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EXECUTIVE SUMMARY

This report describes the environmental radiological monitoring program

conducted by TVA in the vicinity of Browns Ferry Nuclear Plant in 1987.

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 not 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. Results from stations

near the plant are compared with concentrations from control stations and

o with preoperational measurements to determine potential impacts of plant

operations.

The vast majority of the exposures calculated from environmental samples

were contributed by naturally occurring radioactive materials or from

materials commonly found in the environment as a result of atmospheric

nuclear weapons fallout. Small amounts of Co-60 were found in sediment

samples downstream from the plant. This activity in stream sediment

would result in no measurable increase over background in the dose to the
1

general public.



INTRODUCTION

This report describes and summarizes a huge volume of data, the results of

many thousands of measurements and laboratory analyses. The measurements are

made to comply with regulations and to determine potential effects on public

health and safety. This report is prepared annually in partial fulfillment of,
the requirements of the plant operating license. In addition, estimates of

the maximum potential doses to the surrounding population are made from

radioactivity measured both in plant effluents and in environmental samples.

Some of the data presented are prescribed by specific requirements while other

data are included which may be useful or interesting to individuals who do not

work with this material routinely.

O Radiation and Radioactivit

The only form of "radiation" which is clearly observable by the human senses

is light. Except for light, and the vaguer general sense of warmth due to

radiant heat, there was originally no need for words to describe other kinds

of radiation, since no other kinds were known. Beginning about 300 years ago,

scientists began to extend the range'f normal senses with various kinds of

instruments. These instruments (lenses, thermometers, etc.) revealed that

there were other forms of radiation similar to light but only observable with

instruments. At the present time there are two major kinds of radiation

known: electromagnetic radiation and high-energy particles.

The family of electromagnetic radiation includes light, radio waves, infrared

rays, ultraviolet rays, X-rays, and gamma rays. These forms of radiation are





all identical except for their energy. Radio waves are of the lowest energies

and gamma rays the highest, with light rays between them in energy.

Electromagnetic rays exist only as radiation and can be considered to be pure

energy. Many X-rays and gamma rays may penetrate into the body and cause

changes in cells in the body rather than being stopped by the skin as

ultraviolet light. Electromagnetic radiation can generally be stopped by

thicker materials such as lead and concrete.

High-energy particle radiation is not limited to "pure energy," but includes

particles of matter behaving like electromagnetic radiation because they are

moving at very high speeds. Members of this family include alpha particles,

beta particles, and neutrons. These particles are individually smaller than

atoms since they are "components of atoms. An alpha particle consists of two

O protons and two neutrons while a beta particle has a mass and charge equal to

that of an electron. These particles produce the same types of changes in

matter as electromagnetic radiation. Since alpha particles have a relatively

large mass, they can be easily stopped by a sheet of paper, the human skin, or

a few centimeters of air. Beta particles, being much smaller, can penetrate

several sheets of paper or thin metal sheets, but can be stopped by a few

centimeters of paper. Beta particles may or may not be able to penetrate

beyond the skin layer and into deeper body tissues, depending on the speed at

which the particles are traveling.

One additional characteristic of radiation is important to an understanding of

the environmental effects of nuclear power plant radiation. That is the

concept of "ionizing radiation." About 90 years ago, some forms of radiation



were discovered which were unique in that they;caused "ionization" of air.
That is, the radiation had sufficient energy to break apart the molecules of

gases in the air. This was first discovered with X-rays (electromagnetic
\

radiation), and soon after with alpha and beta particles. Environmental

monitoring at nuclear power plants is concerned only with "ionizing

radiation"; sunlight and radio waves are examples of non-ionizing radiation.

The basic building block of all material in the universe is the atom. A)orna

are composed of a central nucleus surrounded by electrons in orbit around the

nucleus. The nucleus consists of neutrons which have no electrical charge and

protons which are positively charged. The orbiting electrons have a negative

electrical charge. In most atoms the protons and electrons are balanced and

the atom is said to be stable. However, in a number of atoms the nucleus

contains an excess of energy. In an effort to return to a balanced state, the

atom releases the excess energy. Atoms of this type are said to be

radioactive. Radiation released by these atoms may be in the form of

electromagnetic radiation or high speed alpha or beta particles.

Ionizing radiation does not build.up in the body. When this radiation enters

the body, it interacts with atoms. It then either exits the body andlor is

transformed as energy to body tissues. This means that an individual is

affected by external radiation only as long as he/she is exposed to it. )As an

example, when an individual comes indoors, that individual is no longer

exposed to the ultraviolet light from the sun. Exposure to the ultraviolet

light ended as soon as the individual came inside. This principle can also be

illustrated by the fact that light cannot build up inside a room. As soon as

the light switch is turned off, the light vanishes and the room is dark.
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Radioactive materials are made of atoms which emit ionizing radiation. Even

though radiation cannot accumulate in the body, it is possible for atoms of

radioactive material to be absorbed by the body or to cling to the body

surface. When these atoms are in or on the body, they still emit ionizing

radiation in all directions, which means that the radiation is being emitted

from inside the body or from the body surface, respectively. As such, these

radioactive atoms are called contamination, because they are located at a

place (in this case, in or on the body) where they are not wanted.

Electromagnetic radiation is known to have some impacts on human health.

Ultraviolet radiation from the sun produces the familiar sunburn after

excessive exposure. The principal health effect hypothesized from exposure to

low level ionizing radiation may be a very slight increase in the risk of

O developing cancer. The determination of this risk is difficult to quantify.

Because o'f this the scientific community has not been able to determine

whether exposure to low levels of radiation (radiation levels of up to several

times natural background) actually increases the chance of developing cancer.

However, it is known that high levels of radiation can increase the chance of

getting certain types of cancer such as leukemia. Therefore, the advice of

the scientific community is to avoid unnecessary exposure to ionizing

radiation, just as it is best to avoid excessive exposure to the sun'

ultraviolet rays. (Excessive exposure to the sun is known to increase the

chance of developing skin cancer in many individuals.)

The process by which radioactive atoms give off ionizing radiation is known as

radioactive decay. Atoms of the same element which have the same number of



protons but a different number of neutrons are called isotopes of the

element. The time required for half of the atoms of a specific isotope to

transform and consequently emit radiation is known as the half-life of the

isotope. The longer the half-life, the longer the period of time between

emissions of ionizing radiation. This means that radioactive materials which

have a short half-life are more radioactive when compared to equal quantities

of radioactive materials with a long half-life. The half-life of each

specific type of radioactive material is different. Each type has its own

half-life which never changes. Some radioactive materials may have half-lives

of only a fraction of a second while others have half-lives of millions of

years.

When a radioactive atom goes through the process of decay, its internal

structure changes. Radioactive decay and internal structural changes occur

almost instantaneously. The atom may be more or less radioactive than it was

at the beginning. Sometimes its internal structure changes in such a way that

the atom is no longer radioactive. In this case the atom is said to be

stable. This finally happens to all radioactive atoms, but for some it may-

take a very long time.

The unit of radioactivity is the "Curie" (Ci), which is equal to a radioactive

decay rate of 37 billion disintegrations per second. Because levels of

radioactivity in the environment usually exist in very small quantities, a

unit one trillion times smaller called the "picocurie" (pCi) is generally

used. A picocurie is equal to a radioactive decay rate of 0.037 decays





Another unit for expressing radioactivity is the Becquerel (Bq). One pCi is

equivalent to 0.037 Bq.r

The unit of radiation dose equivalent is the rem. The dose equivalent is a

quantity used for radiation protection purposes that expresses, on a common

'calefor all radiation, the irradiation incurred by exposed persons. Because

the dose equivalent from environmental radiation is generally very small, it
is convenient to use a much smaller unit called "millirem" (meaning one

thousandth of a rem) to express dose equivalent. In other words, 1000

millirems equals 1 rem. When radiation exposure occurs over periods of time,

it is appropriate to state the period of time in conjunction with the dose

equivalent. For environmental exposures, the time period stated is generally'

1 year (millirems per year or mrem/year). Measurements of radiation are made

O in units of Roentgens (R) or milliroentgens (mR). For purposes of comparison

in this report, 1 mR is considered equivalent to 1 mrem.

Naturall Occurrin and Back round Radioactivit

All materials in our world contain trace amounts of naturally occurring

radioactivity. Approximately 0.01 percent of all potassium is radioactive

potassium-40. 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. An individual'eighing 150 pounds contains about 140 grams of

potassium (Reference 1). This is equivalent to approximately 1 million pCi of

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

tissue of the body. Naturally occurring radioactive materials have always

been in our environment. Other examples of naturally occurring radioactive





materials are uraninum-238, uranium-235, thorium-234, radium-226, radon-222,

carbon-14, and hydrogen-3 (generally called tritium). These naturally

occurring radioactive materials are in the soil, our food, our drinking water,

and our bodies.

The radiation from these materials makes up a part of that low-level radiation

called "natural background radiation." The remainder of the natural

background radiation comes from outer space. We are 'all exposed to this

natural radiation 24 hours per day. All natural background radiation is

composed of the same types of radiation as that which is emitted by

artificially produced radioactive materials. Whether radiation comes from a

natural or an artificially produced source does not determine the degree of

hazard involved. It is the amount and type of radiation which determines the

hazard.

The average dose equivalent at sea level resulting from radiation from outer

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

essentially doubles with each 6600 foot increase in altitude in the lower

atmosphere. Another part of natural background radiation comes from naturally

occurring radioactive materials in the soil and rocks. Because the quantity

of naturally occurring radioactive material varies according to geographical

location, the part of the natural background radiation coming from this

radioactive material also depends upon the geographical location. Most of the

remainder of the natural background radiation comes from the radioactive

materials within each individual's body. We absorb these materials from the

food we eat which coptains naturally occurring radioactive materials from the



soil. An example of this is K-40 as described above. Even building materials

affect the natural background radiation levels in the environment. Living or

working in a building which is largely made of earthen material, such as

concrete or brick, will generally result in a higher natural background

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

This is due to the naturally occurring radioisotopes in the concrete or 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 and rocks there contain more radioactive material than the U.S. average,

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 1000 mrem/year

O 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 physical harm to anyone.

Xt 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
Cosmogenic
Terrestrial
In the body
Radon

Total

27
1

28
39

200
295

Release of radioactive material in
natural gas, mining, milling, etc.

Medical (effective dose equivalent)

Nuclear weapons fallout

Nuclear energy

Consumer products

53

less than l
0.28

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

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 rad'iation 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 radiation.

Significant discussion recently has centered around exposures from radon.

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

occurring radium-226 in soil. Mhen dispersed in the atmosphere, radon
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concentrations are relatively low. However, when the gas is trapped in closed
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spaces, it can build up until concentrations become significant. The National

Council of Radiation Protection and Measurements (Reference 2) has estimated

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

States is approximately 200 mrem/year. This estimated dose is approximately

twice the average dose equivalent from all other natural background sources.

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.

O However, nuclear plants require many complex systems to control the nuclear

fission process and to safeguard against the possibility of
reactor'alfunction,

which could lead to the release of radioactive materials.

Uranium-235 is a naturally occurring radioactive material used as fuel in

commercial power reactors in the United States. The nuclear fuel is contained

in fuel rods. The rods themselves are configured in bundles which make up the

reactor core. The core is covered with water inside the reactor vessel.

During operation, heat is generated by "splitting" the uranium atoms. This

process, called fission, splits the uranium atoms into smaller atoms called

fission products. Through the process of nuclear fission, the core becomes

very hot and heats the water, thereby producing steam. The steam is channeled

through turbines which turn electrical generators to produce electricity.t River water is used to cool the steam and condense it to water so that it may

be reused.



Radioactive material in solid, liquid, and gaseous form is produced as a
~ ~ ~ ~

~consequence of normal reactor operation. Although nuclear plants are designed

to contain the radioactive material created by the fission process, small
M

amounts of this material escape from the fuel rods. Also, structures and

components of the plant systems become activated through the bombardment of

neutrons. Very small amounts of these "activation products" are released from

the components into the plant systems. This radioactive material can be

transported throughout plant systems and some of it released to the

,environment.

'ome

small amounts of solid radioactive material get into the primary coolant

water. The primary coolant water is run through a purification system to

remove most of these particles; however, not all are removed. Some of the

O radioactive liquids may leak from pipes or valves in the system. These

liquids are collected in floor and equipment drains and sumps. The collected

liquids are then processed through a clean-up system, composed of storage

tanks, recycling systems, and demineralizers, to remove contaminants. The

purified water is then monitored to determine the amount of radioactive

material remaining in the water prior to its release to the environment. To

ensure that the amount of radioactivity released to the environment is as low

as reasonably achievable (ALARA), when the radioactivity in liquid is too high

this level is reduced by additional processing through the clean-up system.

All radioactivity released from the plant into the Tennessee River is measured

prior to release to ensure that all regulatory requirements have been met.

t The gaseous fis'sion products, called noble gases, do not mix with water and

are given off in a gaseous form. A very small amount of radioactive material,

-12-



called particulates, is given off along with these noble gases. They are
1t

processed so that the radioactive material is filtered and/or decayed prior to

release through the plant vents. Sampling and monitoring methods are used to

determine the amount of radioactive material released. If these methods

indicate that radioactivity in gaseous effluents is too high, releases are

terminated until the limits outlined in the operating license can be met.

