
99 factor plus 0.975 times the Tc-99m factor, where 0.975 is the ratio of daughter to parent activity at equilibrium. _

f Pa-233 reaches equilibrium with Np-237 in about 200 days. For screening purposes, the effective dose rate factor for the parent plus daughter is
estimated as the Np-237 factor plus 0.5 times the Pa-233 factor, where 0.5 is the approximate ratio of daughter to parent activity after 30 days of
decay of the parent.

g Because it has a longer half-life than its parent, Am-241 does not reach equilibrium with Pu-241. For screening purposes, the effective dose rate
factor for the parent plus daughter is estimated as the Pu-241 factor (which is zero) plus 0.00013 times the Am-241 factor, where 0.00013 is the
approximate ratio of daughter to parent activity after 30 days of decay of the parent.

h Because Rh-103m reaches equilibrium with Ru-103 in about 12 hours, the effective dose rate factor for the parent plus daughter is estimated as the
Ru-103 factor plus 0.998 times the Ru-103m factor, where 0.998 is the ratio of daughter to parent activity at equilibrium.

i Because Rh-106 reaches equilibrium with Ru-106 in less than one day, the effective dose rate factor for the parent plus daughter is estimated as the
Ru-106 factor (which is zero) plus 1.0 times the Rh-106 factor, where 1.0 is the ratio of daughter to parent activity at equilibrium.

j  Y-90 reaches equilibrium with Sr-90 in about 20 days. The effective dose rate conversion factor for the parent plus daughter is estimated as the Sr-
90 factor plus 1.0 times the Y-90 factor, where 1.0 is the approximate ratio of daughter to parent activity at equilibrium. _

k Over-one year of decay is required for Nb-95 to reach equilibrium with Zr-95. For screening purposes, the effective dose rate factor for the parent
plus daughter is estimated as the Zr-95 factor plus 0.52 times the Nb-95 factor, where 0.52 is the approximate ratio of daughter to parent activity
after 30 days of decay of the parent ‘ ’
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TABLE 4-5

COMPARISON OF COMPLETE EXPOSURE PATHWAYS WITHIN THE AIR MEDIUM

Pathway Air to Livestock/Game Air to Dairy Cattle Air to Pasture to Afr to Pasture to
Air to Humans Air to Humans (beef) to Humans (milk) to Humans Air to Vegetables to Livestock/Game (beef) Dairy Cattle (milk) to
Material (inhalation) (immersion) (ingestion) (ingestion) Humans (ingestion) to Humans (ingestion) Humans (ingestion)

‘ Argon-41 .

Barium-140 4 4 . 4
Cerium-144 . 7/ A 7
Cesium-137 7/ 7 ] 7
Cobalt-60 4 4 - 4
lodine-129 4 4 n
]odinerl3i 7/ 7/ [ ]
loqine-l33 v/ 7 -

“ Krypton-85 "
" Lanthanum-140 4 4 - 4 v
" Neptunium-237 - L] 7/
I Niobium-9s % . %
Plutonium-238 - 4
Plutonium-239/240 - 4
Plutonium-241 ) 4
Protactinium-233 4 -
Ruthenium-103 4 = 4
Ruthenium-106 L] 7/ 4
Stmntium—89 4 . 4
Strontium-90 4 . 7
Technetium-99 7/ v v .
Thorium-232 . 4 A
Uranium-234,235 L] 4
| Uranivm-238 . v

0S14ALRS
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TABLE 45

COMPARISON OF COMPLETE EXPOSURE PATHWAYS WITHIN THE AIR MEDIUM

Pathway Air torLivéstocrlegme Air to Dairy Cattle Air to Pasture to Air to Pasture to
’ Air to Humans Air to Humans (beef) to Humans (milk). to Humans Air to Vegetables to Livestock/Game (beef) Dairy Cattle (milk) to
(inhalation) (immersion) (ingestion) (ingestion) ‘Humans (ingestion) to Humans (ingestion) Humans (ingestion)

Material

Xenon-133 R : .

Zirconium-95

\DIOACTIVE METAI

‘Arsenic - (Carcinogchic)

Arsenic - (Noncarcinogenic) ‘I B

Beryllium ' v

Chromium (IIT) v oy . v
Chfomium (VI) - (Carcinogenic) - ] " o N L ’

éhrorpiium v] - (Nonc;rcinogenic) S . R N N ‘ o 4 ., _ 7
Lead e " 7 . B ; ' - ) - v o T v
Mercury | 4 ) v » -

Nickel

Carbon Tetrachloride ‘ L]

* Methylene Chloride . .~ - -+ | - -
Polychiorinated Biphenyls . [ . . o _ ‘ ‘ v g B
Tetrachloroethylene T e ' ’ ‘ ' ‘ . -
L11-Trichloroethane .~ - |~ <m.
Trichloroethylene _ : | e

" Most Important Equmtel’atﬁ;ray (bé.mhmirk) »

4 Exposure patliways contributing greater than or equal to 1.0% of the most important pathway
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cattle to human pathways are not important for any of the contaminants:and will not be evaluated
further in this assessment. The apparent imp(;'rtan(:e of immersion, as evidenced by the fact that
it is the most important pathway for three of the radionuclides, is somewhat misleading, since
it is the only pathway for which there is a dose coefficient for the noble gases argon-41,
krypton-85 and'xenon-133. Otherwise, immersion contributes to the total dose (i.e., greater than
1% of the dominant pathway) for only three other radionuclides released from the ORR (barium-
140, lanthanum-140 and zirconium-95).

4.2  Surface Water Pathway Comparisons

The results of the evaluation of the relative importance of complete pathways within the surface
water medium are summarized in Table 4-6. The numerical values used to create this table are
presented in Appendix D. Direct ingestion represents the most important pathway for the
majority of the contaminants, and fish ingestion is most important for the remaining
contaminants. Both of these pathways are important for nearly all of the contaminants released

“from the ORR. The remaining three pathways are also considered important for at least a few -

contaminants. As such, all of the surface water pathways are evaluated further in this report.
‘4.3 Soil and Sediment Pathway Comparisons

Table 4-7 presents the results of the evaluation of the relative importance of complete pathways
within the soil/sediment medium. The numerical values used to create this table are presented
in Appendix D. For this medium, one of two pathways, i.e., inhalation following resuspension
or ingestion of vegetables, represents the most important for nearly all of the contaminants.
Immersion following resuspension is not important for any of the radionuclides. The remaining
pathways are considered important for at least some of the contaminants released from the ORR.

As-such, all of the soil pathways except immersion following resuspension are evaluated further
in this assessment.

5.0 COMPARISON BETWEEN ENVIRONMENTAL MEDIA

A large number of exposure pathways have been identified as being complete and potentially
important with respect to historical off-site exposures. However, even though a pathway may
be important (i.e., contribute to exposure) for a particular contaminant in a particular medium
(e.g., direct inhalation of air), the associated health risk may be insignificant compared to
another pathway for that contaminant in another medium (e.g., ingestion of surface water). The
objective of a comparison between media is to further narrow the list of exposure pathways
warranting detailed consideration by evaluating their relative importance across media. This

type of evaluation requires information regarding airborne and/or waterborne releases and

environmental media concentrations of the contaminants near populations. The availability of
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'TABLE 46

COMPARISON OF COMPLETE EXPOSURE PATHWAYS WITHIN THE SURFACE WATER MEDIUM

Pathway | Water to Humans (ingestion) Water to Livest_ock/Géline Water to Dairy Cattle (milk) to- Water to Fish to Humans Water to Humans (Recreational)

Material (beef) to Humans (ingestion) Humans (ingestion) (ingestion) (immersion/dermal contact)
Barium-140 | 4 v

Cerium-144 / ]

Cesium-137 =

Cobalt-60 '4 ]

Todine-129 . v

Todine-131 = 4 7/

Todine-133 . v v v/

Lathanum-140 . v v <
"Neptunium-237 . . |
Nioﬁiﬁm-95, ‘ [ ]
Plutonium-238 . v
. Plutonium-239/240 - 7

Plutonium-241 . - 7/

Protactinium-233 lw v V
Rutherium-103 . v X
Ruthenium- 106 ‘. v r
Stmntium-@ . LR 4 i
Stmntiﬁm—bO L /

Technetium-99 4 4 s

Thorium-232 4 .

Uranium-234/235 " 4

Uranium-238 . 4

Ii Zirconium-95 - 4 v/ 7

0S14ALRY
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TABLE 4-6

COMPARISON OF COMPLETE EXPOSURE PATHWAYS WITHIN THE SURFACE WATER MEDIUM

Wa;er to Humans (ingestion)

Water to Livestock/Game
(beef) to Humans (ingestion)

Water to Dairy Cattle (milk) to

Humans (ingestion)

Water to Fish to Humans

(ingestion)

Water to Humans (Reéreationhl)
(immersion/dermal contact)

' || Arsenic (Noncarcinogenic)

. v

Arsenic (Carcinogenic) s v
Berylli\;m L . 4
Chromium (IIT) . v ,

' Chromium (VI) . S
Lead. v .
|| Mc@w -
“ Nickel v i

II Polychlorinated Biphenyis

L Most Important Exposure Pathway (benchmark)
4 Exposure pathways contributing greater than or equal to 1.0% of the most important pathway

OS14ALRS
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- TABLE 4-7

COMPARISON OF COMPLETE EXPOSURE PATHWAYS WITHIN THE SOIL/SEDIMENT MEDIUM

Pathway

Material

‘RADIONUC

Soil/Sediment
to Air to
Humans

(inhalation)

Soil/Sediment
to Air
to Humans
(immersion)

Soil/Sediment
to Humans

_ (ingestion)

Soil/Sediment to

-Livestock/Game

(beef) to Humans
(ingestion)

Soil/Sediment to
Dairy Cattle
(milk) to Humans
(ingestion)

Soil/Sediment
to Vegetables
to Humans
(ingestion)

Soil/Sediment to
Pasture to
Livestock/Game
(beef) to Humans

Soil/Sediment to

Pasture to Dairy

Cattle (milk) to
Humans

Soil/Sediment to
Humans (Ground
Exposure/
Dermal Contact)

’ ) (ingestion) (ingestion)

.éarium-ltto ‘

Cerium-144 RS | v v v v - v S v
Cesium-137 4 4 "4 u '4 4

cobalim v 7 v . v v |
lo&iﬁé_}‘lz9'l', ‘ o LS v ‘ Ch v v

Todine 131 i . . v L v . v 7

|} r0dine-133 . 3 7 " v . v e

Lathanium-140 . ~ . v v v .
Neptuniuﬁ:—237 ‘ "l N ! 7/

Niobium-95 “ - ./ v/ / v/ 7/
Plutonium-238 _ ' . v v
i .;lt:;mnmm-239/24o « l- 7 s "
Plutonium-241 . ‘ v v ) II
Pm&cﬁniﬁm-zaé 7 v . 7
Ruthenium-103 .. 4 4 L 4 4 ||
Ruthenium-106 W v v . v v ||
Strontium-89 . v "
Strontium-90 . v v “
Technetium-99 "4 7/ n
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TABLE 4-7

COMPARISON OF COMPLETE EXPOSURE PATHWAYS WITHIN THE SOIL/SEDIMENT -MEDIUM

Soil/Sediment to

Pathway | Soil/Sediment | Soil/Sediment | Soil/Sediment | Soil/Sediment to . | Soil/Sediment to | Soil/Sediment Soil/Sediment to | Soil/Sediment to
o " to Air to to Air to Humans Livestock/Game Dairy Cattle to Vegetables | . Pasture to Pasture to Dairy | Humans (Ground
Material Hwmans to Humans (ingestion) (beef) to Humans | (milk) to Humans to Humans Livestock/Game | Cattle (milk) to Exposure/
(inhalation) (immersion) (ingestion) " (ingestion) (ingestion) (beef) to Hurnans Humans . Dermal Contact)
- . -+ (ingestion) (ingestion) B
_____—._——.—____———___—————____—___—________—__—_—_—_—_-—_____
Thorium-232 LI ' "4 -
Uranitim-234/235 v/ 7/ ]
Uranium-238 4 v L
Zirconium-95 v/ v v 7 .

Arsenic (Noncarcinogenic) 7/ 7/ 7/ 7/ | 7/ 7/
Arsenic (Carcinogenic) v v v / . = v v v
‘Beryllium v 7 v . 4 7
Chromium (TIT) v . / /. v v v
Chromium (VI) (Carcinogenic) ] R

Chromium (VI) (Noncarcinogenic) 7/ L] 7/ 4 "4 4 v/
Lead 4 '4 / L] 4 4 v/
Mercury v 7 "

Nickel 7/ 7/ "4 L 4 4 4

Polychlorinated Biphenyls 7/ L / "4 4 '4 4
- Most Important Exposure Pathway (benchmark)
'4 Exposure pathways contributing greater than or equal to 1.0% of the most important pathway.
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these types of data is limited at this stage in the pI‘O_]CCt however mformatlon gathered as part
of Tasks 1 & 2 is used to- 1dent1fy _preliminary source-term estimates and contaminant
concentrations in air, surface water, soil/sediment, and fish for the majority of the contaminants
. of concern released from the ORR. It is important to note that the accuracy of this comparison
is dependent primarily upon the availability and- quality of the effluent and environmental
monitoring data that we have had-a limited opportumty to review and have not verified. In
addition, due to differences in how some data were recorded or measured, not all source terms
were calculated in the same way and may contain differing levels of conservatism. This
evaluation should therefore not be considered as the definitive asséssment of health hazards
from contaminant releases from the ORR, and the conclusions reached in this feasibility
study are subject to change during later phases of the health studies.

The exposure pathway equations and exposure parameters described previously are again used
in this evaluation. However, instead of ‘a unit concentration, actual concentrations of a
contaminant in. all relevant environmental .media are required. For the purposes of this
assessment, these actual concentrations.are based on preliminary effluent data summarized in
Task 1 and environmental monitoring data summarized in Task 2. How these data are used to
generate representative concentrations is described in the following sections.

5.1  Airborne Releases

Although the monitoring of ambient air both on and off the plant site has been conducted at the
ORR since the late 1950s, the number of. samples and their locations are of limited use in
estimating air concentrations to which off-site populations could have been exposed. On the
other hand, direct momtormg of airborne releases from the plant stacks began as early as the late
1940s, and these data can be used to provnde an initial estimate of the amount of a contaminant
that was released to the atmosphere as a result of a particular process during a particular time
period. For unmonitored processes, release estimates can be made from information about the
process itself. The effluent momtormg data .Oor estimates can be used in conjunction with a
simple air transport model to estimate: representatrve environmental concentrations at selected
locations. Given that this is° a feas1b111ty study and the type of information that is available at
this stage in the process is often screemng-level in nature, a maximum, one-year release estimate
~ is identified for use in this analysrs The basis for the source-term estimates for each plant site
is provided below. : : : ~

5.1.1 Air Source-Term Estimates: for x-io ;

Contaminants were likely released to-the. atmosphere as a result of these hrstoneal operatrons and
occurrences at the X-10'site: :
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. Radioactive Lanthanum (RaLa) Processing
o Thorex Processing of Short-Decay Irradiated Thorium
o " Chemical Separation of Plutonium from Clinton Pile Fuel
L - Graphite Reactor Fuel Slug Ruptures
. Air Cooling of the Graphite Reactor
° ‘Radioisotope Processing Programs

Each of these operations or occurrences is described in some detail in Appendix E, in which
‘estimates of maximum annual release quantities for associated contaminants are also identified.
These maximum, single-year airborne emission estimates to be used in the comparison between
media for contaminants released from X-10 are presented in Table 5-1. A brief description of
each of the operations or occurrences listed above is provided in this section. These brief
discussions identify the contaminants that were available for release to the atmosphere as a result
of the contaminants and processes involved.

Radioactive Lanthanum Processing

Irradiated uranium fuel slugs from Oak Ridge and Hanford, Washington reactors were processed
at X-10 from 1944 to 1956 for separation and purification of fission product barium as a source
of radioactive lanthanum, often referred to as "Rala," for weapons development. The Rala
process involved dissolving batches of the metal slugs in acid, followed by a series of chemical
separation and purification steps. Barium-140, which is formed when uranium-235 undergoes
fission, decays to form the desired product lanthanum-140. «

Because barium-140 decays with a half-life of only 12.8 days, the slugs had to be dissolved
shortly after discharge from the reactors, and large quantities of other fission products were also
released from the dissolved fuel. Of key importance is iodine-131, which can result in off-site
exposure via the air to pasture to dairy cattle (milk) pathway and concentrate in the thyroid
glands of exposed individuals. Other fission products likely to have been released include
barium-140, cerium-144, cesium-137, iodine-129, iodine-133, lanthanum-140, niobium-95,
ruthenium-103, ruthenium-106, strontium-89, strontium-90, zirconium-95, and fission gases
krypton-85 and xenon-133. Uranium and plutonium were also available for release from the
dissolved slugs. Plutonium was formed when uranium-238 absorbed neutrons that were emitted
in the induced fissioning of uranium-235.

The years in which the highest quantities of barium were processed from Oak Ridge fuel and
from Hanford fuel were selected for screening purposes. These years were 1947 for processing
of Oak Ridge slugs and 1952 for Hanford slugs. Rala processing in 1947 was selected as the
year of peak releases of iodine-133, xenon-133, and lanthanum-140. RaLa processing in 1952
was selected as the year of the peak releases of iodine-131 and barium-140. Short-lived
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TABLE 5-1

PREDICTED MAXIMUM AVERAGE ANNUAL AIR CONCENTRATIONS OFF-SITE
FOR SCREENING EVALUATION OF CONTAMINANTS RELEASED FROM X-10

Estimated Maximum

Year or

0514ALR4
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D ed © ‘ ‘ Long-Term . Predicted Air
Material . Amount Released Time Period of Emission Rate Dispersion Factor Concentration®
R - (Cilyn) . Maximum Emission (pCi/sec) x/Q)* (sec/m?) (pCi/m?)

CArgonal b 170,000 1943-1963 " 5,400,000,000 1.0 x 10° 54
Barium-140° * e 1952 6,700,000 3.5 x 10 0.23 I
Cerium-144. T 1944 2,300,000 5.5 x 10° 0.13 I
Cesium-137 s 1944 63,000 5.5%10° 0.0035 -
Cobalt-60 - NA NA NA NA M u
Tlodine-129, .. 0.00049* 1944 16 5.5x 108 " 0.00000088
Todine-131 . 67,000 1952 2,100,000,000 3.5 x 10* 4 |
lodine-133 [ 71,0000 1947 2,300,000,000 5.5 x 10° 130 ||
Krypton85" . C3s0r 1957 11,000,000 5.5 x 10° 0.61
Lanthanum-140. ' - 130 1947 4,100,000 5510 0.23 ||
Niobium-95 2700 1944 8,600,000 5.5 x10% 0.47 “
Plutonium238 . ND ND ND NA NA
Plutoniiin-239/240 | 7 0.031¢" 1944 980 5.5x 10° 0.000054 |
Plutonium-241 - | - ND ND ND NA NA
Protactinium-233 43,000° 1957 1,400,000,000 5.5x 10° 77




TABLE 5-1

PREDICTED MAXIMUM AVERAGE ANNUAL AIR CONCENTRATIONS OFF-SITE
. FOR SCREENING EVALUATION OF CONTAMINANTS RELEASED FROM X-10

Estimated Maximum

Year or

Long-Term -

Predicted Air

Material Amount Released Time Period of Emission Rate ~ Dispersion Factor Concentration®
: (Cilyr) Maximum Emission (pCi/sec) x/Q)* (sec/m?) " (pCi/m®)
Ruthenium-103 120° 1944 3,800,000 5.5 x 10* 0.21
Ruthenium-106 3.6° 1944 © 110,000 5.5x 10% 0.0061
Strontium-89 180° 1944 5,700,000 55x10% 031 ff -
*Strontium-90 2.2¢ 1944 70,000 5.5 x 10* 0.0039
Tritium 44,000 1987 1,400,000,000 3.5x 10° 49
Uranium-234/235 0.0015° 1944 .48 5.5x 10% 0.0000026 4
Uranium-238 0.21° 1944 6,700 5.5x 10° ooomr |
Xenion-133 180,000° 1947 5,700,000,000 5.5 x 10° 310
| Zirconium-95 220¢ 1944 7,000,000 5.5 x 10° 0.39

NA = Not Applicable
ND = No Data

a  Corresponds to location of nearest residence, which is located approximately 2.5 miles from X-10.

A release-fraction of 100% has been applied to estimated quantities available.

b
¢ A release fraction of 0.1% has been applied to estimated quantities available.
d A release fraction of 80% has been applied to estimated quantities available.
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radionuclides such as iodine-133 were less 1mportant during processing of Hanford slugs due to

the additional 4 days of decay in transit from Washington. Release estimates for fission

- products, plutomum and uranium from Oak Ridge Rala processmg in 1947 and 1952 are
presented in Tables E-1 and E-2. '

Thorex Processing of Short-Decay Irradiated Thorium

The Thorex process was used at X-10 to :separate uranium-233, thorium, and protactinium-233
from each other and from' fission products formed during - irradiation of thorium metal.
Uranium-233 and protactinium-233 are formed after thorium-232 absorbs neutrons while inside
a reactor to form thorium-233; they are-called thorium activation products. During 1956 and
© 1957, irradiated thorium metal that had been allowed to decay for periods shorter than the
material normally processed in the Thorex pilot plant was used to test plant equipment and
processes under high radiation conditions. That thorium metal had also been irradiated until it
contained thher levels of fission and activation products than the thorium that had previously .
been processed in the Thorex pilot plant. The thorium metal was processed before many of the
short half-life fission and activation products had time to decay.

Fission products likely to have been released from the irradiated thorium metal when it was
dissolved included barium-140, ‘cerium-141;, cerium-144, iodine-131, lanthanum-140,
niobium-95, ruthenium-103, ruthenium-106, zirconium-95, and fission. gases krypton-85 and
xenon-133. Typical amounts of these radionuclides found in the thorium metal processed in the
short-decay Thorex runs are shown in Table E-3. Because thorium-232 itself is not fissionable,

and fission products are produced from the neutron-induced fission of uranium-233 (the daughter
of activation product protactinium-233), levels of fission products. were s1gmﬁcantly lower in the
material processed in the Thorex’ process. than the fuel slugs processed in RaLa and plutonium
separatlon processmg

Release estimates for uranium-233, protactm1um—233 and the fiss1on products listed above are
presented for each Thorex short—decay run in Table E-4. The ‘'year in which the largest quantity
of thorium was dissolved, calendar year 1957, was selected as the year of peak protactxmum—233
releases from the ORR for screemng purposes. .

Chemical Separation of Plutonium from Clinton Pile Fuel

<<<<<

The original m1ss10n of the 'X-10 Site was to produce ‘and chemlcally separate and punfy
plutonium’ to"support wartime atomic weapons development efforts. Plutonium was formed in
the pile (later called the graphlte reactor) when uranium:-238. .absorbed - neutrons emitted in the
neutron-induced fissioning of uranium-235. The chemical processmg pxlot plant operated
full-scale from January 1944 until productlon ended in January 1945.
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Fission products likely to have been released from the dissolved fuel slugs include barium-140,
cerium-144, cesium-137, iodine-129, iodine-131, iodine-133, lanthanum-140, niobium-95,
ruthenium-103, ruthenium-106, strontium- 89, strontium-90, zirconium-95, and fission gases
" krypton-85 and xenon-133. Uranium and plutonium were also available for release from the
dissolved slugs.

Release estimates for uranium-235, uranium-238, plutonium (evaluated as plutonium-239), and
the fission products listed above for the period of chemical separation of plutonium (essentially
‘caléendar year 1944).are presented in Table E-5. Calendar year 1944 was selected as the year
of peak releases of uranium-235, uranium-238, plutonium, and fission products iodine-129,
cerium-144, cesium-137, zirconium-95, niobium-95, ruthenium-103, ruthenium-106, strontium-
89, and strontium-90 from the ORR for screening purposes. -

Graphite Reactor Fuel Slug Ruptures

The Oak Ridge graphite reactor was fueled with thousands of natural uranium metal slugs canned
in aluminum. Starting in 1944, a small fraction of the slugs began to experience failure of their
aluminum jackets. When exposed to the air, the uranium metal oxidized and expanded, often
causing the slugs to rupture severely and release uranium oxide powder to the pile cooling air.
Uranium, plutonium, and various fission products were released from the ruptured slugs.
Particulate releases from the reactor went unfiltered until late 1948, and gaseous releases
continued until the reactor was shut down in 1963.

Fission products likely to have been released from the ruptured slugs include barium-140, -
cerium-144, cesium-137, iodine-129, iodine-131, iodine-133, lanthanum-140, niobium-95,
ruthenium-103, ruthenium-106, strontium-89, strontium-90, zirconium-95, and fission gases
krypton-85 and xenon-133 Uranium and plutonium were also available for release from the _
slugs.

Calendar year 1947 was the year in which the most slug ruptures were experienced prior to
addition of the graphite reactor filter house. Table E-6 presents estimated releases of fission
products, uranium, and plutonium from the approximately 25 slugs that ruptured in 1947. Based
on calculations described in Appendix E, graphite reactor slug ruptures do not appear to have
been the most significant source of releases from X-10 of any of the identified radionuclides.

- Ten of the radionuclides included in the assessment of slug rupture releases could be elevated
to roughly the magnitude of the current most significant airborne emission source of the nuclide
in question if the particulate release fraction were to.increase significantly from the 10% used
in the screening calculations. The following values of particulate release fraction would be
required for releases of the identified radionuclides from graphite reactor slug ruptures in 1947
to rival the most significant releases of that nuclide:
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cesium-137 - 15%
strontium-90 15%
plutonium 26%

~ ruthenium-106 30%

- cerium-144 34%
lanthanum-140 50%
barium-140 81%
zirconium-95 89%
strontium-89 96 %

niobium-95- 100%
Air 'Cooling of the Graphite Reacfor |

During its operatlon from 1943 to 1963 the graphite reactor was' cooled by air drawn through

~ its fuel channels and exhausted up a 200-foot stack.- While passing through the reactor, the

stable argon-40 gas, which makes up about 0.9% of our atmosphere, absorbed neutrons and

formed radioactive argon-41. Argon-41 has a half-hfe of about 110 minutes, and the 200-foot
stack was intended.to prov1de for dilution and decay before the gas could reach ground.

The release rate of argon—41 from the graphlte reactor stack was estimated to be 470 curies per
day when the pile was operated at a'power level of 3.6 megawatts (Morgan 1949). Available
information indicates that the ‘reactor was operated at a power’ ‘level around 3.5 megawatts
throughout a majority of its years of operatlon (after upgrades in 1944). Durmg the last several
years of its operation, the graphlte reactor operated for only a short penod each day. Annual
airborne releases ‘of argon-41 are not llkely to have varied significantly from the correspondmg
rate of approxunately 170,000 cunes per year. This value was selected for use in screening
calculations.

Radioisotope ProCessing Prdgrams

'Buxldmg 3033 was bullt in the late. 1940s for processing of trmum and krypton "While some
~ airborne tritium was likely emitted from X-10 reactor and fuel processing; operations, available
data indicate that the most- s1gmﬁcant source of airborne tritium releases was. the handling of
tritium that was received from Savannah River after -1952, ‘purifiéd, and- ‘repackaged for
commercial distribution.  Documented quantmes of tritium' shipped from X-i0 provide an
indication of trends of quantities of the nuclide that were processed Shlpments appear to have
peaked at 2,400, 000 curies in 1987. ,

Reportmg of airborne tritium releases from X-10 began in 1972. ,Reporte& ‘_r’elea:ses were based
on inventory shortages prior to 1984, when reporting based on monitoring began. Consistent
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with the quantities shipped, reported airborne tritium releases peaked in 1987. Reported
quantities of tritium shipped annually from ORNL and quantities reported to have been released
in X-10 airborne effluents are depicted in Figure E-1. Because the information that has been
reviewed does not identify any sources of airborne tritium releases in the 1950s through 1960s
that likely approached the magnitude of reported releases from isotope processing during the
1980s, the peak annual tritium emission of 44,000 curies reported for 1987 was used for
~ screening calculations. '

5.1.2 Air Source-Term Estimates for K-25

The maximum single year airborne release estimates for contaminants released from K-25 are
presented in Table 5-2. The release -estimates for technetium-99, uranium-234/235 and
uranium-238 are based on information provided in the 1988 U.S. DOE Historical Radionuclide
Releases from Current DOE Oak Ridge Operations Office Facilities (hereafter the Radionuclide
- Release Report) and an update provided by Martin 'Ma;rietta‘Energy Systems, Inc (MMES,
1991a). It should be noted that the information 'presented in this report has not been
independently . verified and the source-term estimates should be considered preliminary.
Neptunium-237 and plutonium-239 are not believed to have been released to the air (USDOE,
1979; Lay, 1993, Legeay, 1993).

The highest annual releasé of technetium-99 reportedly occurred in 1976. The release estimate
listed in Table 5-2 was taken directly from the Radionuclide Release Report. For uranium, the
highest annual release occurred in 1958, but was reported in terms of total activity (Ci) and total
quantity (kg), not in terms of specific isotopes. Using the information provided in the -
Radionuclide Release Report for 1958 and estimated specific activity values for uranium-234/235
and uranium-238, a series of algebraic equations was solved to determine the percentage of the
total that was released as enriched and depleted uranium. These equations are presented in
Appendix E and the results are listed in Table 5-2.

Airborne release estimates could not be made for four of the nine chemicals released from K-25,
since adequate information could not be obtained as part of this feasibility study. Additional
research will be necessary in any future phases ‘of the health studies to evaluate the potential
off-site health impacts of these contaminants. For the remaining five chemicals, source term
information was obtained from a variety of sources, including the Oak Ridge Gaseous Diffusion
Plant_Historical Chemical Release Report (MMES 1986a; hereafter the Chemical Release
Report), personal interviews with a current plant employee, Site Quarterly Progress Reports and
- fiscal year inventories. As with the radionuclides, the information obtained from the above
sources was not independently verified.
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TABLE 5-2

PREDICTED MAXIMUM AVERAGE ANNUAL AIR CONCENTRATIONS OFF-SITE
FOR SCREENING EVALUATION OF CONTAMINANTS RELEASED FROM K-25

Estimated ) :
. Maximum Amount Year or Time Long-Term Predicted Air
Radionuclides Released Period of Emission Rate Dispersion Factor Concentration®
. (Cil/yr) Maximum Release (pCi/sec) (x/Q)* (sec/m?) (pCi/m?)
Neptunium-237 NA NA NA NA NA
Plutonium-239 NA NA NA NA NA
Technetium-99 6.8 1976 . . 1220,000 2.6 x 107 .. " 0:057
Uranium-234/235 08 . - 1958 “26,000 2.6 x.107. , © 0.0068
Uranium-238 097 1958 - 31,000 2.6 x 107 "~ 0.0081
| Estimated :, - | "
. Maximum Amount Year or Time Long-Term Predicted Air
Chemicals “Released Period of Maximum Emission Rate Dispérsion Factor Concentration®
. . (kg/yr) Release (mg/sec) - (x/Q)" (sec/m®)’ “(mg/m’)
Beryllium _ND ND ND NA NA
Chromium (IIT) ND ND ND “NA NA
Chromium (VI) ND . _ND ND NA NA
Nickel . 1,800 ° 1982 - 1983 57 2.6 x 107 0.000015
Carbon Tetrachloride 32,000 - 1949 - 1952 1,000 2.6 x 107 0.00026
Methylene Chloride - 5,300 1983 170 2.6 x 107 0.000044
Polychlorinated Biphenyls ND ND ND NA NA
1,1,1-Trichloroethane 1,000,000 1980 - 1984 32,000 2.6 x 107 10.0082
Trichloroethylene 37,000 mid 1951-mid 1952 1,200 2.6 x 107 0.00031

NA = Not Applicable
ND = NoData -

a  Corresponds to location of nearest residence, which is located approximately 0.75 miles from K-25.
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For methylene chloride and 1,1,1-trichloroethylene, the largest quantity used during the years
covered by the Chemical Release Report was assumed to have been entirely released to the
atmosphere and was used in this analysis. For nickel, carbon tetrachloride and trichloroethylene,
- information provided in one or more of the aforementioned sources was used to develop the
source-term estimates listed in Table 5-2. As with methylene chloride and 1,1,1-trichloroethane,
the amount used was assumed to have been ‘entirely released to the atmosphere. A detailed
discussion as to how these source-term estimates were calculated is provided in Appendix F.

5.1.3 Air Source-Term Estimates for Y-12

The maximum, single year airborne release estimates for contaminants released from Y-12 are

presented in Table 5-3. Airborne release estimates could not be made as part of this feasibility-

study for seven of the nine radionuclides and five of the eleven chemicals released from Y-12.
Additional research will be necessary in later phases of the health studies to evaluate the
potential off-site health impacts of these contaminants.

Uranium-234/235 and uranium-238 were the only radionuclides released from Y-12 for which
airborne release information could be obtained. Information on airborne release estimates of
these contaminants. was obtained from several sources, including the aforementioned
Radionuclide Release Report, an update provided by Martin Marietta Energy Systems, Inc.
(MMES, 1991b), a report on uranium losses from the late 1950s (Griffith, 1957) and another
radionuclide release report from the mid-1980s (Owings, 1986). Additional information was also
located in a series of annual reports (USDOE, 1985-1992; MMES, 1985-1992). The complete
list of references is provxded in Appendix G. Based on the information provided in these
reports, a table summarizing both measured and estimated releases of natural uranium,
uranium-234/235 and uranium-238 was created. This table is presented in Appendix G. The
largest annual release occurred in 1956. As shown in Appendix G, the portion of the estimated
release of natural uranium for this year that consisted of uranium-234/235 and uranium-238 was
calculated based on the known composition of natural uranium. These estimates were combined
with the isotopic-specific release estimates for 1956, and the resulting totals are shown in
Table 5-3.

Information regarding airborne releases was located for six of the eleven chemicals released.

from Y-12. For one of these contaminants, mercury, only very limited airborne release
information was available. The Mercury Task Force (UCC, 1983) identified total release
quantities of 13,300 and 33,250 pounds of mercury for the periods 1953 through 1956 and 1957
through 1963, respectively. For the purpose of this screening-level analysis, it was assumed that
the release rate was constant during these two periods, resulting in annual release estimates of
3,325 or 4,750 pounds. The higher of these two estimates, or 4,750 pounds (2,200 kg), is used
in this analysis. For the remaining five chemicals, the source of information was the Historical
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TABLE 5-3

PREDICTED MAXIMUM AVERAGE ANNUAL AIR CONCENTRATION

S
ING EVALUATION OF CONTAMINANTS RELEASED FROM Y-12

NA Not Apphcable
ND No Data

a  Cortresponds to location of nearest residence, which is located approximately 0.31 miles from Y-12.
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OFF-SITE FOR SCREENI
Estimated - _ o
Maximum Amount |  Year or Time , ' Long-Term Predicted Air
Radionuclides Released ' | Period of Maximum Emission Rate Dispersion Factor Concentration®
(Ci/yr) Release (pCi/sec) (x/Q)* (sec/m°) (pCi/m’)
Neptunium-237 NA NA NA:- NA NA
Plutonium-238 ND ND ND NA NA
Plutonium-239/240 ND ND ND. NA NA
Plutonium-241 _ ND ND ND__ NA NA
Technetium-99 ND ND ND NA NA
Thorium-232 ND 'ND ND NA NA
Tritium. ND ND __ND. NA NA
|_Uranium-234/235 2.3 ' 1956 73,000 _3.3x107 0.024 N
Uranium-238 1.2 | 1956 38,000 33x107 o013 © %
Maxmmaxegount Year or Time Long-Term Predicted Air
Chemicals Rel . Period of Maximum | Emission Rate Dispersion Factor Concentration®
(kg/yr) Release ' (mg/sec) x/Q)* gseclm![ gmg/m![
Beryllium ND ND _ND NA NA
Chromium (111) ND ND ND NA NA
{| Chromium (VD) ND ND ND NA NA ]
| lead ND ND ND NA NA_
Mercury 2200 1957 - 1963 70 3.3x 107 0.000023
Carbon Tetrachloride 120,000 1944 23,000 3.3 x 107 0.0076
Methylen eChlonde ’ 13,000 - 1982 410 3.3 x 107 0.00014
Polxchlonnated Biphenyls _ND_ ND ND NA NA
Tetrachloroethvlene _ :690,000 1983 22,000 3.3 x 107 0.0073
1.1.1-Trichloroethane 85,000 1982 2,700 3.3 x 107 0.00089
Trichloroethylene~ 37 1980 1.2 3.3 x 107 0.00000039
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Chemical Release Report for Y-12 (MMES, 1986b). As with a similar report: for K-25, the
information presented in Y-12’s chemical release report was not independently verified. For the
purpose of this analysis, the largest quantity used during the years covered by the report was
assumed to have been entirely released to the atmosphere (sce Table 5-3).

5.1.4 Air Dispei'sion Modeling

For the purposes of this air screening assessment, the Industrial Source Complex (ISC) air

dispersion model is used to predict off-site contaminant concentrations in air. The ISC model .

is a Gaussian plume model that can account for multiple point, area, and volume sources;
building downwash effects; limited terrain adjustment; and settling and dry deposition of
particulates. The ISC model uses hourly meteorological data to predict average annual air
concentrations at user-specified locations. High quality meteorological data are available for
each plant site from the mid-1980s to the present. Specifically, meteorological data for X-10 -
and Y-12 are available from 1987 through 1992, and meteorological data for K-25 are available -
from 1986 through 1992, with the exception of 1988. ‘The ISC model is run with a unit
emission rate (e.g., 1 g/sec) to determine a long-term dispersion factor (x/Q) for each emission
source at each plant. This factor is expressed in units of seconds per cubic meter (sec/m®). For
a given location, the predicted air concentration can be determined by multiplying the x/Q by
the annual emission rate in pCi/sec or mg/sec.

In addition to a unit emission rate, other required input data for the ISC model consist of the
stack parameters (i.e., height and diameter), exhaust characteristics and stack to receptor .
distance. These are summarized in Table 5-4 for each plant site and are based on information
gathered from published reports and interviews with current plant employees. For the purpose
of this analysis, x/Q values were determined at the locations of the nearest residences to each
of the plant sites. This corresponds to approximately 2.5, 0.75 and 0.31 miles from X-10, K-25
and Y-12, respectively (Figure 5-1). Using these parameters, the ISC model was run for each
year of meteorological data to determine an average x/Q value for each emission source (Sharp,
1993). The ISC output. has been compiled in a separate document (ChemRisk, 1993d). It
should be noted that settling and dry deposition were not taken into account in this screening
analysis. This omission likely resulted in an over-estimation of the x/Q values. The average
x/Q values that correspond to the receptor locations selected for each of the facilities and the
predicted annual air concentrations for each contaminant were incorporated in Tables 5-1
through 5-3 presented earlier.
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TABLE 5-4 .

AIR DISPERSION MODEL INPUT PARAMETERS

Parameter

Value

Source/Rationale

Stack Height (m) .

76

Binford et al., 1970

Stack Inside Diameter (m) * 2.4 | Binford et al., 1970

Stack Exit Velocnty (m/sec) B 12.1 (Based on above diameter and flow rate of 120,000 cfm;
o : Bradshaw & Cottrell, 1954)

Stack Exit Temperature (°K) 293 Ambient temperaturc (Professional Judgement)

Distance to Receptor (m) ’4,0()0 ‘Nearest résident is approxnmately 2.5 miles from X-10

(Chelesk 1993b)

Dlstanoe to’ Receptor (m)

4,000 -

Stack Héight"(ﬁi) : 61 (Birford et al., 1970) ~ |
Stack Insnde Dlameter (m) 0.91 (Binford’et‘ al., 1970) ' '
Stack Exnt Vglocnty (m/sec) 26 Bﬁilding 3019 Emergency Manual (based on 36,200 cfm
AAAAA R and above diameter)
Stack Exlt Temperature (°K) - 293 Ambient temperaturc )
. Nearest res:dent is approxlmately 2.5 miles from X-10

(ChemRisk, 1993b)"

Stack Helght (m) 61 (Cowen, 1953)
Stack Insnde Dlameter (m) 1.52 (Leverett, Date Unknown)
Stack Exit Velocnty (m/séc) 31 (Based on above diameter and 120,000 cfm; Rupp\énd
. Cox, 1955)
Stack Exit Temperature (!'K) 363 90°C (Leverett, Date Unknown)
Distance to Receptor (m)' 4,000 Nearest resident is approximately 2.5 miles from X-10
(ChemRisk, 1993b)
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TABLE 5-4

~ AIR DISPERSION MODEL INPUT PARAMETERS

" Parameter Source/Rationale

Stack Height (m) . » 23 ' 1981 permit for purge cascade stack, Bulldmg 402 9
Ce . : ‘ (Hodgson, 1993) 4 .
. Stack Inside Diameter (m) e 0.3 1981 permit for purge cascade stack, Building 402-9
‘ : (Hodgson, 1993)
Stack Exit Velocity (m/sec) : . 9.8 1981 permit for purge cascade stack, Building 402-9
) ) ' (Hodgson, 1993) it
Stack Exit Temperature (°K) ‘ 293 Ambient "temp'erature
Distance to Receptor (m) 1200 Nearest resident is approximately 0.75 mlles from K-25

(ChemRisk, 1993b)

Stack Height (m) 9.1 Approximate building height, Building 9212 and 9206
i (Y-12 emissions are from rooftop vents; Fellers, 1993)
Stack Inside Diameter (m) _ ) ) 1.4 Health physics monitoring log books (Rutherford, 1956;
Hunt 1993) v
Stack Exit Velocity (m/sec) 18 Based on data for C-wing, Building 9212 (Rutherford,
1956; Hunt 1993)
Stack Exit ,Temperature °K) 293 Ambient temperature
" Distance to Récep_tor (m) 500 Nearest resident is approximately 0.31 miles from Y-12

(ChemRisk, 1993b)

0514ALR4 50




. ol
& - o/z‘

wio
- <& ) e
°4k RIDGE CNY BOUN Ve NS TS Y
0 4 WO W Tommccaa -
'( STy, «r/g -1 i =3 OAKRIDGE CITY j—====
.- ) : E: ———d LI

- ——
-

- —

AY

Is

AMId 1ddISSTTI3d

:
i~

LEGEND
X Nearest resident to X-10
a§ — K  Nearest resident to K-25 FIGURE 5-1
R T | Y  Nearest resident to Y-12 LOCATION OF NEAREST RESIDENTS TO
22 ( : earest resident to Y- THE THREE OAK RIDGE PLANTS
a‘g g A Division of MclLaren/Hert




Volume II-Part B .
. Page 52 B : Oak Ridge Health Studies Phase I Report

5.2 Contaminant Concentrations in Surface Water, Soil/Sediment, and Fish

Surface water, soﬂ/sedunent and ﬁsh data were gathcred from a review of data reported in
approxunately 100 studies of the environment on or near the ORR. These studies have been
summarized in detail in the Final Tasks 1 & 2 report (ChemRisk, 1993a). In general, for a
given contaminant and a given medium, the maximum concentration at or near the surface water
location of interest for each of the three plant sites was selected for use in this screening
evaluation. These locations represent the nearest location downstream of the plant facilities
~where people could have realistically come into contact with surface water. For contaminants
released from X-10, data from samples collected in the Clinch River at or just downstream of
the confluence of the Clinch River and White Oak Creek [Clinch River Mile (CRM) 20.8] were
evaluated. Data collected in the Clinch River at its confluence with Poplar Creek (CRM 12.0)
were evaluated for contaminants released from K-25, with the exception of data for
technetium-99 in fish, for which data collected at Poplar Creek Mile (PCM) 0.2 were also

considered. For Y-12, data collected in East Fork Poplar Creek (EFPC) between the Y-12

outfall at New Hope Pond and approximately EFPC Mile 8.8 were evaluated. It should be noted
that while we have assumed that there is an association between the concentration of a
contaminant at one of these locations with the release of that contaminant from a particular plant
site -at the ORR, in many cases, there could be other confounding factors (i.e., natural
background concentrations of the contaminant, contributions from upgradient sources) that are
‘not being considered during this feasibility study.

For the purpose of this evaluation, several assumptions regarding the available data were made:

. All reported chromium data were assumed to be chromium (III).

o Data for specific uranium isotopes in water were not reported. The value
reported for total uranium was conservatively used for both uranium-234/235 and
uranium-238.

e - The concentrations for uranium-234 and uranium-235 in fish in the Clinch River

(applicable to X-10 and K-25) were reported separately. Since the concentration
of these contaminants .in other media was reported as a combined value, the
uranium-234 and uranium-235 concentrations in fish were summed.

e  The _concentration of zirconium-95 and its daughter niobium-95 in water,

sediment and fish were reported as a combined value. It was therefore assumed
that the concentration of each isotope was equal to one-half of the reported value.
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o Measured concentratxons in soil were used where 'available. However, in the
absence of soil data, measured concentrations in sediment were used to evaluate
this medium, since exposure to sediments may occur as a result of dredging and
subsequent use of dredge spoils_as fill material. Exposure may also occur when
sediments are exposed asa result of decreasing water levels or dispersion by
flood waters.

A complete listing of all of the data considered for this analysis is provided in Appendix H. The
- surface water, soil/sediment, and fish concentrations selected for the comparison between media
are presented in Tables 5-5 through 5-7 for X-10, K-235, and Y-12, respectively.

5.3 Results of Comparisons Between Environmental Media

As stated earlier, the exposure pathway equations and exposure parameters described previously
for the within-medium comparisons -are also used in this between-media evaluation. However, .
in this case, the preliminary representatlve concentrations listed in Tables 5-1 through 5-3 and
Tables 5-5 through 5-7 were used instead of unit concentrations. It should be noted that a
- measured concentration in fish tissue was used whenever possible. However, if only a surface
water concentration was available, the fish ingestion pathway was evaluated using the surface
water concentration and a contaminant-specific bioconcentration factor. Additionally, both the
water ingestion and fish ingestion pathways were included in the between-media analysis if data
were available in both media regardless of the relative importance of these pathways determined
in the previous section. This exception was ‘made because the relative importance of the fish
ingestion pathway is based on a bioconcentration factor, which may artificially inflate the -
importance of this pathway.

The results of the comparisons between environmental media are summarized in the following
sections. The calculation spreadsheets ‘used in. this evaluation are’compiled in a separate
document (ChemRisk, 1993c). It is unportant t0 note that these results are largely dependent
on the information that could be’ gathered as part of this feasxbthty study ‘In many cases,
information of varying quality- and quantity had to be ‘combined in order to achieve as complete
a picture as possible regardmg ‘historical releases from the ORR. 'Consequently, the results
presented in this report should be considered - prehmmary -and : subject to change as more
information becomes avallable in any later stages of the health studles

5.3.1 X-10 Pathway Compansons

The results. of the between-medla compansons for contammants released from X-10 are
presented in Table 5-8.. The numencal values used 'to ¢reate this table are presented in
Appendix I. For the majorlty of the contaminants, air represents the most important medium.
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TABLE 5-5

MAXIMUM CONTAMINANT CONCENTRATIONS MEASURED IN WATER, SEDIMENT, AND FISH
AT OR JUST DOWNSTREAM OF THE CONFLUENCE OF THE CLINCH RIVER WITH WHITE OAK CREEK (CRM 20.8)

ASSUMED TO RESULT FROM CONTAMINANTS RELEASED FROM X-10

Medium , Materiai Concentration Units Year Source ‘Comments
Water Barium-140 ND NA ‘NA ~ NA
Water Cerium-144 42 pCi/L 1960 uCc, 1961
Water Cesium-137 1500 pCi/L 1985 MMES, 1986¢c
"~ Water : Cobélt-6,0 170 pCi/L 1985 MMES, 1986¢
Water Todine-129 ND 'NA NA NA
\Water lTodine-131 ND NA NA NA
Water Todine-133 ND NA NA NA
Water Lanthanum-140 ND NA NA NA
Water Niobium-95 0.45 pCi/L 1962 UCC, 1963 | Value is one-half the reported
: maximum value for Zr-Nb-95.
Water Plutonium-238 ND NA NA NA L
Water Plutonium-239/240 ND NA NA NA
Water Plutonium-241 ND NA NA NA
Water Protactinium-233 ND NA NA NA
WAter V Ruthenium-103 180 pCi/L 1961 UCC, 1962 Value is one-half the reported
maximum value for Ru-103/Ru-
106
Water Ruthenium-106 770 pCi/L 1962 Cowser and
: Snyder, 1966
Water Strontjum-89 ND NA NA NA
Water Strontium-90 350 pCi/L 1985 'MMES, 1986¢
Water Tritium 350,000 pCi/L 1985 MMES, 1986¢
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 TABLES-S .

