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INTRODUCTION

Each year since 1972, a report is prepared on the past calendar year's environmental monitoring
activities for the DOE facilities in QOak Ridge, Tennessee. These reports are required by DOE
Order 5484.1.

As in the past, environmental monitoring programs for the QOak Ridge area for calendar year 1983
includes sampling and analysis of air, water from surface streams, creek sediment, biota, and soil
for both radioactive and nonradioactive materials. Certain additions to the measurement programs
{such as adding high vol monitors in the vicinity of the Y-12 Plant) were made in 1983; other
programs (such as groundwater monitoring) have been expanded. These changes are described.
Cerlain special environniental studics which have been conducted in the arca are also included in
this report, primarily as abstracts or brief summaries. The annual report for 1983 on
environmental monitoring and surveillance of the Oak Ridge community by Oak Ridge Associated
Universities is also attached as an appendix. These special studies concentrate upon certain
environmental matters {such as mercury) in which there has been considerable public interest in
1983.

A brief description of the topography and climate of the Oak Ridge area, as well as a very short
description of the three DOE facilities, are provided below in order to assist the reader in the
understanding of the thrust and contents of the environmental monitoring program for Oak Ridge.

Qsak Ridge is located in East Tennessee in 2 broad valley which lies between the Cumberland
Mountains on the northwest and the Great Smokey Mountains on the southeast. The Department
of Energy (DOE) Reservation is located in the Valley and Ridge physiographic province which is
characterized by parallel ridges of sandstone, shale, and cherty dolomite, separated by valleys of
less weather-resistant limestone and shale.  The ridges are oriented southwest-northeast.
Topographyv of the area is due to differential erosion of severely folded and faulted rocks ranging in
age from Early Cambrian to Early Mississippian. Flevations range from 226 to 415 meters above
mean sea level with a maximum relief of 189 meters. The area includes gently sloping valleys and
rolling to steep slopes and ridges. The Tennessee Valley Authority’s (TVA) Melton Hill and Watts
Bar Reservoirs on the Clinch River form the southern and western boundaries of the Reservation
while the City of Oak Ridge (approximately 28,000 population) is on the northern boundary.

The local climate is noticeably influcnced by topography. Provailing winds arc usually cither up-
valley, from west to southwest, or down-valley, from east {o northeast. During periods of light
winds, daytime winds are usually southwesterly and nighttime winds usually northeasterly. Wind
velocities are somewhat decreased by the mountains and ridges, and tornadoes rarely accur. In
winter, the Cumberland Mountains have a moderating influence on the local climate by retarding
the flow of cold air from the north and west. Temperatures of 38°C or higher and -18°C or below
are unusual. Low-level temperature inversions occur during approximately 56 percent of the hourly
observations. Winter and early spring are the seasons of heaviest precipitation with the monthly
maximum normally occurring during January to March. The mean annual precipitation is
approximately 137 centimeters,

The topography of the Oak Ridge area is such that all drainage from the DOE Reservation flows
into the Clinch River which has its headwaters in southwestern Virginia and flows southwest to its
mouth near Kingston, Tennessee. The Clinch River flow is regulated by several dams which
provide reservoirs for flood control, electric power generation, and recreation. The principal
tributaries through which liquid effluents from the plant areas reach the Clinch River are White
Quak Creek, East Fork Poplar Creek. and Poplar Creek.



With the exception of the City of Oak Ridge, the land within 8 kilometers of the DOE Reservation
is predominantly rural being utilized largely for residences, small farms, and pasturage for caitle.
Fishing, hoating, water skiing, and swimming are favorite recreational activities in the area. The
approximate location and population of the towns nearest the DOE Reservation are: Oliver Springs
(pop. 3600) 11 kilometers to the northwest; Clinton (pop. 5400) 16 kilometers to the northeast;
Lenoir City {pop. 5400) 11 kilometers to the southeast; Kingston (pop. 4400) 11 kilometers to the
southwest; and Harriman {pop. 8300) 13 kilometers to the west. Knoxville, the major metropolitan
area nearest Oak Ridge, is located about 40 kilometers to the east and has a population of
approximately 183,000. A directional 80-kilometer population distribution, which is used for
population dose calculations later in this report, is shown in Table 1.

The DOE Reservation contains three major operating facilities: the Oak Ridge National Laboratory
(ORNL), the Oak Ridge Gasecus Diffusion Plant (ORGDP), and the Y-12 Plant; ali of which
were operated by Union Carbide Corporation, Nuclear Division in this calendar year. In addition,
two smaller DOE facilities are in the area: the Comparative Animal Research Laboratory, and the
Oak Ridge Associated Universities, both of which are operated by Oak Ridge Associated
Universities.

The Oak Ridge National Laboratory is a large multipurpose research laboratory whose basic
mission is the discovery of new knowledge, both basic and applied, in all areas related 1o energy.
To accomplish this mission, the Laboratory conducts research in all fields of modern science and
technology. The Laboratory’s facilities consist of nuclear reactors, chemical pilot plants, research
laboratorics, radicisotope production laboratorics, and support facilities.

The Oak Ridge Gaseous Diffusion Plant (ORGDP) is a complex of production, research,
development, and support facilities located west of the city of Oak Ridge. While the primary
function of ORGDP is the earichment of uranium hexafluoride (UF6) in the uranium-235 isotope,
extensive efforts are also expended on research and development activities associated with both the
gaseous diffusion and gas centrifuge processes. In addition, the barrier material used by all three
Department of Energy-owned gaseous diffusion plants has been manufactured at ORGDP.
Numerous other activities (maintenance, nitrogen production, steam production, uranium recovery,
water treatment, laboratory analysis, administration, etc.) lend support to these primary functions
and are thus essential to the operation of this plant.

The Oak Ridge Y-12 Plant which is located immediately adjacent to the City of Ozk Ridge has
five major responsibilities: (1) production of nuclear weapon components, (2} processing of source
and special nuclear materials, (3) support to the weapon design laboratories, (4} support to other
UCC-ND installations, and (5) support to other government agencies. Activities associated with
these functions include the production of lithium compounds, the recovery of enriched uranium
from scrap material, and the fabrication of uranium and other materials into finished parts and
assemblies. Fabrication operations include vacuum casting, arc melting, powder compaction,
rolling, forming, heat treating, machining, inspection, and testing.

Operations associated with the DOE research and production facilities in Oak Ridge give rise to
several types of waste materials.

Radioactive waste are generated from nuclear research activities, reactor operations, pilot plant
operations involving radioactive materials, isotope separation processes, uranium enrichment, and
wranium processing operations. Nonradioactive wastes are generated by normal industrial-type
support operations that include water demineralizers, air conditioning, cooling towers, acid disposal,
sewage plant operations, and steam plant operations.



Nonradioactive solid wastes are buried in a centralized sanitary landfill or designated burial areas,
Radioactive solid wastes are buried in solid waste storage areas and placed in retrievable storage
either above or below ground depending upon the type and quantity of radioactive material present
and the economic value involved.

Gaseous wastes generally are treated by filtration, electrostatic precipitation, and/or chemical
scrubbing techniques prior to release to the atmosphere. The major gaseous waste streams are
released through stacks to provide atmosphere dilution for materials which may remain in the
stream following treatment.

Liquid radioactive wastes are not released but are concentrated and contained in tanks for ultimate
disposal. Process water which may contain small quantities of radioactive or chemical pollutants is
discharged, after treatment, to White Oak Creek, Poplar Creek, East Fork Poplar Creek, and Bear
Creek, which are small tributaries to the Clinch River,

SUMMARY

The Environmental Monitoring Program for the Oak Ridge area includes sampling and analysis of
air, water from surface streams, creek sediments, biota, and soil for both radioactive and
nonradicactive materials. This report presents a summary of the results of the program for
calcndar year 1983.

Surveillance of radioactivity in the Oak Ridge environs indicates that atmospheric concentrations of
radioactivity were not significantly different from other areas in East Tennessee. The levels of
radioactivity were between 0.02 and 0.03 percent of the DOE concentration guides (CG) which has
been the case since 1980. Levels of radioactivity in rainwater samples collected in the Qak Ridge
area were not significantly different from those collected at remote locations. Concentrations of
radioactivity in the Clinch River and in fish collected from the river were less than two percent of
the permissible concentration and intake guides for individuals in the offsite environment. While
some radioactivity was released to the environment from plant operations, the concentrations in all
of the media sampled were well below established DOE standards, as has been the case since the
inception of these reports.

The total body dose to a "hypothetical maximum cxposcd individual” at the sitc boundary was
calculated to be 6.8 millirem/yr (68 microsieverts) which is about one percent of the DOE Order
5480.1A standard. The maximum possible dose commitment to the critical organ of an individual
from the aquatic food chain was calculated to be 41 millirem (410 microsieverts) to the hone which
is 2.7 percent of the allowable annual standard. The maximum equivalent dose commitment
(weighted sum of doses to principle organs) to individuals living nearest the site boundary from
airborne releases, assuming continuous residence, was 6.3 millirem (63 microsieverts) to the total
body and 21 miilirem (210 microsieverts) to the pulmonary tissues. These doses are 1.6 percent
and 1.4 percent, respectively, of the annual standards. The average equivalent dose commitment to
the total body of an Oak Ridge resident was estimated to be 1.3 millirem (13 microsieverts). The
average dose commnitment o the pulmonary tissues of an Oak Ridge resident was 4.2 millirem (42
microsieverts). The cumulative equivalent dose commitment to the total body {weighted sum of
doses to principle organs) for the population within an 80-kilometer radius of the Qak Ridge
facilities resulting from 1983 effluents was calculated to be 120 man.rem (1.2 man-sieverts). This
dose may be compared to an estimated 87,000 man-rem (870 man-sieverts) to the same population
resulting from natural background radiation.



4

Surveillance of nonradioactive materials in the Oak Ridge environs shows that established limits
were not exceeded for those materials present in the air as a result of plant operations except for
suspended particulates in the Y-12 Plant area.

The chemical water quality data in surface streams obtained from the water sampling program
indicated that average concentrations resulting from plant effluents were in compliance with State
Water Quality Criteria for fish and aquatic life with the exception of cadmium, copper, fluoride,
lead, mercury, and zinc.

National Pollutant Drischarge Elimination System (NPDES) permit complizace information bas
been included in this report. Just as in previous years, there has been a substantial number of
noncompliances. These noncompliances were predominantly associated with the ORNL sewage
plant operation and high pH values at one ORGDP release point.

During 1983 there was one spill of hazardous materials from the Oak Ridge installations reported
to the National Response Center. Three quarts of 45 perceni diazinon were inadvertently spilled
onto an ORGDP inplant road from the back of a truck. Cleanup was effected immediately.

No major spills of oil and grease or PCB’s occurred in 1983. No major releases of any
radionuclides occurred. Prompted in part by Congressional hearings, thorough eavironmental
reviews conducted in early 1984, in which some of the data in this report as well as the overall
environmental programs were examined, concluded that there were no imminent hazards to the
health and safcty of the community duc to cnvironmontal matters. The data reported herein
support that conclusion.

MONITORING DATA
COLLECTION, ANALYSIS, AND EVALUATION

Environmental monitoring data for calendar year 1983 are summarized in Tables 2 through 55. In
general, the data tables show the number of samples collected at each location, the maximum
concentration, the minimum concentration, the average concentration, the relevant standard, and
percent of standard for the average of each parameier. Averages are usually accomnpaniod by plus-
or-minus { ) values which represent the 95 percent confidence limits. The 95 percent confidence
limits which are calculated from the standard deviation of the average, assuming a normal
frequency disiribution, are predictions of the variability in the range of concentrations based on a
limited number of measurements. They do not represent the conventional error in the average of
repeated measurements on identical samples. Data which are below the minimum detectable limit
are expressed as less than (<) the minimum detectable vaiue. In computing average values, sample
results below the detection limit are assigned the detection limit vaiue with the resulting average
value being expressed as less than (<) the computed value.

Average environmental concentrations are compared with applicable standards, where such
standards have been established, as a means of evaluating the impact of effluent releases. Potential
radiation dose to members of the public and/or environmental concentrations of radicactivity are

comparcd with the dosc standards and cnvironmental concentration guides contsined in DOE Order
5480.1A1

The concentration guide (CG) is a number derived for the most part from the dose standards
recommended by the International Commission on Radiological Protection (ICRP) and the
National Council on Radiological Protection (NCRP) and contained in DOE Order 5480.1A., The
concentration guides for a particular radionuclide are those concentrations in air or water which



can be inhaled or ingested each day by a "standard man" for a period of 50 years without exceeding
the committed dose equivalent specified in the dose standards.

The "standard man" is described by the ICRP in terms of body proportions of various elements
found in the body; average consumption rates of food, air, and water; average excretion rates;
weight of each body organ; and a number of other factors such as the size distribution of dust
particles trapped in the respiratory tract and their fate in the body.

Stream concentrations of nonradioactive pollutants have been compared with the latest Tennessee
Department of Health and Envirenment Water Quality Criteria for fish and aquatic life in fresh
water streams,

iiquid effluent monitoring data have been compared to the limits specified in the National
Poliutant Discharge Elimination System: {NPDES) permits issued to the Oak Ridge facilities by the
Environmental Protection Agency (EPA).

In some scientific communities the International System of Units (SI) for radioactive measurements
is being considered or used. This report contains data in both umits; the non-SI units used
previously, followed by the SI units in pareatheses.

Air Monitoring

Radioactive - Atmospheric concentrations of radicactive materials occurring in the general
envirpnment of East Tennessee are monitored by two systems of monitoring stations. QOne system,
the Perimeter Air Monitoring System, consists of eleven stations (HP-31 through HP-41) which
encircle the perimeter of the Oak Ridge area and provides data for evaluating releases from Oak
Ridge facilities to the immediate environment, Figure 1. A second system, the Remote Air
Monitoring System, consists of seven stations (HP-51 through HP-53 and HP-55 through HP-58)
encircling the Oak Ridge area at distances of from 19 to 121 kilometers, Figure 2. This system
provides background data to aid in evaluating local conditions. Eleven air monitors {INo's. 1 through
11, Figure 3) have recently been installed around the perimeter of the Y-12 Plant, primarily for the
measurement of urapium. Sampling for radicactive particulates is carried out by passing air
continuously through filter papers. Filter papers from the perimctcr and romotc systoms arc
evaluated weekly by gross beta and gross alpha counting technigues and composited by system
quarterly for specific radionuclide analysis. The V¥-12 plant air monitoring filters are removed
weekly and evaluated for gross alpha and gross beta radioactivity. The filiers are composited
quarterly by station and evaluated for the uranium isotopes. More frequent detailed analyses are
performed if concentrations in the environmeni are significantly above normal.  Airborne
radioactive iodine is monitored in the immediate environment at the perimeter stations (HP-31
through HP-41) by passing air continuously through cartridges containing activated charcoal
Charcoal cartridges are evaluated for radioactive iodine by gamma spectrometry.

Ay indivated above, a number of new zir monitoring stations were added to the total system in
1983, There were no stations taken out of service.

Data on the concentrations of radioactive materials in air and the quantities of radiocactive
materials released to the atmosphere in the Oak Ridge and surrounding areas are given in Tables 2
through 7.

The average gross beta concentrations of radicactivity from particulates in air measured by both
the perimeter and remote monitoring systems were 0.03 and 0.02 percent, respectively, of the
applicable concentration guide (CG) as specified in the DOE Order 5480.1A, Chapter XI for
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individuals in uncontrolled areas (Table 2). Because monitoring stations HP-40 and HP-41 were
added in the summer of 1983, fewer samples were collected at these two stations than at the other
perimeter stations. This was taken into account in the averaging process and accounts for the
higher standard error obtained for the averages for these two stations. The activity levels measured
have remained essentially constant {at 0.02 to 0.03 percent of the concentration guide) since 1980
except for the first half of 1981, in which the increase in activity that was measured (0.07 perceat
of the concentration guide) was attributed to the presence of weapons test debris in the atmosphere.

The average gross alpha concentrations in the perimeter and remote monitoring systems were 0.03
and 0.03 percent, respectively, of the CG for a mixture of uranium isotopes (Table 3). The activity
levels measured have remained essentially constant (0.02 to 0.03 percent of the CG) since 1980.

The resulis of specific radionuclide analyses of composited filters are given in Table 4. The
environmental concentrations tabulated are all at least a thousand times less than the applicable
DOE concentration guides for the radionuclides detected. In general, activity levels of fission
products were less than those of the previous year, this change being attributed to the decrease in
world-wide fallout.

The concentrations of iodine as measured by the perimeter air monitoring system was <0.01
percent of the inhalation concentration guide for individuals in urcontrolled areas (Tuable 5). This
level of measured activity has remained essentially unchanged since 1980

The results of uranium analysis of the composited filters from the air monitoring stations around
the Y-12 Plant are given in Table 6. The average concentrations for all uranium isotopes measured
were less than 0.6 percent of the applicable concentration guide specified in DOE Order 5480.1A.

