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EXECUTIVE SUMMARY

This report describes the preoperaticnal environmental radiological monitoring

program conducted by TVA in the vicinity of the Watts Bar Nuclear Plant (WBN)

in 1992. 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 will not be influenced by plant operations. Station locations

are selected after careful consideration of the weather patterns and projected

radiation doses to the various areas around the plant. Material sampled

includes air, water, milk, foods, vegetation, soil, fish, sediment, and direct

radiation levels. During plant operations, results from stations near the

plant will be compared with concentrations from control stations and with

preoperational measurements to determine potential impacts to the public.

Exposures calculated from environmental samples were contributed by naturally

occurring radioactive materials, from materials commonly found in the

environment as a result of atmospheric fallout, or from the operation of other

nuclear facilities in the area. Since WBN has not operated, there has been no

contribution of radioactivity from the plant to the environment.
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INTRODUCTION

This report descrlbesand summarizesa large volume of data, the results of

thousandsof measurementsand laboratoryanalyses. The measurementsare made

to determinethe existing background radioactivitylevels in the area of WBN.

Some of the data presentedare prescribed by specific requirements,while

other data are includedwhich may be useful or interestingto individualswho

do not work with this material routinely.

NaturallyOccurrinqand BackqroundRadioactivity

Most materials in our world contain trace amountsof naturallyoccurring

radioactivity. ApproximatelyO.Ol percentof all potassium is radioactive

potassium-40. Potassium-40(K-40),with a half-llfeof 1.3 billion years, Is

one of the major types of radioactivematerialsfound naturally in our

environment. An Indiv%dualweighing 150 pounds contains about 140 grams of

potassium(Referencel). This is equivalent to approximatelylO0,O00 pCi of

K-40 which delivers a dose of 15 to 20 mrem per year to the bone and soft

tissueof the body. Naturallyoccurring radioactivematerials have always

been in the environment. Other examples of naturallyoccurring radioactive

materialsare beryllium (Be)-7, bismuth (Bi)-212 and 214, lead (Pb)-212 and

214, thallium (TI)-208,actinium (Ac)-228,uranium (U)-238, uranium.-235,

thorium(Th_-234,radium (Ra)-226,radon (Rn)-222,carbon (C)-14, and

hydrogen(H)-3 (generallycalled tritium). These naturallyoccurring

radioactivematerialsare in the soil, our food, our drinking water, and our

bodies.

-2-



The radiationfrom these materialsmakes up a part of the low-levelnatural

backgroundradiation. The remainderof the natural backgroundradiationcomes

from outer space. We are all exposed to this naturalradiation24 hours per

day.

The average dose equivalent at sea level resultingfrom radiationfrom outer

space (part of natural background radiation) is about 27 mrem/year. This

essentiallydoubles with each 6600-foot increasein altitude in the lower

atmosphere. Another part of natural backgroundradiationcomes from naturally

occurring radioactivematerials in the soil and rocks. Because the quantity

of naturallyoccurring radioactivematerial varies according to geographical

location,the part of the natural backgroundradiationcoming from this

radioactivematerial also depends upon the geographicallocation. Most of the

remainderof the natural background radiationcomes from the radioactive

materialswithin each individual'sbody. We absorb these materialsfrom the

food we eat which contains naturallyoccurring radioactivematerialsfrom the

soil. An exampleof this is K-40 as describedabove. Even building materials

affect the naturalbackground radiation levels in the environment. Living or

working in a building which is largelymade of earthenmaterial, such as

concreteor brick, will generallyresult in a higher natural background

radiation level than would exist if the same structurewere made of wood.

This is due to the naturallyoccurring radioisotopesin the concreteor brick,

such as trace amounts of uranium, radium, thorium,etc.

Because the city of Denver, Colorado, is over 5000 feet in altitude and the

soil _nd rocks there containmore radioactivematerial than the U.S. average,
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the people of Denver receive around 350 mrem/year total natural background

radiation dose equivalent compared to about 295 mrem/year for the national

average. People in some locations of the world receive over I000 mrem/year

natural background radiation dose equivalent, primarily because of the greater

quantity of radioactive materials in the soil and rocks in those locations.

Scientists have never been able to show that these levels of radiation have

caused harmful effects to anyone.

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 l
Terrestrial 28
In the body 39
Radon 200

Total 295

Release of radioactive material in 5

natural gas, mining, ore processing, etc.

Medical (effective dose equivalent) 53
Nuclear weapons fallout less than l
Nuclear energy 0.28
Consumer products 0.03

Total 355 (approximately)

As can be seen from the table, natural background radiation dose equivalent to

the U.S. population normally exceeds that from nuclear plants by several
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hundred times. This indicates that nuclear plant operations normally result

in a population radiation dose equivalent which is 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.

Significantdiscussionrecently has centered around exposuresfrom radon.

Radon is an inert gas given off as a result of the decay of naturally

occurringRa-226 in soil. When dispersed in the atmosphere,radon

concentrationsare relatively low. However, when the gas is trapped in closed

spaces, it can build up until concentrationsbecome significant. The National

Councilof Radiation Protectionand Measurements(Reference2) has estimated

that the average annual effective dose equivalent from radon in the United

States is approximately200 mrem/year. This estimateddose is approximately

twice the average dose equivalentfrom all other natural background sources.

ElectricPower Production

Nuclear power plants are similar in many respects to conventionalcoal burning

(or other fossil fuel) electrical generating plants. The basic process behind

electricalpower 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. However, nuclear plants includemany complex systems to control

the nuclear fission process and to safeguardagainst the possibilityof

reactormalfunction,which could lead to the releaseof radioactivematerials.
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Very small amountsof these fission and activationproducts are released into

the plant systems. Thls radioactive _terialcan be transportedthroughout

plant systemsand some of it released to the environment.

All paths throughwhich radioactivityfrom a nuclear power plant is released

are monitored. Liquid and gaseous effluent monitors record the radiation

levelsfor each release. These monitors also provide alarm mechanisms to

prompt terminationof any release above limits.

At WBN releaseswill be monitored at the ons|te points of release and through

the environmentalradiologicalmonitoring program which will measure the

environmentalradiationin outlying areas around the plant. In this way, not

only will the releaseof radioactivematerialsfrom the plant be tightly

controlled,but measurementswill be made in surroundingareas to verify that

the populationwill not be exposed to significantlevels of radiationor

radioactivematerials.
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SITE/PLANTDESCRIPTION

The WBNsite 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 WBNsite, containing approximately 1770

acres on Chlckamauga Lake, is about 1.25 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, and the Watts Bar Resort Area.

Approximately12,000 to 15,000 people llve within I0 miles of the WBN site.

More than 80 percentof these live between5 and lO miles from the site. Two

small towns, Spying Clty ;,ndD_catur, are located in this area. Spring City,

with a populationof approxlmctely2,000, is northwest and north-northwest

from the site, while Decatur, with about 1,200 people, is south and

south-southwestfrom the plant. The remainderof the area within lO miles of

the site is sparselypopulated, conslstlngprimarilyof small farms.

The area between I0 and 50 miles from the site includes portionsof the cities

of Chattanoogaand Knoxville. The largest urban concentrationin this area is

the city oF Chattanooga,located to the southwestand south-southwest. The

city of Chattanoogahas a populationof about 160,000, with approximately80

percent locatedbetween 40 and 50 miles from the site and the remainder

locatedbeyond 50 miles. The city of Knoxville is located to the

. east-northeast, with not more than lO percent of its 175,000 plus people

living witE1n 50 miles of the site. Three smaller urban areas of greater than
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20,000 people are located between 30 and 40 miles from the site. OaK Ridge is

approximately40 miles to the northeast, the twln cities of Alcoa and

Maryvilleare located45 to 50 miles to the east-northeast,and Cleveland is

locatedabout 30 miles to the south.

ChickamaugaReservoir is one of a series of highly controlledmultiple-use

reservoirswhose primary uses are flood control, navigatlon,and the

generationof electric power. Secondaryuses includeindustrialand public

water supply and waste disposal,commercialfishing, and recreation. Public

access areas, boat docks, and residentialsubdivisionshave been developed

along the reservoirshoreline in scattered locations.

The WBN consistsof two pressurizedwater reactors: each unit is rated at

II60 megawatts (electrical). Fuel load for unit l is not anticipatedbefore

early 1994.
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ENVIRONMENTALRADIOLOGICALMONITORING PROGRAM

The unique envlronmentalconcern associatedwith a nuclearpower plant is its

productionof radioactivematerialsand radiation. The vast majority of this

radiationand radioactivityis containedwithin the reactor itselfor one of

the other plant systemsdesigned to keep the material in the plant. The

retentionof the materials in each level of control is achieved by system

engineering,design, construction,and operation. Environmentalmonitoring is

a final verificationthat the systemsare performingas planned. The

monitoringprogram is designed to most efficientlymonitor the pathways

between the plant and the people in the immediatevicinityof the plant.