MAXIMUM CONTAMINANT CONCENTRATIONS MEASURED IN WATER, SEDIMENT, AND FISH .
AT OR JUST DOWNSTREAM OF THE CONFLUENCE OF THE CLINCH RIVER WITH WHITE OAK CREEK (CRM 20.8)
- ASSUMED TO RESULT FROM CONTAMINANTS RELEASED FROM X-10

Material Concentration Source

Comments

Water Uraniuir:l-234/,235_ 20 pCi/L 1976 uUcCc, 1977 Value reported as uranium only;
. ST value for specific isotopes
assumed to be the same as for
» _ total uranium.
Water _ ’Uranium'-/23‘81, | -2 pCi/L 1976 UCcC, 1977 Value reported as uranium only; ||
- e U value for specific isotopes
" assumed to be the same as for
, e : total uranium. - - ‘
Water - |- Zirconium:95 - |" *-+i: 0.45 pCi/L 1962 | UCC, 1963 | Value is one-half the reported
b oo ) 1 maximum value for Zr-Nb-95. i,
Sediment | - ~‘Barum-140- |. . ND NA NA - NA
| Sediment. | = Cerium144 | 68 pCi/g (dry) 1967 UCC, 1968
Sediment .- |- Cesium-137 - | 660 pCilg @ry) | 1967 UCC, 1968
Sediment = | . Cobalt-60"" | ~7 " 59 pCi/g (dry) 1956 Cottrell, 1960
Sediment - +-| . Todine-129 - | .-+ ND NA ' NA NA ) : f
Sediment . | - lodine-131 |  ND - NA NA ~ NA ~
Sediment lodine-133 . ND NA - NA NA
Sedimient | Lanthanum-140 ND NA NA NA
Sediment |' * Niobium-95 * | 3.1 pCi/g (dry) 1962 UCC, 1963 | Value is one-half the reported
| SN . O maximum value for Zr-Nb-95. ||
Sediment  |. Plutonium:238 ND NA NA NA |
Sediment | Plutonium-239/240 ND NA NA NA I
Sediment |  Plutonium-241 ND NA NA NA |
i Sediment Protactinium-233 ND NA NA NA "
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TABLE 5-5

MAXIMUM CONTAMINANT CONCENTRATIONS MEASURED IN WATER, SEDIMENT, AND FISH
AT OR JUST DOWNSTREAM OF THE CONFLUENCE OF THE CLINCH RIVER WITH WHITE OAK CREEK (CRM 20.8)

ASSUMED TO RESULT FROM CONTAMINANTS RELEASED FROM X-10

Material

e e ———)

Concentration

Comments

maximum value for Zr-Nb-95

Sediment . Ruthenium-103 43 pCi/g (dry) 1961 UCC, 1962 Value is one-half the reported
: maximum value for Ru-103/Ru-
106
Sediment Ruthénium-106 95 pCi/g (dry) 1961 UCC, 1962
Sediment Strontium-89 1 pCi/g (dry) 1984 TVA, 1985b
Sediment Strontium-90 11 pCi/g (dry) 1958 Cottrell, 1960
Sediment Uranium-234/235 21 ‘pCi/g (dry) 1989-90 Cook et al., 1992 | Value is sum of reported values
’ for U-234 and U-235. Samples
.collected between CRM 12 and
CRM 23.1; exact locations not
reported.
"Sediment Ifranium—238 1.8 pCi/g (dry) 1989-90 Cook et al., 1992 | ~Samplé ‘collected between CRM
S 12 and CRM 23.1; exact location
- not reported.
- Sediment Zirconium-95 3.1 pCi/g (dry) 1962 UCC, 1963 Value-is one-half the feponed ||

Fish Barium-140 ND NA NA NA
Fish Cerium-144 ND NA NA NA ||
Fish Cesium-137 10,000 pCilkg (wet) 1978 UCC, 1979 |
Fish Cobalt-60 140 pCi/kg (wet) 1981 UCC, 1982

Fish Iodine-129 ND NA NA NA

Fish Todine-131 ND NA NA NA

Fish Todine-133 ND NA NA NA

Fish Lanihanum-140 ND NA NA NA

Fish Niobium-95 56 pCi/kg (wet) 1976 ‘UCC, 1977 | Value is one-half the reported
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 TABLE 5-5

MAXIMUM CONTAMINANT CONCENTRATIONS MEASURED IN WATER, SEDIMENT, AND FISH
AT OR JUST DOWNSTREAM OF THE CONFLUENCE OF THE CLINCH RIVER WITH WHITE OAK CREEK (CRM 20.8)
ASSUMED TO RESULT FROM CONTAMINANTS RELEASED FROM X-10

l Medium Material Concentration Units Year Source Comments |
Fish Plutonium-238 ' 0.88 pCi/kg (wet) 1979 UCC, 1980
Fish Plutonium-239/240 0.88 pCilkg (wet) 1979 UCC, 1980
Fish Plutonium241 |- ND NA NA NA
Fish © | Protactinum-233 | ~ ND NA NA NA
Fish . | ~Ruthenium-103 ~ND NA NA NA
Fish . Rﬁﬂ(qnium—lOﬁ -~ 6,500 ~ pCi/kg (wet) 1965 UCC, 1966 Exact location of sample
R et " collection on the Clinch River ’
o v not reported. ' 2
Fish.. . | . Strontium-89 . | =~ ND NA NA | NA
Fish | Swontium-90 - | _ 1,000 = |. pCirkg (wet) 1976 ucc, 1977
Fish - |‘Uranium234/235 | 64 pCikg (wety | 1981 UCC, 1982 | Value is sum of reported values
L R & for U-234 and U-235.
Fish- " ~'|:~ Uranium-238 .. | .. 3.7 pCi/kg (wet) 1981 UCC, 1982
Fisi |- Zirconium95 | 56 pCi/kg (wet) 1976 UCC, 1977 Value is oné-half the reported
N s ' ' : -] maximum value for Zr-Nb-95.
NA = Not Available - - : ‘ ' o | ' .
ND =

No Data - ' =

0514ALR4 57




TABLE 5-6

MAXIMUM CONTAMINANT CONCENTRATIONS MEASURED IN WATER, SEDIMENT, AND FISH
IN THE CLINCH RIVER AT OR JUST DOWNSTREAM OF ITS CONFLUENCE WITH POPLAR CREEK (CRM 12.0)
~ ASSUMED TO RESULT FROM CONTAMINANTS RELEASED FROM K-25

Medium Material Concentration Units Year Source Comments
Water Neptunium-237 ND NA NA NA
Water Plutonium-239 ND NA NA NA
Water Technetium-99 0.73 pCi/L 1984 TVA, 1985a
Water Uranium-234/235 21 pCi/L 1978 UCC, 1979 Value reported as uranium only;
i value for specific isotopes assumed
to be the same as for total uranium. |
Water Uranium-238 21 pCi/L 1978 UCcC, 1979 Value reported as uranium only;
value for specific isotopes assumed
to be the same as for total uranium.
Water Beryllium <0.001 mg/L 1984 TVA, 1985a »
- Water Chromium (IIT) 0.06 mg/L 1972 UCC, 1973 Maximum repdrted value for total
chromium; assumed to be Cr(III)
Water ‘Chromium (VI) ND NA NA NA
Water Nickel 0.2 mg/L 1980 ucc, 1981 |
Water PCBs <0.001 mg/L 1989-90 Cook et al., 1992 "
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TABLE 5-6
MAXIMUM CONTAMINANT CONCENTRATIONS MEASURED IN WATER, SEDIMENT, AND FISH
IN THE CLINCH. RIVER AT OR JUST DOWNSTREAM OF ITS CONFLUENCE WITH POPLAR CREEK (CRM 12.0)
- ASSUMED TO RESULT FROM CONTAMINANTS RELEASED FROM K-25 )
‘Material T - Concentration Comments
. Sediment 'v;:'#':>Népmni’um-\237 }. . ND NA ‘ NA NA : _ "
‘Sediment * |* _Pluionium-338 |- . 007 pCi/g (dry) | 1989-90 | Cook etal., 1992 | Sample collected between CRM O
A B T E : . : and CRM 12; exact location not ‘
RS » reported T ..
' Sediment-. |- Plutonium-239/240 | 1.57  pCilg(dry) | 198990 | Cook et al., 1992 | Sample collected between CRM 0 &
Y D T SRR SRR B ~ | : and CRM-12; exact location not ]
7 RN - reported
Sediment . | Technetium99 . | *  ND NA ~ NA NA , ., "
Sediment | Uranium-234/235 | - 62 pCi/g (dry) | 198990 | Cooketal., 1992 | Sample collected between CRM 0
R RIES CE P ) ' and CRM 12; exact location not '
R It P VO IS . : - | reported .
Sediment ' | © Uranium238. - | 4.0 pCilg (dry) | 1989-90 | Cook et al., 1992 | Sample collected between CRM 0
NIRRT N : _and CRM 12; exact location not
. : ‘ reported -
Sediment |  Berylium ~ | 16 mg/kg (dry) | 1989-90 | Cook etal., 1992 | Sample collécted between CRM O
R IR ‘ ' and CRM 12; exact location not
. Z [N .. . reponed ' . . .
Sediment - |’ - Chromum'am | 244 mg/kg (dry) 1979 UCc, 1980 Maximum reported value for total
N chromium; assumed to be Cr(III)
Sediment | .~ Chromium (V1) ND NA NA NA
Soil Technetium-99 1.7 pCi/g 1979 Hoffman et al., Collected at the fenceline perimeter
1980 of the K-25 site
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TABLE 5-6

MAXIMUM CONTAMINANT CONCENTRATIONS MEASURED IN WATER, SEDIMENT, AND FISH

IN THE CLINCH RIVER AT OR JUST DOWNSTREAM OF ITS CONFLUENCE WITH POPLAR CREEK (CRM 12.0)
" ASSUMED TO RESULT FROM CONTAMINANTS RELEASED FROM K-25

| i Matérial .| Concentration i . Source . - Comments
~ Sediment Nickel ' 58 mg/kg (dry) 1989-90 Cook et al., 1992 | Sample collected between CRM 0
‘ ' : and CRM 12; exact location not
reported '
Sediment PCBs <0.1 mg/kg (dry) 1979 UCC, 1980
Fish Neptunium-237 ND NA NA NA
Fish " Plutonium-238 0.88 pCilkg (wet) 1979 UCC, 1980
Fish Plutonium-239 0.88 pCi/kg (wet) 1979 UCC, 1980
Fish Technetium-99 490 pCi/kg (wet) 1984 TVA 1985¢c
Fish Uranium-234/235 56 pCi/kg (wet) 1984 MMES, 1985 Value is sum of reported values for
- U-234 and U-235 .
~ Fish Uranium-238 30 pCi/kg (wet) 1984 MMES, 1985
Fish Beryllium <0.003 mg/kg (wet) 1989-90 Cook et al., 1992
Fish Chromium (I1I) 0.92 mg/kg (wet) 1977 Loar et al., 1981 | Maximum reported value for total
chromium; assumed to be Cr(III)
Fish Chromium (V1) ND NA NA NA'
A Fish Nickel 1.2 mg/kg (wet) 1977 Loar et al., 1981
|| Fish. PCBs 12 mg/kg(wet) 1984 TVA, 1985¢c
NA = Not Applicable
ND = No Data
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TABLE 5-7 -

MAXIMUM CONTAMINANT CONCENTRATIONS MEASURED IN EAST FORK POPLAR CREEK WATER, SEDIMENT
"~ OR FLOODPLAIN SOIL, AND FISH AT OR NEAR EAST FORK POPLAR CREEK MILE 13.5
ASSUMED TO RESULT FROM CONTAMINANTS RELEASED FROM Y-12

Medium Material - Concentration Units: Year. o Source Comments
. ‘Water * Neptunium-237 ND " NA NA NA
Water Plutonium-238 ND NA NA NA
Water Plutdnium-239/240 ND NA NA NA
Water Plutoriium-241 ND NA NA NA
" Water Technetium-99 ND NA NA + NA i
Water Thorium-232 ND - NA - NA " NA "
Il water Tritiuff - 400 pCi/L’ 1984 "TVA, 19853 "”
Water - Uranium-234/235 1,000 pCi/L 1972 UCC, 1973 Value reported as uranium only;
S o value for specific isotopes -
assumed to be the same as for
total uranium
Water Uranium-238 1,000 pCi/L - 1972 UCC, 1973 Value n;ported as uranium only;
' ‘ ' value for specific isotopes
assumed to be the same as for
total uranium
Water Beryllium <0.001 mg/L 1984 TVA, 1985a B ' =
Water Chromium (III) 0.55 . mg/L 1971 UCC, 1972 Maximum reported value for total “
: - o ‘ : o - ‘ chromium; assumed to be Cr(III)
Water Chromium (VI) ND NA NA NA |
Water Lead 0.4 mg/L 1974 UCC, 1975
Water Mercury 0.026 mg/L 1984 TVA, 19852 I
Water PCBs <0.0001 mg/L 1984 TVA, 1985a Il
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TABLE 5-7

MAXIMUM CONTAMINANT CONCENTRATIONS MEASURED IN EAST FORK POPLAR CREEK WATER, SEDIMENT
OR FLOODPLAIN SOIL, AND FISH AT OR NEAR EAST FORK POPLAR CREEK MILE 13.5
ASSUMED TO RESULT FROM CONTAMINANTS RELEASED FROM Y-12

Material Concentration . Source Comments
Sediment/Soil .Neptunium-237 ND NA NA ‘NA
| Sediment Plutonium-238 ) 0.013 pCi/g 1984 Hibbitis, 1984
Sediment/Soil Plutonium-239/240 ND NA NA NA
Sediment/Soil Plutonium-241 ND NA NA NA
Sediment/Soil Technetium-99 ND NA NA NA
Soil Thorium-232 10 pCi/g 1984 Hibbitts, 1984 Value measured in the EFPC
: floodplain
Sediment/Soil Tritium ND NA NA NA |
Soil Uranium-234/235 5.9 pCi/g 1984 "Hibbitts, 1984 Value measured in the EFPC
. : floodplain
Soil Uranium-238 70 pCi/g 1984 Hibbitts, 1984 Value measured in the EFPC
' , floodplain
Soil Beryllium 1.2 mg/kg 1983 Hibbitts, 1984 Value measured in the EFPC “
floodplain
Soil Chromium (IIT) 220 mg/kg 1984 Hibbitts, 1984 Value measured in the EFPC
floodplain. Maximum reported
value for total chromium; assumed
to be CR(III)
‘Sediment/Soil Chromium (V1) ND NA NA NA
Soil Lead 260 mg/kg 1984 Hibbitts, 1984 | Value measured in the EFPC
, floodplain It
Soil Mercury 2,100 mg/kg 1984 Hibbitts, 1984 Value measured in the EFPC
floodplain
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. TABLE 5-7
MAXIMUM CONTAMINANT CONCENTRATIONS MEASURED IN EAST FORK POPLAR CREEK WATER, SEDIMENT

OR FLOODPLAIN SOIL, AND FISH AT OR NEAR EAST FORK POPLAR CREEK MILE 13.5
ASSUMED TO RESULT FROM CONTAMINANT S RELEASED FROM Y-12

Material - 'Con_centration Comments
; , ‘Hibbitts, 1984
Fish . . : Neptumum—237 _ ND NA NA | NA
FlSh - Plutomum—238 i F .- ND NA NA NA
Fish | Plutomum-239/240-” ' ND "NA " NA o NA
Fisﬂ '_ & Plutomum—241 “ ND . NA- NA . NA . . ,
Fish- - - Technet1um-99 . 1a | pciigowey | 1984 | TvA 1985, | -
Fish ; " thomemaz2 | W | NA | Na NA |
Fish - _Tritium - ~ ND NA | NA NA
Fish * - Uramum—2341235 _ND " NA ~ NA NA -
Fish "% Uraniam238 - [~ - nND ~_ NA NA NA I
Fish - -~;»-jf’?,'-‘_;xf_Bé'ryi\lifiim'_.'*'-7?.', <0100 | mexg(wen | 1984 TVA, 1985¢ \ -
Fish ... ;l 'Clm;fomilimv,(llyll) 1 ~ 014 " mg/kg (wet) 1984 TVA, 1985¢c . Maximum reported value for total -
AR R o i ' : chromium; assumed to be Cr(Ill) -
Fish ~ |. Chromium (VD). - ND NA " NA . NA
Fish | . Led . | 023 | mg/kg (wet 1984 TVA, 1985¢
Fish " Mercury 2.7 ‘mg/kg (wet) | 1982 Van Winkle
- et al., 1982
| Fish j . PCBs 1.7 mg/kg (wet) 1984 TVA, 1985¢
NA = Not Applicable '
ND = NoData
0
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TABLE 5-8

RELATIVE IMPORTANCE OF EXPOSURES TO CONTAMINANTS
IN ENVIRONMENTAL MEDIA BASED ON HIGHEST IDENTIFIED CONCENTRATIONS

X 10 RELEASES®

Material Air Surface Water Sonl/Se diment ||
v:Réﬂionuchde I
Argon-41 [ NA NA
Barium-140- s ND ND
Cerium-144 . 49% 20%
Cesium-137 <1% 71% .
Cobalt-60 NA u 42%
JIodine-129 = ND ND
Todine-131 . ND ND
Iodine-133 . ND ND
Krypton-85 . 'NA NA
Lanthanum-140 u ND ND
Niobium-95 L <1% <1%
Plutonium-238 ND . ND
Plutonium-239 . 35% ND
Protactinium-233 s ND ND
Ruthenium-103 13% n 14%
Ruthenjum-106 <1% ) 8%
Strontium-89 u ND 9%
Strontium-90 <1% . 18%
Uranium-234/235 <1% a 7%
Uranjum-238 7% s . 6%
Xenon-133 [ NA NA
Zirconium-95 . 2% ___ 1% _
NA = " Not Applicable
ND = . No Data
a For each material, the medium associated with the highest health hézard (i.e., cancer riék or hazard

_ ‘index) is marked by a ® (domma'nt medium). The relative magmtude of the health hazard associated
with exposure to the contaminant in other media is indicated in terms of the percent of the dommant

medium.
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Surface water was the most unportant medxum for all but one of the remaining contaminants.
In addition, when information was available for more than a single medium, the most 1mportant
medium generally dominated significantly over the other media. For example, air, surface
water, and soil/sediment concentrations were predicted or measured for nine contaminants
(cerium-144, cesium-137, niobium-95, ruthenium-103, ruthenium-106, strontium-90,
uranium-234/235, uranium-238, and zirconium-95). In all but two of these nine cases, i.e.,
cerium-144 and cesium-137, the next closest medium was generally less than 20%, and often
less than 1%, of the most important medium. Only with cerium-144 and cesium-137 were the
-estimated exposures distributed somewhat evenly over two or all three media. These results
indicate that exposure pathways assoclated with the air medium represent the most significant
pathways for the majority of contaminants released from X-10.

53.2 K-25 Pathway Comparisons

Table 5-9 presents the results of the between-media comparisons for contaminants released from .
K-25. The most important medium. with respect to historical off-site_exposure to these
contaminants is nearly equally divided among air, surface water, and soil/sediment. For K-25,
information for all three media. were available for only four contaminants (technetium-99,
uranium-234/235, uranium-238, and nickel).. For technetium-99 and nickel, the most important
medium (soil/sediment and surface water, respectxvely) clearly dominates over the other two
media. On the other hand, the estimated exposures for uranium-234/235 and uranium-238 were
distributed somewhat evenly over two media.

533 Y-12 Pathway Comparisons

~The results of the between-media comparisons for contaminants released from Y-12 are
_presented in Table 5-10. The results from the comparlson ‘between media for Y-12 are very
similar to those from K-25.- Agam the most unportant ‘medium for the various contaminants
is nearly equally divided among air; surface water, and soil/sediment. Information for all three
media were available for only three contaminants (uramum-234/235 uranium-238, and
‘mercury). For mercury, exposures assocmted with one medium clearly doriinate over the other
two. However, for uranium-234/235 and uranium-238, exposure estlmates are distributed more
evenly over two. or three medla respectrvely SR ST Y S s :

5.34 Summary of Comparrsons Between Envu'onmental Medxa
In summary, the results of the comparlsons between medla for contammants released from all
three plant sites indicate that exposures to_contaminants in a single medium'in some’ cases clearly

dominate over exposures.to contaminants’in other media. For the X-10 site, these prehmmary
results suggest that airborne réleases represent the most srgmﬁcant contributor to historical
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TABLE 5-9

S RELATIVE IMPORTANCE OF EXPOSURES TO CONTAMINANTS
IN ENVIRONMENTAL MEDIA BASED ON HIGHEST IDENTIFIED CONCENTRATIONS

K-25 RELEASES*
Matenal ' . Air ‘Surface Water Soil/Sediment v l
'Neptunium-237 NA 'ND " ND
Plutonium-238 ' NA = 38%
Plutonium-239 _ NA 12% - .
Technetium-99 E <1% ’ <1% .
Uranium-234/235 ' . 89% 2%
Uramum 238 = 70% 9%

CARCINOGENIC CHEMIC AL

Berylhum
Carbon Tetrachloride .= NA NA
Chromium(VI) 'ND ND ND
Methylene Chloride . ‘NA NA
Polychlorinated . ND a ND
Biphenyls ,
Trichloroethylene

|| NONCARCINOGENIC CHEMICALS
Chromium(III) ND a . 85%
Nickel ‘ 1% . 12%
1,1,1-Trichloroethane _= | NA NA__ |
NA = Not Applicable
ND = No Data
a For each material, the medium associated with the highest health hazard (i.e., cancer risk or ‘hazard

index) is marked by a ® (dominant medium). The relative magnitude of the health hazard associated
with exposure to the contaminant in other media is indicated in terms of the percent of the dominant
medium.
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TABLE 5-10

: D e A o
RELATIVE IMPORTANCE OF EXPOSURES TO CONTAMINANTS
IN ENVIRONMENTAL MEDIA BASED ON HIGHEST IDENTIFIED CONCENTRATIONS
- Y-12 RELEASES‘

Surface W;ater

Material Soil/Sediment

 RADIONUCLIDES | . |

Neptunium-237 NA ND ND
Plutonium-238 'ND : ND . .
Technetium-99 ND ] ND
Thorium-232 ND 1~ .
Uranium-234/235 55% : " 2%
Uranium-238 : 31% = . 30%

' CARCINOGENIC CHEMIC
Beryllium .
Carbhn Tetrachloride . NA NA
Chromium(V) ND .. ' ND : ND
Méthylene Chloride ' L NA NA
Polychlorinated ND . _ 25%
Biphenyls ‘ ‘
Tetrachloroethylene L - ‘ NA | , NA
Tnchlorethylene e NA  NA
Chromium(Il) ND 20% .
Lead ND 6% , ..
Mercury <1% <1% B a
1,1,1-Trichloroethane . ’ NA . | Na
NA = . Not Applicable | |
ND = No Data
a For each matenal the medium associated with the highest health hazard (1 e, cancer nsk or hazard

index) is marked byam (dommant medium). The relative magmtude of the health hazard associated
with exposure to the contammam in other media is indicated in terms of the percent of the dominant
medium.
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off-site health impacts. For K-25 and Y-12, exposures to contaminants in each of the three
media, i.e., air, surface water, or soil/sediment, are dominant for at least one of the
- contaminants that were evaluated. While these preliminary analyses are not sufficient to suggest
that one or more media could be eliminated from further consideration, they should aid in
focussing initial study efforts in any future health studies.

5.4  Relative Importance of Releases from the Oak Ridge Reservation

Although preliminary, the results of this analysis can be used to begin to put into perspective
the relative importance of the releases of different contaminants from the ORR. Using the
quantitative results from the between-media comparison (Appendix I), the radionuclides,
carcinogenic chemicals and noncarcmogemc chemicals have each been ranked as shown in
Table 5-11. When looking at this table, it is important to keep in mind that the screening hazard
values from one group (i.e., radionuclides, carcinogenic chemicals or noncarcinogenic
- chemicals) cannot be compared to the screening hazard values from another group. It is also
important to note that the values presented in this table are based on data of varying quality and
that this analysis contains numerous assumptions, and the absolute magnitude of the screening
values have no real meaning. Any interpretations of these data should focus on the relative
magnitudes of the potential hazards of contaminants within each group with respect to other
contaminants within the same group. Since the data used to produce the ranking come from
various sources having somewhat different levels of conservatism built into them, caution should
also be exercised in placing too much emphasis on the exact rank order of the contaminants.
Instead, emphasis should be placed on comparing the order-of-magnitude of the hazards posed,..
recognizing that, due to inconsistency in the assumptions, the rank order of any one contaminant
could actually fall anywhere within the particular order-of-magnitude estimate.

For. radionuclides, the release of iodine-131 from X-10 represents the most important
contaminant with respect to potential off-site health impacts from maximum, single-year releases.
Iodine-133 and cesium-137 releases from X-10 are also considered important, since they
represent approximately 60% and 6% of the screening hazard value calculated for iodine-131,
respectively. The screening hazard values for the remaining radionuclides are less than or equal
to 2% of the value for iodine-131.

Because radioiodine has been identified as a high priority material, several factors pertaining to
radioiodine exposures should be noted. First, it is important to point out that the screening
calculations described in this report did not take into account the radioactive decay of
radionuclides between the time of emission from the Oak Ridge facilities and the time of human
intake. Because of this, actual off-site intakes of iodine-133 (20.3 hours) were likely lower than
_indicated by about a factor of ten or more, depending on the length of time assumed between
release and consumption. Estimates of iodine-131 (8.05 days) intakes are more accurate because
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PRELIMINARY RANKING OF POTENTIAL HAZARDS*

—

e

TABLE 5-11

Material

Screening Hazard
Value - -

Relative Hazard
- Ranking -

Iodine-131 - X-10 1x10° 100%
Iodine-133 X-10 6 x 10* 60%
Cesium-137 X-10 6 x 10° 6%
Uranium-234/235 Y12 2 x 10° 2%
Uranium-238 ya2 - 2 x 10° 2%
Strontium-90 X-10 - 2 x10° 2%
“Tritium X-10° 1x10° 1%
Protactinium-233 X-10 9x 10 0.9%
Technetium-99 K-25 9x.10% - 0.9%
Ruthenium-106 - X-10 - - 8 x 10% 0.8%
Niobium-95 X-10 4 x 10% 0.4%
Uranium-238 K-25 4x 10 0.4%
Uranium-234/235"' K25 3 x 10%- 0.4%
Thofium-232 Y12 3x 10 0.3%
Cobalt-60 X100 2x10% 0.2%
Uranium-234/235 X-10 - 2x10% 0.2%
Uranium-238 X100 v 1x 10 0.2%
Cerium-144 X-10 3x107 0.03%
Ruthenium-103 X-10 3 %107 0.03%
Plutonium-239/240 K-25 2 x 107 0.02%
Strontium-89 X-10 2107 0.02%
Zirconium-95 | X-10 1x107 0.01% -
Argon-41 X-10 lx 16" : : - 0.01%
Plutonium-239/240 © X-10 | Tx10%" o 0007%
Barium-140 X-10 7x100 - 10.007%
Lanthanum-140 X-10 6x10° © 0.006%
Plutonium-238 K-25 2 x 10° 0.002%
Plutonium-238 X-10 2x10%. 0.002%
Xenon-133 X-10 2x 10° 0.002%

0514ALR4

69




| TABLE 5-11
PRELIMINARY RANKING OF POTENTIAL HAZARDS*

Material " 'Location Screening Hazard Relative Hazard
' ' ' Value Ranking

Technetium-99 ‘ Sy C 1x10% © 0.001%.
Plutonium-238 | Y-12 C1x10° 0.0001%
Todine-129 | X100 . 1 x 100 0.00001%
Krypton-85 X-10 5x 107 0.0000005 %
PCBs S K-25 | 4x10* 100%
PCBs ' B ST) 8 x 10° 20%
Carbon Tetrachloride Y-12 6 x 107 0.1%
Beryllium K-25 2 x 107 0.04%
-Beryllium : Y-12 1x 107 - 0.03%
Methylene Chloride Y-12 4 x10* 0.009%
Tetrachloroethﬂene

Carbon Tetrachloride

Trichloroethylene

Methylene Chloride

Triéhloroethylcne ’

Mercury ' Y12 ; 1x10* 100%
Lead | oy 9 x 10° 0.07%
Nickel K25 2 x 107 0.01%
1,1,1-Trichloroethase . K-25 3x10° 0.0002%
Chromium (III) |l kas 2 x 10° 0.0002%
Chromium (III) ~ Y12 1x 10° 0.0001%
1,1,1-Trichloroethane Y-12 _ 3 x 104 | 0.00002%

a The‘screening hazard values for one group (i.e., radionuclides, carcinogenic chemicals or
" noncarcinogenic chemicals) are not comparable to the screening hazard values for another group.
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of its longer half-life. At the same time, some key factors relating to the dosimetry of
radioiodine indicate that actual doses and health risks to specific organs and population age
groups could have been significantly higher than' the adult effective doses and corresponding
health risks that have been calculated and presented in this report as screening estimates:

e - The actual magmtude of radlolodme present in food products is largely a functlon of the
chemical form of iodine that was released. Elemental iodine () is most reactive, and
releases in this form will generally result.in the highest doses. -:Organic forms (e.g.,
CH,l) are. less reactive,- -acting almost like noble gases in the environment. When
released to the environment, organic forms of radlolodme will generally result in
significantly lower doses than will releases of elemental iodine. ‘The chemical forms of
radioiodine that were released from X-10 processes have not yet been characterized.

e _Iodme can enter the human bodyf via inhalation or. mgestlon. After intake, iodine
concentrates in the thyroid gland, which is located in the neck. < As a result of this
concentration by a factor of about 1000 to 1 compared to the blood (Sagan 1982), the
highest radiation doses after- intake of radioiodine occur in the thyroid. After intake of

. iodine-131, committed dose equlvalent to the thyroid exceeds the dose to any other organ
by over a factor of 1000 (ICRP, 1990b). A tissue welghmg factor of 0.05 is applied to
thyroid - doses when calculating - effective . dose equivalents, per ICRP’s 1990
recommendations, to account for- the low probability of radiation-induced mortality from
thyroid cancer with respect to what would occur if a similar level of dose were to be
apphed uniformly over the entire body (ICRP, 1990a). .

° ;Exarmnauon of age-dependant dose conversion factors shows that the highest thyroid
doses per unit intake of iodine-131 actxvxty occur in infants and children. This is due
primarily to enhanced- thyroxd uptake in the newborn (ICRP, 1990b) and the distribution
of radiation energy in a thyroid gland that is considerably smaller in infants and children
than in adults. For example the mass of a child’s thyr01d before age two is about 1 to
2 grams, compared to’ mean weights of 15 and 18 grams for female and male adults,
respectively “(ICRP; -1975)) Because absorbed dose is defined as’ energy xmparted per

. unit tissue mass, for a given intake the absorbed dose decreases as. organ mass'increases.
Per unit intake of iodine-131, the committed dose equlvalent to the infant thyroid is 8.4
times the committed dose equivalent for the adult thyroxd and 285 times the adult
committed effective dose equlvalent (ICRP, 1990b) _

° Because milk consumptlon rates for newborns and _mfants .(0.7-liter/day) and children
(0.5 liter/day) are greater than those for adults (0.2 to 0.3 liter/day), the ‘doses per unit
intake are magnified by larger daily intakes (NCRP, 1984) “The milk consumption rate
used in the screening calculations was 0 28 liters per day.
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The -thyroid 'gland is one of the organs known to develop cancer after exposure to
radiation. One study showed that about 30% of thyroid glands in the United States
contain some thyroid cancer (Sagan, 1982). While about 99.9% of people with thyroid
cancer do not die of that disease, but -of other concurrent disease (Sagan, 1982), the
ICRP proposes a lethality fraction of 0.10 for thyroid cancer (ICRP, 1990a).

Radiation exposure to the thyroid gland also results in noncancerous thyroid neoplasms,
or lumps on the thyroid. Functional effects may be absent, or may include decrease of
glandular secretions: (ICRP, 1990a). Some effects are temporary, with function returning
to normal after a perlod of repair or recovery.

As stated earher a value of 7. 3%/Sv was-used for the screening calculations described
in this report. It combines ICRP’s 5%, 1%, and 1.3% values for fatal cancer, non-fatal
cancer, and severe hereditary effects, respectively. A summary of risk conversion
factors for radiation is as follows:

Fatal Cancer (chronic dose) 5.0% per sievert (per ICRP, 1990a)

Fatal Cancer (acute dose) 8.0% per sievert (per NRC, 1990)
- 10% per sievert (per ICRP, 1990a)

Non-fatal Cancer . 1.0% per sievert (per ICRP, 1990a)

Severe Hereditary Effects 1.3% per sievert (per ICRP, 1990a)

It is important to note that ICRP’s risk coefficients for non-fatal cancer and severe -

hereditary effects were derived after weighting for quality of life considerations (ICRP,
1990a). As a result, these risk conversion factors do not reflect the actual relative
incidences of nonfatal health effects and fatal cancers. For example, although non-fatal
thyroid and skin cancers are reported to be 10 and 500 times more common than fatal
cancers of these organs, the ICRP method applies a maximum weighting factor of two
to account for non-fatal cancers.

The radiation weighting factors used in converting absorbed doses to dose equivalents

“were determined for effects such as cancer. As a result, equivalent doses are not always

. appropriate for dealing with effects like non-cancer thyroid neoplasms. Risk coefficients
“based on absorbed dose (in grays) are often used instead. For non-cancer thyroid
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neoplasms, data indicate incidence rates of about 8 per gray (NRC, 1990). For low
linear energy transfer (LET) radiations such as gamma rays, X rays, and beta parucles
1 gray-is roughly equ1valent to 1 sievert. :
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Based on these special considerations regarding -the dosimetry of radioiodine exposures, it can
be concluded that: 1) doses to infants and children from historical radioiodine releases from the
Oak Ridge Reservation were likely: consxderably higher than the adult committed effective dose
equivalent values.that resulted from the screening calculations descnbed in this report; 2) doses
to the thyroid gland were likely significantly higher than the effective doses presented; 3) non-
fatal cancer incidence has likely been underestimated due to use of ICRP risk coefficients; and
4) non-cancer thyroid disease incidence has likely been underestimated due to the use of the
ICRP risk coefficient.

For the carcinogenic chemicals, PCBs released from K-25 or Y-12 represents the most important
contaminant based on PCB levels measured in.fish. "It is important to note, however, that 1)
-specific sources of PCB releases were not-identified for either plant site in Tasks 1 & 2 and 2)
this screening analysis does not account for PCBs coming from sources other than the ORR.
As such, attributing this hazard to exther K-25 or Y-12 may be misleading. All of the screening
hazard values for the remaining carcmogemc chemicals are more than a factor of one hundred
lower than the values for PCBs. Fmally, for the noncarcinogenic chemicals, the release of
mercury from Y-12 represents the most important contaminant with respect to off-site health
effects. The screening hazard values for the remaining noncarcmogemc materials are more than

a factor of one thousand lower than the value for mercury.

- 6.0 CONCLUSIONS

While each of the three different screening comparisons made in this report (i.e., within-medium -
evaluation, between-media evaluation and relative importance grouping) individually provides
information potentlally of value in focussmg future studies, each one is subject to a variety of
limitations, the most important being assocmted with the absence or variable quahty of
environmental data for a number of the’ contaminants and media. These screening exercises are
intended to provide an initial framework for approachmg the study of an extremely
complex site. Other approaches could very well yield somewhat dxfferent priorities, and the
identification or reinterpretation of data in subsequent detailed studies ‘are likely to invalidate
some of the results of these screening exercises. However, these evaluations provide a logical
approach to defining initial off-site health 1mpact study priorities for the ORR. Therefore, while
care must be taken in attempting to make any broad generalizations or greatly simplifying
assumptions with regard to the potential health hazards posed by the complex releases from the
Reservation, Table 6-1 represents an attempt to summarize a set of recommendations that are
derived from the screening exercisés presented in this report. Table 6-1 identifies the facilities,

processes and contaminants beheved to have the highest potential for resulting in off-site health
impacts. Table 6-2 identifies contaminants for which no ranking could be performed as part of
this feasibility study, because of the absence of any appropriate data for any environmental
medium.
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TABLE 6-1

HIGHEST PRIORITY OPERATIONS/CONTAMINANTS
. FOR FURTHER STUDY BASED ON QUANTITATIVE SCREENING

Facility g Operation . . Years of Contaminant(s)
’ Operation
X-10 Radioactive Lanthanum (RaLa) Processing 1944-1956 Iodine-131, ;133
X-10 Various Chemical Séparation Processes ) ' Late 1944- Cesium-137
' o ' _ 1960s ' '
Y-12 Lithium Separation and Enrichment Operation 1955-1963 Mercury
K-25/Y-12 | Transformers/Machining - -| Indeterminate Polychlorinated
N Biphenyls
TABLE 6-2

CONTAMINANTS THAT COULD NOT BE QUANTITATIVELY EVALUATED
FOR ANY MEDIUM AS PART OF PHASE I OF THE HEALTH STUDIES

Facility . Operation _ Contaminant(s) _J
K-25/Y-12 | Cooling towers ' Chromium(VI)
k-25N -12 | Waste disposal ponds Neptunium-237
X-107Y-12 Plutonium separation at X-10 @lutoMum-240, -241 Plutonium-239, -240, 241
only)/feed material from Savannah River Plant at Y-12 '
T Y12 Lithium deuteride production ' Tritium
Y12 . | Coal AshPiles | | Arsenic
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It should be noted that in some cases very limited information, often in only a single
environmental medium, was available to perform the quantitative evaluation. In addition, the
data that were available came from a variety of sources of differing quality or conservatism.
The lack of information in one or more media or inconsistent levels of conservatism may have
resulted in an incorrect placement in the hazard ranking. For these and other reasons, the results
presented in this report should be considered preliminary and subject to change as more
information becomes available.
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APPENDIX A

TRITIUM EXPOSURE MODELING

Tritium is known to have been released into.the environment from the Oak Ridge Reservation
 (ORR) as part of radioisotope processing programs, reactor operations, and chemical processing
of nuclear materials at X-10. . The approaches to evaluating the envxronmental fate and transport
of tritium differ from the other materials ‘released ‘from the ORR. Since tritium released as
tritiated water or hydrogen gas readily mixes with its stable counterparts in nature, specific
exposure pathways are not identified. Instéad, numerous alternative methiodologies have been
proposed for evaluating exposure to tritium. In-1969, Evans proposed what is referred to as the
specific activity method (Till, 1983), whlch assumes that the concentrations of tritium in the
atmosphere, water, biota and humans are equal at a given location. - Since this is an unlikely
condition, the National Council on Radiation Protection and Measurements: (NCRP) proposed
a variation of this method that can be used when the tritium concentrations in air, water and food
products are known or can be estimated (NCRP, 1979). The NCRP model assumes the dose
from tritium through various exposure pathways depends on the relative contributions of several
water sources to the total water intake of a reference individual. The annual dose equivalent per
unit concentration for a water intake of 3 hters per day can be described by the following
equation: = ,

D = (1.22C, + 1.27C, Jr_o.29c,2 + 0.22C) X 1/3.0 X DRF

where:

D = annual dose equiyalen} (mrem)v,
C., = concentration of tritium m drinking water (pCi/L),

Cq = concentration of tritium in water in food (pCi/L) ‘
C, = concentration of tritium oxidized to water upon metabolism of food

(pCi/L),

C. = concentration of tritium in aunospheﬁe water, ':and |
DRF = dose equivalent rate factor (mrem/yr | per pr/L) The dose equlsalent rate

factor used by the NCRP is 95 x 10 (mrem/yr per pCl/L)
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~ The concentration of tritium in atmospheric water (pCi/L) is determined by the followmg
equation:

C, =C,, + AH
where:
C. Ca ~ concentration of tritium in atmospheric water (pCi/L),
C. = "concentrat‘:ion of tritihm m the atmbsphere (pCi/m®), and
AH = absolute huﬁxidity (8uuer/ My, OF Ml /m>,).

Since results of tritium concentration measurements in air and food products were not compiled
as part of the feasibility study, these values were-estimated using the maximum annual airborne
release, an air dispersion model (see Section 5.1.4) and professional judgement. For water, the
maximum tritium concentration detected in surface water at or near the confluence of White Oak
Creek and the Clinch River was used. The following input parameters were used. in the
calculations to support evaluation of associated exposure pathways:

Parameter ' Value Reference
Absolute Humidity 8.4 Etnier, 1980
Food Concentration as a 100% Professional Judgement
Percentage of Air Concentration

As shown in Table 5-11 of the main text, the resulting screening hazard value for tritium
released from X-10 using the NCRP method is 1 x 10°. Based on comments received on the
Draft Tasks 3 & 4 Report, tritium was also evaluated for comparison purposes using the same
- model that was developed for the other contaminants of concern. The predicted maximum
annual air concentration and measured maximum surface water concentration used above were
also used in this example. Dose estimates were calculated for all of the complete exposure
pathways associated with internal exposure for these two media. External exposure pathways
(i.e., immersion in air or surface water) are not complete exposure pathways for tritium, which
is a weak beta emitter. A.committed effective dose equivalent factor of 1.7 x .10™
sieverts/becquerel from the U.S. Department of Energy’s "Internal Dose Conversion Factors for
Calculations of Dose to the Public" (USDOE, 1988) was used for both inhalation and ingestion.

The resulting dose estimates were summed, and the total multiplied by a whole body risk
conversion factor of 7.3%/sievert. The resulting screenmg hazard value was 8 x 10°, a value
that is essentially the same as that calculated using the NCRP method. The calculation
spreadsheets used for this example are included with all of the other spreadsheets that document
the Tasks 3 & 4 results (ChemRisk, 1993).
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APPENDIX B

EXPOSURE PATHWAY EQUATIONS

This appendix presents the exposure pathway equations used- in this assessment to calculate the
intake of the chemicals and radionuclides of concern. These equations are consistent with those
that have been developed by various regulatory: agencies for evaluating exposure to radionuclides
(USEPA, 1979; NCRP, 1991) and chemicals (USEPA, 1989). For three exposure pathways that
- apply only to radionuclides, i.e., immersion in air, immersion in water and ground exposure,
the determination of intake is not appropriate, because exposure occurs without the material
being taken up by the body. In these cases, the equations presented in this appendix are used
to calculate radiation dose. ' '

As discussed in more detail in Section 4.0 of the main text, the calculated intakes for chemicals
are used in conjuction with toxicity criteria to estimate cancer risk orhazard. For radionuclides,
the calculated intakes are multiplied by a route-specific dose conversion factor to estimate
radiation dose. Calculated dose equivalents in sieverts can be converted to rem by multiplying
by 100. Radiation dose can be used in conjuction with a risk conversion factor to estimate
cancer risk. o
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Air - Humans (Inhalation)

cC.U.

Iai’ _ _%’ﬁ_,a_! f, f; (Chemicals)
I,=C,U.,ff ~ (Radionuclides)

where: : ‘ |

r, = Daily intake of contaminant due to inhalation, mg/kg-day or pCi/day;

Cor | = Average concentration of contaminant in air, mg/m? of pCi/m?;

U, = Av;ragé volume of air 4inha1ed per day, m’/day;

£, = Fraction of time that a person is exposed, dimensionless;
[ = Indoor/outdoor shielding factor, dimensionless; and
BW = Average body weight, kg.

Air -» Humans (Immersion)

For radionuclides only:

Dose,,,, = C,, 1. f; Ch Cf, DCF,,,

where:
here{ Dose,,, = Dose equivalent rate due to air immersion, Sv/year;

C.. = Average concentration of contaminant in air, pCi/m?;
f = Fraction of time exposed, dimensionless;
i = Indoor/outdoor shielding factor, dimensionless;
c; = Conversion factor, Bq/pCi;
cf, = Conversion factor, m*/cm®; and
DCF,,, = Effective dose equivalent rate factor for immersion in an infinite

cloud, Sv - cm*/Bq - year.
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Air — Livestock/Game (Beef) -» Humans (Ingestion)

Equation #1
Coeeiairy = Cair Quiry F
where:
Ceefain) = Equilibriﬁmv concentration éf contaminant in beef due to inhalation,
mg/kg or pCi/kg;
C,, = Average concentration of contaminant in air, mg/m’ or pCi/m’;
Q. = Daily inhalation rate of beef cattle, m’/day; 'and‘
F; = Biotrahsfer faf;:’tor from cattle intake to meat concentration,
(mg/kg)/(mg/day) or (pCi/kg)/(pCi/day).
Equation #2 |
Ly opain = &Eﬂ;’)TU’”_'f IA (Chemicals)
Ib“ﬂw.',) = Cb“ﬂm.,) UM L (Radionuclides)
where:
Lyeoriairy = Daily intake of contaminant due to beef ingestion (air pathway),
mg/kg-day or pCi/day;
Creestain = Equilibrium concentration of contaminant in beef due to inhalation,
mg/kg or pCi/kg;
Useer = Average daily consumption of beef, kg/day; o
BW = Average body weight, kg; and
So = Fraction of beef consumed that is éontaminated-?dimmsionless.
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Air - Dairy Cattle (Milk) - Humans (Ingestion)

Equation #1

where:

Cmilk(air)

Cor

F,

Equation #2

where:

1, milk(air)

me'lk(air)

BW

Sem

0S14ALR6

Qair(d) =

Cmilk(air) = C,y an‘r(d) F,

Equilibrium concentration of contaminant in milk due to inhalation, mg/L
or pCi/L; :

Average concentration of contaminant in air, mg/m?® or pCi/m?;

“Daily inhalation rate of dairy cattle, m*/day; and

Biotransfer . factor from. cattle intake to milk concentration, (mg/L)/
(mg/day) or (pCi/L)/(pCi/day).

= C"'"*(‘"_.___'_)___UW”‘ f (Chemicals)
milk(air) BW cm

Imwwr) = memr) Upe fom (Radionuclides)

Daily intake of contaminant due to milk ingestion (air pathway), mg/kg-day
or pCi/day;

Equilibrium concentration of contaminant in milk due to inhalation, mg/L
or pCi/L;

Average daily consumption of milk, L/day;
Average body weight, kg; and

Fraction of milk consumed that is contaminated, dimensionless.



Air (Particulates) - Vegetables - Humans (Ingestion)

Equation #1
-k, T
~ _ 1 -e ™'
Cveg(air) - Cair VD(veg) ( k ) f w
) w
where:
Crogtain = Equilibriuin concentration of contaminant on washed leafy vegetables (wet
weight), mg/kg or pCi/kg;
C, = Average concentration of contaminant in air, mg/m’ or pCi/m®;
Voweg = Wet/Dry deposition velocity per unit mass of vegetation [(m/day)/(kg/mP)];
k, = Weathering rate constant, day;
T, = Grpwth period qr exposure period, day; and
I = Fraction of contaminé;‘nt remaining after washing, dimensionless.
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Air (Particulates) - Vegetables - Humans (Ingestion)

(Continued)
Equation #2
]veg(air) = EA’%WUV_‘_S. fcv (Chemicals)
Leeai) = Coeg Useg Jv (Radionuclides)
where:
‘Lepwn =  Daily intake of contaminant due to leafy vegetables ingestion, mg/kg-da)-'
or pCi/day;
Crogtain = Equilibrium concentration of contaminant on washed leafy vegetables (wet
weight), mg/kg or pCi/kg;
U, = Average daily consumption of vegetables (wet weight), kg/day;
BW = Average body weight, kg; and
Lo = Fraction of vegetables consumed that is contaminated, dimensionless.
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Air (Vapors/Gases) -+ Vegetables - Humans (Ingestion)

Equation #1
Cregtay = ot (%T) ©9 + 0.1 K,) Cf, Cf,
where:
Cogin = Equilibrium concentration of contaminant on washed leafy vegetables (wet
weight), mg/kg or pCi/kg;
C, = Average concentration of contaminant in air, mg/m? or pCi/m?;
R = Universal gas constant, atm-m*/mole-°K;
T = Temperature, °K;
H = Henry’s Law constant; atm-m>/mole;
K, = Octanol-water partition coefficient, dimensionless;.-
¢, = Conversion factor, m*/L; and .
cf, = ~ Conversion factor (density of water), L/kg.
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Air (Vapors/Gases) - Vegetables - Humans (Ihéestion) '

(Continued)
Equation #2
I, eain) = .S‘_é(.f‘ll_g‘ﬁ f (Chemicals)
- BW v
Lugiary = Congtaty Uneg (Radionuclides)
where:
Lwin = Daily intake of contaminant due to leafy vegetables ingestion, mg/kg-day
or pCi/day; :
: C;,g(,,,, = Equilibrium concentration of contaminant on washed leafy vegetables (wet
weight), mg/kg or pCi/kg;
Ue = Average daily consumption of vegetables (wet weight), kg/day;
BW = Average body weight, kg; and
Lo = Fraction of vegetables consumgd that is contaminated, dimensionless.
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Air (Particulates) - Pasture —» Liyegfmk/Game (Beef) -» Humans (Ingestion)

Equation #1

Equation #2

where:

Cbeef(pasl)

C

past(air)

Dpesir)

Job

0514ALR6

pasar) = Cair Vogasy |~

Equi]ibfium concentration of contaminant on pasture (dry weight),
mg/kg or pCi/kg;

Average concentration of contaminant in air, mg/m’ or pCi/m?;

Wet/Dry deposition velocity ‘per unit mass of vegetation
[(m/day)/(kg/m*)];

Weathering ‘r_aie constant, day™; and

Growth period 'or exposure period, day.

Coeefipasty = Cpasstairy Cpasitty Fr Jop

Bquilibriufn concentration of contaminant in beef (air pathway),
mg/kg or pCi/kg'

Equxllbrlum concentration of- contammant on pasture (dry weight),
mg/kg or pCl/kg,

' }Daxly mgestlon of pasture (dry wexght) by beef cattle kg/day,

Blotransfer factor from cattle mtake to meat concentration,
(mg/kg)/(mg/day) or (pr/kg)/(pr)/day) and _

Fractlon of fecd mgested by beef cattle that - is ~ pasture,

: d1mens10nless




Air (Particulates) - Pasture - Livestock/Game (Beef) - Humans (Ingestion)

(Continued)
Equation #3
C.. U, .
_W_g,_i.f £ (Chen_ucals)
Deetpasy = Coeepoasy Ubeas F (Radionuclides)
where:
) - Daily intake of contaminant due to beef ingestion (pasture),
mg/kg-day or pCi/day; '
Creefipasy Equilibrium concentration of contaminant in beef due to pasture,
mg/kg or pCi/kg;
Ubees Average daily consumption of beef, kg/day;
BW Average body weight, kg; and
o Fraction of beef consumed that is contaminated, dimensionless.
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Air (Vapor/Gases) -» Pasture - Livestock/Game (Beef) -» Hurnans (Ingestion)

Equation #1
Corriy = s (%') 09 +0.1K,) Cf, C,
where:
Crostiair) Equilibrium concentration of contéminant on pasture (dry weight), mg/kg
or pCi/kg;
C. = Average contémihant concentration in air, mg/m? or pCi/m’;
R = Universal gas constant, atm-m*/mole-°K;
T = Temperature, °K;
H = Henry’s Law ‘constant’, atm-m>®/mole;
K,;,, = Octanol-water partition coefficient, dimensionless;
¢, = Conversion factor, m’/L; and
cf, = Conversion factor (density of water), L/kg.
Equation #2
Coeetpasty = Cpastairy Cpasitry Fr v
where: |
Cheefipasy) = Equilibrium concentration of contaminaht in beef (air pathway),
mg/kg or pCi/kg;
Coasttain) = Equilibrium concentration of contaminant on pasture (dry weight),
mg/kg or pCi/kg; _
Qoastr) = Dally ingestion of pasture (dry weight)‘by_ beef: Cattle, kg/day;
F, . = Biotransfer factor from c'éttle intaké* to xﬁ'eai -concentration,
(mg/kg)/(mg/day) or (pCi/kg)/(pCi)/day); and
T = Fraction of Ifeed ingested by beef céttle that is pasture,

dimensionless.
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Air (Particulates) - Pasture - Livestock/Game (Beef) - Humans (Ingestion)

(Continued)
Equation #3
Creetipasy Ube : .
I”“’W") = ._W_;lw__'[ £ (Che@cals)
Lecpasty = Coeeppasy Ubeer Joo (Radionuclides)
where:
Lyeesipass) Daily intake of contaminant due to beef ingestion (pasture),
mg/kg-day or pCi/day;
Creefpasn Equilibrium concentration of contaminant in beef due to pasture,
mg/kg or pCi/kg;
Useer Average daily consumption of beef, kg/day;
BW Average body weight, kg; and
fe Fraction of beef consumed that is contaminated, dimensionless.

