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EXECUTIVE SUMMARY

This report describes the radiological environmental monitoring program conducted by TVA in
the vicinity of the Watts Bar Nuclear Plant (WBN) in 2002. The program includes the collection
of samples from the environment and the determination of the concentrations of radioactive
materials in the samples. Samples are taken from stations in the general area of the plant and
from areas that should not be influenced by plant operations. Material sampled includes air,
water, milk, foods, soil, fish, sediment, and direct radiation levels. Results from stations near the
plant are compared with concentrations from control locations and with preoperational

measurements to determine potential impacts of plant operations.

The majority of environmental radioactivity measured by the program was due to naturally
occurring radioactive materials or radionuclides commonly found in the environment as a result
of atmospheric fallout and the operation of other nuclear facilities in the area. Low levels of .
Cs-137 were measured in soil samples. Trace levels of Cs-137 were also detected in fish and
shoreline sediment samples. The concentrations of Cs-137 were consistent with the Ievel

normally found in the environment as the result of past nuclear weapons testing.

Beginning with the third quarter sampling period, low levels of tritium were detected in the on
site ér_ound water monitoring well located between the plant and the river. Investigations are
ongoil;g to identify the source of the tritium. In addition, Co-60, Cs-137, and Sb-125 were
identified in sediment collected from the onsite Yard Holding Pond. The level of activity

measured in these on site locations would not represent a risk of exposure to the general public.



INTRODUCTION

This report describes and summarizes the results of radioactivity measurements made in the
vicinity of WBN and laboratory analyses of samples collected in the area. The measurements are
made to comply with the requirements of 10 CFR 50, Appendix A, Criterion 64 and 10 CFR 50,
Appendix I, Section IV.B.2, IV.B.3 and IV.C and to determine potential effects on public health
and safety. This report satisfies the annual reporting requirements of WBN Technical
Specification 5.9.2 and Offsite Dose Calculation Manual (ODCM) Administrative Control 5.1.
In addition to reporting the data prescribed by specific requirements, other information is
included to help correlate the significance of results measured by this monitoring program to the

levels of environmental radiation resulting from naturally occurring radioactive materials.

Naturally Occurring and Background Radioactivity

Most materials in our world today contain trace amounts of naturally occurring radioactivity.
Potassium-40 (K-40), with a half-life of 1.3 billion years, is one of the major types of radioactive
materials found naturally in our environment. Approximately 0.01 percent of all potassium is
radioactive potassium-40. Other examples of naturally occurring radioactive materials are
beryllium (Be)-7, bismuth (Bi)-212 and 214, lead (Pb)-212 and 214, thallium (T1)-208, actinium
(Ac)-228, uranium (U)-238 and 235, thorium (Th)-234, radium (Ra)-226, radon (Ra)-222, carbon
©) —1213 and hydrogen (H)-3 (generally called tritium). These naturally occurring radioactive
materiais are in the soil, our food, our drinking water, and our bodies. The radiation from these
materials makes up a part of the low-level natural background radiation. The remainder of the

natural background radiation comes from outer space.

It is possible to get an idea of the relative hazard of different types of radiation sources ‘by
evaluating the amount of radiation the U.S. population receives from each general type of

radiation source. The information below is primarily adapted from References 2 and 3.



U.S. GENERAL POPULATION AVERAGE DOSE EQUIVALENT ESTIMATES

Source Millirem/Year Per Person

Natural background dose equivalent

Cosmic 27
Cosmogenic 1
Terrestrial 28
In the body 39
Radon 200
Total 295
Release of radioactive material in
natural gas, mining, ore processing, etc. 5
Medical (effective dose equivalent) 53
Nuclear weapons fallout less than 1
Nuclear energy | 0.28
Consumer products 0.03
Total

355 (approximately)

As can be seen from the data presented above, natural background radiation dose equivalent to
the U.S. population normally exceeds that from nuclear plants by several hundred times. This
indicaté__s that nuclear plant operations normally result in a population radiation dose equivalent
which 1s insignificant compared to that which results from natural background radiation. It
should be noted that the use of radiation and radioactive materials for medical uses has resulted

in a similar effective dose equivalent to the U.S. population as that caused by natural background

cosmic and terrestrial radiation.

Electric Power Production

Nuclear power plants are similar in many respects to conventional coal burning (or other fossil
fuel) electrical generating plants. The basic process behind electrical power production in both

types of plants is that fuel is used to heat water to produce steam which provides the force to turn



turbines and generators. In a nuclear power plant, the fuel is uranium and heat is produced in the
reactor through the fission of the uranium. Nuclear plants include many complex systems to
control the nuclear fission process and to safeguard against the possibility of reactor malfunction.
The nuclear reactions produce radionuclides commonly referred to as fission and activation
products. Very small amounts of these fission and activation products are released into the plant

systems. This radioactive material can be transported throughout plant systems and some of it

released to the environment.

Paths through which radioactivity from a nuclear power plant is routinely released are monitored. -
Liquid and gaseous effluent monitors record the radiation levels for each release. These monitors

also provide alarm mechanisms to prompt termination of any release above limits.

Releases are monitored at the onsite points of release and through the radiological environmental
monitoring program which measures the environmental radiation in areas around the plant. In
this way, the release of radioactive materials from the plant is tightly controlled, and verification

is provided that the public is not exposed to significant levels of radiation or radioactive

materials as the result of plant operations.

The WBN ODCM, which describes the program required by the plant Technical Specifications,
prescﬁ‘pes limits for the release of radioactive effluents, as well as limits for doses to the general

public from the release of these effluents.