Sample types are chosen so that the potentialfor detectionof radioactivity

in the environmentwi11 be maximized. The EnvironmentalRadiological

MonitoringProgramis outlined in AppendixA.

There are two primary pathwaysby which radioactivitycan move through the

environmentto humans: air and water (see Figure 2). The air pathway can be

separatedinto two components: the direct (airborne)pathway and the indirect

(groundor terrestrial)pathway. The direct airborne pathwayconsists of

direct radiationand inhalationby humans. In the terrestrialpathway,

radioactivematerialsmay be depositedon the ground or on plants and

subsequentlyingestedby animals and/or humans. Human exposure through the

liquidpathwaymay result from drinkingwater, eating fish, or by direct

exposureat the shorellne. The types of samples collectedin this program are

designedto monitor these pathways.

-9-



A number of factors were considered in determiningthe locationsfor

collectingenvironmentalsamples. The locationsfor the atmospheric

monitoring stationswere determinedfrom a critical pathway analysis based on

weather patterns,dose projections,population distribution,and land use.

Terrestrialsampling stations were selected after reviewing such things as the

locationsof dairy animals and gardens in conjunctionwith the air pathway

analysis. Liquid pathway stations were selected based on dose projections,

water use information,and availabilityof media such as fish and sediment.

Table A-2 (AppendixA, Table 2: This identificationsystem is used for all

tablesand figures given in the appendices.)lists the sampling stations and

the types of samplescollectedfrom each. Modificationsmade to the program

in 1992 are described in Appendix B and exceptions to the samplingand

analysis scheduleare presented in Appendix C.

To determinethe amount of radioactivityin the environmentprior to the

operationof WBN, a preoperationalenvironmentalradiologicalmonitoring

programwas initiatedin December 1976 and continuesto operate today.

Measurementsof the same types of radioactivematerials that are expected from

an operatingplant are assessed during the preoperationalphase to establish

normal background levels for various radionuclidesin the environment.

The preoperationalmonitoring program is a very importantpart of the overall

program. During the 1950s, 60s, and 70s, atmosphericnuclear weapons testing

releasedradioactivematerial to the environmentcausing fluctuationsin

backgroundradiation levels. This radioactivematerial is the same type as

that which will be produced in the WBN reactors. Preoperatlonalknowledge of
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pr_:existingradionuclidepatterns in the environmentwill permit a

d_terminatlon,throughcomparisonand trendlng analyses,of whether the

operationof WBN is impactingthe environmentand thus the surrounding

population. The determinationof impact during the operating phase also

considersthe presenceof controlstations that have been established in the

environment. Resultsof environmentalsamplestaken at control stations (far

from the plant) will be comparedwith those from indlcatorstations (near the

plant) to aid in the determinationof the Impactsfrom WBN after the plant

becomesoperational.

All samplesare analyzed by the radioanalyticallaboratoryof TVA's

EnvironmentalRadiologicalMonitoringand Instrumentationgroup located at the

WesternArea RadiologlcalLaboratory(WARL) in Muscle Shoals, Alabama.

Analysesare conductedin accordancewith written and approved procedures and

are based on acceptedmethods. A summaryof the analysis techniques and

methodologyis presented in Appendix D. Data tables summarizing the sample

analysisresults are presented in Appendix H.

The sophlstlcatedradiationdetection devices used to determine the

radionucl|decontentof samples collected in the environmentare generally

quite sensitiveto small amountrof radioactivity. In the fleld of radiation

measurement,the sensitivityof the measurementprocess is discussed in terms

of the lower limit of detection (LLD). A descriptionof the nominal LLDs for

the RadioanalyticalLaboratory is presented in Appendix E.
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The radioanalyticallaboratoryemploys a comprehensivequality assurance/

quality control program to monitor laboratoryperformancethroughoutthe

year. The program is intendedto detect any problems in the measurement

processas soon as possible so they can be corrected. This program includes

equipmentchecks to ensure that the complex radiationdetectiondevices are

workingproperly and the analysis of special sampleswhich are included

alongsideroutine environmentalsamples. The laboratoryparticipatesin the

EnvironmentalProtectionAgency (EPA) InterlaboratoryComparisonProgram. In

addition,samples split with the EPA and with the State of Tennesseeprovide

an independentverificationof the overall performanceof the laboratory. A

complete descriptionof the program is presentedin Appendix F.
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DIRECT RADIATIONMONITORING

Direct radiation levels are measured at a number of statlonsaround the plant

site. These measurementsincludecontributionsfrom cosmic radiation,

radioactivityin the gro,_nd:fallout from atmosphericnuclearweapons tests

conducted in the past, and any radioactivitythat may be presentas a result

of plant operations. Becauseof the relatively large variationsin background

radiationas compared to the small levels from the plant, contrlbutionsfrom

the plant may be difficultto distinguish.

Radiation levelsmeasured in the area around the WBN site in 1992 were

consistentwith levels from previous years and with levels measured at other

locationsin the region.

MeasurementTechniques

Direct radiationmeasurementsare made with thermoluminescentdosimeters

(TLDs). When certainmaterials are exposed to ionizing radiation,many of the

electronswhich become displacedare trapped in the crystallinestructureof

the material. They remain trappedfor long periods of time as long as the

material is not heated. When heated (thermo-),the electronsare released,

producinga pulse of light (-luminescence). The intensityof the light pulse

is proportionalto the amount of radiation to which the material was exposed.

Materials which display these characteristicsare used in the manufactureof

TLDs.

From 1977 through 1989, TVA used a Victoreen dosimeter consisting of a

manganese activated calcium fluoride (Ca2F'Mn) TLD material encased in a glass
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bulb. In 1989, TVA began the processof changing from the Victoreen dosimeter

to the PanasonicModel UD-SI4 dosimeter,and completelychanged to the

Panasonicdosimeterin 1990. This dosimetercontainsfour elements consisting

of one lithiumborate and three calcium sulfatephosphors. The calcium

sulfate phosphorsare shieldedby approximatelylO00 mg/cm2 plastic and lead

to compensatefor the over-responseof the detector to low energy radiation.

The TLDs are placed approximatelyI meter above the ground,with three TLDs at

each station. Sixteen stations are locatedaround the plant near the site

boundary,one stationin each of the 16 compass sectors. An additional 16

stationsare locatedapproximately5 miles from the plant in each of the 16

sectors. Dosimetersare also placed at the perimeterand remote air

monitoring sites and at six additionalstationsout to approximately32 miles

from the site. The TLDs are exchangedevery 3 months and the accumulated

exposureon the detectorsis read with a PanasonicModel UD-710A automatic

reader interfacedwith a HewlettPackardModel 9000 computer system. Five of

the locationsalso have TLD devices processedby the NRC. The results from

the NRC measurementsare reported in NUREG 0837.

Since the calcium sulfatephosphor is much more sensitivethat the lithium

borate, the measured exposure is taken as the median of the resultsobtained

from the nine calcium sulfate phosphorsin three detectors. The values are

correctedfor gamma response,system variations,and transit exposure,with

individualgamma response calibrationsfor each element. The system meets or

exceeds the performancespecificationsoutlined in RegulatoryGuide 4.13 for

environmentalapplicationsof TLDs.
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Results

Resultsare normalizedto a standardquarter (91.25 days or 2190 hours). The

stationsare groupedaccordingto the distance from the plant. The first

group consistsof stationswithin l mile of the plant. The second group lies

b_tween l and 2 miles, the third group between 2 and 4 miles, the fourth

between4 and 6 miles, and the fifth group is made up of stations more than 6

miles from the plant. Past data have shown that the results from stations

greaterthan 2 miles from the plant are essentiallythe same. Therefore, for

purposesof this report, stations2 miles or less from the plant are

identifiedas "onsite"stationsand all others are considered "offsite."

The quarterlygamma radiationlevels determinedfrom the TLDs deployed around

WBN _n 1992 are g_ven in Table H-l. The roundedaverage annual exposures are

shown below. For comparisonpurposes,the average direct radiation

measurementsmade in the preoperationalmonitoringprogram are also shown.