0514ALR6
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Air (Particulates) — Pasture - Dairy Cattle (Milk) - Humans (Ingestion)

Equation #1

Equation #2

where:

0514ALR6

Cma'lk(past)

C

past(air)

Qpast(d)

F,

Joa

past(air)

Equilibrium concentration of contaminant on pasture (dry weight),
mg/kg or pCi/kg;

Average concentration of contaminant in air, mg/m?® or pCi/m?;

Wet/Dry deploSition velocity per unit mass of vegetation
[(m/day)/(kg/m?)];

Weathering rate constant, day; and

Growth period or exposure period, day.

Cc

milk(past) C

past(air) Qpa-ﬂ(d) Fm £ pd

Equilibrium concentration of contaminant in milk (air pathway),
mg/L or pCi/L;

Equilibrium concentration of contaminant on pasture (dry weight),
mg/kg or pCi/kg;

Daily ingestion'of pasture (dry weight) by d’airy'»éattle, kg/day;

Biotransfer factor from cattle intake to mllk concentratlon
(mg/L)/(mg/day) or (pCi/L)/(pCi/day); and &

Fraction of feed ingested by dairy cattle that is pasture,
dimensionless.
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Ai;' (Particulates) - Pasture —» Dairy Cattle (Milk) -» Humans (Ingestion)

(Continued)
Equation #3
I. = E"L"‘L"‘L)lﬁ f (Chemicals)
Lisasy = Coin )Un;iu fom (Radionuclides)
where:
Lpasy Daily intake of contaminant due to milk ingestion (pasture),
mg/kg-day or pCi/day;
Critepast) Equilibrium concentration of contaminant in milk due to pasture,
mg/L or pCi/L;
U, Average daily consumption of milk, L/day;
BW Average body weight, kg; and
Jom Fraction of milk consumed that is contaminated, dimensionless.

0514ALR6
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Air (Vapors/Gases) - Pasture — Dairy Cattle (Milk) - Humans (Ingestion)

Equation #1
Coorary = C (RT) ©09 + 0.1 K,) Cf, Cf
past(air) air 7 : y ow) 1 Y2
~ where:
' Cousiaiy = Equilibrium concentration of contaminant on pasture (dry weight), mg/kg
or pCi/kg;
C, = Average concentration of contaminant in air, mg/m? or pCi/m®;
R =  Universal gas constant, atm-m*/mole-°K;
= Temperatui'e, °K;
H = Henry’s Law constant, atm-m’/mole;
K, = Octanol-water partition coefficient, dimensionless;
cf, = Conversion factor, rrP/L; and
cf, = Conversion factor (density of water), L/kg.
Equation #2
Coitipasty = Crastainy Cpassay Fn Jpa
’Where:
C mit past) = Equxhbrxum concentranon of contaminant in milk (air pathway),
_ mg/L or pC1/L
Coasitain) = Equﬂlbrmm concentratlon of contammant on pasture (dry weight),
o mg/kg or- pr/kg, ,
Qpesiar = Average dally mgestlon of pasture (dry welght) by dairy cattle,
‘ kg/day, e ‘ RS
F, = Blotransfer factor from cattle mtake to milk concentratxon
_ (mg/L)/(mg/day) of (pCl/L)/(pCl/day), and
Jpd = Fraction of feed mgested by dalry cattle that is pasture,

dimensionless.

0S14ALR6 15




Air (Vapors/Gases) - Pasture -» Dairy Cattle (Milk) -» Humans (Ingestion)

(Continued)
Equation #3
I itipasy = q"_“*_‘;.mﬁ_ig"_‘“ fon (Cheh}icals)
Arivipasty = Comitetpast) Unitk fom (Radionuclides)
where:
Ltk past Daily intake of contaminant due to milk ingestion (pasture),
mg/kg-day or pCi/day;
Conitk past) Equilibrium concentration of contaminant in beef due to pasture,
mg/L or pCi/L;
U, Average daily consumption of milk, L/day;
BW Average body weight, kg; and
fom Fraction of milk consumed that is contaminated, dimensionless.

0514ALR6
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Water - Humans (Ingestion)

I . = Eﬂfﬁ-—l{l'i—“ﬁ Lo (Chemicals)
BW
=”-‘Cwmr U,. [ . (Radionuclides)
where:
Loer = Daily intake of contaminant per unit body weight due to water
consumption, mg/kg-day or pCi/day;
Coater | = Average conégntration of contaminapt‘ in water, mg/L or pCi/L;
U,oter = Avérﬁge daily‘l 'donsumption of .drinking water, L/day;
BW = Average body weight, kg; and
Sew = Fraction of water consumed that is contaminated, dimensionless.
Water - Livestock/Game (Beef) - Humans (Ingestion)
Equation #1 |
Coeewarery = Cuazer Quazerty FrLew
where: -
Creeowater) =» Eqﬁilibrium concentration of contaminant m beef due to drinking
contaminated water, mg/kg or pCi/kg;
Coser = Average concentration of contaminant in water, mg/L or pCi/L; -
[ L~ = Daily intake of water by beef cattle, L/day;
F, = Biotransfer factor from cattle intake to meat concentration,
(mg/kg)/(mg/day) or (pCi/kg)/(pCi/day); and
Sew = Fraction of water obtainéd from a contaminated source,

dimensionless.
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Water - vaestock/Game (Beef) -» Humans (Ingestnon)

- (Continued)
Equation #2
Ly fovcsery =‘ —CM‘;;?U“” L (Chemicals)
Lty = Coutwatery Useeg Jo (Radionuclides)
where:
| (S = Daily intake of contaminant due to beef ingestion (water pathway),
mg/kg-day or pCi/day;
Cb,,}(wue,) | = Equilibrium concentration of contaminant in beef due to water,
mg/kg or pCi/kg;
Useer = Average daily consumption of beef, kg/day;
BW = Average body weight, kg; and
S = Fraction of beef consumed 'that is contaminated

" 0514ALR6
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Water — Dairy Cattle (Milk) - Humans (Ingestion)

Equation #1

where:

Cm‘&( ‘water)

CWBI!I'

Qwaler(d)

F,

Sew

Equation #2

where:

], milk(water)

Cmilk(wmr)

BW

Sem

0514ALR6

c

milk(water)

= Cwa:er Qmer(d) Fm fcw

Equilibrium concéntration of contaminant in milk due to drinking
contaminated water, mg/L or pCi/L;

Average concentrafion of contaminant in water, mg/L or pCi/L;
Daily intake of water by dairy cattle, L/day;

Biotransfer factor from cattle intake to milk concentration,
(mg/L)/(mg/day) or (pCi/L)/(pCi/day); and

Fraction of water obtained from a contaminated source,
dimensionless.

€ i r U, ik ;
D iizery = —-’"—"‘(%l—'"— Lo (Chemicals)
Imwa(m,) =C milk(water) Uik Fom (Radionuclides)

Daily intake of contaminant due to milk mgestlon (water pathway),
mg/kg-day or pCi/day;

Equilibrium concentration of contammant in° rmlk due to water,
mg/L or pCi/L;

Average daily consumption of milk, L/day;
Average body weight, kg; and

fraction of milk consumed that is contaminated.
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Water — Fish -~ Humans (Ingestion) -

Equation #1

Equation #2

where:

1 fish

Cﬁsh

BW

fcf

0514ALR6

Cpn = C e BCF

Equilibrium concentration of contaminant in fish, mg/kg or pCi/kg; -
Average concentration of contaminant in water, mg/L or pCi/L; and

Bioconcentration factor, (mg/kg)/(mg/L) or (pCi/kg)/(pCi/L).

C U .
I, = (Chemicals)
fish BW e
Iﬁsh = Cﬁsh Uﬁsh f;f (Radionuclides)

Daily intake of contaminant per unit body weight due to fish ingestion,
mg/kg-day or pCi/day;

Equilibrium concentration of contaminant in fish, mg/kg or pCi/kg;
Average daily consumption of fish, kg/day;
Average body weight of an age group, kg; and

Fraction of fish consumed that is contaminated, dimensionless.
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Water - Humians$ (Recreational Immersion)

For radionuclides only:

Dose yperyimm = Cuwaer ET EF Cf, Cf, Cf; DCF,.
where:
C waterjimm = Dose equivalent rate .due to water immersion, Sv/yr;
Cruier = Avefage concehtration of contaminént in water, pCi/L;
ET = Exposu;e time, hours/day;
EF = Exposure frequency (number of days per year), days/days;
cf, = Conversion factor, Bq/pCi;
cf, = Conversion factor, L/cm’;
cf; = Conversion factor, days/hour; and
DCF,,, | = Effective dose' equivalent rate factor for immersion in contaminated

water, Sv-cm*/Bg-year.
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Water -» Humans (Recreational - Dermal Contact)

For chemicals oniy:

Intake oy - Croter SA PBCWET EF Cf,
where:
Intake yuenderma = daily 'mtaké of contaminant due to dermal contact with wéter during
' - recreational, mg/kg-day;
Cnter = Average concentration of contaminant in water, mg/L;
SA = Skin surface available for contact, cm?;
PC = Permeability constant, cm/hr;
ET = Exposure time, hours/day;
EF = Exposure frequency (number of days per year), days/days,;
cf, = Conversion factor, L/cm’; and
BW = Average body weight, kg.

 Q514ALRG 22




Soil - Air - Humans (Inhalation)

Equation #1

o, =

Equation #2

where:

Intake )., =

C(air)ruus

Usir
Ji

Js
BW

0514ALR6

Copresss = A M F Cf,

(airyresus

Average concentration of contaminant in air due to resuspension, mg/m>
or pCi/m?;

Equilibrium concentration of contaminant on surface soil, mg/kg or
pCi/kg;

Mass loading of particles in ambient air, mg/m®;
Enhancement factor, dimensionless; and

Conversion factor, ‘kg/mg.

C U 'rf f s
Intake g, pis = (atryresus “air 7t /s (Chemicals)
» BW
Intake’-(m.,),ms = C(w),m u,lrr, (Radionuclides)

Daily intake of contaminant due to inhalation of resuspended
particulates, mg/kg-day or pCi/day;

= Average concentration of resuspended contaminant in air, mg/m’ or
pCi/m?; ’

= Average volume of air inhaled per déy_, m*/day;

.~ Fraction of time that a person is exposed, dimerisionless;
= Indobr/outdoor shielding factor, ;qimens'ionless; and

= Average body weight, kg.
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Soil ~» Air - Humans (Immersion)

For radionuclides only:

Equation #1

where:

C(au‘r)resu:

A

Cf

Equation #2

where:
D 0S e(imm)resus

C(air)resus

i
S

- Cf
ch

0514ALR6

Dose(,.m)mw

C

(airyresus

=AMFCf

Average concentration of contaminant in air due to resuspension,
mg/m? or pCi/m®; .

Equilibrium concentration of contaminant on surface soil, mg/kg or
pCi/kg;

Mass loading of particles in ambient air, mg/m’;
Enhancement factor, dimensionless; and

Conversion factor, kg/mg.

= C(air)re.ms 1. 1, Cf, Cf, DCF (imm)

Dose equivalent rate due to air immersion following resuspension,
Sv/yr;

Average concentration of resuspended contaminant in air, pCi/m’;
Fraction of time that a person is exposed, dimensionless;
Indoor/outdoor shielding factor, dimensionless;

Conversion factor, Bq/pCi;

Conversion factor, m*/cm?®; and

Effective dose equivalent rate factor for immersion in contaminated
water, Sv-cm®/Bq-year.
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Air — Soil - Humans (Ingestion)

where:

Isoil

Csoil(sur/)

Usoil
BW

Jec

0514ALR6

\

_ Csoil(surf) Usoil f (Chemicals)
SC

(Radionuclides)

‘,Isoil - Csoii(surﬂ XUsaiI fsc

Daily intake of contaminant per unit body weight due to surface soil
ingestion, mg/kg-day or pCi/day;

Equilibrium concentration of contaminant in surface soil, mg/kg or
pCi/kg;

Average daily ingestion; of soil, kg/day;
Averége body weight kg; and |

Fraction of soi_l ingested that is contaminated, dimensionless.
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Soil -+ Livestock/Game (Beef) - Humans (Ingestion)

. Equation #1
Cbeeﬂkail) = Csoil(surb Qsoil(b) B meat f esb
where:
Creefisony = Equilibrium concentration of contaminant in beef due to soil
ingestion, mg/kg or pCi/kg;
Covittsurp) = Equilibrium concentration of contaminant in surface soil, mg/kg or
' pCi’kg;
O.our) = Daily ingestion rate of soil by beef cattle, kg/day;
B,.. = Biotransfer factor from cattle intake to meat concentratlon
(mg/kg)/(mg/day) or (pCi/kg)/(pCi/day); and
Sesp = Fraction of soil ingested by beef cattle that is contaminated,
dimensionless.
Equation #2
I . . = Coeepisoin Ubeet f (Chemicals)
beef(soil) BW chb
.Ibeej(sail) = Cbeeﬂsoil) Ubeef fcb (Radionuclides)
where:
+ Ayeessony = Daily intake of contaminant per unit body weight due to beef
ingestion, mg/kg-day or pCi/day;
Creesor = Equilibrium concentration of contaminant in beef due to soil
ingestion, mg/kg or pCi/kg;
User = Average daily consumption of beef, kg/day;
BW = Average body weight, kg; and
o = Fraction of beef consumed that is contaminated,

dimensionless.
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Equation #1

where:

Cmilk(soil)

C:oil(surj)

Qsoil(d)

F,

f esd

0514ALR6

Soil ~» Dairy Cattle!(Milk) - Humans (Ingestion)

Cmilk(soil) = Csaa(mj) Qsail(d) F, [

= Equilibrium concentration of contaminant in milk due to soil
ingestion, mg/L or pCi/L;

= Equilibrium concentration of contaminant in surface soil, mg/kg or
pCi/kg; :

= Daily ingestion rate of soil by dairy cattle, kg/day;

= Biotransfer factor frdm cattle intake to milk concentration,
(mg/L)/(mg/day) or (pCi/L)/(pCi/day); and

= Fraction of soil ingested by dairy cattle that is contaminated,
dimensionless.
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Soil - Dairy Cattle (Milk) - Humans (Ingestion)

(Continued)
Equation #2
I, = C"‘i”‘(soi’) Unik f (Chemicals)
mi BW cm
Im.lk =C milk(soil) Um.lk fc " (Radionuclides)
where:-
I = Daily intake of contaminant per unit body weight due to milk
ingestion, mg/kg-day or pCi/day;
Coitigsoity = Equilibrium concentration of contaminant in milk due to soil
ingestion, mg/L or pCi/L;
U,in = Average daily consumption of milk, L/day;
BW = Average body weight, kg; and
JSem = Fraction of milk consumed that is contaminated,
dimensionless.
Soil - Vegetables - Humans (Ingestion)
Equation #1
Cveg(soil) = Csail(bulk) Bveg
where:
Cregtson) - = . Equilibrium concentration of contaminant in leafy vegetables due to
root uptake (wet weight), mg/kg or pCi/kg;
- Coogumy = Average concentration of contaminant in bulk soil, mg/kg or
- pCi/kg; and
"B, = Concentration ratio for the transfer of contaminant from dry soil to

veg

leafy vegetables (wet weight), dimensionless.
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Soil -» Veg"etabies ~» Humans (Ingestion)

0514ALR6

(Continued)
Equation #2
1 - ' ';__ Cves(soxl) Uves f (Chemicals)
I”g(wm = cwg(m, > Um £, (Radionuclides)
where:
L, es0i = Daily'irrtake of contaminant due to leafy vegetable ingestion (soil
pathway), mg/kg-day or pCi/day;
Cregeon) = Equilibrium cr_)'ncentration of contaminant in leafy vegetables due to
root: uptake (wet weight), mg/kg or pCi/kg;
U, = Average daily consumption of vegetables (wet weight), kg/day;
BW = Average body weight, kg; and
Lo = Fraction - of vegetables consumed that is contaminated,
dimensionless.
Soil - Pasture = Livestock/Game (Beef) - Humans (Ingestion)
‘ Equation #1
e Cpasz(sod) = -Cseil(.b’el‘ki Bpa.w
where:
Cp‘“,(,,,ﬁ,, ' = :Equrhbrlum concentratxon of contammant in pasture ‘due to root
;uptake (dry welght), mg/kg or pr/kg,
Croitruy = : Average concentratnon of contammant in bulk s01l mg/kg or
. _pCllkg, and L e
B, = Concentratlon ratlo for the transfer of contaminant from dry soil to

pasture (dry weight), dimensionless.
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Soil - Pasture — Livestock/Game (Beef) - Humans (Ingestion)

(Continued)
Equation #2
Coeetipasy = Cpastsoity Cpassty S
where:
' Creetipasy = Equilibrium concentration of contaminant in beef (soil pathway),
‘ mg/kg or pCi/kg;
Coasiisoiy = Equilibrium concentratlon of contaminant in pasture due to root
uptake (dry weight), mg/kg or pCi/kg;
Qpas;(b) = Daily ingestion of pasture (dry weight) by beef cattle, kg/day;
F, = Biotransfer factor from cattle intake to meat concentration,
(mg/kg)/(mg/day) or (pCi/kg)/(pCi/day); and
Jop = Fraction of feed ingested by beef cattle that is pasture,
dimensionless.
Equation #3
I - Coetoun) Yiegs (Chemicals)
Leetioasty = Coeetipasty Ubeet Jos (Radionuclides)
where:
) (— = Daily intake of contaminant due to beef ingestion (pasture),
mg/kg-day or pCi/day;
Creefipasn) = Equilibrium concentration .of contaminant in beef due to pasture,
mg/kg or pCi/kg;
Ubees = Average daily consumption of beef, kg/day;
BW = Average body weight, kg; and
o = Fraction of beef consumed that is contaminated, dimensionless.

0514ALR6
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Equation #1 -

where:

C

‘past(soil)

Csoil(bulk)

B

past

Equation #2

where:

Cmilk(past)

Cpast(soil)

Qpa.\'t(d)

F,

m

Joa

0514ALR6

- Pasture -» Dairy Cattle (Mllk) - Humans:(Ingestion)

Coastsoin = Croittputty Bpast

Equilibrium concentration of contaminant in-pasture due to root
uptake (dry weight), mg/kg or pCi/kg;

Average concentrétion of contaminant in bulk soil, mg/kg or
pC1/kg, and

Concentranon ratio for the transfer of contaminant from dry soil to
pasture (dry weight), dimensionless.

Conitepasty = Cpastiay Cpastiy Fim Joa

Equilibrium concentration of contaminant in milk (soil pathway),
mg/L or pCl/L

Equxhbrmm concentratlon of contaminant in pasture due to root
uptake (dry weight), mg/kg or pCi/kg;

Daily ingestion of pasture (dry weight) by dairy cattle, kg/day;

S Blotransfer factor from .cattle intake to milk concentration
. (mg/L)/(mg/day) or (pCl/L)/(pCl/day) and

| : Fractxon of feed mgested by daxry cattle that is pasture,
o *dunenswnless C
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Soil -» Pasture -» Dairy Cattle (Milk) —» ‘Humans (Ingestion)

(Continued)
Equation #3
| E.!'ﬂ.;&.;.luﬂ £ | (Chemicals)
- Mritpasy = C;ilk(mﬂ)Umi& Lom (Radionuclides)
where:
Loy = Daily intake of contaminant due to milk ingestion (pasture),
: mg/kg-day or pCi/day;
C itk past) = Equilibrium concentration of contaminant in milk due to-pasture,
mg/L or pCi/L; »
U, = Average daily consumption of milk, L/day;
BW = Average body weight, kg; and
= Fraction of milk consumed that is contaminated, dimensionless.

Jom

0514ALR6
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Soil -» Hl,ima;gsj(Ground Exposure)

For radionuclides only:

Dose g, = C,ycum BD SD DCF,,. f, f, Cf, Cf,

so
where:
Dose,,,; = Dose equivale_qt rate from surface exposure, Sv/year;
Crottiurp = Equilibrium concentration of contaminant in surface soil, pCi/kg;
BD = Soil bulk density, kg/m?;
SD = Soil depi_h of mixing, cm;
DCF,,,, = Effective dose 'equiQalent rate factor for surface exposure to an
infinite plane at a point 1m above ground, Sv - cm?/Bq yr;
[ o= Fraction of time exposed, dimensibnless; |
S = Indoor/outdoor shielding factor, dimensionless;
C’f, = Conversion factor, Bq/pCi; and
cf, = Conversion factor, m*/cm?.
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Soil - Humans (Dermal Contact)

For chemical only:

where:

Isoﬂ(dermal)

Cotturp
SA
SL
5
BW
Jos

¢

0514ALR6

Csail(su SA SL fa
Lo isderman = wBW I [, Cfy

Daily intake of contaminant due to dermal absorption from soil,
mg/kg-day;

Equilibrium concentration of contaminant in surface soil, mg/kg;
Surface area of ;axposed skin, cm?;

Soilﬁ loading on skin, mg/cm’-day;

Fraction of contaminant absorbed through skin, dimensionless;
Average body weight, kg;

Fraction of soil that is contaminated, dimensionless; and

Conversion factor, kg/mg.
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APPENDIX C

EXPOSURE PARAMETERS

This appendix presents all of the mput parameters that are used in the exposure equations
presented in Appendix B. Where poss1ble site- spec1ﬁc mformatlon was used to select the values
used in this analysis. For most parameters, however, the values were selected following an
extensive review of the scientific literature. Since a primary objective of this report was to
identify important pathways for each of the’ contammants of concern, we attempted to select the
site-specific and literature values .in a consistent manner so that the identification of dominant
pathways was unbiased. For the purposes of this evaluation, values that are representative of
a typical adult individual were selected.
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APPENDIX C

EXPOSURE PARAMETERS

Parameter

Symbol

Value

_ Units 4

" Reference

Average adult body weight by humans, BW 70 kg 16-

Average daily consufljption of beef U(beef) 0.1 kg/day 17 “

Fﬁctioh of beef consumed that is contaminated Js 0.44 dimensionless 17 "

Average daily consumption of milk by humans U(milk) 0.28 - L/day 17 "
. "Fraction of milk consumed thai is contaminated Jom 0.4 dimerisionless - 17

Average daily consumption of leafy vegetables (wet weight) by humans U(veg) 0.2 kg/day 17

Fraction of vegetables consumed that is contaminated i 0.25 dimensionless 4, 16 "

Average daily consumption of drinking water by humans U(water) 1.4 L/day 17

Fraction of water consumed by humans that is contaminated fow 0.75 dimensionless Professional judgement

Average daily consumption of fish by humans U(fish) - 0.03 - kg/day 17

Fraction of fish consumed that is contaminated fa 0.75 dime.n-sionless“ Professional judgement

Daily ingestion of pasture (dry weight) by beef cattle Qpast(b) 11 kg/day » 2,6,9,19

Fraction of feed ingested by beef cattle that is from pasture fe 0.75 dimensionlivess Professional judgement

Daﬁy ingestion of pasture (dry weight) by dairy cattle Qpast(d) 16 kg/day 2,5,6,9,19

Fraction of feed ingested by dairy cattle that is from pasture Ju 0s dimensionfess Professional judgement

D;'y deposition velocity.onto vegetation (iodine) \' 2 cm)sec 7

Dry deposition velocity onto vegetation (small particles) Veoun 0.1 cm/sec: 7

pertiles
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APPENDIX C

EXPOSURE PARAMETERS
Parameter Symbol Value Units : Reference
Dry deposmon velocrty onto vegetatlon (noble gases) Vg otle gses 1x10% cm/sec 7
v Percentage of t;me preclpltanon occurs in Oak Rudge area Prin 7.95% ‘ dimensionless 13
Wet deposmon velocrty (|od|ne and small pamcles) Ve sofresmat | 10 cm"/sec 14
) particles -
Wel deposmon velocrty (noble gases) V bl gases 0.01 cm/sec Professional jutigement “
Bromass yreld (vegetable crops) Yoy 2 kg/m? ;vet weight 1. . II' :
Biomass yield (p;stun) s ; - Y 0.28 kg/m? wet weight 19
‘ Tptal depo ""‘?',“‘ on‘u:_,z\fegetgtion (lodlne) VM,;, ' llpd (r'eg) ' (m/d:r?)[(icg/_m’) . - Footnote a . lltf
S R R Lo .~ 7900 (past’ UE e
Total deposmon onto vegetatlen (small pamcles) Vpcmn 385 kveg) (m/day)/(kg/m?) Footnote b WI
N T particles 2570 (past)
Total depqsritionv @m vegetétion (nelrle gaseé) Vootie pss | 0.35 (veg) (m/day)/(kg/rn’) Footnote ¢ || :
: _ ol S 2.5 (past) o .
Quantity of air iﬁhai"eci‘ber'dé& e Uair) 20 m*/day 17 ||
Fraction.of time’ that person is exposed 0 contammated air A 0.75 dimensionless " Professional judgement
Indoor/outdoor shreldmg factor ' A 0.5 dimensronlees 10 o
Daily inhalation rate of beef cattle Qair(b) 122 m?/day 6
Daily rnha!guon rate of dairy catrle} Qaiir(d) 150 m*/day 2,6
Weathering rate ebrrstant fet'vegembrés k. 0.05 day-1 8
Growth penod or exposure penod for vege:ables ‘ T, 60 day 17
Fraction of chemlcal remammg after washmg f. 0.3 dimensionless Professional judgement
Weathering rate constant for basture k., 0.05 day-1 8
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APPENDIX C

EXPOSURE PARAMETERS

Parameter

Reference

Growth period or. exposure beriod for bﬁsture

Daily"intake of water by beef cattle

Qwater(b) 44 L/day 6
Daily intake of water by‘diiry cattle Qwater(d) 48 v L/day 6
Fraction of water co;lsumed by cattle that is contaminated o 1 "dimensioniess Professional judgemem
Skin surface available for contact (dermal contact to water) SA 19400 ch’ 17
Exposure time (dermal/ immersion contact to water) ET 2.6 hours/day 18 A
Exposure frequency (number of days per year) (dermal/ immersion contact to water) EF 0.0192 days/days . 18 |

Mass loading of particles in ambient air M 0.065 mg/n{’ 1
Enhancement factor F 1 dimensionless - Professional judgement
Average daily ingestion of soil U(soil) 5.00E-05 vkg/day 12, 17
Fraction of soil ingested that is contaminated fe 0.5 dimensionless Professional judgement
baily inées;ion rate of soil by beef cattle Qsoil(b) 0.34 kg/day 6
Fraction of soil ingested by beef cattle that is contaminated S 1 dimensionlc;s Professional judgeﬁmnt
Daily ingestion rate of soil by déiry cattle Qsoil(d) 0.36 kg/day 6
| Fraction of soil ingest@ by~dair); ﬁnle that is contaminated S 1 dimensionless Professional judgement
"Surface area of exposed skin' (dermal contact to soil) SA 5800 cm? ’ 20 . ||
Soil loading on skin ' SL 0.5 mg/cm’-day 20 ' ||
i Fraction of contaminant absorbed through skin (metals) F, 0.01 dimensionless 3 “
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APPENDIX C .

EXPOSURE PARAMETERS

l ] Pax'ameter Symbol Value Units Reference
Fraction of contaminant absorbed through skm (orgamcs) F, 0.10 dimensionless 3
Fraction of sonl that is contammated F, 0.5 dimensionless ~ Professional judgement I
Soil bulk densnty - ‘ BD 1 kg/m® - Professional judgement
Soil depth of mlxmg SD 1 cm . Professional judéément
Fraction of day when mdmdual is exposed (ground exposure) F, 10.75 dimensionless Profes's;i_onal judgement
“ lndoorloutdoor ground exposure reductlon (shleldlng) factor - L 0.3 dimensionless 10 ||
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‘APPENDIX D

WITHIN-MEDIUM COMPARISON SUMMARY SHEETS

- This appendix summarizes the results of the within-medium exposure pathway comparisons for
each of the chemicals and radionuclides evaluated in Tasks 3 & 4. The objective of these
comparisons is to identify the important pathway(s) for each contaminant w1thm each of the
media evaluated (1 e., air, surface water and soxl/sedlment)

For each of the contaminants released from the ORR and evaluated in Task 3 & 4, the intake
associated with each apphcable pathway within each medium is estimated for a unit contaminant
concentration (e.g., 1 pCi/m?® for a radionuclide. in air, 1 pg/L for a chemical in water) using
the exposure equations and exposure parameters presented in Appendices B and C and
Table 4-1. It should be noted that”the .determination of radionuclide intake as a result of
immersion or ground exposure is not appropriate, since exposure occurs without the contaminant
being taken up by the body. As such, radiation dose is calculated for these pathways. The
relative importance of each pathway is then determmed by comparing the hypothetical health
~ hazards (i.e., radiation doses, cancer risks, or hazard indices) associated with intake of the
‘hypothetical concentration. The health hazards are calculated from the previously determined
intakes and the toxicity criteria (chemicals).or dose conversion factors (radionuclides) presented
in Tables 4-2 through 4-4. The hypothetical health hazards for each contaminant in each
medium are summarized in the Tables D-1 through D-6.

As shown in Tables D-1 through D-6, the estxmated health hazards for all potential exposure
. pathways within a given medium for a given contaminant were ranked and the highest value
(radiation dose, cancer risk, or hazard index) is identified as the- "benchmark" to which all other
pathways are compared. The ratio of each-individual hazard to the benchmark value was then
calculated. All pathways for which the calculated health hazard is greater than or equal to 1%
of the most important pathway are retained, and are the subject of further evaluation in this
report.
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TABLE D-1: WITHIN-MEDIUM COMPARISONS-- RADIONUCLIDES IN AIR

8/25/93

Argon-41

Dose Percent of Retain Pathway?
Pathway (Sv/yr) Largest Pathway Yes/No
Air to Humans (Inhalation) - 0 <1% N
_ JAir to Humans (Immersion) 2.53E-08 100% Y
Air to Livestock/Game (Beef) to Humans {Ingestion) - 0 <1%° N
Air to Dairy Cattie (Milk) to Humans {Ingestion) 0 <1% N
Air to Vegetables to.Humans (ingestion) 0 <1% N
Air to Pasture to Livestock/Game (Beef)-to Humans {Ingestion) 0 <1% N
Air to Pasture to Dairy Cattle {Milk) to Humans (Ingestion} 0 <1% N
Barium-140 -
] . Dose Percent of Retain Pathway?
Pathway ~{Sv/yr) Largest Pathway Yes/No
Air to Humans (Inhalation) 9.82E-08 3% Y
Air to Humans {Immersion) 5.76E-08 2% Y
Air to Livestock/Game (Beef) to Humans ({Ingestion) 1.62E-11 <1% N
Air to Dairy Cattle (Milk) to Humans (Ingestion) 1.83E-10 <1% N
{Air to Vegetables to Humans ‘(Ingestion) 3.46E-06 100% Y
Air to Pasture to Livestock/Game (Beef) to Humans (Ingestion) 4.67E-08 1% Y
Air to Pasture to Dairy Cattle (Mitk) to Humans {Ingestion) 4.16E-07 12% Y
Cerium-144 )
Dose Percent of Retain Pathway?
Pathway {Svlyr) Largest Pathway Yes/No
Air to Humans (Inhalation) 1.01E-05 100% Y
Air to Humans (Immersion) 1.38E-09 <1% N
Air to Livestock/Game (Beef) to Humans (Ingestion) 3.15E-10 <1% N
Air to Dairy Cattle (Milk) to ' Humans (Ingestion) 7.90E-11 <1% N
Air to Vegetables to Humans (Ingestion) 8.60E-06 85% Y
Air to Pasture to Livestock/Game (Beef) to Humans (Ingestion) 9.11E-07 9% Y
Air to Pasture to Dairy Cattle (Milk) to Humans (ingestion) . 1.80E-07 2% Y
Cesium-137
Dose Percent of Retain Pathway?
Pathway {Sv/yr) Largest Pathway Yes/No
Air to Humans (Inhalation) 8.71E-07 2% Y
Air to Humans (Immersion) 1.10E-08 <1% N
Air to Livestock/Game (Beef) to Humans (Ingestion) 1.88E-08 <1% N
Air to Dairy Cattle (Milk) to Humans {Ingestion) 2.09E-08 <1% N
Air to Vegetables to Humans {Ingestion) 1.93E-05 35% Y
Air to Pasture to Livestock/Game (Beef) to Humans {Ingestion) 5.45E-05 100% Y
4.77E-05 88% Y

Air to Pasture to Dairy Cattle (Milk) to Humans (Ingestion)
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8/25/93

TABLE D-1: WITHIN-MEDIUM COMPARISONS-- RADIONUCLIDES IN AIR
e e
Cobalt-60
Dose _Percent of Retain Pathway?
Pathway {Sv/yr) - Largest Pathway Yes/No
Air to Humans (Inhalation) 4.15E-06 29% Y
Air to Humans {Immersion) 4.94E-08 <1% N
Air to Livestock/Game (Beef) to Humans (ingestion) 4.92E-09 <1% N
Air to Dairy Cattle {Milk) to Humans-{Ingestion) 4.61E-09 S <1%- N
1Air to Vegetables to-Humans (Ingestion) . 1.04E-05 73% . Y
Air to Pasture to Livestock/Ganie (Beef) to Humans (Ingestion) ~ '1.42E-05 100% - Y
Air to Pasture to Dairy Cattle (Milk) to Humans (Ingestion) 1.05E-05 74% Y
lodine-129
B Dose Percent of Retain Pathway?
Pathway {Sv/yr) Largest Pathway Yes/No
JAir to Humans {Inhalation) 4.05E-06 <1% N
Air to Humans (Immersion) 1.61E-10 <1% N
Air to Livestock/Game (Beef) to Humans (lngestnon) 3.34E-08 <1% N
Air to Dairy Cattle (Milk) to Humans (ingestion) 1.44E-07 <1% N
Air to Vegetables to Humans (Ingestion) - . 2.71E-04 2% Y
Air to Pasture to Livestock/Game (Beef) to Humans (Ingestion) - 2.76E-04 29% Y
Air to Pasture to Dairy Cattle (Milk) to Humans (Ingestion) 9.36E-04 100%- Y.
lodine-131 .
. Dose Percent of Retain Pathway?
Pathway , {Sv/yry ‘Largest Pathway Yes/No
Air to Humans (Inhalation) - 8.31E-07 <1% N
Air to Humans (Immersion) 7.30E-09 <1% N
Air to Livestock/Game (Beef) to Humans {Ingestion) 6.79E-09 <1% N
Air to Dairy -Cattle (Mitk) to Humans (Ingestion) 2.92E-08 <1% N
Air to Vegetables to Humans (Ingestion) 5.51E-05 29% Y
Air to Pasture to Livestock/Game (Beef) to Humans (ingestion) 5.60E-05 29% Y
Air to Pasture to Dairy Cattle (Milk) to Humans {Ingestion) 1.90E:04 100% Y
fodine-133 .
: ) Dose .- R Percent of _ Retain Pathway?
Pathway ~ (Sviyn * Largest Pathway ~ Yes/No
Air to Humans (Inhalation) . 1.52E-07 |° <1% N
Air to Humans (Immersion) .o 3 1.61E-10.. <1% . N
Air to Livestock/Game {Beef) to Humans (lngestlon) ’a 1.41E-09 <1% - " N
Air to Dairy Cattle (Milk) to Humans (Ingestion) * ..~ .« 6:06E-09 ‘ <1% - TN
"JAir.to Vegetables to Humans (Ingestion) s A 114605 [ @ . 29% .. . S Y
Air to Pasture to Livestock/Game (Beef) to Humans (Ingestuon) 1.16E:05 " " . 29% Y
, 3.95605 | 100% Y

- |Air to Pasture to Dairy Cattle (Milk) to Humans (Ingestlon)
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TABLE D-1: WITHIN-MEDIUM COMPARISONS-- RADIONUCLIDES IN AIR

8/25/93

Krypton-85

Air to Pasture to Dairy Cattle (Milk) to Humans {ingestion)

- Dose Percent of. Retain Pathway?
|Pathway (Sv/yr) Largest Pathway Yes/No
Air to Humans (Inhalation} o] <1% N
Air to Humans (Immersion) ) 1.01E-10 100% Y
Air to Livestock/Game {(Beef) to Humans (InQestion) 0 <1% N
Air to Dairy Cattie (Milk) to Humans (Ingestion) - - 0 S<1% N
Air 1o Vegetables to Humans (Ingestion) 0 <1% N
Air to Pasture to Livestock/Game (Beef) to Humans {Ingestion) 0 <1% N
Air to Pasture to Dairy Cattle (Milk) to Humans (Ingestion) 0 <1% N
Lanthanum-140
} : Dose Percent of Retain Pathway?
Pathway {Sv/yr) Largest Pathway Yes/No
Air to Humans {Inhalation) 1.22E-07 4% Y
Air to Humans (immersion) - 4.69E-08 2% Y
Air to Livestock/Game (Beef) to Humans {ingestion) - 4.57E-11 <1% N
Air to Dairy Cattle (Milk} to Humans {Ingestion} - 1.91E-11 <1% N
Air o Vegetables to Humans {ingestion) ) 3.11E-06 100% Y
Air to Pasture to Livestock/Game (Beef) to Humans (Ingestion) 1.32E-07 4% Y
Air to Pasture to Dairy Cattle (Milk) to Humans (ingestion) 4.34E-08 1% Y
Neptunium-237
: t Dose Percent of Retain Pathway?
Pathway {Sv/yn Largest Pathway Yes/No
Air to Humans (Inhalation} 5.57E-03 100% Y
Air to Humans {Immersion) 2.64E-09 <1% N
Air to Livestock/Game (Beef) to Humans (Ingestion) 1.79€-08 . <1% N
Air to Dairy Cattle {Milk) to Humans (Ingestion) 5.10E-10 <1% N
Air to Vegetables to Humans (Ingestion) ' 6.67£-04 12% Y
Air to Pasture to Livestock/Game (Beef) to Humans (Ingestion) 5.18E-06 <1% N.
Air to Pasture to Dairy Cattie (Milk) to Humans (Ingestion) 1.16E-06 <1% N
Niobium-95
Dose Percent of Retain Pathway?
Pathway (Sv/yn Largest Pathway Yes/No
Air to Humans (Inhalation} 1.72E-07 <1% N
Air to Humans (Immersion) 1.561E-08 <1% N
Air to Livestock/Game.(Beef) to Humans (Ingestion) 1.23E-08 <1% N
Air to Dairy Cattle (Milk) to Humans {Ingestion) 3.09E-09 . <1% N
Air to Vegetables to Humans (Ingestion) - 1.01E-06 3% Y
Air t0 Pasture to Livestock/Game (Beef) to Humans (Ingestion) 3.56E-05 100% Y
7.06E-06 20% Y
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TABLE D-1: WITHIN-MEDIUM COMPARISONS-- RADIONUCLIDES IN AIR

8/25/93

T230E09 |

5% -
Plutonium-238 .
Dose Percent of Retain Pathway?
Pathway (Sviyr) Largest Pathway Yes/No
Air to Humans (Inhalation) 1.11E-02 100% Y
Air to Humans (immersion) 1.76E-12 <1% N
Air to Livestock/Game (Beef) to Humans {Ingestion) 6.38E-11 <1% N
Air to Dairy Cattle (Milk) to Humans (Ingestion) 2.00E-11 <1% N
Air to Vegetables to Humans {(Ingestion) 1.30E-03 12% Y
Air to Pasture to Livestock/Game (Beef) to Humans (Ingestaon) 1.84E-08 <1% N
Air to Pasture to Dairy Cattle (Milk) to Humans (Ingestion) - 4.55E-08 o <1% N
Plutonium-239/240 .
Dose Percent of Retain Pathway?
Pathway {Sviyr) - Largest Pathway Yes/No
Air to Humans (Inhalation) 1.22E-02 100% Y
Air to Humans {Immersion) 1.60E-12 <1% N
Air to Livestock/Game (Beef) to Humans (ingestion) 7.03€-11 <1% N
Air to Dairy Cattle (Milk) to Humans (Ingestion) 2.20E-11 <1% N
Air to Vegetables to Humans (ingestion) _1.44E-03 12% Y
. |Air to Pasture to Livestock/Game (Beef) to Humans (Ingestlon) 2.03E-07 <1% N
“|air to Pasture to Dairy Cattle {Milk) to,Humans (Ingestion) 5.02E-08 <1% N
Plutonium-241 :
Dose Percent of Retain Pathway?
Pathway (Sviyr) Largest Pathway Yes/No
'|Air to Humans {inhalation) 2.33E-04 100% Y
Air to Humans. (immersion) . 4.80E-14 <1% N
Air to Livestock/Game {Beef) to Hurnans (Ingestion} 1.38E-12 <1% N
Air to Dairy Cattle (Milk).to Humans (Ingestion) - 4.316-13 <1% - N
- |Air to_Vegetables to Humans (Ingestion) L. . 2.82E-05 | 12% Y
_ [Air to Pasture to. Livestock/Game (Beef) to Humans {Ingestion) 3.98E-09 <1% N
_ Air to Pasture to Dairy Cattie (Milk) to Humans (Ingestion) 9.82E-10 <1% N
Protactinium-233 .
_Dose ~ Percent of Retain Pathway?
Pathway . {Svlyr) - - Largest Pathway Yes/No
Air to Humans (Inhalation) - -2:33E:07° | 18% oY
Air to Humans {immersion) " -4.09E-09 <1% N
Air to Livestock/Game {Beef) to Humans {Ingestion) _ 6:45E-13 <1%: N
Air to Dairy Cattle (Milk) to Humans (Ingesuon) PR 1 21:01E-12 " |- <1% - N
Air to Vegetables to Humans (Ingestion) . .. S s - 1.32E-06. | : = 100% 1 Y
Air to Pasture to Livestock/Game (Beef) to Humans: (lngestnon) " 1:89E-09 | ¢ v v <1% N
T <1%: 7N

Air to Pasture to Dairy Cattle (Milk) to Humans' (Ingestlon)
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TABLE D-1: WITHIN-MEDIUM COMPARISONS-- RADIONUCLIDES IN AIR" -

8/25/93

[Ruthenium-103

Percent of

Dose Retain Pathway?
( Pathway (Sviyn) Largest Pathway " Yes/No
Air to Humans {Inhalation) 2.53E-07 21% Y
Air to Humans (Immersion) 9.20E-09 <1% N
Air to Livestock/Game (Beef) to Humans (Ingestion) 1.17€-10 <1% "N
Air to Dairy Cattle (Milk) to Humans (Ingestion) 6.06E-14 <1% N
Air to Vegetablesto Humans (ingestion) 1.20E-06 100% Y
Air to Pasture to Livestock/Game (Beef) to Humans {ingestion) 3.39€-07 28% Y
Air to Pasture to Dairy Cattle (Milk) to Humans (Ingestion) 1.38€-10 <1% N
Ruthenium-106
‘Dose Percent of Retain Pathway?
Pathway {Sv/yr) Largest Pathway Yes/No
Air to Humans (Inhalation) 1.32E-05 100% Y
Air to Humans (Immersion) 4.41E-09 <1% N
Air to Livestock/Game (Beef) to Humans (Ingestion) " 1.09E-12 <1% N
Air to Dairy Cattle (Milk) to Humans (Ingestion) 5.62E-12 <1% N
Air to Vegetables to Humans (Ingestion) 1.11E-05 84% Y
Air to' Pasture to Livestock/Game (Beef) to Humans (Ingestion) 3.14E-06 24% Y
Air to Pasture to Dairy Cattle (Milk) to Humans (ingestion) 1.28E-08 <1% N
Strontium-89
Dose Percent of Retain Pathway?
Pathway {Sv/yr) Largest Pathway Yes/No
JAir to Humans (Inhalation) ‘1.01E-06 28% Y
Air to Humans (Immersion) 1.67E-10 <1% N
Air to Livestock/Game (Beef) to Humans (ingestion) 5.22E-11 <1% N
Air to Dairy Cattle {Milk) to Humans (ingestion) 7.62E-10 <1% N
Air to Vegetables to Humans (Ingestion) 3.56E-06 100% Y
Air to Pasture to Livestock/Game (Beef} to Humans (Ingestion) 1.51E-07 4% Y
Air to Pasture to Dairy Cattle {Milk) to Humans (Ingestion) 1.74E-06 49% Y
Strontium-90
Dose Percent of Retain Pathway?
Pathway (Sv/yr) Largest Pathway Yes/No
JAir.to Humans (Inhalation) 6.08E-06 12% Y
Air to Humans {Immersion) 3.19E-10 <1% N
Air to Livestock/Game (Beef) to Humans (Ingestion) 7.61E-10 <1% N
1Air to Dairy Cattle (Milk) to Humans (Ingestion) 1.11E-08 <1% N
Air to Vegetables to Humans (Ingestion) 5.19E-05 100% Y
Air to Pasture to Livestock/Game (Beef) to Humans {Ingestion) 2.20E-06 4% Y
2.53E-05 49% Y

Air to Pasture to Dairy Cattle (Milk) to Humans (Ingestion) '
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TABLE D-1: WITHIN-MEDIUM COMPARISONS-- RADIONUCLIDES IN AIR

].' ?Pi“j

i

8/25/93

Technetium-99

Air to Pasture to Dairy Cattle (Milk) to Humans {ingestion)

- Dose Percent of Retain Pathway?
Pathway {Sv/yr) Largest Pathway Yes/No
Air to Humans (Inhalation) 2.03E-07 1% Y
- JAir to Humans (Immeérsion) ‘8.41E-12 <1% N
Air to Livestock/Game (Beef)-to Humans (Ingestion) 2.16E-10 <1% N
" {Air to Dairy Cattle (Milk) to Humans (ingestion) e 7.94E-10 <1% N
Air to Vegetables to Humans {Ingestion} T 5.19E-07 29% Y
Air to Pasture to Livestock/Game (Beef) to Humans. (Ingestion) 6.23E-07 34% Y
Air to Pasture to Dairy Cattle (Milk} to Humans (Ingestion) 1.81E-06 100% Y
Thorium-232
Dose " Percent of Retain Pathway?
Pathway (Svlyr) Largest Pathway Yes/No
Air to Humans {Inhalation) 4.36E-02 100% Y
Air to Humans {immiérsion) 3.61E-12 <1% N
Air to Livestock/Game (Beef) to Humans {Ingestion) 3.31E-10 <1% N
- |Air to Dairy Cattie (Milk) to Humans {Ingestion) 8.62E-10 <1% N
Air to Vegetables to Humans (Ingestion) f 1.13E-03 3% Y
Air to Pasture to Livestock/Game (Beef} to Humans (Ingestion) * 9.55E-07 - <1% N
JAir to Pasture to Dalry Cattle (Milk) to Humans (Ingestuon) 1.96E-06 C<1% N
- [Uranium-234/235
Dose Percent of Retain Pathway?
Pathway {Sv/yn) Largest Pathway Yes/No
- |Air to Humans (Inhalation) 3.55E-03 100% Y
] Aif -to Humans (Immersion) 2.93E-09 <1% N
"]Air to Livestock/Game (Beef) to Humans (Ingestlon) 1.01€-09 <1% N
" |Air to'Dairy Cattle {Milk) to'Humans (ingestion) 5.88E-09 <1% N
Air to Vegetables to Humans (Ingestion) 1.04E-04 3% Y
Air to Pasture to Livestock/Game (Beef) to Humans (Ingestion) . 2.93E-06 <1% N
Air to Pasture to Dairy Cattle (Milk} to Humans {Ingestion) 1.34E-05 <1% N
Uranium-238
Dose _ Percent of Retain Pathway?
Pathway. {Sv/yr) Largest Pathway Yes/No
Air to Humans (Inhalation) : 3.24E-03 100% Y,
Air to Humans (Immersion) 2.04E-12 <1% N
Air to Livestock/Game (Beef) to Humans (Ingestuon) 8.99E-10 . <1% N
Air to Dairy Cattle {Milk) to Humans {ingestion) 5.20€-09 <1% N
Air to Vegetables to Humans (Ingestion) 9.19E-05 3% Y
- |Air to Pasture to Livestock/Game (Beef) to Humans (Ingestlon) 2.60E-06 <1% - N
1.19E-05 <1% N

RADNAIR.XLS




TABLE D-1: WITHIN-MEDIUM COMPARISONS-- RADIONUCLIDES IN AIR 8/25/93

Xenon-133
- Dose Percent of - Retain Pathway?