While some radioactivity was released to the atmosphere {Table 7), measurcments in the Oak
Ridge area show that environmental levels were well below established standards.

Noaradioactive - Environmental air samples are taken for the determination of fluorides, suspended
particulates, and sulfur dioxide.

Sampling locations for fluorides around ORGDP arc indicated by F-1 through F-6, Figure 1. The
current sampling procedure is to obtain six-day samples collected on potassium carbonate treated
paper and to analyze weekly by specific ion electrode. The six-day analyses are then averaged to
obtain 30-day values. Fonr fluoride monitoring stations have been instailed about the Y-12 Plant at
air monitoring stations 2, 4, 7, and 8, Figure 3. Seven-day samples are collected at each station
once each month.

Suspended particulates are measured in the ORGDP area at locations SP-1 through SP-4, Figure 1.
Two suspended particulate monitoring stations have been installed at the East and West end of the
Y-12 Plant, Figure 3. The method for the determination of suspended particulates is the high
volume method recommended by EPA. Particulates are coliecled by drawing air through weighed
filter paper. The filter paper is allowed to equilibrate in a humidity controlied atmosphere and the
filter is reweighed. From the weight of particulates, the sampling time, and the air flow rate, the
particulate concentration in micrograms per cubic meter is calculated.

The two continuous monitoring stations (S-1 and 8-2) in the Y-12 Plant are used for measurement
of ambient sulfur dioxide concentrations. Each station consists of a pulsed ultraviolet fluorescence
analyzer and recorder with associated equipment located in a temperature-controlled shelter.
Sulfur dioxide concentrations are read on an hourly basis and averaged for 24-hour, monthly, and
annual periods.
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Air monitoring data for fluorides, suspended particulates, and sulfur dioxide are presented in Tables
8 through 10. The data indicate that measured environmental concentrations of fluorides, and
sulfur dioxide were in compliance with applicable standards (2} However, suspended particulates at
the Y-12 Plant have exceeded applicable standards. Baghouses are being installed on the Y-12
steamn plant to correct this problem under a Federal Facilities Compliance Agreement between the
Department of Energy and Environmental Protection Agency which was signed in April 1982. The
compliance agreement schedule calls for completion of the project in December of 1985,

External Gamma Radiation Monitoring

External gamma radiation background measurements are made routinely at the perimeter air
monitoring stations and at the remote monitoring stations using calcium fluoride thermoluminescent
dosimoters suspended one meter above the ground, Two dosimeters are placed in each container at
cach site. Dosimeters at the perimeter stations are collected and analyzed monthly, whereas those
at the remote stations are collected and analyzed semiannually.

Data on the average external gamma radiation background are given in Table 11. A considerable
variation in background levels is normally experienced in East Tennessee depending upon elevation,
topography, and geological character of the surrounding soil.(?)

External gamma radiation background measurements were performed along the stream course of
East Fork Poplar Creek to evaluate potential external exposure from radioactivity which may be
contained in the sedimenls us z resubl of effluent rcleascs. Additiorally, moasurcments wore made
along the bank of the Clinch River from the mouth of White Oak Creek several hundred yards
downstream to evaluate gamma radiation levels resulting from effluent releases and "sky shine”
from an experimental cesium plot located near the river hank. Measurements were made with
thermoluminescent dosimeters suspended one meter above the ground surface and/or with handheld
scintillation detectors. The average background level determined at the remote stations was
subiracted from the measured gamma radiation levels to determine the incremental increases
resulting from plant operations.

Gamma radiation levels along East Fork Poplar Creek ranged from 0.6 to 8.2 uR/h (0.2 E-09 to
2.1 E-09 C/kg/h) above background, The exiernal gamma radiation levels along the bank of the
Clinch River ranged from 5 to 30 pR/h (1.3 E-09 to 7.7 E-09 C/kg/h) above background.
Potential doses to individuals in the environment from these elevated gamma radiation levels were
calculated and arc included, where significant, in the dose assessment section of the report.

Water Monitoring

Radioactive - Water samples are collected in the Clinch River for radioactivity analyses at Meiton
Hill Dam (Station C-2) 3.7 kilometers above White Oak Creek outfall, at the ORGDP sanitary
water intake (Station C-3) 10 kilometers downstream from the entry of White Oak Creek, at the
ORGDP recirculating water intake (Station C-4) downstream from the Poplar Creek outfall, and
near Brashear Island {Station C-6). A sample is also collected from the Water Plant (Station C-5)
near Kingston, Tennessee, Figure 4. Samples are collected continuously at Stations C-2, and C-3.
A weekly 24-hour cumposite sample is collected at Station C-4 and a wockly grab sample is
collected at Station C-6. A daily grab sample is collected at Station C-5. Samples are composited
for menthly or guarterly analysis depending upon location.

Water samples also are collected for radioactivity analyses at the mouth of White Oak Creek
(Station W-1), at the outlet of New Hope Pond on East Fork Poplar Creek (Station E-1), in Bear
Creek (Station B-1), and in Poplar Creek (Stations P-1 and P-2), Figure 4. The samples collected
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at Station W-1 are continuous samples. Flow proportional samples are coflected at Stations E-1
and B-1. Grab samples are collected at Stations P-1 and P-2 on a weekly basis. Water samples
are collected also at White Oak Dam. All samples are composited for monthly analysis.

The concentrations of fission product radionuclides present in detectably significant amounts are
determined by specific radionuclide analysis and gamma spectrometry. Uranium analysis is by the
fluorometric method. Transuranic alpha emitters are determined by chemical chromatography and
alpha spectrometry. The concentration of each radionuclide is compared with its respective
concentration guide (CG) value as specified in the DOE Order 5480.1A and percent of
concentration guide for a known mixture of radionuclides is calculated in accordance with the
method given in the Order.

Data on the concentrations of radionuclides measured in the surface streams are given in Table 12.
Data on the concentrations of uranium in surface streams and the quantities of radioactivity release
to surface streams are given in Tables 13 and 14

Analysis of water samples collected in the mouth of White Oak Creek (Station W-1) indicated that
the yearly average concentration of radionuclides was approximately 22 percent of the applicable
concentration guide for uncontrolled areas. The calculated average concentration of radionuclides
in the Clinch River was determined to be 0.4 percent of the applicable concentration guide for
uncontrolled areas. This value represents the yearly average of calculated monthly values based on
the analysis of weekly water samples collected at White Oak Dam and the monthly dilution
afforded by the river, assuming complete mixing. The measured average concentrations of
radionuclides in the Clinch River upstream and downstream of White Oak Creek outfall were less
than one percent of the applicable concentration guide.

The calculated average concentration of transuranic alpha emitters in the Clinch River resulting
from effluent releases was 1.4 E-11 pCi/mL (0.53 mBg/L), which is about 0.05 percent of the
concentration guide for water containing a known mixture of radionuclides.

Trends in water discharges and calculated percent concentration guide levels in the Clinch River
are presented in Figures $ and 6. Discharges of ®Sr and *H are shown in Figure 5 as these nuclides
contribute the majority of the radiological dose downstream.

The curies of *H discharged from White Oak Dam remained about the same as for 1982 and the
curies of ®Sr decreased slightly. Most of the discharges are due to seepage from waste disposal
areas and not from current operations. The annual variation in discharges from White Oak Dam is
primarily a function of the variation in annual precipitation patterns. The calculated percent of the
concentration guide for the Clinch River increased slightly from 1982 and is mostly the result of
the decrease in the ratio of the Clinch River flow to the White OQak Creek flow (dilution factor).

Rainwater - The gross beta activity in rainwater was analyzed; the results are shown in Table 15.
‘The fluctuations among the stations for both the perimeter and remote nelworks are due to
statistical random variation. Ft is noted that the average radioactivity is greater for the remote
stations than the perimeter stations.

Nonradioactive - Water samples are collected for the analysis of nonradioactive substances at the
same locations discussed previously under radioactive water sampling. All samples are composited
for monthly analysis, The Y-12 Plant also collects weekly grab samples from Station E-1 for
mercury analysis. [In late June, the frequency of sampling for mercury was increased to daily
sampling during regular working days. In June 1983, a program to collect weekly grab samples at
Station B-2, Figure 4, was initiated. Station B-2 is located near the head waters of Bear Creek
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where the groundwater is influenced by the S-3 Ponds discharges into the creek. Samples are
analyzed for a variety of water quality parameters related to process release potential and

background information needs by analytical procedures recommended by the Environmental
Protection Agency.(®

Data on chemical concentrations in surface streams are given in Tables 16 through 24, The
average concentrations of all substances analyzed were in compliance with the latest Tennessee
Water Quality Criterial®) for fish and aquatic life except for cadmium, copper, fluoride, lead,
mercury, and zinc.

In many cases, the current State of Tennessee Water Quality Criteria are significantly lower than
the Tennessee Stream Guidelines used in earlier reports. EPA-approved analytical procedures are
used to determine the concentration of the parameters specified hy the State; however, the FPA
analytical procedures are not sufficiently sensitive to determine compliance with the State criteria.
As a result, a number of the parameters appear to be seriously out of compliance. An example of
such a condition is the concentration of cadmium in the Clinch River which is reported to be less
than 8,000 percent of the State standard. The actual concentration is not known, but is probably
considerably closer to the State criteria than is indicated.

Figure 7 shows the conceniration of mercury in East Fork Poplar Creek on a weekly basis. The
data points from July on reflect the average of the daily samples. The high concentration of
mercury starting in week 22 reflects a clean-up activity in the storm drain system in which some
mercury contaminated sediments that were being removed from the drain system were stirred up
and released. The peak at week 25 is the result of a water main break in the Alpha 4 Building
which caused a significant release of mercury contaminated "dirt” from the basement of the

building. Subsequently higher concentrations reflect an equilibrium upset resulting from this leak,
clean-up, and other plant activities.

In September a marked beneficial change was noted in the waters collected from B-2. The pH of
the water went from acidic to neutral and dissolved metallic ions were reduced sharply, Figures 8
and 9. This change may be the result of the neutralization and treatment of the S-3 Ponds,
showing that when the ponds were neutralized there was a positive impact on the quality of
groundwater.

National Pollution Discharge Elimination System (NPDES) permits were issued by the
Environmental Protection Agency (EPA) for each of the Qak Ridge facilities operated hy Ilnion
Carbide Corporation - Nuclear Division in 1975. The permits established a number of discharge
locations at each installation and listed specific concentration limits and/or monitoring
requirements for a2 number of parameters at each discharge location. Table 25 shows the discharge
locations at each installation, the parameters at each location for which limits have been
established, the permit limits for each parameter, and the percentage compliance experienced. A
new permit for ORGDP was drafted in late 1983 and will be finalized in early 1984. Permits for
the other plants will be drafted in the near future. Release limits will be more restrictive and a
number of permit points will probably be added.

Biological Monitoring

Milk - Raw milk is monitored for ™I and *Sr by the collection and analysis of samples from ten
sampling stations located within a radius of 80 kilometers of Oak Ridge. Samples normally have
been collected weekly at each of six stations located near the Oak Ridge area. Sampling at one
station, number 5, was terminated in late 1982 because the owner of the dairy herd died and milk
was no longer available at that location. Samples are now collected at five stations near the Qak
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Ridge area. Four stations, located more remotely with respect to Oak Ridge operations, are
sampled at a rate of one station each week. Milk sampling locations for all stations are shown in
Figures 10 and 11. Samples are analyzed by ion exchange and gamma spectrometry; results are
compared to intake guides specified by the Federal Radiation Council {(FRC).(6)

The average concentrations of I and *Sr in raw milk are given in Tables 26 and 27, respectively.
If one assumes the average intake of milk per individual to be one liter per day, the average
concentrations of ™I in milk in both the immediate environs of the Oak Ridge area and in the
environs remote from Oak Ridge were below the detection limit for I, 0.45 E-09 pCi/mL (0.017
Bg/L). The average concentrations of *Sr in milk from both the immediate and remote environs

were within the FRC Range 1.

Fish Sampling - Several species of fish which are commaonly canght are taken from the Clinch River
each year. The scales, head, bones, and entrails are removed from the fish before ashing. Ten fish
of each species are composited for each sample, and the samples are analyzed by gamma
spectrometry and radiochemical techniques for the critical radionuclides which may contribute
significantly to the potential radiation dose to man.

Data on the concentration of radionuclides in Clinch River fish are given in Tables 28 and 29
Consumption of 16.8 kilograms of carp per year!”) taken from the river near White Oak Creek
outfall results in approximately 1.2 percent of the maximum permissible intake, which represents
the highest dose potential to the public from fish consumption. The maximum permissible intake is
calculated to be equal to a daily intake of 2.2 liters of water, over a period of one year, containing
the concentration guide of the radionuclides in question.

Mercury concentrations in fish samples collected during 1983 were less than the Food and Drug
Administration {FDA) proposed action level. In comparing the 1983 data to past data, it was
discovered that values reported for mercury in fish in two previous reports (Y /UB-10, Table 27,
CY 1978 and Y/UB-13, Table 26, CY 1979) were in error. Factors necessary to convert the
radioanalyses from an "ashed weight” to a "wet weight" or original sample basis were inadvertently
applied to the mercury data reported. This was an error in data handling since mercury data were
already tabulated on a "wet weight” basis, Table 30 presents all mercury-in-fish data from CY
1978 through CY 1983 with the corrected data footnoted.

Deer - Frequently, deer are killed by automobiles on the DOE Reservation. Eighty-eight deer were
analyzed during 1983, five of which were not killed on the Reservation. Summary data of the (s
content in deer samples are presented in Table 21. The deer with the highest concentration of ¥'Cs
would result in a dose of 0.05 millirem (0.5 microsievert) to the total body and 0.07 millirern (0.7
microsieverts) to the liver (critical organ) if one assumes the consumption of one kilogram of meat.
It should be noted that no hunting is allowed on the Reservation.

Vegetation - Samples of pine needles and grass are collected from 14 areas around ORGDP (Figure
1} and from 10 areas around the Y-1Z Plant (Figure 12). These samples are analyzed for uranium
and fluoride content. Fluorometric analysis is used for the determination of uranium and
colorimetric analysis is used for the determination of fluorides.

Data on the uranium and fluoride content in vegetation are presented in Table 32 and 33. The
fluoride concentration in grass at all sampling points was below the 30 ug/g level considered to
produce no adverse effects when ingested by cattle.8) Uranium concentrations were below levels of
envircnmental concern.

Additionally, samples of grass were collected semiannually from the perimeter and annually from
the remote air-sampling stations {see Figures 1 and 2). At each station, all the grass from five 1/5
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meter-squared plots was collected. One plot was taken beside the station, and the other four were
taken at 15 m from the station at 90° directions from each other. The grass from each station was
then composited and analyzed by gamma spectrometry and radiochemical techniques for a variety
of radionuclides. Data on the radionuclide concentrations in grass are presented in Table 34,

Soil and Sediment Monitoring

Seil - Soil samples are collected semiannually from near the perimeter and annually from the
remote stations. The same five 1/5 meter-squared plots used for grass analysis were used for soil
determinations. Two cores, B cm in diamcter and § em in depth, were taken from cach plot; a
composite of 10 cores was used for each station. These samples were analyzed by gamma
spectrometry and radiochemical techniques.

Soil sampling is conducted aiso around ORGDP to determine concentrations of uranium and
fluoride present at the 14 areas (Figure 1)} where samples of pine needles and grass are collected.
Fluorometric analysis is used for the determination of uranium and colorimetric analysis is used for
the determination of fluorides.

Data on specific radionuclide concentrations in soil are given in Table 35. The plutenium
concentrations found were comparable to the value of 0.05 pCi/g (0.002 Bq/g) considered to be a
representative concentration of plutonium in U.S. surface soil.{®) Data on the fluoride and uranium
content of the soil around ORGDP are given in Table 36.

Sediment - A sediment sampling program was initiated at ORGDP in 1975 to determine the
concentrations of various metallic ions in the sediment of Poplar Creek. The current sampling
program consisis of eight sampling loecations {Figure 13) which should be generally representative
of plant effluents, Samples are collected during the year and analyzed by atomic absorption.

The concentrations of metals in the stream sediment samples, Table 37, generally exceed
background levels for metals in remote streams. An examination of the effiuent sources indicates
that only very small quantities of any of these metals are currently being released, suggesting that
present concentrations found in sediment samples are residual metals from earlier Gak Ridge plant
opcrations,

Groundwater Monitoring

Groundwater monitoring programs within the Oak Ridge facilities complex were expanded in 1983
to meet the requirements of the groundwater monitoring rules outlined in the Resource,
Conservation and Recovery Act (RCRA) regulations and, in the case of the Y-12 Plant, to comply
with the requirements of a 1983 Memorandum of Understanding (MOU) between DOE, EPA, and
the State of Tennessee. The expanded program at Y-12 included the initiation of groundwater
studies by outside contractors (Law Engineering and Bechtel), addition of new welis, and an
increase in the number of parameters analyzed in groundwater samples.