Annual Average
Direct RadiationLevels

WBN
mR/year

Preoperational
1992 Averaqe

Onsite Stations 65 77

Offsite Stations 57 66

The data in Table H-l indicate that the average quarterlyradiation

levelsat the WBN onslte stationsare approximately2 mR/quarter higher

than levelsat the offslte stations. This difference _s also noted in the

preoperatlonalmonitoringat the Browns Ferry and Sequoyah Nuclear Plants and
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at other nonoperating TVA nuclear power plant construction sites where the

average levels onsite are 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-l compares plots of the data from the onsite or site boundary

stations with those from the offsite stations over the period from 1977

through 1992. To reduce the seasonal variations present in the data sets, a

4-quarter moving average was constructed for each data set. Figure H-2

presents a trend plot of the direct radiation levels as defined by the moving

averages. The data follow the same general trend as the raw data, but the

curves are much smoother.

The results reported in 1992 are consistent with direct radiation levels

reported in previous years.
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ATMOSPHERICMONITORING

The atmosphericmonitoring network is divided into three groups identifiedas

local, perimeter,and remote. Four local air monitoring stationsare located

on or adjacent to the plant site in the general directionsof greatest wind

frequency. Four perimeter air monitoring stations are located in communities

out to about 12 miles from the plant, and two remote air monitors are located

out to 20 miles. The monitoringprogram and the locationsof monitoring

stations are identifiedin the tables and figuresof Appendix A. The remote

stations are used as control or baseline stations.

As a result of delays in the scheduled fuel load date for WBN, the atmospheric

monitoring program was discontinued for calendar year 1989. The full program

was restarted in January 1990. The results from the program conducted in 1992

are included in this report.

Sample Collectionand Analysis

Air particulatesare collectedby continuouslysamplingair at a flow rate of

approximately2 cubic feet per minute (cfm) through a 2-1nch Hollingsworthand

Vose LB5211 glass fiber filter. The samplingsystem consists of a pump, a

magnehelicgauge for measuringthe drop in pressure across the system,and a

dry gas meter. This allows an accurate determinationof the volume of air

passingthrough the filter. This system is housed in a building approximately

2 feet by 3 feet by 4 feet. The filter is contained in a sampling head

mountedon the outside of the monitor building. The filter is replaced every

7 days. Each filter is analyzed for gross beta activity about 3 days after

collectionto allow time for the radon daughters to decay.
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Every 4 weeks compositesof the filters from each locationare analyzed for

gamma-emittingradionuclides(gamma spectroscopy). On a quarterlybasis, the

filters are composlted by locationand analyzedfor strontium(Sr)-89,90.

Gaseous radioiodineis collectedusing a commerciallyavailablecartridge

containingTEDA-impregnatedcharcoal. This system is designed to collect

iodine in both the elemental'Formand as organic compounds. The cartridge is

locatedin the same sampling head as the air particulatefilter and is

downstreamof the particulatefilter. The cartridgeis changedat the same

time as the particulatefilter and samplesthe same volume of air. Each

cartridge is analyzed for iodine (I)-131. If activityabove a specified limit

is detected,a complete gamma spectroscopyanalysis is performed.

Heavy particlefallout is collectedon an ll-inchby ll-lnch sheet of gummed

acetate paper. The paper is clamped to a mount on the side of the monitorinq

buildingand is collectedevery 4 weeks. Gross beta activity is determinedon

each sample.

Rainwateris collectedby use of a collectiontray attached to the monitor

building. The collectiontray is protectedfrom debris by a screen cover. As

water drains from the tray, it is collectedin one of two 5-gallon containers

inside the monitor building. A l-gallonsample is removed from the container

every 4 weeks. Any excess water is discarded. Rainwater samplesare analyzed

for gamma emitting radioisotopesand for Sr-BQ,90.
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Results

The resultsfrom the analysis of air particulatesamplesare summarized in

Table H-2. Gross beta activity in 1992 was consistentwith levels reported in

previousyears. The average level at indicatorstationswas 0.018 pCi/m3 and

the averageat control stationswas 0.018 pCi/m3. The annual averages of the

gross beta activity in air particulatefiltersat these stationsfor the years

1971-1992are presentedin Figure H-3. Increasedlevels due to fallout from

atmosphericnuclear weapons testingare evident, especiallyin 1971, 1977,

1978, and 1981. Evidenceof a small increaseresultingfrom the Chernobyl

accident can also be seen in 1986. These patternsare consistentwith data

from monitoringprograms conductedby TVA at nonoperatingnuclear power plant

constructionsites.

Only naturalradioactivematerialswere identifiedby the monthly gamma

spectralanalysisof the air particulatesamples. No fissionor activation

productswere found at levels greaterthan the LLDs. As shown in Table H-3,

1-131 was not detected in any of the charcoalcanister samples collected in

1992.

Gross beta activity in fallout sampleswas consistentwith levels reported in

previousyears. As shown in Table H-4, the average concentrationboth the

indicatorand controlstations was O.ll mCi/km2.

Only naturalradioactivematerialswere identifiedby gamma spectral analysis

of rainwatersamples. Resultsare presentedin Table H-5.
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TERRESTRIALMONITORING

Terrestrialmonitoring is accomplishedby collectingsamplesof :nvironmental

media that may transportradioactivematerialfrom the atmosphereto humans.

For example, radioactivematerial may be depositedon a vegetablegarden and

be ingestedalong with the vegetablesor it may be depositedon pasture grass

where dairy cattle are grazing. When the cow ingeststhe radioactive

material, some of it may be transferredto the milk and consumed by humans who

drink the milk. Therefore, samplesof milk, vegetation,soil, and food crops

are collectedand analyzed to determinepotentialimpacts from exposure

throughthis pathway. The resultsfrom the analysisof these samplesare

shown in Tables H-6 through H-15.

A land use survey is conducted periodically 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. From

these data, radiation doses are projected for individuals living near the

plant. Doses from breathing air (air submersion) are calculated for the

nearest resident 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. The doses projected as a result of the

1992 land use survey are presented in Appendix G.
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Sample Collectlonand Analysis

M11k samplesare purchasedevery 2 weeks from three indicatordairies and from

at least one of three control dalrles. In February 1992, one of the dairy

far_a_went out of business. Milk samplingwas discontinuedfrom this station

at that time. Mllk samplesare placed on Ice for transportto the

radioanalytlcallaboratory. 1-131 analyses are performedon each sample and

every 4 weeks samplesare analyzedfor gamma emitting Isotopes and for Sr-89

and Sr-90. In addition,samplesfrom the three control stations are analyzed

by gamma spectroscopyevery 2 weeks as a part of the SQN monitoring program.

Samples of vegetationare collectedquarterlyfrom the three indicatormilk

sampling stationsand from one control station, In June 1992, vegetation

sampling was discontlnuEdfrom the farm that is no longer In the dairy

buslness. The control station is also sampledmonthly as a part of the SQN

monltoringprogram. The samples are collectedby cuttingor breaking enough

vegetationto prov!de between lO0 and 200 grams of sample. Care is taken not

to includeany soll with the vegetation. After drying and grlndlng,each

sample is analyzed by gamma spectroscopy. Once each quarter, the sample is

ashed after the gamma analysls is completedand analyzed for Sr-B9,9U.

Soll samplesare collectedannuallyfrom the air monltorlng locations. The

samples are collectedwith either a "cookiecutter"or an auger type sampler.

After drying and grinding,the sample is analyzed by gamma spectroscopy. When

the gamma analysls Is complete,the sample _s ashed and analyzed for Sr-89,90.
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Samples representativeof food crops raised in the area near the plant are

obtained from individualgardens, corner markets, or cooperatives. Types of

foods may vary from year to year as a result of changes in the local vegetable

gardens. In 1992 samplesof cabbage, corn, green beans, potatoes, and

tomatoeswere collectedfrom local vegetablegardens. In addition, samplesof

apples and beef were also obtained from the area. The edible portion of each

sample is analyzed by gamma spectroscopy.

Results

The results from the analysisof milk samples are presentedin Table H-6. All

1-131 values were below the establishednominal LLD of 0.2 pCi/liter.

Cesium (Cs)-137was identified in one sample at a level slightly above the

LLD. Sr-90 was found in less than one-fourth of the samples. These levels

are consistentwith concentrationsmeasured in samples collected in TVA's

preoperatlonalenvironmentalradiologicalmonitoringprograms and with

concentrationsreported in m11k as a result of fallout from atmospheric

nuclearweapons tests (Reference l). Figure H-4 d_splays the average Sr-90

concentrationsmeasured in milk since 1976. The concentrationshave steadily

decreasedas a result of the 28-year half-llfeof Sr-90 and the washout and

transportof the element through the soll over the period. The average Sr 90l

concentrationreported from indicatorstations was 2.9 pCi/11ter. An average

of 3.0 pCilllterwas identifiedin samplesfrom control stations. By far the

predominateisotopereported in milk samples was the naturallyoccurring

K-40. An averageof approxlmately1300 pCi/llterof K-40 was identified in

all milk samples.
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As has been noted in the environmentalradiologicalmonitoringreports for

SQN, the levelsof Sr-90 in milk samplesfrom farms producingmilk for private

consumptiononly are up to six times the levels found in milk from commercial

dairy farms. Samples of feed and water suppliedto the animalswere analyzed

in 1979 in an effort to determinethe source of the strontium. Analysis of

dried hay samples indicatedlevelsof Sr-90 slightlyhigher than those

encounteredin routinevegetationsamples. Analysisof pond water indicated

no significantstrontiumactivity.