Pathway - ) . {Sv/yr) Largest Pathway Yes/No
Air to Humans (inhalation) ] - 0 <1% N
Air to Humans (Immersion} 6.81E-10 100% Y
Air to Livestock/Game (Beef) to Humans (Ingestion) 0 <1% N
Air to Dairy Cattle (Milk) to Humans (Ingestion) 0 <1% N
Air to Vegetables to Humans (Ingestion) -0 <1% N
Air to Pasture to Livestock/Game (Beef) to Humans (Ingestion) 0 <1% N
Air to Pasture to Dairy Cattle (Milk) to Humans (Ingestion) 0 <1% N
Zirconium-95

: ) Dose - Percent of Retain Pathway?
Pathway ' (Sv/yr) Largest Pathway Yes/No
Air to Humans (Inhalation) 7.39E-07 45% Y
Air to Humans (Immersion) 2.23E-08 1% Y
Air to Livestock/Game (Beef) to Humans (Ingestion) 4.39E-10 <1% N
Air to Dairy Cattle (Milk) to-Humans {ingestion) 7.49E-12 <1% N
Air to Vegetables to Humans (Ingestion) : - . 1.63E-06 100% Y
Air to Pasture to Livestock/Game (Beef) to Humans (Ingestion) 1.27E-06 78% Y
Air to Pasture to Dairy Cattle (Milk) to Humans (Ingestion) 1.71E-08 1% Y
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TABLE D-2: WITHIN-MEDIUM COMPARISONS- CHEMICALS IN AIR

8/25/93

Arsenic (Noncarcinogenic)

Hazard Percent of Retain Pathway?
Pathway Index Largest Pathway Yes/No
Air to Humans (Inhalation) '3.57E+02 7% Y
JAir to Livestock/Game (Beef) to Humans {ingestion) 5.11E-01 <1% N
Air to Dairy Cattle {Milk}) to Humans (Ingestion) 4.96E-02 <1% N
Air to Vegetables to Humans {Ingestion) -~ 5.23E+03 100% - Y
Air to Pasture to Livestock/Game (Beef) to Humans (Ingestlon) ‘ 1.48E+03 28% Y
Air to Pasture to Dairy Cattle (Milk) to Humans (Ingestion) 1.13E+02. 2% Y
Arsenic (Carcinogenic)
Percent of Retain Pathway?
Pathway Risk Largest Pathway Yes/No
Air to Humans (Inhalation) 5.36E+00 100% Y
Air to Livestock/Game (Beef) to Humans {Ingestion) - 2.68E-04 <1% N
Air to Dairy Cattle (Milk) to Humans {Ingestion) 2.60E-05 <1% N
Air to Vegetables to Humans {Ingestion) 2.74E+00 51% Y
Air to Pasture to Livestock/Game (Beef) to Humans: (|ngest|on) 7.76E-01 14% Y
Air to Pasture to Dairy Cattle {Milk) to Humans (ingestion) - 5.93E-02 1% Y
Beryllium .
Percent of Retain Pathway?
Pathway " Risk Largest Pathway Yes/No
Air to Humans (Inhalation) 9.00E-01 13% Y
Air to Livestock/Game (Beef) to Humans (Ingestion) 3.30E-04 <1% N
Air to Dairy Cattle (Milk) to Humans {Ingestion) 9.39E-07 '<1% N
Air to Vegetables to Humans (Ingestion): 6.74E+00 100% Y
Air to Pasture to Livestock/Game (Beef) to Humans (Ingestion)’ 9.53E-01 14% . Y
Air to Pasture to Dairy Cattie (Milk} to Humans (Ingestion) 2.14E-03 <1% . N
Chromium {ill)
Hazard Percent of Retain Pathway?
: PathWay . index " Largest Pathway Yes/No
Air to Humans (Inhalation) ¥ 1.07E-01 5% Y
Air to Livestock/Game {Beef) to Humans (Ingestion) 7.06E-04 .. <1% N
Air to Dairy Cattle (Milk) to Humans (Ingestlon) o 2.64E-04 . <1% N:
Air to Vegetables to Humans (Ingestlon) . 1.57E+00... ~ 77% Y
Air to Pasture to Livestock/Game {Beef) to Humans (Ingestlon) " 2,04E+00" 100%" LY
-Air to Pasture to Dairy Cattle (Mllk) 10 Humans (lngestlon) . 6.02E-01 30% - Y.
Chromium (V1) (Noncarcinogenic) - - DY R Pl
. R ‘ Hazard- '| - Pércentof. Retain Pathway?
Pathway o o . .Index |, Largest Pathway = Yes/No
Air to Humans (Inhalat:on) I . NA | NA NA
Air to Livestock/Game (Beef) to Humans (Ingestcon) . 1.41E-01. <1% . . N
Air to Dairy Cattle (Milk) to Humans (Ingesnon) s |, 5.28E-02" <1%. .; N
Air to Vegetables to Humans.{Ingestion) . o A " 3.14E 02 7% LY
Air to Pasture to Livestock/Game (Beef) to Humans (Ingestlon) "4.08E+02: |- £'100%.. Y
Air to Pasture to Dairy Cattle {Milk) to Humans {ingestion) : . '1.20E+02 29%. Y
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TABLE D-2: WITHIN-MEDIUM COMPARISONS-- CHEMICALS IN AIR 8/25/93

Chromium (VI) {Carcinogenic) - .
. . : G * Percent of ‘Retain Pathway?
Pathway - - Risk Largest Pathway Yes/No
Air to Humans (Inhalation) B 4.50E +00 100%. Y
Air to Livestock/Game (Beef) to Humans {ingestion) : NA NA - ~ NA
Air to Dairy Cattle (Milk) to Humans (ingestion) ] NA NA S . NA
Air to Vegetables to Humans (Ingestion) - NA NA NA
Air to Pasture to Livestock/Game (Beef) to Humans (Ingestion} NA NA . NA
Air to Pasture to Dairy Cattle (Milk) to Humans (Ingestion) - NA NA NA
Lead . .
: . : Hazard - Percent of Retain Pathway?
Pathway . index Largest Pathway Yes/No
Air to Humans {Inhalation) . : 7.65E+01 7% Y
Air to Livestock/Game (Beef) to Humans (Ingestion) 2.19E-02 <1% N
Air to Dairy Cattle {Milk) to Humans {Ingestion) - " | 4.46E-02° <1% N
Air to Vegetables to Humans {Ingestion) . 1.12E+03 100% > Y
Air to Pasture to Livestock/Game (Beef) to Humans {Ingestion) 6.33E+01 6% Y
Air tp Pasture to Dairy Cattle (Milk) to Humans {ingestion) . | 1.02E+02 9% Y
Metcury ]
Hazard Percent of " Retain Pathway? ’
Pathway i . index Largest Pathway Yes/No
Air to Humans (Inhalation) 3.57E+02 2% Y
-JAir 1o Livestock/Game (Beef) to Humans (Ingestion) 6.80E +00 <1% N
Air to Dairy Cattle (Milk) to Humans {Ingestiori) 3.76E-03 <1% N
Air to Vegetables to Humans {ingestion) . . 5.23E+03 26% Y
Air to Pasture to Livestock/Game (Beef) to Humans {Ingestion) ' 1.99E+04 100% Y
Air to Pasture to Dairy Cattle {Mifk) to Humans (Ingestion} 8.57E+00 <1% N
Nicke!
’ Hazard Percent of Retain Pathway?
Pathway . Index Largest Pathway Yes/No
Air to Humans {Inhalation) 5.36E+00 7% Y
Air to Livestock/Game (Beef) to Humans (Ingestion) 7.67E-03 <1% N
Air to Dairy Cattle (Milk) to Humans (Ingestion) . - 1.20E-02 - <1% N
Air to Vegetables to Humans (Ingestion) 7.84E +01 100% Y
Air to Pasture to Livestock/Game (Beef) to Humans (Ingestion) 2.22E+01 28% Y
Air to Pasture to Dairy Cattle {Milk} to Humans (Ingestion) 1 2.73E+01 35% Y
Carbon Tetrachloride
) g Percent of Retain Pathway?
Pathway ) . Risk “Largest Pathway Yes/No
Air to Humans (inhalation) g - : 5.68E-03 100% Y
Air to Livestock/Game (Beef) to Humans (Ingestion) o 1.10E-07 <1% N
Air to Dairy Cattle (Milk) to Humans (Ingestion) 1.09E-07 <1% N
Air to Vegetables to Humans (Ingestion) ‘I 1.72E-08 <1% N
Air to Pasture to Livestock/Gamie (Beef) to. Humans (ingestion} 1.38E-10 <1% N
Air to Pastiire to Dairy Cattle (Milk} to Humans {Ingestion) 1.08E-10 T <1% N’
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TABLE D-2: WITHIN-MEDIUM COMPARISONS-- CHEMICALS IN AIR

8/25/93

4P iy
Methylene Chloride s
Percent of Retain Pathway?
Pathway Risk Largest Pathway Yes/No
Air to Humans (Inhalation) . 1.82E-04 100% Y
Air to Livestock/Game (Beef) to Humans (Ingestion). 2.59E-10 <1% N
Air to Dairy Cattle {Milk) to Humans (Ihgestion) ) 2.52E-10 <1% N
- JAir to.Vegetables to Humans-(Ingestion) . 1.87E-07 <1% N
Air to Pasture to Livestock/Game (Beef) to Humans' (lngestaon) 6.10E-13 <1% ‘N
Air to Pasture to Dairy Cattle (Milk) to Humans {Ingestion) 4.69E-13 <1% N
Polychlorinated Biphenyls {PCBs) ‘
Percent of Retain Pathway?
Pathway Risk Largest Pathway Yes/No
Air to Humans (Inhalation) 8.25E-01 <1% N
Air to Livestock/Game (Beef) to Humans (lngestnon) ‘ 2.95E-02 <1% N
Air to Dairy Cattle (Milk) to Humans (Ingestion) 1.85E-02 <1% N
Air to Vegetables to Humans.{Ingestion) 1.21E+01 14% Y
Air to Pasture to Livestock/Game (Beef) to Humans {Ingestion) 8.53E+01 100% Y
Air to Pasture to Dairy Cattle {Milk) to Humans (Ingestion) 4.21E+01 49% Y
Tetrachloroethylene o
o Percent of Retain Pathway?
Pathway Risk Largest Pathway Yes/No
"JAir to Humans (Inhalation} 2.14E-04 100% Y
Air to Livestock/Game (Beef) to Humans (ingestion) 1.53E-09 <1% N
Air to Dairy Cattle (Milk) to . Humans (Ingestion) 1.564E-09 <1% N
Air to Vegstables to Humans (Ingestion) SR '9.14E-08 <1% N
JAir to Pasture to Livestock/Game (Beef) to Humans (Ingestion) 6.64E-12 <1% N
Air to Pasture to Dairy Cattle (Milk) to Humans {Ingestion) 5.24E-12 <1% N
1.1,1-Trichloroethane :
" Hazard Percent of Retain Pathway?
Pathway Index Largest Pathway - Yes/No
Air to Humans (Inhalation) : 3.57E-01 100% Y
Air to Livestock/Game (Beef) to Humans (Ingestlon) . 2.02E-06 - <1% N
Air to Dairy Cattle (Milk) to Humans {Ingestion) 2.00E-06, . <1% N
Air to Vegetables to Humans (Ingestion) - 5.09E-05 <1% N
Air to Pasture to Livestock/Game (Beef} to Humans (Ingestion) 2.92E-09 <1% N
Air to Pasture to Dairy Cattle (Milk) to Humans (Ingestion) 2.28E-09 <1% N
Trichloroethylene s
Percent of . |- Retain Pathway?
Pathway Risk Largest Pathway "~ Yes/No -
Air to Humans (Inhalation) 6.43E-04. 100% ° Y
Air to Livestock/Game (Beef) to Humans (Ingestion) 2.76E-09 €1% o= N
Air to Dairy Cattle {Milk) to Humans (Ingestion}’ ' 2.74E-09:" <1% N
Air to Vegetables to Humans {Ingestion) 8.38E-08 <1% "N
Air to Pasture to Livestock/Game (Beef) to Humans (Ingestion) 3.65E-12 <1% N
Air to Pasture to Dairy Cattle (Milk) to Humans ({Ingestion) 2.85E-12 <1% N
11 CHEMAIR.XLS




TABLE D-3: WITHIN-MEDIUM COMPARISONS-- RADIONUCLIDES IN SOIL/SEDIMENT

8/25/93

Soil to Humans (Ground Exposure)

Barium-140 )
Dose Percent of Retain Pathway?
Pathway {Sv/yr) Largest Pathway Yes/No
Soil to Air to Humans (inhalation) 6.39E-15 <1% N
Soil to Air to Humans (Immersion) 3.74E-15 <1% N
|Soil to Humans (Ingestion) 7.77€-13 8% Y
|Soil to Livestock/Game (Beef) to Humans (Ingestion) 4.51E-14 <1% N
Soil to Dairy Cattle (Milk) to Humans (Ingestion) 4.38E-13 4% Y
‘|Soil to Vegetables to Humans (Ingestion) 9.94E-12 100% Y
Soil-to Pasture to Livestock/Game (Beef) to Humans (Ingestion) 1.64E-13 5% Y
Soil to Pasture to Dairy Cattle (Milk) to Humans (Ingestion} 1.46E-12 44% Y
Soil to Humans (Ground Exposure) 6.21E-12 62% Y
Cerium-144
l Dose Percent of Retain Pathway?
Pathway - {Sv/yn) Largest Pathway Yes/No .
Soil to Air to Humans (Inhalation) 6.58E-13 20% Y
Soil to Air to Humans (immersion) 8.97E-17 -<1% N
- |Soil to Humans (Ingestion) 1.96E-12 60% Y
Soil fo Livestock/Game (Beef) to Humans (ingestion) 8.79E-13 27% Y
Soil to Dairy Cattle {Milk) to Humans (Ingestion) 1.89€-13 6% Y
Soil to Vegetables to Humans (Ingestion) 3.29€-12 100% Y
Soil to Pasture to Livestock/Game. (Beef) to Humans (Ingestion) 1.92E-13 6% Y
Soil to Pasture to Dairy Cattle (Milk} to Humans (ingestion) 3.79E-14 1% Y
Soil to Humans (Ground Exposure) ' ‘ 4.04E-13 12% Y
Cesium-137 '
Dose Percent of Retain Pathway?
Pathway (Sviyr) Largest Pathway Yes/No
Soil to Air to Humans (inhalation) 5.66E-14 <1% N
Soil to Air to Humans (iImmersion) 7.18E-16 <1% N
Soil to Humans (Ingestion) 4.39E-12 2% Y
Soil to Livestock/Game (Beef) to Humans (Ingestion) 5.25E-11 23% Y
Soil to Dairy Cattle (Mitk) to Humans (ingestion) 5.03E-11 22% Y
Soil to Vegetables to Humans {Ingestion) 2.28BE-10 100% Y
Soil to Pasture to Livestock/Game (Beef) to Humans (Ingestion) 1.78E-10 78% Y
Soil to Pasture to Dairy Cattle (Milk) to Humans {Ingestion) 1.56E-10 68% Y
Soil to Humans (Ground Exposure) 1.34E-12 <1% N
Cobalt-60
; Dose Percent of Retain Pathway?
Pathway (Sviyr) Largest Pathway Yes/No
Soil to"Air to Humans (Inhalation) 2.70E-13 <1% - N
Soil to Air to Humans (lmmersion) 3.21E-15 <1% N
Soil to Humans (ingestion) 2.36E-12 2% Y
Soil to Livestock/Game (Beef) to Humans {Ingestion) 1.37E-11 14% Y .
Soil to Dairy Cattle (Milk) to Humans (Ingestion) 1L.HEN 12% Y
Soil to Végetables to Humans (Ingestion) 9.45E-11 100% Y
Soil to Pasture to Livestock/Game (Beef) to Humans (Ingestion) 9.99E-13 1% Y.
Soil to Pasture to Dairy Cattle (Milk) to Humans (Ingestion) 7.37E-13 <1% N
i 5.18E-12 5% Y
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TABLE D-3: WITHIN-MEDIUM COMPABISONS-- RADIONUCLIDES IN SOIL/SEDIMENT

8/25/93

s
lodine-129 : ]
Dose . Percent of Retain Pathway?
Pathway (Sv/yr) Largest Pathway Yes/No
Soil to Air to Humans {Inhalation) 2.63E-13 -<1% N
Soi! to Air to Humans (Immersion) 1.05E-17 <1% N
Soil to Humans (Ingestion) B 2.16E-11 1% Y
Soil to Livestock/Game (Beef)-to Humans (lngestnon) 9.31E-11 6% Y
Soil to Dairy Cattle {Milk) to Humans (Ingestion) 3.45E-10 23% Y
Soil to Vegetables to Humans (Ingestnon) : 1.47E-09 100% Y
Soil to Pasture to Livestock/Game (Beef) to Humans (Ingestion) 4.07E-10 - 28% Y
Soil to Pasture to Dairy Cattle (Milk) to Humans (Ingestion) 1.38E-09 ° 94% Y
Soil to Humans (Ground Exposure) : 5.07E-14 ' <1% N
lodine-131 S
| Dose Percent of Retain Pathway?
Pathway {Sv/yr) Largest Pathway Yes/No
Soil to Air to:Humans (Inhalation) 5.40E-14 <1% N
Soil to Air to Humans (Immersion) 4.74E-16 | - <1% - N
“ISoil to Humans {Ingestion) 4.39E-12 | 1% Y
Soil-to Livestock/Game (Beef) to Humans (Ingestion) 1.89E-11 6% Y
) Soil to Dairy Cattle (Milk) to. Humans (Ingestion) - 7.01E-11 24% Y
Soil to Vegetables to Humans (Ingestion) - Lo 2.98E-10 100% Y
Soil to Pasture to Livestock/Game (Beef) to Humans (Ingestion) . 8.26E-11 28% Y
Soil to Pasture to Dairy.Cattle (Milk) to Humans (ingestion) ..., 2.80E-10 94% Y
Soil to Humans (Ground Exposure) 9.33E-13 <1% N
lodine-133 .. . .
’ : Dose Percent of Retain Pathway?
Pathway (Svlyr) Largest Pathway Yes/No
Soil to. Air to. Humans (Inhalation) 9.88E-15 <1% N
Soil to Air to Humans (Immersion) 7.66E-16_ <1% N
Soil to ' Humans (Ingestion) .. 9.12E-13 1% Y
Soil to Livestock/Game (Beef) to Humans {Ingestion) ™ 3.93E-12 6% Y
Soil to Dairy Cattie (Milk) to Humans (Ingestion) " 1.46E-11 24% Y
Soil to Vegétables to Humans {Ingestion) R 6.20E-11 100% Y
Soil to Pasture to Livestock/Game (Beef) to Humans (lngestlon) 1.72E-11 .. . 28% - Y
Soil to Pasture to Dairy Cattle (Milk) to Hurans - (Ingestlon) 5.82E-11 94% Y
Soil to Humans (Ground Exposure) . - 1.48E-12 2% Y
|Lanthanum-140 . B EE .
. N " "Dose - . Percent of | Retain Pathway?
Pathway" - (Sviyrn) Largest Pathway . Yes/No
Soil to Air to Humans {lnhalation) =, .-+ " .} 7.90E-15.. . <1%. N
|Soit to Air to Humans (|mmers|on) L A .| 3.05E-15. | <1% N
Soil to Humans. {Ingestion) L 5 | 17.096-13° 14% Y
Soil to Livestock/Game (Beet) to Humans (lngestnon) 127613 | L 3% Y
Soil to Dairy. Cattle (Milk) to Humans (Ingestlon) L . . 2.29E-14 <1%. - N
Soil to Vegetables to Humans. (Ingestion): ~- > " . . “2.41E-12 48% Y
-|Soil to Pasture to Livestock/Game (Beef} to Humans (Ingestion) - 3.09E-14 |- <1% N
Soil to Pasture to Dairy Cattle (Milk) to Humans {Ingestion) .5,08E-15 | <1% N
Soil to Humans (Ground Exposure) 4.97€-12 100% Y
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TABLE D-3: WITHIN-MEDIUM COMPARISONS-- RADIONUCLIDES IN SOIL/SEDIMENT

8/25/93

Neptunium-237

) Dose Percent of Retain Pathway?
Pathway - {Sv/yr) Largest Pathway Yes/No
Soil to Air to Humans (Inhalation) - 4.74E-08 100% Y
Soil to Air to Humans (Immersion) 2.24E-14 <1% N
Soil to Humans (Ingestion) . 1.562E-10 <1% N
Soil to Livestock/Game (Beef) to Humans {Ingestion) §.00E-12 <1% - N
Soil to Dairy Cattle (Milk) toHumans (Ingestion) 1.23E-12 <1% N
Soil to Vegetables to-Humans (Ingestion) ) 3.04E-08 " 64% Y
{Soil to Pasture to Livestock/Game (Beef) to Humans (Ingestion) 5.22E-13. <1% N
Soil to Pasture to ‘Dairy Cattle {Milk) ,to'Humans {Ingestion) 1.17E-13 <1% N
Soil to Humans {Ground Exposure) 3.64E-13 <1% N
Niobium-85 .
’ ‘Dose Percent of Retain Pathway?
Pathway {Sv/yr) Largest Pathway Yes/No
Soil to Air to Humans (inhalation) 1.12E-14 <1% N
Soil-to Air to Humans (Immersion} 9.83E-16 <1% N
Soil to Humans {Ingestion) 2.30E-13 <1% N
Soil to Livestock/Game (Beef) to Humans (Ingestion) 3.43E-11 . 100% Y
Soil-to Dairy Cattle (Milk) to.Humans (Ingestion) 7.41E-12 22% Y
Soil to Vegetables to Humans (ingestion) 9.18E-12 27% Y
Soil to Pasture to Livestock/Game (Beef) to Humans (Ingestion) 1.75E-12 5% Y
Soil to Pasture to Dairy Cattle (Milk) to Humans (Ingestion) 3.46E-13 1% Y
Soil to Humans (Ground Exposure) 1.77€-12 5% Y
Plutonium-238
Dose Percent of Retain Pathway?
Pathway {Sv/yr) Largest Pathway Yes/No
Soil to Air to Humans (Inhalation) 7.24E-10 "~ 100% Y
Soil to Air to Humans (Immersion) 1.15E-19 <1% N
Soil to Humans {Ingestion) 2.97E-10 41% Y
Soil to Livestock/Game (Beef) to Humans (Ingestion) 1.78E-13 <1% N
Soil-to Dairy Cattle (Milk) to Humans (Ingestion) 4.79E-14 <1% N
Soil to Vegetables to Humans (Ingestion) 2.67E-10 37% Y
Soil-to Pasture to Livestock/Game {Beef) to Humans (Ingestion) 3.88E-16 <1% N
Soil to Pasture to Dairy Cattle (Milk} to Humans (Ingestion) 9.58E-16 <1% N
Soil to Humans (Ground Exposure} ) 2.09€-15 <1% N
Piutonium-239/240 i
: Dose Percent of Retain Pathway?
Pathway (Sv/yr) Largest Pathway . Yes/No
Soil to Air to Humans {Inhalation) 7.90E-10 100% Y
Soil to Air to Humans (Immersion) 1.04E-18 <1% N
Soil to Humans (Ingestion) 3.27€-10 41% Y
Soil to Livestock/Game (Beef) to Humans (Ingestion) 1.96E-13 <1% N
Soil to Dairy Cattle (Milk) to Humans (Ingestion) 5.28E-14 <1% N
Soil to Vegetables to Humans ‘(Ingestion) 2.95E-10 37% Y-
Soil to’Pasture to Livestock/Game (Beef) to Humans (Ingestion) 4.28E-15 <1% N
.|Soil to Pasture to Dairy Cattle (Milk} to Humans (Ingestion) 1.06E-15 <1% N
{Soil to Humans (Ground Exposure) ' 9.16E-16 <1% N
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Plutonium-241 .
- _ Dose Percent of Retain Pathway?
“Ipathway {Sviyn) Largest Pathway Yes/No
Soil to Air to Humans (Inhalation) 1.51E-11 100% Y
Soil to Air to Humans (Immersion) 3.12E-21 <1% N
Soil to. Humans (Ingestion) ' - 6.41E12 | 42% Y
- |Soit to Livestock/Game (Beef) to Humans (Ingestion) ~ 3.84E-15 - <1% N
Soil to Dairy Cattle (Milk) to Humans (Ingestion) 1.03E-15 <1% N
Soil to Vegetables to Humans (ingestion) 5.77E-12 - 38% Y
Soil to Pasture to Livestock/Game (Beef) to Humans (Ingestion) 8.38E-17 <1% N
Soil to Pasture to Dairy Cattle (Milk) to Humans {Ingestion) 2.07€-17 <1% N
Soil to Humans (Ground Exposure) ' 9.08E-18 <1% N
Protactinium-233
’ Dose Percent of Retain Pathway?
Pathway (Sv/yr) Larggét Pathway Yes/No
Soil to Air to Humans (Inhalation) 1.61E-14 1% . Y
Soil to Air to Humans (immersion) 2.66E-16 <1% N
Soil to Humans {ingestion) 3.00E-13 20% Y
Soil to Livestock/Game (Beef) to Humans (ingestion) 1.80E-15 <1% N
Soil to Dairy Cattle (Milk) to Humans (Ingestion) . 2.42E-15 <1% N
Soil to Vegetables to Humans (Ingestion) ‘ 1.50E-12 100% Y
Soil to Pasture to Livestock/ Game (Beef) to Humans (Ingestion) 4.80E-18. <1% N
Sail to Pasture'to Dairy Cattle (Milk) to Humans {Ingestion) 5.92E-18 <1% N
Soil to'Humans (Ground Exposure) 5.39E-13 - 36% Y
Ruthenium-103 .-
i : Dose Percent of Retain Pathway?
Pathway {Sv/yr) Largest Pathway Yes/No
Soil to Air to Humans (Inhalation) 1.65E-14 <1% N
Soil to Air to Humans {Immersion) 5.98E-16 <1% N
_|Soil to Humans (Ingestion)i 2.73€-13 4% Y
Soil to Livestock/Game {Beef} to Humans (Ingestion) - 3.27€-13 5% Y
Soil to-Dairy Cattle (Milk) to Humans {ingestion) - 1.46E-16 <1% N
Soil to Vegetables to Humans {ingestion) ' PR 7. 11E12 . 100% Y
Soil to Pasture to Livestock/Game (Beef) to Humans. {Ingestion) - 7.15E-13 10% - Y
Soil to Pasture to Dairy Cattle {Milk) to Humans (ingestion) - 2.91E-16 <1% N
Soil to Humans (Ground Exposure) C L 1.14E-12 16% Y
Ruthenium-106 ) ) ‘
.Dose Percent of Retain Pathway?
Pathway - ; {Svlyr) | Largest Pathway Yes/No
Soil to Air to Humans (Inhalation)” . - - B '8.56E-13 1% Y
Soil to Air to Hurhans (lmmersnon) R R 5.98E-16 <1% N
Soil to Humans (Ingestlon) RS 2.53E-12 . 4% Y
Soil to Livestock/Game (Beef) to: Humans (Ingestlon) 3.03E-12 6%, .- Y
Soil to Dairy Cattle (Milk) to Humans -{Ingestion) . . 1:35E-15 <1% N
Soil to Vegetables to Humans (Ingestion) . 6.58E-11 100% Y
Soil to Pasture to Livestock/Game (Beef) to Humans:{Ingestion) - 6.62E-12 10% Y
Soil to Pasture to Dairy Cattle {Milk) to Humans - (Ingestlon) 2.70E-15 "<1% N
Soil to Humans (Ground Exposure) 8.23E-13 1% Y
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TABLE D-3: WITHIN-MEDIUM COMPARISONS-- RADIONUCLIDES IN SOIL/SEDIMENT
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Strontium-89

Dose

Percent of

Soil to Humans (Ground Exposure)

Retain Pathway? .
Pathway {Sviyr) Largest Pathway Yes/No
Soil to Air to Humans (Inhalation) 6.58E-14 <1% N
Soil to Air to Humans (Immersion) 1.08E-17 <1% N
Soil to Humans {Ingestion) | 8.10E-13 <1% N
Soil to Livestock/Game {Beef) to Humans (Ingestion) 1.45E-13 <1% N
Scil to Dairy Cattle (Mifk) to Humans (Ingestion) 1.83E-12 1% Y
Soil to Vegetables to Humans (ingestion) 1.78E-10 100% Y
Soil to Pasture to Livestock/Game (Beef) to Humans (Ingestion) 3.88E-13 <1% N
Soil to Pasture to Dairy Cattle (Milk) to Humans (Ingestion) 4.47E-12 . 3% Y
Soil to Humans (Ground Exposure} 1.33E-13 <1% N
" |Strontium-90
] Dose Percent of Retain Pathway?
Pathway - (Sv/yr) Largest Pathway Yes/No
Soil to Air to Humans (Inhalation} 3.95E-13 <1% N
Soil to Air to Humans (Immersion) 2.07e-17 <1% N
Soil to Humans {Ingestion) 1.18E-11 <1% N
Soil to Livestock/Game (Beef) to Humans (Ingestlon) 2.12E-12 <1% N
Soil'to Dairy Cattle (Milk) to Humans (Ingestion) 2.67E-11 1% Y
Soil 'to Vegetables to Humans (Ingestion) 2.60E-09 100% Y
Soil to Pasture to Livestock/Game (Beef) to Humans (Ingestion) 3.71E-11 1% Y
Soil to Pasture to Dairy Cattle (Milk] to Humans {Ingestion) 4.27€-10 16% Y
Soil to Humans (Ground Exposure) ' 2.41E-13 <1% .N
Technetium-99
Dose Percent of Retain Pathway?
thhway {Svlyr) Largest Pathway Yes/No
Soil to Air to Humans (Inhalation) 1.32E-14 <1% N
Soil to Air to Humans {Immersion) 5.47E-19 <1% N
Soil to Humans {ingestion) 1.18E-11 <1% N
Soil to Livestock/Game (Beef) to Humans {Ingestion) 6.01E-11 <1% N
Soil to Dairy Cattle (Milk) to Humans (Ingestion) 1.91E-10 <1% N
Soil to Vegetables to Humans {Ingestion) 1.51E-08 38% Y
Soil to Pasture to Livestock/Game (Beef) to Humans (ingestion) 1.39E-08 35% Y
Soil to Pasture to Dairy Cattie (Mifk) to Humans (Ingestion) 4.02E-08 100% Y
Soil to Humans (Ground Exposure) 1.42E-18 <1% N
Thorium-232
Dose Percent of Retain Pathway?
Pathway - {Sv/yr) Largest Pathway Yes/No
Soil to Air to Humans (Inhalation} 2.83E-09 100% Y
Soil to Air.to Humans {Immersion) 2.34E-19 <1% N
Soil to Humans {ingestion) ’ 2.67E-10 9% Y
Soil to Livestock/Game (Beef) to Humans (Ingestion) 9.21E-13 <1% N
Soil to Dairy Cattle (Milk) to Humans (Ingestnon) ) 2.07€-12 <1%. N
Soil to Vegetables to Humans (ingestion) 4.36E-10 15% 7
Soil to Pasture to Livestock/Game (Beef) to Humans (Ingestion) 8.05E-16 <1% N.
Soil to Pasture to Dairy Cattie (Milk) to Humans (Ingestuon) 1.66E-15 <1% N
1.61E-15 <1% N
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. Uranium-234/235

Soil to Humans {Ground Exposure)

1 2.62€12

Dose Percent of Retain Pathway?
Pathway (Sv/yr) Largest Pathway Yes/No
Soil to Air to Humans (inhalation) 2.30E-10 57% Y
Soil to Air to Humans {Immersion) 1.90E-16 <1% N

“ISoil to Humans (Ingestion) 2.36E-11 - 6% Y
Soil to Livestock/Game (Beef) to Humans (Ingestion) 2.83E-12 <1% N
Soil to Dairy Cattle (Milk) to Humans (Ingestion) 1.41E-11 4% Y
Soil to Vegetables to Humans (Ingestion) ) 4.02E-10 100% Y
‘ISeil to Pasture to Livestock/Game (Beef) to Humans {Ingestion) 1.17E-13 <1% N

Soil to Pasture to Dairy Cattle (Milk) to Humans (Ingestion) 5.33E-13 <1% N
Soil to Humans (Ground Exposure) 3.90E-13 <1% N
Uranium-238 )

Dose Percent of Retain Pathway?
Pathway (Sv/yr} Largest Pathway Yes/No
Soil to Air to Humans (Inhalation) 2.11E-10-- 59% Y
Soil to Air to Humans (Immersion) 1.33E-18 <1% N
Soil to Humans (Ingestion) 2.09E-11 6% Y
Soil to Livestock/Game (Beef) to Humans (Ingestion) 2.51E-12 <1% N
Soil to Dairy Cattle (Milk) to Humans (Ingestion) 1.25E-11 4% Y
Soil to Vegetables to Humans (Ingestion) 3.56E-10 100% Y
Soil to Pasture to Livestock/Game (Beef) to Humans (Ingestion) 1.03E-13 <1% N
Soil to Pasture to Dairy Cattle (Milk} to Humans {ingestion} 4.72E-13 <1% N
Soil to Humans (Ground Exposure) o 1.67E-15 <1% N
Zirconium-95

:Dose Percent of Retain Pathway?
Pathway (Sviyn) Largest Pathway Yes/No
Soil to Air to Humans (Inhalation) 4.81E-14 2% Y
Soil to Air to Humans (Immersion) 1.45E-15 <1% N
Soil to Humans (Ingestion) 3.71E-13- 14% Y
Soil to Livestock/Game (Beef) to Humans (Ingestion) 1.22E-12 47% Y
Soil to Dairy Cattle (Milk) to Humans (Ingestion) 1.80E-14 <1% N
Soil to Vegetables to Humans (Ingestion) = . o |; 1.49E-12 . B67% Y
Soil to Pasture to Livestock/Game (Beef) to Humans {Ingestion) = " 6.23E-15° <1% N
Soil to Pasture to Dairy Cattle (Mitk) to Humans (Ingestion) ‘| 8.39E-17 " <1% N

100%
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TABLE D-4: WITHIN-MEDIUM COMPARISbNS-— CHEMICALS IN SOIL/SEDIMENT
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Arsenic (Noncarcinogenic)

Hazard Percent of Retain Pathway?
Pathway Index Largest Pathway Yes/No
Soil to Air to Humans (Inhalation) 2.32E-05 <1% N
Soil to Humans (Ingestion) 1.19E-03 13% Y
Soil to Livestock/Game (Beef) to Humans ({ingestion) 1.42E-03 15% Y
Soil to Dairy Cattle (Milk) to Humans (Ingestidn) 1.19E-04 1% Y
Soil to Vegetation to Humans (Ingestion) 9.52E-03 100% Y
- ISoil to Pasture to’Livestock/Game (Beef) to Humans {ingestion) 1.3BE-03 14% Y
Soil to Pasture to Dairy Cattle (Milk) to Humans (Ingestion) 1.06E-04 1% Y
Soil to-Humans {Dermal Contact) 6.90E-04 7% Y
Arsenic (Carcinogenic)
Percent of Retain Pathway?
Pathway Risk Largest Pathway Yes/No
Soil to Air to Humans (Inhalation) 3.48E-07 7% Y
Soil to Humans (Ingestion) ‘ 6.25E-07 13% Y
Soil to Livestock/Game (Beef) to Humans (Ingestion) 7.48E-07 15% Y
|Soil to Dairy Cattle (Milk) to Humans (Ingestion) 6.25E-08 1% Y
Soil to Vegetation to Humans {Ingestion) 5.00E-06 100% Y
Soil to Pasture to Livestock/Game (Beef) to Humans (Ingestion) 7.26E-07 15% Y
Soil to Pasture to Dairy Cattle (Milk) to Humans (Ingestion) 5.56E-08 1% Y
Soil to Humans (Dermal Contact) 3.63E-07 7% Y
Beryllium
Percent of Retain Pathway?
Pathway Risk Largest Pathway Yes/No
Soil to Air to Humans (Inhalation) 5.85E-08 2% Y
Soil to Humans (Ingestion) 1.54E-06 50% Y
Soil to Livestock/Game (Beef) to Humans (Ingestion) 9.19E-07 30% Y
Soil to Dairy Cattle (Milk) to Humans (Ingestion) 2.25E-09 <1% N
Soil to Vegetation to Humans (Ingestion) 3.07E-06 100% Y
Soil to Pasture to Livestock/Game (Beef) to Humans (Ingestion) 2.23E-07 7% Y
Soil to Pasture to Dairy Cattle (Milk) to Humans (Ingestion) 5.01E-10 <1% N
Soil to Humans (Derma! Contact) 8.91E-07 29% Y
Chromium (1l1)
Hazard Percent of Retain Pathway?
Pathway Index Largest Pathway Yes/No
Soil to Air to Humans (Inhalation) 6.97E-09 <1% N
Soil to Humans (ingestion) 3.57E-07 18% Y
_|Soil to Livestock/Gamie (Beef) to Humans (Ingestion) 1.97E-06 100% Y
Soil to Dairy Cattle (Milk) to Humans ({Ingestion) 5.76E-07 29% Y
Soil to Vegetation to Humans (Ingestion) 5.71E-07 29% Y
Soil to Pasture to Livestock/Game (Beef) to Humans (Ingestion) 3.58E-07 18% Y
Soil to Pasture to Dairy Cattle {Milk) to Humans (Ingestion) 9.60E-08 5% Y
Soil to Humans (Dermal Contact) ' 2.07E-07 11% Y
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. ribe
e BT TR

‘ Chromium (V1) (Noncarcinogenic)

‘~4-.!‘"
i

Hazard

s Percent of Retain Pathway?
Pathway Index " Largest Pathway Yes/No
Soil to Air to Humans (inhalation) NA NA NA
Soil to Humans {Ingestion) : 7.14E-05 18% Y
Soil to Livestock/Game (Beef) to Humans (Ingestnon) e T 3.93E-04 100% Y
Soil to Dairy Cattle (Milk) to Humans (Ingestion) 1.27E-04 '32% Y
Soil to Vegetation to Humans (Ingestion) 1.14E-04 29% Y
Soil to Pasture to Livestock/Game (Beef) to Humans (lngesnon) 7.16E-05 18% Y
Soil to Pasture to Dalry Cattle (Milk) to Humans (lngestlon) 2.11E-05 5% Y
Soil to Humans (Dermal Contact) 4.14E-05 11% Y
Chromium (Vi) (Carcinogenic) K
. " Percent of Retain Pathway?
Pathway Risk Largest Pathway Yes/No
[Soil to Air to Humans (Inhalation) 2.93E-07 100% Y
Soil to Humans (Ingestion) NA ' NA . NA
Soil to Livestock/Game (Beef) to Humans (ingestion) _ NA NA - NA
Soil to Dairy Cattle (Milk) to Humans (lngesnon) NA NA NA
Soil to Vegetation to Humans (Ingestion) NA NA NA
Soil to Pasture to Livestock/Game (Beef) to Humans (Ingestlon) NA. NA NA
Soil to Pasture to Dairy Cattle (Milk) to Humans (Ingestion) - NA NA NA
Soil to Humans (Dermal Contact) S NA NA NA
Lead
' Hazard Percent of Retain Pathway?
Pathway M Index Largest Pathway Yes/No
Soil to Air to Humans (Inhalation) 4.98E-06 <1% N
Soil to Humans (Ingestion) - - 2.55E-04 10% Y
Soil to Livestock/Game (Beef) to Humans (Ingestion) 6.11E-05 2% Y
Soil to Dairy Cattle (Milk) to Humans (Ingestion) 1.07E-04 4% Y
Soil to Vegetation to Humans (Ingestion) 2.65E-03 100% Y
Soil to Pasture to Livestock/Game (Beef) to Humans (Ingesﬁon) 6.67E-05 3% Y
Soil to Pasture to Dairy Cattle (Milk) to Humans (Ingestion) . 1.07E-04. 4% Y
Soil to Humans (Dermal Contact) : : 1/48E-04 6% Y
Mercury iy ) .
Hazard' ~ Percent of | Retain Pathway?
Pathway index - |’ Largest Pathway " 'Yes/No-
Soil to Air to Humans (Inhalation) 2.32E-05 "<1% N
Soil to Humans (Ingestion) ] 1.19E-03 <1% N
Soil to Livestock/Game (Beef) to Humans® Lgestlon) 1.92E-02: 5% Y
Soil to Dairy Cattle (Milk) to Humans (Ingestion) _ ' 9.02E-06 ' <1% - N
Soil to Vegetation to Humans {Ingestion) - , 2.14E-01 .| - 61% Y
Soil to Pasture to Livestock/Game (Beef).to Humans (lngestnon) 4.20E-01 - -100%. Y
Soil to Pasture to Dairy Cattle (Milk) to Humans (Ingestion) ~ 1.80E-04 <1% N
Soil to Humans (Dermal Contact) 6.90E-04 | <1% N
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TABLE D-4: WITHIN-MEDIUM COMPA.RISONS— CHEMICALS IN SOIL/SEDIMENT

Nickel . : -
Hazard Percent of Retain Pathway?
Pathway Index Largest Pathway Yes/No
Soil to Air to Humans (Inhalation) 3.48E-07 <1% N
Soil to Humans (Ingestion) 1.79E-05 8% Y
Soil to Livestock/Game (Beef) to Humans (Ingestion) 2.14E-05 10% Y
Soil to Dairy Cattle (Milk) to Humans (irigestion) 2.88E-05 13% Y
Soil to Vegetation to_Humans (Ingestion) , R 2.14E-04 100% Y
Soil to Pasture to Livestock/Game (Beef) to Humans (Ingestion) 3.11E-05 15% Y
Soil to Pasture to Dairy Cattle {Milk) to Humans (Ingestion) V 3.84E-05 18% Y
Soil to Humans (Dermal Contact) 1.04E-05 5% Y
Polychlorinated Biphenyls (PCBs)
: : ' Percent of Retain Pathway?
Pathway Risk Largest Pathway Yes/No
Soil to Air to Humans {Inhalation) 5.36E-08 <1% N
Soil-to Humans {Ingestion) 2.75E-06 3% Y
Soil to Livestock/Game (Beef) to Humans (Ingestion) 8.23E-05 100% Y
Soil to Dairy Cattle (Milk) to Humans (Ingestion) 4.44E-05 54% Y
Soil to Vegetation 1o Humans (Ingestion) 1.54E-05 19% Y
Soil to Pasture to Livestock/Game (Beef) to Humans {Ingestion) 5.59E-06 - - 7% Y
Soil to Pasture to Dairy Cattle (Milk) to Humans (Ingestion) 2.76E-06 3% Y
Soil to Humans {Dermal Contact) 1.60E-06 2% Y
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TABLE D-5: WITHIN-MEDIUM COMPARISONS-- RADIONUCLIDES IN SURFACE WATER

8/25/93

. {Water to Humans (Recreational-immersion) -

Barium-140 L 5ot { -
: Dose .. Percent of Retain Pathway?
|Pathway (Svlyr) Largest Pathway Yes/No
Water to Humans {Ingestion) 3.26E-08. 100% Y
Water to Livestock/Game (Beef) t6 Humans (Ingestlon) 5.83E-12 <1% N
| Water to Dairy Cattle (Milk) to Humans (Ingestlon) 5.84E-11 <1% N
Water to Fish to Humans (Ingestion) 2.80E-09 9% Y
Water to Humans (Recreational-lmmersion) 6.90E-10. 2% Y
Cerium-144
Dose . Percent of Retain Pathway?
Pathway (Sv/yr) Largest Pathway Yes/No
Water to Humans (Ingestion) 8.22E-08, 37% Y
Water to Livestock/Game (Beef) to Humans (Ingestion) 1.14E-10 <1% N
Water to Dairy Cattle (Milk) to Humans (Ingestion) 2.53E-11! <1% N
Water to Fish to Humans (Ingestion) 2.20E-07; 100% Y
Water to Humans (Recreational-Immersion) 1.45E-11 <1% N
Cesium-137
o Dose . Percent of Retain Pathway?
Pathway (Sv/yr) Largest Pathway Yes/No
Iwater to. Humans {Ingestion) 1.84E-07 <1%. N
. '|water to Livestock/Game (Beef) to Humans (Ir‘ngesfion). 6.80E-09 <1% N
Water to Dairy Cattle (Milk) to Humans (Ingestlon) 6.70E-09. <1% N
Water to Fish to Humans (Ingestion) 2.21E-05 100% Y
Water to Humans (Recreational-Immersion) 1.32E-10 <1% N
Cobalt-60
o Dose . Percent of Retain Pathway?
Pathway (Sv/yr) Largest Pathway Yes/No
Water to Humans (Ingestion) . S T 9.93E-08, ‘ 37% Y
Water to Livestock/Game (Beef) to Humans. (Ingestlon) .1.78E-09: |- <1% N
Water to Dalry ‘Cattle (Milk) to Humans (Ingestlon) 1.47E-09:3 | . <1% N
Water to Fish to Humans (Ingestion) = .- .| 2.66E-07; |- = 100% Y
Water to Humans (Recreational-lmmersion). .-+~ | 5.94E-10] | " <1% N
lodine-129 T S , -
L B . Dose ! .{ - Percentof Retain Pathway?
Pathway RES Largest Pathway Yes/No
|water to Humans (Ingestion) . * - FEANEET -9.08E-07". T100% Y
Water to Livestock/Game (Beef)-to Humans (lngestlon) 1.20E:08' . } 1% Y
Water to Dairy: Cattlé (Milk) to Humans (Ingestlon) L .| “4.60E-08:" | | 6% . Y
Water to Fish to Humans {Ingestion) - |~ 8.56E-07, 94%. .’ Y
2.28E-12, <1% N

21

RADNWAT.XLS




TABLE D-5: ‘WITHIN-MEDIUM COMPARISONS-- RADIONUCLIDES IN SURFACE WATER
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Water to Humans (Recreational-immersion)

lodine-131
‘ " Dose Percent of Retain Pathway?
Pathway (Sv/yr) Largest Pathway Yes/No
Water to Humans (Ingestion) 1.84E-07 100% Y
Water to Livestock/Game (Beef) to Humans (ingestion) ° 2.45E-09 1% - Y
Water to Dairy Cattle (Milk) to Humans (Ingestion). 9.34E-09 5% Y
Water to Fish to Humans (Ingestion) ' 1.74E-07 95% Y
Water to Humans (Recreational-Immersion) 8.77E-11 <1% N
lodine-133
Dose Percent of Retain Pathway?
Pathway (Svlyr) Largest Pathway Yes/No
Water to Humans {Ingestion) 3.B3E-08 100% Y
Water to Livestock/Game (Beef) to Humans (Ingestion) 5.08E-10 1% Y
Water to Dairy Cattle (Milk) to Humans {Ingestion) 1.94E-09 5% Y
Water to Fish to Humans (Ingestion) 3.61E-08 94% Y
Water to Humans (Recreational-Immersion) 1.41€-10 <1% N
Lanthanum-140
Dose Percent of Retain Pathway?
Pathway (Sv/yr) Largest Pathway Yes/No
Water to Humans (Ingestion) 2.98E-08 100% Y
Water to Livestock/Game {Beef) to Humans (ingestion) 1.65E-11 <1% N
Water to Dairy Cattle {Milk) to Humans {Ingestion) 3.05E-12 <1% N
Water to Fish to Humans (ingestion) 1.60E-08 54% Y
Water to Humans (Recreational-lmmersion) 6.62E-10 2% Y
Nepiunium-237
Dose Percent of Retain Pathway?
Pathway {Sv/yr) Largest Pathway Yes/No
Water to Humans (Ingestion) 6.38E-06 <1% N
Water to Livestock/Game (Beef) to Humans (Ingestion) 6.47E-10 <1% N
Water to Dairy Cattle (Milk) to Humans {Ingestion) 1.63E-10 <1% N
Water to Fish to Humans (Ingestion) 1.37E-03 100% Y
Water to Humans (Recreational-immersion) 3.26E-11 <1% N
Niobium-95 R
Dose Percent of Retain Pathway?
Pathway (Sviyr) Largest Pathway Yes/No
‘{Water to Humans (Ingestion) 9.64E-09 <1% N
Water to Livestock/Game (Beef) to Humans (Ingestion) 4.44E-09 <1% N
Water to Dairy Cattle (Milk) to Humans (Ingestion) 9.87E-10 <1% N
Water to Fish to Humans (Ingestion) 6.20E-06 100% Y
1.80E-10 <1% N.
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Water to Humans (Recreational-lmmersion)

Plutonium-238 - .
e Dose . | ™ Percent of Retain Pathway?
Pathway (Sviyn) - Largest Pathway Yes/No
Water to Humans (Iingestion) E 1.25E-05 - 100% Y
Water to Livestock/Game (Beef) to Humans (Ingestion) 2.30E-11, <1% N
Water to Dairy Cattle (Milk) to Humans (Iingestion} 6.39E-12 <1% N
Water to Fish to Humans {Ingestion)’ ) 2.14E-06' 17% - Y
Water to Humans (Recreational-lmmersion) 2.49E-14 <1% N
Plutonium-239/240 ) ]
Dose Pércent of Retain Pathway?
Pathway (Sviyn)’ Largest Pathway Yes/No
Water to Humans {Ingestion) 1.38E-05 100% Y
Water to Livestock/Game (Beef) to Humans {Ingestion) 2.54E-11 <1% N
“|Water to Dairy Cattle (Milk) to Humans (ingestion) 7.04E-12: <1% N
‘|Water to Fish to Humans (ingestion) 2.36E-06 17% Y
‘|Water to Humans {Recreational-lmmersion) 2.10E-14 . <1% N
Plutonium-241 .
‘ : Dose Percent: of Retain Pathway?
Pathway {Svlyr) . Largest Pathway Yes/No
Water to Humans (Ingestion) - . 2.69E-07 100% Y
- |Water to Livestock/Game (Beef) to Humans (Ingestuon) . 4.97E-13; <1% N
Water to Dairy Cattle {Milk) to Humans (Ingestion) - 1.38E-13. <1% N
Water to Fish to Humans (Ingestion) - 4.62E-08. 17% Y
Water 1o Humans {Recreational-lImmersion) - 6.53E-16 <1% N
|Protactinium-233
L Dose . Percent of Retain Pathway?
. Patﬁway ~(Sviyr) Largest Pathway Yes/No
Water to Humans (Ingestion) 1.26E-08, - 100% Y
Water to Livestock/Game (Beef) to Humans (Ingestion) 2.33E-13, - <1% - N
Water to Dairy Cattle (Milk) to Humans (Ingestlon) . 3.23E-13} <1% N
Water to Fish to Humans (Ingeéstion) - . 2.70E-09; 21% Y
Water to Humans (Recreational-lmmeérsion) 5.01E-111 - <1%: N
Ruthenium-103 SRR .- .
‘ ... Dose I Percent of " Retain Pathway?
Pathway e . (Sviyn) Largest Pathway Yes/No
Water to  Humans (lngestlon) R < '1.15E-08: - 100%_';_ L 'Y
Water to Livestock/Gamie (Beef) 1o, Humans (lngestlon) 4.24E-11° . <1%F - ‘N- .
Water to Dairy Cattle (Milk) to Humans {Ingestion) - 1.84E14 | <1%) - N
Water to Fish to Humans (Ingestion) * . 4.68E-09; 41%, . Y
1.11E-10 <1% N
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Ruthenium-106 7

Retain Pathway?

Water to Humans (Recreational-lmmersion)

Dose Percent of

PathWay “{Sv/yr) Largest Pathway Yes/No

Water to Humans (Ingestion) 1.06E-07 100% Y

Water to Liveétock/Garﬁe {Beef) to Humans {Ingestion) ‘3.92E-10 <1% N

Water to Dairy Cattle (Milk) to Humans {Ingestion) 1.80E-13 <1% N

Water to Fish to Humans (Ingestion) 4,33E-08 41% Y

Water to Humans (Recreational-Immersion) 5.06E-11 <1% N

Strontium-89

: . Dose Percent of Retain Pathway?

Pathway {Sv/yr) Largest Pathway Yes/No

Water to Humans {Ingestion) 3.40E-08 100% Y

Water to Livestock/Game (Beef) to Humans (Ingestlon) 1.88E-11 <1% N

Water to Dairy Cattle (Milk) to Humans (Ingestion) 2.44E-10 <1% N
{Water to Fish to Humans (Ingestion) ‘ 2.04E-08 60% Y

Water to Humans (Recreational-immersion) 1.00E-12 <1% N

Strontium-90

o Dose Percent of Retain Pathway?