The dose to a member of the general public from radioactive materials released to unrestricted

areas, as given in NRC guidelines and the ODCM, is limited as follows:

Liquid Effluents

Total body <3 mrem/year
Any organ <10 mrem/year



Gaseous Effluents

Noble gases:
Gamma radiation <10 mfad/year
Beta radiation <20 mrad/year
Particulates:
Any organ <15 mrem/year

The EPA limits for the total dose to the public in the vicinity of a nuclear power plant,
established in the Environmental Dose Standard of 40 CFR 190, are as follows:

Total body <25 mrem/year
Thyroid - <75 mrem/year
Any other organ <25 mrem/year

Appendix B to 10 CFR 20 presents annual average limits for the concentrations of radioactive
materials released in gaseous and liquid effluents at the boundary of the unrestricted areas. Table
1 of this report presents the annual average concentration limits for the principal radionuclides
associated with nuclear power plant effluents. The table also presents (1) the concentrations of
radioactive materials in the environment which would require a special report to the NRC and (2)
the detection limits for measured radionculides. It should be noted that the levels of radioactive

materials measured in the environment are typically below or only slightly above the lower limit

of detettion.



SITE/PLANT DESCRIPTION

The WBN site is located in Rhea county, Tennessee, on the west bank of the Tennessee River at
Tennessee River Mile (TRM) 528. Figure 1 shows the site in relation to other TVA projects.
The WBN site, containing approximately 1770 acres on Chickamauga Lake, is approximately 2
miles south of the Watts Bar Dam and approximately 31 miles north-northeast of TVA’s
Sequoyah Nuclear Plant (SQN) site. Also located within the reservation are the Watts Bar Dam
and Hydro-Electric Plant, the Watts Bar Steam Plant (not in operation), the TVA Central
Maintenance Facility, and the Watts Bar Resort Area.

Approximately 16,000 people live within 10 miles of the WBN site. More than 80 percent of
these live between 5 and 10 miles from the site. Two small towns, Spring City and Decatur, are
located in this area. Spring City, with a population of approximately 2,200, is northwest and
north-northwest from the site, while Decatur, with about 1,400 people, is south and south-
southwest from the plant. The remainder of the area within 10 miles of the site is sparsely

populated, consisting primarily of small farms and individual residences.

The area between 10 and 50 miles from the site includes portions of the cities of Chattanooga
and Knoxville. The largest urban concentration in this area is the city of Chattanooga, located to
the soh_thwest and south-southwest. The city of Chattanooga has a population of about 153,000,
with aﬁbroximately 80 percent located between 40 and 50 miles from the site and the remainder
located beyond 50 miles. The city of Knoxville is located to the east-northeast, with not more
than 10 percent of its 165,000 plus people living within 50 miles of the site. Three smaller urban
areas of greater than 20,000 people are located between 30 and 40 miles from the site. Oak
Ridge is approximately 40 miles to the northeast, the twin cities of Alcoa and Maryville are

located 45 to 50 miles to the east-northeast, and Cleveland is located about 30 miles to the south.

Chickamauga Reservoir is one of a series of highly controlled multiple-use reservoirs whose

primary uses are flood control, navigation, and the generation of electric power. Secondary



uses include industrial and public water supply and waste disposal, commercial fishing, and

recreation. Public access areas, boat docks, and residential subdivisions have been developed

along the reservoir shoreline.

WBN consists of two pressurized water reactors. WBN Unit 1 received a low power operating -
license (NPF-20) on November 9, 1995, and achieved initial criticality in January 1996. The full
power operating license (NPF-90) was received on February 7, 1996. Commercial 6peration was
achieved May 25, 1966. WBN Unit 2 was deferred October 24, 2000, in accordance with the

guidance in Generic Letter 87-15, “Policy Statement on Deferred Plants.”



RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

Most of the radiation and radioactivity generated in a nuclear power reactor is contained within
the reactor itself or one of the other plant systems. Plant effluent radiation monitors are designed
to monitor radionuclides released to the environment. Environmental monitoring is a final
verification that the systems are performing as planned. The monitoring program is designed to
monitor the pathways between the plant and the people in the immediate vicinity of the plant.
Sample types are chosen so that the potential for detection of radioactivity in the environment

will be maximized. The Radiological Environmental Monitoring Program (REMP) for WBN is
outlined in Appendix A.

There are two primary pathways by which radioactivity can move through the environment to
humans: air and water (see Figure 2). The air pathway can be separated into two components:
the direct (airbome) pathway and the indirect (ground or terrestrial) pathway. The direct airborne
pathway consists of direct r_adiation and inhalation by humans. In the terrestrial pathway,
radioactive materials may be depdsited on the ground or on plants and subsequently ingested by
animals and/or humans. Human exposure through the liquid pathway may result from drinking
water, eating fish, or by direct exposure at the shoreline. The types of samples collected in this

program are designed to monitor these pathways.

A numi')er of factors were considered in determining the locations for collecting environmental
samples. The locations for the atmospheric monitoring stations were determined from a critical
pathway analysis based on weather patterns, dose projections, population distribution, and land
use. Terrestrial sampling stations were selected after reviewing such things as the locations of
dairy animals and gardens in conjunction with the air pathway analysis. Liquid pathway stations
were selected based on dose projections, water use information, and availability of media such as
fish and sediment. Table A-2 (Appendix A, Table 2: This notation system is used for all tables

and figures given in the appendices.) lists the sampling stations and the types of samples



collected from each. Modifications made to the WBN monitoring program in 2002 are described
in Appendix B.

Deviations occur in the monitoring program due to equipment problems with automatic sampling
systems, sample unavailability or when analyses cannot be completed. Deviations to the

sampling and analysis schedule during 2002 are described in Appendix C.

To determine the amount of radioactivity in the environment prior to the operation of WBN, a
preoperational radiological environmental monitoring program was initiated in December 1976
and operated through December 31, 1995. Measurements of the same types of radioactive
materials that are measured currently were assessed during the preoperational phase to establish
normal background levels for various radionuclides in the environment. During the 1950s, 60s,
and 70s, atmospheric nuclear weapons testing released radioactive material to the environment
causing fluctuations in background radiation levels. Knowledge of preexisting radionuclide
patterns in the environment permits a determination, through comparison and trending analyses,

of the actual environmental impact of WBN operation.