All paths through which radioactivity is released are monitored. Liquid and

gaseous effluent monitors record the radiation levels for each release. These

monitors also provide alarming mechanisms to allow for termination of any

release above limits.

Releases are monitored at the onsite points of release and through an

O environmental monitoring program which measures the environmental radiation in

outlying areas around the plant. In this way, not only is the release of

radioactive materials from the plant tightly controlled, but measurements are

made in surrounding areas to ensure that the population is not being exposed

to significant levels of radiation or radioactive materials.

The U.S. Nuclear Regulatory Commission (NRC) requires that nuclear power

plants be designed, built, and operated in such a way that levels of

radioactive material released into unrestricted areas are as low as reasonably

achievable. To ensure that this is done, the plant's operating license

includes Technical Specifications which govern the release of radioactivity.

These Technical Specifications limit the release of radioactive effluents, as

well as doses to the general public from the release of these effluents.



Additional limits are set by the Environmental Protection Agency (EPA) for

doses to the public.

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

to unrestricted areas, as given in the Technical Specifications for each unit,

are limited to the following:

Li uid Effluents

Total body
Any organ

3 mrem/year per unit
10 mrem/year per unit

Gaseous Effluents

Noble gases:

Gamma radiation
Beta radiation

10 mrem/year per unit
20 mrem/year per unit

Particulates:

Any organ 15 mrem/year per unit

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
Thyroid
Any other organ

25 mrem/year
75 mrem/year
25 mrem/year

These EPA limits are also included in the Technical Specifications by which

the plant operates.

-14-
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In~addition, 10 CFR 20.106 provides maximum permissible concentrations (MPCs)

for radioactive materials released to unrestricted areas. MPCs for the

principal radionuclides associated with nuclear power plant effluents are

presented in table l.



SITE/PLANT DESCRIPTION

Browns Ferry Nuclear Plant (BFN) is located on the north shore of Wheeler
go

Reservoir at Tennessee River Mile 294 in Limestone County in north Alabama.

Wheeler Reservoir averages 1 to l-l/2 miles in width in the vicinity of the

plant. The site, containing approximately 840 acres, is approximately 10

miles southwest of Athens, Alabama, and 10 miles northwest of the center of

Decatur, Alabama (figure 1). The dominant character of the land is small,

scattered villages and homes in an agricultural area. A number of relatively

large farming operations occupy much of the land on the north side of the

river immediately surrounding the plant. The principal crop grown in the

area is cotton. At least three dairy farms are located within a 10-mile

radius of the plant.

Approximately 2000 people live within a 5-mile radius of the plant. The town

of Athens has a population of about 15,000, while approximately 40,000 people

live in the city of Decatur. The largest city in the area with approximately

150,000 people is Huntsville, Alabama, located about 24 miles east of the site.

Area recreation facilities are being developed along the Tennessee River. The

nearest facility is a commercial boat dock across the river from the site and

two county parks located about 8 miles west-northwest of the site. The city
of Decatur has developed a large municipal recreation area, Point Mallard

Park, approximately 15 miles upstream from the site. The Tennessee River is

also a popular sport fishing area.

-16-



The BFN consists of three boiling water reactors; each unit is rated at 1098

megawatts (electrical). Unit 1 achieved criticality on August 17, 1973, and

began commercial operation on August 1, 1974. Unit 2 began commercial

operation on March 1, 1975. However, a fire in the cable trays on March 22,

1975, forced the shutdown of both reactors. Units 1 and 2 resumed operation

and Unit 3 began testing in August 1976. Unit 3 began commercial operation in

January 1977. None of the units have operated since March 1985.
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ENVIRONMENTAL RADIOLOGICAL MONITORING PROGRAM

The dictionary definition of "monitoring" includes such words and phrases as
N

"check, test, watch, observe, keep track of, regulate, and control." These

are the purposes of environmental monitoring as applied to the specific

environment (surroundings, neighborhood) of a nuclear plant. The environment

includes soil, water, air, plants, and animals. Any of these could be

affected by nuclear power plant operations. Sample types are chosen so that

the potential for detection of radioactivity in the environment will be

maximized. The most important occupants of the environment are humans. The

monitoring program is designed to check the pathways between the plant and the

humans in the immediate vicinity. The sampling program is designed to most

efficiently monitor these pathways.

The unique environmental concern associated with a nuclear power plant is its

production of radioactive materials and radiation. This radioactive material

provides the energy that is converted to ordinary electricity. The vast

majority of this radiation and radioactivity is contained within the reactor

itself or one of the other plant systems designed to keep the material in the

plant. The retention of the materials in each level of control is achieved by

system engineering, design, construction, and operation. Environmental

monitoring is a final verification that the systems are performing as

planned. The environmental radiological monitoring program is outlined in

appendix A.
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There are two primary pathways by which radioactivity can move through the
t

environment to humans: air and water (see figure 2). The air pathway can be

separated into two components: the direct (airborne) pathway and the indirect

(ground or terrestrial) pathway. The direct airborne pathway consists of

direct radiation and inhalation by humans. In the terrestrial pathway,

radioactive materials may be deposited on the ground or on plants and

subsequently be 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 number 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 conjuction 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 lists the sampling stations and the types of samples collected from

each. Modifications made to the program in 1987 are described in appendix B

and exceptions to the sampling and analysis schedule are presented in

appendix C. To determine the amount of radioactivity in the environment prior

to the operation of BFN, a preoperational environmental radiological

monitoring program was initiated in 1968 and operated until the plant began

operation in 1973. Measurements of the same types of radioactive materials
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that are measured currently were assessed during the preoperational phase to

establish normal background levels for various radionuclides in the

environment. This is very important in that during the 1950s, 60s, and 70s,

atmospheric nuclear weapons testing occurred which released radioactive

material to the environment causing fluctuations in the natural background

radiation levels. This radioactive material is the same type as that produced

in the BFN reactors. Preoperational knowledge of natural radionuclide

patterns in the environment permits a determination, through comparison and

trending analyses, of whether the operation of BFN is impacting the

environment and thus the surrounding population. The determination of 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

o from indicator stations (near the plant) to establish the extent of BFN

influence.

All samples are analyzed by the radioanalytical laboratory of TVA's

Environmental Radiological Monitoring and Instrumentation Branch located at

the Western Area Radiological Laboratory (WARL) in Muscle Shoals, Alabama.

All 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 sophisticated radiation detection devices used to determine the
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quite sensitive to small amounts of radioactivity. In the field of radiation
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measurement, the sensitivity of the measurement process is discussed in terms

of the lower limit of detection (LLD). A description of the nominal LLDs for
the radioanalytical laboratory is presented in appendix E.

The radioanalytical laboratory employs a comprehensive quality assurance/

quality control program to monitor laboratory performance throughout the

year. The program is intended to detect an/ problems in the measurement

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

equipment checks to ensure that the complex radiation detection devices are

working properly and the analysis of special samples which are included

alongside routine environmental samples. 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 relative large variations in background

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

the plant may be difficult to distinguish.

Radiation levels measured in the area around the BFN site in 1987 were

consistent with levels from previous years and with levels measured at other

locations in the region.

Measurement Techni ues

Direct radiation measurements are made with detectors called thermoluminescent

dosimeters (TLDs). When certain materials are exposed to ionizing radiation,

many of the electrons which become displaced are trapped in the crystalline

structure of the material. They remain trapped for long periods of time as

long as the material is not heated. When heated, the electrons are released,

along with a pulse of light. A measurement of the intensity of the light is

directly proportional to the radiation to which the material was exposed.

Materials which display these characteristics are used in the manufacture of

TLDs.
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TVA uses a manganese activated calcium fluoride (CagF:Mn) TLD material

encased in a glass bulb. The bulb is placed in an energy compensating shield

to correct for energy dependence of the material. The TLDs are placed

approximately 1 meter above the ground, with three TLDs at each station.

Sixteen stations are located around the plant near the site boundary, one

station in each of the 16 sectors. ~ Dosimeters are also placed at the

perimeter and remote air monitoring sites and at 19 additional stations out to

approximately 32 miles from the site. The TLDs are exchanged every 3 months

and read with a Victoreen model 2810 TLD reader. The values are corrected for

gamma response, self-irradiation, and fading, with individual gamma response
'I

calibrations and self-irradiation factors determined for each TLD. The system

j
meets or exceeds the performance specifications outlined in Regulatory Guide

4.13 for environmental applications of TLDs.

Results

All results are normalized to a standard quarter (91.25 days or 2190 hours).

The stations are grouped according to the distance from the plant. The first

group consists of all stations 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

between 4 and 6 miles, and the fifth group is made up of all stations greate'r

than 6 miles from the plant. Past data have shown that the results from all

stations greater than 2 miles from the plant are essentially the same.

Therefore, for purposes of this report, all stations 2 miles or less from the

plant are identified as "onsite" stations and all others are considered

"offsite."
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Prior to 1976, direct radiation measurements in the environment were" made with
~

~

~
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less sensitive dosimeters. Consequently, the environmental radiation levels

reported in the preoperational phase of the monitoring program exceed current

measurements of background radiation levels. For this reason, data collected

prior to 1976 are not included in this report. For comparison purposes,

direct radiation measurements made in the Watts Bar Nuclear Plant (WBN)

environmental radiological monitoring program are referenced. The WBN is a

non-operating plant under construction near Spring City, Tennessee.

The quarterly gamma radiation levels determined from the TLDs deployed around

BFN in 1987 are given in table H-l., The rounded average annual exposures are

shown below.

Annual Average
Direct Radiation Levels

mR/ ear
BFN WBN

Onsite Stations

Offsite Stations

79

66

83

70

The data in table H-1 indicate that the average quarterly radiation levels at

the BFN onsite stations are approximately 2-4 mR/quarter higher than levels at

the offsite stations. This difference is also noted at the stations at WBN

and other nonoperating 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
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of influences such as natural variations in environmental radiation levels,
~ ~ ~
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~ ~

~
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earth-moving activities onsite, and the mass of concrete employed in the

construction of the plant. Other undetermined influences may also play a

part. These conclusions are supported by the fact that similar differences

between onsite and offsite stations were measured in the vicinity of the MBN

construction site

Figure H-1 compares plots of the environmental gamma radiation levels from the

onsite or site boundary stations with those from the offsite stations over the

period from 1976 through 1987. To reduce the 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 smoothed considerably. Figures H-3 and H-4 depict the

environmental gamma radiation levels measured during the construction of TVA's

QBN to the present. Note that the data follow„a similar pattern to the BFN

data and that, as discussed above, the levels reported at onsite stations are

similarly higher than the levels at offsite stations.

All results reported in 1987 are consistent with direct radiation levels

identified at locations which are not influenced by the operation of BFN.

There is no indication that BFN operations increase the background radiation

levels normally observed in the areas surrounding the plant.



ATMOSPHERIC MONITORING

The atmospheric monitoring network is divided into three groups identified as

local, perimeter, and remote. In the current program, five local air
monitoring stations are located on or adjacent to the plant site in the

general areas of greatest wind frequency. One additional station is located

at the point of maximum predicted offsite concentration of radionuclides based

on preoperational meteorological data. Three perimeter air monitoring

stations are located in communities out to about 13 miles from the plant, and

two remote air monitors are located out to 32 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. A number'f changes were made in the monitor locations in 1987 as a

result of changes in the technical specifications. These changes are
~ ~

~

~

~

~ ~ ~ ~

~

described in appendix B.

Results from the analysis of samples in the atmospheric pathway are presented

in tables H-2 through H-5. Radioactivity levels identified in this reporting

period are consistent with background and materials produced as a result of

fallout from previous nuclear weapons tests. There is no indication of an

increase in atmospheric radioactivity as a result of BFN.

Sam le Collection and Anal sis

Air particulates are collected by continuously sampling air at a flow rate of

approximately 2 cubic feet per minute (cfm) through a 2-inch Hollingsworth and

Vose LB5211 glass fiber filter. The sampling system consists of a pump, a
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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 system is housed in a building approximately

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

mounted on the outside of the monitor building. The filter is replaced every

7 days. Each filter is anaylzed 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. On a quarterly basis, all of the filters from a location are

composited and analyzed for Sr-89,90.

Gaseous radioiodine is collected using a commercially available cartridge

containing TEDA-impregnated charcoal. This system is designed to collect

e iodine in both the elemental form and as organic compounds." The cartridge is

located in the same sampling head as the air particulate 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. If activity above a specified limit is

detected, a complete gamma spectroscopy analysis is performed.

A gummed acetate paper is used to sample heavy particle fallout. An 11-inch

by 11-inch sheet of the paper is attached to a frame and mounted on,a holder

on the side of the monitor. The paper is collected every 4 weeks and analyzed

for gross beta activity. The collection of these samples was.discontinued in

1987 as described in appendix B. Rainwater is collected by use of a

collection tray attached to the monitor building. The collection tray is
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protected from debris by a screen cover. As water drains from the tray, it is

collected in one of two 5-gallon jugs inside the monitor building. A 1-gallon

sample is removed from the container every 4 weeks. Any excess water is,
discarded. Rainwater samples were analyzed by gamma spectroscopy and for

Sr-89,90 during the first 4 months of 1987. As described in appendix B, they

are currently held to be analyzed only if the air particulate .samples indicate

the presence of elevated activity levels or if fallout is expected. For

example, rainwater samples were analyzed during the period of fallout

following the accident at Chernobyl.