Pathway {Sv/yr) Largest Pathway Yes/No

Water to Humans (Ingestion) 4.96E-07 100% Y

Water to Livestock/Game (Beef) to Humans (Ingestnon) 2.75E-10 <1% N

Water. to Dairy Cattle (Milk) to Humans (Ingestion) 3.56E-09 <1% N

Water to Fish to Humans (Ingestion) 2.98E-07 60% Y

Water to Humans ('Recreational-Imrﬁersion) 1.88E-12 <1% N

Technetium-99 .

Dose Percent of Retain Pathway?

Pathway (Sv/yr) Largest Pathway Yes/No

Water to Humans (Ingestion) 4.96E-09 60% Y

Water to Livestock/Game (Beef) to Humans ({ingestion) 7.78E-11 <1% N

Water to Daii'y Cattle (Milk) to Humans (Ingestion) 2.54E-10 3% Y

Water to Fish to Humans {Ingestion) 8.30E-09 100% Y

Water to Humans (Recreational-lmmersion) 4.90E-14 <1% N

Thorium-232 ]

FL Dose Percent of Retain Pathway?

Pathway (Sviyr) Largest Pathway Yes/No

Water to Humans (Ingestion) 1.08E-05 58% Y

Water to Livestock/Game (Beef) to Humans (ingestion) 1.19E-10 <1% N

Water to Dairy Cattle (Milk) to Humans (Ingestion) 2.76E-10 <1% N
“[Water to Fish to Humans (ihgestion) 1.86E-05 100% Y

4.85E-14 <1%. N
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TABLE D-5: WITHIN-MEDIUM COMPARISONS-- RADIONUCLIDES IN SURFACE WATER

K

8/25/93

_{Uranium-234/235

- 2.66E-10:

wore Dose .. | . Percent of Retain Pathway?
Pathway e (Sviyr) © | Largest Pathway Yes/No
" {Water to Humans (ingestion) , 9.93E-07 100% Y
Water to Livestock/Game (Beef) to Humans (Ingestion) * 3.66E-10 <1% - N
Water to Dairy Cattle (Milk) to Humans (Ingestion). 3.05E-09, <1% N .
Water to Fish to Humans (Ingestion) 1.60E-07 16% Y
Water to Humans {Recreational-lImmersion) 3.62E-11 <1% N
Uranium-238 ,
Dose |, Percent of Retain Pathway?
Pathway (Sv/yr) Largest Pathway Yes/No
Water to Humans (Ingestion) ; 8.79E-07 100% Y
Water to Livestock/Game (Beef) to-Humans (ingestion) 3.24E-10 <1% N
Water to Dairy Cattle (Milk) to Humans (ingestion) 1.67E-09; <1% N
Water to Fish to Humans {Ingestion) N 1.41E-07. 16% Y.
Water to Humans (Recreational-lmmersion) 2.82E-14° <1% N
Zirconium-95
: Dose " Percent of Retain Pathway?
Pathway {Sv/yr) Largest Pathway Yes/No
_{Water to Humans (Ingestion) L 1.56E-08 100% Y
Water to Livestock/Game (Beef) to Humans (Ingestion) 1.58E-10 1% Y
Water to Dairy Cattle {Milk) to Humans (Ingestion) 2.40E-12 <1% N
Water to Fish to Humans (Ingestion) 8.69E-10 6% Y
Water to Humans (Recreational-immersion) 2% Y
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TABLE D-6: WITHIN-MEDIUM COMPARISONS-- CHEMICALS IN SURFACE WATER 8/25/93

Arsenic (Noncarcinogenic)

Retain Pathway?

Water to Humans (Recreational-Dermal Contact)

Hazard Percent of

Pathway Index Largest Pathway Yes/No
Water to Humans (Ingestion) 5.00E+01 100% Y
Water to Livestock/Game (Beef) to Humans (Ingestion) 1.84E-01- <1% N
Water to Dairy Cattle (Milk) to Humans {Ingestion) 1.59€-02 <1% N .
Water to Fish to Humans (Ingestion) ‘ 4.71E+01 94% Y
Water to Humans (Recreational-Dermal Contact) 2.12E-02 <1% N
Arsenic {Carcinogenic) .

Percent of Retain Pathway?
Pathway ° Risk Largest Pathway Yes/No
Water to Humans (Ingestidn) 2.63E-02 100% Y
Water to Livestock/Game (Beef) to Humans (ingestion) 9.68E-05 <1% N
Water to Dairy Cattle (Milk) to Humans (Ingestion) 8.33E-06 <1% N
Water to Fish to Humans (Ingestion)’ 2.48E-02 94% 'Y
Watér to Humans (Recreational-Dermal Contact) 1.11E-05 <1% N
Beryllium

Percent of Retain Pathway?
Pathway Risk Largest Pathway Yes/No
Water to Humans (Ingestion—) 6.45E-02 100% Y
Water to Livestock/Game (Beef) to Humans (Ihgestion) 1.19E-04 <1% N
Water to Dairy Cattle (Milk) to Humans. (ingestion) 3.01E-07 <1% N
Water to Fish to Humans {Ingestion) 2.63E-02 41% Y
Water to Humans (Recreational-Dermal Contact) 6.13E-05 <1% N
Chromium (il1)

Hazard Percent of Retain Pathway?

Pathway Index Largest Pathway Yes/No
Water to Humans (Ingestion) 1.50E-02 100% Y
Water to Livestock/Game (Beef) to Humans (Ingestion) 2.54E-04 2% Y
Water to Dairy Cattle (Milk) to Humans (Ingestion) 8.45E-05 <1% N
Water to Fish to Humans (Ingestion) 5.14E-03 34% Y
Water to Humans (Recreational-Dermal Contact) 8.31E-06 <1% N
Chromium (VI) -

: Hazard Percent of Retain Pathway?
Pathway Index Largest Pathway Yes/No
Water to Humans (ingestion) 3.00E+00 100% Y
Water to Livestock/Game (Beef) to Humans {Ingestion) 5.09E-02 2% Y’
Water to Dairy Cattle (Milk) to Humans (ingestion) 1.69E-02 <1% N
Water to Fish to Humans (Ingestion) 1.03E+00 34% Y

1.66E-03 <1% N
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TABLE D-6: WITHIN-MEDIUM COMPARISONS-- CHEMICALS IN SURFACE WATER

8/25/93

Lead
Hazard Percent of Retain Pathway?
Pathway Index Largest Pathway Yes/No
Water to Humans {Ingestion) - o 1.07E+01 95% Y
Water to Livestock/Game (Beef) to Humans (Ingestion) 7.90E-03 <1% N
Water to Dairy Cattle (Milk) to Humans (Ingestion) 1.43E-02 <1% N
Water to Fish to Humans (Ingestion) 1.13E+01 100% Y
Water to Humans (Recreational-Dermal Contact) 7.89E-04 <1% N
Mercury 4
Hazard Percent of Retain Pathway?
Pathway Index Largest Pathway Yes/No
Water to Humans (Ingestion) , 5.00E+01 <1% N
Water to Livestock/Game (Beef) to Humans (Ingestion)- 2.49E+00 <1% N
Water to Dairy Cattle (Milk) to Humans (ingestion) 1.20E-03 <1% N
" |Water to Fish to Humans {Ingestion) 5.89E+03 100% Y
Water to Humans (Recreational-Dermal Contact) 4.05E-03 <1% N
Nickel
Hazard Percent of Retain Pathway?
-|Pathway Index Largest Pathway Yes/No
Water to Humans (Ingestion) 7.50E-01 99% Y
Water to Livestock/Game (Beef) to Humans (Ingestion) 2.77€-03 <1% N
-{Water to Dairy Cattle {(Milk} to Humans {Ingestion) 3.84E-03 <1% N
Water to Fish to Humans {Ingestion) 7.55E-01 100% Y
{Water to Humans (Recreational-Dermal Contact) 3.87E-04 <1% N
Polychiorinated Biphenyls (PCBs) .
Percent of Retain Pathway?
Pathway Risk Largest Pathway Yes/No
Water to Humans (Ingestion) o _ 1.16E-01 | | <1% N
Water to Livestock/Game (Beef) to'Humans.{Ingestion) ° - 1.06E-:02 | " <1% N
Water to Dairy Cattle (Milk) to Humans (Ingestion) 5.91E-03 | i . <1% N
Water to Fish to Humans (ingestion) ’ 2:48E+02 [ © 100% Y
! N

Water to Humans (Recreational-Dermal Contact)

-1.17E-03 -

ST <%
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APPENDIX E

SOURCE TERM ESTIMATES FOR X-10

Estimates of quantities of radionuclides released to the air or availabie for release as a result of
historical X-10 operations have been prepared for the following areas:

] Radloacuvc Lanthanum (RaLa) Processmg :

® Thorex Processing of Short-Decay Irradiated Thorium

e Chemical Separation of Plutonium from Clinton Pile Fuel
* Graphite Reactor Fuel Slug Ruptures

e Argon-41 from Graphite Reactor Cooling Air

¢ Tritium from Isotope Processing Programs

Each of these areas is discus.sed in this section, and estimated peak annual release quantities,
emission rates, and predicted air concentrations for 18 radionuclides that have been assembled
to support the screening process are presented in Table 5-1.

Emissions from Radioactive Lanthanum Separation Operations

- The quantities of radionuclides that were-available for release from ORNL processing of reactor
~ fuel for separation of radioactive lanthanum (RaLa processing) were estimated based on the RaLa
- production information summarized in the Task 1 & 2'report and some assumptions and simple
_calculations. Table 2-7 in the Task 1°& 2 report presents data concermng the ORNL Ral.a runs,

including run dates, numbers of fuel slugs procéssed, curies of barium dissolved, curies (Ci) of
barium shipped, and yield of the separatlon process. Complete mformatxon in all of these areas
is not currently available for each RaLa run. In order to support the screening process, values .
for missing data were estimated based on the .following relationships, which have been
characterized based on the con51derable data that are available: -

- cunes dlSSOlVCd per. slug
-« curie§ shlpped per slug " ’
- recovery efﬁclency (C1 shlpped + Ci dlssolved)

Values of these relatlonshxps were used to estunate the numbers of slugs processed and/or curies
dissolved for RaLa runs, for. which. such data have not yet been located.. An average value of
one of the above relatlonshlps calculated over a period near in' time and similar in nature-of
operations to each run with missing data ‘was-used to fill.in missing-values. This similarity of
operations is unportant because the curie content of the slugs .used in: Rala processing increased
significantly as supply shifted from ORNL grapthe reactor slugs to four-mch Hanford slugs and
later mcluded elght-mch Hanford slugs R : .

e W
)
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With the estimates in place, the magnitude of ORNL RaLa processing over the penod from 1944
to 1956 can be summanzed as follows:

Number of Slugs Processed: 34,000

Curies of Barium Dissolved: 1,300,000
“Curies of Barium Shipped: 560,000

The quantities of barium shipped were measured near the time of final separatlon of lanthanum,
and therefore do not include a s1gmﬁcant contribution from lanthanum-140

The amounts of the selected. ﬁss:on products that were available in each graphlte reactor slug
used for Rala processing in 1947 were estimated based on a neutron flux of 1 x 10%
neutrons/cm?-sec, an irradiation period of 40 days, and a cooling period of 1 day after removal
from the reactor. The fission product content of each slug was estimated using the following
equation:

A, = (1x10 njem?-sec)(5TTx10"#cm (N)(yield)(1-e ) ™)(2.703x10™"" Cifatom-sec)

where:
A = - activity of radionuclide i in each fuel slug (Ci)
1 x 10" n/cm*-sec = maximum graphite reactor flux
577 x 10% = fission cross section for uranium-235

N = number of U-235 atoms per slug

yield, = fission yield of radionuclide i for uranium-235

N = decay constant of radionuclide i (sec™)
t, = irradiation time in reactor (sec)
ty = cooling time after removal from reactor (sec)

2.703 x 10 11 Ci/atom-sec conversion from atoms/sec to curies

A cross section is a probability that a certain reaction will occur between a nucleus and an

incident particle or photon; in this case, the probability that an incident neutron will cause a

- U-235 atom to fission. The radioactivity content of each slug was multiplied times an estimated

9300 slugs processed in 1947 to estimate the total radionuclide mventory in processed fuel for
that year.

- Release {_fractiens were applied to radionuclide inventories to estimate quantities released. - The -
following release fractions were used:

. R Noble Gases 100%
Iodine 80%
* Particulates (i.e., others) 0.1%

The noble gas release fraction of 100% is based on the nonreactive nature of xenon and krypton.
The release fraction for iodine is based: on analyses of iodine release fractions at the Hanford
plant performed as part of the Hanford dose reconstruction project. The release fraction for
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particulate radionuclides is based on measured particulate emissions from Ral a processing at the
Idaho Chemical Processing Plant during 1957 compared to the estimated radionuclide inventories
in the materials testing reactor (MTR) fuel’ used as the barium source at that plant.

The plutomum content of the graphite reactor slugs in 1947 was estimated based on a plutonium
formation rate of 36.5 micrograms per kilowatt-hour of reactor exposure obtained from graphite
reactor operations reports. The fission rate correspondmg to the: neutron flux stated earlier was
converted to a reactor exposure over 40 days (in kilowatt-hours) and multiplied times the 36.5
microgram Pu/kW-hr value to yield the micrograms of plutonium formed per slug over 40 days
of exposure. A specific activity value of 0.0613 Ci/g was used to convert that mass to its curie
equivalent. A release fractlon of 0.1% was apphed to estimate plutonium emissions. )

Uranium emissions were estimated based on 2 6 pounds of natural uranium per slug, an isotopic
composmon of 99.276% uranium-238 and 0.71% uranium-235, and specific activity values of
3.3.x 107 Ci/g for uranium-238 and 2.14 x 10 Ci/g for uranium-235. A release fraction of
0.1% was applied to the quantities of the uranium isotopes to estimate releases to the
: atmosphere Release estimates for 1947 are. shown in Table E-1.

~ Radionuclide emissions for Oak Rldge RaLa processing of Hanford slugs during 1952 were
- estimated using the same method as above, with the following dxfferences

o a fission rate of 1.26 x 10", fissions/sec- -slug was calculated based on a power
~ level of 2.25 watts/gram ™~

reactor irradiation time was: 80 days

cooling time was 5 days: - -

slug mass was 1800'gr,arns ‘

an estimated total of 1300 slugs were dissolved

Release estimates for RalLa processing in 1952 are show in Table E-2.

Emissions from Thorex Short-Decay Runs -

- Quantities of radlonuclrdes avallable m the processing of short-decayed (20- 60 days of decay)
- irradiated thorium that occurred. in 1956 and 1957 were estimated based on documented
characteristics of the materxal that was dissolved. Quantities of thorium dlssolved in the four
short-decay runs are documented by McDuffee (1957) and McDuffee and Yarbro (1958). A
1957 memorandum by W.L.. Albrecht documented the activities of - protactnuum-233 (Pa-233)
and fission products in thorium receiving’ irradiation of the extent documentéd for. the short-decay
feed material. Data derived from the Albrecht memo are shown in Table E-3. .Pa-233, an

-activation product of thorxum—232 and the parent of uranium-233, -was by far the most prominent
radionuclide present. After 30. days of decay, each kilogram of u'radxated thonum metal that

© was processed contamecl over. 14 000 curies of Pa-233.

Quantities of Pa-233 and ﬁssmn products avallable for each of the 14 dlssolvmg batches of
Thorex Runs HD-19, SD-1, SD-2, and SD-3 were estimated by multiplying the quantity of
thorium metal dissolved in each batch by the curie content of each kilogram of metal based on
the Albrecht data. Reductions were made in the quantities estimated to have been available for
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TABLE E-1

ESTIMATED EMISSIONS FROM X-10 RaLa PROCESSING
OF X-10 SLUGS IN 1947

NA = Not Applicable

*  Value is for plutonium-239

O514ALRS.

Nuclide Half-Life Decay Coﬁstant Fission - Ci/slug at Total Ci Release Release
(seconds) (sec™) Yield 1 time t Available Fraction Total (Ci)
1-131 6.96 x 10*° 9.96x107 | 290x10° | 8.63x10* | 8.03x10* | 8% | 6.42x10%
1132 8.14 x 10*3 8.52 x 10° 440x107 | 9.39x10° | 8.73x 10* 80% 6.98 x 10*!
1133 7.31 x 10** 948x10% . | 6.50x10° | 9.60x 10*° | 8.93x 10** 80% | 7.14x10%
1-129 '5.36 x 10+14 1.29 x 10 1.00x10? | 1.50x10* | 1.39x 10* 80% 1.11 x 10*
' Ce-144 2.45 x 10* 2.82 x 10° 6.10x107 | 1.90x10% | 1.76x10% | 0.1% | 1.76x 10"
Cs-137 9.46x 10" | = 7.32x 107 590x102 | 5.00x10% | 4.65x10* | 0.1% 4.65x 10"
Kr-85 3.39 x 10%* 204x10° | 3.00x10° | 7.07x10° | 658x10" | 100% | 6.58x 10"
Xe-133 4.55 x 10*3 1.52 x 10% 6.50x102 | 1.90x10* | 1.77x10* | 100% | 1.77x 10**
Z1-95 5.67 x 107 1.22 x 107 6.40x 102 | 7.31x10* | 6.80x10* | 0.1% | 6.80x 10"
Nb-95 | 3.02x10% 2.29 x 107 6.40x102 | 1.15x10* | 1.07x10" | 0.1% | 1.07x10%?
Ru-103 3.41 x 10** 2.03 x 107 290x 102 | 4.82x10% | 4.48x10* | 0.1% | 4.48x 10"
Ru-106 | 3.18 x 10* 2.18 x 10* 3.80x10° | 9.22x102 | 858x10*2 | 0.1% 8.58 x 10"
Sr-89 | 4.55 x 10%6 1.52x 107 4.80 x 10? 6.49 x 10*° | 6.04 x 10** 0.1% 6.04 x 10*!
Sr-90 8.74 x 10+ 7.93 x 107 580x102 | 532x10% | 495x107 | 0.1% 4.95 x 10"
Ba-140 1.11 x 10** 6.27 x 107 630x102 | 1.77x10" | 1.65x10* | 0.1% 1.65 x 10*2
La-140 1.45 x 10% 4.79 x 10 6.30x10% | 1.40x10* | 1.30x10* | 0.1% 1.30 x 10+
Pu 7.69 x 10*'* | 9.01 x 10"+ NA 8.54x10* | 7.94x10* | 0.1% 7.94 x 10°
U-235 2.24 x 101 3.10 x 107 NA 1.79x 10% | 1.66 x 10" 0.1% 1.66 x 10*
U-238 1.42 x 10*7 4.87 x 1078 NA 3.90x10% | 3.63x10" | 0.1% 3.63 x 10°
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" TABLE E-2

ESTIMATED EMISSIONS FROM . X-10 RaLa PROCESSING
OF HANFORD SLUGS IN 1952

Nuclide Half-Life - | Decay Constant | . Fis.c;i‘oh_ “. | Cilslugat [ Total Ci " Release Release

(seconds)  (sech) Yield timet | - Available Fraction | Total (Ci)
1131 6.96 x 10*° 9.96x 107 | 2.90x10? | 641x10* | 834x10* | 80% | 6.67x 10**
1132 8.14x10° | 852x10° . | 440x10? | 1.57x10% | 2.04x 10" | 80% | 1.63x 10"
1-133 7.31 x 10*4 9.48x 10" | 6.50% 10° | 3.68 x 10% 4.79 x 10* 80% 3:83 x 10*3
1-129 5.36 x 10*" 129x10% | 1.00x10° | 3.04x107 |- 3.95x 104 80% 3.16 x 10*
Ce-144 2.45 x 107 2.82x10°. | 6.10x107 | 3.64x 10" | 4.73x 10 | 01% | 473x10"
Cs-137 9.46 x 10** 7.32x 10" | 590x102 | 1.01x10% | 132x10° | 01% | 1.32x10%
Kr-85 3.39 x 10*# 2.04x10° - | 3.00x10° | 1.43x 10" 1.86 x 107 100% 1.86 x 10"
Xe-133 4.55 x 10*S 152x10° | 650x107 | 1.15x10" | 1.49x10% | 100% | 1.49x 10*
Zr-95 . 5.67 x 10** 1.22x 107 © | 6.40x10% | 1.18x 10*2 | 1.53 x 10* 0.1% 1.53 x 10*?
Nb-95 3.02x10° | 229x107 | 6.40x10? | 1.57x10% | 2:04 x 10 0.1% | 2.04 x 10*2
Ru-103 3.41 x 10*$ 203x107 | 2.90%10° | 6.82 x 10 ' 887x10% | 01% | 8.87x10%
Ru-106 3.08x107 | 218x10° | 3.80x10° | 1.79x10%° [ 233x10% | 0.1% | 2.33x 10
Sr-89 4.55 x 10*8 1.52x107 | 480x 102 | 9.96x 10 " 1.29 x 10% 0.1% 1.29 x 10*?
Sr-90 874x10% | 7.93x10 | 580x10? | 1.08x10° | 1.40x10" | 0.1% | 1.40% 10%
Ba-140 1.11 x-10%¢ 627x107 | 630x10% | 1.62x10% [:2.10x10* | 0.1% | 2.10x 107
La-140 1.45 x 10% 4.79 x 10 6.30x10? | 271x10* | 353x10% | 0.1% | 3.53x 10"
Pu 769x 107 | oorx10m | NA | 174x102 | 226x107 | 0.1% 2.26 x 102
U-235 224x10°¢ | 3.10x107 | NA | 273x10° | 3.55x102 | 0.1% | 3.55x 10°
U-238 142x10°7. | ~487x10® ° | NA “|% 5_95_x 1047 774x10" | 01% | 7.74x10*
JA = Not Applicable o
*  Value is for plutonium-iB§
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TABLE E-3

~ FISSION PRODUCT ‘AND PROTACTINIUM-233 :
CONTENT OF SHORT-DECAY IRRADIATED THORIUM

" Radionuclide i per kg of Thorium after 30 d of Decay “
Total Fission Products . IR 340
Kr-85 0.12
7195 )
Nb-95 68
Ru-103 9.0
Ru-106 0.90
1-131 5.0
1-132 (Te-132) 0.17
Xe-133 3.1
Ba-140/La-140 54
Ce-141 54
Ce-144 14
Pa-233 14,000
Reference: Albrecht, 1957.
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batch HD-19-A to-account for an irradiation level of 3300 grams Mass-233 per metric ton of
thorium instead of the 4000 g/t value that was the basis of the Albrecht data and for a decay
period of 109 days instead of 30. Reductions were made in the quantities estimated to have been
available for batches HD-19-B and -C- to account for irradiation levels of 1910 grams Mass-233
per metric ton of thorium instead of the 4000 g/t value that was the basis of the Albrecht data.

Quantities of uraniurn—,233.- that were containéd in the dissolved metal were estimated by
multiplying the kilograms of uranium reported to have been dissolved in each batch by 9.48, the
number of curies of U-233 per kilograin of U-233.

Release fractlons of 100%, 80% and 0. 1% were applied to noble gases, iodine and particulates,

respectively. Estimated quantmes of radionuclides that were released in the course of the
Thorex short-decay processing of thorium: metal are shown in Table E-4. ‘Available data appear
to indicate that calendar year 1957, due to’ processing of short-decay thorium in the Thorex pilot
plant was the period of peak a1rbome emissions of Pa-233 from the Oak Ridge Reservation.

Emissions from Chemical Separation of Plutonium from Clinton Pile Fuel

Estlmates of quantities of plutomurn uranium, and fission products available in the course of
early processing of graphite reactor fuel slugs for recovery of fissionable plutonium were
prepared based on material processing rates, estimated process efficiencies, and rates of
production of plutonium and fission products in the natural uranium fuel slugs.

The chemical processing pilot plant operated. full-scale from January 1944 until production ended
in January 1945 (Jones, 1985). The bismuth phosphate process was used to recover 326.4 grams
~ of plutonium (Johnson and Schaffer, 1992). The efficiency of- separatlon of plutonium from
fission products was improved from 40% to 90% (Jones, 1985). Taking the average plutonium
recovery efficiency to be 65% (the midpoint of 40% and 90%), the total amount of plutonium
processed was estimated to have been 326.4 + 0.65 = 502 grams. Based on a specific activity
of 0.0613 Ci/g, this corresponds to 30.8 curies of plutonium. '

Given that the pile first went crmcal on November 4th, 1943 and that chemical processing
involved one-third ton of uranium per day: by late January 1944 (Thompson, 1963), it appears
that decay perlods for the slugs processed early in the campaign: could not have been very long.
A semi-monthly | progress report:issued in August 1944 indicated that slugs involved in recent -
dissolvings had been ‘approximately 60 days old-(Leverett, 1944) A decay penod of 30 days
was selected for the: purposes of screemng calculations.

The fission rate per.ton of uramum processed was estimated based ona neutron ﬂux of 5 x 10"
neutrons/cm?-sec. The radlonuchde content of each ton of uranium processed- was estimated
using the equation given in.the: begmmng of thxs appendix, with'that fission rate substituted for
the first three terms on the right hand-side, an-irradiation time of 40 days, and a coolmg period
of 30 days. These quantities were multiplied times 0.3 ton per day processed times 365 days
to yield the totals of each radionuclide processed. _
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TABLE E-4

ESTIMATED RADIONUCLIDE EMISSIONS
~ ORNL THOREX SHORT-DECAY RUNS

(July 1956 through November 1957)

_Metal Dissolved. Activation Products Available (Ci)
(kilograms) ' o -

Batch Th U U-233 Pa-233
HD-19-A 239.3 0.79 7.49 x 10*° 3.75 x 10**
HD-19-B 351.8 0.673 6.38 x 10*° - 2.42x 10*
HD-19-C- .30.8 0.059 . 5.59 x 10 C2.12x 10*.’7
SD-1-A - 382.7 0.926 8.81 x 10*° 5.52 x 10*¢

SD-1-B 335.7 0.422 4.00 x 10*° 4.84 x 10+

SD-1-C | 16.3 0.025 2.37 x 10" 2.35 x 10**
SD-2-A 438.2 1.481 1.40 x 10* 6.32 x 10+

SD-2-B 261.7 0.783 7.42 x 10*° 3.77 x.10%¢ -

- SD-2-C 264.3 8.38 7.94 x 10*° , 3.81 x 10*6

SD-2-D 3314 9.15 8.67 x 10*° 4.78 x 10**
SD-2-E : '161.6 0.502 4.76 x 10*° 2.33 x 10**
SD-3:A 324 0.834 7.91 x 10*° 4.67 x 10*¢

SD-3-B 3014 0.768 7.28 x 10* 4.34 x 10*¢
SD-3-C 129.1 0.331 3.14 x 10*° 1.86 x 10*¢
1956 Total 622 1.52 1.44 x 10% 3.01 x 10*¢
1957 Total 2,946 7.83 7.42 x 10! 4.25 x 10*7
TOTAL | - 3,568 9.35 8.86 x 10*! 4.55 x 107

Release Fraction 0.1% 0.1%

1957 Emissions (Ci): ' 7.42x 10? 4.25 x 10*4




TABLE E-4
(CONTINUED)

ESTIMATED RADIONUCLIDE EMISSIONS

ORNL THOREX SHORT-DECAY RUNS

(July 1956 through November 1957)

OS14ALRS

Fission Products Available (Ci) “
Batch. - Zr95 _Nb-95. | Ba/La140 Ce-141 Cet4d |  Ru103 1131 Xe-133 Ru-106 © Krs$5 ||
up-19-a | 618x10% | 279x10% | 148x10m | 198x10° | 220x107 | 445x10 | 109x10° | 189x10® | 153x10 | 228x10 “
Hp-198 | 121x10% | t1ax10%) 96ax100 | o0sx10v | 227x100 | 1s1x100 | 8325107 | s22x10% | 1sixiet | re7x10 "
up9C | 106x10% | 904x107 | 7.95x107 | 795x100 | 199x107 | 132x107 | 720x100 | as7xie | 132xi0v | 172x10%
SD1A |- 276x10% |-259x10% | 207x10 | 207xd0* | s17x10 | 3asx100 | 190x100 | rioxtor | 3asxi10 | s4sxiort
SDAB | 242x10% | 227100, | 1sixio | 1sixi0t | asex100 | do2xi00 | 1e6x100 | 10ax100 | 3022107 | 393x107
sn-,nb“ 1 txee ] L0 x:“lqo}:"i A.s8txiorr | 881x10? | 220x 1000 1.4i x102, | 808x10" | 507x10" | 147x10 | 191x 10°5°
sD2A - | atexi0v | 206x10% | 237x10% | 237x10 | so2x100 | 395x100 | 207x100 | 136x10t. | 39sx10m | sa3xien
sp2B - |. 189x10% | 177x10% | 1a1xi0 | rarxioe | 3sex100 | 236x100 | 130x100 | 813x100 | 236x107 | 3.06x 10
sp2c b rooxioe | azexto | taaxioe | rasxier | 3srxi00 | 238x100 | 131x10 | s21x100 | 238510 | 310x 10 ||
sp2D | 239x10% .| 224x10 | 179x10% | 179x10% | 448x10® | 299x107 | 1eax10 | 103x10® | 299x10% | 3.88x10"
SD2E . | 116x10% | 1.09x10% | 874x10° | 87ax100 | 218x100 | 146x10% | sorx107 | so2x100 | 146x10% | 1.89x 10
L. spaa [ 23exi0 | 2i9x10 | 175x10n | 135x10¢ | a38x100 | 200100 | 161510 | to1at0 | 292x10 | 3795100 f
sD3B | 247x10* [“208x10" | 1e3xi0 | 163x10% | 407x107 | 272x107 | 149x107 | 937x10 | 272x10 | 353% 10
sp3c | 930 210 | 87m2x107 | 698x10 | 698x10” | 174x10” | 1162107 | 6405107 | 401x10" | 116x10 | 151x10°
1956 Tor | 193 10% | is1x10 | 100x10* | 119x10% | a67x10® | 200x100 | 906x10 | sesx107 | 318x107 | 442x10m
1957 Toial | 212x10% | 199x10* | 1.59x10 | 1s9x10* | 398x10 | 265x10% | r46x10 | 916x100 | 2655100 | 3455100
TotaL | 232x10% | 214x10% | 1e9x10 | 171x10 | aasxio | 286x10 | 1ssxio | 973x100 | 2975100 | 389107 “
Release iz |  o1wm 0.1% 0.1% 0.1% 0.1% 80% 100% 0.1% 100%
Fraction
1957 212210 | 1.99x10° | 1.59x102 | 1.59x10° | 398x10* | 2.65x100 | 1.17x10* | 9.16x10* | 2.65x10® | 3.45x 10"
Emissions -
I (Ci):
9



- The amount of uranium available was estimated to be 0.3 tons per day times 365 days, or
219,000 pounds. This amount of natural uranium was estimated to be 0.71% U-235 and 99.28%
U-238 by weight, yielding totals of 1.5 and 210 curies of uranjum-235 and uranium-238
available, respectively. ,

Release fractions of 100%, 80%, and 0.1% were applied to inventories of noble gases, iodine,
and particulates available, respectively, to estimate quantities released to the atmosphere.
Estimated quantities of radionuclides that were released in the course of pilot plant chemical
~ separation of plutonium are shown in Table E-5. Available data appear to indicate that calendar
-year 1944, due to processing of graphite reactor fuel for chemical separation of plutonium, was
the period of peak airborne emissions of iodine-129, cerium-144, cesium-137, zirconium-95,
“piobium-95, ruthenium-103, ruthenium-106, strontium-89, strontium-90, plutonium,
uraniurp-235, and uranium-238 from the Oak Ridge Reservation.

Emissions from Graphite Reactor Fuel Slug Ruptures

The quantities of uranium, plutonium, and fission products released as a result of ruptures of the
aluminum cans which encased graphite reactor fuel slugs were estimated. The natural uranium
metal that comprised these slugs oxidized upon contact with air, and uranium oxide particles and

liberated fission products in pile exhaust air went unfiltered from 1944 to 1948. Fifty slug
rupture events from 1944 through 1948 were documented by Cagle and Emlet in 1948. Data

available concerning the slugs that ruptured include position in the reactor (row, position in row,
radial coordinate), date charged to the reactor, date ruptured, total age in days, accumulated
kilowatt-hours of exposure, and temperature zone.

The average neutron flux in the graphite reactor was reportedly 5.0 10" neutrons per cubic
centimeter per second, and each fuel slug contained approximately 1175 grams of natural
uranium metal (Rupp and Cox, 1955). With natural uranium being 0.71% U-235 by weight,
each slug contained 2.15x10% U-235 atoms. Based on a U-235 fission cross-section of 577
barns (577 X10% cm?), the average graphite reactor neutron flux resulted in 6.2 X 10" fissions
per second in each slug.

The fission product content of each slug that ruptured was estimated based on the fission rate
derived above and the length of time the slug had spent in the reactor. The age of each slug,
in hours, was estimated by dividing the reported accumulated kilowatt-hours of reactor exposure
by 3500 kilowatts, the average reactor power level. The fission product content of the slug at
the time of rupture was then calculated based on the fission rate, the fission yield of each fission
product nuclide, and the rates of decay of each fission product after it was formed using the
equation shown earlier in this appendix. All slug rupture events were assumed to have involved
single slugs, except for the events of November 30, 1947 and August 25, 1948, which involved
13 and 5 slugs, respectively (Cagle and Emlet, 1948). Reports indicate that "much" of the

“released uranium oxide fell to the water-filled canal below the reactor air outlet (Emlet, 1947;
Cagle and Emlet, 1948). No data or information was located to support a release fraction for
particulates from ‘slug ruptures. For the purposes of screening calculations, 10% of the
particulate fission product activities present in each slug at the time of rupture were assumed to
be released when the uranium oxidized based on professional judgement. Release fractions of
100% and 80% were applied to noble gas and iodine inventories, respectively.
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ESTIMATED RADIONUCLIDE EMISSIONS

4TABLE E-5

Sl L
'iﬁ" €27

CLINTON LABORATORIES CHEMICAL. SEPARATION OF PLUTONIUM

v

Nuclide | Half-Life | Decay Constant | Fission | Ci/Tonat | - 'roial ci Release | Release
‘ (seconds) Gsec) - | Yleld End of | 'Processed | Fraction | Total (Ci)
_ 1 : Cooling

i 1-131 6.96 x 10*5 9.96x107 ‘| 0. 059 270x 10" | 295x10* | 80% | 2.36x 10*
1132 8.14 x.10** 838x10° .| 0044 | 273x10" [ 299x10% | 80% | 2.39x10%
1133 7.31 x 10** 948x10% | 0065 | 1.75x10" | 1.91x105 | 8% | 1.53x10°
1129 536x107 | 1.27x10% | 0010 | 558x10° |.611x10* | 80% | 4.89x10*
Ce-144 245x1047 |  2.78x10% 0.061 | 6.60x10* | 7.23x10* | 0.1% | 7.23x 10"
Cs-137 9.46 10" 720x10° | '0.059 | 1.86x 10" | 204x10" | 0.1% | 2.04x10%
Kr-85 3.39 x 10** 201x10° | 0003 | 2.62x10% | 2.87x10 | 100% | 2.87x 10*
Xe-133 455x10% | 1.50x10% | 0065 | 1.70x10* | 1.86x 10 | 100% | 1.86x 10**
7195 5.67x10% | 120x107 | 0064 | 202x100 [222x10% | 01% | 222x10%
Nb-95 - 3.02 x 10*$ 225x107 | 0064 | 2.45x10% |'2.69x10% | 0.1% | 2.69x 10*
Ru-103 - | 3.41x 10% 203x107 | 0029 | 1.10x 107 '.1 20x10% | 0.1% | 1.20x 10%
Ru-106 3.18 x 107 2.14 % 10* 0.004: | 3.26x10* | 357510 | 01% | 3.57x10%
Sr89 4.55 x 10*8 150x 107 |7.0.048 | 1.67x10" | 1.83x10* | 0.1% | 1.83x 10"
$1-60 8.74 x 10*8 780x10™. | 0058 | 1.98x10* | 217x10® | 01% | 2.17x10%
Ba-140 1.11 x 10% 6.16x 107 | <0063 | 1.43x10" | 1.56x10% | 0.1% | 1.56x 10*?
La-140 1.45 x 10* 471x10% | 0063 | 4.02x102 |440x10" | 01% | 4.40x10°
Pu 7.69 x 10*11* 9,.0'1,.fo10'3:".":'5 B NA "NA :}:3.08.x 10+l 0.1% 3.08 x 102
U-235 224 0% | 310x 1097 NA | Na 1.3 51 x10° | 01% | 1.51x10°
| u-238 142x10*7 | - ag7x10m . | Na. | .NA }2 11x10% | 01% | 2.11x10°

NA = Not Applicable | R o

*  Value is for plutonium-239 i g
W+,
11
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Quantities of plutonium available from the ruptured slugs were estimated based on there being
an average of 60.5 grams of plutonium present per ton in uranium irradiated for 1000 days or
more (Emlet, 1947). This concentration applied to the mass of uranium liberated from ruptured
slugs yielded an estimate of plutonium available from each event. Quantities of uranium
available were estimated based on the number of slugs that ruptured and the mass (2.6 pounds)

" and composition of the natural uranium (0.71% U-235 and 99.276% U-238) that each slug-

~ contained.

With the multiple-slug ruptures in November, 1947 appears to be the year in which emissions

* from ruptured slugs would have been the greatest. In November 1948, the graphite reactor filter
house went into operation. While slug ruptures ‘continued past 1948 (there were 41 in 1956

-~ (Seagren and Cox, 1957)), emissions of particulate radionuclides were substantially decreased
by the filters, and non-filterable emissions do not appear to have approached the magnitude of
other operations which are being evaluated in the screening process. -

. Estimated quantities of radionuclides that were released from slug ruptures in the graphite
reactor in 1947 are shown in Table E-6. Available data appear to indicate that slug ruptures
were not the most significant airborne emission source for any of the identified radionuclides.
- “Ten of the radionuclides included in the assessment of slug rupture emissions could be elevated
“ to roughly the magnitude of the current most significant airborne emission source of the nuclide
in question if the particulate release fraction were to increase significantly from the 10% used
. in the screening calculations. The following values of particulate release fraction would be
required for emissions of the identified radionuclides from graphite reactor slug ruptures in 1947
“to rival the most significant emissions of that nuclide:

cesium-137 15%
strontium-90 , 15%
plutonium 26%
ruthenium-106 30%
cerium-144 34%
lanthanum-140 50%
barium-140 81%
zirconium-95 89%
strontium-89 96 %
niobium-95 100%

Emissions of Argon-41 in Graphite Reactor Cooling Air

Ar-41 was created by neutron activation of stable argon-40 in graphite reactor cooling air. The
release rate of Ar-41 from the graphite reactor stack was estimated to be 470 curies per day
when the pile was operated at a power level of 3.6 megawatts (Morgan, 1949). The graphite
reactor operated from November 1943 to November 1963, and annual emissions are not likely
to have varied significantly from the corresponding annual emission of 172,000 curies.
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TABLE E-6

ESTIMATED RELEASES FROM OAK RIDGE GRAPHITE REACTOR SLUG RUPTURES

Date | KWhinRx | Shgs | I-131 1133 1129 Celdd | Cs-137 Kr-85 Xe-133 Zr-95 Nb-95
‘Rel'd | | .
Feb47 | 68x107 | 1 | 48 1089 | 1.51x107 | 8.80 0.49 6.69x 10 | 10.89 1072 | 1072
Feb47 | 2.6x107 | 1 | 48 | 108 |s579x10°| 542 0.19 267x10° | 108 | 1032 | 1070
Apr47 | 94x10% | 1 | 301 | 108 |209x10° 0.28 001 | 9.92x10% 8.39 119 | 213
Auga7 | sex10% | .| ash | w08 | 126x10t| 154 | o004 | so2x10° | 1089 s44 | 189 |
Coct47 | 9.0x10v7 | 1 | 486 .| 10.89 1.99x 107 |  9.46 064 8.62x 102 | 10.89 10.72 1072
0a47. | 12x107 | 1 | 486 | 108 |[2s57x100] 201 | 009 | 120x10? | 10.89 820 | -10.02
‘Nov47 | 95x107 . f" 1| a8 | 108 [211x107| 957 | o068 | 9.06x102 [ 108 | 1072 | 072 -
Nov47 | 93x10 | 1 | 48 |- 1089 |208x107| 954 0.67 894x10° | 108 | 1072 | 1072
Nov-47 "*,‘;’..4-f»’x\'10.*’95 13 { 6317 | 14159 |271x109| 12412 8.76 L17x10% | 14159 | 13942 | 13042 |
Dec47 | 92x16* | 1 | a8 | 108 [205x1007| 952 0.66 | 8.86x102 | 10.89 10.72 10.72
Dec47 | 92x107 | 1| 48 | 108 |204x107| 951 066 882x102 | 108 | 1072 10.72
. Dec47-|.92%10% [ 1 ofi- 46| 1089 . | 20ex107 | o951 | oes.. |.882x102.] 1089 | a072.. | 1072..|
Dec47 | 96x107:| 1 | 48 |. 108 |213x107| 9.59 . 0.69 9.17x 10> | 1089 | 1072
Total Liberated in 1947 (Ci): Y2 ima30 | 440x10% | 200.77 1425 1.90 0 269.79 | 25037 | 255.95
Release Fraction: g% | 8% | 8% | 10% | 10% 100% | 100% | 10% 10%
1947 Release Total (Ci): - s;&f “l 22x107 | 35x10¢ | 2.1x10* | 1.4x10° | 1.9x10* | 27x10 | 25x 10" | 2.6x 10* }
OS14ALRS 13



TABLE E-6
(CONTINUED)

ESTIMATED RELEASES FROM OAK RIDGE GRAPHITE REACTOR SLUG RUPTURES

Date | KWhin | Slgs | Ru-103 | Ru-106 Sr-89 Sr-90 Ba-140 La-140 | U-235 U-238 Pu
Rx Rel'd |- . . - - ' :

Feb-47 | 6.8 x 10*’ 1 4.86 0.49 8.04 0.53 10.56 1056 | 1.79x10°% | 3.88x 10 | 4.82x 10°
Feb-47 | 26x107 | 1 4.84 0.28 7.91 0.20 1056 | 10.56 1.79x 105 | 3.88 x 10* | 4.82 x 10°
Apr47 | 9.4 x10* 1 0.87 0.0t - 1.10 0.01 4.80 10.45 179 x 10° | 3.88x 10* | 4.82 x 10°
Aug47 | 5.6 x 10*¢ 1 3.35 0.07 472 0.04 10.28 1056 | 1.79x 10° | 3.88 x 10 | 4.82 x 10°
Oct-47 | 9.0 x 10* 1 4.86 0.55 8.04 0.68 10.56 10.56 1.79x 10 | 3.88 x 10* | 4.82 x 10°
Oct-47 | 1.2x 10 i 4.46 0.14 6.72 0.09 10.56 10.56 1.79x 105 | 3.88x 10* | 4.82 x 107
‘Nov-47 | 9.5 x 10*7 1 4.86 0.56 8.04 0.72 - 10.56 10.56 1:79x 105 | 3.88 x 10* | 4.82 x 10°
Nov47 | 9.3 x 107 1 . 4.86 0.56 8.04 0.71 10.56 © 10.56 1.79x 10° | 3.88 x 10* | 4.82x 10°
Nov-47 | 9.4 x 10* 13 63.2 7.23 104.56 9.30 137.24 137.24 | 232x10* | 5.05x 10° | 6.27 x 102
Dec47 | 9.2 x 1047 1 4.86 0.55 8.04 0.1 10.56 10.56 1.79x 10% | 3.88x 10¢ | 4.82x 107 |
Dec47 | 9.2 x 10*7 1 4.86 0.55 8.04 0.70 10.56 10.56 1.79x 105 | 3.88x 10* | 4.82 x 10°
Dec47 | 9.2 x 10*7 1 4.86 0.55 8.04 0.70 10.56 10.56 1.79x 10 | 3.88x 10* | 4.82 x 10°
Dec-47 | 9.6 x 10*7 1 4.86 0.56 8.04 0.73 10.56 . 10.56 | 1.79x10° | 3.88x 10* | 4.82 x 10°

: =

Total Liberated in 1947 (Ci): 115.58 12.11 189.35 15.13 257.88 263.82 | 4.46x10* | 9.71x 10° | 1.21 x 10"
Release Fraction: 10% 10% 10% 10% 10% 0% | . 10% 10% 10%.
1947 Release Total (Ci): 1156 | 1.2x10° | 1.9x10" | 1.5x10° | 2.6x10" | 2.6x100 | 45x10° | 97x10* | 1.3x 102

0SI4ALRS
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Emissions of Tritium from Isotope Pmcéssing Programs

While a1rborne tritium was likely emltted to some extent from ORNL*reactor and fuel processing
operations, “available data indicate that the most s1gmﬁcant source of airborne tritium emissions
‘was the handling of tritium that was recelved from Savannah River, purified, and repackaged
for commercial dlstrlbutlon Documented quantmes of tritium shipped from ORNL provide
indication of trends of quantities of the nuclide that were processed. ~ According to” Isotope
Division reports, under 50,000 Ci were shipped each year 1952 through 1958; 1971 shipments
totaled 220,000 Ci; shipments in 1986 topped"a million cunes and shipments peaked at 2.4
million curies in 1987. ,

Reporting of airborne tritium emissions from ORNL began in 1972. Like quantities shipped,
the reported airborne effluents peaked in 1987. Reported quantmes of tritium shipped annually
from ORNL and quantities reported to have been released in’ 'ORNL airborne effluents are
depicted in Figure E-1. Because the mfonnatlon that has been revxewed does not identify any
sources of airborne tritium emissions in the 11950s through 1960s ‘that likely approached the
magnitude of reported emissions from 1sotope processing during the -1980s, the peak annual
tritium emission of 44,000 curies reported: for 1987 was used for screening calculations.
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APPENDIX F
SOURCE TERM ESTIMATES FOR K-25

This appendix describes the analyses and/or calculations performed to determine airborne source
terms for materials released from K-25. Source terms for several materials were taken directly
from existing documents, as described in Section 5.1.2 of the main text, and are not discussed
here. For the remaining materials, the calculations are described below.

Uranium-234/235 and Uranium-238

The highest annual release of uranium from K-25 occurred in 1958, but was reported in terms
- of total activity (1. 80 Ci) and total quantity (2711 kg), not in terms of specific isotopes. Using
the information provided in the Radlonuclxde Release Report for 1958 and estimated specific
activity values, the series of algebraic equations shown below was solved to determine the
~ percentages of total K-25 emissions that were released as uranium-235 and uranium-238.
Specific activity values were assumed to be equal to those for enriched uranium processed at
Y-12 used. in Appendix G calculations. These values correspond to mass-per-curie values of
15.8 kg/Ci for uranium-234/235 and 2780 kg/Ci for uranium-238. Because the gaseous
diffusion plant enriched uranium to assays greater than 90 percent uranium-235 prior to 1964
(MMES, 1986), it is reasonable to base screening estimates of K-25 releases during 1958 on
published gross emission data for that year and the isotopic composition spemﬁed by these
values.

x kg U-235 ykg U- 238 is the same as 1.8 = —%— + 2

1.80 Ci =
| 158 kg/Ci 2780 kg/Ci 158 2780

. v (Equation 1)
2711 kg = x kg U-235 + y kg U-238 is the same as 2711 = x +y
(Equation 2)

Step 1 Rearrange Equation-1 - -

158 *18—:-( "f"’+‘ A )* 158 N

7m0

284 < -
X 27soy
or
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-284 = -x - Lsiy , (Equation 1a)

Step 2 Sum Equation 1a and Equation 2

-28.4 = -x-15.8
27807
+ 2711 = x+y

2682.6 = 0.9943 y
or
2698 kg =y

Step 3 Solve for "x"

If y = 2698 kg, then x =
2711 kg = x kg + 2698 kg

13 kg = x

Step 4 Calculate source terms

13 kg

—=%8 _ -082Ci
15.8 kg/Ci

Uranium-234/235:

2Bk _ o970

Uranium-238:
2780 kg/Ci

Nickel

Information regarding the use of nickel sulfate at K-25 was retrieved from the stores inventory
for fiscal years 1982 and 1983 (Adams, 1993). Based on the amount of nickel sulfate that was
ordered and distributed in these two years, it appears that approximately 4000 pounds of nickel
were used each year. Although these inventories should capture all of the nickel sulfate ordered
through the stores department, it will not capture any nickel sulfate ordered by a division directly
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from the manufacturer. The amount of nickel sulfate that may have been ordered directly from
a manufacturer is not known, however, it is expected to be small compared to the amount
ordered through the stores department during the early 1980s. It was during this period that
K-25 was upgrading the diffusion cascade, ‘and the amount of nickel ordered in 1982 and 1983
should be representative of a high-activity period. A search of the stores inventories for fiscal
years 1979 and 1980 revealed no purchasing or distributing activity for nickel sulfate. The other
nickel compounds ordered or distributed during 1982 and 1983 were nickel electroplating
solutions, which are not.expected to be a source of airborne releases. - For the purpose of this
screening analysis, the maximum amount of nickel released is assumed to have ‘been 4,000
pounds, or 1,800 kg, during 1982-1983. -

Carbon Tetrachloride

Carbon tetrachloride was used at K-25 in the late 1940s and early 1950s. Information regarding
the amount of carbon tetrachloride used during this period was obtained from Site Quarterly
Progress Reports and from an interview with a current plant employee. The progress reports
for the third and fourth quarters of 1949 indicate that 9,155 and 7,000 gallons of carbon
tetrachloride were recovered through distillation during these periods, respectively (LeGeay,
1993). Based on the opinion of a current plant employee, this amount of carbon tetrachloride
was accumulated from 1946 to 1949. When the plant began to run out of clean carbon
tetrachloride, they distilled what had accumulated over the previous years. This distilled carbon
tetrachloride lasted until about 1952. It is unknown what percentage of the total the recovered
16,155 gallons represents; however, it would appear that this amount of carbon tetrachloride was
used between the end of 1949 and sometime in 1952. For the purpose of this screening analysis,

it is assumed that approximately one-third of 16,155 gallons, or about 5,400 gallons, was used
annually during this period. This amount was used in the calculation of predicted maximum
average annual air concentrations off-site. All 5,400 gallons are assumed to have been released
to the atmosphere.