The determination of environmental impact during the operating phase also considers the
presence of control stations that have been established in the environment. Results of
environmental samples taken at control stations (far from the plant) are compared with those

from indicator stations (near the plant) to aid in the determination of the impacts from WBN

operation.

The sample analysis is performed by TVA’s Environmental Radiological Monitoring and
Instrumentation (ERM&I) group located at the Western Area Radiological Laboratory (WARL)

in Muscle Shoals, Alabama. Analyses are conducted in accordance with written and



approved procedures and are based on accepted methods. A summary of the analysis techniques
and methodology is presented in Appendix D. Data tables summarizing the sample analysis
results are presented in Appendix H. The Data Supplement to this report contains the results of

all measurements made as a part of this program.

The radiation detection devices and analysis methods used to determine the radionuclide content
of samples collected in the environment are very sensitive to small amounts of radioactivity. The
sensitivity of the measurement process is defined in terms of the lower limit of detection (LLD).

A description of the nominal LLDs for the ERM&I laboratory is presented in Appendix E.

The ERM&I laboratory operates under a comprehensive quality assurance/quality control
program to monitor laboratory performance throughout the year. The program is intended to
detect any problems in the measurement process as soon as possible so they can be corrected.
This program includes equipment checks to ensure that the radiation detection instruments are
working properly and the analysis of quality control samples which are included alongside =~ -
routine environmental samples. To provide for interlaboratory comparison program cross
checks, the laboratory participates in a blind sample program administered by Analytics,
Incorporated. Samples split with the State .of Tennessee provide an additional verification of the

overall performance of the laboratory. A complete description of the program is presented in

Appendix F.
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DIRECT RADIATION MONITORING

Direct radiation levels are measured at a number of stations around the plant site. These
measurements include contributions from cosmic radiation, radioactivity in the ground, fallout
from atmospheric nuclear weapons tests conducted in the past, and any radioactivity that may be
present as a result of plant operations. Because of the relatively large variations in background

radiation as compared to the small levels from the plant, contributions from the plant may be

difficult to distinguish.

Direct radiation levels measured in the area around the WBN site in 2002 were consistent with

levels from previous years and with levels measured at other locations in the region.

Measurement Techniques

Direct radiation measurements are made with thermoluminescent dosimeters (TLDs). The
Panasonic Model UD-814 dosimeter is used for the measurement of direct radiation levels in the
environment. This dosimeter contains four elements consisting of one lithium borate and three
calcium sulfate phosphors. The calcium sulfate phosphors are shielded by approximately 100

mg/cm? plastic and lead to compensate for the over-response of the detector to low ener
p P Sp gy

radiation.

The TLDs are placed approximately one meter above the ground, with two or more TLDs at each
station. Sixteen monitoring points are located around the plant near the site boundary; one
location in each of the 16 compass sectors. An additional 16 monitoring points are located
approximately 5 miles from the plant in each of the 16 sectors. Dosimeters are also placed at the
perimeter and remote air monitoring sites and at additional locations out to approximately 32
miles from the site. The environmental TLD locations are listed in Table A-3. The TLDs are
exchanged every 3 months and the accumulated exposure is read with a Panasonic Model UD-

710A automatic reader interfaced with a computer system for data analysis.

-11-



Since the calcium sulfate phdéphor is much more sensitive than the lithium borate, the measured
exposure is taken as the median of the results obtained from the calcium sulfate phosphors. The
values are corrected for gamma response, system variations, and transit exposure, with individual
gamma response calibrations for each element. The system meets or exceeds the performance

specifications outlined in Regulatory Guide 4.13 for environmental applications of TLDs.

Results

Results are normalized to a standard quarter (91.25 days or 2190 hours). The monitoring
locations are grouped according to the distance from the plant. The first group consists of
locations within 1 mile of the plant. The second group lies between 1 and 2 miles, the third
group between 2 and 4 miles, the fourth group between 4 and 6 miles, and the fifth group is made
up of monitoring points more than 6 miles from the plant. Past data have shown that the average
results from groups greater than 2 miles from the plant are essentially the same. Therefore, for -

purposes of this report, locations 2 miles or less from the plant are identified as “onsite” and all

others are considered “offsite.”

The quarterly gamma radiation levels determined from the TLDs deployed around WBN in 2002
are summarized in Table H-1. The results from all measurements at individual stations are
presented in Table H-2. The exposures are measured in'milliroentgens (mR). For purposes of
this réport, one milliroentgen, one millirem (mrem) and one millirad (mrad) are assumed to be
nume;i'cally equivalent. The rounded average annual exposures are shown below. For
comparison purposes, the average direct radiation measurements made in the preoperational

monitoring program for the period of 1990 to 1995 are also shown.

Annual Average
Direct Radiation Levels
WBN
mR/Year
Preoperational

2002 Average
Onsite Stations 64 65
Offsite Stations 58 57

-12-



The data in Table H-1 indicate that the average quarterly radiation levels at the WBN onsite
stations are approximately 1.5 mR/quarter higher than levels at the offsite stations. This
difference is consistent with levels measured for the preoperation and construction phases of
TVA nuclear power plant sites where the average levels onsite were generally 2-6 mR/quarter
higher than levels offsite. The causes of these differences have not been isolated; however, it is
postulated that the differences are probably attributable to combinations of influences such as
natural variations in environmental radiation levels, earth-moving activities onsite, and the mass

of concrete employed in the construction of the plant. Other undetermined influences may also

play a part.