The Y-12 Plant has been routinely monitoring groundwater since 1975 at which time 17 wells were
used to characterize groundwater in Bear Creek Valley. New wells have been added bringing the
current monitoring well network to 29 wells located around six disposal areas (Figure 14). The
well depths range from 18.5 to 181 feet and, in general, each well has been drilied through the
saturated zone and exiends partially into weathered bedrock.

The analytical parameters chosen for each disposal facility have been selected to reflect the
applicable State and Federal regulations and the nature of the materials being disposed. While
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some parameters are included strictly as precautionary measures, others are indicator parameters
for groundwater quality. Once the analytical results data base is sufficiently established, the list of
parameters will be reevaluated and amended as necessary.

During 1983, 3838 measurements were made by the Y-12 plant on water from the 29 wells to
determine if contaminants were present and to indicate water quality conditions. Approximately 72
percent of these measurements were less than the analytical reporting limit. The majority of the
measurements that were above the reporting limit included water quality parameters such as pH,
specific conductance, color, coliform, total nitrogen, Kjeldahl nitrogen, nitrate-nitrogen, chlorine,
iron, manganese, and magnesium.

Data relative to the Y-12 groundwater monitoring program are presented in Tables 38 through 48.
Table 38 lists the paramcters for which analyscs arc conducted. Not ail parameters are monitored
in each disposal area. Tables 39 through 46 present the maximum and minimum values found in
the wells of each disposal area for those parameters with concentrations greater than the reporting
limits. Tables 39 and 40 represent data from upslope wells in two disposal areas and are labeled
background wells. Table 47 summarizes the number of parameters for which analyses were
conducted on the well water from cach area and the number of parameters whose values were less
than the analytical reporting limits. Selenium, MBAS, methy! bromide, methyl chloride, xylene,
chloroethane, endrin, lindane, methoxychlor, toxaphene, 2,4,5-T silvex, and 2,4-D were below
detection limits in all wells for all sampling periods.

The measured concentrations of certain metals in the wells were tested against EPA primary
drinking water standards. Table 48 lists the wells, dates of sampling, and parameters where the
concentration exceeded the EPA standard. The analytical reporting limits for arsenic and selenium
(0.06 and 0.02 mg/L, respectively) exceed the EPA standard. Only those concentrations exceeding
the reporting limits for these parameters are included in the table.

Groundwater monitoring at ORGDP for calendar year 1983 consisted of sample collection around
the classified burial ground and the K-1407-C holding pond (Figure 15). Samples were coliected
during November from both "shallow™ wells and "deep” wells situated to provide monitoring for the
unsaturated and saturated zones, respectively. Inorganic parameters are determined by atomic
absorption spectroscopy and organic constituents are identified by gas chromatography.

Groundwater data for ORGDP are presented in Tables 49 through 52. The data from shallow
wells indicaic higher maximum and average concentrations for most paramcters compared to the
deep wells suggesting some possible contamination of the unsaturated zone. Too little data have
been collected thus far to determine trends or to identify the direction of contaminant migration, if
any is occurring, from the areas heing monitored. The program is being expanded to address needs
for additional information.

Extensive geological studies have been conducted for many years at ORNL. This is in contrast to
the situations at Y-12 or ORGDP, where such studies have been started only recently.
Consequently, it is possible to present an interpretation of the groundwater flow at ORNL; in
future reports, such interpretations will be available for other facilities.

Groundwater analyses, 465 total, were performed at ORNL in 1983 on groundwater samples in
Solid Waste Storage Areas (SWSA) 4, 5, 6, and the trench areas. Wells were selected for
sampling on a quarterly basis from a group of approximately 100 monitoring wells. In 1983, the
samples were analyzed for one or more of the following: gamma emitters, gross alpha activity,
plutonium, *H, *Sr, **Am, *Cm, and *Tc. Well locations for sample and control wells are shown
in Figures 16 and 17. Data on the concentrations of selected radionuclides measured in the sample
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and control wells are presented in Table 53. In addition to the analyses presented in Table 53,
there were 15 samples each analyzed for *'Am, **Cm, ®*Pu, *Pu and ®Tc. The concentrations of
all of these samples were less than their respective CGs, usually by more than an order of
magnitude.  Analyses equalling or exceeding the CG are presented in Table 54. The highest
concentrations of ®*Co, ¥Tc, *Am, *Cm, ®Pu, Py, and gross alpha were found in the trench
areas. Levels of *H significantly above the controls were also found in the trench areas. The
highest concentrations of *H were found in SWSA 3, and the highest concentrations of *Sr were
found in SWSA 4 and 5. SWSA 5 also contained concentrations of ®Co and *Tc significantly
above background. In addition to ®Sr, SWSA 4 contained *H and gross alpha activity above the
level of the controls. Results indicated SWSA 6 contained concentrations of ®Sr and *H above
control concentrations.  With the exception of the trench areas, very few concentrations
significantly above background were found for *'Am, *Cm, *Pu, ®Pu, and "Tc. In no instance
did the average 'Cs concentration within the various areas exceed the average Cs concentration
of the control samples. Samples were not analyzed for parameters other than radionuclides during
1983,

The groundwater system in Meiton Valley basically has a very shallow active zone. The system is
characterized by highest permeability for groundwater flow near the surface, and declining
permeability with depth. Although quantitative studies of near-surface groundwater flow during
storm events are still in progress, it appears that most subsurface Flow occurs in a near-surface
region that extends to a depth of less than about 5 meters. The general hydrologic picture is that
of a rather closely coupled surface water and groundwater system, where circulation is rather
shaltow and much of the movement vocurs in the ncar-surface zone during the wetter part of the
year (late November through April). The more traditional concept of a subsurface contamination
plume as a primary pathway for contaminant migration is mot appropriate. The hydraulic
conductivity of the less-weathered material is ahout 2 cm/day, while the near-surface zone is
characterized by 20 to 40 cm/day or higher hydraulic conductivitics. Furthermore, the distribution
coefficients for most radionuclides in the Conasauga Group {shales) are rather high, suggesting that
any deep migration would occur at a very slow rate. The primary pathway for contaminant
migration, where it occurs, is thought to be via the bathtub effect, where a trench collects enough
water that the downstream end overflows. Subsequent movement is thus over the surface and
vertically downward along the flow path. Preliminary data gathered by D. Webster of the USGS
also suggests that for the deeper subsurface flow system, radionuclide penetration has nol cxtended
beyond 30-45 meters in SWSA 5, and most transport would be expected in the zone above those
limits. A variation of that process is movement of shallow subsurface flow in fill material along
and just above the interfoce with native materials underlying the fill. Thus, the nature of the
groundwater system suggests that long-range subsurface flow is not likely for most areas because of
low permeability of formations.

Based on the above, it is believed that thers is no significant potential for groundwater
contamination of the sixteen public groundwater supplies within a 32.3 km radium of ORNL from
operations at ORNL. The hydrogeologic structure is such that any groundwater flow that occurs is
most probably in an east or west direction (along strike) rather than across formations. Thus, the
most likely direction for any deep groundwater flow would be to the west, towards the Clinch River
from ORNL disposal areas and then into the Clinch, which would be the discharge point for
groundwater flow in the arcas. Finally, the most significant factor to consider is the rate of
movement of groundwater and radionuclides in the Conasauga Group formations underlying ORNL
disposal areas. Using the measured hydraulic conductivity of 2 cm/day (or less) and an average
gradient of 0.01 m/m with an effective porosity of 0.10, the expected water velocity would be 0.2
em/day or about 0.73 m/yr. At that rate, about 1370 years would be required for water to travel 1
km underground. Considering the fact that most radionuclides have retardation factors of the order
of 100 or greater (retardation factor refers to the ratio of water velocity to radionuclide velocity),
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calculations have shown that movement of groundwater contaminants with even minimal sorption in
the Conasauga Group formations would require in excess of 10,000-100,000 years for travel
distances of 1 km. Furthermore, decay, adsorption, dilution, and dispersion of contaminants would
reduce original concentrations by many orders of magnitude over the first 1 km of travel. Since
there are no public groundwater supplies within 1 km of any of the disposal areas, it is concluded
that there is no reascnable probability of grourdwater contaminants moving from ORNL disposal
sites 1o public groundwater supplies in detectable concentrations.

Calculation of Potential Radiation Dose to the Public

Potential radiation doses resulting from plant effluents were calculated for a number of dose
reference points within the Oak Ridge environs. All significant sources and modes of exposure were
examined, and a number of general assumptions were used in making the calculations.

The site boundary for the Oak Ridge Complex was defined as the perimeter of the DOE controlled
area.

Gaseous effluents are discharged from several locations within each of the three Oak Ridge
facilities. For calculational purposes, the gaseous discharges are assumed to occur from only one
vent from cach site. Siace the relcasc points at the Y-12 Plant does not physically approximate an
elevated stack, their discharges are assumed to be from 8 meters above ground level; releases from
ORNL and ORGDP are through clevated stacks. The meteorological data collected at the ORNL
site in 1983 were used for dispersion calenlations. Concentrations of radionuclides contained in the
air and deposited on the ground were estimated at distances up to 80 kilometers from the Oak
Ridge facilities with the Gaussian plume model developed by Pasquill!® and Gifford(1D)
incorporated in a computer program.(!2-15) The deposition velocities used in the calculations were
0.0 cm/s for krypton and xenon, 0.2 cm/s for iodine, and 0.1 cm/s for particulates.!16)
Meteorological data are shown in Figures 18 and 19.

Potential pathways of exposure to man from radioactive effiuents relfeased by the Oak Ridge
operations that are considered in the dose estimates are presented in Figure 20. The pathways

shown in the figure are not exhaustive, but they include the principal pathways of exposure based
on experience.

Exposures to radionuclides that originate in the effluents released from the Oak Ridge facilities
were converted to estimates of radiation dose to individuals using models and data presented in
publications of the International Commission on Radiological Protection,(!7-24) other recognized
literature on radiation protection, (2527} personal communication,®8) and computer programs
incorporating some of these models and data.(29.30) Radioactive material taken into the body by
inhalation or ingestion will continuously irradiate the body until removed by processes of
metabolism and radioactive decay; thus the estimates for internal dose are called “dose
commitments,” they are obtained by integrating over the assumed remaining lifetime of the exposed
individual.

The radiation doses to the total body and to internal organs from external exposures to penetrating
radiation are approximately equal, but they may vary considerahly for internal exposures hecause
some radionuclides concentrate in certain organs of the body. For this reason, estimates of
radiation dose to the total body, thyroid, lungs, bone, liver, kidneys, and gastrointestinal tract were
considered for various pathways of exposure. These estimates were based on parameters applicable
to an average adult.(2%) The population dose estimate in man-rem (man-sieverts) is the sum of the
total body doses to exposed individuals within an 80-kilometer radius of the Oak Ridge Facilities.
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Figure 19
METEOQOROLOGICAL DATA FOR THE OAK RIDGE RESERVATION
100 METER TOWER



34

QRNL-DW( 82-14314R

MIRECY ATMOSPHERIC AQUATIC
IRRADIATION RELEASES RELEASES
E &
= <L
-
o N
LAND SURFACE
IMMERSION CONTAMINATION SUBMERSION
&£
a}‘\@
ol MAN
EXTERNAL
ATMOEPHERIC TERRESTNIAL AQUATIC
RELEASES RELEASES RELEASES
2 p\"‘;
S o
z m‘
Q )
£
Ik
x|= SOIL
5|z
z
S G,
o
o
Ry
L] R |
INHALATION TERRESTRIAL - ANIMA POTABLE FISH AND
ALATIO VEGETATION L8 WATER SEAFOODS
= Wiy @
f’: g 5 z G‘“P:&
G,g]_ )ﬁﬁg = N‘_\v\
A5 T v
leg § ")
MAN
INTERANAL
Figure 26

EXPOSURE PATHWAYS



35

Maximum Potential Exposure - The point of maximum potential (“fence-post” dose) on the site
boundary is located along the bank of the Clinch River adjacent to a cesium field experimental plot
and is due primarily to "sky-shine" from the plot. A maximum potential total body exposure of 250
millirem/yr (2500 microsieverts/yr) was calculated for this location assuming that an individual
remained at this point for 24 hours/day for the entire year. The calculated maximum potential
exposure is 50 percent of the allowable standard.(!) This is an atypical exposure location and the
probability of an exposure of the magnitude calculated is considered remote since access is only by
boat.

The total body dose to a "hypotheticul maximum expused individual™ at the same location was
calculated using a more realistic upper limit residence time of 240 hours/yr. The calculated dose
under these conditions was 6.8 millirem/yr (68 microsieverts) which is 1.4 percent of the allowable
standard(1) and represents what is considered a probable upper limit of exposure.

A more probable exposure might be considered to occur at other locations beyond the site boundary
as a result of airborne or liquid effluent releases.

The equivalent dose commitment to an individual continuously occupying the residence nearest the
site boundary would result from inhalation and is based on an inhalation rate for the average adult
of 2 E+U04 liters/day. The calculated dose commitment at this location was 21 millirem (210
microsieverts) to the pulmonary tfissues (the critical organ) and the equivalent dose commitment
{weighted sum of doses to the principle organs) to the total body was 6.3 millirem (63
microsicverts). U is the important radionuclide contributing to this dose. These levels are 1.4
percent and 1.3 percent, respectively, of the allowable annual standard.

An important contribution to dose from radioactivity within the terrestrial food-chain is by the
atmosphere-pasture-cow-milk  food-chain pathway. Measurements of the two principal
radionuclides entering into this pathway, I and *Sr (see Tables 26 and 27), indicate that the
maximum dose to an individeal in the immediate environs from ingestion of one liter of milk per
day is less than 0.02 millirem (0.2 microsieverts) to the thyroid and 0.3 millirem (3 microsieverts)
to the bone. The average concentrations for the remote stations were assumed to be background
and were subtracted from the perimeter station data in making the calculations.

The public water supply closest tc the liquid discharges from the Qak Ridge facilities is located
approximately 26 kilometers downstream at Kingston, Tennessee. The intake to the water filtration
plant is located on the Tennessee River approximately one-half mile upstream from the confluence
of the Clinch and Tennessee Rivers, Normally, Tennessee River water is used for the Kingston
water supply but under certain conditions backflow can occur. Under backflow conditions, Clinch
River water may move upstream in the Tennessee River and be used as the source of water for the
Kingston filtration plant. Measurements of treated river water samples taken at the Kingston
filtration plant indicate that the maximum dose commitment resulting from the ingestion of the
daily adult requirement (about two liters per day) is 3.0 millirem (30 microsieverts) to the bone and
.13 mifiirem (1.3 microsieverts) to the total body. Untreated water from Melton Hill Lake
{background} contained about the same levels of radioactivity as the Kingston treated water.

Estimates of the dosc commitment to an adult were calculated for consumption of 16.8 kilograms of
fish per year from the Clinch River. The consumption of 16.8 kilograms(") is about 2.5 times the
national average fish consumption{3!) and is used because of the popularity of fishing in East
Tennessee. From the analysis of edible parts of the fish examined (see Table 28 and 29), the
maximum possible organ dose commiiment to an individual from the highest quarterly carp sample
taken from Clinch River Mile (CRM) 20.8 is estimated to be 41 millirem {410 microsieverts) to
the bone from *Sr. The maximum total body dose to an individual was calculated to be 0.15
millirem (1.5 microsieverts).
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A more probable dose commitment, based oa the annual average conceatration of "Sr in carp
samples taken from CRM 20.8, was calculated to be 23 millirem (230 microsieverts) to the bone
and 1.4 millirem (14 microsieverts} to the total body. These dose commitments are about 1.5
percent and 0.3 percent, respectively, of the allowable annual standards, Fish samples taken from
Melton Hill Lake were analyzed to determine background conditions. Fish caught and consumed
from other locatiens in the Clinch River would result in significantly less dose than the maximum
calculated for CRM 20.8, see Tables 28 and 29. As shown in Table 25, shad at CRM 20.8 had the
highest levels of the most significant isotopes. These fish are not normally consumed by humans
but the maximum hypothetical doses were calculated to be 59 milliremn (590 microsieverts) to the
bone and 3.9 millirem (39 microsieverts) to the total body.

Summaries are given in Table 55 of the potential radiation doses to adult members of the general
public at the points of highost potential cxposure from gaseous and liquid effluents from the Oak
Ridge facilities.

Tiose to the Population - The Oak Ridge population received the largest average individual
equivalent dose commitment {weighted sum of doses to principle organs} to the total body as a
population group. The average equivalent dose commitment to the total body dose of an QOak
Ridge resident was estimated to be 1.3 millirem (13 microsieverts). The average dose commitment
to the pulmonary tissues of an Oak Ridge resident was 4.2 millirem (42 microsieverts). The
maximum potential dose commitment to an Oak Ridge resident was calculated to be 21 millirem
{210 microsieverts) to the pulmonary tissues. This caiculated dose is 1.4 percent of the allowable
annual standard.(V

The cumulative equivalent dose commitment (weighted sum of doses to principle organs) to the
total body of the population within an 30-kilometer radius of the Oak Ridge facilities resulting
from 1983 plant effluenis was calculated to be 120 man-rem {1.2 man-sieverts). This cumulative
dose was calculated using the population distribution given in Table I for ORNL atmospheric
effluents; similar population distributions were used for the Y-12 and ORGDP releases. This dose
may be compared to an estimated 87,060 man-rem (870 man-sieverts) to the same population
resulting from natural background radiation. About 25 percent of the collective dose from the
effluents of the Oak Ridge facilities is estimated to be to the Oak Ridge population.