Results

The results from the analysis of air particulate samples are summarized in

table H-2. Gross beta activity in 1987 was consistent with levels reported'n

previous years. The average level at both indicator and control stations was

~

~

~

~

~

0.022 pCi/m . The annual averages of the gross beta activity in air
particulate filters at these stations for the years 1968-1987 are presented in

figure H-5. Increased levels due to fallout from atmospheric nuclear weapons

testing are evident, especially in 1969, 1970, 1971, 1977, 1978, and 1981.

Evidence of a small increase resulting from the Chernobyl accident can also be

seen in 1986. These patterns are consistent with data from monitoring

programs conducted by TVA at nonoperating nuclear power plant construction

sites.

Only natural radioactive materials were identified by the monthly gamma

spectrial analysis of the air particulate samples. No fission or activation

products were found at levels greater than the LLDs. Strontium-89 was
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identified in three of the quarterly composites. With a half-life of

approximately 60 days, this isotope cannot be present in the environment as a

result of plant operations or previous nuclear weapons testing. The positive

identification of Sr-89 is an artifact of the calculational process and the

low concentrations the laboratory is attempting to detect.

As shown in table H-3, iodine-131 concentrations in the charcoal canisters

were all less than the nominal LLD. Gamma analyses were performed on about

half of the canisters, revealing only naturally occurring radionuclides.

Gross beta activity in fallout samples averaged 0.1 mCi/km at both

indicator and control stations, indicating no contribution from plant

activities. Results from the analyses of these samples are presented in

table H-4.

=No fission or activation products were identified in rainwater. As indicated

in table H-5, only the naturally occurring Be-7 was found in these samples.
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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. Therefore, samples of milk, vegetation, soil, and food crops

are collected and analyzed to determine the potential impacts from exposure to

this pathway. The results from the analysis of these samples are shown in

tables H-6 through H-15.

O A land use survey is conducted annually to locate milk producing animals and

gardens within a 5-mile radius of the plant. Only one dairy farm is located

in this area', however, two dairy farms have been identified within 7 miles
of'he

plant. These three dairies are considered indicator stations and

routinely provide milk samples. The results of the 1987 land use survey are

presented in appendix G.

Sam le Collection and Anal sis

Milk samples are purchased weekly from three dairies within 7 miles of the

plant and from at least one of two control farms. These samples are placed on

ice for transport to the radioanalytical laboratory. A specific analysis 'for

1-131 is performed on each sample and a gamma spectroscopy analysis and
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Samples of vegetation are collected every 4 weeks for 1-131 analysis. The

samples are collected from the same locations as milk samples and from

selected air monitoring stations. The samples are collected by cutting or

breaking enough vegetation to provide between 100 and 200 grams of sample.

Care is taken not to include any soil with the vegetation. The sample is

placed in a container with 1650 ml of 0.5 N NaOH for transport back to the

radioanalytical laboratory. A second sample of between 750 and 1000 grams is

also collected from each location. After drying and grinding, this sample is

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

the gamma analysis is completed and analyzed for Sr-89,90.

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-89,90.

Samples representative of food crops raised in the area near the plant are

obtained from individual gardens, corner markets, or cooperatives. Types of

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

gardens. In 1987 samples of corn, green beans, potatoes, tomatoes, and turnip

greens were collected from local vegetable gardens. In addition, samples of

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

sample is prepared as if it were to be eaten and is analyzed by gamma

spectroscopy. After drying, grinding, and ashing, the sample is analyzed for

gross beta activity.

0





Results

The results from the analysis of milk samples are presented in table H-6. No

radioactivity which could be attributed to BFN was identified. All I-131

results were less than the established nominal LLD of 0.2 pCi/liter.
Cesium-137 was identified in one sample at a level equal to the LLD.

Strontium-90 from previous nuclear weapons tests was found in a little over

half of the samples. The average concentration reported from indicator

stations was 3.2 pCi/liter. An average of 3.0 pCi/liter was identified in

samples from control stations. By far the predominent isotope reported in

milk samples was the naturally occurring K-40. An average of approximately

1300 pCi/liter of K-40 was identified in all milk samples.

Similar results were reported for vegetation samples (table H-7). All I-131

values were less than the nominal LLD. Average Cs-137 concentrations were

~ ~
~ ~ ~

~
~

39.2 and 42.4 pCi/kg for indicator and control stations, respectively.

Strontium-90 levels averaged 106 pCi/kg from indicator stations and 112 pCi/kg

from control stations. Again, the largest concentrations identified were for

the naturally occurring isotopes K-40 and Be-7.

The only fission or activation product identified in soil samples was Cs-137.

The maximum concentration of this isotope was 1.1 pCi/g, which is consistent

with levels previously reported from fallout. All Sr-89,90 values were
less'han

the nominal LLDs. All other radionuclides reported were naturally

occurring isotopes (table H-8).
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Cesium-137 was identified in only one of the food samples. A concentration of

!

12 pCi/kg was reported in the control turnip green sample. Since Cs-137 is a

major constituent of fallout, its presence in this medium is not

unanticipated. All other radionuclides reported were naturally occurring.

The principal isotope identified was K-40. As noted earlier, K-40 is one of

the major radionuclides found naturally in the environment and is the

predominant radioactive component in normal foods and human tissue. Gross

beta concentrations for all indicator samples were consistent with the control

values. Analysis of these samples indicated no contribution from plant

activities. The results are reported in tables H-9 through H-15.
/

e
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A VATIC MONITORING

Potential exposures from the liquid pathway can occur from drinking water, .

ingestion of fish and clams, or from direct radiation exposure to radioactive

materials deposited in the river sediment. The aquatic monitoring program

includes the collection of samples of river (reservoir) water, groundwater,

drinking water supplies, fish, Asiatic clams, and bottom sediment. Samples

from the reservoir are collected both upstream and downstream from the plant.

Results from the analysis of aquatic samples are presented in tables H-16

through H-23. Radioactivity levels in water, fish and clams were consistent

with background and/or fallout levels previously reported. The presence of

Co-60 and Cs-134 was identified in sediment samples; however, the projected

exposure to the public from this medium is negligible.

Sam le Collection and Anal sis

Samples of surface water are collected from the Tennessee River using

automatic sampling pumps from two downstream stations and one upstream

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

flushed and a sample collected into a composite jug. A 1-gallon sample is

removed from the composite jug weekly and the remaining water in the jug is

discarded. A 4-week composite sample is prepared from the weekly samples and

analyzed by gamma spectroscopy and for gross beta activity. A quarterly

composite sample is analyzed for Sr-89,90 and tritium.
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Samples are also collected by an automatic sampling pump at the first
downstream drinking water intake. These samples are collected in the same

manner as the surface water samples. These weekly samples are analyzed by

gamma spectroscopy and for gross beta activity. At other selected locations,

grab samples are collected from drinking water systems which use the Tennessee

River as their source. These samples are analyzed every 4 weeks by gamma

spectroscopy and for gross beta activity. A quarterly composite sample from

each station is analyzed for Sr-89,90 and tritium. The sample collected by

the automatic pumping device is 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.

Groundwater is sampled from an onsite well and from a private well in an area
\

unaffected by BFN. The samples are collected every 4 weeks and analyzed by

gamma spectroscopy. A quarterly composite sample is analyzed for tritium.

Samples of commercial and game fish species are collected semiannually from

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

(Wheeler Reservoir), the upstream reservoir (Guntersville Reservoir), and the

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

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

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

grinding, the samples are analyzed by gamma spectroscopy. When the gamma
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! analysis is completed, the sample is ashed and analyzed for gross beta

!

activity.

Bottom sediment is collected semiannually from selected Tennessee River Mile

(TRM) locations using a dredging apparatus. 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. As a follow-up to the

identification of Co-60 in sediment samples in 1986, an additional set of

samples was taken from the routine sampling stations in February 1987.

A series of special sediment samples was taken from sampling locations near

the plant discharge in March 1987. The basis for the sampling and the results

from the analysis of the special samples are presented in appendix I.

Samples of Asiatic clams are collected from the same locations as the bottom

sediment. The clams are usually collected in the dredging process with the

sediment. However, at times the clams are difficult to find and divers must

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

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

are analyzed by gamma spectroscopy.

Results

All radioactivity in surface water samples was below the LLD except the gross

beta activity. These results are consistent with previously reported levels.

A trend plot of the gross beta activity in surface water samples from 1968

through 1987 is presented in figure H-6. A summary table of the results is

shown in table H-16.
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k Trace amounts of Sr-89 were identified in two raw water samples taken from the

drinking water intake structure. As noted earlier, the positive
(

identification of Sr-89 in environmental samples is an artifact of the

calculational process. Average gross beta activity was 2.9 pCi/liter at the

downstream stations and 2.7 pCi/liter at the control stations. The results

are shown in table H-17 and a trend plot of the gross beta activity in

drinking water from 1968 to the present is presented in figure H-7.

Concentrations of fission and activation products in groundwater were all

below the LLDs. Only naturally occurring radionuclides were identified in

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

Cesium-137 was identified in two fish samples. The downstream sample

contained 0.07 pCi/g while the upstream sample had 0.1 pCi/g. The only other~

~

~radioisotope found in fish was the naturally occurring K-40. These values

ranged from 4.6 pCi/g to 12.7 pCi/g. The maximum gross beta activity measured

in downstream samples was 26.8 pCi/g, while the maximum value in upstream

samples was 36.3 pCi/g. These results, which are summarized in tables H-19,

H-20, and H-21, indicate that the Cs-137 activity is probably a result of

fallout or other upstream effluents rather than activities at BFN.

Radionuclides of the types produced by nuclear power plant operations were

'dentifiedin sediment samples. The materials identified were Cs-137, Sr-89,

Co-60, and Cs-134. The average levels of Cs-137 were 0.87 pCi/g in downstream

samples and 0.43 pCi/g upstream. The calculational methodology resulted in
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Cs-137 concentration at downstream stations is approximately double the

activity in upstream samples. This same relationship was reported from these

stations during the preoperational phase of the monitoring at BFN, indicating

that the levels reported herein are probably not the result of .BFN oeprations.

Cobalt-60 concentrations in downstream samples averaged 0.26 pCi/g, while

concentrations upstream averaged 0.03 pCi/g. The maximum concentrations were

1.25 and 0.04 pCi/g, respectively. Cesium-134 concentrations in upstream

samples were all below the LLD. Levels in downstream samples averaged 0.06

pCi/g, with a maximum of 0 ~ 11 pCi/g. A realistic assessment of the impact to
A

the general public from this activity produces a negligible dose equivalent.

Results from the analysis of sediment samples are shown in table H-22.

O Only naturally occurring radioisotopes were identified in clam flesh samples.

The K-40 concentrations, presented in table H-23, ranged from 2.77 to

3.62 pCi/g.





ASSESSMENT AND EVALUATION

Potential doses to the public are estimated from measured effluents using

computer models. These models were developed by TVA and are based on

methodology provided by the NRC in Regulatory Guide 1.109 for determining the

potential dose to individuals and populations living in the vicinity of a

nuclear power plant. 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
4

tend to overestimate the dose to this "maximum" person. In reality, the

expected dose to actual individuals is lower.

!

The area around the plant is analyzed to determine the pathways through which

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

ways by which radioactivity is introduced into the environment are through-

liquid and gaseous effluents.

For liquid effluents, the public can be exposed to radiation from three

„ sources: drinking water from the Tennessee river, eating fish caught in the

Tennessee River, and direct exposure to radioactive material due to activities

on the banks of the river (recreational activities). Data used to determine

these 'doses are based on guidance given by the NRC for maximum ingestion

rates,, exposure times, and distribution of the material in the river.

Whenever possible, data used in the dose calculation are based on specific

conditions for the BFN area.
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For gaseous effluents, the public can be exposed to radiation from several

sources: direct radiation from the radioactivity in the air, direct radiation

from radioactivity deposited on the ground, inhalation of radioactivity in. the

air, ingestion of vegetation which contains radioactivity deposited from the

atmosphere, and ingestion of milk or meat from animals which consumed

vegetation containing deposited radioactivity. The concentrations of

radioactivity in the air and the soil are estimated by computer models which

use the actual meteorological conditions to determine the distribution of the

effluents in the atmosphere. Again, as many of the parameters as possible are

based on actual site-specific data.

Results

The estimated doses to the maximum exposed individual due to radioactivity

released from BFN in 1987 are presented in table 2. These estimates were made

using the measured concentrations from the liquid and gaseous effluent

monitors. Also shown are the technical specification limits for these doses

and a comparison between the calculated dose and the corresponding limit. A

more complete description of the effluents released from BFN and the

corresponding doses projected from these effluents can be found in the BFN

"Semiannual Radioactive Effluent Release Reports."