This phenomenonwas observed during the preoperatlonalradiologlcalmonitoring

near SQN and near the BellefonteNuclear Plant constructionsite at farms

where only one or two cows were being milked for private consumptionof the

milk. It is postulatedthat the feeding practicesof these small farms differ

from those of the larger dairy farmers to the extent that fallout from

atmosphericnuclearweapons testingmay be more concentratedin these

instances. Slmllarly,Hansen,et al. (Reference4), reported an inverse

relationshipbetween the levelsof Sr-90 in milk and the qualityof

fertilizationand land management.

Resultsfrom the analysisof vegetationsamplesare presented in Table H-7.

A11 Cs-137 and Sr-90 values were less than the nominal LLD. Sr-90 was

identifiedin three samples. Concentrationsin the two indicatorsamples

averaged]13 pCi/Kg while the activity in the control samplewas 79.4 pCl/Kg.

Again, the hlghestconcentrationsidentifiedwere for the naturallyoccurring

isotopesK-40 and Be-7.
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The only fission product Identifiedin soil sampleswas Cs-137. The maximum

concentrationof Cs-137 was 0.8 pCl/g. This value is conslstentwlth levels

previously reportedfrom fallout. All other radionuclidesreportedwere

naturallyoccurring isotopes (Table H-8).

A plot of the annual average Cs-137 concentrations in soil is presented in

Figure H-5. Like the levels of Sr-90 in milk, 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-llfe of Cs-137 and transport through the

environment.

Ali radionuclidesreported in food sampleswere naturallyoccurring. The

maximum K-40 value was 3,680 pCi/kg in potatoes. The results are reported in

Tables H-9 through H-15.
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AQUATIC MONITORING

Potentialexposures from the 11quid pathway can occur from drlnking water,

ingestionof edible fish and clams, or from direct radiationexposure from

radioactivematerialsdeposited in the river sediment. The aquatic monitoring

program includes the collectionof samplesof river (reservoir)water,

groundwater,drinking water supplies,fish, Asiatic clams, plankton and bottom

and shoreline sediment. Samplesfrom the reservoirare collected both

upstreamand downstreamfrom the plant.

Resultsfrom the analysis of aquatic samplesare presented in Tables H-16

through H-26. Radioactivitylevels in water, fish, sedlment,clams, and

planktonwere consistentwith backgroundand/or fallout levels previously

reported. The presence of cobalt (Co)-60 and Cs-137 was identified in some

samples. Since WBN has not yet loaded fuel, these activity levels are from

some other sources, such as fallout or other operations in the area.

Sample Collectionand Analysis

Samplesof surface water are collectedfrom the TennesseeRiver using

automatic sampling pumps from two downstream stationsand one upstream

station. A timer turns on the pump at least once every 2 hours. The llne is

flushed and a sample collectedinto a compositecontainer. A l-gallon sample

is removed from the containerat 4-week intervalsand the remainingwater is

discarded. Each sample is analyzed for gamma-emittingradionuclidesand for

gross beta activity. The samplesare compositedquarterlyand analyzed for

Sr-89,90 and for tritium.
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Samplesare also collectedby an automatic samplingpump at the first

downstreamdrinkingwater intake. These samples are collectedin the same

manner as the surface water samples. Grab samples are taken monthly from two

public water supplies at control locationswhere the water is not taken from

the TennesseeRiver. The monthly samples are analyzed for gamma-emitting

radionuclides and for gross beta activity. Quarterly composites are analyzed

for Sr-89, Sr-90, and tritium. The downstream stations are also analyzed for

1-131 content. The samples collected by the automatic pumping device are

taken directly from the river at the intake structure. Since the sample at

this point is raw water, not water processed through the water treatment

plant, the control sample should also be unprocessed water. Therefore, the

upstream surface water sample is also considered as a control sample for

drinking water.

Groundwateris sampledfrom an onsite well and from a private well in an area

unaffectedby WBN. The samplesare analyzed monthly by gamma spectroscopyand

quarterlyfor tritium content.

Samples of commercial and game fish species are collected semiannually from

each of three reservoirs: the reservoir on which the plant is located

(Chickamauga Reservoir), the upstream reservoir (Watts Bar Reservoir), and the

downstream reservoir (Nickajack Reservoir). The samples are collected using a

combination of netting techniques and electrofishing. Most of the fish are

filleted, but one group is pr_cessed whole for analysis. After drying and

grinding, the samples are analyzed by gammaspectroscopy. Samples of the

commercial species (smallmouth buffalo) are analyzed for Sr-89 and Sr-90

content.
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Bottom sediment is collected semiannually from selected Tennessee River Mile

(TRM) locations using a dredging apparatus or divers. Samples of shoreline

sediment are also taken from recreation areas in the vicinity of the plant.

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

this analysis is complete, the samples are ashed and analyzed for Sr-89,90.

Efforts are made to sample Aslatic clams semiannually from the same locations

as the bottom sediment. The clams are usually collected in the same process

with the sediment. However, the clams are becoming more and more difficult to

find. Enough clams are collected to produce approximately 50 grams of wet

,:lesh. The flesh is separated from the shells and the dried flesh samples are

analyzed by gamma spectroscopy.

Plankton samples are also collected at the same locations at the sediment.

The samples are collected by vertical tows with an 80 micro meter net. Each

sample is analyzed for gamma-emitting radionuclides and for gross beta

activity. When quantities are sufficient, samples are analyzed for Sr-89,90

content.

Results

Gross beta activity was present in all surface water samples. Concentrations

averaged 3.0 pCi/liter in downstream samples and 3.1 pCi/liter in upstream

samples. All other activity was consistent with previously reported levels

from fallout or naturally occurring isotopes. A trend plot of the gross beta

activity in surface water samples from 1977 through 1992 is presented in

Figure H-6. A summary table of the results is shown in Table H-16.
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The only fission or activation product identified in drinking water samples

was tritium in one sample. The concentration reported was only slightly

higher than the LLD. Average gross beta activity was 2.9 pCi/liter at

downstream statlons and 2.7 pCi/liter at upstream stations. The results are

shown in Table H-17 and a trend plot of the gross beta activity in drinking

water from 1977 to the present is presented in Figure H-7.

Concentrations of all fission and activation products in ground water were all

below the LLDs. Only naturally occurring radionuclides were identified in

these samples. The results are presented in Table H-18.

Cs-137 was identified in five fish samples. The downstream samples contained

a maximum of 0.06 pCilg, while the upstream sample had a maximum of 0.I0

pCi/g. Other radioisotopes found in fish were naturally occurring, with the

most notable being K-40. The concentrations of K-40 ranged from 3.9 pCilg to

17.6 pCilg. Sr-90 concentrations in whole smallmouth buffalo averaged

0.08 pCilg in downstream samples and 0.14 pCi/g in samples collected from the

upstream reservoir. The apparent identification of Sr-89 is an artifact of

the calculational process and the low concentrations the laboratory is

attempting to detect. The results are summarized in Tables H-19, H-20, H-21,

and H-22. Plots of the annual average Cs-137 concentrations are presented in

Figures H-8, H-9, H-IO, and H-II. The Cs-137 and Sr-90 activities are a

result of fallout or other upstream effluents.

Radionuclides of the types produced by nuclear power plant operations were

identified in sediment samples. The materials identified were Cs-137 and

Co-60. In bottom sediment samples the average levels of Cs-137 were
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0.28 pCilg in downstreamsamplesand 0.44 pCilg upstream. Co-60

concentrationsaveraged 0.02 pCilg downstreamand 0.03 pCl/g upstream. In

shorelinesediment,Cs-137 levelswere 0.09 and 0.02 pCilg, respectively,in

downstreamand upstream samples. Co-60 was not identifiedin shoreline

sediment samples. The positive identificationof Sr-89 in shorelinesediment

is an artifact of the calculationalprocess and the low levels the laboratory

is attempting to detect. Resultsfrom the analyslsof bottom sediment and

shorelinesediment samplesare shown in Tables H-23 and H-24 respectively.