SPECIAL STUDIES

This section of the report contains abstracts or brief summaries of special studies that have been
conducted or are ongoing which are related to the environmental monitoring activities of the Oak

Ridge plants. References are provided for completed studies in which additional details may be
found.

QOak Ridge Task Force

On May 26, 1983, a Memorandum of Understanding (MOU) was signed by the U.S. Department
of Encrgy, the Tennessee Department of Health and Eavironment, and the U.S. Environmental
Protection Agency, for the purpuse of invesligating sovironmental contamination at the Oak Ridge
Reservation. An interagency task force identified as the Oak Ridge Task Force (ORTF) was then
organized to develop and execute a work program in accordance with the MOU. Four study groups
were established by the ORTF on August 18, 1983, to consider the technical requirements involving
investigations of fisheries, groundwater, soils, in-stream water, sediment, and floodplain. On
November 3, 1983, the ORTF determined that an additional group concerned with the integration
of findings and preparation of a public health assessment was required. The Oak Ridge National
Laboratory was subsequently requested to submit a plan to address these latter considerations.
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The ORTF also arranged for collection of sediment samples from streams and floodplains within
and contiguous to the Oak Ridge Reservation. A total of 18 samples were collected. Tennessee
Valley Authority analyzed each sample for more than 130 different compounds and elements,
including organic materials, trace metals, and radionuclides. The purpose of this sediment
screening study is to identify contaminants whose concentration in sedimerts is sufficient to warrant
further study. Results are now being analyzed.

Environmental Monitoring and Surveillance
of the Oak Ridge Community

A second activity was initiated by the ORTF to better define the potential problem of residual
contamination. This involves a sampling program to respond to citizens’ requests to determine if
their soil, vegetables, or well water were contaminated, and to define the extent of contamination in
areas of the community where sediments were used as fill. Oak Ridge Associated Universities is
implementing the program and resulis of analyses of 1,432 samples are summarized in Appendix C.
These results will be included as part of the public health assessment activity of ORTF.

Mercury Contamination in East Fork
Poplar Creek and Bear Creek(32)

A one-month study was performed at the request of Y-12 Plant management to determine the
concentration of mercury in sediment, fish, moss, and pasture grass in the East Fork Poplar Creek
(EFPC) and Rear Creek drainages and to determine whether mercury is still heing released from

the Y-12 Plant.

Total mercury concentration in a sediment core from New Hope Pond was 100 pg/g dry wt at the
surface and up to 300 ug/g dry wt in subsurface sediments, relative to background concentrations
of less than 0.3 ug/g dry wt. There has been an apparent decrease since 1973 in mercury
concentration of sediment entering New Hope Pond. The decrease since 1977 may be due to the
absence to high runoff-producing storms since 1977, although one or more intermediate layers in
the core need to be dated to establish the absolute chronology of mercury deposition in New Hope
Pond over the period 1973-1982. Mercury concentration in sediment of EFPC immediately below
MNew Hope Pond is similar to the concentration in the surface sediment of New Hope Pond, thus
suggesting a common and currently active source for the mercury in the creek and the pord.
Mercury concentration in the sediment decreases with distance downstream, indicating dilution of
the contaminated sediment with uncontaminated sediment from tributary drainages entering East
Fork Poplar Creek. Mercury concentration at all stations of EFPC exceeded background by a
factor of 60 or more.

Total mercury concentration in muscle tissue of bluegill from EFPC was positively correlated with
body weight, as expected. Although there was a decrease in concentration with distance
downstream, mercury concentration in 87% of the bluegill collected at the three upstream locations
eaceeded (he Food and Drug Administration (FDA) action level for mercury in the edible portion
of fish of 1.0 ug/g fresh wit. Total mercury concentration in moss, as in sediments and bluegill,
decreased with distance downstream in EFPC. Total mercury concentration averaged 3.5 and 0.2
ug/g fresh wt for dead and live foliage in pasture grass, respectively, on the fload plain of EFPC.
Calculations indicate that mercury concentration in milk from cows grazing along EFPC presents
no health hazard, but calculatioss indicate that mercury concentration in beef may exceed 1.0 ug/g
fresh wt.

Results for Bear Creek indicate that this drainage is considerably less contaminated with mercury
than East Fork Poplar Creek. The concentration in the sediment was 13 ug/g dry wt near the
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settling basins at the west end of the Y-12 Plant area, but decreased to background concentrations
before the confluence of Bear Creek with EFPC. Total mercury concentration in fish, except for
one rock hass, did not exceed the FDA action level. The concentration in moss was slightly above
background, but was more than a factor of 10 lower than that for moss from EFPC.

Lake Sediment Studies

To provide some verification of both the chromology and quantity of estimated mercury losses to
East Fork Poplar Creek during the time the Lithium Isotope Separation Process was operating, a
limited sediment sampling program was wonducled during July 1983 in Watts Bar and
Chickamauga Lakes(33) A finely divided suspension of mercuric oxide, or a soluble form of
mercury can be adsorbed on fine particles of silt which would settle slowly and resuspend readily.
Bxperience with mercury contamination from chlor-alkali plants shows that mercury can be
transported considerable distances (hundreds of miles) down stream.

Cores were taken at six locations, Figure 21. The sediment was secticned and each layer was
analyzed for mercury. The results of core analyses are shown in Figure 22. Both radioisotope
release dating methods and calculation methods, based on the length of time reservoirs have been
collecting sediments, have been used to date the sections. Both techniques showed peak mercury
concentrations in Watts Bar sediments corresponded to silts laid down from 1935 to 1960, about
the time of the peak discharges from the Lithium Isotope Separation Process. These layers of
sediment showing high mercury levels are covered with 12 or more inches of sediment laid down
sincc that time. The corc in Chickamauga Lake above the confluence with the Hiawassee River
did not reveal a subsurface peak in mercury, and all values were close to natural background levels.
The second core just above Chickamauga Dam shows a small mercury peak. Interpretation of this
peak is complicated by two upstream sources of mercury, the Y-12 Plant and a chlor-alkali plant
(operating since 1963) on the Hiawassee River. Preliminary evaluation of these core data suggest
that the sharp increase in mercury that begins at 25 inches can be traced to the chlor-alkai plant.

Y-12 Plant Subsurface Mercury Investigation

This study was initiated in July 1983 to determine if mercury contamination occurs in the earth
materials and the groundwater in the vicinily of known mercury spills at the ¥Y-12 Plant, and to
determine the extent of any mercury contamination found. This was accomplished by field
mapping, core drilling, geophysical logging, construction of monitoring wells and the use of
preconstruction ag well as current topographic maps.

The study is not yet completed; however, preliminary results indicate that groundwater beneath the
Y-12 Plant is not significantly contaminated with mercury and that there are no widespread areas
where mercury concentrations in the soil exceed 12 perts per million. Mercury contamination of
soils appears to be localized.

Y-12 Piant Drain Line Tracking Program

A program to identify and characterize the sources of mercury cniering East Fork Poplar Creck
was undertaken in order to find out where the mercury is coming from, and if remedial actions to
reduce this mercury release are feasible.

The sources of mercury were tracked to the building areas which housed the Lithium Isotope
Separation Process equipment and the development laboratories for these processes. Specific point
sources that could be readily addressed were not found, but releases appear to be coming from
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"area sources” such as the basement of buildings and the storm drain system itself. Mercury
contaminated sediments were found in building sumps and the storm drain junction boxes and a
clean-up program was initiated.

The source iracking, identification and clean-up are ongoing programs to attempt to reduce or
eliminate mercury losses to East Fork Poplar Creek.

Y-12 Plant Radionuclide Emission and Control Study

Proposed EPA regulations will reduce substantially the current limit of airborne emissions of
radionuclides as measured by the annual dose calculated to the nearest resident, and places a
requirement for best available emission control technology on each source even though such
treatment may not be necessary to achieve the proposed limits. The annual dose to the nearest
resident would be calculated from measured stack effluents and meteorologival data using a
specified dispersion modek.

In anticipation of these rules, the Y-12 Plant initiated a program to evaluate current stack sampling
practices and establish new sampling methods and equipment in order to ensure the intent of EPA
air sampling criteria is being met. In addition, new meteorological towers are being installed to
collect data at the plant site raiher than using data from a remote location where topographical
influences differ.

Results of Groundwater Monitoring Studies(34)

Three active waste disposal areas at the Y-12 Plant were evaluated with respect to hydrogeology
and potential contamination of groundwater and surface water resources. The Union Carbide
Curpuoration - Nuclear Division {UCC-ND)} monitoring program was compared with technical
requirements of the Resource Conservation and Recovery Act (RCRA) Rules and Regulations.
Data were provided by UCC-ND and supplemented with data collected by Law Engineering. A
computerized data hase was developed to aid in the evaluation of the disposal areas and provide a
framework for managing subsequent data,

Selected monitoring wells could continue to be used in the monitoring program for measuring water
levels and water quality parameters indicative of the waste constiteents. The construction
characteristics of the existing wells may not provide representative samples for all parameters of
interest or required by RCRA.

The geologic setting has an integral part in controlling the occurrence and movement of water
resources at the site. The aquifer system developed within the Conasauga Group is semiconfined
and anisotropic although groundwater generally follows the topography at the site. Bear Creek is
the ultimate discharge point for groundwater west of the plant area. Less is known about
groundwater flow in the vicinity of the plant and in the area of the New Hope Pond sludge disposal
basin.

The Conasauga sustained a yield of a few gallons per minute and can be considered a usable
aquifer. Background water quality data indicate this aquifer would supply potable water.

Groundwater contamination has occurred in most areas immediately downgradient of the waste
disposal facilities. Contamination has migrated into Bear Creck west of the plant arca. Seepage
from the S-3 wastc ponds has rcsultcd in groundwater and surface water contamination
characterized by a high specific conductance, total organic carbon, nitrate, uranium and a low pH.
Disposal operations in the burial grounds have resulted in groundwater and surface water
contamination characterized hy elevated concentrations of nitrate, tetrachloroethylene, and high
specific conductance.
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For general predictive purposes, the groundwater velocities provided by this study probably
represent conservative estimates of contaminant transport. The results of this study should be used
by the Y-12 Plant in development of a comprehensive monitoring and assessment program for
groundwater and surface water. Recommendations are provided regarding potential sampling-
station locations and monitoring well design.

Preliminary Report of the Concentrations of Mercury, PCBs, and
Uranium in Aquatic Organisms From Upper East Fork
Poplar Creek and Environs

A short-term study was conducted in June of 1983 to evaluate the concentrations of mercury,
uranium, and polychlorinated biphenyl (PCB) contamination in selected biota from several sites in
the vicinity of upper East Fork Poplar Creek (EFPC). The edible portions of the biota were
analyzed for total mercury, PCBs of the following Aroclor species (1016, 1221, 1232, 1242, 1248,
1254, and 1260) and three isotopes of uranium (**U, U, and *U).

Fish collected from South Hills Gulf Course Pond, Scarboro Pond, and lower Tuskegee Creck had
concentrations of total mercury less than the current FDA “action level” (1.0 pg/g) in fish.
Mercury levels in bluegill from the two ponds were similar and were approximately 20 to 30% of
the FDA limits. The mean concentration of mercury in largemonth hass from Scarboro Pond was
approximately double that in bluegill but was still less than 50% of the FDA limit. Mercury
contamination (0.56 xg/g maximum concentration) was found in fish collected from lower
Tuskegee Creck. Although the exact source of this contamination to the fish is unknown, it is likely
that fish from EFPC move in and out of the lower reaches of Tuskegee Creck.

In addition to fish, other biota were found to have elevated levels of mercury. Levels of mercury
above 1.0 ug/g were found in samples of bullfrogs from upper EFPC. Low mercury concentrations
were observed in bullfrogs from South Hills Golf Course and Scarboro Pond; however, most of the
individuals were small. High mercury concentrations were also found in crayfish collected from the
upper reach of EFPC. The levels ranged from 2.20-3.05 ug/g total mercury which is similar to the
levels reported for bluegill from this reach of the stream.

The mean concentration of PCBs (Aroclor 1254) in bluegill collected from South Hills Golf Course
Pond (1.9 pg/g) was just below the proposed FDA tolerance level of 2 pg/g in fish. The maximum
concentration was 3.89 ug/g, fresh weight. These levels exceeded those found in bluegill from the
upper reach of EFPC between New Hope Pond and Bear Creek Road. Elevated levels were also
found in a single turtle from South Hills Golf Course Pond, but concentrations in small bullfrogs
from this pond were below the detection limit of 0.01 ug/g. Very low PCB concentrations,
predominantly Aroclor 1260, were found in largemouth bass from Scarboro Pond; however, because
PCBs do not occur naturally, any detectable level is an indication of contamination.

Sixteen samples were analyzed for isotopes of uranium. Because of the sample size required for
isotopic analysis (50 g), many of the fish and frog samples were composite samples. The
concentration of the isotopes of uranium appear to be relatively low. In all but three samples, the
concentrations of the isotopes of U and **U indicated that the isotopes were not in equilibrium
with 2*U. In other words, the uranium is not from a natural source but appears to be enriched in
) and U as a result of human activities.

CONCLUDING STATEMENT

In this report, environmental monitoring data for calendar year 1983 have been presented. The
valuc of this data dopends upon the care with which it is taken. Quality asgurance programs for
environmental data are briefly discussed in Appendix A. A useful listing of units, prefixes, and
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abbreviations--in addition to the discussions of units in the text--are provided for the reader in
Appendix B.

As can be scen from the tables which follow, a large amount of data has been collected and
summarized in this report. Continuous efforts are made to assure that the data are correct; if
material errors have been made, corrections will be reported in the next issues of this annual report
(see the section on fish sampling for an example of corrections to past data). The year for this
report (1983) is the last full year in which Union Carbide Corporation will have been the prime
contractor to DOE for the Oak Ridge facilities. On April 1, 1984, Martin Marietta Energy
Systems, Inc. became the prime contractor, Nevertheless, it is planned that this Environmental
Monitor Report will be continued, and that the results of 1984 will be reported in a manner
consistent with the results reported here and in the past reports.
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Table 2
CONTINUOUS AIR MONITORING DATA
Long-Lived Gross Beta Activity of Particulates in Air

1983
NUMBER UNITS OF E-13 pCi/mL (mBq/m?)
STATION OF %
NUMBER SAMPLES MAXIMUM? MINIMUM® AVERAGE CG*

Perimeter Area?

HP-31 39 0.50 (1.8) .15 (0.56) 0.27 (1.0) =+ 0.01 0.03
HP-32 52 1.6 (6.0) 0.11 (0.41) 0.40 (1.5} = 0.04 0.04
HP-33 52 1.3 (4.8) 0.15 (0.56) 0.35 (1.3) =+ 0.03 0.03
HP-34 50 0.56 (2.1) 0.13 (0.48) 0.28 (1.0) = 0.01 0.03
HP-35 52 0.57 {2.1) 0.11 (0.41) 0.28 (1.0} = 0.02 0.03
HP-36 32 0.41 (1.5) 0.07 (0.28) 0.20 (0.74) = 0.91 0.02
HP-37 52 0.54 (2.0) 0.05 (0.19) 0.22 (0.81) = 0.01 0.02
HP-38 32 0.79 (2.9) 0.07 (0.26) 0.30 (1.1) = 0.02 0.03
HPB-39 52 0.49 (1.8) 0.10 (0.37) ¢.26 (0.96) = 001 0.03
HP-40 22 1.1 (41 0.12 (0.44) 0.44 (1.6) =+ 0.06 0.04
HP-41 22 1.2 (4.4 0.12 (0.44) 0.37 (1.4) = 0.06 0.04
Average 0.30 (1.1) %= 0.0 0.03
Remote Area®
HP-51 30 1.2 (44} 0.13 (0.48) 0.28 (1.0) = 0.04 0.03
HP-32 49 0.59 (2.2) 0.08 (0.28) 0.21 (0.78) = 0.01 0.02
HP-53 40 0.68 (2.5) 0.11 (0.42) 0.25 (0.94) + 0.02 0.03
HP-55 30 0.57 (2.1} 0.07 (0.26) 0.25 (0.94) + 0.02 0.03
HP-56 51 0.54 (2.0) 0.05 (0.1%) 0.21 (0.77) + 0.01 0.02
HP-57 52 0.58 (2.2) 0.09 (0.34) 0.26 (0.96) = 0.01 0.03
HP-58 36 0.72 (2.7) 0.09 (0.32) 0.24 (0.89) = 0.02 0.02
Average 0.24 (0.89) = 0.01 0.02

“Maximum weekly average concentration.
®Minimum weekly average concentration-minimum detectable level is 1 E-15 pCi/mL (0.037 mBq/m?).