As indicated, the estimated increase in radiation dose equivalent to the

general public resulting from the operation of BFN is trivial when compared to

the dose from natural background radiation.
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Co-60, Cs-134, and Cs-137 were seen in aquatic media. The distribution of

Cs-137 in sediment is consistent with fallout levels identified in samples

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

corresponding control stations and appropriate preoperational and background
H

!

data to determine influences from the plant. During this report period,

both upstream and downstream from the plant during the preoperational phase of

the monitoring program. Co-60 and Cs-134 were identified in sediment samples

downstream from the plant in concentrations which would produce no measurable

increase in the dose to the general public. No increases of radioactivity

have been seen in water samples.

!

Dose estimates were made from concentrations of radioactivity found in samples

of environmental media. Media evaluated include, but are not limited to, air,

!
milk, food products, drinking water, and fish. Inhalation and ingestion doses

estimated for persons at the indicator locations were essentially identical to

those determined for persons at control stations. Greater than 95 percent of

those doses were contributed by the naturally occurring radionuclide K-40 and

by Sr-90 and Cs-137, which are long-lived radioisotopes found in fallout from

nuclear weapons testing.

Conclusions

It is concluded from the above analysis of the environmental sampling results

and from the trend plots presented in appendix H that the exposure to members

of the .general public which may have been attributable to BFN is negligible.

The radioactivity reported herein is primarily the result of fallout or

natural background radiation. Any activity which may be present as a result
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of plant operations does not represent a significant contribution to the

exposure of members of the public.

I

The maximum calculated whole body dose equivalent from measured liquid
'ffluentsas presented in table 2 is 0.22 mrem/year, or 2.4 percent of the

limit. The maximum organ dose equivalent from gaseous effluents is 0.015 mrem

per year. This represents approximately 0.03 percent of the technical

specification limit.
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Table 1

MAXIMUM PERMISSIBLE CONCENTRATIONS

FOR NONOCCUPATIONAL EXPOSURE

Alpha

Gross beta

H-3

Cs-137

Ru-103,-106

Ce-144

Zr-95 — Nb-95

!
Ba-140 — La-140

I-131

Zn-65

Mn-54

Co-60

Sr-89

Sr-90

Cr-51

Cs-134

Co-58

In Water
~Ci/1*

30

3,000

3,000,000

20,000

10,000

10,000

60,000

20,000

300

100,000

100,000

30,000

3,000

300

2,000,000

9,000

90,000

MPC
In Air

~Ci/m'*

100

200,000

500

200

200

1,000

1,000

100

2,000

1,000

300

300

30

,80,000

'400

2,000

*1 pCi ~ 3.7 x 10 * Bq.

Source: 10 CFR, Part 20, Appendix B, Table II.
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Table 2

Maximum Dose due to Radioactive Effluent Releases
Browns Ferry Nuclear Plant

1987
mrem/year

Total Body

Any Organ

1987
Dose

0.22

0.28

NRC
Limit

30

Liquid Effluents

Percent of
NRC Limit

2.4

0.9

EPA
Limit

25

25

Percent of
EPA Limit

0.9

Gaseous Effluents

I

Noble Gas

1987
Dose

NRC
Limit

Percent of
NRC Limit

EPA
Limit

Percent of
EPA Limit

(Gamma) 0.000001 30 0.000003 25 0.000004

Noble Gas
(Beta) 0.000003 60 0.000005 25 0.000012

Any Organ 0.015 45 0.03 25 0.06
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APPENDIX A

ENVIRONMENTAL RADIOLOGICAL MONITORING PROGRAM AND

SAMPLING LOCATIONS
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Table A-1

BROWNS FERRY NUCLEAR PLANT
Environmental Radiological Honi toring

Program'xposure

Pathway Number of Samples and Sampling and Type and Frequency

AIRBORNE

Particulates

Radioiodine

Rainwater

Soil

Direct

Five samples from locations
(in different sectors) at or
near the site boundary (LH-1,
LH-2, LH-3, LH-4, and LH-6)

Two samples from control
locations greater than
10 miles from the plant
(RH-1 and RH-6)

Three samples from locations
in communities approximately
10 miles from the plant
PH-l, PH-2, and PH-3)

Same locations as air
particulates

Same location as air
particulate

Samples from same locations
as air particulates

Two or more dosimeters placed
at locations (in different
sectors) at or near the site
boundary in each of the 16
sectors

Continuous sampler operation
with sample collection as
required by dust loading but
at least once per 7 days

Continuous sampler operation
with charcoal canister
collection at least once
per 7 days

Composite sample at least
once per 31 days

Once every year

At least once per 92 days

Parti cul ate sampl er.
Analyze for gross beta
radioactivity greater than
or equal to 24 hours
following filter change.
Perform ganea isotopic
analysis on each sample
when gross beta activity
is greater than 10 times
the average of control
samples. Perform galena
isotopic analysis on
composite (by location)
sample at least once per
31 days. Analyze for
Sr-89,90 content of
quarterly composite (by
location) at least once
per 90 days.

I-131 every 7 days

Analyzed for gamma nuclides
only if radioactivity in other
media indicates the presence of
increased levels of fallout
Ganma scan, Sr-89, Sr-90 once
per year

Gamma dose once per 92 days
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Table A-1

BROWNS FERRY NUCLEAR PLANT
Environmental Radiological Honitoring Program4

Exposure Pathway Number of Samples and Sampling and Type and Frequency
1

Two or more dosimeters placed
at stations located greater
than 5 miles from the plant
in each of the 16 sectors

Two or more dosimeters in at
least 8 additional locations
of special interest

At least once per 92 days Ganma dose once per 92 days

WATERBORNE

Surface

Drinking

Ground

One sample upstream (TRH 305.0)
One sample inmediately down-
stream of discharge (TRH 293.5)
One sample downstream from
plant (TRH 285.2)

One sample at the first
portable surface water
supply downstream from the
plant (TRH 282.6)

Two additional samples of
potable surface water down-
stream from the plant
(TRH 274.9 and TRH 259.5)

One sample at a control
location (TRH 306)

One additional sample at
a control location ~

(TRH 305)

One sample adjacent to the
plant (Well No. 6)

Collected by automatic
sequential-type sampler
with composite sample taken
at least once per 7 days

Collected by automatic
sequenti al-type sampl er
with composite sample taken
at least once per 7 days

Grab sample taken at
least once per 31 days

Collected by automatic
sequential-type sampler
with composite sample taken
at least once per 7

days'ollected

by automatic
sequential-type sampler
with composite sample taken
at least once per 31 days

Gross beta and gamma scan on
4-week composite. Composite
for Sr-89, Sr-90, and tritium
at least once per 92 days

Gross beta and gamma scan on
weekly composite. Composite
for Sr-89, Sr-90, and tritium
at least once per 92 days

Gross beta and gamna scan on
4-week composite. Composite
for Sr-89, Sr-90, and tritium
at least once per 92 days

Ganma scan on each
composite. Composite for
Sr-89, Sr-90, and tritium
at least once per 92 days





Table A-1

BROWNS FERRY NUCLEAR PLANT
Environmental Radiological Monitoring

Program'xposure

Pathway Number of Samples and Sampling and Type and Frequency

A()UATIC

One sample at a control
location upgradient from
the plant (Farm L)

Grab sample taken at
least once per 31 days

Gamna scan on each
composite. Composite for
Sr-89, Sr-90, and tritium
at least once per 92 days

Sediment

I

I INGESTION

Two samples upstream from
discharge point (TRM 297.0
and 307.52)

One sample in iamediate
downstream area of discharge
point (TRH 293.7)

Two additional samples
downstream from the-plant
(TRH 288.78 and 277.98)

At least once per 184 days Ganma scan, Sr-89 and Sr-90
analyses

At least once per 184 days Ganma scan, Sr-89 and Sr-90
analyses

Hi 1k At least 3 samples from
dairy farms in the inmediate
vicinity of the plant (Farms
8, Bn, and L)

At least one sample from
control loction (Farm Be,
Cr, and 0)

At least once per 15 days
when animals are on pasture;
at least once per 31 days
at other times

I-131 on each sample. Ganja
scan, Sr-89 and Sr-90 at least
once per 31 days

Fish Three samples representing
comnerciai and game species
in Guntersville Reservoir
above the plant

Three samples representing
comnercial and game species
in Wheeler Reservoir near the
plant and in Wilson Reservoir

- downstream from plant.

4

At least once per 184 days Ganja scan at least once per
184 days on edible portions





Table A-1

BROWNS FERRY NUCLEAR PLANT
Environmental Radiological monitoring

Program'xposure

Pathway Number of Samples and Sampling and Type and Frequency

Cl ams

Fruits and Vegetables

Vegetation

Samples from same locations
as sediment (if available)

Samples of food crops such as
corn, green beans, tomatoes,
and potatoes grown at private
gardens and/or farms in the
iarnediate vicinity of the
plant

One sample of each of the
same foods grown at greater
than 10 miles distance from
the plant

Samples from the nearby
dairy farms (Farms B, Bn,
and L) and from the air
monitoring stations
(LN-I, 2, 3, 4, and 6)

Control samples from one
remote air monitor station
(RN-1) and one control dairy
(Farm 0)

Same as sediment

At least once per year at
time of harvest

Once per 31 days

Galena scan on flesh only

Ganma scan on edible portion

I-131, gaana scan once per 31
days

a ~

b.

Co

d.

The sampling program outlined in this table is that which was in effect at the end of 1987.
Sampling locations, sector and distance from plant, are described in Table A-2 and A-3 and shown in
Figures A-l, A-2, and A-3 ~

Composite samples shall be 'collected by co'ilecting an aliquot at intervals not exceeding 2 hours.
The surface water control sample shall be considered a control for the drinking water sample.



Table A-2

BROWNS FERRY NUCLEAR PLANT
Environmental Radiological Monitoring Program

Sampling Locations

Map
Location

Number Station Sector

Approximate
Distance
miles)

Indicator (I)
or

Control (C) Sam les Collected

1

2
3
4A
5
6
6A
7

8
9

10
11
llA
12
13
14
15
16
17
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

NW

NE
SSE
WSW

W

E
NNW

N
NNE
ENE
NNW

SSW

WSW

NNW

N
ENE
NNW

NNW

N
NE
NE
NW

NW

E
ENE

PM-1
PM-2
PM-3
PM-4
RM-1
RM-6
RM-2
LN-1
LN-2
LN-3
LN-4

LN-6'N-5

Farm B

Farm Bn
Farm L
Farm N
Farm J"
Farm C

Farm E

Farm W

Well N6
TRM" 282.6
TRM 306.0
Muscle Shoals, AL W

TRM 274.9
TRM 285.2
TRN 293.5
TRM 305.0
TRM 307.52
TRM 293.7
TRM 288.78
TRM 277.98
Farm Be"
Farm 0
Farm

Cr'RM

297.0
Wilson Reservoir
(TRM 259-275)

13.8
10.9
8.2

10.5
31.3
24.2
41.2
0.97
0.88
0.92
1.7
3.0
2.7
6.8
5.0
5.9

27.0
40.0
32.0
6.1
6.8
0.02

12.0'1.3

19.1'.8'.5'1.0'3.52'.3'.22'6.02'8.8

26.2
19.3
3.0'

I
I
I
C

C

C

I
I
I
I
I
I
I
I
I
C

C

C

I
I
I
I
C

I
I
I
I
Cm

C

I
I
I
C

C

C

C

I

AP%CF%FO %R%S%V

AP,CF,R,S

M%V

M$V
M%V%M

M%V

M%V

M%V

V
V
W

PW

PW

PW

PW

SW

SW

SW

CL,SD
CL,SD
CL$

SD'L$

SD
M

M$V
M1V
CL%SD
F
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Table A-2

BROWNS FERRY NUCLEAR PLANT
Environmental Radiological Monitoring Program

Sampling Locations
(Continued)

Map
Location

Number Station

Wheeler Reservoir
(TRM 275-349)
Guntersville

Reservoir
TRM (349-424)

Approximate Indicator (I)
Distance or

Sector (miles) Control (C) Sam les Collected

a.

0:
d.
e.
f.
go
h.
lo

,k.
l.
m.
n.
0 ~

pa

Sample Codes:
AP = Air particulate filter R

CF = Charcoal filter (Iodine) S

CL = Clams SD

F = Fish SW

FO = Fallout V

M = Milk W

PW = Public drinking water
Fallout collection discontinued after April 13,
Vegetation sample collection discontinued after
Station deactivated April 20, 1987.
Station activated April 27, 1987.
Station deactivated April 20, 1987
Station activated April 27, 1987.
Station deactivated April 23, 1987.
Sampling discontinued December 29, 1986.
Sampling discontinued April 27, 1987.
TRM = Tennessee River Mile
Miles from plant discharge (TRM 294).
Also used as a control for public water.
Sampling began October 5, 1987.
Sampling discontinued April 20, 1987.
Added to sampling program May 7, 1987.

Rainwater
Soil
Sediment
Surface water
Vegetation
Well water

1987.
April 20, 1987.
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Table A-3

BROWNS FERRY NUCLEAR PLANT
Thermoluminescent Dosimeter (TLD) Locations

Map
Location

Number Station Sector

Approximate
Distance
(miles .