Figure H-1 compares plots of the data from the onsite or site boundary stations with those from
the offsite stations over the perioci from 1990 through 2002. The results reported in 2002 are
consistent with direct radiation levels reported in previous years. There is no indication that

WBN activities increased the background radiation levels normally observed in the areas

surrounding the plant.
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ATMOSPHERIC MONITORING

The atmospheric monitoring network is divided into three groups identified as local, perimeter,
and remote. Four local air monitoring stations are located on or adjacent to the plant site in the
general directions of greatest wind frequency. Four perimeter air monitoring stations are located
between 6 to 11 miles from the plant, and two remote air monitors are located out to 15 miles.
The monitoring program and the locations of monitoring stations are identified in the tables and

figures of Appendix A. The remote stations are used as control or baseline stations.

Results from the analysis of samples in the atmospheric pathway are presented in Tables H-3 and '
H-4. Radioactivity levels identified in this reporting period are consistent with background and

preoperational program data. There is no indication of an increase in atmospheric radioactivity
as a result of WBN.

Sample Collection and Analysis

Air particulates are collected by continuously sampling air at a flow rate of approximately 2
cubic feet per minute (cfm) through a 2-inch glass fiber filter. The sampling system consists of a
pump, a magnehelic gauge for measuring the drop in pressure across the system, and a dry gas
meter. This allows an accurate determination of the volume of air passing through the filter.
This éystem is housed in a building approximately 2 feet by 3 feet by 4 feet. The filter is
contair‘{ed in a sampling head mounted on the outside of the monitor building. The filter is
replaced weekly. Each filter is analyzed for gross beta activity about 3 days after collection to

allow time for the radon daughters to decay. Every 4 weeks composites of the filters from each

location are analyzed by gamma spectroscopy.

Gaseous radioiodine is sampled using a commercially available cartridge containing TEDA-
impregnated charcoal. This system is designed to collect iodine in both the elemental form and

as organic compounds. The cartridge is located in the same sampling head as the air particulate

-14-



filter and is downstream of the particulate filter. The cartridge is changed at the same time as the
particulate filter and samples the same volume of air. Each cartridge is analyzed for I-131 by

gamma spectroscopy analysis.

Rainwater is collected by use of a collection tray attached to the monitor building. The collection
tray is protected from debris by a screen cover. As water drains from the tray, it is collected in
one of two 5-gallon containers inside the monitor building. A 1-gallon sample is removed from
the container every 4 weeks. Any excess water is discarded. Rainwater samples are held to be
analyzed only if air particulate samples indicate the presence of elevated levels or if fallout is
expected. For example, rainwater samples were analyzed during the period of fallout following
the accident at Chermobyl in 1986. Since no plant-related air activity was detected in 2002, no

rainwater samples from WBN were analyzed in this reporting period.

Results

The results from the analysis of air particulate samples are summarized in Table H-3. Gross beta
activity in 2002 was consistent with levels reported in previous years. The average gross beta
activity measured for air particulate samples from indicator locations was 0.021 pCi/m?> and the
average gross betta activity for control location samples was 0.020. The annual averages of the
gross beta activity in air particulate filters at these stations for the period 1977-2002 are presented
in Figure H-2. Increased levels due to fallout from atmospheric nuclear weapons testing are
evident“'in the years prior to 1981 and a small increase from the Chernobyl accident can be seen
in 1986. These patterns are consistent with data from monitoring programs conducted by TVA at
other nuclear power plant construction sites. Comparison with the same data for the
preoperational period of 1990-1995 indicates that the annual average gross beta activity for air

particulates as measured in the 2002 monitoring program was consistent with preoperational
data.

Only natural radioactive materials were identified by the monthly gamma spectral analysis of the

air particulate samples. As shown in Table H-4, I-131 was not detected in any charcoal cartridge

samples collected in 2002.
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TERRESTRIAL MONITORING

Terrestrial monitoring is accomplished by collecting samples of environmental media that may
transport radioactive material from the atmosphere to humans. For example, radioactive material
may be deposited on a vegetable garden and be ingested along with the vegetables or it may be
deposited on pasture grass where dairy cattle are grazing. When the cow ingests the radioactive
material, some of it may be transferred to the milk and consumed by humans who drink the milk.
Theréfore, samples of milk, soil, and food crops are collected and analyzed to determine potential

impacts from exposure through this pathway. The results from the analysis of these samples are
shown in Tables H-5 thfough H-11.

A land use survey is conducted annually between April and October to identify the location of
the nearest milk animal, the nearest residence, and the nearest garden of greater than 500 square -
feet producing fresh leafy vegetables in each of 16 meteorological sectors within a distance of 5
miles from the plant. This land use survey satisfies the requirements 10 CFR 50, Appendix I,
Section IV.B.3. From data produced by the land use survey, radiation doses are projected for
individuals living near the plant. Doses from air submersion are calculated for the nearest
residence in each sector, while doses from drinking milk or eating foods produced near the plant
are calculated for the areas with milk-producing animals and gardens, respectively. These dose
projeé;ions are hypothetical extremes and do not represent actual doses to the general public.

The doses projected as a result of the 2002 land use survey are presented in Appendix G.

Sample Collection and Analysis

Milk samples are collected every 2 weeks from three indicator dairies and from at least one
control dairy. Milk samples are placed on ice for transport to the radioanalytical laboratory. A
specific analysis for I-131 and a gamma spectral analysis are performed on each sample and once

per quarter samples are analyzed for Sr-89 and Sr-90.
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The monitoring program includes a provision for sampling of vegetation from locations where
milk is being produced and when milk sampling cannot be conducted. There were no periods

during 2002 when vegetation sampling was necessary.

Soil samples are collected annually from the air monitoring locations. The samples are collected
with either a “cookie cutter” or an auger type sampler. After drying and grinding, the sample is

analyzed by gamma spectroscopy. When the gamma analysis is complete, the sample is ashed
and analyzed for Sr-89 and Sr-90.