‘CG is 1 E-10 pCifmL (3.7 E+03 mBq/m?®) for unidentified radionuclides {DOE Order 5480.1A, Chapter
X1, Attachment XI-1, Table II).

4See Figure 1.

“See Figure 2.
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Table 3
CONTINUOUS AIR MONITORING DATA
Long-Lived Gress Alpha Activity of Particulates in Air

1983
NUMBER UNITS OF E-15 uCi/mL (uBq/m’)
STATION OF %
NUMBER SAMPLES MAXIMUM?® MINIMUM? AVERAGE CG*

Perimeter Area?

HP-31 39 2.8 {100) 0.28 (10) 0.93 (34) = 0.11 0.02
HP-32 52 3.8 (210) 0.34 (13) 14 (52) + 014 0.03
HP-33 52 3.8 (140) 0.36 (13) 1.3 (48) + 0.1t 0.03
HP-34 50 20 (74) 031 (1) 0.93 (34) + 0.08 0.02
HP-35 52 29 (110) 0.28 (10) 1.0 (37) = 0.10 0.03
HP-36 52 3.4 (130) 0.27 (10) 0.87 (32) + 0.10 0.02
HP-37 52 1.8 (67) 0.26 (10) 0.66 (24) = 0.06 0.02
HP-38 52 2.7 {100) 0.29 (11) 1.0 (37) = 0.10 0.03
HP-39 52 29 (110) 0.29 (11) 0.98 (36) + 0.09 0.02
HP-40 22 5.8 (210) 0.67 (23) 2.2 (81) £ 0.31 0.03
HP-41 22 5.8 (210) 0.73 27) 20 (74) = 0.30 0.05
Average 1.1 (41) +~ 0.04 0.03
Remaote Area®
HP-51 30 3.1 (110) 0.27 (10) 1.1 {41) £ 0.14 0.03
HP-52 49 25 (92) 0.27 {10) 0.97 (36) + 0.10 0.02
HP-53 40 3.2 (1200 0.32 (12) 1.0 (37) = 0.11 0.03
HP-535 50 5.5 (200) 0.34 (13) 1.2 (44) = Q.16 0.03
HP-56 51 2.8 (100) 0.32 (12) 1.1 (41) = 0.10 0.03
HP-57 52 3.6 (130) 0.31 (1D 1.2 {(44) = 0.11 0.03
HP-58 36 3.5 (130) 0.29 {11) 0.71 (26) x Q.12 0.02
Average 1.0 (37) = 0.05 0.03

“Maximum weekly average concentration.
>Minimum weekly average concentration-minimum detectable level is 1 E-16 xCi/mL (3.7 uBgq/m?®)

‘CG is 40 E-13 pCi/mL (1.48 E4058 ,qu/m:!) for a mixture of uranium isotopes (DOE Order 5480.1A,
Chapter X1, Attachment XI-1, Table II}.

9See Figure 1.

“See Figure 2.
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Table 8
AIR MONITORING DATA - FLUORIDES
1983
Maximum
Number of Concentration for Number of Times Annual
Samples Averaging Interval Standard Exceeded? Average
Location pg/m? ug/m’
7 30 7 30
Weekly Day Day Day Day
F-1¢ 49 0.1 <01 0 0 < 01 = 0.01
F-27 49 0.2 0.1 0 0 <01 % 002
F-3¢ 40 0.2 0.1 0 0 < 1 = 0.02
F-4° 39 0.1 < 0.1 0 0 < 0.1 = 0.01
F-5° 49 0.1 < 0.1 0 0 < 01 = 0.01
F-6° 48 <0.1 < 01 ] 0 <01 = 001
Y-2° 12 <0.1 - 0 - < 01 = 0.01
Y-4¢ 12 0.2 - (] - <01 = 006
Y-7¢ 12 <{.1 . 0 -- .
Y-8¢ 12 <0.1 -- 0 . <01 £ 0.02

#See Figure 1.
bTennessee Air Pollution Control Regulations (gaseous) -
3.7 ug/m? for 12-hour averaging interval
2.9 ug/m® for 24-hour averaging interval
1.6 pg/m’ for 7-day averaging interval
1.2 pg/m’ for 30-day averaging interval
All values are maximum--not to be exceeded more than once per year.

“Station F-6 approximately 8 kilometers from ORGDP upwind of the predominant prevailing wind direc-
tion, thus may be considered representative of general ambient background concentration.

4Changed sample location in fourth quarter.
*See Figure 3.

NOTE: Data not amendable to comparison with 12-hour or 24-hour standard. Six-day ur seven-day sam-
ple period compared to seven-day averaging interval. See text for method of measurement.



53

(/8 97T - 19 T1-A Lw/3 gy - 158 £1-A) suoleIIUIDu0d 159431y puoseg
sty p r

‘ofe124® 03 WIOL] PIPNIOXD 214 SON[BA 3SBYJ, ‘SSO] BIPSWY

IS|[H] ©) SNP SUOHEIIUSDUGO 0IIZ PIMOUS 1S9\ 7Z1-A Joj sejdures Inof pue iseg ¢[-A Joj sordures sanyy,

‘Teak 1ad

20UC TR} 2JOUE PIPIVOXI 3q 0] 10U SUOIJEIIUOUOD WNMIIXEUI I8 SON[RA [BRUUER 9Y] URY) JAYIO SAN|BA [V

/87 g9 a8 gy — URSA] OLIISTIOSN) [BAUUY
AUTELES /81 097~ 83RIGAY "I $T WNWIXER
spirepueig Alepucosg  piepumi§ Amwiig

'SPIEPURIS JTY JUSIQUIY 90§S0HUD]

1 2unBL 998,

88 LT /%99 8 p9LT €7 M 1A
133 1 /X 19 £ #1927 9¢ I8 Z1-A
67 ST +/X T 1 56 Ss t-dS

S €1 /¥ ¥ 3 651 8¢ £-dS

£€ €1 +/x 9 z 1€ S -dS

i£ 1 /X 8T I a4l Lz 1-dS
<a1s AOVEIAV WOWININ WNWIXVIN SATIANVS »NOILVDOT
% JIHIFANOTD 40

YAGWNAN

(/87 ‘NOILVILNAINOD

£861
SALVINDLIAVA TAANALSS - VLVA INTHOLINOW dIv
6 91q81L



54

wdd 7o'g  — WU 9[qR0919( WNEIUL

‘Ieak xad

20UQ TEYF DIOUL PIPaVXa 9q ©] 10U SUOHEUSDLOD WML el ale onjeA [enuue 4] UBY] JOUJO SonfeA [V

wdd co0 — TSN SNSUWYILY [BRudy
wdd p1gp afeIoAy 1§ p7 WINLXEN
SPIEpUE1S JUSIqUIY S9SSIUUS]

$00°0 LO00 UBSA SHSWILIY [ENBUY
£00°0 900'0 $00°0 0zo°0 IQusdsg
$00°0 9000 £10°0 0200 HOQUIDAON
z100 0200 1700 9£00 13GO10
£00'0 ¥00°0 S10°0 Z10°0 Ioquinydag
S00°0 000 S10°0 LIOO sndny
$00°0 000 L1070 ZH'0 Koy
£00°0 5000 900°0 Z10°0 sunf
$00°0 9000 7200 $Z0'0 ey
£00°0 LO0D LODO 9700 ady
$00°0 $00°0 ££0°0 100 YoIeN
900°0 $00°0 L2070 7700 Arenigeg
L00°0 2000 9£0°0 910'0 Arenuef
7-SNOILVIS | 1'S NOILVLS Z-S NOILLVIS | 1-S NOILVIS HINOW

(wdd) IOVIIAV ATHLNOW

(wdd) OVYIAV AH T WNNWIXVIN

£861

VIVA ONIHOLINOW FAIX0IG 3141018

Ol 3q8L



55

Fable 11
EXTERNAL GAMMA RADIATION MEASUREMENTS
1983
NUMBER BACKGROUND
STATION OoF UNITS OF UNITS OF
NIJMBER MEASIIREMENTS? uR /h E-09 C/kg/h

Perimeter Stations®

HP-31 16 11.0 + 1.1 29 + 0.28
HP-32 22 i4.0 + 1.0 35 + 0.26
HP-33 22 10.0 + 1.0 2.6 + 0.26
HP-34 22 17.0 + 1.3 4.4 + 0.33
HP-35 22 9.8 + 0.94 2.5 + 0.24
HP-36 22 9.4 =+ 1.0 2.4 + 0.26
11P-37 22 8.7 =+ 084 2.2 + 0.22
HP-38 22 9.7 =+ 0.88 2.5 + 0.23
HP-39 22 9.9 + 0.88 2.6 + 0.23
HP.407 2 87 + 038 2.2 + 0.10
HP-414 1 11.0 29

Average 1.0 = 068 29 + 6.17

Remote Staiions®

HP-51 4 7.1 * 1.6 1.8 * 0.41
HP-52 4 7.3+ 0.63 1.9 + 0.16
HP-53 4 8.0 x 0064 2.1 + 0.16
HP-55 4 6.8 + 0.17 1.8 + 0.04
HP-56 4 6.9 + 1.5 1.8 + 0.39
HP.57 4 79 =+ 1.1 20 % 028
HP-58 4 11.0 * 0.44 2.9 + 0.11
Average 78 x 1.6 20 * 0.41

Two measurements are taken per location for each time interval by placing two dosimeters in each con-
tainer.

bSee Figure 1.
“Sec Figure 2.

9Stations HP-40 and HP-41 were added in the summer of 1983; also, one of the dosimeters in the container
at station HP-41 was found to be defective.
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Table 15
LONG-LIVED GROSS BETA ACTIVITY IN RAINWATER
1983
NUMBER
STATION OF UNITS OF
NUMBER SAMPLES E-08 pCi/mL* Bq/L
Perimeter Area®
HP-31 31 0.46 x 0.08 0.17 & 0.03
HP-32 42 0.50 + 0.06 0.19 = 0.02
HP-33 45 047 + 0.06 0.17 + 0.02
HP-34 44 087 + 013 032 + 005
HP-35 45 0.59 = 0.05 0.22 + 002
HP-36 47 0.68 + 0.11 0.25 = 0.04
HP-37 44 0.62 = 0.08 023 + 003
HP-38 46 0.79 + 0.08 0.29 + 0.03
HP-39 47 0.56 + 0.08 0.21 = 0.03
HP-40 14 0.76 + 0.16 0.28 + 0.06
HP-41 3 1.3 * 063 0.47 = 0.23
Average 0.63 + 003 023 = 0.1
Remote Area®

HP-51 48 14 * 0.20 0.51 + 0.07
HP-52 36 1.2 + 0.15 0.43 = 0.06
HP-53 36 1.2 = 0.15 043 = 0.05
HP-55 43 095 + 0.13 0.35 + 0.05
HP-56 44 1.3 + 0.16 049 = 0.06
HP-57 41 095 + 0.14 0.35 + 0.05
HP-538 23 0839 = 0.12 0.33 =+ 06.05
Average 1.1 042 = 0.02

“Weekly average concentration.

®See Figure 1.

“See Figure 2.

o

0.06
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Table 25
NATIONAL POLLUTANT DISCHARGE ELIMINATION
SYSTEM (NPDES) EXPERIENCE
1983
EFFLUENT LIMITS
DAILY DAILY PERCENTAGE OF
DISCHARGE EFFLUENT AVERAGE MAXIMUM MEASUREMENTS
POINT PARAMETERS mg/L mg/L IN COMPLIANCE
ORNL
001
(White Oak Creek) Dissolved Oxygen (min.) 5 - 100
Dissolved Solids - 2000 100
Oil and Grease 10 15 92
Chromium (Total) -- 0.05 100
pH (pH units) -- 6.0-90 100
002
(Melton Branch) Chromium (Total) - 0.05 100
Dissolved Solids - 2000 100
Oil and Grease 10 15 100
pH (pH units) - 6.0-9.0 100
003
(Main Sanitary Ammonia (N) - S 52
Treatment Facility) BOD -- 20 65
Chlorine Residual - 0.5-20 95
Fecal Coliform Bact. 200t 400° 100
{No/100 mL)
pH (pH units) - 50-90 100
Suspended Solids - 30 85
Settleable Solids - 0.5 98
(mL/L)
004
(7900 Area Sanitary BOD - 30 No Discharges
Treatment Facility)  Chlorine Residual - 0.5-20 From This
Fecal Coliform Bact. 200t 400¢ Facility
{No/160 mL)
pH (pH units) - 6.0-9.0
Suspended Solids -- 30
Settleable Solids - 0.5
(mL/L)
Y-12 PLANT
001
(Kerr Hollow Dissolved Solids -- 2000 100
Quarry) Lithium - 5 100
pH (pH units) - 6.0-9.0 100
Suspended Solids - 50 100
Zirconium -- 3 100
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Table 25
(CONTINUED)
EFFLUENT LIMITS
DAILY DAILY PERCENTAGE OF
DISCHARCGE EFFLIIENT AVERAGE MAXIMUM MEASUREMENTS
POINT PARAMETERS mg/1. mg/L IN COMPLIANCE
042
{Rogers Quarry) pH (pH units) - 6.0-90 10¢
Suspended Solids” 30 50 100
Settieable Solids - 0.5 100
(mL /L)
003
(New Hope Pond) Ammonia (N) - 1.6 100
Chromium 0.08 0.08 100
Dissolved Oxygen {(min.) 5 - 100
Disselved Solids - 2600 100
Fluaride LS 2.0 100
Lithium - 5 100
Oil and Grease 10 15 106
pH (pH units) - 6.0 - 9.0 100
Phosphate (as MBAS) 5 8 100
Suspended Solids® - 20 100
Settleable Solids - 0.5 100
(mL/Ly
Total Nitrogen (N) e 20 160
Zine 0.3 0.2 90
004
{Bear Creek) il and Grease 10 15 100
pH (pH units) - 6.0 - 8.5 100
ORGDP
001
(K-1700 Discharge) Aluminum - 1.0 100
Chromium (lotal) 0.05 0.08 100
Nitrate e 20 100
Suspended Solids 30 50 100
Qil and Greasc 10 i5 114]4]
pH(pH units) - 6.0-90 99
002
005
(K-1203 Sanitary Ammonia (N) 50 7 100
Treatment Facility) ~ BOD 15° 20° 100
Chlorine Residual - 05-20 99
Dissolved Oxygen (min.) 5 - 100
Fecal Coliform Bact. 200° 400° 100
(No/160mL)
pH (pH units) - 6.0 - 9.0 100
Suspended Solids 30° 45° 99
Settleabie Solids - 0.5 99

(mL/L)
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Table 25
(CONTINUED)
EFFLUENT LIMITS
DAILY DAILY PERCENTAGE OF
DISCHARGE EFFLUENT AVERAGE MAXIMUM  MEASUREMENTS
POINT PARAMETERS mg/L mg/L IN COMPLIANCE
006
(K-1007B Holding COD 20 25 99
Pond) Chromium - 0.05 100
Dissolved Oxygen (min.) 5 - 100
Fluoride 1.0 | ] 100
Oil and Grease 10 15 100
pH (pH units) - 6.0-9.0 89
Suspended Solids® 30 50 100
007
(K-901A Holding Chromium (Total) e 0.05 9%
Pond) Fluoride 1.0 L5 100
Oil and Grease 10 15 100
pH (pH units) - 6.0 - 10 100
Suspended Solids 30 50 100
oos?
{K-710 Sanitary BOD 30? 45° No Discharges
Treatment Facility)  Suspended Solids 30 45° From This
Fecal Coliform Bact, 200° 400° Facility
(No/100 ml)
pH (pH units) - 6.0 - 9.0
Chlorine Residual - 05-20
Settleable Solids — 0.1
(mL/1)
009
(Sanitary Water Suspended Selids® 30 50 100
Plant) Aluminum — 250 160
Sulphate - 1400 100
pH (pH units) — 6.0 -9.0 160

“Limit applicable only during normal operations. Not applicable during periods of increased discharge due to
surface run-off resulting from precipitation.

*Monthly Average.
“Weekly Average.

“Due to the small flow rates at the K-710 Sanitary Treatment Facility, a rapid sand filter was instatled May
1, 1978 eliminating the surface discharge and monitoring requirements.
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Table 26
CONCENTRATION OF ™ IN MILK?
1983
NUMBER UNITS OF E-09 uCi/mL (Bq/1) COMPARISON
STATION OF WITH
NUMBER SAMPLES MAXIMUM MINIMUM? AVERAGE STANDARD-
Immediate Environs?
2 48 <0.45 (0.017) <0.45 (0.017) <0.45 {0.017) Range I
3 47 <0.45 (0.017) <0.45 (0.017) <0.45 (0.017) Range |
4 48 <0.45 (0.017) <0.45 (0.017) <0.45 (0.017) Range 1
6 43 <0.45 (0.017) <0.45 (0.017) <0.45 (0.017) Range |
7 47 <0.45 (0.017) <0.45 {0.017) <0.45 (0.017) Range I
Average <0.45 (0.017)
Remote Environs®
51 4 <0.45 (0.017) <0.45 {(0.017) <0.45 (0.017) Range I
52 3 <0.45 (0.017) <0.45 (0.017) <0.45 (0.017) Range [
53 5 <0.45 (0.017) <0.45 (0.017) <0.45 (0.017) Range 1
56 3 <0.45 (0.017) <0.45 (0.017) <0.45 {0.017) Range I
Average <0,45 {0.017)

2Raw milk samples, except for Station 2 which is a dairy.
bMinimum detectable concentration of 1 is 0.45 E-09 pCi/mL (0.017 Bq/L).