Onsite (On)
or

Offsite (Off)

1

2
3
5
6
6A
7
8
9

10
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67

NW-3
NE-3
SSE-2
W-3
E-3
NNW-4
N-1
NNE-1
ENE-1
NNW-2
N-2
NNE-2
NNE-3
NE-1
NE-2
ENE-2
E-l
E-2
ESE-1
ESE-2
SE-1
SE-2
SSE-1
S-l
S-2
SSW-1
SSW-2
SW-1
SW-2
SW-3
WSW-1
WSW-2
WSW-3
W-1
W-2
W-4
WNW-1
WNW-2
NW-1
NW-2

NW

NE
SSE
W

E
NNW

N
NNE
ENE
NNW

N
NNE
NNE
NE
NE
ENE
E
E

ESE
ESE
SE
SE
SSE
S

S

SSW

SSW

SW

SW

SW

WSW

WSW

WSW

W

W

W

WNW

WNW

NW

NW

13.8
10.9
8.2

31.3
24.2
41.2
0.97
0.88
0.92
1.7
5.0
0.7
5.2
0.8
5.0
6.2
0.8
5.2
0.9
3.0
0.5
5,4
5.1
3.1
4.8
3.0
4 '
1.9
4 '
6.0
2.7
5.1

10.5
1.9
4.7

32.1
3.3
4.4
2.2
5.3

Off
Off
Off
Off
Off
Off
On
On
On
On
Off
On
Off
On
Off
Off
On
Off
On
Off
On
Off
Off
Off
Off
Off
Off
On
Off
Off
Off
Off
Off
On
Off
Off
Off
Off
Off
Off
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Table A-3

BROWNS FERRY NUCLEAR PLANT
Thermoluminescent- Dosimeter (TLD) Locations

(Continued)

Map
Location

Number Station Sector

Approximate
Distance
(miles

Onsite
(On)'r

Offsite Off)

68
69

NNW-1
NNW-3

1.0
5.2

On
Off

a. TLDs designated onsite are those located 2 miles or less from the plant.
TLDs designated offsite are those located more than 2 miles from the plant.

b. Added to program during the second quarter of 1987.
c. Discontinued during the second quarter of 1987.
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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 B

1987 PROGRAM MODIFICATIONS
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Appendix B

Environmental Radiological Monitoring Program Modifications

In February 1987, the NRC approved a number of changes in the

environmental radiological monitoring program. These changes were

proposed as the result of the conclusions reached in the most recent

critical pathway analysis. This study determined the types of sample

media in which radionuclides from BFN were most likely to be present. By

considering the predominent wind patterns, the pathway analysis also

identified the areas from which these samples should be taken.

The study indicated that two of the air monitoring stations (LM-5 and

RM-2) would be more effective if they were moved to other locations and

that one station (PM-4) was in an area that was less likely to be

affected by plant operations. Consequently, a proposal was submitted to

the NRC to move stations LM-5 and RM-2 and discontinue station PM-4.

After the changes were approved, the relocations were completed in the

spring. At the beginning of the 1988 sampling period, the equipment from

the discontinued station was placed in operation at a location closer to

the plant.

The study also concluded that some sample types, i.e., fallout and

rainwater, were not as important as other samples collected. Therefore





the collection of fallout samples was discontinued, and rainwater samples

will be collected but analyzed only if there is an identified need.

The following table describes the changes made in the monitoring program

in 1987.
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Table B-1

BROWNS FERRY NUCLEAR PLANT
Environmental Radiological Monitoring Program Modifications

1987

Date Station s) Modifications

12/29/86

4/13/87

Farm N

PM-1, PN-2,
PM-4, RM-1,
LN-1, LM-2,
LM-4, LN-5

PM-3%
RM-2,
LM-3,

Ceased operations —all sampling discontinued.

Fallout (gummed acetate paper) collection
discontinued.

4/20/87 PM-1, PM-2, PM-3,
Farm C

Vegetation sampling discontinued

PM-4 All sampling except TLD (WSW-3) discontinued

All sampling discontinued — station relocated to
RM-6

4/23/87 All sampling except TLD (WSW-1) discontinued—
station relocated to LN-6

4/27/87 Station activated — see table A-2 for samples
collected

Station activated — see table A-2 for samples
collected

5/7/87

5/11/87

Farm J

Farm Cr

TRN 297.0

PN-1, PM-2, PM-3,
RN-1, RN-6, LN-1,
LN-2, LN-3, LN-4,
LM-6

Ceased operations — all sampling discontinued

Ceased operations — all sampling discontinued

Sediment and clam sampling location added to
sampling program

Changed analysis requirements. Rainwater
samples analyzed only if other sample media
shows increased radioactivity levels in fallout.

10/5/87 Farm Be Dairy farm added to sampling program — see table A-2
for samples collected.
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APPENDIX C

EXCEPTIONS TO THE MONITORING PROGRAM IN 1987
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Appendix C

Exceptions to the Monitoring Program in 1987

During this reporting period, a small number of the sampling requirements

were not met. These exceptions usually involved the malfunction of

automatic sampling equipment, including the periods when the equipment

was being moved, or the unavailability of samples. Most of the samples

which were unavailable were from control dairies. Since only one control

milk sample is required, no effort was made to collect missed control

milk samples. The following table is a summary of the exceptions to the

monitoring program in 1987.
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BROWNS FERRY NUCLEAR PLANT
Environmental Radiological Monitoring Program Exceptions

Date

12/29/86

1/5/87

Station

Farm J

Farm E

Remarks

Milk not available for sampling.

Vegetation sample inadvertently
destroyed prior to analysis for iodine.

1/20/87

2/23/87

3/16/87

4/1/87

4/15/87

4/20/87

5/11/87

6/22/87

6/22/87

Farm J

Farm J

Well 86

Farm J

TRM 277.98

RM-2, RM-6

LM-5, LM-6

Farm 0

PM-3

Milk not available for sampling.

'Milk not available for sampling.

Well water sample not collected because
of electrical problems with sampler.

Milk not available for sampling.

Clams not available for collection.

RM-2 deactivated 4/20/87 and the
equipment moved to establish RM-6 which
was placed in service 4/27/87. Air
particulate and charcoal samples were
not taken during this period.

LM-5 deactivated 4/23/87 and the
equipment moved to establish LM-6 which
was placed in service 4/27/87. Air
particulate and charcoal samples were
not taken during this period.

Rainwater not available for sampling.

Milk not available for sampling.

Air particulate and charcoal samples not
taken because of sampling pump failure.

7/13/87

9/28/87

10/13/87

10/19/87

10/26/87

!

11/10/87t 12/21/87

Farm 0

Farm C

Farm 0

Farm 0

Well 86

TRM 277.98

Farm C

Milk not available for sampling.

Milk not available for sampling.

Milk not available for sampling.

Milk not available for sampling.

Well water sample not taken because of
pump failure.

Clams not available for collection.

Milk not available for sampling.
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APPENDIX D

Analytical Procedures

All analyses are performed by the radioanalytical laboratory located at

the Western Area Radiological Laboratory facility in Muscle Shoals. All

analysis procedures are based on accepted methods. A summary of the

analysis techniques and methodology follows.

The gross beta measurements are made with an automatic low background

counting system. Normal counting times are 50 minutes. Water samples

are prepared by evaporating 500 ml of samples to near dryness,

transfering to a stainless steel planchet and completing the evaporation

process. For solid samples, a specified amount of the sample is packed

into a deep stainless steel planchet. Air particulate filters are

counted directly in a shallow planchet.

The specific analysis of 1-131 in milk, water, or vegetation samples is

performed by first isolating and purifying the iodine by radiochemical

separation and then counting the final precipitate on a beta-gamma

coincidence counting system. The normal count time is 100 minutes. With

the beta-gamma coincidence counting system, background counts are

virtually eliminated and extremely low levels of detection can be

obtained.
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After a radiochemical separation, samples analyzed for Sr-89,90 are

counted on a low background beta counting system. The sample is counted

a second time after a 7-day ingrowth period. From the two counts the

Sr-89 and Sr-90 concentrations can be determined.

Water samples are analyzed for tritium content by first distilling a

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

commerically available scintillation cocktail is used.

Gamma analyses are performed in various counting geometric's depending on

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

type detectors interfaced with a computer based mutlichannel analyzer

system. Spectral data reduction is performed by the computer program

HYPERMET.

The gaseous radioiodine analyses are performed with well-type NaI

detectors interfaced with a single channel analyzer. The system is

calibrated to measure I-131. If activity above a specified limit is

detected, the sample is analyzed by gamma spectroscopy.

All of the necessary efficiency values, weight-efficiency curves, and

geometry tables are established and maintained on each detector and

counting system. A series of daily and periodic quality control checks

are performed to monitor counting instrumentation. System logbooks and

control charts are used to document the results of the quality control

checks.
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Appendix E

Nominal Lower Limits of Detection

Sensitive radiation detection devices can give a signal or reading even

when no radioactivity is present in a sample being analyzed. This signal

may come from trace amounts of radioactivity in the components of the

device, from cosmic rays, from naturally occurring radon gas, or from

machine noise. Thus, there is always some sort of signal on these

sensitive devices. The signal registered when no activity is present in

the sample is called the background.

The point at which the signal is determined to represent radioactivity in

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

statistical analysis of the background readings from any particular

device. However, any sample measured 'over and over in the same device

will give different readings'some higher than others. The sample should

have some well-defined average reading, but any individual reading will

vary from that average. In order to determine the activity present in a

sample that will produce a reading above the critical level, additional

'tatis'ticalanalysis of the background readings is required. The

hypothetical activity calculated from this analysis is called the lower

limit of detection (LLD). A listing of typical LLD values that a

laboratory publishes is a guide to the sensitivity of the analytical

measurements performed by the laboratory.
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Every time an activity is calculated from a sample, the machine

background must be subtracted from the sample signal. For the very low

levels encountered in environmental monitoring, the sample signals are

often very close to the background. The measuring equipment is being

used at the limit of its capability. For a sample with no measureable

activity, which often happens, about half the time its signal should fall
below the average machine background and half the time it should be above

the background. If a signal above the background is present, the

calculated activity is compared to the calculated LLD to determine if
there is really activity present or if the number is an artifact of the

way radioactivity is measured.

A number of factors influence the LLD, including sample size, count time,

counting efficiency, chemical processes, radioactive decay factors, and

interfering isotopes encountered in the sample. The most likely values

for these factors have been evaluated for the various analyses performed

in the environmental monitoring program. The nominal LLDs calculated

from these values are presented in the following table.
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Table E-1

Nominal LLD Values
A. Radiochemical Procedures

Gross Alpha
Gross Beta
Tritium
Iodine-131
Strontium-89
Strontium-90

Air Fi1 ters
~(Ci /m')

0.0007
0.002

0.0006
0.00025

Charcoal
Filters
~(Ci /m')

.020

Hater
~(Ci /C)

1.5
1.7

250
1.0
3.0
1'. 4

Mi lk
~(Ci /C)

0.2
2.5
2.0

Fish Flesh
( Ci/ dr )

0.3
0.04

Hhole Fish
( Ci/ dr )

0.7
0.09

Food Crops
( Ci/k wet)

Sediment
and Soil
( Ci/ dr )

1.0
0.3

I

W
I

Gross Beta
Iodine-131
Strontium-89
Strontium-90

Gum Paper
(mCi/km')

0.01

Het Vegetation
( Ci/k Het)

4
140

60

Clam Flesh
(Ci/ Dr)

0.2

Meat
( Ci/k Het)

15



~

~ )

yl
l

i



Table E-1

Nominal LLO Values
B. Gamma Analyses (GeLi)

Air
Particulates
~Cilia

Hater
and Milk
zQLl

Vegetation
and Grain
uQl~frx

Wet
VegetationuCiLI~

Soil and
SedimentuUl~x FishuQl~x

Clam Flesh
and Plankton Clamshell s

uUL~lrx
Foods, Tomatoes
Potatoes, etc.

Meat and
Poultryalit<~

191Ce
199Ce

3 1Cr
131

'03Ru

losRu
'3'Cs
132cs

9$ Zr
"Nb
ssCo
$ 9Mn

I Zn
"Co

0K
1908a
190La

$ 9Fe
'Be

212Pb
21+Pb
» 98i

.005
.01
.02

F 005
.005
.02

.005

.005

.005

.005

.005

.005

.005

.005
.04
.01

.005

.005
.02

.005

.005

.005

10
33
45
10
.5
40

5
5

.10
5
5
5

10
5

150
25

8
5

45
20
20
20

.07

.25
,45
.09
.05
,48
.07
.06
.11
.06
.05
.05
.11
.07

1.00
.23 =

.11

.10

.50

.10

.20

.12

28
100
180
36
20

190
28
24

24
20
20
44
28

400
92

40
200

40
80
48

.02

.06

.10

.02

.01

.09

.01

.01

.02

.01

.01

.01

.01

.01

.20

.05

.02

.01

.10

.02

.02

.04

.07

.25

.45

.09

.05
,48
.07
.06
.11
.06
.05
.05
.11
.07

1.00
.23
.11
.10
.50
.10
.20
.12

.15

.50

.94

.18

.11

.95

.11

.10

.19

.11

.10

.10

.21

.11
2.00

.47

.17
~ 13
.90
.25
.25
.25

.02

.06

.10

.02

.01

.09

.01

.01

.02

.01

.01

.01

.01

.01

.20

.05

.02

.01

.10

.02

.02

.04

10
.33
45
10
5

40
5
5

10
5
5
5

10
5

150
25

8
5

45
20
20
20

25
50
90
20
15
95
15
15
25
15
15
15
25
15

300
50
20
15

100
40
40
40
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Appendix F

Quality Assurance/Quality Control Program

A thorough quality assurance program is employed by the laboratory,to

ensure that the environmental monitoring data are reliable. This program

includes the use of written, approved procedures in performing the work,

a nonconformance and corrective action tracking system, systematic

internal audits, a complete training and retraining system, audits by

various external organizations, and a laboratory quality control program.