Trichloroethylene

Information regarding the usage of trichloroethylene at K-25 was found during the review of the
Site Quarterly Progress Reports as part of Tasks 1 and 2. Between June 30, 1950 and June 30,
1951, 475 + 77 gallons per month weére used (UCC, 1951). It i is not: ‘known whether this is the
largest amount ever used at the plant. For the purpose of this screening analysis, it is assumed
that the upper end of the suggested range (i.e.; 475 + 77 or approximately 550 gallons) was
used each month during this period. This is equal to approximately 6,600 gallons over a
twelve-month period. It is assumed that all-6,600 gallons were released to, the-atmosphere. This
amount was used in the calculation of predicted maximum annual air concentrations off-site.
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APPENDIX G
SOURCE TERM ESTIMATES FOR Y-12

This appendix describes the analyses and/or calculations performed to determine airborne source
terms for materials released from Y-12. Source terms for several materials were taken directly
from existing documents, as described ‘in Section 5.1.3 of the main text, and are not discussed
here. For the remaining materials, the calculations are described below.

Uranium-234/235 and Uranium-238

Information on airborne release estimates of uranium-234/235 and uranium-238 was obtained
from several sources. The U.S. Department of Energy’s Historical Radionuclide Releases from
Current DOE Oak Ridge Operations Office Facilities (USDOE, 1988a; hereafter the
Radionuclide Release Report) and an update provided by Martin Marietta Energy Systems, Inc
(MMES, 1991a) provide airborne release estimates from 1944 to 1989, with the exception of
1948-1952, for which-data were not available. Additional information was located in another
historical radionuclide release report (Owings, 1986), a report on uranium losses from the late
1950s (Griffith, 1957), the Y-12 Plant Radioactive Effluent Reports for CY 1985-1991 (MMES,
1985-1990, 1991b; and 1992) and the U.S. DOE’s Annual Environmental Reports for 1985
through 1991 (U.S. DOE, 1985-1987, 1988b, and 1989-1992). Information from all of these
sources was used to generate natural uranium, uranium-234/235, and uranium-238 release
estimates shown in Table G-1. This table presents both measured and estimated annual releases,
~ in kg, that are then combined into a total activity release estimate, in curies. ‘

Based on the information gathered as part of Tasks 1 & 2, the largest reported annual release
occurred in 1956. Since this information is incomplete, it is important to bear in mind that
additional information gathered in any later stages of the health studies may indicate that the
highest releases occurred in another year. During this year, a total of approximately 13 kg or

0.83 Ci of uranium-234/235 and a- total of approximately 30 kg or 0.012 Ci of uranium-238
~ -were released into the atmosphere. However, the largest amount released was in the form of
natural uranium, which consists. of approximately. 0.71% uranium-234/235 and approximately
99.29% uranium-238 by Weight. Based on a.reléase estimate of 3363 kg’ natural uranium, an
additional 24 kg of uranium-234/235 (i.e:,.0.71% * 3363 kg) and 3339 kg of uranium-238 (i.e.,
99.29% * 3363 kg) were released. Using these release estimates-and the specific activity of
each isotope, an estimate of the total activity released during 1956 was calculated using the
following equation: S P R R ’

. S de T U
Activity Released (Ci):= Total Released (kg) * Specific Activity (Ci/kg)

The specific activity of Y-12 enriched uranium (uranium-234-and uranium-235).is 0.063 Ci/kg.
Assuming a total of 37 kg of uranium 234/235 were released during 1956 (i.e., 13 kg + 24 kg),
this corresponds to approximately 2:3 Ci.. For. uranium-238, the specific- activity is 0.00036

Ci/kg. Assuming a total of 3369 kg uranium-238 were released (i.e., 30 kg-+ 3339 kg), this
corresponds to approximately 1.2 Ci.’ B -
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Table G-1: Airborne Uranium Release Estimates for Y-12

, Total i Total Activity—
Measured Estimated Activity —Measured & Measured Estimated Measured & Estimated
23y p3sy 2ty Estimated Depleted 28y Depleted U Estimated Natural
Year {kg) {kg) 24y 235y (kg) . (kg) Depleted 2%y Uranium (kg)
(Ci)* (ci)®
1944 0.27 0.1 0.023 ND ND ND 55 I
1945 0.27 0.1 0.023 ND ND ND 102 II
1946 0.27 0.21 0.030 ND _ND ND 102 |
1947 0.27 . ND 0.017 ND ND ND 55
1948 0.27 0.11 0.024 ND ND ND 650
1949 0.27 0.1 0.024 ND ND ND 650
1950 0.27 0.11 0.024 ND ND ND 650
1951 0.27 0.1 0.024 ND ND ND 650
1952 0.27 0.1 0.024 ND ND ND 650
1953 0.40 ND 0.025 ND 30 0.011 683
1954 0.40 2 0.15 ND 30 0.011 3763
1955 0.40 2 0.15 ND 30 0.011 3763
1956 11.16 2 0.83 ND 30 0.011 3363
1957 9.16 2 0.71 ND 30 0.011 ND
I 1958 8.95 2 0.69 ND 30 0.011 ND
1959 28.53 2 1.9 ND 90 0.032 ND
1960 7.11 2 0.57 ND 90 0.032 ND
1961 7.11 2 0.57 ND 100 0.036 ND
1962 1.90 2 0.25 ND 90 0.032 ND
1963 11.06 2 0.82 ND 90 0.032 ND
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Table G-1: Airborne Uranium Release Estimates for Y-12 (Continued)

Total Total Activity —
Measured - Estimated Activity —Measured & Measured Estimated Measured & Estimated
2y 35y Bay sy Estimated Depleted *°U Depleted 2**U Estimated Natural
Year (kg) {kg) By sy (kg) (kg) Depleted %Y Uranium (kg)
. ‘ ' (ci* (ci® '
1964 - 948 .| 2 0.72 68.49 90 0.057 ND
1965 632 | D 0.40 35.14 240 0.099 ND
1966 | 1At ND. 0.45 ND 205 0.074 ND
1967 j‘-«:7'."‘1‘;1:" : 1 UND 0.45 - ND 205 0.074 _ND
1968 | - s3] " ND 0.35 ND. - " 205 0.074 ND -
1969 | 653 | - wD 0.35 12.00 205 0.078 ND *7
1970 |+ .6.3_2 ) N'b,f' - - 0.40 12.00 241 0.091 ND ©
1971 .. 079 ND. 0.050 - 84.38 205 0.10 o |
1972 .. " 0.6 ND 0.01 6.74 215 0.080 ND
1973~ | 016" ‘N 0.089 0.71 205 0.074 ND
1974 . - -’,1'.4'23" e Nbv»' 0.09 0.67 205 0.074 . ND -
19076 | 1.4 ND 0.11 2.36 © 205 0.075 ND
1976 174 |- . ND 0.11. ND 205 - 0.074 ND ==
4977 0.95 ND 0.060 ND 205 0.074 ND **
1978 | 0.6 ND 0.010 ' - ND 205 0.074 ND
1979 | 095, . :ND 0.060 ND 205 0.074 ND -
1980 . . 253 ND- 0.16 ND 215 0.077 ND
1981 1.90 ND* 0.12 ND 205 0.074 ND
“ 1982 1.74 ND 0.11 0.14 205 0.074 ND
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Table G-1: Airborne Uranium Release Estimates for Y-12 (Continued)

o Total ) Total Activity— .
Measured | Estimated Activity —Measured & Measured Estimated Measured & Estimated
23y 235y zay23sy Estimated Depleted 2%U Depleted 2V ‘Estimated . Natural
Year tka) (kg) 24U/ (kg) (kg) Depleted %%y Urariium (kg)

(cir (Ci)®

1983 1.90

- 1984 1.54 ND 0.10
1985 1.12 ND 0.071
1986 1.24 ND 0.078
1987 1.6 ND 0.10
1988 1.6 ND 0.10
1989 1.9 ND 0.12
1990 1.3 ND 0.082
1991 0.6 0.3 0.057

it

ND No data located

Assuming a specific activity of Y-12 enriched uranium (uranium-234 and uranium-235) of 0.063 Ci/kg.

Assuming a specific activity of uranium-238 of 0.00036 Ci/kg. _

c Assuming 0.71% of natural uranium by weight is uranium-234/235 with a specific activity of 0.063 Ci/kg, and 99.29% is uranium-238 with
a specific activity of 0.00036 Ci/kg.

oo

Source: Griffith, 1957; Owings, 1986
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~ APPENDIX H o

ENVIRONMENTAL MONITORING DATA FROM
SURFACE WATER BODIES ASSEMBLED |

FOR PATHWAY EVALUATION g
IMPORTANT NOTICE o

All of the environmental monitoring data presented in this jappendix
have been excerpted from the identified source docmﬁents. It was not
possible during the Phase I study to independently verify the éuality of
these data. The values as presented as they appear in tlie source
documents. No attempt was made to evaluate whether the nﬁhbers of
significant figures provided are appropriate. Comsideratble data.
validation efforts would likely be necessary prior to‘ use of thesj'e data as

a basis for estimation of historical exposures or health risks.




APPENDIX H

ENV]RONMENTAL MONITOR]NG DATA FROM
SURFACE W_ATER BODIES ASSEMBLED
FOR PATHWAY EVALUATION

This appendix presents the surface water sampling data assembled -for use in exposure pathway
evaluation. This information was gathered from a review of approximately 100 documents
describing environmental sampling .on or near the Oak Ridge Reservation. Data from three
general locations are included: at or just downstream of the confluence of Poplar Creek with
the Clinch River (for the K-25 facility evaluation), at or just downstream of White Oak Creek
with the Clinch River (for the X-10 facrhty evaluation), and in East Fork Poplar Creek at or
near the City of Oak Ridge (for the Y-12 facility evaluation). These data are presented in Tables

. H-1, H-2, and H-3, respectively. - { For each contaminant for which data were located, the

maximum value measured during a given sampling program at a given location is recorded.
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* TABLE H-1: ENVIRONMENTAL SAMPLES AT OR DOWNSTREAM OF THE CONFLUENCE OF THE CLINCH. RIVER AND POPLAR CREEK (K-25 SITE)

Chemical or Number of Maxi - Spech
Media ' Radionuclide Date Location Study Samples Value Units (Fish} Comments
Fish Arsenic 1984 CRM 11.0 TVA, 1985¢ 30 0.4 mg/kg NA
Fish Arsenic 1989-90 CRM 9.5 Cook et al., 1992 12 0.15 mg/kg (wet) NA
Fish Beryllium 1989-90 CRM 9.5 Cook et al., 1992 12 <0.003 ___mg/kg (wet) NA
Fish Chromium 1977 CRM 11.5 Loar et al., 1981 28 0.33 mg/kg (wet) Shad -
Fish Chromium 1977 CRM 10.5 Loar et al., 1981 55 0.92 mg/kg {wet) : Shad
Fish Chromium 1984 CRM 11.0 TVA, 1985c 30 - 0.14 mg/kg {wet) Bass -
Fish . Lead 1977 CRAM 11.5 Loar et al., 1981 28 ) 0.38 mg/kg (wet) Shad . -
Fish Lead 1977 CRM 10.5 Loar et al.,- 1981 55 0.31 mg/kg (wet) . Lepomis
Fish Nickel 1977 CRM 11.5 Loar et af., 1981 28 1.2 mg/kg (wet) Lepomis .
Fish Nickel 1977 CRM 10.5 Loar et al., 1981 55 0.9 mg/kg {wet) Lepomis
Fish Nickel 1984 CRM 11.0 TVA, 1985c 30 1 ’ mg/kg (wet) Smallmouth Buffalo
Fish PCBs 1977 PCM 0.5 Loar et al., 1981 50 6 mg/kg (wet) NA
Fish PCBs 1977 CRM 11.5 Loar et al., 1981 19 0.4 mg/kg (wet) NA
Fish PC8s 1977 CRM 10.5 Loar et al., 1981 25 0.5 mg/kg (wet) : NA
Fish PCBs - 1984 CRM 11.0 TVA, 1985¢ 70 1.2 mg/kg (wet) NA
Fish PCBs 1984 CRM 12.0 MMES, 1985 200 12 mg/kg {(wet) Carp
Fish PCBs 1985 CRAM 12.0 MMES, 1986 34 1.4 mg/kg (wet) Carp
Fish PCBs 1988 CRM 2.1 TVA, 1990 10 4.6 mg/kg {(wet) - NA
Fish PCBs 1989-90 CRM 9.5 Cook et al., 1992 16 2.1 mgkg {wet} NA
Fish Pu-238 1978 CAM 12.0 ucc, 1979 5 0.22 pCi/kg (wet) Shad Five posites of 10 fish each
Fish Pu-238 1979 CAM 12.0 UCccC, 1980 5 0.88 pCi/kg (wet) Bluegilt Five posites of 10 fish each
Fish Pu-238 1980 CRM 12.0 ucc, 1981 5 0.12 pCi/kg {wet) Bluegill Five composites of 10 fish each
Fish Pu-238 1981 CAM 12.0 UCC, 1982 5 0.1 pCi/kg (wet) Biluegill Five composites of 10 fish each
Fish Pu-238 1982 CAM 12.0 UCC, 1983a 5 0.024 pCi/kg twet) Shad- ) Five posites of 10 fish each
Fish Pu-238 1983 CAM 12.0 MMES, 1984 5 0.15 pCirkg (wet) Bluegill Five posites of 10 fish each
Fish Pu-238 1984 CRM 12.0 MMES, 1985 5 0.23 pCi/kg {wet} Shad Five posites of 10 fish each
Fish Pu-238 1985 CRM 12.0 MMES, 1986 5 0.02 pCi/kg {wet) Bluegill Five composites of 10 fish each
Fish Pu-239 1976 CRM 12.0 ucc, 1977 1 0.29 _pCi/kg (wet) shad Five posites of 10 fish each
Fish Pu-239 1977 CRM 12.0 UCC, 1978 2 0.82 pCitkg (wet) shad Five composites of 10 fish each
- Fish Pu-239 1978 CRM 12.0 uUcc, 1979 5 0.16 pCi/kg (wet) Shad Five posites of 10 fish each
Fish Pu-239 1979 CRM 12.0 UCC, 1980 5 0.88 pCi/kg (wet) Bluegill Five composites of 10 fish each
Fish Pu-239 1980 CRM 12.0 UCC, 1981 5 0.17 pCi/kg {wet) Shad Five composites of 10 fish each
Fish Pu-239 1981 CRM 12.0 ucc, 1982 5 0.081 pCifkg (wet) Bluegill - Five posites of 10 fish esch
Fish Pu-239 1982 CRM 12.0 UCC, 1983a 5 0.027 pCirkg (wet} Bluegill Five composites of 10 fish each
Fish Pu-239 1983 CRM 12.0 MMES, 1984 5 0.83 pCi/kg (wet) Bluegill Five composites of 10 fish each
Fish Pu-239 1984 CAM 12.0 MMES, 1985 5 1.5 ‘pCilkg {wet) Shad Five composites of 10 fish each
Fish Pu-239 1985 CRM 12.0 MMES, 1986 5 0.055 pCi/kg (wet) Bluegill Five composites of 10 fish sach
Fish Tc-99 1984 PCM 0.2 TVA, 1985¢c 4 490 pCirkg (wetl . NA
Fish U-234 : 1983 CRM 12.0 MMES, 1984 1 3.1 pCi/kg {wet) Shad One posite of 10 fish
Fish U234 1984 CRM 12.0 MMES, 1985 1 53 pCi/kg (wet} Shad One posite of 10 fish
Fish U-234 1985 CRM 12.0 MMES, 1986 1 5.1 pCi/kg (wet} Bluegill One composite of 10 fish
Fish U-235 1978 CRM 12.0 UcCcC, 18979 1 0.48 pCi/kg (wet} Crappie One composite of 10 fish
Fish U-235 1979 CRM 12.0 UCC, 1980 1 8.5 pCi/kg {wet) Crapple One posite ot 10 fish
Fish U-235 1980 CRM 12.0 UCC, 1981 1 0.75 pCi/kg {wet) Shad One posite of 10 fish
Fish U-235 1981 CRM 12.0 UCC, 1982 1 2.23 pCi/kg (wet) Bluegill One composite of 10 fish
Fish U-235 1982 CRM 12.0 UCC, 1983s 1 0.024 pCi/kg (wet) Shad One composite of 10 fish
Fish U-235 . 1983 CRM 12.0 MMES, 1984 1 0.14 pCilkg (wet) Bluegill - One composite of 10 fish
Fish U-235 1984 CRM 12.0 MMES, 1985 1 2.5 : pCi/kg (wet) Shad One comp of 10 fish
Fish U-235 1985 CRM 12.0 MMES, 1986 1 0.49 pCi/kg (wet) Bluegill One comp of 10 fish
Fish U-238 - 1983 CRM 12.0 MMES, 1984 1 2.2 pCirkg (wet) Shad One composite of 10 fish
Fish U-238 1984 CRM 12.0 MMES, 1985 1 30 pCirkg (wet) One composite of 10 fish
Fish U-238 1985 : CRM 12.0 MMES, 1986 1 Ci/kg (wet) i One’ ite of 10 fish
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Chemical or Number of Maxk Spech
Media Radionucfide Date Location Study - Samples Value , Units {Fish) ] Comments

Sediment | _ Arsenic 1989-90 CRM 0.0-12 Cook et al., 1992 52 20.3 mg/kg N/A
Sediment, Arsenic 1984 CRM 10 TVA, 1985b 1 5.1 mg/kg (dry) N/A
Sediment Beryllium .. 1989-90 CRM 0.0- 12 Cook et al., 1992 52 1.6 - mg/kg N/A
Sediment Chromium’ 1977 CRM 11.0 UCC, 1978 2 87 mg/kg {dry) N/A
Sediment Chromium 1978 CRM 11.0 UCC, 1978 2 57 mg/kg (dry) N/A
Sediment . Chromium- 1979 CRM 11.0 UCC, 1980 2 244 mg/kg (dry) N/A®
Sediment Chromium - 1980 . CRM 11.0 UCC, 1987 . 2 - 14 mg/kg (dry) N/A
Sediment Chromium 1981 | . CRM 11.0 UCC,.1982 2 108 - mg/kg (dry) N/A
Sedi Chromium 1982 CRM 11.0 . UCC,.1983a 2 . 26 .mg/kg (dry) N/A |
Sediment Chromi 1983 CAM 11.0. . MMES, 1984 - 2 26 mg/kg (dry) - - N/A
Sediment |.  Chromi . 1984" CRM 10.0 MMES, 1985 1 9 . - mg/kg {dry) N/A
Sediment Chromium’ 1984 CRM 11.0 MMES, 1985 2 30 mg/kg (dry) N/A
Sediment | . Chromium. . 1985 - CRM 11.0 MMES, 1986 - 3 19 mg/kg (dry) N/A
Sediment - _Chromium . 1989-90 CRM 0.0- 12 Cook et'al., 1992 - 52 47.7 mg/kg (dry} N/A -
Sediment : __ Lead 1977 CRM 11.0 UCC, 1978 2 38 mg/kg (dry) N/A
Sediment _ Lead : 1978 . CRM 11.0 UCC, 1979 .2 35 mg/kg (dry) - N/A .
Sedimeit lead - 1979 CRM 11.0 . UCC, 1980 2 . 37 mg/kg {dry} N/A
Sediment | . “lead . 1980 - CAM 11.0 .- UCC, 1981 4 <12 : __mg/kg (dry) . N/A
Sedi . - Lead ~ 1981 .CRM 11.0 UCC, 1982 2 - 31 __mg/kg {dry) . - NA -
Sedif .~ Lead: 1982 ° CRM 11.0 UCC, 1983a. -2 - : 17 -~ _mg/kg-{dry) - - N/A, "~
Sediment |. . Lead 1983 __CARM11.0 . MMES,"1984 2 . 18 - mg/kg (dry) N/A: . ' C -
Sedimen Lead 1984 CRM.10.0 . MMES; 1985 ° I ERRT 14 - mg/kg;{dry) : N/A-- -~ - : e
Sediment | . Lead’ 1984 - CRM 11.0 - MMES,- 1985 2., - |- 29 . - mglkg (dry) ‘N/A - - E .
Sediment Lead 1985 CRM 11.0 MMES, 1986 3 - 20 mg/kg.(dry} - N/A L
Sediment | . Lead -1989-90 CRM 0.0- 12 Cook et al., 1992 52 37.6 |- ma/kg. (dry). : “N/A -
Sediment Nickel 1977 7 CRM 11.0 --UCC, 1978 2 55 ‘mg/kg (dry} L N/A: ¢
Sediment Nickel 1978 CRM 11.0 UCC, 1979 2 50 mg/kg (dry) | N/A
Sedt Nickel 1979 . CRM 11.0 UCC, 1980 2 26 mg/kg (dry}  *| - N/A -
Sediment | . . Nickel 1980 CRM 11.0 Ucc, 1981 2 14 mg/kg (dry) “N/A -
Sediment . Nickel 1981 CRAM 11.0 ucc, 1982 2 71 mg/kg (dry) N/A
Sedi Nickel - 1982 CRM-11.0 - UCC, 1983a 2 23 mg/kg (dry) N/A
Sedi .- - Nickel- - - 1983 CRM 11.0 MMES, 1984 2 18 mg/kg (dry} N/A
Sedi Nickel' - - 1984 - '|. CRM10.0 " __TVA, 19850 - L 14 mg/kg {dry) N/A
Sediment- |~ Nickel | - 1984~ -| - CRM11.0 _ MMES, 1985 2 22 mg/kg (dry) N/A
Sediment |~ . Nickel . | - 1985 . .| CRM11.0 . - MMES, 1986 3 28 mg/kg (dry) N/A
Sediment Nicket - i . 1989-90 ' CRMO0.0-12_| Cooketal, 1992 - 52 57.7 mg/kg {dry) N/A.
Sedim ~__PCBs 1979 - |- .CRM12 |- Long, 1979 1 <01 mg/kg (dry) ; N/A ] - R
Sediment - - .PCBS~-. -+ 7/12/84 CRM 10.0 : TVA, 1985b - 7 <0.1.° .__mg/kg {dry) - | .. NIA ) - oL e
Sediment Pu-238 - 1977 . |- CRM12 - Oakes et al., 1982 1 <0.0005 -pCilg dry) NA_ - " Top 3 inches of core.
Sediment Pu-238 . |- -1977 .-+ | . CRM 115 - |- Oakes.et al., 1982 2 0.03°, pCi/g (dry) . N/A ) "__Top3 inches of core
Sedi Pu-238. . 1977 . CRM 11.0 Oakes et al., 1982 4 --0.08 « |  pCug (dry) ] N/A B - __Top 3 inches of cors R
Sediment Pu-238 © <1984 “CRM.11.0 - - MMES, 1985 1 0.0038 pCi/g (dry) N/A . i
Sediment Pu-238 , 1989-90-* CRM 0.0-- 12 Cook et al., 1992 18 0.07 pCilg (dry) N/A
Sediment ‘Pu-239. |- -1984 CRM 11.0 MMES, 1985 1 0.035 pCi/g {(dry) N/A
Sediment Pu-239-  --| - 1984 -| - CRM 10.0 . TVA, 1985b 2 0.31 pCi/g (dry) N/A
Sediment Pu-239,240 | - 1977 ~~ . CRM-12 Oskes et al., 1982 1 <0.0005 pCi/g (dry) N/A Top 3 inches of core
Sediment Pu-239,240 | . 1977 _ - CRM 11.5 Oakes et-al., 1982 - 2 0.55 pCi/g (dry) N/A Top 3 inches of core
Sediment Pu-239,240 - - 1977 - | . CAM11.0 Oakes et al., 1982 4 0.9 pCilg (dry) N/A Top 3 inches of core
Sediment Pu-239,240° | - . 1989-90 CRM 0.0 - 12 Cook et al., 1992 18 1.57 pCi/g (dry) N/A

Soill Tc-99 1979 K-25 Perimeter Hoffman et al., 1980 9 1.7 pCi/g (dry) .
Sediment U-234 i 1983 CRM 12.0 MMES, 1984 NA 3 pCi/g {dry) N/A
Sediment U-234 1984 CRM 11.0 MMES, 1985 1 3 pCi/g (dry) N/A
Sediment U-234 - 1989-90 CRM O to 12 Cook et al., 1992 18 5.47 pCilg (dry) N/A
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TABLE H-1: ENVIRONMENTAL SAMPLES AT OR DOWNSTREAM OF THE CONFLUENCE OF THE CLINCH RIVER AND POPLAR CREEK (K-25 SITE)

Chemical or

Number of Maxi Spech
Media Radionuclide Date Location Study Samples Value Units (Fish) Comments
Sediment U-235 1989-90 CRM O to 12 Cook et al., 1992 18 0.69 pCi/g (dry) N/A ’
Sediment U-238 1989-90 CRM O to 12 Cook et al:;, 1992 18 4.03 pCiig (dry} N/A
Sediment Uranium 1977 CRM 11.0° UCC, 1978 2 1.4 mg/kg {dry} N/A
diment Uranium 1978 CRM 11.0 UCC, 1979 2 8 mg/kg {(dry) N/A
Sediment Uranium . 1979 CRM 11.0 UCC, 1980 2 1 mg/kg (dry) N/A
Sadiment "_Uranium - 1980 CRM 11.0 Ucc, 1981 2 1 mg/kg (dry} N/A
Sadiment Urani 1981 CRM 11.0 ycc, 1982 2 1 mg/kg {dry) N/A
Sediment Uranium 1982 CRM 11.0 UCC, 1983a 2 1 mg/kg {dry) N/A
Sediment Uranium 1983 CAM 11.0 MMES, 1984 2 1 mg/kg {dry) N/A
Sed Uranium 1984 CRAM 11.0 MMES, 1985 2 1 mg/kg (dry) N/A
-, Uranium -~ CRM 11.0° MMES, 1986 6 mg/kg (dry) N/A
i CRM 10.0 TVA, 1985 2 kg {dry) N/A
Water Arsenic 1977-78 CRM 11.6 Loar et al., 1981 NA 0.02 mg/L N/A
Water Beryllium 1984 CRM 6.8 TVA, 1985a 1 <0.001 mg/L - N/A
Water - Beryllium 1989-90 CRM0.0-12 Cook et al., 1992° 2 <0.0039 mg/L N/A
Water Chromium 1971 CRM.11.0 UCC, 1972 2 <0.004 mg/L N/A
Water Chromi 1972 CAM 11.0 ucc, 1973 12 0.06 mg/L - -N/A
Water - Chromium 1973 CRM 11.0 UCC, 1974 11 0.05 __mg/L N/A
Water Chromium 1974 CRM 11.0 UCC, 1975 12 . 0.02 - mg/L N/A
Water Chromium 1975 CRM 11.0 ucc, 1976 12 0.2 mg/L N/A
Water Chromium 1976 CRM 11.0 UCC, 1977 12 0.05 mg/L N/A
Water hy 1977 CRARM 11.0 UCC, 1978 12 0.02 mg/L N/A
. Water Chromium 1978 CRM 11.0 UccC, 1979 12 0.01 mg/L N/A
Water Chromium 1979 CAM 11.0 UCC, 1980 12 0.02 mg/L N/A
Water Chromium 1980 CRM 11.0 UCC, 1981 12 0.03 mg/t N/A
Water Chromium 1981 CRM 11.0 UCC, 1982 12 <0.01 mg/L N/A
Water Chromium 1982 CRM 11.0 UCC, 1983a 12 0.03 mg/L N/A
Water Chromium 1983 CRM 11.0 MMES, 1984 12 0.03 . mg/L N/A
Water hromi 1984 CRM 6.8 TVA, 1985a 1 <0.001 mg/L N/A
Water Chromium 1984 CRM 11.0 MMES, 1985 12 <0.01 mgft N/A
Water - Chromium 1985 CRM 11.0 MMES, 1986 11 0.02 mg/L N/A
Water Lead 1973 CRM 11.0 UCC, 1974 12 <0.02 mg/L N/A
Water Lead 1974 CRM 11.0 UCC, 1975 12 0.03 mg/L N/A
Water Lead 1975 CRM 11.0 UCC, 1976 12 0.25 mg/L N/A
Water Lead 1976 CAM 11.0 UCC, 1977 12 0.02 mgiL N/A
Water Lead 1977 CRM 11.0 Ucc, 1978 12 0.02 mg/L N/A
Water Lead 1978 CRM 11.0. Ucce, 1979 12 <0.01 mg/L N/A
Water Lead 1979 CRM 11.0 Ucc, 1980 12 <0.01 mg/L N/A
Water Lead 1980 CRM 11.0 UCC, 1981 12 <0.01 mg/t N/A
Water Lead 1981 CRM 1.0 UCC, 1982 12 <0.01 mg/L N/A
Water Lead 1982 CRM 11.0 UCC, 1983a 12 0.02 mg/L N/A
Water. Lead 1983 CRM 11.0 MMES, 1984 12 <0.01 mg/L N/A
Water . Lead 1984 CRM 6.8 TVA, 1985a 1 <0.001 mg/L N/A
Water Lead 1984 CRM 11.0 MMES, 1985 12 0.006 mg/L N/A
Water Lead 1985 CRM 11.0 MMES, 1986 11 0.01 mg/L N/A
Water Lead 1989-90 ‘CRM 0.0 - 12 Cook et al., 1992 3 <0.0015 mg/L N/A
Water Nickel 1975 CRM 11.0 UCC, 1976 12. 0.1 mg/L N/A
Water Nickel 1976 CRM 11.0 Ucc, 1977 12 0.05 mg/L N/A
Water Nickel 1977 CRM 11.0 UCC, 1978 12 0.03 mg/L N/A
Water Nickel 1978 “-CRM 110 UCC, 1979 12 0.03 mg/L N/A
Water Nickel 1979 CRM 11.0 UCc, 1980 12 0.01 mg/L N/A
Water Nickel 1980 CAM 11.0 Ucc, 1981 12 0.2 _mg/L N/A
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TABLE H-1: ENVIRONMENTAL SAMPLES AT OR DOWNSTREAM OF THE CONFLUENCE OF THE CLINCH RIVER AND POPLAR CREEK (K-26 SITE)

Chemica! or . - Number of Maxh . Speci
Media |- Radionuclide Location Study N Samples Value Units (Fish) Comments
Water_ | . Nickel CRM 11.0 UCC, 1982 L 12 ~ <0.01. mg/L ~ NIA .
Water ) Nickel CRM 11.0 - UCC, 1983a . 12 0.02 mg/L ) N/A -
. Water. . Nickel CRM 11.0 MMES, 1984 12 0.031 mg/L N/A
Water Nickel CRM 6.8 TVA, 19852 1 ) 0.021 mg/L N/A
Water Nickel . CRM 11.0 MMES, 1985 12 0.15 mg/l. - N/A
Water X Nickel CRM11.0. " |. MMES, 11986 11 .. 0.06 : mg/L N/A
Water PCBs- - CRM 9.5, ' |~ . Cooketal,b 1992 ° ? <0.001 mgiL . N/A
Water Tc-99 CRM6.8* - | ., TVA,.1985a 1 .. 0.73 pCifl N/A - Baseflow
Water Uranium™__ .. CRM 12 .- Jucg, 1972 . 4 J: . 6 . pCilL ) N/A- © Lo
Water Uranium ... > - "CRM12. . . uUcC, 1973 12. O} 8 pCilL N/A
Water .Uranium™ - CARAM 12 s UCC, 1974 12 5 pCilL N/A
Water . . Uranium CARM 12° . UccC, 1975 . .1 7 pCi/L N/A
* Water . Uranium . CRM 12 - | UCC, 1976 12 14 pCinL - N/A
Water Uranium® .| . CRM12° .- 1° <~ UCC, 1977. 12 17 . pCilL N/A
Water Uranium " ;- CRM 12 .. 1 "+ UCC, 1978 12 7 . pCi/L N/A
Water | .  Uranium;. - - . CRM.12 -, . UCC, 1979 5 12 21 pCi/lL N/A
Water Uranium =~ " "CRM 12 L.~ UCC, 1980 ] 12 8 pCiL N/A
Water., [ - - Uranium .- - CRM 12 .. UCC, 1981 12 -5 . pCilL * N/A. - ;
Water : 7| . - . Uranium>: , +CRM 125 " . UCC, 1982 . - .12 4 pCi/L. N/A - -
Water . Uranlum ", - CRM12° - UCC;, 1983a - - 12 - 4 - pCil. |- N/A -7
Water .. Uranium: "+~ o CRM'12 . .. MMES, 1984 . . 12 8.1 pCi/L. - N/A
. Water Uranium . . . »CRM12: : - MMES, 1985 . X B 12 7.4 pCilk N/A
Water . Uranium - S -'CAM.12 - *-|.. . MMES; 1986 -~ - | - . 12 , 8.1, - pCilt. . . : N/A . -
NA = Inf ion not avaflable . CL R
N/A = Not amlicabie 3 "
: L}
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TABLE H-2: ENVIRONMENTAL SAMPLES AT OR DOWNSTREAM OF THE CONFLUENCE OF THE CLINCH RIVER AND WHITE OAK CREEK (X-10 SITE)

10

pCi/kg (wet)

Chemical or Number of Maximum Spech
Media Radionuclide Date Location Study Samples Value Units (Fish} Comments
Fish Co-60 1960-62 Clinch River Morton, 1965 22 120 pCi/kg (wet) carpsucker Concentration represents annual avg.
- _Fish Co-60 1975 CRM 14.5 UCC, 1976 1 45 pCirkg (wet) NA One composite of 10 fish
" Fish Co-60 1976 CRM 20 UCC, 1977 1 67.4 pCilkg {wet)’ NA One p of 10 fish
Fish Co-60 1977 CRM 20.8 UCC, 1978 1 <217 pCi/kg (wet) NA One composite of 10 fish
Fish Co-60 1978 CRM 20.8 UCC, 1979 4 79.2 pCi/kg (wet) blue gill Avg of quarterly composites of 10 .
Fish Co-60 1979 CRM 20.8 UCC, 1980 4 92 pCi/kg (wet) blue gitt Avg of quarterly comp of 10
Fish Co-60 1980 CRM 20.8 UCC, 1981 4 59 pCi/kg (wet) blue gifl Avg of quarterly composites of 10
Fish Co-60 1981 CRM 20.8 UCC, 1982 4 140 pCilkg {wet) bass Avg of quarterly composites of 10
Fish Co-60-. 1982 CRM 20.8 UCC, 1983a 4 41 pCi/kg (wet) blue gill Avg of quarterly composites of 10
Fish Co-60 1983 CRM 20.8 MMES, 1984 4 110 pCi/kg {wet) shad Avg of quarterly composites of 10
Fish Co-60 1984 CRM 20.8 MMES, 1985 4 24 pCilg (dry) catfish Avg of quarterly composites of 10
Fish Co-60 1985 CRM 20.8 MMES, 1986 NA 14 pCirkg (wet) bluegitt
Fish Co-60 1988 CRM 20.8 MMES, 1987 6 0.24 pClig {ash wt} bluegill Alt ples were comp
Fish Co-60 1989-90 CRM 20.6 Cook et al., 1992 21 <700 pCi/kg (wet) NA
Fish Co-60 1989-90 CRM 14.7 Cook et al., 1992 6 <430 pCi/kg (wet) NA
Fish Cs-137 1960-62 Clinch River __Morton, 1965 122 1200 pCirkg (wet) carpsucker Concentration represents annual avg.
Fish Cs-137 1965 Clinch River UCC, 1966 NA 199 pCi/kg (wet) NA )
Fish Cs-137 1966 Clinch.River UCC, 1967 NA 1453 pCifkg {wet) NA
Fish Cs-137 1967 Clinch River UCC, 1968 NA 402 pCi/kg (wet) NA
Fish Cs-137 1968 Clinch River UCC, 1969 NA 559 pCi/kg {wet) NA
Fish Cs-137 1971 Clinch River UCC, 1972° 1 343 pCi/kg (wet) NA One posite of 10 fish
Fish Cs-137 1972 Clinch River UCC, 1973 1 185 pCi/kg (wet) NA One _composite of 10 fish
Fish Cs-137 1973 Clinch River UCC, 1974 1 1500 pCi/kg (wet) NA One composite of 10 fish
Fish Cs-137 1974 Clinch River UCC, 1975 1 187 pCirkg (wet) NA One p of 10 fish
Fish - Cs-137 1975 CRM 14.5 UCC, 1976 1 30 pCi/kg (wet) NA One p of 10 fish
Fish Cs-137 1976 CRM 20 UcCC, 1977 1 3417 pCitkg (wet) NA- One p of 10 fish
Fish Cs-137 1977 CRM 20.8 UCC, 1978 1 5397 pCi/kg (wet) NA One posite of 10 fish
Fish Cs-137 1978 CRM 20.8 ucc, 1979 4 10287 pCifkg (wet) bass Avg of quarterly composites of 10
Fish Cs-137 1979 .CRM 20.8 UCC, 1980 4 3955 pCi/kg (wet) biue gill Avg of quarterly composites of 10
Fish Cs-137 1980 CRM 20.8 ucCC, 1981 4 1289 pCifkg (wet) - blue gill Avg of quarterly composites of 10
Fish . Cs-137 1981 CRM 20.8 UCC, 1982 4 1371 pCirkg (wet)- biue gilt Avg of quarterly posites of 10
Fish Cs-137 1982 CRM 20.8 UCC, 19838 4 1100 pCifkg (wet) “biue gill Avg of quarterly composites of 10
Fish Cs-137 1983 CRM 20.8 MMES, 1984 4 2100 pCi/kg (wet) shad Avg of quarterly posites of 10
Fish Cs-137 1984 CRM 20.8 MMES, 1985 4 1300 pCi/kg (wet) bass _Avg of quarterly posites of 10
Fish Cs-137 1985 CRM 20.8 MMES, 1986 NA 1200 pCi’kg (wet) bass :
Fish Cs-137 1988 CRM 20.8 MMES, 1989 6 18 pClig (ash wt} bluegifl All samples were post
Fish Cs-137 1989-90 CRM 20.6 Cook et al., 1992 21 2310 pCiskg {wet) NA
~_Fish Cs-137 1989-90 CRM 14.7 Cook et al., 1992 6 <320 pCi/kg (wet) NA
Fish ‘Pu-238 1978 CRM 20.8 UCC, 1979 4 0.01 pCi/kg (wet) Bluegill Composites of 10 samples each
Figh Pu-238 1979 CRM 20.8 UCC, 1980 5 0.88 pCi/kg (wet) Bluegill Composites of 10 ples each
__Fish Pu-238 1980 CRM 20.8 UccC, 1981 5 0.12 pCilkg (wet) Bluegill Comp of 10 ples each
Fish Pu-238 1981 CRM 20.8 UCC, 1982 5 0.073 pCikg (wet) Shad Comp of 10 ples sach
Fish Pu-238 1982 CRM 20.8 UCC, 1983a 5 0.17 pCi/kg (wet) Shad Composites of 10 ples each
Fish Pu-238 1983 CRM 20.8 MMES, 1984 4 <0.13. pCi‘kg (wet) Shad Composites of 10 ples each -
Fish Pu-238 1984 CRM 20.8 MMES, 1985 6 0.41 pCi/kg (wet) Catfish Composites of 10 ples each
Fish Pu-238 1985 ‘CRM 20.8 MMES, 1986 8 0.012 pCi’kg (wet) Bluegill Composites of 10 ples each
Fish Pu-239 1976 CRM 20 UCC, 1977 3 0.27 pCilkg (wet) Shad Composites of 10 ples each
Fish Pu-239 1977 CRM 20 UCC, 1978 5 0.086 pCirkg (wet) Bluagilt Composites of 10 samples each
Fish Pu-239 1978 CRM 20.8 uce, 1979 4 0.02 pCi/kg {wet) Bluegilt Composites of 10 ples each
Fish Pu-239 1979 CRM 20.8 UCC, 1980 5 0.88 pCi/kg (wet) Bluegill Composites of 10 samples each
' _Fish -Pu-239 1980 CRM 20.8 UCC, 1981 5 0.17 pCi/kg (wet) Shad Composites of 10 ples each
Fish Pu-239 1981, CRM 20.8 UCC, 1982 5 0.17 pCi/kg (wet) Shad Composites of 10 samples each
Fish Pu-239 1982 CRM 20.8 UCC, 1983a [] 0.57 Shad Composites of 10 samples each
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Chemical or . Number of - Maxi . Speck

Media Radionuciide Date Location Study Samples . Value Units {Fish) o Comments
Fish Pu-239 1983 CRM 20.8 MMES, 1984 3 ) <0.21 : pCi/kg {wet) Bass Composites of .10 samples each
Fish Pu-239 1984 CRM 20.8 ‘MMES, 1985 6 0.13 pCi/kg (wet) Catfish | - Composites of 10 samples-each
Fish Pu-239 - 1985 CRM 20.8. MMES, 1986 6 ) 0.069 . pCi/kg (wet) Carp Composites of 10 samples each
Fish Ru-106 . 1960-62 Clinch River Morton, 1965 69 170 pCi/kg (wet) Carp Concentration represents annual avg.
Fish Ru-106 . 1965 . Clinch River UCC, 1966 NA 6467 pCi/kg (wet) NA . . )
Fish Ru-106 . 1966--. {.. Clinch River UCC, 1967 NA 513 pCi/kg {wet) NA -
Fish Ru-108, - |. 1967.... | Clinch River " UCC, 1968 | NA 122 pCirkg (wet) NA
Fish Ru-106 - 1968 Clinch River. UCC, 1969 . NA ’ ND pCilkg (wet) NA .
Fish . Ru-106 1971 Clinch River . UCC, 1972 1 <315 pCi/kg (wet) NA One composite.of 10 fish
Fish Ru-106 - | °~ 1975 . CRM 145 .. | UCC, 1976 1 230 . pCi/kg (wet). NA . One composite of 10 fish
Fish Ru-106 . © 1976 - - -CRM 20- . . UCC, 1977 1 N 302 - -. pCi/kg (wet) NA One composite of.10 fish
Fish - Sr-80 . . |.. 1960-62 .__Clinch River._’ Morton, 1965 18 ‘540 pCi/kg (wet) carpsucker Concentration represents annual avg.
Fish Sr-90 . - | . 1965 7 . _Clinch River ] UCC, 1966 NA 32 pCi/kg-(wet) NA. :
Fish | ~  S+90 ; 1966: | . ClinchRiver - |. UCC, 1967 NA 2028 ‘pCilkg (wet) NA °
Fish : Sr-90., .. | 1967 : - Clinch'River. - UCC, 1968 © NA . 118 pCi/kg (wet) NA

. Fish . Sr-90. .. 1 " 1968 . ..__Clinch River - UCC, 1969 NA 473 pCi/kg (wet) . NA . . -
Fish .| . Sr-90 . ] 1971 .+ ChnchRiver * . | UCC, 1972 .1 135 pCirkg (wet) NA One-composite of. 10 fish

_Fish . Sr-90 . - . 1972 .|. T Clinch River E UCC, 1973 1 . 62 | . pCi/kg lwet) . . NA . _One. posite of 10 fish
Fish -~ " 8r-90- . .1 - 1973. . | ° Clinch River. K UCC, 1974 1 140 -1~ pCi/kg (wet) _NA . | One posite of 10 fish -
Fish . Sr-90- =" + 1974 .| - . Clinch Rivers.- - |- - UCC, 1975+ 1 52 . pCi/kg (wet) . .NA . One composite of 10 fish
-Figh. . Sr-90 .- 1975 . CRM 14.5 '} .- UCC, 18976 . 1. 220 pCilkg (wet) NA_ . . . One composite of 10 fish .
-Fish $¢90: " L. 1T 5 19767 - . CAM20. . . ‘] ©.UCC, 1977 . 1 1100 . . pCirkg {wet). " - NA .. One composite;of 10 fish
Fish - Sr-90 S 1977 . .- CRM20.8. " UCC, 1978 LI 815 - . pCilkg (wet) - . NA_. .. - One composite.of. 10 fish " ,. ..
Fish .. S$r-90.7 1978 ... CRM.20.8. .. UCC, 1979 4 128 pCilkg {wet} blue gill. avg of quarterly composites of 10
Fish- | -Sr-90 . . 1979 . |. . CRM208 | . UCC,.1980 4 255 pCilkg {wet) blue.gill avg of quarterly composites of 10
Fish - Sr80 - - [ .- 1980 ~__<CAmM20.8 - [ UCC, 1981 4 391 pCi/kg (wet) _ blue.git.. | - avg of quarterly composites of 10.
Fish '$r-80 . .. 1981 . CARM20.8 . ... . UCC, 1982 4 172.5 pCifkg (wet) blue gil | _avg of quarterly composites of .10
Fish iSr-90° i foi. 1982 | .. CRM20.8.." 2. UCC, 1983a 4 69 pCi/kg (wet). blue gill avg of quarterly composites of 10
Fish Sr-90 - . 1983 - CRM 20.8 | MMES, 1984 . 4 160 _pCi/kg. (wet) shad avg of quarterly posites of 10
Fish Sr-90 . .. “1984 . .. CRM20.8 .. MMES, 1985 4 96 pCi/kg (wet) ~ shad avg of quarterly composites of 10
Fish $r-90 - ‘1985 - | CRM 20.8- R MMES, 1986 NA 120 pCi/kg (wet) bluegill . :
Fish - *S$r-80 - . 1989-90. . - CRM14.7 - . Cook et al., 1992 6 700 pCi/kg-(wet) - NA
Fish Yotat Sr - |.-- 1988° : ' CRM.20.8 MMES, 1989 8 1.2 pClig (ash wt). bluegill. - Composit L
Fish U234 .| 1978 . [ . CRM208. UCC, 1979 4 5.06 pCi/kg (wet) shad - ._avg of quarterly composites of 10
Fish U234 - | 1979 | “CRM 20.8 - . - Ucc, 1980 4 33 pCi/kg (wet) shad avg of quarterly composites.of 10
Fish - -U-234 - 1980 - CRM.20.8 . . UCC, 1981 4 - 3.7 .- pCilkg (wet)- shad avg of quarterly composites of 10
Fish . - U-234 - 1981 .| - CAM20.8:. “ UCC, 1982 4 5.92 . pCi/kg (wet) | .- - shad avg-of quarterly posites of 10
Fish. - U234 - .| .- 1982 "1’ CRM 20:8 UCC, 1983a - 4 5.5 pCifkg (wet) shad . ___avg of guarterly composites of 10
Fish U234 -] - 1983 - - .CRM 20.8 -- MMES, 1984 4 3.5 -pCi/kg (wet) shad . ___avg of quarterly composites of 10
Fish » U-234 ©1984 . 4| . CRM 20.8.- . _MMES, 1985 4 4.5 : pCi/kg {wet) - shad avg of quarterly posites of-10
Fish. [ - U234 ] 1985 ~ .. CRM20.8 . MMES, 1986 NA 2.7 pCirkg (wet) biuegill . : R
Fish - U-235 o . 1978 - .__CRM20.8 : UCC, 1979 4 0.23 pCi/kg (wet) - shad avg of quarterly posites of 10
Fish : U235 ] 1979 . . CRM 20.8 UCC, 1980 ° 4 0.27 pCi/kg (wet) shad avg of quarterly composites of 10
Fish - U235 J: 1980 . | CRM'20.8 UCC, 1981 4 0.44 pCi/kg (wet) blue gifl avg of quarterly posites of 10
Fish U-235 L1981 CRM 20.8- UCC, 1982 4 0.5 pCi/kg {wet) - shad avg of quarterly posites of 10
Fish U-235 -} 1982 I'° -CRM20.8- UCC, 1983a 4 0.58 pCilkg {wet) shad avg of quarterly posites of 10
Fish . U-235 . 1983 CRM 20.8 MMES, 1984 4 0.098 pCi/kg (wet) carp avg of quarterly composites of 10
Fish U-235 .. 1984 CRM 20.8.. MMES, 1985 4 0.89 pCi/kg {(wet) shad -__avyg of quarterly compaosites of 10
Fish U-235 - 1985 CRM 208~ MMES, 1986 NA 0.35 pCirkg {wet) bluegill
Fish U238 . 1978 CRM 20.8 UCC, 1979 4 3.33 pCifkg (wet) shad avg of quarterly composites of 10
Fish U-238 1979 ) CRM 20.8 UCC, 1980 4 21 pCi/kg {wet) shad avg of quarterly p of 10
Fish U-238 : 1980 CRM 20.8 uUcc, 1981 4 2.4 pCi/kg (wet) shad avg of quarterly p of 10
Fish U-238 1981 CRM 20.8 UCC, 1982 4 3.72 pCi/kg (wet) shad avg of quarterly composites of 10
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TABLE H-2: ENVIRONMENTAL SAMPLES AT OR DOWNSTREAM OF THE CONFLUENCE OF THE CLINCH RIVER AND WHITE OAK CREEK (X-10 SITE)

Chemical o Number of Maxi Speck

Media Radionuclide Date Location Study Samples Value Units {Fish) . Comments
Fish U-238 1982 CRM 20.8 UCC, 1983a 4 3.5 pCi/kg (wet) shad avg of -quarterly composites of 10
Fish U-238 1983 CRM 20.8 MMES, 1984 4 2.2 pCirkg {wet) shad avg of quarterly posites of 10
Fish - U-238 1984 CRM 20.8 MMES, 1985 4 3.5 pCilkg (wet) catfish avg of quarterly composites of 10
Fish U-238 1985 CRM 20.8 MMES, 1986 NA 1.1 pCi/kg {wet) -bluegill N - .
Fish 2r-Nb-95 1976 CRM 20 UCC, 1977 1 112 pCi/kg (wet) NA -One composite of 10 fish