¢ Applicable FRC standard, assuming 1 liter per day intake:

Range I 0 to 1 E-08 pCi/mL (0.37 Bq/L) —Adequate surveillance required
to confirm calculated intakes.

Range I 1 E-08 gCi/mL (0.37 Bq/L) to 1 E-07 pCi/mL (3.7 Bq/L) -—Active surveillance required.

Range IIT 1 E-07 uCi/mL (3.7 Bq/L) to 1 E-06 pCi/mL (37 Bq/L) —Positive control action required.

Note: Upper limit of Range II can be considered the concentration guide.
“See Figure 10

¢See Figure 11.
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Table 27
CONCENTRATION OF *Sr IN MILK?
1983
NUMBER UNITS OF E-09 pCi/mL (Bg/L) COMPARISON
STATION OF WITH
NUMBER | SAMPLES | MAXIMUM | MINIMUM?® AVERAGE STANDARD*

Immediate Environs?

2 48 1.9 (0.072) 0.53 (0.020) 1.1 (8.042) = 0.080 Range 1

3 47 1.6 (0.061) 0.53 (0.020) 1.0 (0.038) + 0.079 Range 1

4 48 3.4 (0.13) 0.79 {0.030) 1.5 (0.057) = 0.16 Range 1

6 43 2.1 (0.079) 0.53 (0.020) 1.2 {0.045) = 0.12 Range I

7 46 3.7 (0.14) 0.79 (0.0630) 1.4 {0.053) + 0.15 Range I
Averzge 1.2 (0.045) + 0.058

Remote Environs®

51 5 2.1 (0.079) 1.6 (0.061) 1.9 {0.072) + 0.24 Range I

52 6 1.3 (0.049) 0.53 (0.020) 0.84 (0.032) £ 0.25 Range I

53 6 1.1 {0.042) 0.53 (0.020) 0.84 (0.032) = 0.26 Range |

56 5 1.3 (0.049) 0.79 {0.030) 1.1 (0.042) = 0.20 Range 1
Average 1.1 (0.042) = 0.20

“Raw milk samples, except for Station 2 which is a dairy.
bMinimum detectable concentration of *Sr is 0.5 E-09 uCi/mL (0.019 Bq/L).

¢ Applicable FRC standard, assuming 1 liter per day intake:
Range I 0 to 2 E-08 pCi/mL (0.74 Bg/L) —Adequate surveillance required
to confirm calculated intakes.
Range {I 2 E-08 uCi/mL (0.74 Bq/L) to 2 E-07 uCi/mL (7.4 Bq/L) —Active surveillance required.
Range 11 2 £<07 pCi/mL (7.4 Bq/L) to 2 E-06 uCi/mL (74 Bq/L.) —Positive control action required.
Note: Upper limit of Range II can be considered the concentration guide.

9See Figure 10.

*See Figure 11,
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Table 29
SIGNIFICANT RADIONUCLIDE CONTENT IN CLINCH RIVER FISH
BETA-GAMMA EMITTERS
1983
pCi/kg (Bq/kg) Wet Weight
LOCATION Specles® 3¢y $Co 25y % MPI*
CRM 5.0 Bass 189 6.7 < 8.2 (0.30) 13  (0.48) 0.11
Blue Gill 45 ) < 47 (017 23 (0.8%) 0.17
Carp 13 {0.48) < 34 (0.13) 11 (041 0.09
Shad 72 2.7 < 4.8 (0.18) 24 (0.89) 0.20
CRM 16.0 Bass 200 a4 < 7.1 (0.26) 14  (0.52) 0.12
Blue Gill 100 (3.7 4.1 (0.15) 12 (0.44) 0.10
Carp 40 (1.5 < 34 (013 15 (0.55) 0.12
Shad 110 {4.1) < 5.6 (0.21) 17 (0.63) 0.15
Crappie 80 (3.0) < 2.9 (0.11) 55 (0.20) 0.05
CRM 12.0 Bass 82 3.0 < 3.7 (0.14) 3.0 (0.11) 0.03
Blue Gill 30 (1.1) < 41 (015 5.4 (0.20) 0.05
Carp 470 (17 88 (0.33) 28 (1.9) 0.25
Shad 120 (4.4) 45 (017 11 (0.41) 0.10
Crappie 41 (1.5) < 37 (0.14) 1.9 (0.07) 0.02
CRM 20.8¢ Bass 670 (2% 11 (0.41) 4 27N 0.58
Blue Gili 660 (24) 28 (10) 120  (4.4) 0.90
Carp 1300 49 49 (1.8 160 (5.9) 1.2
Shad 2100 (78) 110 @.1) 166 (59) 1.4
CRM 25.0 Bass 14 {0.48) < 2.1 (0.08) 35 (6.13) 0.03
Blue Gill N BN ) < 38 (0.14) 9.5 (0.35) 0.07
Carp 1.9 (0.070) < 14 (0.052) 3.6 (0.13) 0.03
Shad 23 (0.85) < 3.0 (0.11) 6.5 {0.24) 0.06

“Composite of ten fish in each species.

bPercent maximum permissible intake for all radionuclides in both Tables 28 and 29. See text for definition
of maximum permissible intake.

‘Average of quarterly samples.
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Table 30
MERCURY CONTENT IN CLINCH RIVER FISH
1983
CONCENTRATION (ng/g - Wet Weight) % ALY
LOCATION | Species” 1978° 1979° 1980 1981 1982 1983 1983
CRM 4.0 Bass 113
Blue Gill 158
Carp 225
Shad 2
CRM 5.9 Bass 215 195 157 133 120 120 k2
Blue Gill 265 173 220 86 176 240 4
Carp 357 430 199 289 280 340 34
Shad 40 41 25 13 30 30 3
Crappie 152 65 401 59
CRM 166 Bass 237 200G a0 34
Blue Gill 257 150 170 17
Carp 487 210 280 28
Shad 44 29 50 5
Crappic 131 9% 160 16
CRM 120 Bass 1334 370 430 43 220 190 19
Blue Gili 123 130 470 18 560 350 15
farp 740 1330 162 373 330 340 34
Shad 10 100 18 3 150 20 2
Crappie 53 320 122 162 180 270 27
CRM 20.8¢ Bacs 233 113 80 144 9% 135 14
Blue Gill 78 232 bty 117 160 110 I
Carp 278 197 193 108 240 220 22
Shad R 30 24 44 19 is 4
Crappie 77 201 45 2534 43
CRM 220 Bass 223
Blue Gilk 99
Carp 106
Shad 27
Crappie 28
CRM 240 Bass 71
Blue Gill 69
Carp 126
Shad 7
CRM 25.0 Bass 1403 11 16 13 i1 1] 0
Blue Gill 56 59 57 34 30 3
Carp 120 19 124 97 90 2
Shad 14 7 12 7 1¢ i
Crappic 21 0

%Composite of ten fish in cach species.

percent of proposed FDA mercury in fish action lovel of 1000 ng/g or 1 ppm.

€ Average of quarterly samples.
dAveragc of three quarterty samples. Crappie were not collected in the second quarter.

£Corrected data - data in the 1978 and 1979 Environmental Monitoring Reports were too low due to an error in converting data to the proper
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Table 36
Soil Sampling Data
{Upper 1 ¢m of Soil Column)
1983

Station F - Concentration® U (Total) Concentration®

Number® pg/g (ppm) pg/g (ppm)
VS-1 288 42
VS-5 647 4.7
VS8 — 4.6
VS-9 95 2.4
VS-10 606 2.3
VS-11 264 6.0
VS§-13 196 3.7
VS-15 169 3.8
VS-16 295 2.8
vS-17 133 1.6
VS-18 274 10.6

VS-19 170 22.6
VS-20 105 4.4
VS-21 214 35

“See Figure 1.

bConcentration of one sample collection, June. Analytical
results are on a dry weight basis.
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ANALYTICAL PARAMETERS FOR GROUNDWATER MONITORING - Y-12 PLANT

PARAMETER

Aluminum (Al)

Arsenic {As)

Cadmium (Cd)

Chromium {(Cr)

Copper (Cu)

iron {Fe)

Mercury {Hg)

Manganese (Mn)

Lead (P'b)

Selenium (Se)

Zinc (Zn)

Chlorine (CI)

Cyanide (CN)

Fluorine (F)

Foaming Agents (MBAS)
Total Kjeldahl Nitrogen (TKN)
Nitrate Nitrogen [NO;(N)]
Total Nitrogen (Total N)
Phencl {Total)

Sulfate {SO,)
Polychlorinated Biphenyls (PCB)
pil

Total Organic Carbon (TOC)
Thorium (Th)

Uraninm {U)

Alpha Activity

Beta Activity

U-235 (%)

Silver {Ag)

Barium (Ba)

Beryllium (Be)

PARAMETER

Spec. Conductance
Color

Coliform
Chloroform
Methyl Bromide
Methy! Chioride
Methylene Chloride
Tetrachloroethylene
Toluene

Xylene
Chloroethane
Dichloroethane
Trichloroethane
Endrin

Lindane
Methoxychlor
Toxaphene

2,4,5-T Silvex
2,4-D
Tetrahydrofuran
2-Butanone
Freon-113
Dibromomethane
Trichloroethylene
Dichloroethylene

Methyl Ethylbutanone

Chloroethylenc
Carbon Tetrachloride
Benzene
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Table 40

GROUNDWATER MONITORING DATA - Y-12 PLANT

BEAR CREEK BURIAL GROUNDS - Background®
Wells YGCMWS, YGCMW13, YGMW17

1983
NUMBER CONCENTRATION, mg/I.
OF

PARAMETER SAMPLES MAXIMUM MINIMUM
Al 7 200 10
Cr 9 002 < 0.01
Fe 5 2.0 0.11
Mn 5 0.97 0.01
Pb 9 0.01 < 0.01
Zn 5 0.03 < 0.02
Cl 5 18 < 2
F 5 0.2 < 0.1
TKN 9 Q.5 < 0.02
NO3(N) 9 0.3 < 0.1
Total N 9 0.5 < 0.3
Phenol 5 0.002 < 0.001
SOy 5 18.0 < 5.7
pH {pH units) 9 19 6.1
TOC 9 17 < 2.0
Th 9 0.200 < 0.002
u 9 0.002 < 0.001
Alpha Activity (pCi/L) 2 200 < 200
Beta Activity (pCi/L) 9 400 < 4
U-235 (%) 9 2.85 < 0.62
Ba 9 0.3 < 0.2
SPEC. CONDUCTANCE (p.mhos/cm) 9 500 96
COLOR 5 6 < 5
COLIFORM (COLONIES/100 mL) 9 11 < 1
CHLOROFORM 9 0.24 < 0.01

NOTE: Parameters listed are only those whose concentrations were above the analytical detection limit and
where more than one sample was obtained.

“See Figure 14.
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Table 41

BEAR CREEK BURIAL GROUNDS*®

Wells YGMWE-YGMW12, YCMWI4.YCMW16, YCMWI18-YCMW20

1983
NUMBER CONCENTRATION, mg/L
OF

PARAMETER SAMPLES MAXIMUM MINIMUM
Al 25 210 < 1
As 32 0.080 < 0.005
Cd 33 0.004 < 0.002
Cr 32 0.02 < 0.01
Cu 16 0.022 < 0.004
Fe 16 19.00 0.11
Mn 16 4.80 0.03
Ph 32 0.03 < 0.01
Zn 16 5.60 < 0.02
Ci 16 76 < 2
F 16 0.2 < 0.1
TKN 32 3.2 < 0.2
NO3(N) 32 1.7 < Q.1
Total N 2 7.70 < 0.22
Phenol 15 0.003 < 6.001
S0, 16 56.0 < 29
pH (pH units) 32 12.0 6.1
TOC 32 32 < 2
Th 32 0.032 < 0.003
U 32 0.014 < 0.001
Alpha. Activity (pCi/L) 7 200 < 200
Beta Activity {pCi/L) 32 400 < 4
U235 (%) 32 4.12 < 0.36
Ba 32 0.5 < 0.2
Be 32 0.007 < 0.0005
SPLEC. CONDUCTANCE (pmhos/cm) 32 1500 110
COLOR 16 2500 < 5
COLIFORM (COLONIES/100 mL) 35 30 < H
CHIL.OROFORM 31 1.60 < 0.01
METHYLENE CHLORIDE 31 0.02 < 0.01
TETRACHLOROETHYLENE 31 10.50 < 0.01
TOLUENE 31 0.02 < 0.01
DICHLOROQETHANE 31 0.21 < 0.01
TRICHLOROETHANE k)| 0.34 < 0.01
TRICHLOROETHYLENE 5 2.50 0.02
DICHLOROETHYLENE 4 10.00 0.03

NOTE: Paramcters listed arc only those whose concontrations were above the analytical detection limit and

where more than one sample was obtained.

4See Figure 14
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Table 42

GROUNDWATER MONITORING DATA - Y-12 PLANT

5-3 Ponds”
Wells YGMW2-YCGMW4
1983
NUMBER CONCENTRATION, mg/L
OF
PARAMETER SAMPLES MAXIMUM MINIMUM
Al 21 510 < 0.2
As 12 0.060 < 0.005
Cd 12 0.100 < 0.002
Cr 12 0.01 < 0.01
Pb 12 0.03 < 0.0t
CN 12 0.013 < 0.002
TKN 12 2.50 < 0.06
NO(N) 12 730 0.4
Total N 12 730 0.5
pH (pH units) 12 7.2 3.6
TOC 12 51 5
Th 12 0.065 < 0.020
U 12 0.718 0.003
Alpha Activity (pCi/L) 3 4500 < 200
Beta Activity (pCI/L) 12 2000 < 4
U-235 (%) 12 0.88 0.28
Ag 12 0.01 < 0.01
Ba 12 3.2 < 0.2
Be 12 0.040 < 0.6005
SPEC. CONDUCTANCE (umbhos/cm) 12 15000 1100
CHLOROFORM 13 0.09 < 0.01

NOTE: Parameters listed are only those whose concentrations were above the analytical detection limit and
where more than one sample was obtained,

“See Figure 14.
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Table 43
GROUNDWATER MONITORING DATA - Y-12 PLANT
NEW SANITARY LANDFILL"
Wells YMW1-YMW3
1983
NUMBER CONCENTRATION, mg/L
OF

PARAMETER SAMPLES MAXIMUM MINIMUM
Al 9 200 38
Cu 12 0.0638 < 0.004
Fe 12 1.70 0.12
Mn 12 0.07 < 0.01
Pb 12 0.03 < 0.01
Zn 12 0.03 < 0.02
cl 12 8 < 2
F 12 0.2 < 0.1
TKN 12 0.2 < 0.2
NO{(N) 12 0.7 < 0.1
Total N 12 0.8 < 0.3
Phenol 12 0.002 < 0.001
SO, 12 10.0 < 1.3
pH (pH units) 12 85 7.3
TOC i2 17 < 2
Th 11 0.020 < 0.002
U 12 0.005 < 0.001
Alpha Activity (pCi/L) 3 200 < 200
Beta Activity (pCi/L) 12 440 10
U-235 (%) 12 2.21 < 0.73
Be 12 0.006 < 0.00035
SPEC. CONDUCTANCE (umhos/cm) 12 340 210
COLOR 12 10 < 5
COLIFORM (COLONIES/100 mL) 12 22 < 1
CHLOROFORM 11 0.05 < 0.01

NOTE: Parameters listed are only those whose concentrations were above the analytical detection limit and

where more than one sample was obtained.

%See Figure 14.
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Table 48
GROUNDWATER MONIFORING DATA - Y-12 PLANT
Wells Where Parameters Exceeded EPA Primary

Drinking Water Standards®
1983
Concentration EPA Standard
Well Date Parameter {mg/L) {mg/L)

YGMW2 5/12/83 Ba 2.6 1.0

YGMW2 9/28/83 Ba 1.5 1.0

YGMW?2 11/01/83 Ba 2.2 1.0

YGMW21 2/16/83 Pb 0.23 0.05
YGMW22 2/16/83 As 0.28 0.05
YGMW22 2/16/83 Cr 0.13 0.05
YGMW22 2/16/83 Pb 0.3 0.05
YGMW23 5/18/83 Pb 0.44 0.05
YGMW23 8/23/83 Pb 0.22 0.03
YGMW23 10/03/83 Pb 0.2 0.05
YGMW25 8/24/83 Pb 0.08 0.05
YGMW26 8/24/83 Pb 0.06 0.05
YGMW3 9/28/83 Cd 0.075 0.01
YGMW3 9/28/83 Ba 3.1 1.0

YOMW3 11/01/83 Cd 0.074 0.01
YGMW3 11/01/83 Ba 32 1.0

YGMW4 2/17/83 Cd 0.1 0.01
YGMW4 5/12/83 Cd 0.077 0.01
YGMW4 5/12/83 Ba 272 0.01
YOMW?7 9/20/83 As 0.08 0.05
YGMW3 16/12/83 Cd 0.02 0.0t

2Table does not include wells whose concentrations for arsenic or selenium were less than the reportin
g
limit,
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Table 49
GROUNDWATER MONITORING DATA - ORGDP
CLASSIFIED BURIAL GROUND? - SHALLOW WELLS
1983

CONCENTRATION, mg/1.