Trend plots of the averageCs-137 and Co-60 concentrationsin bottom sediment

samplesare presented in FiguresH-12 and H-13, respectively. A plot of the

Cs-137 concentrationsin shorelinesediment is presentedin Figure H-14.

Only naturally occurring radioisotopes were identified in clam flesh samples.

Cs-137 was identified in three of the planktoh samples at an average

concentration of 0.8 pCl/g in the two downstream samples and 1.2 pCi/g in the

upstream sample, The results from the analysis of clam and plankton samples

are shown in Tables H-25 and H-26, respectively.
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ASSESSMENTAND EVALUATION

For operatingnuclear power plants,potentialdoses to the public are

estimatedfrom measured effluentsusing computer models. These models were

developed by IVA and are based on guidanceprovided by the NRC in Regulatory

Guide 1.109 for determiningthe potentialdose to individualsand populations

living in the vicinity of the plant.

The area around the plant is analyzedto determine the pathways through which

the public may receive an exposure. As indicated in Figure 2, the two major

ways by which radioactivityis introducedinto the environmentare through

liquid and gaseous effluents.

For liquideffluents, the public can be exposed to radiationfrom three

sources: drinking water from the TennesseeRiver, eating fish caught in the

TennesseeRiver, and direct exposure to radioactivemateri_l due to activities

on the banks of the river (recreationalactivities). For gaseous effluents,

the public can be exposed to radiationfrom several sources: direct radiation

from the radioactivityin the air, direct radiationfrom radioactivity

depositedon the ground, inhalationof radioactivityin the air, ingestionof

vegetationwhich contains radioactivitydepositedfrom the atmosphere,and

ingestionof milk or meat from animalswhich consumedvegetation containing

depositedradioactivity.

The results 'From each sample are compared with the concentrations from the

corresponding control stations to establish the relationship between these
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stationsduring the preoperationalphase of the monitoringprogram. During

this report period, Cs-137 was found in milk samplesfrom both indicatorand

control stations. Cs-137 was also identifiedin all soil samples. Co-60 and

Cs-137 were seen in aquaticmedia. Cs-137 in fish and sedimentis consistent

with fallout levels identifiedin samplesboth upstream and downstreamfrom

the plant. Co-60 was identifiedin sedimentsamples upstreamand downstream

from the plant. No increasesof radioactivityhave been sePn in water samples.

Dose estimateswere made from concentrationsof radioactivityfound in samples

of environmentalmedia. Media evaluatedinclude,but are not limitedto, air,

milk, food products,drinking water, and fish. Inhalationand ingestiondoses

estimatedfor persons at the indicatorlocationswere essentiallyidenticalto

those determinedfor persons at control stations. Concentrationsof Sr-90 and

Cs-137 are consistentwith levelsmeasured in TVA's preoperational

environmentalradiologicalmonitoringprograms.

Conclusions

Since WBN has not achieved criticality,there has been no contributionof

radioactivityfrom the plant to the environment. The levelsof radioactivity

reported in this document are due to naturalbackground radiation,fallout

from nuclearweapons testing, falloutfrom the Chernobyl nuclear power station

accident,or other nuclearoperations in the area.

-31-



REFERENCES

I. Merril Eisenbud,EnvironmentalRadioactivity,Academic Press, Inc.,
New York, NY, 1987.

2. National Council on RadiationProtectionand Measurements,Report
No. 93, "IonizingRadiation Exposureof the Populationof the United
States," September 1987.

3. United States Nuclear RegulatoryCommission,RegulatoryGuide 8.29,
"InstructionConcerning Rlsks From OccupationalRadiationExposure,"
July 1981.

4. Hansen, W. G., Campbell, J. E., Fooks, J. H., Mitchell,H. C., and
Eller,C. H., Farminq Practicesand Concentrationsof Emission
Products in Milk, U.S. Department of Health,Education,and Welfare;
Public Health Service PubllcatlonNo. 999-R-6,May 1964.

-32-



Table 1

MAXIMUM PERMISSIBLE CONCENTRATIONS

FOR NONOCCUPATIONALEXPOSURE

MPC
In Water In Air
pC1/l* pCi/m 3.

Gross beta 3,000 I00

H-3 3,000,000 200,000

Cs-137 20,000 500

Ru-103,106 I0,000 200

Ce-144 I0,000 200

Zr-95 - Nb-95 60,000 1,000

Ba-140 - La-140 20,000 1,000

1-131 300 I00

Zn-65 I00,000 2,000

Mn-54 I00,000 1,000

Co-60 30,000 300

Sr-89 3,000 300

Sr-90 300 30

Cr-51 2,000,000 80,000

Cs-134 9,000 400

Co-58 90,000 2,000

*I pCl : 3.7 x 10-2 Bq.

Source: I0 CFR, Part 20, Appendlx B, Table II.
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Figure 2
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APPENDIX A

ENVIRONMENTALRADIOLOGICALMONITORING PROGRAMAND

SAMPLING LOCATIONS
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Table A-2

WATTS BAR NUCLEARPLANT
ENVIRONMENTALRADIOLOGICAL MONITORING PROGRAM

SAMPLING LOCATIONS

Mapa Approximate Indicator (I)
b

Location Distance or Samples
Number Station Sector (miles) Control (C) Collected

2 PM-2 NW 7.0 I AP,CF,FO,R,S
3 PM-3 NNE 10.4 I AP,CF,FO,R,S
4 PM-4 NE/ENE c 7.6 I AP,CF,FO,R,S
5 PM-5 S 6.2 I AP,CF,FO,R,S
6 RM-2 SW 15.0 C AP,CF,FO,R,S
7 RM-3 NNW 15.0 C AP,CF,FO,R,S
8 LM-I SSW 0.5 I AP,CF,FO,R,S
9 LM-2 N 0.5 I AP,CF,FO,R,S
lO LM-3 NNE 1.9 I AP,CF,FO,R,S
II LM-4 SE 0.9 I AP,CF,FO,R,S
12 Farm L SSW 1.3 I d M,V,W
13 Farm Moe NN 4.6 I M,V
15 Farm B E 15.0 C M
16 Farm C SSW 16.0 C M
17 Farm S SW 19.5 C M,V
18 Well #I S 0.6 I W
19 Farm Mu ESE 3.7 I M,V
25 TRM 517.9 -- 9.9 r I SW
25 TRM 518.0 -- 9.8 r I CL,P,SD
26 TRM 523.1 -- 4.7 f I SW
27 TRM 529.3 -- 1.5 r C SW9
28 TRM 532.1 -- 4.3 r C CL,P,SD
29 TRM 527.4 -- 0.4 f I CL,P,SD
31 TRM 473.0 -- 54.8 r I PW

(C.F. Industries)
32 TRM 513.0 -- 14.8 r I SS
33 TRM 530.2 -- 2.4r C SS
35 TRM 503.8 -- 24.0 r I PW

(Dayton)
36 TRM 496.5 -- 31.3 r I CL,P,SD
37 TRM 425-471 .... I F

(N_ckajack Lake)
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Table A-2 (Continued)

WATTS BAR NUCLEAR PLANT
ENVIRONMENTALRADIOLOGICALMONITORING PROGRAM

SAMPLING LOCATIONS

Mapa Approximate Indicator(I) b

Location Distance or Samples
Number Station Sector (miles) Control (C) Collected

38 TRM 471-530 .... I F
(ChickamaugaLake)

39 TRM 530-602 .... C F
(Watts Bar Lake)

40 Watts Bar
Reservation N I-2 C PW

74 Piney River Mile 5.7 -- 7.6f C PW

a. See FiguresA-l, A-2, and A-3.
b. Sample codes:

AP = Air particulatefilter R = Rainwater
CF = Charcoal filter S = Soil
CL = Clams SD = Sediment
F = Fish SS = Shoreline sediment
FO = Fallout SW = Surfacewater
M = Milk V = Vegetation
P = Plankton W = Well water
PW = Publicwater

c. Station locatedon boundarybetween these sectors.
d. A controlfor well water.
e. Dairy farm went out of business in February 1992. Milk sampling was

discontinuedon 2/18/92 and vegetation samplingwas discontinuedon 6/I/92.
f. Distancefrom plant discharge(TRM 527.8).
g. Surfacewater sample also used as a control for public water.
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Table A-3

WATTS BAR NUCLEAR PLANT
THERMOLUMINESCENT DOSIMETER (TLD) LOCATIONS

Mapa Approximate Onsite (On)b
Location Distance or
Number Station Sector (miles) Offsite (Off)