Samples representative of food crops raised in the area near the plant are obtained from
individual gardens, comer markets, or cooperatives. Types of foods may vary from year to year
as a result of changes in the local vegetable gardens. In 2002 samples of apples, cabbage, corn,
green beans, and tomatoes, were collected from local vegetable gardens and/or farms. Samples .
of the same food products grown in areas that would not be effected by the plant were collected

as control samples. The edible portion of each sample is analyzed by gamma spectroscopy.

Results

The results from the analysis of milk samples are presented in Table H-5. All I-131 values were
below the established nominal LLD of 0.4 pCi/liter. The results for the quarterly Sr-89, Sr-90
analy;'s,_is were also below the established LLD’s for these analyses. The gamma isotopic analysis
of millzi samples detected only naturally occurring radionuclides. The predominant isotope

reported in milk samples was the naturally occurring K-40.

Consistent with most of the environment, Cs-137 was detected in all of the soil samples collected
in 2002. The maximum concentration of Cs-137 was 1.17 pCi/g. The concentrations were
consistent with levels previously reported from fallout. All other radionuclides reported were

naturally occurring isotopes. The results of the analysis of soil samples are summarized in Table
H-6.
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A plot of the annual average Cs-137 concentrations in soil is presented in Figure H-3.
Concentrations of Cs-137 in soil are steadily decreasing as a result of the cessation of weapons

testing in the atmosphere, the 30 year half-life of Cs-137, and transport through the environment.

The radionuclides measured in food samples were naturally occurring. The maximum K-40

value was 2,560 pCi/kg in greenbeans. The results are reported in Tables H-7 through H-11.
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LIQUID PATHWAY MONITORING

Potential exposures from the liquid pathway can occur from drinking water, ingestion of edible
fish and invertebrates, or from direct radiation exposure from radioactive materials deposited in
the shoreline sediment. The aquatic monitoring program includes the collection of samples of
river (surface) water, groundwater, drinking water supplies, fish, and shoreline sediment.
Indicator samples were collected downstream of the plant and control samples collected within

the reservoir upstream of the plant or in the next upstream reservoir (Watts Bar Lake).

Results from the analysis of the liquid pathway samples are presented in Table H-12 through
H-18. Radioactivity levels in surface and public water, fish, and shoreline sediment were
consistent with background and/or fallout levels previously reported. Low levels of Cs-137 were
measured in samples of shoreline sediment and fish. Beginning with the third quarter sampling -
period, low levels of tritium were detected in samples from the down gradient on site ground
water monitoring well. The tritium concentration were very low presented no risk of exposure to

site personnel or the public. Results for the sediment sampling conducted in the onsite Yard

Holding Pond are discussed later in this section.

Sample Collection and Analysis

Sampft:_s of surface water are collected from the Tennessee River using automatic sampling
systemg"ﬁom two downstream stations and one upstream station. A timer turns on the system at
least once every 2 hours. The line is flushed and a sample collected into a composite container.
A l-gallon sample is removed from the container at 4-week intervals and the remaining water is
discarded. Each sample is analyzed for gamma-emitting radionculides and for gross beta

activity. The samples are composited quarterly and analyzed for tritium.

Samples are also collected by an automatic sampling system at the first two downstream drinking

water intakes. These samples are collected in the same manner as the surface water samples.
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These monthly samples are analyzed for gamma-emitting radionuclides and for gross beta
activity. Quarterly composites are analyzed for tritium. The samples collected by the automatic
sampling device are taken directly from the river at the intake structure. Since the sample at this

point is raw water, the upstream surface water sample is used as a control sample for drinking

water.

Groundwater is sampled from one onsite well down gradient from the plant and one onsite well
up gradient from the plant. The onsite wells are sampled with a continuous sampling system.
The samples are composited by location quarterly and analyzed for gross beta activity, for
gamma-emitting radionuclides, and for tritium content. In addition, a grab sample is collected
quarterly from a private well in an area unaffected by WBN. The grab sample is also analyzed

for gross beta activity, gamma-emitting radionuclides, and for tritium.

Samples of commercial and game fish species are collected semiannually from each of two
reservoirs: the reservoir on which the plant is located (Chickarnauga Reservoif) and the |
upstream reservoir (Watts Bar Reservoir). The samples are colleéted using a combination of
netting techniques and electrofishing. The ODCM specifies analysis of the edible portion of the
fish. To comply with this requirement, filleted portions are taken from several fish of each

species. The samples are analyzed by gamma spectroscopy.

Samplé"s of shoreline sediment are collected from recreation areas in the vicinity of the plant.

The samples are dried, ground, and analyzed by gamma spectroscopy.

Samples of sediment are also collected from the onsite Yard Holding Pond. A total of five

samples were collected in 2002.

Results

Gross beta activity was detectable above the nominal LLD in most of the surface water samples.
The gross beta concentrations averaged 2.7 pCi/liter in downstream samples and 3.0 pCi/liter in
upstream samples. These levels were consistent with results found during the preoperational
monitoring program. A summary table of the results is shown in Table H-12.
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No fission or activation products were identified in drinking water samples. Average gross beta
activity at downstream stations was 2.6 pCi/liter while the average for upstream stations was
pCi/liter. The results are shown in Table H-13. Trend plots of the gross beta activity in surface
water and drinking water samples from 1977 through 2002 are presented in Figure H-4.

The gamma isotopic analysis of ground water samples identified naturally occurring
radionuclides. Gross beta concentrations in samples from the onsite indicator location averaged
3.2 pCi/liter. The average gross beta activity for samples from the control locations was 2.4
pCu/liter. Low levels of tritium were detected in samples from the on site down gradient
monitoring well beginning in the third quarter of 2002. The maximum concentration measured
was 669 pCi/L. Investigations to identify the source of tritium are ongoing. There was no

tritium detected in the on site up gradient well or the off site ground water monitoring location.

The results are presented in Table H-14.