The quality control program employed by the radioanalytical laboratory is

designed to ensure that the sampling and analysis process is working as

~

~

~

~intended. The program includes equipment checks and the analysis of

special samples along with routine samples.

Radiation detection devices are complex and can be tested in a number of

ways. There are two primary tests which are performed on all devices.

In the first type, the device is operated without a sample on the

detector to determine the background count rate. The background counts

are usually low values and are due to machine noise, cosmic rays, or
I

trace amounts of radioactivity in the materials used to construct'he

detector. Charts of background counts are kept and monitored to ensure

that no unusually high or low values are encountered.

I ~ In the second test, the device is operated with a known amount of

radioactivity present. The number of counts registered from such a
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radioactive standard should be very reproducible. These reproduciblity

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 inspected for malfunction or

contamination. It is not placed into service until it is operating

properly.

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

performed on 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 radiation or store the information obtained.

guality control samples of a variety of types are used by the laboratory~

~

~

~

to answer questions about the performance of the different portions of

the analytical process. These quality control samples may be blanks,

replicate samples, blind samples, or cross-checks.

Blanks are samples which contain no measureable radioactivity or no

activity of the type being measured. Such samples are analyzed to

determine whether there is any contamination of equipment or commercial

laboratory chemicals, cross-contamination in the chemical process, or

interference from isotopes other than the one being measured.

Replicate samples are generated at random by the same computer program

which schedules the collection of the routine samples. For example, if
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basis each farm might provide an additional sample several times a year.
~

~ ~

These duplicate samples are analyzed along with the other routine

samples. They provide information about the variability of radioactive

content in the various sample media.

There is another kind of replicate sample. From time to time, if enough

sample is available for a particular analysis, the laboratory analyst can

split it into two portions. Such a sample can provide information about

the variability of the analytical process since two identical portions of

material are analyzed side by side.

Analytical knowns are another category of quality control sample. A

known amount of radioactivity is added to a sample medium by the quality
~

~ ~

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

radioactive content of the sample. Whenever possible, the analyti.cal

knowns contain the same amount of radioactivity each time they are run.

In this way, the analysts have immediate knowledge of the quality of the

measurement process. A portion of these samples are also blanks.

Blind spikes are samples containing radioactivity which are introduced

into the analysis process disguised as ordinary environmental samples.

The analyst does not know they contain radioactivity. Since the bulk of

the ordinary workload of the environmental laboratory contains no

measureable activity or only naturally occurring radioisotopes, blind

spikes can be used to test the detection capability of the laboratory or

they can be used to test the data review process. If an analysis
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routinely generates numerous zeroes for a particular isotope, the

presence of the isotope should come to the attention of the laboratory

supervisor in the review process. Blind spikes test this process since

they contain radioactivity at levels high enough to be detected.

Furthermore, the activity can be put into such samples at the extreme

limit of detection to determine whether or not the laboratory can find

any unusual radioactivity whatsoever.

At present, 5 percent of the laboratory workload is in the category of

internal cross-checks. These samples have a known amount of

radioactivity added and are presented to the analysts labeled as

cross-check samples. This means that the quality .control staff knows the

radioactive content or "right answer" but the analysts do not. They are

aware they are being tested. Such samples test the best performance of

the laboratory by determining if the analysts can find the "right

answer." These samples provide information about the accuracy of the

measurement process. Further information is available about the

variability of the process if multiple analyses are requested on the same

sample. Cross-checks can also tell if there is a difference in

performance between two analysts. Like blind spikes or analytical

knowns, these samples can also be spiked with low levels of activity to

test detection limits.

A series of cross-checks is produced by the EPA in Las Vegas. These

interlaboratory comparison samples or "EPA cross-checks" are considered

-79-



0



!

!

~

~

independent check of the entire measurement process that cannot be easily

provided by the laboratory itself. That is, unlike internally produced

cross-checks, EPA cross-checks test the calibration of the laboratory

detection devices since different radioactive standards produced by

individuals outside TVA are used 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 radioanalytical work it does. The results of TVA's

participation in the EPA Interlaboratory Comparison Program are presented

in table F-l.

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 measureable 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.
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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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Table F-1

RESULTS OBTAINED IN INTERLABORATORY COMPARISON PROGRAM

A. Air Filter (pCi/Filter)

Date

Gross Al ha
EPA Value TVA
'~+3 a A~v

Gross Beta
EPA Value TVA
~33 a A~v

Strontium-90
EPA Value TVA

~+3 a A~v

Cesium-137
EPA Value TVA

~33 a A~v.

4/87
8/87

14+9
10+9

15ll 43+9
30+9

45
30

17+2.6 a
10+2.6 lob

8+9 8
10+9 12

B. Radiochemical Analysis of Mater (pCi/L)

Date

Gross Beta
EPA Value TVA
~33 a A~v

Strontium-89
EPA Value TVA
~A3a A~v

Strontium-90
EPA Value TVA
~33 a A~v

Tritium
EPA Value TVA
~33 a A~v

Iodine-131
EPA Value TVA
~+3 a A~v

1/87
2/87
3/87
4/87d
4/87
5/87
6/87
7/87
8/87
9/87
10/87
10/87d
11/87
12/87

10+9

13+9

7+9

5+9

12+9

19+9

12

10

18

19+9

41+9

16

39

16+9 21

25+9 25

10+2.6 10

20+2.6 16c

10+2.6 10

25+2.6 2lc
4209+729 3667

2895+618 2604

4492+778 3871

7+1.2

48+10

26+10

47

29
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Table F-1

RESULTS OBTAINED IN INTERLABORATORY COMPARISON PROGRAM (Continued)

C. Gamma-Spectral Analysis of Water (pCi/L)

Date

Chromium-51
EPA Value TVA
~33 a A~v

Cobalt-60
EPA Value
~+3a

Zinc-65
TVA EPA Value
A~v. ~+3 a

Ruthenium-106
TVA KPA Value TVA
A~v. ~+3 a A~v

Cesium-134
EPA Value TVA
~+3 a A~v

Cesium-137
EPA Value TVA
~+3 a A~v

2/87
4/87
6/87
10/87
10/87d

41+9
70+9

46
60f

50+9
8+9
64+9
15+9
16+9

49
8

67
17
16

91+9 83

10+9 10
46+9 47

100+9 86e

75+9 68
61+9 55

59+9
20+9
40+9
25+9
16+9

51
18
36
23
15

87+9
15+9
80+9
51+9
24+9

83
14
79
51
24

I

V4
I

Date

Iodine-131
EPA Value TVA
~+3 a A~v

Cesium-137
EPA Value TVA
~33 a A~v.

D. Food (pCi/Kg, Wet Weight)

Potassium-40<
EPA Value TVA
~+3 a A~v.

1/87
7/87

78+14 84
80+14 82

84+9
50+9

94h
49

980+ 85 976
1680+145 1790

Date

E. Milk (pCi/L)

Strontium-89 Strontium-90 Iodine-131 Cesium-137 Potassium-408
EPA Value TVA EPA Value TVA . EPA Value TVA EPA Value TVA EPA Value TVA

~+3 a A~v. ~+3 a A~v. ~+3 a A~v. ~+3 a A~v. ~+3 a A~v

2/87
6/87
10/87

9+1. 6 10
There appears to have been an error in the preparation of the cross-check. Values are not reported.
Cross-cheek cancelled.
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Footnotes for Table F-1

Results Obtained in Interlaboratory Comparison Program

a. Lost in analysis.

b. Only two analyses available.

c. The low Sr-90 results were investigated. A definitive cause for the
low results could not be identified. The Sr-90 results for other EPA
cross-checks and quality control samples analyzed during this
reporting period were in good agreement with known values.

d. Performance Evaluation Intercomparison Study.

e. The analysis of Ru-106 has always been one of the most difficult.
The low abundance of the gamma line used for identification combined
with the level of background counts in the region of interest produce
the problems with this analysis.

f. A review of the Cr-51 results for this cross-check indicated that
there was very good agreement between all of the detectors used for
counting the sample. A majority of the participating labs reported
Cr-51 results with a negative bias for the cross-check. This
negative bias may have resulted from plating out of this radionuclide
on the walls on the counting container.

Units are milligram potassium rather than picrocuries.

h. This cross-check displayed a tendency to separate into two phases
during the gamma analyses. This lack of sample homogenei.ty could
have caused the error in the Cs-137 value.
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APPENDIX G

LAND USE SURVEY
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Appendix G

Land Use Survey

A land use survey is conducted annually 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.

The land use survey also identifies the location of all milk animals and

gardens of greater than 500 square feet producing fresh leafy vegetables

within a distance of 3 miles from the plant.

The land use survey is conducted between April 1 and October 1 using

appropriate techniques such as door-to-door survey, mail survey,

telephone survey, aerial survey, or information from local agricultural

authorities or other reliable sources.

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. These doses are

calculated using effluent release information and historical

meteorological data.
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Doses calculated in 1987 for air submersion were unchanged from those

O projected for 1986.

Doses calculated in 1987 for ingestion of home-grown foods changed in

some sectors, reflecting shifts in the location of the nearest garden.

The most notable increase occurred in the ESE sector where there had been

no garden in 1986.

For milk ingestion, projected 1987 doses changed at two locations. At

one location, NE of the plant, the milk producing animal was sold;

therefore, doses for milk ingestion were not calculated. (This location

will be removed from the sampling schedule.) At another location, ENE of

the plant, the infant that was identified as the most sensitive

individual is now a child, resulting in a'ower calculated dose.~ ~ ~ ~

t

Projected 1987 annual doses to individuals are not appreciably different

from those calculated for 1986. Tables G-l, G-2, and G-3 show the

comparative calculated doses for 1986 and 1987.
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Table G-1

BROWNS FERRY NUCLEAR PLANT

Projected Annual Air Submersion
Dose to the Nearest Resident

(Within 5 miles)
mrem/year/reactor

Fall 1986 Surve Fall 1987 Surve

Sector

N
NNE
NE
ENE

E
ESE
SE
SSE
S

SSW

SW

WSW

Approximate
Distance (Miles)

1.0
1.8
2.5
1.2
2.8
2.9
5.0
4.5
2.8
2.6
3.0
2.6
1.6
2.8
2.2
1.0

Annual Dose

0.46
0.08
0.08
0.14
0.10
0.06
0.07
0.07
0.12
0.14
0.10
0.07
0.14
0.10
0.21
0.53

Approximate
Distance Miles)

1.0
1.8
2.5
1.2
2.8
2.9
5.0
4.5
2.8
2.6
3.0
2.6
1.6
2.8
2.2
1.0

Annual Dose

0.46
0.08
0.08
0.14
0.10
0.06
0.07
0.07
0.12
0.14
0.10
0.07
0.14
0.10
0.21
0.53
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Table G-2

BROWNS FERRY NUCLEAR PLANT

Projected Annual Dose to Child's Bone from
Ingestion of Home-Grown Foods

(Nearest Garden Within 5 Miles)
mrem/year/reactor

'ector
Fall 1986 Surve

Approximate
Distance (Miles) Annual Dose

Fall 1987 Surve Number of
Approximate Gardens Within

N
NNE
NE
ENE
E

ESE
SE
SSE

S

SSW

SW

WSW

1.0
1.9
2.8
1.2
2.8
a
a

4 ~ 5
2.8
2.6
3.4
2.6
1.7
2.8
2.2
1.0

10.10
2.10
1.22
3.60
1.97

1.09
2.24
2.82
1.03
0.69
1.23
1.54
5.21

11.20

2.0
1.9
2.5
1.2
2.5
2.9
a

4.5
2.8
2.6
3.4
2.6
2.2
2.8
2.2
1.1

4. 30
2.10
1.41
3.60
2.28
2.02

1.08
2.24
2.82
1.03
0.69
0.89
1.54
5.21

10.10

a. Garden not identified in this sector.
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Table G-3

BROWS FERRY NUCLEAR PLANT

Projected Annual Dose to Receptor Thyroid
from Ingestion of Milk

mrem/year/reactor

Location Sector
Approximate Distance

(Miles)
Annual Dose

Fall 1986 Fall 1987

Farm
Farm
Farm
Farm
Farm

na q b

Ebgc
Lamb,d
Ba,b
M

N
NE
ENE
NNW

NE

5.0
6.1
5.9
6.8
6.8

0.04
0.02
0.02
0.02
0.08

0.04

0.01
0.02
0.08

a. Milk being sampled at these locations.
b. Vegetation being sampled at these locations.
c. Milk producing animal no longer at this location in 1987.
d. Receptor changed from infant to child in 1987.