2 NW-3 NN 7.0 Off
3 NNE-3 NNE I0.4 Off
4 ENE-3 ENE 7.6 Off
5 S-3 S 6.2 Off
6 SW-3 SW 15.0 Off
7 NNW-4 NNW 15.0 Off

I0 NNE-IA NNE 1.9 Off
II SE-IA 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-I NNE 1.2 On
43 NNE-2 NNE 4.1 Off
44 NE-I NE 0.9 On
45 NE-2 NE 2.9 Off
46 NE-3 NE 6.1 Off
47 ENE-I ENE 0.7 On
48 ENE-2 ENE 5.8 Off
49 E-I E 1.3 On
50 E-2 E 5.0 Off
51 ESE-I ESE 1.2 On
52 ESE-2 ESE 4.4 Off
54 SE-2 SE 5.3 Off
55 SSE-I SSE 0.6 On
56 SSE-2 SSE 5.8 Off
57 S-I S 0.7 On
58 S-2 S 4.8 Off
59 SSW-I SSW 0.8 On
60 SSW-3 SSW 5.0 Off
62 SW-I SW 0.8 On
63 SW-2 SW 5.3 Off
64 WSW-I WSW 0.9 On
65 WSW-2 WSW 3.9 Off
66 W-I W 0.9 On
67 WNW-I WNW 0.9 On
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Table A-3 (Continued)

WATTS BAR NUCLEAR PLANT
THERMOLUMINESCENTDOSIMETER (TLD) LOCATIONS

Mapa Approximate Onsite (On)b
Location Distance or
Number Station Sector (miles) Offsite (Off)

68 WNW-2 WNW 4.9 Off
69 NW-I NW l.l On
70 NW-2 NW 4.7 Off
71 NNW-I NNW 1.0 On
72 NNW-2 NNW 4.5 Off
73 NNW-3 NNW 7.0 Off

a. See FiguresA-l, A-2, and A-3.
b. TLDs designatedonsite are those located2 miles or less from the plant.

TLDs designatedoffsite are those locatedmore than 2 miles from the plant.
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Figure A-1

Environmental Radiological Sampling Locations

Within 1 Mile of Plant
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Figure A-2

Environmental Radiological Sampling Locations

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

Environmental Radiological Sampling Locations

Greater Than 5 Miles From the Plant
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APPENDIX 3

1992 PROGRAM MODIFICATIONS

-49-



Appendix B

1992 Proqram Modifications

Three modificationswere made to the WBN environmentalradlologlcalmonitoring

program in 1992. The dairy farm located4.6 miles NN went out of business in

Februaryand was deleted from the monitoring program. Gross beta analysesof

food sampleswere discontinuedbecause they are of little use in the

evaluationof plant Impactsand they require extensivesample preparation. In

order to more efficientlyanalyze charcoal cartridgesand to permit the

detectionof all gamma-emlttingradlonuclldes,a germanium spectroscopysystem

Is now used for these samplesrather than a single channelanalyzer designed

to detect only 1-131.

The followlng table lists the changes made in the monitoringprogram in 1992.
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Table B-I

I_ATTSBAR NUCLEAR PLANT

Env|ronmentalRadiologicalMonitoring ProgramModifications
1992

Date Station Location Remarks

2/18/92 Farm Mo 4.0 Miles NW Milk sampling discontinuedbecause
the farm ceased dairy operations.

6/I/92 Farm Mo 4.0 M11es NN Vegetation sampling d_scont_nued
after the farm ceased dairy
operations.

6/I/92 Food Ali Gross beta analysis of food
Sampllng sampleswas dlscontlnued.
Locations

9/14/92 Air All Effective9/14/92, charcoal
Sampling cartridgeswere counted for 1-131
Stations activity by germanium spectroscopy

rather than by a Nai detector set up
as a single channel analyzer.
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APPENDIX C

PROGRAMDEVIATIONS
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Append1x C

Program Devlations

During the 1992 samplingperiod, a small number of sampleswere not collected

and several analyses were not completedon some collectedsamples. These

occurrencesresulted in deviatlonsfrom the scheduledprogram.

The missed samples and analyses were the resultof equipmentmalfunction,

sample unavailability,the scarcityof sample media, and the lack of

sufficientquantltiesof sample for complete analysls. A list of missed

samples,analyses,causes, and remedies to prevent recurrence,where

applicable,are found in Table C-I.
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Table C-I

Missed Samples and Analyses

Date Station Location Remarks

l/7/92 RM-3 15 miles NNN Gum paper samplewas not collected.
The samplewas missing from the
collectionapparatus.

2/4/92 TRM 529.3 1.5 miles Mechanical problemswith the automatic
upstream samplingequipmentresulted in the

loss of the surfacewater sample.
The equipmentwas repaired before the
next scheduledsampling collection.
Note: This sample is also considered
a controlsample for drinking water.

3/18192, Farm C 16 miles SSW Milk had already been picked up
4/15/92,& by the processor,thereforeno sample
12/9/92 was avallable. This is one of three

control stations.

3/31/92& TRM 529.3 1.5 miles Two surfacewater samples contained
4/28/92 upstream insufficientvolume for 1-131

analysis.
Note: This sample is also considered
a controlsample for drinking water.

5113/92& TRM 532.1 4.3 miles The clam population is diminishing.
II/4/92 upstream Sufficientquantitiesof clams were

not availableto provide samples from
this location.

5113/92& TRM 496.5 31.3 miles The clam population is diminishing.
II/4/92 downstream Sufficientquantitiesof clams were

not availableto provide samples from
this location.

5126192 TRM 529.3 1.5 miles The fractionof the surfacewater
upstream taken for Sr-89,90 analysis was lost

during the separationprocess. A11
other analyses were completed.
Note: This sample is also considered
a control sample for drinking water.
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Table C-I (Continued)

Missed Samplesand Analyses

Date Station Location Remarks

6/15/92 TRM 473.0 54.8 miles Gross beta analysis not performed
C. F. Ind. downstream on one public water sample. The

fraction taken for the analysis was
mishandled and lost during analysis.

8/11192 RM-2 15 miles SW Rainwatersample was not collectedas
a result of insufficientrainfall.

I0/13/92 TRM 517.9 9.9 miles Mechanicalproblems with the automatic
downstream samplingequipment resulted in the

loss of the surface water sample.
The equipmentwas repaired before the
next scheduledsampling collection.

12121192 Farm L 1.3 miles SSW Milk had already been picked up by
the processor,therefore, no sample
was available.

12/15192& LM-3 1.9 m%les NNE Air particulateand charcoal filter
12/21192 sampleswere not collectedas a

result of a broken belt. The belt
was replaced and sampling resumed the
followingweeks.

12/30191 LM-I 0.4 miles SSW The rainwatersample was lost as a
result of the drain line coming
disconnected. The tubing was
reconnectedand subsequent samples
collected.

a. See Table A-2 for locations.
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APPENDIX D

AnalyticalProcedures

Analysesof environmentalsamplesare performedby the radioanalytical

laboratorylocatedat the WesternArea RadiologicalLaboratoryfacility in

Muscle Shoals,Alabama. All analysis proceduresare based on accepted

methods. A summaryof the analysis techniquesand methodologyfollows.

The gross beta measurementsare made with an automaticlow background counting

system. Normal counting times are 50 minutes. Water samplesare prepared by

evaporating500 ml of samplesto near dryness,transferringto a stainless

steel planchet and completingthe evaporationprocess. For solid samples, a

specifiedamount of the sample is packed into a deep stainlesssteel

planchet. Air particulatefilters are counteddirectly in a shallow planchet.

The specificanalysis of 1-131 in milk, water, or vegetationsamples is

performedby first isolatingand purifyingthe iodineby radiochemical

separationand then countingthe final precipitateon a beta-gamma coincidence

counting system. The normal count time is lO0 minutes. With the beta-gamma

coincidencecounting system,background counts are virtuallyeliminated and

extremely low levelsof detectioncan be obtained.

After a radiochemicalseparation,samplesanalyzedfor Sr-89,90 are countedon

a low backgroundbeta countingsystem. The sample is counted a second time

after a ?-day ingrowth period. From the two counts the Sr-89 and Sr-90

concentrationscan be determined.
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Water samples are analyzed for tritium content by first distilling a portion

of the sample and then counting by liquid scintillation. A commercially

available scintillation cocktail is used.

Gamma analyses are performed in various counting geometriesdependingon the

sample type and volume. All gamma counts are obtained with germanium type

detectors interfacedwith a computer based multichannelanalyzer system.

Spectral data reduction is performedby the computer program HYPERMET.

The charcoal cartridges used to sample gaseous radioiodinewere analyzed with

well-type Nai detectors interfacedwith a single channel analyzer until

September ll, 1992. The system is calibrated to measure 1-131. After that

date all charcoal cartridges have been analyzed by gamma spectroscopyusing a

germaniumdetector system.