Measurable levels of Cs-137 were identified in a total of seven fish samples. The maximum Cs-
137 concentration was 0.11 pCi/g measured in commercial fish collected in the upstreamn control
location. Other radioisotopes found in fish were naturally occurring, with the most notable being
K-40. The results are summarized in Tables H-15 and H-16. Trend plots of the annual average
Cs—13_7 concentrations measured in fish samples are presented in Figure H-5. The Cs-137

activities are consistent with preoperational results produced by fallout or effluents from other

nuclear-facilities.

Low levels of Cs-137 consistent concentrations present in the environment as the result of past
nuclear weapons testing or other nuclear operations in the area were measured in samples of
shoreline sediment. The results for the analysis of shoreline sediment is presented in Table H-17.

Trend plots of the average concentration of Cs-137 in shoreline sediment are presented in Figure
H-6.

Consistent with previous monitoring conducted for the onsite ponds, Cs-137 was detected in the

sediment samples. The average of the Cs-137 levels measured in sediment from the onsite ponds
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was 0.10 pCi/gm. In addition, Co-60 and Sb-125 were also detected in some of the samples
collected from the Yard Holding Pond. The results for the analysis of pond sediment samples are
provided in Table H-18. Since these radionuclides were present in relatively low concentrations
and confined to the Yard Holding Pond located in the owner controlled area not open to the

general public, the presence of these radionuclides would not represent any increased risk of
exposure to the general public.
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ASSESSMENT AND EVALUATION

Potential doses to the public are estimated from measured effluents uéing computer models.
These models were developed by TVA and are based on guidance provided by the NRC in
Regulatory Guide 1.109 for determining the potential dose to individuals and populations living
in the vicinity of the plant. The results of the effluent dose calculations are reported in the
Annual Radiological Effluent Release Report. The doses calculated are a representation of the
dose to a “maximum exposed individual.” Some of the factors used in these calculations (such
as ingestion rates) are maximum expected values which will tend to overestimate the dose to the
“hypothetical” person. The calculated maximum dose due to plant effluents are small fractions

of the applicable regulatory limits. In reality, the expected dose to actual individuals is

significantly lower.

Based on the very low concentrations of radionuclides actually present in the plant effluents,
radioactivity levels measured in the environment as result of plant operations are expected to be

‘negligible. The resulits for the radiological environmental monitoring conducted for the WBN

2002 operations confirm this expectation.

Results

As stzit‘ed earlier in this report, the estimated increase in radiation dose equivalent to the generat
public }esulting from the operation of WBN is insignificant when compared to the dose from
natural background radiation. The results from each environmental sample are compared with
the concentrations from the corresponding control stations and appropriate preoperational and
background data to determine influences from the plant. During this report period, Cs-137 was
detected in shoreline sediment, soil, and fish collected for the WBN program. The

concentrations measured were consistent with levels measured during the preoperational

monitoring program.

The low levels of tritium detected in the onsite ground water monitoring well and the

radionuclides measured in samples of sediment from the Yard Holding Pond were not included
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in the assessment of doses from environmental radiation. These radionuclides were limited to

the owner controlled area and would not present an exposure pathway for the general public.

Conclusions

It is concluded from the above analysis of environmental samples and from the trend plots
presented in Appendix H, that exposure to members of the general public which may have been
attributable to WBN is negligible. The radioactivity reported herein is primarily the result of
fallout or natural background. Any activity which may be present in the environment as a result

of plant operations does not represent a significant contribution to the exposure of Members of
the Public.

4.
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Table 1
COMPARISON OF

PROGRAM LOWER LIMITS OF DETECTION WITH THE REGULATORY LIMITS FOR

MAXIMUM ANNUAL AVERAGE EFFLUENT CONCENTRATIONS

RELEASED TO UNRESTRICTED AREAS

AND REPORTING LEVELS
Concentrations in Water, pCi/Liter Concentrations in Air, pCi/Cubic Meter
Effluent Reporting Lower limit Effluent Reporting Lower limit
Concentration' Level® of Detection® Concentration’ Level® of Detection’

H-3 1,000,000 20,000 300 100,000

Cr-51 500,000 45 30,000 0.02
Mn-54 30,000 1,000 5 1,000 0.005
Co-58 20,000 1,000 5 1,000 0.005
Co-60 3,000 300 5 50 0.005 -
Zn-65 5,000 300 10 400 0.005 -
Sr-89 8,000 5 1,000 0.0011
Sr-90 500 2 6 0.0004
Nb-95 30,000 400 5 2,000 0.005
Zr-95 20,000 400 10 400 0.005
Ru-103 30,000 5 200 0.005
Ru-106 3,000 40 20 0.02
I-131 1,000 2 0.4 200 0.9 0.03
Cs-134 900 30 5 200 10 0.005
Cs-137 1,000 50 5 200 20 0.005
Ce-144 3,000 30 40 0.01
Ba-140 8,000 200 25 2,000 0.015
La-140 9,000 200 10 2,000 0.01

Note: 1pCi=3.7x10? Bq.
Note: "For those reporting levels that are blank, no value is given in the reference.
1 Sou:.'qe: Table 2 of Appendix B to 10 CFR 20.1001-20.2401

2 Source: WBN Offsite Dose Calculation Manual, Table 2.3-2

3 Source: Table E-1 of this report.
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APPENDIX A

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM AND
SAMPLING LOCATIONS
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Table A-1

o WATTS BAR NUCLEAR PLANT
RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

Exposure Pathway
and/or Sample

1. AIRBORNE

a. Particulates

b. Radioiodine

¢. Rainwater

d. Soil

Number of Samples and
Locations®

4 samples from locations (in different
sectors) at or near the site boundary
(LM-1, 2, 3, and 4).

4 samples from communities
approximately 6-10 miles from the
plant (PM-2, 3, 4, and 5).

2 samples from control locations
greater than 10 miles from the plant
(RM-2 and 3).

Samples from same locations as air

particulates.

Samples from same locations as air
particulates.

Samples from same locations as air
particulates.