-90-





APPENDIX H

DATA TABLES

-91-



0



Table H-1

DIRECT RADIATION LEVELS

Average External Gamma Radiation Levels at Various Distances from
Browns Ferry Nuclear Plant for Each Quarter — 1987

mR/Quarter

Distance
Miles

0-1

1-2

2-4

4-6

ls t uar ter

19.8 —'.8
18.6 —'.4
17.7 —'.0
17.3 —1.8

16.7 —'.6

2nd uarter

20.6 —'.8
15.3 —'.5
15.7 —'.0
15.0 —'.9
14.5 —'.6

21.2 —'.2
17.7 —+ 4.1

16.8 —'.2
16.5 —+ 2.6

14.8 —+ 2.0

Avera e External Gamma Radiation Levels
4th uarter

20.5 —'.8
19.5 —'.7
18.7 —'.0
18.1 —'.7
17.2 —'.3

Average,
0-2 miles
(onsite) 19.6 —'.9 19.3 —'.4 20.2 —'.1 20.2 —'.8
Average,
greater than
2 miles
(offsite) 17.2 —'.8 15.0 —'.1 16.0 —'.6 17.9 —+ 2.0

a. Data normalized to one quarter (2190 hours).
b. Averages of the individual measurements in the set +1 standard deviation

of the set.

0
-92-



0



TA-Li H-2

hAHE OF FACILITY BROGANS FERRY
LOCATICH OF FACILITY Lgtt=STCh=

RADIOACTIVITY iN AIR F -LTeR

FCI/Y(3) - 0.037 BG/t'(3)

ALABANA
DCCKcT NO ~ 50 259r260r296~ ~

REPORTiHG PFRIOD 1987

TYPE AHD
TOTAL hUNBcR
OF AHALYSiS
„PERFORHED

GROSS ALPHA
17

GROSS BETA
536

GAYiY.A (GcLI)
137

BI-21 4

PB-214

BE-7

TL-208

AC-228

SR 89

SR 90
44

LOWER LIYiT
OF

DcTcCTICti
(LLD)

SEE NOTE 1

7 'GE-04

VOCE-03

5 'GE-03

5.0GE-03

2.0GF-02

HOT cSTAB

NOT ESTAB

6 IOGE-04

3.0GE-04

ALL
INDICATCR LCCATICHS

YFAH (F)
RANGE

Sei HOTe 2

2 ~ 21E-02( 433/ 433)
8.97c-C3 - 4.43E-C2

7 ~ 408-03( 8/ 110)
6 ~ 30E C3 3 ~ 4GE 03
7 '9E-03( 9/ 110)
5 '0E-C3 " 9 '08-03
1 ~ 118-01( 110/ 110)
5 71E-02 - 2 '68-01
4.50E-C4( " 2/ 110)
1.00E-C4 - 3.0CE-04
2.33E"03( 6/ 110)
9 GOE-04 - 3 'GE-03
1 '3i-C3( 2/ 35)
6.1ZE"C4 - 3.04E-03

35 VALUcS <LLD
ANALYSIS P cR FORY ED

LY,-6 F BAKe R 3 OT
3 0 KILES Sih

2 ~ 308-02 (
8 97E-03

:5/ 35)
4 43c-OZ

DECATURr AL
8 ~ 2 HILcS SSi

LH3 cF NORTHEAST
1 0 PILE ENE

ATHittSr AL
10 ~ 9 HILES tti

RCGERSVILLEr AL
13 ~ 3 BILES

LH1 BF NORTHWEST
1.0 YILE N

CCURTLANDr AL
1 0 ~ 5 NILE S 'rt 5 W

8 ~ 408-03 (
8 40E-03

7 ~ 53E-03 (
6.50E-03

1 '6i-01(
9.59E-OZ

8.008-04 (
8 '0c-04

3 ~ COE-03(
3 '0c-03

3.04E-03(
.3o04E-03

1/ 13)
8.4GE-03
3/ 13)
8.30E-03
3/ 13)
1 e 47E-C1
1/ 13)
8 00E-04
1/ 13)
3.00E-03
1/ 2)
3.04i-03

LOC AT ION LITH HIGHe ST 4HHUAL t'EAN
NAHi YEAN (F)

OISTAhCE AND DIRECTiOH RAttGE
Sii HCTe 2

CONTROL
LOCATIOtiS

YeAN (F
RANGE

SEE hOTE 2
1 'ic-03( 14/ 17)
7 ~ CZE 04 1 '0E 03
2 '6e OZ( 103/ 103)
1 ~ 13E-02 " 3 ~ 79E-02

5 'Gc-03( 1/ 27)
5 'CE 0 - 5 '0i-03

27 VALUES <LLD

1e17E-01( 27/ 2'7)
2 ~ 97i 02 4 ~ 02E 01

27 VALUcS <LLD

1 '0E-03( ?/ 27)
7 ~ OGE 04 2 '0e 03
6 47e-04( 1/ 9)
6 '7E-04 - 6 '78-04

VALUeS <LLD

HUNBER OF
HONROUTIHE

REPCRTED
YEASURENENTS

ttOT E:
NOTE:

1 ~ NOHINAL LO'ER L YIT OF DETECTIOH (LLD) AS DESCRIBcD IH TABLE E"1.
2. YrAN AttD Ri.iir. BASED UPOh DETECTABLE HEASUR YENTS ONLY ~ FRACTION OF DETECTABLE HEASUREHENTS AT SPECIFIED LOCATIONS

IS IHDICATFD IN PARENTHESES (F) ~



~
)

i



NAHE OF FACILITY,BR04llS F cRRY
LOCATICN OF FACILITY LI'4ESTCHE

TABLc H-3

RADIOACTIVITY Itt CHARCOAL FiLTERS

PCI/N(3) - 0 037 =Q/Y(3)

ALABAHA
DOCKET NO ~ 59-259 250 296
REPORTIHG PERIOD 1o87

TYP" AHD
TOTAL hUHBER
GF ANALYSIS

P RFORHcD

IODINE-131
348

CANYA (CELI)
187

K-40

BI-214

PB-214

PB-212

TL-208

AC-228

LOWER LINIT
OF

DETECTION
(LLD)

SEE NOTE 1

2 ~ OGE"02

NOT ESTAB

HOT ESTAB

NOT ESTAB

NOT ESTAB

HOT ESTAB

NOT ESTAB

( 11/ 153)
5 '9E-01
16/ 153)
3.40E-02

( 36/ 153)
2 '4E"02

( 13/ 153)
F 508-03

(
" 1/ 153)

2 '0c-03
( 2/ 153)

1 '88-02

3 ~ 21= 01
2 ~ 15c "G1
1 ~5c-C2
2.30E-G3
1 '4E-C2
1 '0E-G3
2.74E-G3
2.CGE-C4
2e80E-C3
2.8GE-G3
8.75E-G3
2.70E.-03

ALL
INDICATCR LCCATIOhS

YEAN (F)
RANGE

5" c hOT 2
279 VALUCS <LLD

AhALYSIS PERFORYED

ROGERSVILLis AL
13 ~ 8 HILES HW

ATHENS'L
10 ~ 9 HILES Ni

LY2 BF hGRTH
C.9 YILE NNE

LN2 BF NORTH
0 ~ 9 YILE NN=

LH2 BF NORTH
C ~ 9 NILE HHi

ATHENS'L
10 ~ 9 f(ILES NF

3 '6E-01(
2 '9E-01

1.828-02(
2 '0E-03

1.80E-02(
1 'GE-02

4.2GE-03(
2. 908-03

2o808-03(
2 ~ 3GE 03

8 '5E-C3(
2.70E"03

3/ 17)
3 96E-01
2/ 17)
3o40E-02
1/ 17)
1.30E-G2
2/ 17)
5.50E-G3
1/ 17)
2.80E-03
2/ -17)
1 '8c 02

LOCATION WITH HIGHiST ANVL'AL YEAN
hArl= Y.EAH (F)

D ISTANC c AND C'I Pc CTIGN RANG i
Sic HCTE 2

CONTROL
LOCATIOh8

BEAN (F)
RANGE

ScE NOT=
69 VALUES <LLD

2.66E"01(
2.38E-01
6.708-03(
2;90c"03
7 '7E-03(
4.60F-03
9.61E-03(
1.008-04

34 VALUE

3/ 34)
3 '9E-01

3/ 34)
1 '1E-02
6/ 34)

1 '9E-02
15/ 34)
1.08E-01

S <LLD

2 52E-02( '/ 34)
2 '2E-02 - 2 52E-02

tlUHBER OF
VONROUTIHE

REPORTED
HcASUPENENTS

tlOT ' NONIHAL LOWER LIYIT CF DETECT ION (LLD) AS D S CRIB D IH TABLE E l ~

NOTE 2 t.EAN AND RAtlGc BAS D UPON DETECTABLc HEASUREHENTS ONLY'RACTIOH OF DETECTABLi HEASUREHENTS AT SPECIFIED LOCATIONS
IS INDICATED IH PARENTH SES (F) ~



i
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TABLc M-4

RADIOACTIVITY Itl HEAVY ?APTICLE FALLCUT

<CI/KM(2) - 370COGQC ~ 00 Ba/KY.(2)

NAME OF FACILITY >RO'!tS Fc?RY
LOCATIOH OF FAC. LITY LIMESTONE ALABAMA

DOCK T NO ~ 5"-~:9 260 296
REPORTING PERIOD 1o87

TYPc AND
TOTAL NUMBER
GF ANALYSIS

PERFORMiED

GROSS BETA
44

LOttER LIt'T
OF

DETECTICN
(LLD)

SEc NOTc 1

1eOCE-02

ALL
INDI CATCR LCCATICNS

tiEAN (F)
RAttGE

SEE NOTc 2
1 ~ C9E-C1( 36/ 36)
4.78E-C? - 2 'GE-C1

ATHFttSi AL
10 ~ 9 MILcS NE

LCCATION 'KITH NIGHEST ANNUAL tiEAN
NAME Y.EAN (F)

DISTANCE AND DIRECTION RAttGE
SEE NOTE 2

1.74E-01 ( 4/ 4)
1 '1E-01 - 2 ~ 608-01

CONTROL
'LOCATIONS

t.EAN (F)
RANGE

Scc HOT= 2
1 '5E-01( 8/ 8)
5 '6E-02 - 1 '68-01

NUMBER OF
NONROUTINc

REPORTED
t".cASUREMENTS

HOTE: 1 ~ NOMiIHAL'LOQER LIP IT OF DETcCTION (LLD) AS DESCRIBcD IN TABLE E-1
ROTE 2 ~ MEAN AND RANGE BASED UPON DETECTABLE MEASUREMENTS OttLY ~ FRACTION OF DETECTABL .EASUR M NTS AT SPECIFIED LOCATIONS

IS INDICATED It( PARENTHESES (F) ~





T «EL= H-5

HAM OF FACILITY 3ROLXS FERRY
LOCATION OF FACILITY LIHESTON=

RADIOACTIVITY IN RAINWATER

PCI/L - O.a37 Ba/L

ALABAMA
DOCKET NO ~ 50-259r260i296
REPORTING PERIOD 1967

TYPE AND
TOTAL hUMBER
OF ANALYSIS

PERFORMED

LOMER LII'T
OF

DETECTION
(LLD)

Sec NOTc 1

ALL
IKDICATCR LCCATIONS

MEAN (F)
RANGE

S"=E NOT 2

LCCATIOV HITH HIGHEST Ah'NbAL K-"Att
HAiMc MEAN (F)

DISTANCE AND DIRECTION RAttCE
SEE NOTE 2

COhTROL
LOCATIONS

MEAN (F)
RANGE

ScE h'OT= 2

NUMB=% OF
ttOHROUTINE

REPORTED
f(EASUREMc t TS

GAMt(A (CELI)
44

BE-7

TRITIUM
44

4.5CE+01

2.508+02

5.78E+C1( 1/ 36)
5 '8E+C1 - 5 '88+01

36 VALUES <I.LD
ANALYSIS PERFORMicD

LN1 BF NORTHHEST
1 ~ 0 t'ILE N

5.738+C1( 1/ 4) 5 ~ 688+01( 2/ 8)
5 ~ ?88+01 - 5 ~ ?3E+01 5 ~ 38c+01 - 5 ~ 9SE+01

8 VALUES <LLD

NOTE: 1 ~ NOMINAL LOVER LIMIT OF DETECTION (LLD) AS DESCRIBED IN TABLE E-l.
NOTE: 2 ~ NcAN AHD RAtlGc BASED UPOh DETECTABLE ilEASUR M NTS OttLY~ FRACTION OF D T CTABLE M ASUREttENTS AT SPECIFIED LOCATIONS

IS INDICATED IN PARENTHESES (F) ~



?