Sediment |. CRM 19.1 Cottrell, 1960 1 5 pCi/g (dry) N/A
Sediment Ce-144 1954 CRM 16.3 - Cottrell, 1960 1 8 pCi/g (dry) - N/A
Sediment Ce-144 1954 CRM 15.2 Cottrell, 1960 _ 1 7 pCi/g (dry) N/A
Sedin Ce-144 1954 CRM 14.0 Cottrell, 1860 1 8 pCi/g (dry) N/A
Sediment Ce-144 1955 CRM 19.1 Cottrell, 1960 1 6 pCi/g (dry) N/A
Sediment |- Ce-144 1955 CRM 16.3 Cottrell, 1960 1 21 pCi/g (dry) N/A
‘Sediment Ce-144 1955 CRM 15.2 Cottrell, 1960 1 32 pCi/g (dry) N/A
Sedi Ce-144 - 1955 CRM 14.0 Cottrell, 1960 1 22 pCi/g (dry) N/A
Sediment Ce-144 1956 CRM 19.1 Cottrell, 1960 1 24 pCi/g (dry) N/A
Sediment - Ce-144 1956 CRM 16.3 Cottrell, 1960 - 1 37 pCi/g (dry) - N/A
Sediment Ce-144 1956 CAM 15.2 Cottrell,. 1960 1 56 pCi/g (dry) N/A
Sediment Ce-144 1956 CRM 14.0 Cottrell, 1960 1 20 pCi/g (dry) N/A
Sedil Ce-144 1957 CRM 19.1 Cottrell, 1960 1 33 pCi/g (dry) N/A
Sedi Ce-144 1957 CRM 16.3 Cottrell, 1960 1 12 pCi/g (dry) N/A
Sed t Ce-144 1957 CRM:15.2 Cottrell, 1960 1 9 pCifg (dry) N/A.
Sediment Ce-144 1957 CRM 14.0 Cottrell, 1960 1 7 pCi/g {dry) N/A
Sedi Ce-144 1958 CRM 19.1 Cottrell, 1960 1 7 pCi/g {dry) N/A
Sediment Ce-144 1958 CRM 16.3 Cottrell, 1960 1 20 pCi/g {dry) N/A
Sediment Ce-144 - 1958 CRM 15.2 Cottrell, 1960 1 22 pCi/g {dry) N/A
Sedi Ce-144 1958 CRM 14.0 Cottrell, 1960 - 1 43 pCi/g {dry) N/A
Sediment Ce-144 1961 CRM 20.7 Ucc, 1962 NA 3.6 pCilg (dry) N/A
Sediment Ce-144 1962 CRM 19.1 UCC, 1963 NA 3.8 pCi/g (dry) N/A
Sediment Ce-144 1963 CRM 19.1 UCC, 1964 NA 0.9 pCi/g (dry) N/A
Sediment Ce-144 1964 CRM 19.1 UCC, 1965 NA 6.6 pCi/g (dry} N/A
Sediment Ce-144 1965 CRM 16.3 UCC, 1966 NA 2.6 pCilg (dry) N/A
Sediment Ce-144 1966 CRM 16.3 UccC, 1967 NA 1.2 pCifg (dry) N/A
Sediment Ce-144 1967 CRM 20.7 UCC, 1968. NA 12 pCi/g (dry) N/A
Sediment Co-60 1954 CRM 19.1 Cottrell, 1960 1 11 pCilg (dry) N/A
Sediment Co-60 1954 CRM 16.3 Cottrell, 1960 1 19 pCifg (dry) N/A
Sediment Co-60 1954 CRM 15.2 Cottrell, 1960 1 19 pCilg (dry) N/A
Sedime Co-60 1954 CRM 14.0 Cottrell, 1960 1 19 pCi/g (dry) N/A
Sed Co-60 1955 CRM 19.1 Cottrell, 1960 1 pCi/g (dry) N/A
Sediment Co-60 1955 CRM 16.3 Cottrell, 1960 1 18 pCi/g (dry) N/A
Sediment |. Co-60 1955 -CRM 15.2 Cottrell, 1960 1 pCi/g (dry} N/A
Sediment Co-60 1955 CRM 14.0 Cottrell, 1960 1 23 pCi/g (dry). N/A-
Sediment Co-60 1956 CRM 19.1 . Cottrell, 1960 1 26 pCi/g (dry} N/A
Sediment Co-60 1956 CRM 16.3 Cottrell, 1960 1 39 _pCi/g (dry} N/A
Sediment Co-60 1956 CAM 15.2 Cottrell, 1960 1 59 pCl/g (dry} N/A
Sediment Co-60 1956 CRM 14.0 Cottrell, 1960 1 29 pCi/g (dry) N/A
Sediment Co-60 1957 CRM 19.1 Cottrell, 1960 1 30 _ pCi/g (dry) N/A
Sediment . Co-60 1957 CRM 16.3 Cottrell, 1960 1 15 pCi/g (dry) N/A
Sediment Co-60 1957 CRM 15.2 Cottrell, 1960 1 14 pCi/g {dry) N/A
Sediment Co-60 1957 CRM.- 14.0 Cottrell, 1960 1 17 pCi/g (dry) N/A
Sediment Co-60 1958 CRM 19.1 Cottrell, 1960 1 4 pCi/g (dry) N/A
Sediment Co-60 1958 CRM 16.3 Cottrell, 1960 1 21 pCi/g {dry) N/A
. Sediment Co-60 1958 CRM 15.2 Cottrell, 1960 1 9 pCilg (dry) N/A
Sediment Co-60 1958 CRM 14.0 Cottrell, 1960 1 16 pCi/g {dry) N/A
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Chemical or . Number of Ma. Speck
Moedia Radionuctide Date Location Study . Samples Value Units {Fish) Comments
Sediment Co-60 1960 _.CRM 19.1 ‘UCC, 1961 . NA 8.2 "pCilg (dry) N/A
Sediment Co-60. 1961 CRAM 191 UCC, 1962 . .NA 5.9 pCi/g {dry) N/A
Sediment Co-60 1961 . CRM'20.7" UCC, 1962 NA 13 - pCi/g {dry) N/A
Sediment Co-60 1962 CRM 19.1 UCC, 1963 NA 0.7 pCi/g (dry) N/A
Sediment Co-60 1963 CRM 19.1- . UCC, 1964 NA 1.9 pCi/g (dry) N/A
Sediment Co-60 1964 CRM.19.1- . UCC, 1965 NA 5.1 pCi/g (dry) N/A
Sediment Co-60 1965 CRM 16.3 UCC, 1966 .. NA 10 pCifg (dry) N/A
Sediment Co-60 1966 CRM 16.3 UCC, 1967. . NA 8.1 pCi/g (dry) N/A
Sediment Co-60 . 1967° CRM 20.7.. UCC,’ 1968 NA 68 pCi/g (dry) N/A
Sadiment Co-60 . Jun-77 CRM 20.8 ~ Oakes et al., 1982 5 0.8 pCilg {dry)- N/A
Sediment - Co-60- Jul-77 .- ._.CAM 20.8 : Oakes et al.,"1982. 18 0.8 - . pCi/g {dry) N/A
Sediment Co-60 7/24/84. 1" CRM18.3 ' TVA,.1985b 1 1.2 pCi/g (dry) N/A
Sediment *Co-60 1984 CRM.20.8 . = . MMES, 1985 NA 0.49. pCi/g (dry) N/A
Sediment Co-60 1985 . . |.near.K-25 Water Intake |- . Ashwood et al., 1986 7 1.94 pCilg (dry) N/A
Sediment Co-60 1989-90 . .. PC.to MH.Dam: Cook et al., 1992 51 0.75 pCi/g.(dry) N/A
Sediment Cs-137 .. 1961 § CAM 20.7 UCC, 1962 NA 95 pCi/g (dry) N/A
Sediment Cs-137 1962 - .CAM 19.1 UCC, 1963 NA 5.2 pCi/g (dry) N/A
Sadiment.. ~ Cs-137 1963 . =- " CRM19.1. -~ UCC, 1964 NA 29 pCi/g (dry) N/IA = =
Sediment Cs-137- 1964 - .CRM 19:1 . UCC; 1965 - -NA - 69 - pCi/g {dry) N/A -
Sediment Cs-137 . 1965 CRM'16.3. UCC, 1966 - NA 145 ‘pCi/g tdry) N/A .
Sed \ _.Cs-137 . 1966 CRM 16.3 . Ucc, 1967 NA. 26 pCi/g: (dry) N/A .
Sedi t ' Cs-137 1967... +_..-CRM:20.7 . . _-.*UCC,-1968" . -NA" 660 pCi/g-(dry) - N/A
Sediment .Cs-137 Jun-77 ..CRM 20.8. ~ ‘Oakes.-et al., 1982. - 5 . 43.8 pCi/g (dry) N/A
Sediment Cs-137 Ju-77 CRM 20.8 Oakes et al., 1982 18 35.7. pCi/g (dry) N/A o
Sediment - Cs:137 7/24/84 CRM 18.3 -~ TVA, '1985b NA 167 pCi/g {dry} N/A
Sedi Cs-137 1984 . _CRM.20.8 MMES, 1985 NA 5.7 . pCi/g (dry) N/A -
Sed .Cs-137_ 1985 near K-25 Water-intake | ~Ashwood et al., 1986 7 14.3 pCi/g (dry) N/A
Sediment Cs-137 1989-90 PC to MH Dam Cook et al., 1992 58 106.01 pCi/g (dry) N/A
°| _Sediment . Cs-137 1990 CRM 13 TVA, 1991 1 23.74 pCilg .. - N/A USAEC Intake
Sediment Cs-137 1990 CRM 17 TVA, 1997 1 0.19 pCilg_ . N/A Beach- Soaring Eagle Campground
Sediment’ Cs-Ba-137 1960 CRM 19.1 -UCC, 1961 NA 64 pCi/g (dry} N/A
“Sediment . Cs-Ba-137 1961 CRM 19.1 UCC, 1962 NA 4 pCilg (dry) - N/A
Sediment. Cs:-Ba137 1954 - CRM 19.1 Cottrefl, 1960 1 12 pCi/g (dry) N/A
-Sediment .Cs-Ba137.. - 1954 CRM 16.3 Cottreli, 1960 1 27 pCi/g (dry} N/A
Sedimer Cs-Bat137. . | 1954 - CRM 15.2 - Cottrell, 1960 1 22 pCi/g (dry} N/A
Sediment Cs-Ba137 ° 1954 ' _CRM 140 Cottrell, 1960 1 24 pCi/g.(dry) N/A -
Sed t -Cs-Ba137 1955 - CRM:19.1. - Cottrell, 1960 1 7 pCi/g.{dry) N/A -
Sedi Cs-Bal137 - 1955 . ___-CRM186.3 Cottrell, 1960 1 22 pCilg (dry) N/A_ -
Sediment Cs-Bal37 1955 N CRM 15.2 Cottrell, 1960 1 34 pCi/g (dry) - N/A
Sediment Cs-Ba137 - . 1955 CRM 14.0 Cottrelt, 1960 1 29 pCilg (dry) N/A
Sediment Cs-Ba137- . -1956 CRM 191 Cottreli, 1960 1 116 pCilg (dry) N/A
Sediment Cs-Ba137 1956 CRM 16.3 -_Cottrell, 1960 1 208 - pCilg (dry) N/A
Sediment Cs-Ba137 1956 CRM 15.2 Cottrell, 1960 1 268 pCilg (dry) N/A -
Sediment Cs-Ba137 1956 CRM 14.0 Cottrell, 1960 1 115 pCi/g (dry) N/A
Sediment - _Cs-Ba137 1957 CRM 19.1 Cottrell, 1960 1 528 pCi/g {dry) N/A
Sediment Cs-Bat37 1957 CRM 16.3 Cottrell, 1960 1 177 pCi/g (dry) N/A
Sediment Cs-Ba137 . 1957 CRM 15.2 Cottrell, 1960 1 119 pCilg (dry) N/A
Sediment Cs-Ba137 1957 CRM 14.0 Cottrell, 1960 1 184 pCi/g (dry) N/A
Sediment Cs-Ba137 1958 CRM 19.1 Cottrefl, 1960 1 44 pCi/g (dry} N/A
Sediment Cs-Ba137 1958 CRM 16.3 Cottrell, 1960 1 223 pCi/g (dry) N/A
Sedi Cs-Ba137 1958 . CRM 15.2 Cottrell, 1960 1 146 pCi/g (dry) N/A
Sediment Cs-Ba137 1958 CRM 14.0 Cottrell, 1960 1 298 pCi/g (dry} N/A
- Sedi Cs-Pr-144 1960 CRM 19.1 UCC, 1961 NA 9 pCi/g (dry) N/A
13
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TABLE H-2: ENVIRONMENTAL SAMPLES AT OR DOWNSTREAM OF THE CONFLUENCE OF THE CLINCH RIVER AND WHITE OAK CREEK (X-10 SITE)

— Chormical or Number of Maximum Spech
Media Radionuclide Date Location Study Samples Value Units (Fish} Comments
Sediment_| Cs-Pr-144 1961 CRM 19.1 UccC, 1962 NA 2.7 pCi/g (dry) N/A
Sediment Ru-103-106 1961 CRM 20.7 UcCcC, 1962 NA 85 pCi/g (dry) N/A
Sediment Ru-103-106 1962, - CRM 19.1 UCC, 1963 NA 6.1 pCi/g (dry) N/A
Sediment -Ru-103-106 1963 CRM 19.1 UCC, 1964 NA 4.4 pCi/g (dry) N/A
Sediment Ru-103-106 1964 CRM 19.1 UCC, 1965 NA 15 pCi/g (dry) N/A
Sediment Ru-103-106 1965 CRM 16.3 UCC, 1966 NA 2.1 pCi/g (dry) N/A-
Sediment Ru-103-106. 1966 CRM 16.3 UCC, 1967 NA 4.2 ..pCi/g (dry) N/A
Sediment Ru-103-106 1967 CRM 20.7 UCC, 1968 NA 0.83 pCi/g tdry) - N/A
Sediment Ru-106 1954 CRM 19.7 Cottreli, 1960 1 8 pCi/g (dry) N/A
Sediment RAu-106 - 1954 CRM 16.3 Cottrell, 1960 1 5 pCi/g (dry) N/A
Sediment ~Ru-106 1954 CRM'15.2 Cottrell, 1960 1 5 pCi/g (dry) N/A
Sediment Ru-106 1954 CRM 14.0 Cottrell, 1960 1 6 pCi/g (dry) N/A
Sediment Ru-106 1955 CRM 19.1 Cottrell, 1960 1 _pCilg (dry) N/A
Sediment Ru-108 1955 CRM 16.3 Cottrell, 1960 1- 4 pCi/g (dry) N/A
Sediment Ru-106 1955 CRM 156.2 Cottrell, 1960 1 pCi/g {dry) N/A
Sediment - Ru-106 1955 CRM 14.0 Cottrell, 1960 1 4 pCi/g (dry) N/A
Sediment Ru-106 1956 = - CRM 19.1 Cottrell, 1960 1 5 pCi/g (dry) N/A
Sediment Ru-106 1956 CRM 16.3 Cottrell, 1960 1 8 pCi/g (dry) N/A
Sediment Ru-108 1956 CRM 15.2 Cottrell, 1960 1 11 pCi/g (dry) N/A
Sediment Ru-106 1956 CRM 14.0 Cottrell, 1960 -1 6 pCilg (dry) N/A
Sediment. Ru-106 1957 CRM 19.1 Cottrefi, 1960 1 14 pCi/g (dry) N/A
Sediment- Ru-106 1957 - CRM 16.3 Cottrell, 1960 1 6 pCi/g (dry) N/A
Sediment Ru-106 1957 CRM 15.2 Cottrell, 1960 1 3 - pCilg {dry) N/A
Sediment Ru-106 1957 CRM 14.0 Cottrell, 1960 1 4 pCi/g. {dry} N/A
Sediment .} . Ru-106 1958 CRM 19.1 Cottrefl, 1960 1 3 pCi/g {(dry)- N/A
Sediment - Ru-106 1958 CRM 16.3 . Cottrell, 1960 1 7 pCi/g {dry) N/A
Sediment Ru-106 1958 CRM 15.2 Cottrell, 1960 1 6 pCi/g (dry) N/A
Sediment Ru-106 1958 CRM 14.0 Cottrell, 1960 1 16 pCi/g (diy) N/A
Sedi Ru-Rh-106 1960 CRM 19.1 UCC, 1961 NA 27 pCilg (dry) N/A
Sediment Ru-Rh-106 1961 CRM 19.1 UCC, 1962 NA 95 pCi/g (dry) N/A
Sediment Sr-89 7/24/84 CRM 18.3 TVA, 1985b 2 1 pCi/g (dry) N/A
Sediment Sr-89 1990 CRM 13 TVA, 1991 1 <0.54 pCilg N/A USAEC Intake
Sediment Sr-89 1990 CRM 17 TVA, 1991 1 <1.2 pCilg N/A Beach- Soaring Eagle Campground
Sediment Sr-90 1954 CRM 19.1 Cottrell, 1960 1 5 pCi/g (dry) N/A
Sediment Sr-90 1954 CRM 16.3 Cottrell, 1960 1 5 pCi/g (dry) N/A
Sedi Sr-90 1954 CRAM 15.2 Cottrell, 1960 1 5 pCi/g (dry) N/A
Sed Sr-90 1954 CRM 14.0 Cottrell, 1960 1 5 pCi/g (dry) N/A
Sediment Sr-90 1955 CRAM 16.3 Cottrell, 1960 1 4 pCi/g (dry) N/A
Sediment Sr-90 1955 CAM 14.0 Cottrell, 1960 1 4 pCi/g (dry) N/A
Sed Sr-80 1956 CRM 19.1 Cottrell, 1960 1 4 pCi/g (dry) N/A
Sediment Sr-90 1956 CRM 16.3 Cottrell, 1960 1 7 _pCi/g (dry) N/A
Sediment. | Sr-90 1956 CRM 15.2 Cottrell, 1960 1 9 pCi/g (dry) N/A
Sediment Sr-90 1956 CRM 14.0 Cottrell, 1960 1 4 pCi/g (dry) N/A
Sedi Sr-90° 1967 CRM'19.1 Cottrell, 1960 1 3 pCilg (dry} N/A
Sediment S$r-90 1957 CAM 16.3 Cottrefl, 1360 1 5 pCi/g (dry) N/A
Sed Sr-90 . 1957 CAM 15.2 Cottrell, 1960 1 5 pCi/g (dry) N/A
Sed Sr-90 1957 CRM 14.0 Cottrell, 1960 1 3 pCi/g (dry) N/A
Sedi Sr-90 1958 CRM 19.1 Cottrell, 1960 1 2 pCi/g (dry) N/A
Sediment Sr-90 1958 CRM 16.3 Cottrell, 1960 1 6 pCi/g (dry) N/A
S t Sr-90 1958 CRAM 15.2 Cottrell, 1960 1 6 pCi/g (dry) N/A
Sed Sr-90 1958 CRM 14.0 Cottrell, 1960 1 1 pCi/g (dry) N/A
Sediment Sr-90 1960 CRM 19.1 UCC, 1961 NA 0.7 pCi/g (dry) N/A
Sediment $r-90 1961 CRM 19.1 UCC, 1962 NA 1 pCi/g {dry} N/A
14
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Chemical or Number of Manxi Speck

Media Radionuclide Date Location Study Samples Value Units {Fish) Comments
Sediment Sr-90 1961 CRM 20.7 UCC, 1962 NA 0.86 pCi/g (dry} N/A
S Sr-90 - 1962 CRM 19.1 UCC, 1963 NA 0.41 pCi/g (dry) N/A
S $r-90 1963 . CRM 19.1 UCC, 1964 NA- 0.74 pCi/g (dry) N/A
S Sr-90 1964 CRM 19.1 UCC, 1965 NA 0.72 pCi/g.{dry)} N/A
Sedi Sr-90 1965 CRM 16.3 UCC, 1966 NA 1.2° pCi/g {dry) N/A
Sediment Sr-90 1966 CRM 16.3 UCC, 1967 NA 0.63 pCi/g. (dry) N/A
Sedi Sr-90 1967 - CRM 20.7 UCC, 1968 NA 2.4 pCi/g (dry) N/A
Sedimen Sr-90 1984 . CRM 20.8 MMES, 1985 NA 0.7 pCi/g (dry) N/A
Sed t Sr-90 7/24/84 CRM 18.3 TVA, 1985b 1 1.8 pCi/g (dry) N/A
Sediment Sr-90 1989-90 PC to MH Dam Cook et al., 1992 28 . 1.25 pCi/g (dry) N/A
Sed it Sr-90 1990 CRM 13 TVA, 1991 1 <0.17 pCilg N/A USAEC Intake
Sediment Sr-90- 1990 CRM 17 . TVA, 1991 1 <.0.43 pCilg N/A Beach- Soaring Eagle Campground
Sediment U-234 . .1984 CRAM 20.8 . MMES, 1985 NA 0.15 pCi/g (dry) N/A - :
Sedime U-234 1989-90 .PC to MK Dam Cook et al., 1992 28 1.99 pCi/g (dry) N/A
Sediment U-234 .2 1990 . .CRM 13"~ TVA, 1991 1 <0.024 pCilg N/A USAEC Intake
Sediment U-234 " 1990 .. “CRM.17- TVA, 1991 1 <0.053 . pCilg N/A Beach- Soaring Eagle Campground
Sedi t U-235 . 1985 . | near K-25 Water 'Intake Ashwood et al., 1986 7 <0.2° pCi/g (dry) N/A :
Sedi U-235 -.u1 | o 198990 ‘PC to MH Dam Cook et al, 1992 28 0.11 pCi/g (dry) N/A - L
Sedi U-235 - 1990 - . CRM 13 . . TVA, 1991 1 <0.021 pCilg N/A USAEC Intake -
Sed U-235 - .-1990.. ' . .CRM17. . TVA, 1991 1 <0.038 pCilg .. - N/A Beach- Soaring. Eagle Campground
Sedi U-238 - 1985 near K-25 Water Intake Ashwood et al., 1986, 7 <2.8 pCi/g (dry) . N/A o - :
Sedi U-238 1989-90". | . PCtoMHDam_ .|~ Cook etal;, 1992 28 1.83 pCi/g (dry) - N/A R S Nt
Sed t .. U-238 1990 . CRARM 13 . TVA, 1991 ° 1 <0.022 pCilg-. - N/A- - USAEC Intake
Sedi 1 U-238 . 1990 . ., CRM 17 TVA, 1991 =~ 1 <0.026 pCilg - N/A Beach- Soaring. Eagle Campground
Sed 4 Uranium 7/24/84 . .. - . CRM.18.3 TVA, 1985b - 1 1.6 pCi/g (dry) N/A B . )
Sediment Zr-Nb-95 1960 -~ CRM19.1 | UCC, 1961 NA 1 pCilg (dry) N/A
Sed 1t -~ Zr-Nb-95 1961 - CRM19:1 ., ° UCC, 1962 NA 1.4 . pCi/g (dry) N/A
Sediment Zr-95-Nb-95 1961 - | ©° CRM20.7 - UCC, 1962 NA 1.5 pCilg (dry) N/A
Sed Zr-95-Nb-95 ‘1962 .. . CRM'19.1 _~ UCC, 1963 NA 6.2 pCilg (dry) N/A
Sed Zr-95-Nb-95 --1963 .| - CRM19.1 UCC, 1964 NA 0.9 pCi/g (dry) N/A
Sediment Zr-95-Nb-95 L. 1964 ., ¢ . CRM19.1 UCC, 1965 NA 0.68 pCi/g (dry) - NIA
Sediment’ Zr-95-Nb-95 ~ 1965 CRM 16.3. UCC, 1966 NA ND pCi/g (dry} N/A
Sed Z1-95-Nb-9§ 1966 . . CRM-16.3 _ UCC, 1967 NA 0.27 pCifg (dry) N/A

1967 RM 20.7 . - UCC, 1968 NA {

Water Ce-144 1960 CRM 20.8 UCC, 1961 NA 4.2 pCi/k. N/A Calculated value

Water’ Ce-144 . 1961 CRM 20.8 UCC, 1962 NA 0.8 pCi/lL N/A Calculated value

Water -Ce-144 - © .| . 1962 CRM 20.8 UCC, 1963 NA 0.2 pCilL N/A Calculated valus

Water . |- Ce-144 - 1963 . . CRM 20.8 - UCC, 1964 NA - 0.2 pCilL. . N/A Calculated value

Water Ce-144 : 1964 . . CRM 20.8 . UCC, 1965 NA 0.7 pCilL N/A Calculated value

Water Ce-144 1965 CRM 20.8 UCC, 1966 NA 0.1 pCi/L N/A Calculated value

Water’ Ce-144/ 1966 -CRM 20.8 UCC, 1967 NA 0.3 pCi/L N/A Calculated vaiue

Water Ce-184" .. 1967 CRM 20.8 UCC, 1968 NA <0.1 pCilL . N/A Calculated value

Water Ce-144 * . 1968 CRM 20.8 UCC, 1969 NA <0.1 pCill N/A Calculated value

Water - Co-144: - 1969 CRM 20.8 UCC, 1970 NA <0.1 pCilL N/A Calculated value

Water Ce-144 1970 CRM-20.8 UCC, 1971 NA <0.1 pCill N/A Calculated value

Water Ce-144 197¢% CRM 20.8 UCC, 1972 12 <0.10 pCi/L N/A Calculated value

Water Co-144 ' 1971 CRM 14.5 UCC, 1972 4 0.7 pCi/L N/A

Water Co-60 1960 CRM 20.8 UCC, 1961 NA 13 pCi/lL N/A Calculated value

Water Co-60 1961 CRM 20.8 UCC, 1962 NA 6 pCi/lL N/A Calculated value

Water Co-60 - 1962 CRM 14.6 Cowser and Snyder, 1966 93 20 pCilL N/A

Water Co-60 1962 - CRM 20.8 UCC, 1963 NA 1.8 pCiil N/A Calculated value

Water Co-60 1963 CRM 20.8 UCC, 1964 NA 2.5 pCi/L N/A Calculated valus
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TABLE H-2: ENVIRONMENTAL SAMPLES AT OR DOWNSTREAM OF THE CONFLUENCE OF THE CLINCH RIVER AND WHITE OAK CREEK (X-10 SITE)

Chemical or : Number o Maxi " Spech

Media Radionuclide Date Location Study Samples Value Units {Fish) Comments
Water- Co-60 1964 CRM 20.8 UCC, 1965 NA 3 pCi/lL N/A Calculated value
Water Co60 - 1965 - CAM 20.8 UCC, 1966 NA 1.7 - : pCi/L N/A Calculated value
Water Co-60 1966 CRM 20.8 UCC, 1967 NA 2.1 pCi/L -. N/A Calculated value
Water Co-60 1967 . CRM 20.8 UCC, 1968 NA <0.1 pCi/L N NA . Calculated value
Water Co-60 1968 CRM 20.8 UCC, 1969 NA 0.2 pCi/L N/A Calculated value
Water Co-60 1969 CRM 20.8 UCC, 1970 NA 0.3 . pCi/L. . - N/A: Calculated value
Water Co-60 1970 CRM 20.8 UCC, 1971 NA 0.1 pCilt . N/A Calculated value
Water Co-60 1971 CRM 20.8 UCC, 1972 12 0.5 pCifL " N/A Calculated value
Water |- Co-60 ) 1971 CRM 14.5 UCC, 1972 4 0.9 pCi/L N/A

- Water Co-60 1978 CRM 14.5 Ucc, 1979 4 0.27 pCilL N/A
Water Co-60 1979 CRM 14.5 Ucc, 1980 4 0.11 pCill N/A
Water Co-60 1980 CRM 14.5 UCC, 1981 4 0.41 pCi/L N/A
Water Co-60 - 1981 CRM 14.5 UCC, 1982 4 0.14 pCi/L N/A
Water Co-60 1982 CRM 14.5 - UCC, 1983a 4 1.6 pCi/L N/A
Water Co-60 1983 CRM 14.5 MMES, 1984 4 0.24 pCilL N/A
Water Co-60 1984 CRM 14.5 MMES, 1985 4 <0.54 pCi/l N/A .
Water |- Co-60 5/31/84 WOCM 0.4 TVA, 19858 2 - 19 pCi/L N/A basefl
Water Co-60 1985 CRM 20.8 MMES, 1986 52 170 pCi/L N/A .
Water Co-60 1989-90 PC to MH Dam Cook et al., 1992 3 <0.29 pCi/L. N/A y evaporate
Water Cs-137 1960 CRM 20.8 UCC, 1961 NA 6.3 pCi/l. N/A Calculated value
Water - Cs-137 1961 CRM 20.8 UCC, 1962 NA 3.2 pCilt. N/A Calculated value
Water Cs-137 1962 CRM 14.6 Cowser and Snyder, 1966 92 21 pCi/L N/A -
Water | - Cs-137 -~ 1962 CRM 20.8 UCC, 1963 NA 0.9 pCi/t N/A Caiculated value
Water Cs-137 1963 CRM 20.8 ucc, 1964 NA 0.9 pCilL N/A - Calculated value
Water Cs-137 1964 . CRM 20.8 UCC, 1965 NA 1 pCi/L N/A Calculated value
Water. Cs-137 1965 CRM 20.8 UCC, 1966 NA 0.3 pCi/lL N/A ) Calculated value
Water Cs-137 1966 CAM 20.8 UccC, 1967 NA 0.5 pCilL N/A Calculated value
‘Water Cs-137 1967 CRM 20.8 UCC, 1968 NA 0.2 pCi/L N/A - Calculated value
Water Cs-137 1968 CRM 20.8 UCC, 1969 NA 0.2 pCinL N/A Calculated value
Water Cs-137 1969 CRM 20.8 UCC, 1970 NA 0.4 pCiL. N/A Calculated value
Water Cs-137 1970 CRM 20.8 UCC, 1971 NA 0.2 pCi/lL - N/A Calculated value
Water Cs-137 1971 CRM 20.8 UCC, 1972 12 0.6 pCi/L N/A Caiculated vaiue
Water Cs-137 1971 CRM 14.5 UCC, 1972 4 2 pCiiL N/A
Water Cs-137 1972 CRM 20.8 UCC, 1973 12 0.4 pCi/L N/A Calculated value
Water |, Cs-137 1972 CRM 14.5 UCC, 1973 4 1.1 pCi/L N/A
Water Cs-137 1973 CRM 20.8 Ucc, 1974 12 0.9 pCi/L N/A Calculated value
Water Cs-137 1973 CRM 14.5 UCC, 1974 4 0.7 pCilL N/A
Water Cs-137 1974 CRM 20.8 ucc, 1975 12 0.43 pCi/L N/A Calculated value
Water Cs-137 1974 CRM 14.5 UCC, 1975 4 0.05 pCi/l N/A
Water Cs-137 1975 CRM 20.8 UCC, 1976 12 0.17 pCi/L N/A Calculated vaiue
Water | Cs-137 1975 CRM 14.5 UCC, 1976 4 0.14 pCilL N/A ) )
Water Cs-137 1976 CRM 20.8 . UccC, 1977 12 0.2 pCi/L N/A Calculated value
Water Cs-137 1976 CRM 14.5 UCC, 1977 4 0.05 pCilt N/A-
Water Cs-137 1977 CRM 20.8 UCC, 1978 12 0.26 pCi/L - N/A - Calculated value
Water Cs-137 1977 CRM 14.5 UCC, 1978 4 0.05 pCi/L N/A
Water Cs:-137 1978 CRM 14.5 ucc, 1979 4 3.18 pCi/L N/A
Water Cs-137 1979 CRM 14.5 UCC, 1980 q 0.05 pCi/ll N/A
Water Cs-137 1980 CRM 14.5 UCC, 1981 4 0.18 pCi/t N/A

~ Water Cs-137 1981 CRM'14.5 UCC, 1982 4 0.22 pCi/L N/A
Water Cs-137 - 1982 CRM 14.5 UCC, 1983a 4 1.9 pCilL N/A
Water Cs-137 - 1983 CRM 145 MMES, 1984 4 0.51 pCi/L N/A
Water Cs-137 1984 CRM 14.5 MMES, 1985 4 <0.54 pCi/lL N/A .
Water Cs-137 5/31/84 WOCM 0.4 TVA, 1985a 2 68 . pCi/L ‘N/A baseflow
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] Chemical or . Number of M, Speci
Media Radionuchide Date Location Study - Samples Value Units {Fish) Comments
Water Cs-137 1985 CRM 20.8 MMES, 1986 52 1500 pCiill. N/A
Water Cs-137 1989-90 PC to MH Dam Cook et al., 1992 2 <0.16 pCi/lt N/A evaporate
Water Ru-103-106 1960 CRM 20.8 UCC, 1961 NA 2.2 pCi/lL N/A Calculated value
Water Ru-103-108 1961 CRM 20.8 UCC, 1962 NA 360 pCi/L N/A Calculated value
Water Ru-103-106 1962 CRM 20.8 UCC, 1963 . NA 210 pCilL N/A Calculated value
Water Ru-103-106 1963 CRM.20.8 UCC, 1964 NA 48 pCi/lL = N/A Calculated value
Water Ru-103:-106 . 1964 CRM 20.8 . UCC; 1965 - NA 25 pCilL N/A Calculated value
Water Ru-103-106 1965 CRM 20.8 UCC, 1966 . NA - 7.9 pCi/L N/A Calculated value
Water Ru-103-106 1966 CRM 20.8 UCC, 1967 . NA . 8.1 pCill N/A Calculated value
Water Ru-103-106 . 1967 CRM 20.8 UCC, 1968 NA 0.3 pCi/L N/A Calculated value
Water' Ru-103-106 1. . 1968 - CRM 20.8 UCC, 1969 . NA 1.1 pCilL N/A Calculated value
Water Ru-103-106 1969 CRM 20.8 UcCC, 1970 NA . 0.4 pCi/L ~ NIA Calculated value
Water Ru-103:106 .. |.: 1970 CRM 20.8 - uce, 1971 : NA 0.2 pCi/lk N/A Calculated value
Water Ru-106, 103 1971 CRM 20.8 UCC, 1972 - . 12 0.3 pCilt N/A Calculated valus
Water Ru-106,103. | .. 1971~ . _CRM 145 '~ Ucc, 1972 4 4.8 pCilL N/A
Water |- .Ru106° . | . 1962 . . ._CRM 14.6. Cowser and Snyder, 1966 93 769 pCilL. N/A
Water . . Ru-108, . . 1972 . CRM-20.8 ucce, 1973 . 12 . 0.3 - pCilL N/A . Calculated valus
Water _Ru-106; - 1972~ . - CRM-14.5 . UCcC, 1973 - . 4 . 1.2 - pCi/lL . NIA o : .- i
Water - “Ru-106- - . 1973, - ... CRM'20:8' Ucc, 1974 . | - 12 . ) 0.2 . pCilt . N/A Calculated value
Water Ru-1068. .| .. 1973 . CRM.14.5 UCC, .1974 - 4 .. 09 . pCi/L. - NIA C L 5
Water._. |. Ru-106 1974 - . . _CRARM 20.8 UCC, 1975 . . .12, 017 ) . pCilL ... N/IA-- . Calculated value,
Water Ru-108 " v} 71974 “: |.- - CAM'14.5 UCC, 1975~ « | - 4 - 0.14 ‘ pcIL__ - NIA - R
Water - |- Ru-106" .. 1975 -, i~ .CRM-20.8 ; . UCC,1976. . . . | .12 . .70.09. . . pCiL . -N/A i Calculated.value
Water’ Ru-1068 .. |- 1975 . . CRM 14.5 UCC, 1976 ; 4 ' 0.8 pCilL - N/A . R
Water | Ru-108. -. 1976 =.| . CRM'20.8 ucc, 1977 . . 12 . 0.08 pCil._*= " N/A . Calculated value .-
Water |- Ru-106 -p 1978 - < "CRM.14.5 uUcc, 1977 4 . 0.23 . . pCi. - N/A H .
Water Ru-106 . . 19727 - .} ' . CRM20.8 - UCc, 1978 12 0.15 pCi/L N/A Calculated value .
Water - R106- - }....x 1977 o CRM14.5.. UCC, 1978 4 0.23 pCill N/A - L
Water Ru-106 . -¥ 1978 .- 1" CRM14.5. . Ucc, 1979 - 4 1.82 pCi/L N/A
Water Ru-106 . -1979° . “CRM 14.5 ) UCC, 1980 4 0.14 - pCi/L N/A-
Water Ru-108 E 1980 CRM 14.5 - UCC, 1981 - 4. 0.27 pCilt. N/A
Water 5r-90 -+t 1960 CRARM20.8. . UCC, 1961 NA 7.2 pCi/L N/A Calculated value -
Water Sr-80.: " . f . 1961 . - - CRM 20.8 UCC, 1962 NA 5.6 pCi/l N/A Calculated value
Water | Sr-90 = 1962 - .CRM 14.6 Cowser and Snyder, 1966 64 11.61 pCilL N/A
Water Sr-90- - i - 1962 ~-.CRM 20.8 UCC, 1963 NA 1.5 pCilL - Nia Caiculated value
Water S$r-90 1963 CRM 20.8 UCC, 1964 - - - _NA 1.4 : pCi/lL . - -N/IA Calculated value
Water Sr-90 . - 1964 CRM 20.8 UCC, 1965 .. NA . 1.4 ° pCi/L ) N/IA : Calculated.value - - -
Water Sr-90-. - - - 1965 " CRM 20.8- UCC, 1966 - NA . . 0.6 . pCi/l. - NIAT Calculated value
Water - Sr-90 1966 CRM 20.8 . UCC, 1967 NA 09 . pCirL N/A Calculated-valus -
Water. © Sr-90 - 1967 CRM.20.8 - UCC, 1968 . NA 068 - . pCiL N/A Calculated valus
Water Sr-90 - . - 1968 . CRM20.8 -~ UCC, 1969 NA ) 0.6 pCilt N/A Calculated value
Water Sr-90 - 1969 - CRM 20.8 - ucce, 1970 NA 0.9 pCilL N/A Calculated value
Water S$r-90: ° . 1970 - CRAM 20.8. :-~ Ucc, 1971 . NA 0.6 pCi/lt N/A Calculated value
Water Sr-90 . - | 1971+ CRM 20.8 - UCC, 1972 12 . 1.8 pCi/L N/A Calculated value
Water Sr-907 - 1971 ‘CRM 14.5 UCC, 1972 4 2.7 pCi/L N/A
Water - Sr-90 1972 .CRM 20.8 UCC, 1973 12 1.6 pCilL N/A Calculated value
Water S$r-90 : 1972 CRM 14.5 UCC, 1973 4 2.1 pCilL N/A
Water . Sr-90 . - 1973 CRM 20.8 UCC, 1974 12 1.7 pCi/L N/A Calculated value
Water | Sr-90 - 1973 .CRM 14.5 UCC, 1974 4 1.8 pCilt N/A )
Water Sr-80 - ~ 1974 CRM 20.8 UccC, 1975 12 1.6 pCilt N/A Calculated value
Water Sr-90. - - | 1974 CRM 14.5 UCC, 1975 4 1.09 pCi/L N/A
Water $r-90 1975 CRM 20.8 UCC, 1976 12 2.42 pCilL N/A Calculated value
Water S$r-90 1975 CRM 14.5 UCC, 1976 4 1.32 pCi/t N/A

|
|
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TABLE H-2: ENVIRONMENTAL SAMPLES AT OR DOWNSTREAM OF THE CONFLUENCE OF THE CLINCH RIVER AND WHITE OAK CREEK {X-10 SITE)

Chemical or Number of Manxii Speci
Media Radionuclide Date Location Study Samples Value Units (Fish) Comments
Water Sr-90 1976 CRM 20.8 ucc, 1977 12 2.6 pCi/L N/A Calculated valug
Water $r-90 1976 CRM 14.5 Ucc, 1977 4 0.36 pCi/L N/A
Water - §r-90 1977 CRM 20.8 UCC, 1978 12 1.85 pCi/l. N/A - Calculated value
Water Sr-90° 1977 CRM 14.5 UCC, 1978 4 0.36 pCi/lL - N/A
Water Sr-90 1978 CRM 14.5 UCC, 1979 4 0.18 pCi/L _N/IA
Water .Sr-90 1979° CRM 14.5 UCC, 1980 4 0.68 pCill N/A
Water Sr-90- 1980 CRM 14.5 UCC, 1981 4 1.82 pCifll N/A
Water Sr-90 1981 .CRM 14.5 UCC, 1982 4 2.97 pCi/t N/A
Water Sr-30 1982 CRM 14.5 UCC, 1983a 4. 4.6 pCi/L N/A
Water | Sr-90 1983 CRM 14.5 MMES, 1984 4 4.9 pCi/L N/A
Water Sr-90 1984 "CRM 14.5 MMES, 1985 4 2.2 pCilL N/A
Water Sr-90 1985 CRM 20.8 MMES, 1986 52 350 pCi/L N/A
Water Sr-90 1989-90 PC to MH Dam Cook et al., 1992 2 <0.10 pCi/l N/A water
Water Tritium - 1970 CRM 20.8 Ucc, 1871 NA 1360 pCi/L N/A Calculated value
Water Tritium 1971 CRM 20.8 UCC, 1972 12 5160 pCilL . N/A Calculated value
Water Tritium - 1971 CRM 14.5 UCC, 1972 4 6580 pCilL - N/A
Water Tritium 1972 CRM 20.8 * UCC, 1973 12 2720 pCi/L N/A " .Calculated value
Water Tritium 1972 CRM 14.5 UCC, 1973 4 3290 pCi/L N/A
Water Tritium 1973 CRM 20.8 UCC, 1974 12 4248 pCi/L N/A Calculated value
Water - Tritium 1973 CRM 14.5 UCC, 1974 4 3100 pCilk N/A . -
Water - Tritium 1974 CRM 20.8 UCC, 1975 12 3260 pCi/L N/A Calculated value
Water Tritium 1974 - CRM 14.5 UCC, 1975 4 2410 pCi/L N/A
Water Tritium _ 1975 CRM 20.8 UCC, 1976 12 6000 pCi/L N/A Calculated value
Water Tritium 1975 CRM 14.5 UCC, 1976 4 4100 pCi/L N/A
Water Tritum 1976 CRM 20.8 UCC, 1977 12 4000 pCi/L N/A Calculated value -
Water Tritium 1976 CRM 14.5 ucc, 1977 .4 3500 pCi/L N/A
Water Tritium 1977 CRM 20.8 UCC, 1978 12 4400 pCirt N/A Caiculated value
Water Tritium 1977 CRM 14.5 UCC, 1978 4 3050 pCilL N/A
Water Tritium 1978 -CRM 14.5 ucc, 1979 4 3600 pCilt N/A
Water Tritium 1979 CRM 14.5 UCC, 1980 4 2200 pCi/L N/A
Water Tritium 1980 CRM 14.5 UCC, 1981 4 3233 pCi/L - N/A
Water _ Tritium 1981 CRM 14.5 UCC, 1982 4 3620 pCi/L N/A
Water Tritium 1982 CRM 14.5 UCC, 1983a 4 7600 pCi/L N/A
Water Tritium 1983 CRM 14.5 MMES, 1984 4 8400 pCi/L _ N/A
Water Tritium 1984 CRM 14.5 MMES, 1985 4 17000 pCiL N/A
Water Tritium 5/31/84 CRM 15.0 TVA, 19858 1 500 pCilt N/A baseflow
Water Tritium 5/31/84 WOCM 0.4 TVA, 1985a 2 544000 pCilL N/A baseflow
Water Tritium 1985 CRM 20.8 MMES, 1986 52 350000 pCi/L N/A
Water Tritium 1990 CRM 13 TVA 1991 1 481.00 pCi/L N/A
Water Tritium 1990 CRM 17 TVA 1991 1 827.00 pCi/lL N/A
Water U-234 1985 CRM 14.5 MMES, 1986 3 0.13 pCi/L N/A
Water U-235 1985 CRM 14.5 MMES, 1986 3 0.004 pCi/L N/A
Water U-238 1985 CRM 14.5 MMES, 1986 3 0.00016 pCilL N/A
Water Uranium 1973 K-25 Water Intake UCC, 1974 12 5 pCi/L - N/A
Water Uranium 1974 K-25 Water Intake " UCC, 1975 11 10 pCi/L N/A
Water Uranium 1975 K-25 Water Intake UCC, 1976 12 7 pCi/L N/A
Water Uranium 1976 K-25 Water Intake Ucc, 1977 12 20 pCi/L ‘N/A
Water + Uranium 1977 K-25 Water Intake UCC, 1978 12 15 pCi/L N/A
Water Urenium 1978 CRM 14.5 UCC, 1979 12 0.4 pCilL N/A
Water Uranium 1979 CRM 14.5 UCC, 1980 12 5 pCi/L N/A
Water Uranium 1980 CRM 145 UCC, 1981 12 1 pCilL N/A
Water Uranium 1981 CRM 14.5 UCC, 1982 12 3 pCilL N/A
Water Uranium 1982 CRM 14.5 UCC, 1983a 12 6 pCilL N/A
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TABLE -2 ENVIRUNMENTAL OAMPLED AT UN DUWNO IREAM UF 1AE CUNFLUECINLE UF THE CLINLH RIVER AND WHRIHTE UDAR UREER (A-TU OlTE}

~Chemical of ) Number of ~ Manxii Spech
Moedia Radionuciide Date Location Study Samples Value . Units (Fish) P Comments_
Water | Uranium 1983 . CRM 14.5 ___MMES, 1984 . Y 4 . 5 pCilL N/A
Water Uranium . 1984 CRM:14.5 ~__MMES, 1985. 12 . <6.2 pCi/L N/A . '
Water Zr-95-Nb-95 1962 CRM 20.8 ‘UCC, 1963 NA ) 09 - pCilL N/A Caiculated value
Water Zr-95-Nb-95 1863 ‘ CRM 20.8 : .UCC, 1964 ' NA 0.2 pCiL. N/A - Calculated value
Water Zr-95-Nb-95 1964 " CRM 20.8 UCC, 1965 ‘NA . 0.07 pCi/lL N/A Calculated value
Water .| - 2r-95-Nb-95 - | 1965 CRM 20.8. - UCC, 1966 NA - <0.1 pCi/L: N/A . Calculated value
Water Zr-95-Nb-95 1966 - CAM 20.8 _UCC, 1967 NA . <0.1 . pCi/l N/A - Calculated value
Water * Zr-95-Nb-95 . 1967 - CRM 20.8 UCC, 1968 . NA 1 <0.v R pCilL - N/A “Calculated value
Water . 2r-95-Nb-95 . 1968 _CRM.20.8- " |° UCcC, 1969 ) NA <01 g pCil N/A Calculated value
Water - 2r-95-Nb-96 21969 © |- CRM 20.8 . UCC, 1970 NA . <0.1 pCilL N/A Calculated value
Water Zr-95:Nb-95 1970 . |:: . .CRM 20.8 I UCC, 1971 NA <0.1 ] pCill - N/A Calculated value
Water Zr-95:Nb-95 |- - - 1971 . .. ‘CRM 20.8. . UCC, 1972 12 <0.10 pCi/lL N/A Calculated valus
Water 2r-95-Nb-95 - | - 1971 -CAM 145~ . | UCC, 1972 4 0.5 pCilL N/A .
NA = Information not available |~ - ... T
N/A_=-Not applicable. - - .- | "=~ : L
N -
R
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TABLE H-3: ENVIRONMENTAL SAMPLES IN EAST FORK POPLAR CREEK (Y-12 SITE)

Chemi . Number of | Manxi Speci
Media Radionuclide Date Location Study Samples Value Units {Fish) Comments
Fish Beryllium 1984 EFPCM 13.8 TVA, 1985¢c 10 <0.100 mg/kg (wet) NA
Fish Beryllium 1984 EFPCM 13.8 TVA, 1985¢ 5 <0.10 . mg/kg (wet) NA
Fish Chromium 1984 EFPCM_8.8 TVA, 1985¢ 23 0.14 mg/kg (wet) Bluegill
Fish Chromium 1984 EFPCM 13.8 TVA, 1985¢ 10 0.13 mg/kg (wet) Largemouth Bass
Fish Lead ~ 1984 EFPCM 13.8 TVA, 1985¢ 10 Q.12 mglkg (wet) “Carp
Fish Lead 1984 EFPCM 13.8 TVA, 1985¢ 5 0.23 mg/kg (wet) Bluegill
Fish Mercury 1970 NHP Qutfall UCC, 1983b 12 1.3 mglkg (wet) NA
Fish ‘Mercury 1982 EFPCM 14.1 Van Winkle et al., 1982 11 2.7 mg/kg (wet) NA
Fish Mercury 1984 EFPCM 13.8 TVA, 1985¢c 5 1.1 mg/kg (wet) NA
Fish. Mercury 1984 EFPCM 8.8 TVA, 1985¢ 23 1.4 mglkg {wet) redbreast
Fish Mercury 1984 EFPCM 13.8 TVA, 1985¢ 10 1.5 mg/kg (wet) Largemouth Bass
Fish PCBs’ 1984 EFPCM 8.8 TVA, 1985¢ 70 <0.100 mg/kg twet) NA
Fish - PCBs 1984 EFPCM 13.8 TVA, 1985¢ 42 1.7 mg/kg (wet) NA
Fish - Tc-99 1984 EFPCM 13.8 TVA, 1985¢ 5 1.4 pCilg (wet) Carp

1984 EFPCM 13.66 TVA, 62 mg/kg (dry] N/A

Sed 1984 EFPCM 13.71 TVA, 1 43 mg/kg (dry) N/A
Sedi 1984 EFPCM 13.74 TVA, 1 24 mg/kg (dry) N/A
Sed 1984 EFPCM 13.66 TVA, 2 84 mg/kg (dry) N/A
Sed 1984 EFPCM 13.71 TVA, 1985b 1 78 mg/kg (dry) N/A
Sedi 1984 EFPCM 13.74 TVA, 1985b 1 36 mg/kg {dry) N/A
Sedi Mercury 1974 apx. EFPCM 10.5 Reece, 1974 3 16 mg/kg (dry) N/A
di Mercury 1982 EFPCM 13.8 Van Winkle et al., 1982 1 127 mg/kg (dry) N/A
Sed Mercury 1984 * EFPCM 13.668 TVA, 1985b 2 63 mg/kg (dry) N/A
Sed M Y 1984 EFPCM 13.71 TVA, 1985b 1 44 mglkg (dry) N/A
Sed M Y 1984 EFPCM 13.74 TVA, 1985b 1 29 mg/kg {dry) N/A
Sed M Y 1984 EFPC next to Jetferson Ave. Hibbitts, 1984 2 45 mg/kg (dry) N/A
Sed Mercury 1984 . EFPC at OR Turnpike Hibbitts, 1984 2 110 mg/kg (dry) N/A
Sediment] Mercury 1984 EFPC {Scarboro) Hibbitts, 1984 10 24 myg/kg (dry) N/A
Sedil PCB 1984 EFPCM 13.66 TVA, 1985b 7 1.2 mg/kg (dry) N/A
Sed PCB 1984 EFPCM 13.71 TVA, 1985b 7 <0.100 mg/kg (dry) N/A
Sedi PCB 1984 EFPCM 13.74 TVA, 1985b 7 0.6 mg/kg (dry) N/A
Sed Pu-238 1984 EFPCM 13.71 TVA, 1985b 1 0.013 pCi/g_(dry) N/A
Sedi Pu-238 1984 EFPCM 13.74 TVA, 1985b 1 0.008 pCi/g (dry) N/A
Sed U-235 1984 EFPCM 13.68 TVA, 1985b 1 0.8 pCi/g (dry) N/A
Sed U-235 1984 EFPCM 13.71 TVA, 1985b 1 1.2 pCi/g (dry) N/A
Sed u-235 1984 EFPCM 13.74 TVA, 1985b 1 0.42 pCi/g (dry) N/A
Sedi Uranium 1984 EFPCM 13.66 TVA, 1985b 1 26 mg/kg (dry) N/A
Sedi Uranium 1984 EFPCM 13.71 TVA, 1985b 1 90 mg/kg (dry) N/A
Sediment Uranium . 1984 "EFPCM 13.74 TVA, 1985b 1 18 ma/kg (dry) N/A

Soil Beryllium 1983 EFPC floodplain Hibbitts, 1984 3 1.15 mg/kg N/A Jefterson Jr High

Soit Chromi 1984 EFPC floodplai Hibbitts, 1984 68 100 mo/kg N/A Civic Center

Soil Ch 1984 EFPC floodplai Hibbitts, 1984 17 110 mg/kg N/A Southfield Apartments

Soil Ct 1984 EFPC floodplain Hibbitts, 1984 13 100 mg/kg N/A Carrighan Towers

Soil Chromium 1984 EFPC floodplain Hibbitts, 1984 28 220 mg/kg N/A Parcel 564 (apx. EFPCM 12.5-13)
Soil . Lead 1983 EFPC floodplain Hibbitts, 1984 3 104 mg/kg N/A Jatferson Jr High

Soit Lead 1984 EFPC floodplain Hibbitts, 1984 68 115 mg/kg N/A Civic Center.