Sampling and
Collection Frequency

Continuous sampler operation with
sample collection weekly (more
(frequently if required by dust
loading).

Continuous sampler operation with
filter collection weekly.

Rainwater collected continuously with
composite sample taken monthly.

Once per year.

Type and Frequency
of Analysis

Analyze for gross beta radioactivity
greater than or equal to 24 hours
following filter change. Perform
gamma isotopic analysis on each
sample if gross beta is greater than 10
times yearly mean of control sample.
Composite at least once per 31 days
(by location) for gamma scan.

I-131 at least once per 7 days.
Analysis is performed by gamma
spectroscopy.

Analyzed for gamma activity only if
radioactivity in other media indicates
the presence of increased levels of
fallout.

Gamma scan, Sr-89, Sr-90 once per
year,




Exposure Pathway
and/or Sample

2. DIRECT

3. WATERBORNE

a. Surface

b. Ground

" Table A-1

e WATTS BAR NUCLEAR PLANT
RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM?

Number of Samples and
Locations®

2 or more dosimeters (TLDs) placed
at or near the site boundary in each

of the 16 sectors.

2 or more dosimeters placed at
stations located approximately 5
miles from the plant in each of the
16 sectors.

2 or more dosimeters in at least 8
additional locations of special

interest, including at least 2 control

stations.

2 samples downstream from plant
discharge (TRM 517.9 and
TRM 523.1).

1 sample at a control location
upstream from plant discharge
(TRM 529.3).

One sample adjacent to plant (well
No. 1).

Sampling and
Collection Frequency

At least once per 92 days.

Collected by automatic sequential-
type sampler ¢ with composite
samples collected over a period of
approximately 31 days.

Collected by automatic sequential-
type sampler® with composite samples
collected over a period of
approximately 31 days.

Type and Frequency
of Analysis

Gamma dose at least once per 92
days.

Gross beta and gamma scan of each
composite sample. Composite for
tritium analysis at least once per 92
days.

Composited for gross beta, gamma
scan, and tritium at lease once per 92
days.




Exposure Pathway
and/or Sample

b. Ground (Continued)

c. Drinking

Table A-1

- WATTS BAR NUCLEAR PLANT
RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM*

Number of Samples and Sampling and
Locations® Collection Frequency

1 sample from ground water source up  Same as well No. 1,
gradient (well No. 5).

1 sample from ground water source Grab sample at least once per 92

up gradient (Farm L). days. .

1 sample at the first two potable Collected by automatic sequential-
surface water supplies, downstream type sampler® with composite sample
from the plant (TRM 503.8 and TRM  collected monthly.

473.0).

1 sample at a control location
TRMS529.3%.

Type and Frequency
of Analysis

Gross beta, gamma scan, and tritium
at least once per 92 days.

Same as above

Gross beta and gamma scan on each
composite. Quarterly composite also
analyzed for tritium.




Table A-1

IR WATTS BAR NUCLEAR PLANT
RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM*

Exposure Pathway Number of Samples and Sampling and Type and Frequency
and/or Sample Locations® Collection Frequency of Analysis
d. Sediment from 1 sample downstream from plant At least once per 184 days. Gamma scan of each sample.
shoreline. Discharge (TRM 513.0).

1 sample from a control location
upstream from plant discharge
(TRM 530.2).

¢. Pond Sediment 1 sample from at least three locations At least once per year. Gamma scan of each sample.
in the Yard Holding Pond.

5. INGESTION

a, Milk 3 samples from farms and/or dairies Every 2 weeks. I-131 and gamma analysis on each
in the immediate vicinity of the plant, sample, Sr-89 and Sr-90 once per
quarter.
1 or more samples from control
locations,
b. Fish One sample of commercially important At least once per 184 days. Gamma scan on edible portions.

species and one sample of
recreationally important species.

One sample of each species from
Chickamauga and Watts Bar Reservoitrs.




_VE—

e o o

Exposure Pathway
and/or Sample

c. Vegetation®
(Pasturage and
grass)

d. Food Products

Table A-1

WATTS BAR NUCLEAR PLANT

RADIGLOGICAL ENVIRONMENTAL MONITORING PROGRAM

Number of Samples and
Locations”

Samples from farms producing milk
but not providing a milk sample.

1 sample each of principal food
products grown at private gardens
and/or farms in the immediate
vicinity of the plant.

Sampling and
Collection Frequency

At least once per 31 day.

Annually at time of harvest. The
types of foods available for sampling
will vary. Following is a list of
typical foods which may be
available:

Cabbage, Lettuce and/or Greens
Com

Green Beans

Potatoes

Tomatoes

Type and Frequency
of Analysis

1-131 analysis and gamma scan of
each sample.

Gamma scan on edible portion.

The sampling program outlined in this table is that which was in effect at the end of 2002,
. Sample locations are shown on Figures A-1, A-2, A-3.
Samples shall be collected by collecting an aliquot at intervals not exceeding 2 hours,
. The samples collected at TRMs 503.8 and 473.0 are taken from the raw water supply, therefore, the upstream

surface water sample will be considered the control sample for drinking water.
e. Vegetation sampling is applicable only for farms that meet the criteria for milk sampling and when milk sampling cannot be performed.