All of the necessary efficiencyvalues, weight-efflciencycurves,and geometry

tables are establishedand maintainedon each detector and counting system. A

series of daily and periodic quality controlchecks are performedto monitor

counting instrumentation. System logbooksand control charts are used to

document the results of the quality control checks.
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Appendlx E

Nominal Lower Limits of Detection

Sensitive radiationdetectiondevices can give a signal or reading even when

no radioactivityis present in a sample being analyzed. This signal may come

from trace amountsof radioactivityin the componentsof the device, from

cosmic rays, from naturallyoccurring radon gas, or from electronicnoise.

Thus, there is always some sort of signalon these sensitivedevices. The

signal registeredwhen no activity is present in the sample is called the

background.

The point at which the signal is determinedto representradioactivityin the

sample is called the critical level. This point is based on statistical

analysisof the backgroundreadingsfrom any particulardevice. However, any

sample measuredover and over in the same device will give different readings,

some higher than others. The sample should have a we11-definedaverage

reading, but any individualreading will vary from that average. In order to

determine the activity present in a sample that will produce a reading above

the crltical level, additionalstatisticalanalysisof the background readings

is required. The hypotheticalactivity calculatedfrom this analysis is

called the lower limit of detection(LLD). A listingof typical LLD values

that a laboratorypublishesis a guide to the sensitivityof the analytical

measurementsperformedby the laboratory.
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Every time an activity is calculatedfor a sample,the backgroundmust be

subtractedfrom the sample signal. For the very low levels encounteredin

environmentalmonitoring,the sample signalsare often very close to the

background. The measuringequipmentis being used at the limit of its

capability. For a sample with no measurable activity,which often happens,

about half the time its signal should fall below the averagemachine

backgroundand half the time it should be above the background. If a signal

above the backgroundis present,the calculatedactivity is compared to the

calculatedLLD to determine if there is really activity presentor if the

number is an artifactof the way radioactivityis measured.

A numberof factors influencethe LLD, includingsamplesize, count time,

countingefficiency,chemlcal processes,radioactivedecay factors, and

interferingisotopesencounteredin the sample. The most likely values for

these factors have been evaluatedfor the variousanalyses performed in the

environmentalmonitoring program. The nominalLLDs calculatedfrom these

values are presentedin Table E-l. The maximumvalues for the lower limits of

detectionspecifiedin NRC NUREG 0473 are shown in Table E-2.

The LLDs are also presented in the data tables. For analyses for which LLDs

have not been established,an LLD of zero is assumed in determiningif a

measuredactivity is greater than the LLD.
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Table E-2

Maximum Values for the Lower Limits of Detection (LLD)
Specifledby the Draft HBN Offsite Dose CalculationManual

Airborne
Partlculate Food

Water or Gases Fish Milk Products Sediment
Analysis pCi/L pCilm3 pCl/Kg,we.___ttpCl/L pci/kg,wet pCl/Kq,dry

gross beta 4 l x 10-2 N.A. N.A. N.A. N.A.

H-3 2000a N.A. N.A. N.A. N.A. N.A.

Mn-54 15 N.A. 130 N.A. N.A. N.A.

Fe-59 30 N.A. 260 N.A. N.A. N.A.

Co-58,60 15 N.A. 130 N.A. N.A. N.A.

Zn-65 30 N.A. 260 N.A. N.A. N.A.

Zr-95 30 N.A. N.A. N.A. N.A. N.A.

Nb-95 15 N.A. N.A. N.A. N.A. N.A.

1-131 1b 7 x 10-2 N.A. 1 60 N.A.

Cs-134 15 5 x lO-2 130 15 60 150

Cs-137 18 6 x 10-2 150 18 80 180

Ba-140 60 N.A. N.A. 60 N.A. N.A.

La-140 15 N.A. N.A. 15 N.A. N.A.

If no drinking water pathway exists, a value of 3000pCi/Lmay be used.
If no drinking water pathwayexists, a value of 15 pCi/L may be used.
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Appendi x F

Quallty Assurance/Quality Control Proqram

A thoroughqualltyassuranceprogram is employed by the laboratoryto ensure

that the environmentalmonitoringdata are rellable. This program includes

the use of written,approved procedures_n performing the work, a

nonconformanceand correctiveaction tracking system, systematic internal

audits,a completetraining and retrainingsystem, audits by various external

organizations,and a laboratoryquality control program.

The qualitycontrol programemployed by the radioanalyticallaboratory is

designedto ensure that the sampling and analysisprocess is working as

intended. The programincludesequipment checks and the analysis of special

samplesalong with routine samples.

Radiationdetectiondevicesare complex and can be tested in a number of

ways. There are two primary tests which are performedon all devices. In the

first type, the device is operated without a sample on the detector to

determinethe backgroundcount rate. The background counts are usually low

valuesand are due to machine noise, cosmic rays, or trace amountsof

radioactivityin the materialsused to constructthe detector. Charts of

backgroundcounts are kept and monitored to ensure that no unusually high or

low values are encountered.

In the second test, the device is operatedwith a known amount of

radioactivitypresent. The number of counts registered from such a
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radioactivestandard should be very reproducible. These reproducibility_

checks are also monitored to ensure that they are neither higher nor lower

than expected. When counts from either test fall outside the expected range,

the device is inspectedfor malfunctionor contamination. It is not placed

into serviceuntil it is operating properly.

In addition to these two general checks, other quality control checks are

performedon the variety of detectors used in the laboratory. The exact

nature of these checks depends on the type of device and the method it uses to

detect radiationor store the informationobtained.

Qual|ty control samplesof a variety of types are used by the laboratoryto

ver|fy the performanceof differentportions of the analytical process. These

qualitycontrol samplesmay be blanks, replicate samples,blind samples,or

cross-checks.

Blanks are sampleswhich contain no measurable radioactivityor no activity of

the type being measured. Such samples are analyzed to determine whether there

is any contaminationof equipmentor commercial laboratorychemicals,

cross-contaminationin the chemical process, or interferencefrom isotopes

other than the one being measured.

Duplicatesamples are generatedat random by the same computer program which

schedulesthe collectionof the routine samples. For example, if the routine

programcalls for'four milk samplesevery week, on a random basis each farm

might providean additional sample several times a year. These duplicate
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samplesare analyzed along with the other routine samples. They provide

informationabout the variabilityof radioactivecontent in the various sample

medla.

If enough sample is availablefor a particularanalysls,the laboratory

analyst can spllt it into two portions. Such a sample can provide information

about the variabilityof the analyticalprocess since two identicalportions

of material are analyzed side by side.

Analyticalknowns are another category of quality control sample. A known

amount of radioactivityis added to a sample medium by the quallty control

staff or by the analysts themselves. The analysts are told the radioactive

contentof the sample. Whenever possible,the analyticalknowns contain the

same amount of radioactivityeach time they are run. In this way, the

analysts have immediateknowledgeof the quality of the measurementprocess.

A portionof these samplesare also blanks.

Blind spikes are samples containingradioactivitywhich are introducedinto

the analysis process disguised as ordinary environmentalsamples. The analyst

does not know they contain radioactivity. Since the bulk of the ordinary

workload of the environmentallaboratorycontains no measurableactivity or

only naturallyoccurringradioisotopes,blind spikes can be used to test the

detectioncapabilityof the laboratoryor they can be used to test the data

review process. If an analysis routinelygenerates numerous zeroes for a

particular isotope, the presenceof the isotope is brought to the attentionof

the laboratorysupervisor in the daily review process. Blind spikes test
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this process since they contain radioactivityat levels high enough to be

detected. Furthermore,the activity can be put into such samples at the

extreme limit of detection(near the LLD) to determinewhether or not the

laboratorycan find any unusual radioactivitywhatsoever.

At present, 5 percentof the laboratoryworkload is in the category of

internalcross-checks. These sampleshave a known amount of radioactivity

added and are presentedto the analysts labeledas cross-checksamples. This

means that the qualitycontrol staff knows the radioactivecontent or "right

answer"but the analystsdo not. They are aware they are being tested. Such

samplestest the best performanceof the laboratoryby determiningif the

analystscan find the "right answer." These samplesprovide informationabout

the accuracyof the measurementprocess. Further informationis available

about the variabilityof the process If multiple analyses are requestedon the

same sample. Internal cross-checkscan also tell if there is a difference in

performancebetween two analysts. Like blind spikes or analytical knowns,

these samplescan also be spikedwith low levels of activity to test detection

llmits.