Soit Lead 1984 EFPC fioodplai Hibbitts, 1984 17 100 mg/kg N/A Southtield Apartments

Soil Lead 1984 EFPC floodplain Hibbitts, 1984 13 120 mg/kg N/A Carrighan Towers

Soil Lead _ 1984 EFPC floodplain Hibbitts, 1984 28 260 _mglkg - N/A Parcel 564 {apx. EFPCM 12.5-13)
Soil Mercury 1984 EFPC floodplai Hibbitts, 1984 68 510 mo/kg N/A Civic Center

Soil Mercury 1984 EFPC floodplai Hibbitts, 1984 17 430 mg/kg N/A Southfield Apar

Soil - ‘Mercury 1984 EFPC floodplain Hibbitts, 1984 13 510 " mo/kg N/A Carrighan Towers

Soil Mercury 1984 EFPC floodplain Hibbitts, 1984 28 2100 mg/kg N/A Parcel 564 (apx. EFPCM 12.5-13)
Soit ._Mercury 1983-198 EFPC floodplain MES, 1984: 1985: 1986; 19 3000 + 650 mg/kg N/A Measured in Robertsville Area of Oak Ridge, 1985 |
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Chemical or Maxi Speci .
Media Radionuclide Date Location Study Samples Value Units {Fish) C
Soil PCBs 1983 EFPC fioodplain Hibbitts, 1984 3 3.4 mg/kg N/A Jefferson Jr High
Soil PCBs 1984 EFPC floodplain Hibbitts, 1984 70 6.8 mg/kg N/A
Soil Th-232 1984 EFPC floodplain Hibbitts, 1984 7 10 pCilg . N/A Parce! 564 (apx. EFPCM 12.5-13)
Soil Thori 1983 EFPC floodplain Hibbitts, 1984 3 <18 mg/kg N/A Jetfferson Jr High
Soil Thorium 1984 EFPC floodplain Hibbitts, 1984 68 29 mg/kg - N/A Civic Center
Soil Thorium 1984 EFPC floodplain Hibbitts, 1984 17 30 mg/kg N/A Southfield Apartments
Soill  |* Thorium 19684 EFPC floodplai Hibbitts, 1984 13 33 mg/kg N/A :Carrighan Towers
Soil Thorium 1984 EFPC floodplain Hibbitts, 1984 28 100 mg/kg N/A Parcel 564 {apx. EFPCM 12.5-13)
Soil U-235 1984 EFPC floodplain Hibbitts, 1984 7 5.9 pCilg N/A Parcel 564 (apx. EFPCM 12.5-13)
Soil U-238 1984 EFPC floodplai Hibbitts, 1984 7 70 pCilg - N/A Parcel 564 (apx. EFPCM 12.5-13)
Soil Uranium 1983 EFPC floodplain Hibbitts, 1984 3 <90 mg/kg N/A Jefterson Jr High
Soil - Uranium 1984 EFPC floodplai Hibbitts, 1984 48 mg/kg N/A Civic Center
Soil Uranium 1984 EFPC floodplai Hibbitts, 1984 57 mg/kg N/A Southfield Apar
Soil Uranium 1984 EFPC floodplai Hibbitts, 1984 N/A Carrighan Towers
EFPC fi i ibbi Parcel 564 (apx. EFPCM 12.5-13)
Water Baryllium 1984 EFPCM 14.36 TVA, 1985a .
Water - Boryllium 1985 NHP Qutfall MMES, 1986 12 <0.0005 mg/L
Water Chromi 19711 "NHP Outfall UCC, 1972 7 0.55 mg/L
Water Chromi 1972 NHP Outfali UCC,.1973 12 0.34 mg/L
Water Ch 1973 NHP Qutfall - UCC, 1974 12 0.27 mg/L
Water - Ch 1974 NHP OQutfall ‘Uce, 1978 12 0.05 mgi/L
Water ~ Chromi 1975 NHP . Qutfall ._UCC, 1976 12 0.01 Cmgit -~ N/A ;
Water’ Chromi 19786 __NHP Outfall ucc. 1977 12 . <0.01 mg/l - N/A
Water Chromi 1977 NHP OQutfall - UCC, 1978° 12 0.09 mg/t - N/A
Water Chromi 1978 NHP Outfah UCC,'1979. 12 0.05 mg/L . N/A C N
Water ~_Chromi 1979 NHP Outfall “UCC, 1980 ° 12 <0.01 mg/L N/A !
Water Chro 1980 NHP Outfall UCC, 1981 12 <0.01 mg/L N/A
Water - Chi 1981 NHP Qutfall UCC, 1982 12 0.01 mg/t N/A
Water. Chri 1982 NHP OQutfall UCC, 1983a 12 0.01 mg/L N/A
Water Ch 1983 NHP OQutfafl MMES, 1984 12 0.01 mg/L N/A
Water Ch 1984 EFPCM 14.36 TVA, 1985a. 1 0.002 mg/L N/A
Water. [ Chromi 1984 NHP Outfall MMES, 1985 12 0.02 mg/L N/A
Water. ‘Chromi 1985 NHP Qutfall MMES, 1986 12 <0.01 mg/L N/A
Water. Lead” 1971 NHP Qutfall . UCC, 1972 12 0.03 mg/L~ N/A
Water Lead 1972 NHP Outfall’ ucc, 1973 12 0.025 mg/L N/A
Water. .| Lead * 1973 NHP OQutfall . . UCC, 1974 12 0.03 mg/L N/A
Water Lead 1974~ NHP-Qutfall - UCC, 1975 12 0.4 mg/L N/A
Water Lead - 1975 NHP Outfall UCC, 1976 12 0.03 mg/L N/A .
Watar Lead: 1978 NHP Outfall UCC, 19727 12, 0.02 mg/t N/A
Water Lead - 1977- - NHP Outfall - UCC, 1978 12 0.02 mg/L N/IA
Water Lead. 1978 NHP Qutfall - Ucc, 1979 12 0.01 mg/L N/A
Water Lead 1978 - NHP Outfall UCC, 1980 . - 12 <0.01 mg/L N/A
Water Lead. - 1980 NHP Outfall UCC, 1981 12 0.03 mg/L N/A
Water Lead. - 1981 . NHP.Outfal). . UcCcC, 1982 12 <0.01 mg/L N/A
Water Lead - 1982 NHP Outfall ° UCC, 1983a 12 <0.01 mg/L N/A
Water Lead: 1983 NHP Outfall MMES, 1984 12 <0.01 mg/L N/A
Water Lead - 1984 - |- ‘EFPCM 14:36 TVA, 1985a 1 0.002 mg/L N/A
Water Lead . 1984 - NHP Outfall MMES, 1985 12 0.03 mg/l N/A
Water Lead 1985 NHP OQutfall MMES, 1986 12 <0.01 mg/L N/A
Water Mercury . 1971 NHP Quttall UCC, 1972 9 0.007 mgit N/A
Water Mercury - 1972 NHP.Qutfall UCC, 1973 12 0.0009 mg/L N/A
Water Mercury 1973 | NHP Outfall UCC, 1974 12 0.001 mg/L N/A
Water Mercury - - 1974 | NHP OQutfall ucc, 1975 12 <0.0005 mg/L N/A
Water Mercury 1975 NHP Outfall UCC, 1976 12 0.0009 mg/L N/A
Water Mercury 1976 NHP Qutfasll UCC, 1977 12 0.0008 mg/L N/A
21 SAMP_Y12.XLS




TABLE H-3: ENVIRONMENTAL SAMPLES IN EAST FORK POPLAR CREEK (Y-12 SITE)

Chemical or Number of Maxi Speci
Media | Radionuchid Date Locati Study Sampies Value Units (Fish) Comments
Water Mercury 1977 NHP Outfall UCC, 1978 12 0.003 mg/L N/A
Water Mercury 1978 NHP-Outfall UCccC, 1979 12 0.002 mg/L N/A
Water - Mercury 1979 NHP Outfall UCC, 1980 12 0.004 mg/L N/A
Water Mercury 1980 NHP Qutfall UCC, 1981 12 0.003 mg/L N/A
Water Mercury 1981 NHP Outfall UCC, 1982 12 0.002 mg/l N/A
Water Mercury 1982 NHP Qutfall UCC, 1983a 12 0.007 _mgiL N/A
Water Mercury 1983 NHP Outfall MMES, 1984 12 0.025 mg/L N/A
Water M y 1984 NHP Qutfall MMES, 1985 12 0.0038 mg/L N/A
Water Mercury 10/23/84 EFPCM 10.0 TVA, 1985a 7 0.007 mg/t N/A Stormflow- Total
Water - Mercury 11/10/84 EFPCM:10.0 TVA, 1985a 7 0.024 mgil N/A Stormflow- Totsl
Water Mercury 5/31/84 EFPCM 14.36 TVA, 1985a 1 0.0066 __mg/L N/A Baseflow- Total
Water Mercury 10/22/84 EFPCM.14.36. TVA, 1985a 6 0.011 _mg/L N/A Stormflow- Total
Water Mercury 11/10/84 EFPCM 14.36 TVA, 1985a 7 0.026 mg/L N/A Stormflow- Total
Water Moercury 1985 | near PC MMES, 1986 12 0.0039 mg/L N/A
Water Mercury 1985 NHP Qutfall MMES, 1986 - 0.008 mg/L NIA
Water PCBs 5/31/84 EFPCM 14.36 TVA, 1985a 1 <0.0001 mg/t N/A
Water Tritium 1984 EFPCM 14.36 TVA, 1985a 1 400 pCi/L N/A
Water Uranium 197 NHP Outfall UCC, 1972 12 ‘400 pCirL N/A
Water Ui 1972 NHP Quttait Ucc, 1973 12 1000 pCi/t N/A
Water Uranium 1973 NHP Qutfall UCC, 1974 11 200 pCi/lt N/A :
Water Uranium 1974 NHP Quttail Ucc, 1975 12 146 pCi/L N/A
Water Uranium 1975 NHP Outfall UCC, 1976 12 7 pCi/L N/A
Water Urank 1976 NHP Quttail UCC, 1977 12 95 pCilt. N/A
Water Uranium 1977 NHP Outfall UCC, 1978 12 38 pCi/t. N/A
Water Uranium 1978 NHP Qutfail UCC, 1979 12 19 pCi/L N/A
Water_ Urani 1979 NHP Outfall UCC, 1980 12 16 pCi/L N/A
Water Uranium 1980 NHP OQuttall Ucc, 1981 12 69 pCi/L N/A
Water Uranium 1981 NHP Outtait UCC, 1982 12 150 pCifL N/A ’
Water Ui 1982 NHP Quttall UCC, 1983a 12 11 pCi/L N/A
Water Uranium 1983 NHP OQuttall MMES, 1984 12 37 pCi/L N/A
Water Uranium 1984 NHP Qutfall MMES, 1985 12 170 pCi/t. N/A
Water Urani 1985 nesr PC MMES, 1986 12 0.268 mg/L N/A 1.2% U-235 {max}, 0.76 % U-235 (avg.)

NA = Inf fon not itabl
N/A = Not applicable |
22
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APPENDIX I

BETWEEN-MEDIA COMPARISON SUMMARY SHEETS

This appendix summarizes the results of the between-media exposure pathway comparisons for
each of the chemicals and radiomiclides evaluated in Tasks 3 & 4 and the associated exposure
pathways for each contaminant that were determined to be important (i.e., contribute to
- exposure) in the within-medium comparison. -The objective of the between-medla comparisons
is to evaluate the relative importanCe”of exposure pathways across media.

The exposure pathway equations and exposure parameters descrlbed prev1ously for the
within-medium comparisons are also used.in this between-media evaluatlon However, instead
of a unit concentration, representative- concentrations of a ‘contaminant in all relevant
environmental media for which information was available are used. For the purposes of this
assessment, these representative concentrations .are based on prehrmnary effluent data
summarized in Task 1 and envxronmental monitoring data summarized in Task 2. The
representative concentrations correspond to maximum, single-year releases from each of the
three facilities on the ORR (for air pathways) and maximum reported concentrations in surface
water soil/sediment, and fish at or near each of the three surface water locations of interest (for
surface water and soil/sediment pathways).

Health hazards (e.g., cancer risks. or - hazard indices) associated with exposures to the

"representative contaminant concentrations that correspond to releases from each of the three
facilities are shown in Tables I-1 through I-3. Health hazards are summed for each medium,
and the medium with the highest hazard is identified as the "benchmark" to which risks
“associated with other media for that contaminant are compared. The ratio of each medium to
the benchmark value is calculated to show the relative importance of each medium. In addition,
the health hazards for all important pathways for a contaminant are summied to give a total health
hazard associated with the contaminant due to releases from a given facility. These values are
used to rank the radionuclides,. car‘cmo'genic’ chemicals, and noncarcinogenic chemicals with
respect to potential off-site health impacts from maximum, smgle-year releases or maximum,
yearly environmental measurements. : :
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TABLE I-1: BETWEEN-MEDIA COMPARISONS-- K-25 SITE SUMMARY

8/27/93

Radionuclides - . . -
Plutonium-238 Surface Water to Fish to Humans {Ingestion) .2.35E-07 7.3% 1.72E-08
: ’ Total Risk (Surface Water) = 1.72E-08 100%
Soil to Air to Humans (Inhalation) 5.07E-08 ’ 7.3% 3.70E-09
Soil to Humans (Ingestion) - 2.08E-08 7.3%- 1.52E-09
Soil to Vegetables to Humans (Ingestion) 1.87E-08 7.3% 1.37E-09
Total Risk {Soil) = 6.58E-09 38%
Total Risk = 2.37E-08
Plutonium-239/240 Surface Water to Flsh to Humans (Ingestion) 2.59E-07 7.3% 1.89E-08
) Total Risk {Surface Water) = 1.89E-08 12%
Soil to Air to Humans (Inhalation) 1.24E-06 7.3% 9.05E-08
Soil to Humans (Ingestion) 5.14E-07 7.3% 3.75E-08
Soil to Vegetables to Humans (Ingestion) 4.63E-07 7.3% 3.38E-08
' ‘Total Risk (Soil) = 1.62E-07 100%
Total Risk = 1.81E-07
Technetium-99 Air to Humans (Inhalation) 1.15E-08 7.3%. 8.40E-10
Air to Vegetables to Humans (Ingestion) 2.96E-08 7.3% 2.16E-09
{Air to Pasture to Livestock/Game {Beef) to Humans (Ingestion) 3.55E-08 7.3% 2.59E-09
Air to Pasture to Dairy Cattle (Milk) to Humans (Ingestion) 1.03E-07 7.3% 7.52E-09
' ’ Total Risk. {Alr) = 1.31E-08 <1%
Surface Water to Humans (Ingestion) 3.62E-09 7.3% ' 2.64E-10
Surface Water to Dairy Cattle (Milk) to Humans (Ingestion) 1.86E-10 7.3% 1.36E-11
Surface Water to Fish to Humans {Ingestion) 5.21E-08 7.3% 3.80E-09
: Total Risk (Surface Water) = 4.08E-09 <1%
Soil to Vegetables to Humans (Ingestion) 2.57E-05 7.3% . 1.88E-06
Soil to Pasture to Livestock/Game (Beef) to Humans {Ingestion) 2.36E-05 7.3% 1.72E-06
Soil to Pasture to Dairy Cattle (Milk) to Humans {Ingestion) 6.84E-05 7.3% 4.99E-06
Total Risk (Soil) = 8.59E-06 100%
Total Risk = 8.61E-06

K25SUM2.XLS
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kadmnucl:des {continued)

Uranium-234/235 Air to Humans (Inhalation) 2.41E-05 7.3% 1.76E-06
Air to Vegetables to Humans (Ingestion) 7.06E-07 7.3% 5.15E-08
: : Total Risk (Air) = 1.81E-06 100%
Surface Water to Humans (Ingestion) 2.08E-05 7.3% 1.52E-06
Surface Water to Fish to Humans {Ingestion) 1.19E-06 7.3% 8.69E-08 -
) ' Total Risk (Surface Water) = 1.61E-06 89%
Soil to Air to Humans {Inhalation) 1.43E-07 7.3% 1.04E-08
Soil to Humans (Ingestion) 1.47E-08 7.3% 1.07E-09
Soil to Dairy. Cattle (Mitk) to Humans (Ingestion) 8.74E-09 7.3% 6.38E-10
Soil to Vegetables to. Humans (Ingestion) 2.49E-07 7.3% 1.82E-08
. ] Total Risk {Soil} = 3.03E-08 . 2%
Total Risk = 3.45E-06 _
Uranium-238 Air to Humans {Inhalation) L 2.63E-05 ~7.3% " . 1.92E-06
Air to Vegetables to Hurmans (Ingestion) 7.44E-07 7.3% 5.43E-08 .
T T ’ ‘ Total Risk (Air) =| 1.97E-06 . “. 100%
Surface Water to Humans {ingestion) 1.85E-05 7.3% 1.35E-06 == ’
Surface Water to FIsh to Humans (Ingestion) 5.65E-07 .7.3% 4.12E-08 .
) Total Risk {Surface Water) = 1.39E-06: 70%
Soil to Air to Humans (Inhalation) 8.43E-07 7.3% 6.15E-08
Soil to Humans (Ingestion) 8.37E-08 7.3% 6.11E-09
Soil to Dairy Cattle {Milk) to Humans (Ingestion) 5.00E-08 7.3% 3.65E-09
|Soil to Vegetables to Humans (Ingestion) 1.42E-06 7.3% 1.04E-07
: . ) c Total Risk (Soil) = 1.75E-07 - 9%

Total Risk

3.54E-06

‘1Soil to Air to Humans {Inhalation)

1.34E-09

Beryllium B 9.36E-08 70 =

“1Soil to. Humans (Ingestion) 2.46E-06. 70 3.51E-08
1Soil to Livestock/Game (Beef) to Humans (ingestion) 1.47E-06 70 2.10E-08
Soil to Vegetables to Himans {Ingestion) 4.91E-06 70 7.01E-08
Soil to Pasture to Livestock/Game (Beef) to Humans (Ingestion) 3.67E-07 70 5.10E-09
- |Soil to'Humans (Dermal Contact) 1.43E-06 70 2.04E-08

o . Total Risk (Soil) = 1.53E-07 100%
Total Risk = 1.53E-07
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TABLE I-1: BETWEEN-MEDIA COMPARISONS-- K-25 SITE SUMMARY

8/27/93

Carcinogenic Chemicals (continued)

2.11E-08

Material

Carbon Tetrachloride |Air to Humans (Inhalation) 1.48E-06 70

: Total Risk (Air) = 2.11E-08 100%

Total Risk = 2.11E-08

Methylene Chloride Air to Humans (Inhalation) 8.02E-09 70 1.1 5E-1O
: Total Risk (Air) = 1.15E-10 100%

Total Risk = 1.15€-10

PCBs Surface Water to Fish to Humans (Ingestion) 2.97E-02 70 4.24E-04
Total Risk (Surface Water) = 4.24E-04 100%

Total Risk = 4.24E-04

Trichloroethylene Air to Humans (Inhalation) 1.99E-07 70 2.84E-09
: - Total Risk (Air) 2.84E-09 100%

Total Risk 2.84E-09

Chromium (lll) Surface Water to Humans (ingestion) 9.00E-04
Surface Water to Livestock/Game (Beef) to Humans (Ingestion) 1.53E-05
Surface Water to Fish to Humans (Ingestion) . 2.96E-04
Total Hazard (Surface Water) = 1.21E-03 100%
Soil to Humans (Ingestion) ’ ’ 8.71E-05
Soil to Livestock /Game (Beef) to Humans (Ingestion) 4.80E-04
Soil to Dairy Cattle (Milk) to Humans (Ingestion) 1.55E-04
Soil to Vegetables to Humans (Ingestion) 1.39E-04
Soil to Pasture to Livestock/Game (Beef to Humans (Ingestion) 8.73E-05
Soil to Pasture to Dairy Cattle (Milk) to Humans (Ingestion) 2.58E-05
Soil to Humans (Dermal Contact) 5.05E-05
Total Hazard (Soil) = 1.02E-03 85%
Total Hazard = 2.24E-03
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Matenial D
Noncarcinogenic Chemicals (continued)
Nickel Air to Humans (Inhalation) 8.04E-05
Air to Vegetables to Humans {Ingestion) 1.18E-03
Air to Pasture to Livestock/Game (Beef) to Humans (Ingestion) 3.32E-04
Air to Pasture to Dairy Cattle (Milk) to Humans (ingestion) 4.10E-04
. : ’ Total Hazard (Air) = 2.00E-03 1%
. |Surface Water to Humans. {Ingestion) 1.50E-01
Surface Water to'Fish to Humans (Ingestion) - 1.93E-02 .
N - : 3 Total Hazard (Surface Water) = 1.69E-01 100%
Soil to Humans (Ingestion) ' 1.04E-03
Soil to Livestock/Game (Beef) to Humans (Ingestion) 1.24E-03
-| Soil to. Dairy Cattle {Milk)-to Humans (Ingestion) 1.67E-03
Soil To Vegetables.to.Humans (Ingestion) 1.24E-02
. {Soil to Pasture to Livestock/Game (Beef) to Humans (ingestion) 1.80E-03
_-|Soil to Pasture:to Dairy Cattle (Milk) to Humans (Ingestlon) 2.23E-03.. .
" |Soil to Humans (Dermat Contact) ) , T “6.01E-04 . | .. c
A' S _Totat Hazard (Soil) = 2.10E-02 . .|+ 12%
- Total Hazard = 1.92E:01: | =~ -
1,1,1-Trichloroethane |Air to - Humans {Inhalation) - o 2.93€E-03
i ) - Total Hazard: (Air) = 2.93E-03 100%
Total Hazard = - 2.93E-03
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TABLE I-2: BETWEEN-MEDIA COMPARISONS-- X-10 SITE SUMMARY

8/27/93

(Sviyt Rigk/Sv} yeo
Radionuclides - :
Argon-41 Air to Humans (immersion) 1.36E-06 7.3% 9.93E-08
. - Total Risk {Air) = 9.93E-08 100%
Total Risk = 9.93E-08
Barium-140 Air to Humans (Inhalation) ~ 2.26E-08 7.3% 1.65E-09
Air to Humans {Immersion} 1.32E-08 7.3% 9.64E-10
Air to Vegetables to Humans {Ingestion)} ) 7.84E-07 7.3% 5.72E-08
Air to Pasture to Livestock/Game (Beef) to Humans (Ingestion) 1.07E-08 7.3% 7.81E-10
Air to Pasture to Dairy Cattle {Milk) to Humans (Ingestion) 9.567E-08 7.3% 6.99E-09
Total Risk (Air) = 6.76E-08 100%
Total Risk = 6.76E-08
Cerium-144 Air to Humans (Inhalation} 1.32E-06 7.3% 9.64E-08
Air to Vegetables to Humans (Ingestion) 1.12E-06 7.3% 8.18E-08
Air to Pasture to Livestock/Game (Beef) to Humans (Ingestion) 1.18E-07 7.3% 8.61E-09
Air to Pasture to Dairy Cattle (Milk) to Humans (Ingestion) 2.34E-08 7.3% 1.71E-09 )
Total Risk (Air} = 1.88E-07 100%
Water to Humans (Ingestion) 3.45E-07 7.3% 2.52E-08
Water to Fish to Humans (Ingestion) 9.25E-07 7.3% 6.75E-08
Total Risk (Surface Water) = 9.27E08 49%
Soil to Air to Humans (Inhalation) 4.48E-08 7.3% 3.27E-09
Soil to Humans {Ingestion) 1.33E-07 7.3% ‘9.71€-09
Soil to Livestock/Game (Beef) to Humans {Ingestion) 5.98E-08 7.3% 4.37E-09
Soil to Dairy Cattle {Milk) to Humans (Ingestion) 1.29E-08 7.3% 9.42E-10
Soil to Vegetation to Humans {Ingestion) 2.24E-07 7.3% 1.64E-08
Soil to Pasture to Livestock/Game (Beef) to Humans (Ingestion) 1.31E-08 7.3% 9.56E-10
Soit to Pasture to Dairy Cattle {Milk) to Humans (Ingestion} 2.58E-09 7.3% 1:88E-10
Soil to Humans {Ground Exposure) 2.75E-08 7.3% 2.01E-09
Total Risk (Soil) = 3.78E-08 20%
Total Risk_ = 3.19e-07
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§
Radionuclides (continued) . .
Cesium-137 Air to Humans (Inhalation) - - ‘3.05E-09 7.3% 2.23E-10
Air to Vegetables to Humans (ingestion) ] 6.74E-08 7.3% . 4.92E-09
Air-to Pasture to Livestock/Game (Beef) to Humans (Ingestion) : 1.91E-07 7.3% 1.39E-08
Air to Pasture to Dalry Cattle (Milk) to Humans (Ingestion) 1.67E-07 ) 7.3% 1.22E-08
Total Risk (Air) = 3.13E-08 <1%
Water to Humans (Ingestlon) 2.77€-04 7.3%: 2.02E-05
|Water to Flsh to Humans (Ingestlon) ' 3.95E-05 : 7.3% 2.88E-06
Total Rlsk (Surface Water) = 2.31E-05 - 71% . -
. Soul to Humans (lngestuon) S ) 2.90E-06 7.3% 2.12E-07.
- . |Soil to Livestock/Game (Beef) to Humans {Ingestion) 3.47E-05 7.3% 2.53E-06 -
Soil to Dairy Cattle (Milk) to Humans (Ingestion) 3.32E-05 7.3% 2.42E-06
_|Seil to Vegetation to"Humans {Ingestion) . 1.51€-04 7.3% - 1.10E-05
Soil.to Pasture to Livestock/Game {Beef) to Humans (Ingestion) | 1.18€-04 7.3% . 8.61£-06
-_|Soil to Pasture to Dairy Cattle (Milk) to Humans-(Ingestion) 1.03E-04 7.3% 7.52E-06
e e e T e - . ] : : : Total Risk (Soil} =] 3.23E-05 ° 100% -
” o S et - : ] - Total Risk = 5.65E05 -
Cobalt-60 . .. i :|water to:Humans {Ingestion) . . R 1.69E-05 [ 7.3% N '1.23E-06
P Water to Flsh to Humans (lngestlon) s - - +2.98E-07 |- . 7.3% .. 2.18E:08.
] ) ) o Total Risk (Surfaco Water) 1 ©1.26E06 =
Sovl to Humans (Ingestlon) N B 1.39E-07. 7.3% .. 1.01E-08 ' | - B
Soil to Livestock/Game (Beef) to Humans. {Ingestion) : 8.09E-07 Coo- 0 7.3% 0 s 5.91E-08. ] - )
Soil to Dairy Cattle (Milk) to Humans (Ingestion) 6.52E-07 7.3% a 4.76E-08 .
Soail to Vegetation to Humans. (Ingestion} 5.58E-06 7.3% 4.07E-07 !
Soil.to Pasture-to Livestock/Game (Beef] to Humans (Ingestion) 5.89E-08 7.3% 4.30E-09 .
. *|Soil.to Humans {Ground Exposure) 4.35E-08 7.3% 3.18E-09 >
N S S S B - Total Risk (Soff) = 5.32€-07 42% :
R TR Total Risk = 1.79€E-06
lodine-129 -~ - . lAir to'Vegetables to Humans {Ingestion) 2.39€-10 7:3% . 1.74E-11.
- ] o - | Air to Pasture to Livestock/Game (Beef) to Humans {Ingestion) 2.43E-10 " 7.3% - 1.77€E-11
-"|Air to Pasture to-Dairy Cattle (Milk) to Humans (Ingestion) 8.24E-10 v 7.3% 6.02E-11 _TE
- LT e we S - Yotal Risk (Air) =) ~ 9.53E-11 - 100%.
IR . Total Risk_= 9.53E-11 el
lodine-131 .. - |Air to Vegetables to Humans (Ingestion) 8.15E-03 | 7.3% 5.95E-04 ’
“|Air to Pasture to Livestock/Game (Beef) to Humans (Ingestion) 1.16E-03 7.3% ) 8.47E-05
Air to-Pasture to Dairy Cattle (Milk) to Humans ({Ingestion) - 3.94E-03 7.3% 2.88E-04
e e e T : o Total Risk (Alr) = 9.67€-04 100%
Total Risk = 9.67E-04
7 X10SUM2.XLS



TABLE |-2: BETWEEN-MEDIA COMPARISONS-- X-10 SITE SUMMARY v 8/27/93

Iy¥
Radionuclides (continued) :
lodine-133 Air to Vegetables to Humans (Ingestion) 1.48E-03 7.3% 1.09E-04
Air to Pasture to Livestock/Game (Beef) to Humans (ingestion) 1.51E-03 - 7.3% 1.10E-04
Air to Pasture to Dairy Cattle {(Milk) to Humans {Ingestion) 5.13E-03 7.3% 3.74E-04
Total Risk (Air) = 5.93E-04 100%
Total Risk = 5.93E-04 - )
Krypton-85 Air to Humans (Immersion) : 6.18E-11 © 7.3% 4.51E-12
. . Total Risk (Air) = 4.51E-12 100%
Total Risk = 4.51E-12
Lanthanum-140 Air to Humans (Inhalation) : 2.80E-08 7.3% 2.04E-09
Air to Humnas {Immersion): 1.08E-08 7.3% 7.88E-10
Air to Vegetables to Humans (Ingestion) 7.16E-07 7.3% 5.23E-08
Air to Pasture to Livestock/Game (Beef) to Humans (Ingestion) 3.04E-08 7.3% 2.22E-09
Air to Pasture to Dairy Cattle (Milk) to Humans (Ingestion) 9.99E-09 7.3% ) 7.29E-10
i Total Risk (Air) = 5.80E-08 100%
Total Risk 5.80E-08
Niobium-95 Air to Vegetables to Humans {Ingestion) 1.35E-06 7.3% 9.86E-08
) Air to Pasture to Livestock/Game (Beef) to Humans (Ingestion) 4.78E-05 7.3% 3.49E-06
Air to Pasture to Dairy Cattle {Milk} to Humans (Ingestion) 9.44E-06 7.3% 6.89E-07
Total Risk (Air) = 4.28E-06 100%
Water to Humans (Ingestion) 4.34E-09 7.3% 3.17E-10 -
Water to Fish to Humans {Ingestion} 1.16E-08 7.3% 8.47E-10 -
Total Risk {(Surface Water) = 1.16E-09 <1%
Soil to Livestock/Game {Beef) to Humans (ingestion) 1.06E-07 -7.3% 7.74E09 - -
Soil to Dairy Cattle {Milk) to Humans. {Ingestion) 2.30E-08 - 71.3% i - 1.68E-09-
Soil to Vegetation to Humans (Ingestion) 2.85E-08 7.3% 2.08E-09
Soil to Pasture to Livestock/Game (Beef) to Humans {Ingestion) 5.43E-09 7.3% 3.96E-10
Soil to Pasture to Dairy Cattle (Milk) to Humans (Ingestion) 1.07E-09 7.3% 7.81E-11
Soil to Humans (Ground Exposure) 5.50€-09 7.3% 4.02€-10
Total Risk (Soil) = 1.24E-08 <1%
Total Risk = 4.29E-06
Plutonium-238 Water to Fish to Humans (Ingestion) 2.35E-07 7.3% 1.72E-08
Total Risk (Surface Water) = 1.72E-08 100%
Total Risk = 1.72£-08
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Radionuclides (continued)

Plutonium-239 Air to Humans (Inhalation) 6.56E-07 7.3% 4.79E-08
Air to Vegetables to Humans (Ingestion) - 7.76E-08 7.3% 5.66E-09
) Total Risk (Air) = 5.36E-08 100%
Water to Fish to Humans {Ingestion) 2.59E-07 7.3% 1.89E-08
_Total Risk (Surface Water) = 1.89E-08 35%
. Total Rrsk = 7.25E-08
Protactinium-233 - |Air to Humans (Inhalation) * 1.79E-05 7.3% . 1.31E-06-
: " -+ |Air to Vegetables to Humans (Ingestion) 1.02E-04 7.3% 7.45E-06 )
] o R ) Total Risk {Air) = 8.75E-06 100%
Total Risk = 8.75E-06
Ruthenium-103 |Airto Humans (lnhalatlon) 5.32E-08 7.3% 3.88E-09
i Air-to Vegetables to Humans (Ingestlon) 2.52E-07 7.3% 1.84E-08
: A|r to Pasture to Lrvestocleame (Beef) to Humans (Ingestion) 7.13E-08. 7.3% 5.20E-09 )
I T s B U ~_Total Risk (Air) = 2.75E-08 13%
Water to: Humans (lngestuon) 2.07E-06 7.3%. - 1.51E-07' :
: Water to Flsh to Humans (lnqestlon) 8. 42E 07 7.3%. 6.15E-08 - eed
L 2 “Total Risk (Surface Water) 2.13E-07 - . '100%“
Sonl to Humans (Ingestron) s 1. 1BE08 ) 7.3% - 8.61E-10° e
___|Soil to Livestock/Game (Beef) to Humans {ingestion) 1.41E-08 . 7.3% 1.03E-09
. [Soil.to Vegetation to - Humans (Ingestion). 3.06E-07 7.3% 2.23E-08
. |Soil to Pasture to Livestock/Game (Beef) to Humans {Ingestion) 3.07E-08 7.3% 2.24E-09
) Sorl to Humans (Ground Exposure) 4.90E-08 - 7.3% 3.58E-09
. ] ] Total Risk {Soil) = 3.00E-08 14%
- AN ST Total Risk = 2.70E-07
Ruthenium-106 L Air t0 Humans (Inhalatlon) 8.03£-08 7.3% 5.86E-09
Air to Vegaetables to Humans (Ingestuon) 6.78E-08 7.3% 4.95E-09 -
Air to Pasture to Livestock/Game (Beef) to Humans (Ingestion) 1.92E-08 7.3%" 1.40E-09
L L . Total Risk (Air) = 1.22-08 <1%
. _|Water to Humans (Ingestion) . 8.19E-05° 7.3% ... .5.98E-06 - o
. " . |Water to Fish to: Humans (Ingestion) .1.48E-05 7.3% - _1.0BE-06 ™
R A Total Risk {Surface Water) = ._7.06E-08 100%:-
Soil to Air-to Humans {inhalation) 8.13E-08 . 7.3% 5.93E:09, -
- |Soil to Humans {ingestion) . . ‘ 2.41E-07 _7.3% 1.76E-08
Soil toiLivestock/Game (Beef) to. Humans {ingestion) 2.88E-07 7.3% 2.10E-08 _
Soil to Vegetation to Humans (Ingestion} 6.25E-06 7.3% 4.56E-07°
" |Soit to Pasture to.Livestock/Game {Beef) to Humans {Ingestion) 6.29€-07 7.3% 4.59E-08
Soil to-Humans {Ground Exposure) 7.82E-08 7.3% 5.71E-09
o ' . Total Risk (Soil) = 5.52E-07 8%
Total Risk = 7.62E-06
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TABLE 1-2: BETWEEN-MEDIA COMPARISONS-- X-10 SITE SUMMARY

8/27/93

Radionuclides (continued)

Strontium-89 Air to Humans (Inhalation) 3.14€-07 7.3% 2.29€-08
Air to Vegetables to Humans (Ingestion) 1.10E-06 7.3% 8.03E-08
JAir-to Pasture to Livestock/Game (Beef) to Humans (ingestion) 4.68E-08 7.3% 3.42E-09 -
.| Air to Pasture to Dairy Cattle (Milk) to Humans (Ingestion) 5.39E-07 7.3% 3.93E-08
’ Total Risk (Air) = |- 1.46E-07 100%
Soil to Dairy Cattle (Milk) to Humans (Ingestion) 1.83E-09 7.3% 1.34E-10
Soil to Vegetation to Humans (Ingestion) 1.78E-07 7.3% 1.30E-08
Soil to Pasture to Dairy Cattle (Milk) to Humans 4.47E-09 7.3% 3.26E-10
. Total Risk (Soil) = -1.35E-08 .- 9%
Total Risk_= 1.59E-07 .
Strontium-90 Air to Humans (Inhalation) . 2.37E-08 7.3% 1.73E-09
Air to Vegetables to Humans {Ingestion} 2.02E-07 7.3% - 1.47E-08
Air to Pasture to Livestock/Game (Beef) to Humans (Ingestion) 8.58E-09 7.3% 6.26E-10
Air to Pasture to Dairy Cattle (Milk) to Humans (ingestion) 9.88E-08 7.3% 7.21E-09
. . Total Risk (Air) = ~2.43E-08 <1%
Water to Human (Ingestion) 1.74E-04 7.3% 1.27€-05 .
Water to Fish to Humans (Ingestion) 1.17E-05 7.3% 8.54E-07 .
] : Total Risk {Surface Water) = 1.36E-05 100%
Soil to Dairy Cattle (Milk) to Humans ({Ingestion) 2.93E-07 . 7.3% 2.14E-08
Soil to Vegetation to Humans (Ingestion) 2.86E-05 7.3% 2.09E-06
Soil to Pasture to Livestock/Game (Beef) to Humans (ingestion) 4.08E-07 7.3% 2.98E-08 .
Soil to Pasture to Dairy Cattle (Milk) to Humans 4.70E-06 7.3% "~ 3.43E-07
Total Risk {Soil} = '2.48E-06 18%
Total Risk = 1.61E-05
Tritium 1.39E-04 7.3% 1.01E-05 - 100%
Total Risk = 1.01E-05 :
Uranium-234/235 Air to Humans {Inhalation} 9.22E-09 7.3% 6.73E-10
Air to Vegetables to Humans (Ingestion) 2.70E-10 7.3% 1.97E-11
i Total Risk (Air) = 6.93E-10 <1%
Water to Humans (Ingestion} 1.99E-05 7.3% 1.45E-06
Water to Fish to Humans (Ingestion) 1.36E-07 7.3% 9.93E-09
Total Risk (Surface Water} = 1.46E-06 100%
Soif to Air to Humans {Inhalation) 4.84E-07 7.3% 3.53E-08
Soil to Humans (Ingestion} 4.96E-08 7.3% 3.62E-09
Soil to Dairy Cattle (Milk) to Humans {Ingestion} 2.96E-08 7.3% 2.16E-09
Soil to Vegetation to Humans (Ingestion) 8.44E-07 7.3% 6.16E-08
Total Risk (Soil) = 1.03E-07 7%
Total Risk = 1.57E-06
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Radionucfides ( inued)
Uranium-238 Air to Humans (Inhalation) : -1.20E-06 7.3% 8.76E-08
Air to Vegetables to Humans (Ingestion) ~ 3.40E-08 : 7.3% 2.48E-09 .
Total Risk (Air} = 9.01E-08 7%
Water to Humans (Ingestion) . 1.76E-05 7.3% 1.28E-06
Water to Fish to Humans. (Ingestion} 6.97E-08 7.3% 5.09E-09
. . Total Risk {Surface Water) = 1.29E-06 100%
Soil to Air to Humans (Inhalation) 3.79E:07 7.3% 2.77E-08
Soil to Humans (Ingestion) 3.77E-08 7.3% 2.75E-09
Soil to Dairy Cattle (Milk) to Humans (Ingestion) 2.25E-08 7.3% 1.64E-09
Soil to Vegetation to Humans (Ingestion). 6.51E-07 7.3% . 4.75E-08
. Total Risk (Soil) = 7.96E-08 6%
Total Risk_ = 1 46E-06 -
Xenon-133 Air to Humans (Immersion) : 2ATE-07 7.3% 1F4E 08
; b . - . L Total Risk {Air) = 1.54E-08 100%
) Total Risk_= 1 54E-08 - : .
Zirconium-95 . Air to Humans (Inhalation) : -2.8B8E-07 73% . 2. 10E 08
Air to Humans (Immersion) - A K .| 8.71E-09 T 7.3% 6.36E:10 =
Air to"Vegetables to Humans (Ingestion) . 1 6.36E-07 . C7.3% 0 - "4.64E-08 -
Air to Pasture to Livestock/Game (Beef) to Himans (Ingestion) ' 4.94E-07 7.3% ) - 3.61E-08
Air to Pasture to Dairy Cattle (Milk) to Humans (Ingestion) 6.65E-09. 7.3%- 4.85E:10
Total Risk (Air} = | 1.05E-07 100% .
Water to Humans {Ingestion) 7.02E-09 7.3% 5.12E-10
Water to Livestock/Game (Beef) to Humans (Ingestion) 7.12E-11 7.3% 5.20E-12
Water to Fish to Humans (Ingestion) 1.87E-08 7.3% 1.37E-09
Water.to Humans (Recreational-- Immersion) 1.20E-10 7.3% . 8.76E-12
N S Total Risk (Surface Water) 1.89E-09 2%
Soil-to Air to.Humans {Inhalation) 1.49E-10 7.3% 1.09E-11 .
Soil to'Humans {Ingestion) : . 1.15€-09 : - 7.3% 8.40E-11 .
: |Soil to Livestock/Game (Besf) to Humans {Ingestion) 3.79E-09 - 7.3% 2.77E-10 .
Soil to Vegetation to Humans {Ingestion) - ) - 4.61E-09 7.3% - ) - 3.37E-10. ™ N
Soil to Humans {Ground. Exposure) : | 8.13E-09 7.3% . 5.93E-10 N
L S : i ‘Total Risk (Soil) = __1.30E-09 1%%:
Total Risk = 1.08E-07
1 X10SUM2.XLS




'TABLE I-3: BETWEEN-MEDIA COMPARISONS« Y-12 SITE SUMMARY

8/27/93

adionuclides

Soil to Air to Humans (Inhalation)

Plutonium-238 9.42E-09 7.3% 6.88E-10
Soil to Humans (Ingestion) 3.86E-09 7.3% 2.82E-10
Soil to Vegetables to Humans (Ingestion) 3.48E-09 7.3% 2.54E-10
Total Risk (Soil) = 1.22€-09 100%
Total Risk = 1.22E-09
Technetium-99 Surface Water to Fish to Humans (Ingestion) 1.49E-07 7.3% 1.09E-08
Total Risk (Surface Water) = 1.09E-08 100%
Total Risk = 1.09€-08
Thorium-232 Soil to Air to Humans (Inhalation) 2.83E-05 7.3% 2.07E-06
Soil to Humans {ingestion) 2.57E-06 7.3% 1.88E-07
Soil to Vegetables to Humans (Ingestion) 4.36E-06 7.3% 3.18E-07
: ] Total Risk (Soil) = 2.57E-06 100%
Total Risk = 2.57€E-06
Uranium-234/235 Air to Humans (Inhalation) 8.51E-05 7.3% 6.21E-06
A Air to Vegetables to Humans (Ingestion) 2.49E-06 7.3% 1.82E-07.
] Total Risk (Air) = 6.39E-08 55%
Surface Water to Fish to Humans {Ingestion) 1.60E-04 7.3% . - 1.17E-05
: Total Risk (Surface Water) = 1.17E-05 100%
Soil to Air to Humans (Inhalation) 1.36E-06 7.3% 9.93E-08 - :
Soil to Humans (Ingestion) 1.39E-07 7.3% 1.01E-08
Soil to Dairy Cattle {Milk) to'Humans (Ingestion) 8.32E-08 7.3% 6.07E-09
Soil to Vegetables to Humans (Ingestion) 2.37E-06 7.3% 1.73E-07-
i Total Risk (Soil) = 2.89E-07 2%
Total Risk = 1.84E-05
Uranium-238 Air to Humans (Inhalation) . 4.21E-05 7.3% 3.07E-06
Air to Vegetables to Humans (ingestion} 1.19€-06 7.3% 8.69E-08
Yotal Risk (Alr) = 3.16E-06 31%
Surface Water to Fish to Humans {Ingestion) 1.41E-04 7.3% 1.03E-05
Total Risk (Surface Water) = 1.03E-05 100%
Soil to Air to Humans (Inhalation) 1.47E-05 7.3% 1.07E-06
Soil to Humans (Ingestion) 1.47E-06 7.3% 1.07E-07
Soil to Dairy Cattle (Milk) to Humans (Ingestion) 8.74E-07 7.3% 6.38E-08
Soil to Vegetables to Humans {Ingestion) 2.49E-05 7.3% 1.82E-06
Total Risk (Soil) = 3.06E-06 30%
Total Risk = 1.65E-05
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TABLE)-3: BETWEEN-MEDIA COMPARISONS-- ¥-12 SITE SUMMARY

8/27/93

Carcinogenic Chemicals

Beryllium Soil to Air to Humans (Inhalation) 7.02E-08 . 70 1.00E-09
. Soil to Humans (Ingestion) 1.8B4E-06 70 2.63E-08
Soil to Livestock/Game (Beef) to Humans (Ingestion) 1.10E-06 70 1.57E-08
Soil to Vegetables to Humans {Ingestion) 3.69E-06 70 5.27E-08"
Soil to Pasture to Livestock/Game (Beef) to Humans {Ingestion) 2.68E-07 70 3.83E-09
Soil to Humans (Dermal Contact) 1.07E-06 70 1.53E-08
Total Risk (Soil)= 1.15€-07 100%
Total Risk = 1.15€-07
Carbon Tetrachloride JAir to.Humans (Inhalation) 4.32E-05 70 6.17E-07
i ] Total Risk {Air)= 6.17E-07 100%
Total Risk = _B8.17E-07
Methylene Chloride Air to Humans (Inhalation) 2.55E-06 70 3.64E-08
] Yotal Risk (Air)= 3.64E-08 100%
Total-Risk = 3.64E-08
PCBs Surface Water to Fish to Humans (Ingestion) 4.21E-03 ~ 70 6.01E-05
. i Yotal Risk (Surface Water) =. 6.01E-05__
Soil to- Humans (Ingestuon) - 1.B7E-05. - 70 2.67€E-07 .
Soil to Livestock/Game (Beef) to Humans (Ingestvon) 5.60E-04 70 8.00E-06
Soil to Dairy Cattle (Milk) to Humans {Ingestion) . 3.02E-04 70 - 4.31E-06
Soil to Vegetables to Humans (Ingestion) -1.05E-04 70 1.50E-06- -
Soil to Pasture to Livestock/Game {Beef) to Humans {Ingestion) 3.80E-05 70 5.43E-07 .
Soil to Pasture to Dairy Cattle (Milk) to Humans {ingestion) 1.88E-05 70 2.69€-07 -
Soil to Humans: (Dermal Contact) 1.08E-05 70 1.54E-07
Total Risk {Soil)= 1.60E-05 25%
Total Risk = 7.52E-05 :
Tetrachloroethylene  JAir to Humans (Inhalation) 1.56E-06 70 2.23E-08
: i Total Risk (Air) = 2.23E-08 100%
Total Risk = 2.23E-08
Trichloroethylene Air to Humans (Inhalation) 2.51E-10 .70 3.59E-12
- Total Risk {(Air)= 3.59E-12 100%
Total Risk = 3.59E-12_ o
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TABLE |-3: BETWEEN-MEDIA COMPARISONS-- Y-12 SITE SUMMARY 8/27/93

Noncarcinogenic Chemicals
Chromium (lIl) Surface Water to Livestock/Game (Beef} to Humans (Ingestion) 1.40E-04
Surface Water to Fish to Humans (Ingestion) 4.50E-05 -
Total Hazard (Surface Water) = 1.85E-04 20%
Soil to Humans (Ingestion) 7.86E-05
Soil to Livestock/Game (Beef) to Humans (Ingestion) 4.33E-04
Soil to Dairy Cattle (Milk) to Humans {Ingestion) 1.39€-04
Soil to Vegetables to Humans (Ingestion) 1.26E-04
Soil to Pasture to Livestock/Game (Beef} to Humans (Ingestion) 7.87E-05
Soil to Pasture to Dairy Cattle (Milk) to Humans (Ingestion) 2.32E-05
Soit to Humans (Dermal Contact) 4.56E-05
Total Hazard (Soil) = 9.24E-04 100%
Total Hazard = 1.11E-03
Lead Surface Water to Fish to Humans (Ingestion} 5.28E-02
. Total Hazard {Surface Water) = 5.28E-02 6%
Soil to Humans (Ingestion) 6.63E-02
Soil to Livestock/Game (Beef) to Humans (Ingestion) 1.59E-02
Soil to Dairy Cattle (Milk) to Humans-{Ingestion) 2.78E-02
Soil to Vegetables to Humans (Ingestion) . 6.63E-01
Soil to Pasture to Livestock/Game (Beef) to Humans (Ingestion) 1.73E-02
Soil to Pasture to Dairy Cattle (Milk) to Humans (Ingestion) 2.78E-02
Soil to Humans (Dermal Contact) 3.85E-02
Total Hazard (Soil)= 8.57E-01 100%
Total Hazard = 9.09E-01 .
Mercury Air to Humans (Inhalation) 8.22€-03
Air to Vegetabies to Humans (Ingestion) 1.20E-01
Air to_Pasture to Livestock/Game (Beef) to Humans (ingestion) 4.59E-01
. Total Hazard {Air)= 5.87E-01 <1%
Surface Water to Fish to Humans (Ingestion) | 2.89E +00
Total Hazard {Surface Water) = 2.89E+00 <1%
Soil to Livestock/Game (Beef) to Humans {ingestion) 4.04E+01
Soil to Vegetables to Humans (Ingestion) 4.50E+02
Soil to Pasture to Livestock/Game (Beef) to Humans (Ingestion) 8.82E+02
Total Hazard (Soil) = 1.37E+03 100%
Total Hazard = 1.38E+03
1,1,1-Trichloroethane JAir to Humans (Inhalation) 3.18E-04
Total Hazard {Air) = 3.18E-04 100%
Total Hazard = 3.18E-04
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