PARAMETER MAXIMUM | MINIMUM | AVERAGE?

Ag 0.07 < 001 < 0019 = 09.021
Al 1365 8.9 331 + 451

As 0.42 0.007 0.676 = 0.142
Ba 60 < 0.1 < 14 + 20

Ca 62 28 41 + 13

Gl 0.050 < 0.002 < 0018 = 0.020
Cl- 9.8 3.2 54 =+ 2.2
Cr 0.46 0.06 027 =+ 0.16
Cu 1.9 9,020 088 =« 0.79
Fe 3980 51 839 + 1306

¥ < 0.5 < 05 < 05

Hg < 0.001 < 0001 < 0.001

Mg 836 34 266 + 322
Ma 72 1.5 18 4 23

Ni 4.8 0.03 1.1 = 1.6
NO;- N < 04 < 17 = 25
Pb 0.20 < 6.01 < 0063 0.067
Se < 0.005 < 0.005 < 0,005

SO 736 79 137 + 241
TOC 39 3 96 + 8.7
u 0.011 0.003 0.087 + 0.0863
Zn 2 0.25 67 =+ 8.9
pH 7.8 umits 7.0 units p—

Methyl Ethyi Ketone 0.03 none detected —

Freon - 113 0.16 none detected —

Freon - 123 0 none detected —
Trichloroethylene 0.002 none detected —_—

“See Figure 15.

®Average concentration of samples taken from seven wells, November
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Table 50
GROUNDWATER MONITORING DATA - ORGDP
CLASSIFIED RURTAL GROUND® - DEEP WELLS
1983

CONCENTRATION, mg/L

PARAMETER MAXIMUM | MINIMUM |  AVERAGE’

Ag < 601 < 001 < 0.01

Al 1.4 2.0 1.7 + 64
As 0.008 < 0.005 < 0007 £ 0003
Ba < 010 < 0.10 < 0.10

Ca 79 13 4 + 44
Cd < 0.002 < 0002 < 0.002

- 75 28 38 + 55

Cr 0.24 0.01 011 = 0.19
Cu 0,013 0.006 0.008 + 0,005
Fe 13 2.2 68 = 890
¥ < 0.5 < 0.5 < 0.5

Hg < 6001 < 0.001 < 0.001

Mg 36 16 25 + 13
Mn 53 0.12 1.6 + 4.0
Ni 0.36 < 0.01 < 011 £ 027
NO;- 1.7 < 04 < 073 = 103
Pb 0.03 < 801 < 0018 = 0.015
Se < 6.005 < 0005 < 0,005

SO 37 14 15 + 25
TOC 81 18 40 + 45

U 0.003 0.001 0.002 + 0.082
In .08 0.03 0,050 + 9.034
pH 7.8 units 7.3 umits —

1,1 - Dichloroethane 0.03 none detected —
Tetrachioroethylene 0.01 none detected —

Freon 123 0.4 none detected —

Freon 113 0.48 none detected —

1,1.1 - Trichloroethane 0.5 none detected —_
Benzene 6.01 none detected —

1,2 - Dichloroethane .03 none detected —

“See Figure 15,

% Average concentration of samples taken from four wells, November.



97

Table 51
GROUNDWATER MONITORING DATA - ORGDP
K-1407-C HOLDING POND? - SHALLOW WELLS

1983

CONCENTRATION, mg/L

PARAMETER MAXIMUM | MINIMUM | AVERAGE?

Ag < 0.01 < 001 < 001

Al 467 48 160 + 255
As 0.13 < 0.005 < 0,032 £ 0.065
Ba 5.7 < 0.1 < 12 + 3.1
Ca 420 63 211 + 201
Cd 0.007 < 6.002 < 0003 =z 0003
- 22 4 16 + 11

Cr 0.41 0.03 612 = 020
Cu 0.84 < 0.004 < 618 . 0.46
Fe 1274 16 293 + 682
F- 1.3 < 65 < 666 = 044
Hg < 0.001 < 0001 < 0003

Mg 215 16 T4 + 101
Mn 35 0.68 11 +* 19

Ni 1.2 0.04 628 = 065
NOy 14 < 04 < 045 = 71
Pb 0.01 < 0.0% < 001

Se 0.024 <  0.005 < 0009 = 0.011
S50 103 13 33 + 49
TOC 30 10 17 = 10

U 0.003 < 0.001 < 0001 = 0.00%
in 4.2 .06 092 =+ 225
pH 7.8 units 7.2 units —
Trichloroethylene < 0.01 none detected e

1,2 - Dichloroethane < 0.01 nene detected —_—
Methylene Chloride < 0.01 none detected _

1,1.1 - Trichloroethane < 0.01 none detected e
Tetrachloroethylene < 0.01 none detected e

Other Halomethanes < 0.01 none detected —

“See Figure I5.

b Average concentration of samples taken from five wells, November.
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Table 52
GROUNDWATER MONITORING DATA - ORGDP
K-1407-C HOLDING POND” - DEEP WELLS
1983

CONCENTRATION, mg/L

PARAMETER MAXIMUM | MINIMUM | AVERAGE"

Ag < 0.0 < 60 < 081

Al 82 2.6 21 * 43

As 0.025 0.008 0013 = 0008
Ba 3 < 0.1 < 0686 = 0.65
Ca 150 54 112 + 54

Cd < 0.002 < 0002 < 0002

(5 g 41 94 23 + 14

Cr 9.19 0.02 008 = 009
Cu a.10 0.006 0.030 = 0.050
Fe 206 9.1 65 + 161

F- 0.8 < 05 < 05 =+ 017
Hg < 0001 < 8.001 < 0001

Mg 44 17 32 + 14
Mn 7.9 1.0 3.2 + 32
Ni 6.19 0.02 0058 = 0.092
NO; 0.59 < 04 < 044 = 011
Pb 0.07 < 0401 < 0028 + 0031
Se <  0.005 < 0005 < 0005

S0; 81 4 32 + 38
TOC 143 14 51 + 65

U 0.005 < 0.001 < 0002 = 0.002
Zn 1.8 0.02 044 = 097
pH 7.9 units 7.3 units —_

Freon 113 0.01 none detected —

Freon 123 0.01 none detected —
Trichlorocthylenc 0.04 none detected —

1,2 - Dichloreethane 0.601 none detected —
Methylene Chloride < 001 none detected —

Trans - 1,2 - Dichloroethylene 0.02 none detected —

1,1.1 - Trichloroethane < a0 none detecied —
Tetrachloroethylene < 00 none detected o

Other Halomethanes < 001 pone detected e

2See Figure 15.

b Average concentration of samples taken from five wells, November.
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Table 53

GROUNDWATER MONTTORING DATA - OKNL

1933

nits of E-08 xCi/mL (Bg/L)

MNUMBER ¢8% COMFIDENCE LIMITS
CF
ANALYSIS| SAMPLES MAXIMUM MINIMUM MEAN? UPPER LOWER
Solid Waste Storage Area 4
P1Cs 113 1i0 “41) < 014 (0.05) * * »
“*Co 16 3.2 (1L.2) < o022 (0.08) * * *
*H $ 35000 {13000) 270 {100) 5400 {2000} 30000 {11000} 950 (350)
*3r 3 43160 (1500) 240 {50) 3100 (4:0) 2000 (740} 570 (Z10)
Gross Alpha 4 13 (4.9) 5.9 @an 3.6 (3.2) 12 (4.5} 6.2 (2.3
Sotid Waste Storage Area 5
Cs 20 160 61y < 024 (0.09) 2.5 (0.93) 59 (2.2) Ll {0.41)
*Co 20 6.2 23y < 027 (0.10) Lo (0.37) LS (0.57) 0.65 {0.24}
H 22 27000000 {10000000) 3000 {1100) 200000 (73000) 680000 (230000) 57000 (21000}
“Sr 18 4900 (1800} {4 (0.51) A0 {15) 150 {56) 11 (4.1)
Gross Alpha 18 73 an < o (0.04) 097 (0.36) 1.7 (0.62) 0.57 {e.21)
Solid Waste Storage Area 6
Cs 12 5.1 (L6} < 019 (0.07) 0.54 0.20) 0.84 (0.31) 032 (0.12)
*Cao k2 0.81 030y < 022 (098) Q.51 (0.19)* 0.62 (029 0.41 {0.1%)
'H 5 2500 (210) 57 (1) 110 (300) 1200 (1200} 210 {n
*Sr 7 550 (150) 043 (0.18) 62 2.3} 40 {15) 092 (9.34)
Gross Alpha 6 2.2 LRI} < 008 (0.03) 0.41 (0.15) 1.0 (0.37) 0.16 {0.06)
Treack Arcas
(s 51 150 (4} < 008 {003 27 (1.0} 4.9 (1.8) 11 (0.57)
“Co Si 9400 (3500) < 04% {007 2% (9.5} 12 {4.6) 5.7 an
“H i7 EI000 (7000) 350 {130) 9200 (3400) 12000 {4400} 6500 (2400)
S 2 JW (1Y) 6z {28 h h -
Gross Alpha 25 250 (s < 0405 {0.02 3.2 (1.2} 10 (3.7) 1.1 (0.41}
Control Wells
(s 7 68 (285 < G166  (0.06) 38 {1L.4) 26 {5.6) 0.51 {0.19)
*Co 7 15 (055 < 003 {g01) 0.19 0.07) 0.49 (0.18) 0.08 (0.03}
'H 7 400 {150y <« §7 (21) 130 (48} 240 (88 13 Qn
“St i 59 (22) 054 (0.20) 6.8 (2.5) 26 {5.8) 1.7 (0.64)
Gauss Adpha ? z4 {0.90) 0.3z {0.12) 0.73 £0.27) k1 (0.41) 0.4G (C.17)

Derived mean (= geometric mean)

° Arithmetic mean.

*Data could not be normalized.
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APPENDIX A
QUALITY ASSURANCE

Radiological

All the analytical laboratories al the Ouk Ridge planis maintain internal control programs which
involve the use of known solutions of radionuclides for calibration, instrument checks and general
procedure control. Certified standards from other Department of Energy laboratories or from the
National Bureau of Standards are often used in such control work.

A very significant externally operated program is the Quality Assurance Program administered by
the DOE Environmental Measurements Laboratory (EML) in New York. All the piant labora-
tories participate in this program, which presently provides quarterly samples of five types of envi-
ronmental media; soil, water, air filters, vegetation, and animal tissue--each containing from five to
nine radionuclides at established levels, known by EML. Analytical results are returned each quar-
ter to EML., where statistical evaluation i1s made and periodic reports are issued to each participant
showing how its results compare with the established values and with the results of other partici-
pants. Participation is mandatory for those parameters of concern to the plant and optional for
other parameters,

Chemical

All the analytical laboratories have established internal programs designed to provide reliable cali-

bration of instruments and evaluation of analyst performance in the measurement of a wide range
of chemical pollutants in environmental media.

An effective external quality control program is also in place, utilizing certified solutions purchased
from a commercial source. Monthly samples are sent to each laboratory quality vonirol office;
these contain a host of common pollutants, including trace metals, residual chlorine, cyanide,
phenol, nitrogen, organic carbon, grease and oil, minerals and other impurities--all at environmental
levels certified by the vendor. Obtained as from unknown samples in the laboratory, the analytical
results are transmitted to the Y-12 Plant Quality Division for statistical review. Periodic reports
are sent to all of the four laboratories, to show how their results compare with the certified values
and with each other.

General

A Four-Plant Commiitee on Environmental Analysis was established in 1977 to provide a uniform
basis for measuring environmental pollutants and to ensure that measurement sensitivity, quality,
and methodology are in accord with the federal and state requirements for environmental monitor-
ing. A unified Environmental and Effluent Analysis Manual was initiated with emphasis on labora-
tory procedures used for measuring parameters which appear on the NPDES permits or air dis-
charge permits of any of the four plants. The 111 analytical procedures currently in the manual
cover water, air, sediment and soil, biota, and miscellaneous media such as oil under test for reuse.
Both radiological and nonradiological parameters are included. EPA-approved analytical methods
are used wherever possible.

The Four-Plant Environmental Analysis Committee also coordinates special quality control pro-
grams of interest to all plants, such as the measurement of fluorides in air or PCB’s in oil. It is

105
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also instrumental in the generation and evaluation of proposed analytical control standards, such as
PCB in transformer oil or technetium-99 in grass.

Quality Assurance in environmental monitoring has become a well accepted responsibility at all the
plants. The program at ORNL is especially developed to keep pace with the broad surveillance
responsibilitics assumed by that facility for both radiological and nonradiological monitoring in the
Oak Ridge area, The Department of Environmental Management (DEM) at ORNL has iaitiated a
quality assurance program to ensure that a high degree of accuracy and reliability is maintained in
its surveillance activities. The program in effect at ORNL consists of quality control of techniques
and procedurcs, and includes the cstablishment of a detailed written description of all activities per-
taining to the DEM. This includes:

1. Operating procedures for each activity.

2. Inspection lists of operating and maintenance activities.

bt

Check-off frequency lists for all quality assurance steps, such as schedules for equipment
inspection and test control.

Documentation of compliance of quality assurance procedures.
Participation in intralaboratory and interlaboratory sample-exchange programs.

Evaluation of the adequacy of sample preparation work and data analysis.

- S

Identification of the role, responsibilities, and authority of each staff member as related to
quality assurance.

A schematic diagram showing a flow chart of this quality assurance program is given in Figure Al.
A more detailed discussion of the ORNL QA program is given in Reforence (Al).

Al. T. W. Ozkes, K. E. Shank, and J. 8. Eldridge, "Quality Assurance Applied to an Environmental Surveillance Program,”
Conference Proceedings of the 4th Joint Confereace on Sensing of Eavironmental Poliutants, New Orleans, La., Nov.
6-11, 1977, p. 226.
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Curie (Ci) and Becquerel (Bg)

APPENDIX B
UNITS, PREFIXES, AND ABBREVIATIONS

Radiation Units

Roentgen (R) and Coulombs per kitogram (C/kg) -

Rad (rad) and Gray {Gy)

Roenigen Equivalent Man (rem) and Sievert (Sv) -

Units of radioactivity which are a2 measure of
those spontaneous, energy-emitting, atomic
tranformations that involve changes in the state
of the nuclei of radioactive atoms.
1Ci=37E+10Bq

Units of exposure to radioactivity.
IR = 2.58 E-04 C/kg

Units of absorbed dose in any medium.
f rad = 1 E-02 Gy

Units of dose equivalent which account
for the relative biological effectiveness of a
given absorbed dose. 1 rem == 1 E-02 Sv

Table of Unit Prefixes

Factor Prefix Symbol
104 peta P
1012 tera T
10° giga G
10¢ mega M
10° kilo k
107 hecto h
10! deka da
1071 deci d
102 centi ¢
16 milli m
106 micro M
10? nano n
10°12 pico p
106713 femto f
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Elements and Compounds
Ag Silver
Al Aluminum
As Arsenic
Ba Barium
Ca Calcium
Cd Cadmium
Ce Cerium
Ci— Chioride
CN Cyanide
Co Cobalt
Cr Chromivm
Cs Cesium
Cu Copper
F Fluoride
Fe Iron
‘H Tritium
Hg Mercury
1 Todine
Kr Krypton
Mg Magnesium
Mn Manganese
Nb Niobium
Np Neptunium
NH,(N) Ammonia Nitrogen
NO4(N) Nitrate Nitrogen
NOy Nitrate
Ni WNickel
Py Lead
Pu Plutonium
Rn Radon
Ru Ruthenium
Sh Antimony
Se Selenium
S04 Sulfate
Sr Strontium
Tc Technetium
Th Thorium
u Uranium
Xe Xenon
Zn Zinc
Zr Zirconium

Abbreviations

C/kg
Ci

rem
Sv
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Radiation Units
Becquerel

Coulombs per kilogram
Curie

Roentgen

Roentgen Equivalent Man
Sievert

Other

Allowable limit

Biological Oxygen Demand
Concentration Guide
Chemical Oxygen Demand
Centimeter

Clinch River Mile

Day

Gram

Hour

Liter

Meter

Cubic Meter

Miltion gallons per day
Minute

Maximum permissible intake
Hydrogen ion concentration
Parts per million

Second

Standard

Total Organic Carbon
Total Dissolved Solids
Year



APPENDIX C

ENVIRONMENTAL MONITORING AND SURVEILLANCE
OF THE OAK RIDGE COMMUNITY

ANNUAL REPORT FOR 1983

Oak Ridge Associated Universities

Report P

cidy's, SR D
Ecologist

March 1, 1984

110



ENVIRONMENTAL MONITORING AND SURVEILLANCE OF
THE OAK RIDGE COMMUNITY
ANNUAL REPORT FOR 1983

Historical Perspective

As a result of long-term wastewater discharges from the Y-12 Plant, East Fork Poplar Creek and
its floodplain have become contaminated with materials such as mercury, uranium, thorium, chro-
mium, and zinc, well above normal background leveis. In addition, since the full extent of this con-
tamination was not known, particularly by the City administration and the general public, consider-
able quantities of floodplain soils and creek sediments were used throughout the community, prima-
rily in 1982 as topsoil for portions of the new Qak Ridge sewer system. While the bulk of the mer-
cury discharges were before 1960 and before the mid-1970°s for uranium, thorium, chromium, and
zinc, other pollutants have also been discharged in smaller amounts throughout the Plant’s opera-
tion and have also accurnulated in sediments and soils to a lesser extent.