A seriesof cross-checksis produced by the EPA in Las Vegas. These

interlaboratorycomparisonsamplesor "EPA cross-checks"are considered to be

the primary indicatorof laboratoryperformance. They provide an independent

check of the entire measurementprocess that cannot be easily provided by the

laboratoryitself. That is, unlike internallyproduced cross-checks,EPA

cross-checkstest the calibrationof the laboratorydetectiondevices since

differentradioactivestandardsproduced by individualsoutside TVA are used
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in the cross-checks. The results of the analysis of these samples are

reported back to EPA which then issues a report of all the results of all

participants. These reports are examined very closely by laboratory

supervisory and quality control personnel. They indicate how well the

laboratory is doing compared to others across the nation. Like internal

cross-checks, the EPA cross-checks provide information to the laboratory about

the precision and accuracy of the radloanalytlcal work it does. The results

of TVA's participation in the EPA Interlaboratory Comparison Program are

presented in Table F-l. For 1992, all EPA cross-check sample concentrations

measured by TVA's laboratory were within ± 3-slgma of the EPA reported value.

TVA splits certain environmental samples with laboratories operated by the

States of Alabama and Tennessee and the EPA Eastern Environmental Radiation

Facility in Montgomery, Alabama. When radioactivity has been present in the

environment in measurable quantities, such as following atmospheric nuclear

weapons testing, following the Chernobyl incident, or as naturally occurring

radionuclides, the split samples have provided TVA with yet another level of

information about laboratory performance. These samples demonstrate

performance on actual environmental sample matrices rather than on the

constructed matrices used in cross-check programs.

All the quality control data are routinely collected, examined, and reported

to laboratory supervisory personnel. They are checked for trends, problem

areas, or other indications that a portion of the analytical process needs

help or improvement. The end result is a measurement process that provides

accurate data and is sensitive enough to measure the presence of radioactivity

far below the levels which could be harmful to humans.
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APPENDIXG

LANDUSE SURVEY
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APPENDIXG

Land Use Survey

A land use survey is conductedperiodicallyto identifythe locationof the

nearestmilk animal, the nearestresidence,and the nearestgarden of greater

than 500 square feet producingfresh leafy vegetables in each of 16

meteorologicalsectorswithin a distanceof 5 miles from the plant.

The land use survey is usually conductedbetweenApril I and October 1 using

appropriatetechniquessuch as door-to-doorsurvey,mail survey,telephone

survey,aerial survey,or informationfrom local agriculturalauthoritiesor

other reliable sources.

Prior to the 1992 survey,the most recent land use survey for WBN was

performed in 1986. From the data of the surveys, relativeradiationdoses

were projectedfor individualsnear the plant. Doses from breathingair (air

submersion)were calculatedfor the nearest resident in each sector, while

doses from drinking milk or eating foods produced near the plant were

calculatedfor the areas with milk producinganimals and gardens,

respectively. These doses were calculateduslng design basis source terms and

historicalmeteorologicaldata. They also assume that the plant is operating

and that releasesare equivalentto the design basis source terms. The

calculateddoses are relative in nature and do not reflect actual exposures

receivedby individualsliving near WBN.

Relativedoses calculatedfor 1992 for air submersionwere similar to those

projectedfor 1986.
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Doses calculated _n 1992 from _ngestlon of home-grown foods were s_gnificantly

lower than those calculated _n 1986. These changes result from the incluslon

of terraln adjustment factors in the 1992 data.

Doses calculated for the Ingestion of mllk at those locat|ons wlth milk

produc|ng anlmals were typ_cally lower than those calculated in 1986. These

changes are prlmarily the result of changes In animal feeding factors and In

the ages of the consumers.

Tables G-l, G-2, and G-3 show the comparativecalculateddoses for 1986 and

1992.

-75-



Table G-I

Watts Bar Nuclear Plant
Relative Projected Annual Air Submersion Dose to the Nearest Resident

Within 5 Miles of Pl ant a

mrem/year Ireactor

1986 Survey 1992 Survey
Approximate Approx imate

Sector Distance (Miles) Annual Dose Distance (Miles) Annual Dose

N 1.3 0.14 1.3 0.09
NNE l.7 O.lO 2.3 0.07
NE 2.1 0.04 2.2 0.07
ENE 1.4 0.12 l.8 O.lO
E 2.0 0.08 2.0 0.08
ESE 2.9 0.03 2.9 0.05
SE 0.9 0.53 3.1 0.04
SSE l.0 0.36 l.0 0.16
S l.0 0.23 l.0 0.13
SSN 1.2 0.15 1.3 0.09
SW 2.7 0.02 2.6 0.04
WSW 1.3 0.16 1.4 0.12
W 1.9 0.05 1.8 0.03
WNW 1.0 0.07 1.0 0.08
NW 1.9 0.03 1.9 0.02
NNW 2.8 0.02 2.7 0.01

a. Assumes the plant is operating and effluent releases are equivalent to
design basis source terms.



Table G-2

Watts Bar Nuclear Plant

Relative Projected Annual Ingestion Dose to Child's Critical
Organ from Ingestion of Home-Grown Foods
Nearest Garden Within 5 Miles of Plant_

mrem/year/reactor

1986 Survey 1992 Survey
Distance Annual Dose Distance Annual Dose

Sector (Miles) (Bone) (Miles) (Bone)

N 2.8 0.81 2.8 l.00
NNE 2.3 l.47 2.3 2.22
NE 2.1 1.38 2.1 2.65
ENE l.4 3.56 1.8 3.50
E 2.0 2.45 2.0 2.89
ESE 2.9 I.00 2.9 l.81
SE 1.9 3.17 3.1 1.64
SSE I.0 10.70 1.0 5.01
S l.4 2.86 l.5 2.66
SSW l.3 3.27 b b
SW b b b b

._ WSW l.5 3.61 l.7 2.95
W l.9 l.62 1.9 I.03
WNW 1.6 0.65 1.0 2.44
NW 2,6 0.46 2.0 0.56
NNW 2.8 0.59 2.8 0.49

a. Assumes the plant is operating and effluent releases are equivalent to
design basis source terms.

b. Garden not _dentified in this sector.
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Table G-3

Watts Bar Nuclear Plant
Relative Projected Annual Dose to Reactor Thyroid from Ingestion of Milk a

(Nearest Milk-Producing Animal Within 5 Miles of Plant)

mrem/year / reac tor

Approximate Di stance Annual Dose X/Q
Location Sector (Mi les) 1986 1992 s/m 3

Cows

Farm Mub ESE 3.6 0.19 0.14 10_ E -6
Farm N ESE 4.1 c 0.06 9 21 E -7
Farm Hu ESE 4.7 c 0.04 6 68 E -7
Farm L b SSW 1.2 0.89 0.26 2 58 E -6
Farm Ho_ SSW 1.5 0.53 0.15 1 91 E -6
Farm S WNW/NW 4.9 c 0.005 7 30 E -B

Goats

Farm He W 4.1 0.07 0.05 2.73 E -7

a. Assumes the plant is operating and effluent releases are equivalent to
design basis source terms.

b. Milk being sampled at these locations.
c. Milk-producing animals not identified in th_s sector.
d. Ownei"unwilling to provide samples or information. The dose calculated

assumes consumption of the milk by an adult. If milk from this location
were to be consumed by teens, children or _nfants, tne estimated doses
would be 0.23, 0.49 and 1.05 mrem/year, respectively.

m
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DATA TABLES
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Table H-1

DIRECT RADIATION LEVELS

Average External Gamma Radiation Levels at Various Distances from
Watts Bar Nuclear Plant for Each Quarter - 1992

mR/Quarter a

b

Distance Averaqe External Gamma Radiation Levels
Miles Isr Quarter 2nd Quarter 3rd Quarter 4th Quarter

(Dec 91-Feb 92) (Mar-May 92) (Oun-Aug 92) (Sep-Nov 92)

O-I 17.3 + 2.3 16.8 ± 2.4 16.5 ± 2.5 16.2 ± 2.2

I-2 16.4 ± 1.2 15.8 ± 1.2 15.2 ± 1.3 15.0 ± 1.1

2-4 13.4 ± 0.6 12.7 ± 0.8 12.2 + 0.5 14.8 ± 0

4-6 15.7 ± 1.6 14.9 ± 1.7 14.4 ± 1.8 14.0 ± 1.8

>6 14.3 ± 2.2 14.0 ± 2.3 13.4 ± 2.1 13.8 ± 1.9

Average, 16.9 ± 2.0 16.4 ± 2.1 16.0 ± 2.2 15.8 ± 1.9
0-2 miIes
(Onsite)

Average 15.0 ± 2.0 14.4 ± 2.0 13.9 ± 2.0 13.9 ± 1.8
>2 miIes
(Offsite)

a. Data normalized to one quarter (2190 hours).
b. Averages of the individual measurements in the set sl standard deviation

of the set.
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