Table A-2

WATTS BAR NUCLEAR PLANT
RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM
SAMPLING LOCATIONS
Map Approximate Indicator (I)
Location Distance or Samples
__Number*__ __Station__ Sector (Miles) Control Collected®
©_
2 PM-2 NwW 7.0 1 AP,CFR,S
3 PM-3 NNE 104 1 AP, CFR,S
4 PM-4 NE/ENE*® 7.6 I AP,CFR,S
5 PM-5 S . 8.0 I APCFR,S
6 RM-2 sw 15.0 C AP,CF,R,S
7 RM-3 NNW 15.0 C AP CFR,S
8 LM-1 SsSw 0.5 1 AP,CFR,S
9 LM-2 NNE 0.4 1 APCF RS
10 LM-3 NNE 1.9 [ AP,CFR,S
11 LM-4 SE 0.9 I AP,CF,R,S
12 Farm L Ssw 1.3 b MW
15 Farm B E 15.0 C M
18 Well #1 S 0.6 I w
19 Farm Mu ESE 3.7 I M
20 Farm N ESE 4.1 I M
22 Farm EH SsSw 24.0 C M
23 Well #5 N 0.5 C w
25 TRM 517.9 - 9.9¢ I sSw
26 TRM 523.1 - 4.7° 1 Sw
27 TRM 529.3 - 1.5 (o sSw,pw!
31 TRM 473.0 54.8° 1 PW
(C. F. Industries)
32 TRM 513.0 - 14.8° I SS
. 33, TRM 530.2 - 2.4° C SS
35 TRM 503.8 - 24.0° 1 PW
(Dayton)
38 Chickamauga 1 F
Reservoir
39 Watts Bar Reservoir C F
- 81 Yard Pond SSE/S/SSW Onsite I PS
a. See Figures A-1, A-2, and A-3
b. Sample codes: .
AP = Air particulate filter PW = Public Water SS = Shoreline sediment
CF = Charcoal filter PS = Pond Sediment SW = Surface water
F = Fish R = Rainwater W = Well water
M = Milk S = Soil
c. Station located on the boundary between these two sectors.
d. A control for well water,
e. Distance from the plant discharge (TRM 527.8)
f. The surface water sample is also used as a control for public water.
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Table A-3
WATTS BAR NUCLEAR PLANT
THERMOLUMINESCENT DOSIMETER (TLD) LOCATIONS

Map* Approximate Onsite (On)®
Location Distance or
Number Station Sector {miles) Offsite (Off)

2 NW-3 NW 7.0 Off
3 NNE-3 NNE 10.4 Off
4 ENE-3 NE/ENE 7.6 off
5 S-3 S 7.8 off
6 SW-3 swW 15.0 off
7 NNW-4 NNW 15.0 off
10 NNE-1A NNE 1.9 On
11 SE-1A SE 0.9 On
12 SSW.2 SSW 1.3 On
14 w-2 w 4.8 off
15 E-3 E 15.0 Off
40 N-1 N 1.2 On
41 N-2 N 4.7 Off
42 NNE-1 NNE 1.2 On
43 NNE-2 . NNE 4.1 off
44 NE-1 NE 0.9 On
45 NE-2 NE 29 off
46 NE-3 NE 6.1 Ooff
47 ENE-1 ENE 0.7 On
48 ENE-2 ENE 5.8 off
49 E-1 E 1.3 On
50 E-2 E 5.0 Off
st ESE-1 ESE 12 On
52 ESE-2 ESE 44 Off
54 SE-2 SE 53 Off
55 SSE-1A SSE 0.6 On
56 SSE-2 SSE 5.8 Off
57 S-1 S 0.7. : On
58 S-2 S 4.8 off
59 SSW-1 SSwW 0.8 On
60 : SSw-3 SSw 5.0 Off
62 . SW-1 SS 0.8 On
< 63 SW-2 SW 53 Off
- 64 WSW-1 WSW 0.9 On
65 WSWwW-2 WSwW 3.9 off
66 W-1 w 09 On
67 WNW-1 WNW 0.9 On
68 WNW-2 WNW - 4.9 Ooff
69 NW-1 NW 1.1 On
70 Nw-2 NW 4.7 Off
71 NNW-1 NNW 1.0 On
72 NNW-2 NNW 4.5 Off
73 NNW.3 NNwW 7.0 Off
74 ENE-2A ENE 35 Off
75 SE-2A SE 3.1 Off
76 S-2A S 2.0 off
77 W-2A w 3.2 Off
78 NW-2A NW 3.0 Off
79 SSE-1 SE 0.5 On

a. See Figures A-1, A-2, and A-3.

b. TLDs designated “onsite” are located 2 miles or less from the plant; “offsite” are located more than 2 miles from the
plant.
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Figure A-1
Radiological Environmental Sampling Locations

Within 1 Mile of the Plant
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Figure A-2
Radiological Environmental Sampling Locations

From 1 to 5 Miles From The Plant
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Figure A-3

Radiological Environmental Sampling Locations

Greater Than 5 Miles From the Plant
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APPENDIX B

2002 PROGRAM MODIFICATIONS
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Appendix B

Radiological Environmental Monitoring Program Modification

There were no modifications made to the WBN REMP during 2002 that involved changes in the
type, frequency or location of sample collection and there were no changes in the analyses
performed. In June 2002, GPS technology was used to determine the locations for REMP
monitoring locations. A small number of discrepancies were identified between the distance and
direction as determined using the GPS and the location description contained in the ODCM.

These discrepancies were documented in the TVA Nuclear Corrective Action Program (PER 02-
000189-000).

The location for air monitoring Station LM-1 was listed in the ODCM as 0.5 miles N. The GPS
determined location was 0.4 miles NNE. The sector location difference was less than two |
degrees. The location description for this monitor was changed to 0.4 miles NNE. A
discrepancy in the location for the SSE sector site boundary environmental TLD location was
also identified. The TLD was actually located in the SE sector by less than two degrees. This
TLD location had been identified as SSE-1. To maintain the continuity of data collected for this
TLD 1ocation, anew TLD location was added in the SSE sector and is identified as SSE-1A
located at 0.6 miles SSE. The location description for SSE-1 was revised to 0.6 miles SE.

The distance for TLD location S-3 was corrected from 6.2 miles to 7.8 miles and the sector of
TLD location ENE-3 was modified from ENE to NE/ENE. This modification was made to
indicate that the TLD location is on the sector boundary.

Table A-2, and A-3 and Figure A-1 of this report were revised as applicable to reflect these

corrections.
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APPENDIX C

PROGRAM DEVIATIO