In addition to this contamination of soils and sediments, East Fork Poplar Creek fish have been
found to exceed the Food and Drug Administration’s action level for mercury. The State Depart-
ment of Health and Environment has posted the streams, warning against fishing and swimming.

Current Activities

Potential public health concerns are being addressed by various means. On July 11, 1983, the Sub-
committee on Energy, Research and Production and the Subcommittee on Investigations and Over-
sight convened in Oak Ridge for a hearing regarding the earlier mercury losses. The hearing report
found that, although the discharged mercury is present in significant concentrations in several envi-
ronmental media in the Oak Ridge area, mercury contamination does not present an immediate
danger to the public health,

In 1983, two activities were initiated to better define the potential problem with this residual con-
tamination. The first was a sampling program in the community to respond to citizens’ requests to
determine if their soil, vegetables, or well water were contaminated. At the same time, this effort
was directed toward defining the extent of contamination in the community, particularly along the
sewer boltway., Oak Ridge Associated Universitics, ORAU, is implomonting this program, and the
results of which are summarized in the next section of this appendix.

The second activity initiated in 1983 is the interagency Oak Ridge Task Force, ORTF. This group
inciudes representatives from DOE, the U.S. Environmental Protection Agency, TVA, the U.S.
Geological Survey, and the City of Oak Ridge. It is chaired by a representative of the Tennessee
Department of Health and Environmen:. The ORTF is collecting toxicological and environmental
data with which to evaluate the potential long-term public health impact of the residual contamina-
tion and the cost versus benefit of remedial measures, While the task force field work, with the
exception of the ORAU effort just described, did not begin until early 1984, 19 sediment and flood-
plain samples were taken and analyzed for over 150 chemicals and radionuclides. These prelimi-
nary data provide information needed to help scope the task force study.
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QOak Ridge Program
ORAU collected 1432 samples which can be divided into three general categories:

1. East Fork Poplar Creek floodplain: creek sediments, vegetation, and water sampling.

2. Oak Ridge Community
a) Private residence soil, vegetation, and well water sampling.

b) Soil sampling on the sewer beltway.

3. Government Lands

East Fork Poplar Creek

The sampling effort in the East Fork Poplar Creek (Table 1) consisted of grab samples at locations
assigned by DOE. The assigned locations were behind Dean Stallings Ford, behind Greens Honda,
behind the YWCA, the creek area of Greenview Estates, and the confluence with Poplar Creek on
the DOE reservation. Sixteen soil samples were collectied [tum the stream bank and floodplain,
From the total soil samples collected, twelve showed mercury concentrations greater than the State
soil mercury guideline of 12 ppm. The six stream water samples resuited in all but one exceeding
the maximum of the normal range, and all four of the stream sediment samples exceeded the mean
normal concentration by at least one order of magnitude.

Due to the small sample size in this area, any conclusions or observed trends from this data set
should be considered tenuous. However, additional measurements of the creek sediments and creek
water have been made by Oak Ridge National Laboratory and TVA which will appear in other
reports.

Oak Ridge Community

Oak Hills Area (Table 2) - All samples were collected from private residence garden areas, and the
vegetable samples were collected at the same time and in the same place as the soil samples. The
vegetable samples were lettnce and carrots.

Country Club Area (Table 2) - Sampling in this area consists of private residence gardens and pro-
perties on the edge of the East Fork Poplar Creek floodplain. The vegetable samples were paired
with soil samples and consisted of green beans, tomatoes, lettuce, chard, and corn. The water sam-
ples were collected from private springs and wells.

Only soil samples collected at the edge of the East Fork Poplar Creck floodplain exceeded the State
guideline levels.

Lindcn School Area (Table 2) - All of the samples collected in this area were from private
residences. The vegetation samples were paired with soil samples and consisted of yellow squash,
green cucumber, green tomatoes, green pepper, mint, okra, beets, green beans, and chard. The
water sample was collected from a seep near a private home.

Five soil samples showed elevated mercury levels (>12 ppm) and were collected from two private
residences believed to have brought in soils and sediments from East Fork Poplar Creek. A mint
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sample with a concentration of 160 ppb was the only vegetable sample collected in this area which
showed a mercury concentration greater than the normal range. The sampled mint plant grew in
soil with a mercury concentration of 29 ppm.

Wiltshire Estates Area (Table 2) - Sampling in this area consisted of private residences, Big Turtle
Park, and the sewage treatment plant. Vegetable samples from the private residences were squash,
onion, green beans, tomatoes, corn, walnuts, watermelon, and pears.

Eleven soil samples collected from two different residences showed mercury concentrations greater
than the State guideline level of 12 ppm. In both cases, the contaminated areas were either next to
or in the East Fork Poplar Creek floodplain. One corn sample with a concentration of 310 ppb
exceeded the upper limit of the normal mercury range in vegetation. This corn was grown on the
floodplain perimeter. The mercury concentrations in horse hair and horse feces were .012 ppm and

.03 ppm respectively.

A sludge sample from the sewage treatment plant behind Big Turtle Park showed mercury concen-
trations of 15 ppm and 22 ppm.

Robertsville Junior High Area {Table 2) - Soil samples only were collected in this area. Of the 280
total samples collected, 277 were samples taken from the Robertsville Junior High School athletic
fields. The remaining samples were taken from a storage area for dredged stream sediments and an
old garden plot next to East Fork Poplar Creek behind the YWCA.

A total of 108 sampies showed mercury levels above the State guidelines. One hundred and four of
the total contaminated samples came from the Robertsville Junior High School athletic field.
Historically, this field has been inundated by East Fork Poplar Creek several times. The four sam-
ples collected at the storage area for dredged sediments were contaminated.

Scarbore Area (Table 2) - Sampling in this area consisted of the stream bank and floodplain of
Scarbore Creek and private residences. Soil, vegetation, sediment, and water samples were col-
lected in this area. The vegetable samples were cucumbers, onions, tomatoes, beets, yellow squash,
and green peppers. All samples collected in this area showed mercury levels within the natural
ranges and below State guideline ievels.

High School Area (Table 2) - All samples collected in this area were from private residences except
for the water samples collected from the City pool. The vegetahle samples collected were green
beans and tomatoes. At the time the water samples were collected, the minimum detectable con-
centration for our procedure was .1 ppb. This has since improved by one order of magnitude.

All samples from this area were within the natural ranges and below the State soil guideline levels.

Woodland Area (Table 2) - Of the 672 soil samples collected in this area, 666 were collected on the
new sewer line right-of-way near the Civic Center and Municipal Building. The remaining samples
were collected on Union Valley Road and in an industrial area at the intersection of Midway and
Mitchell Roads. No private residences were sampled in this area. One water sample and one sedi-
ment sample were collected from a small creek draining the industrial area. Six sediment samples
were collected from the creek passing between the Civic Center and Municipal Building and in
close proximity to the sewer line right-of-way,

Two hundred and forty-three samples cacooded the State guidcline lovel of 12 ppm. All of the con-
taminated samples were collected from the sewer beltway near the Civic Center. Water values
were within the normal ranges. Four of the sediment values exceeded the natural mean level. The
highest sediment sample exceeded the mean value by four times.
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Elm Grove Area (Table 2) - Five soil samples were taken from a single residence. No samples from
this area exceeded the State guideline levels.

East Village Area (Table 2) - All samples collected in this area were from a land parcel at the
intersection of the Qak Ridge Turnpike and Athens Road. This fand is under consideration for
public housing. No samples collected exceeded the State guideline level.

Fairbanks Road Area (Table 2) - The new sewer right-of-way and private residences were sampled
in this area. The most intense soil sampling took place on the sewer right-of-way in front of Jeffer-
son Junior High School. Sediment samples werc collected from a small drainage ditch where it
first passes between two private homes. This drainage ditch carries runoff from the sewer line
right-of-way in front of Jefferson Junior High School. Vegetable samples collected in this area
were broceoli, spinach, carrots, zuechini squash, and tomatoes.

From a total of 62 soil samples collected in this area, 37 showed levels exceeding the State guide-
line levels. The sewer right-of-way in front of Jefferson Junior High School accounted for 35 of the
contaminated samples, One of the remaining contaminated samples was collecied on Warehouse
Road near the intersection with Fairbanks Road. The remaining contaminated sample was col-
lected from the bank of the drainage ditch previously described in this section.

Both sediment values are above the mean natural concentration, The maximum sediment value
exceeds the natural mean concentration by almost 400 times. The elevated mercury levels are a
rofloction of the runoff from the sewer right-of -way in front of Jefferson Junior High School.

All the vegetable samples showed mercury concentrations within the normal range.

In addition to the previously mentioned samples, a sample from the old sewage plant on Cairo Road

was collected and showed a mercury concentration of 13 ppm.

Government Land

The sampling elfort in this arca consisted of grab samples and are summarized in Table 2. The soit
samples collected were to be used for baseline comparison; therefore, sites were selected that were
unlikely to be contaminated with mercury. The soil sample sites selected were Black Oak Ridge,
Freels Bend, Raccoon Creek, and Gallaher Quarry. Sediment and water samples from Gallaher
Quarry were collected to be used as baseline values also. In addition, wells from Freels Bend,
Bethel Valley Road, and Chestnut Ridge were aiso sampled.

All samples collected in this area were within the natural range and below State guideline levels.

Multi-parameter Analysis

Because of concerns that other contaminants besides mercury were released from the Y-12 plant,
multi-parameter analyses were begun. These additional analyses included uranium, barium, lead
arsenic, chromium, thorium, silver, selenium, beryllium, polychlorinated biphenyls, and methyl-
mercury. In addition, soil gross alpha, gross beta, and radionuclide measurements were made.

Robertsville Junior High School (Table 3) - It was assumed that Y-12 through East Fork Poplar
Creek was the sole source for mercury and other contamination. Therefore, it was believed that
elevated soil mercury levels would be a reasonable indicator or the presence of the other contam-
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inants. Thirteen samples with mercury concentrations equal to or greater than 10 ppm were
selected for multi-parameter analysis. One sample with a mercury concentration of less than 1 ppm
was also choscn as a control.

Civic Center (Table 4) - The logic used to select soil samples for multi-element analysis was the

same as that used for Robertsville Junior High except the soil samples selected were 100 ppm or
greater.

Sewage Stadge (Table 5) - The City of Oak Ridge expressed concern that the Y-12 releases con-
taminated their sewage treatment plants. This concern initiated multi-element analysis of the Oak
Ridge sewage sludge. In order to relate the results to surrounding communities, sludge samples
from Lenoir City and Knoxville were collected and analyzed.
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Table 4
CIVIC CENTER SOILS
CONCENTRATIONS IN PPM

Ph

Ag

Cd

Cr AS

Ba

Grossae  Grossf Hg

Log. No.

pCifg

pCifg

1.8
19
L7
1.6
4.5
1.5
1.5
1.5
3.0
1.6
L5
14

85

85+ 10 49+ 04 <3 11
9.6 + 6.7

408 = 60
420 = 70

+

285 + 17 45+ 3

400 = 25

122 36

10.1

83-0733

75

<

13
11

<3

83+06 <3

70 £ 10

+

25

43 3

83-0734
83-0735

85

380 £ 70 70+ 10
300 = 70

18 + 1
16 + 1

+

16

276 x

33
4]

.

6.3

78
11

<3
<3

83 + 0.6
9.0 + 0.6
78 +£ 0.5

72 &

+

17 £ 1
38 +2
25

8

125 =

83-0736
83-0737

75

62 =

550 = 80

26 £ 1
18

330 + 20

32

.
P2}
3
26
23
20
0

.

50

8.1

<3

9
8

320 - 60 63 = 8
340 = 60
340 = 60

330 + 40
320 + 60

50 +

320 = 70

+

+

1% + 12

6.5
54
64
438

83.0738

120

50

1.4
7.8

<3
<3

0.5

225 £+ 50 S5 %

0 18+1 letl
25 +2

170 =+

83-0739

50

80 = 06

6+1
17+ 1

19

210 + 12

83-0740
83-0764
83-0766

45

<
<

1.5
9.3
7.2

<3
<3
<3
<3
<3
<3
<3
<3

92+ 06 <3

82 + 05
8.2

18

+

67

15 =1

7
235 + 15

120 =
97

70

0.6
0.5

78 +

+

+

56
57

6.1

45

6.8

62 +

50 +

14+1

151

+

83.6767
83-0768

50

7.1
6
6

005

-

99 £

7 171 15+1

125 *

317 80

<
<
<

0.6
0.5
0.6

9.2 + 0.6

440 + 50 80+ 5
4400 = S0
440 = 50
570 = 50

22+ 1
19
22

+H

350 = 26
270

83-0776

54

3
11

<

6 78+

80 +

H

23 1
37 +2
42 + 3

38 +2

16

kL
43
40

44

6.6
8.5

1l

83-0796
83-0815

87

+

88 =

87 %

H

40 + 30

12
16

25+1 84 = < 6

23+ 1

510 + 34

83-0872

+

< 7

89 +

530 + 60
490 + 50

20 + 25
8y = 22

8.5
12

83-0823

85 t 14 75
87
72
80

<3 <
12
15
11

0.5

86 *

4

22

38 2

K2

36

43

83-0837
83-0838

+

95+ 06 <3 < 6
<3

6

92 +
84 +

92 +

43 +3 23+ 1 500 x50
39 +2

410 = 25

12

+H

< 6
< 6

79 + 0.5

500 = 30

211
24

90 = 23

|

83.0839

+l

<3

9.6 + 0.6

590 + 60

H

+l

450 = 27

46

13

83-0840
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Table 5
Oak Ridge Qutside Oak Ridge
Sewage  Old Sewage Cairo Rd Lenoir City  Knoxville
Treatment Treatment Old Sewage Sewage Kuwahee
Plant Plant Treatment Freatment Sewage
West End Plant Plant Treatment
Plant
Log No.  83-0295 83-0296 830299 83-0297 83-0298
Na 39060 750 610 1030 2500
Mg(%) < 1 15 < 1 14 1.8
Al(%) 34 2.8 3.2 2.7 38
K 7250 6500 4760 4300 8300
Ca(%) 4.0 5.2 2.7 4.9 13
Ti 4000 3300 3100 4200 3000
Cr 530 350 280 660 360
Mn 980 258 225 384 150
Fe(%) 20 2.1 23 2.9 1.9
Ni 300 100 1180 75 125
Cu 2200 650 1000 786 1300
Zn 2400 1000 3100 2600 1100
Ga 6 4.9 7.3
As 4 5 6.8 6
Br 32 6 18 20 60
Sr 144 HH 140 90 110
Zr 198 180 576 170 160
Ag < 3 36 409 < 30 < 30
Sh 5 3 6 120 5
Ba 1300 370 3260 550 618
La 18 15 12 24 20
w 4 4 o —_ e
Au 1.1 0.7 15 0.8 04
Hg 15 22 13 6.6 L8
Ph - 70 160 220 520 150
Bi — — ~ 40 — —
U 55 30 7 < 1 < 2
Th < 3 3 < 2 < 3 < 5

NOTES: All concentrations are in PPM’s unless otherwise noted.
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EXTERNAL DISTRIBUTION

Director, Division of Industrial and Radiological Health,
Tennessee Department of Health and Environment

Commissioner, Tennessee Department of Health and Environment
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Associated Press — Knoxville Bureau

Clinton Courier News

Knoxville Journal

Knoxville News-Sentinel

QOak Ridge Department of Public Health
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Roane County News

Tennessee Environmental Health Services — Knoxville Office

United Press International — Knoxviile Bureau

INTERNAL DISTRIBUTION

Depertment of Energy, Oak Ridge Operations
(150, including external distribution)
Technical Information Center - 27

Martin Marietta Energy Systems, Inc.
R. C. Baker - 2
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