~
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NAME OF FACILITY Bc0'~NS FcRRY
LOCATICN OF FACILITY LIi'4ESTDhi

TABLE H-6

RADIOACTiVITY IN ."ILK

PCI/L — 0 ~ 037 BQ/L

ALABAMA
DOCKET NO ~ 50-259i250i296
REPORTING PiRIOD 1987

TYPi AND
TOTAI. NUMBER
OF ANALYSIS

PERFORMED

IODINE-131
298

GAMMA (CELI)
75

CS-137

K-40

TL-208

AC-228

SR 89
75

SR 90
?5

LOWiR LIP iT
OF

DETECTION
(LLD)

SEe NOTE 1

2.00E-01

5 00 E+00

1 '0c+02

NOT ESTAB

HOT ESTAB

2.50E400

2 ~ OOE+00

ALL
iNDICATCR LCCATIChS

MEAN (F)
RAHGE

Sic h'OTc 2
156 VALUES <LLD

AN ALY S I S P iR F 0 R M iD

5 ~ GOE+CC( 1/ 39)
5 ~ COE+CO - 5 '08+00
1.30E+G3( 39/ 39)
9 '48+02 — 1 '0c+03
1.84E+CC( 2/ 39)
1.62c+CO - 2e05E+00

39 VALUES <LLD

39 VALUES <LLD
AhALYSIS PERFORMcD

3 '7E+CO( 28/ 39)
2.C1E+CO - 4 '78+00

BROOKS FARM 6 '
S NNW

BROOKS FARM 6 '
S hNW

SF ITH/BENNETT FA
5 ~ C MILES N

5. COF+CO (
5.0CE+00

1.32c+C3(
9 '4E+02

2.06i+CC(
2 '5E+00

1/ 13)
c

~ OOE+CO
13/ 13)
1.60E+03
1/ 13)
2 '6E+CC

LCONEY FARM 5 9
S ENE

3.56E+CO( 11/ 13)
2 '4c+00 - 4 '7F+00

LCCATIO I wITH HI HEST ANNUAL F,=AH
NAME I(EAN (F )

DISTANCE AND DIRECTION RANCE
SEE NOTE 2

CONTROL
LOCATIONS

MEAN (F)
RANGE

SEE h'OTE 2
142 VALUES <LLD

36 VALUES <LLD

1 .35E+03( 36/ 36)
1 ~ 168+03 1 ~ 79E+03
7.30E-01( 1/ 36)
7 'CE-01 - ? ~ 30E-01
6.23E+00( 4/ 36)
3 '2E+00 - 9 '1E+00

VALUES <LLD

2.95E+00( 13/ 36)
2 '?E+00 - 5 ''6E+00

NUMBER OF
NONROUTINE

REPORTED
MEASUREMENTS

NOTc:
NOTE:

1 ~ HCMIHAL LOWER LIFIT OF DETECTION (LLD) AS DESCRIBED Ifl TABLE E-I.
2 ~ MEAN AND RANGc BASE') UPON DETECTAELF MEASUREMENTS ONLY ~ FRACTION OF DFTECTABL MEASUREMENTS AT SPECIFIED LOCATIONS

IS INDICATED iN PARcHTHESES (F) ~



0



TABLE H-7

h'AHE OF FACILITY 3PO'kNS F ePP Y

LOCATION 5F FAC ILI1Y ggNc ST C Hc

RAD IOACT VITY IH VEGETATIOH

PCI/KG - 0 ~ 037 BQ/KG (itET HEIGHT)

ALABARA
DOCK T HO ~ 50 259r260r296

C

REPORTING PERIOD 198?

LONER LIt'.IT
CF

DE i CTICH
(LLD)

Sce:lOTe 1

4 ~ OGE+GO

Z.CCeg01

4 ~ OOE+02

4 ~ SCE+01

NOT eSTAB

8.00Ei01

4 'GE+01

ZeGCE+OZ

NOT ESTAB

NOT ESTAB

SR 89

SR 90

1 'GE+02
e5

6 OCc+01
55

TYPE AHD-
TOTAL hUHBER
OF ANALYSIS

PERFORHc5

IODitlE-131
190

GAHYA (GELI)
191

CS-137

K-40

Bi-214

3 I-212

PB-214

PB-212

BE-7

TL-208

AC-228

ALL
IhDICATCR LCCATICNS

YEAN (F)
RANGE

SEE hOTe 2
149 VALUcS <LLD

AtlALYSIS PERFORHED

3.92EiC1( 5/ 150)
2 '2E+C1 - 5 ~ 60c+G1
4 91EiC3( 150/ 150)
5 '7c+G2 1 '5E+04
7.24E+C1( 16/ 150)
SeCGE+C1 - 1.968i02
2 '1E+C2( 2/ 150)
9 '1E+C1 4 '9ci02
1.27E+02( - 4/ 150)
8.17E+01 " 2 '9E+02
6 ~ 91F+G1( 1GI 150)
4 ~ 43 Ei C1 - 1 ~ 5'9 E+02
2 ~ 47c+C3( 145/ 150)
2 ~ 14E+G2 - 1.2CE+04
1 '3E+01( 41/ 15G)
1.90E-G3 — 4.71EiG1
6.CSE+C1( 29/ 150)
1.23E+01 —

1 '3EiG2
44 VALUES <LLD

ANALYSIS PeRFORHcD
1.06E+02( 17/ 44)
6 '9E+01 - 1.7?Ei02

RCCERSVILLcr AL
13. 8 NILES Nll

LH3 3F NORTHEAST
1 ' l'.ILE cNE

ROGERSVILLEr AL
13 ~ 8 NILES

PCGERSVILLEr AL
13 8 vILES

ROGERSVILLEr AL
13.8 HriES NH

ROGERSVILLEr AL
13 ~ 8 NILES H4

ROGERSVILLEr AL
13 ~ 8 HILES N'ii

RCGcRSVILLEr AL
13.3 HILES N'K

RCGERSVILLEr AL
13 ' HILcS H'c

6.60Ei01(
6.608i01

6 '58+C3(
2 71Ei03

1.96Ft02(
1 968+02

Ce09Ei02<
C.09Ei02

2.19F+02 (
2 ~ 19EiOZ

1e59Ei02(
1.59Ei02

4.54E+0~(
3.2OEi02

2 '6E+C1(
4 '3Ei00

1 ~ GSEi02 (
3 '3c+01

1/ 5)
6 'OE+C1
3/ 13)
1 95c+04
1/ 5)
1.96EiG2
1/ 5)
4 '9E+02
1/ 5)
2 ~ 19E+02
1/ 5)
1.59Ei02
5/ 5)
1 '8ciC4
2/ 5)
4+71Ei61
2/ 5)
1 ~ 73EiC2

LY5 BF DAVIS F
"~ c HILES LSD

1.77c+02(
1 77E+02

1/ 1)
1+7?E+GZ

LCCATIOH ~ ITH HIGH~ST ANNUAL HcAH
NAtlc HEAN (F)

DISTANCE AND DIRECTION RANGE
SEe NOTE 2

CONTROL
LOCATIONS

HEAH (F)
RANGE

SEF NOTE 2
41 VALUES <LLD

4 '4E+01( 1/ 41)
4 '4Ei01 - 4 '4E+01
5 ~ 23=i03( 41/ 41)
4 '1E+02 — 1 '3c+04
5.36E+01( 3/ 41)
5 '3E+01 - 5 '4Ei01
2 010 Ei02( 1/ 41)
2.1CE+02 - 2 '0E+02'1

VALUES <LLD

4 ~ 61c+01( 1/ 41)
4 61E+01 - 4 ~ 61Ei01
3.12Ei03( 40/ 41)
ZeCCEi02 " 1.14Ei04
1 ~ 12ci01 ( 8/ 41)
3 '5E-01 - 2 ~ GOE+01

84E+01( 8/ 41)
6 '18+00 8 '3F+01

11 VALUcS <LLP

1.12E+02( 5/ 11)
?e89E+01 - 1.74E+02

HUNBER OF
NON RO4TINE

REPORTED
FiEASUREHENTS

NOTE: 1 ~ NCHINAl. LOB R Lil'T C F D ET CT ION (LLD) AS D S CRIB D IN TABL E-l.
NOTa'io HFAN AND RAHGc BASED UPOh DETECTABLE HEASUREH HTS ONLY ~ FRACTION OF DETECTABLE HEASUR HENTS AT SPECIFIED LOCATIONS

IS INDICATED IN PAPENTHESFS <F) ~



~

~
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NAKL OF FACILITY BROOMS F =R4Y
LOCATICN OF FACILITY L/H=STOhc

TABLc, H-8

RADIOACT VZTY IN SOIL

PCI/O 0 ~ 037 JC/G (DRY HEIGHT)

ALABAMA
DOCKcT NO ~ Sr-2c9r260,296
REPGRTING PERIOD 1987

TYP E AiVD
TOTAL NUMBER
OF ANALYSIS

PcRFORHcD

LOli'ER LIP IT
OF

DETECTION
(LLD)

Sii NOTE 1

ALL
IiNDICATCR LCCATICNS

MEAN (F)
RANGE

SeE NOTE 2

LCCAT?ON liITH HIGHcST AN~'Vat. FcANa ~ X ~ a
l AHE KcAN (F)

DISTANCE AND DIRECTION RANG=
S E NGTe 2

CONTROL
LOCATIONS

HE4N (F)
R4NGc

SEE NOTE 2

NUMBER OF
NOHROUTINE

REPORTED
ii1 - A S U R E i 1iN T S

1 'Cc-02

2 ~ CCE-01

4 ~ OGE 02

VOCE-01

VOCE-0?

2 'Cc-02

VOCE"02

l'OT ESTAB

1 ~ OGE-01

2 'Gc-02

VOCE-02

NOT ESTAB

SR F9

SR 90

1 '03+00
10

OGe-01
10

SANKA (GcLI)
10

CS-137

K 40

BI-21 4

BI-21 2

PB-.214

PB-212

RA-226

RA-224

Bc 7

TL 208

AC-228

PA-234K

3/ 8)
1 '48+OC
8/ 8)

7 '48+00
8/ 8)

1 '2c+00
8/ 8)

1 '3E+00
8/ 8)

1 '28+00
8/ 8).

1 '9E>00
8/ 8)

1 '2c+00
5/ 8)

1 '3c+00
S <Lt.b

4 ~ 19E-01 (
5 ~ 47E" C2
5 ~ 46c+00 (
2 '4c+00
9 '7E-01(
6 '9E-G1
1 '4E>CO(
8 ~ 11 E-C1
1 C7E+CC(
7i26E-C'1
1 ~ 10E+00(
6 '9E"C1
9 '7E-C1(
6 ~ 89i-C1
1 'BE+00(
7 '5E"C1

8 VALUE

3 '9E-C1( 8/ 8)
2 33E 01 - 4 54E 01
1i12E+CG( S/ 8)
6 '7F 01 1 '1 E+00
3 '9E+CC( 2/ 8)
3 '9E+CG - 3 ~ 4GE+CO

8 VALl'cS <LLD
ANALYSIS PERFORMED

8 VALUES <LLD
ANALYSIS F 8 f FORiliD

4THENSr AL
10 ~ 9 MiILES Ni

LK1 BF i40RTHllEST
1 ~ 0 NILE N

LH2 BF NORTH
G ~ 9 KILt NilE

DECATURr AL
8 ~ 2 MILES SSE

Ll'.1 iF NCRTHMiST
1 ~ 0 MILE N

DECATURr AL
8 ~ 2 KILiS SSE

LM2 BF NORTH
0 ~ 9 MILE NNE

LN2 BF NORTH
G. 9 NILE NHE

DECATURr AL
8 ~ 2 MILES SSE

DECATURr AL
8 ~ 2 MILES SSE

DECATURr AL
8 ~ 2 MILES SSE

1 '48+00(
1 '43<00

7 ~ 14E+00(
7 '43+00

1 '2F+00(
1 ~ 12E+00

1 '3E+GO(
1 ~ 538+00

1 '28+00(
1 '2E+00

1 '9E+00(
1 '9E<00

1 ~ 12E+00(
1 ~ 12E>00

1 ~ 53r+00(
1 '3E+00

64E-01(
4 '4E"01

1.41E+00(
1 413>00

3 '0EtCO(
3 '0E<00

1/ 1)
1 ~ 1 4E+CO
1/ 1 )
7 '4c+00
1/ 1)
1 ~ 1 2 c.+00
1/ 1)
1 '3E+00
1/ 1)
1 '2E+00
1/ . 1)
1 '9E+CO
1/ , 1)
1 12E+00
1/ 1)
1 '3E+05

1/ 1)
4 '4E-C1
1/ 1)
1 ~ 41 8+00
1/ 1)
3 ~ 40F+00

1 238-01(
1 'GE-01
3 '28+00(
3 15E+00
5 '3c-01(
6 ~ 598-01
9 '48-01(
9 ~ 768-01
7 '36E-01(
7 'GE-0'1
9 ~ 1 6E-01 (
8 s35 E-01
6,73E-01(
6 ~ 59E-01

2 VALUE

2/ 2)
1 37E-01
2/ 2)

3 69E+00
2/ 2)

6 86i"01
2/ 2)

1 '1E+00
2/ 2)

7 42c-01
2/ 2)

96 E-01
2/ 2)

6 '6E-01
S <LLD

2 VALUES <LLD

1 ~ 56 8-01 ( 1/ 2)
1 '6i-51 - 1 '6E"01
3 '$ E-01( 2/ 2)
3 '4E-01 - 3 '5E"01
9 '4E-01( 2/ 2)
8 '0E-01 - 1 '6E+00
1 '5E+00( 1/ 2)
1 '58+00 - 1 '5E+00

2 VALUES <LLD

NOTF 1 ~ iVOHiINAL LOH R LZl IT OF DET CT ION (LLD) AS D SCRIBED Iil TABL E 1 ~

NOTE: 2 ~ MEAN AND RANGE BASED UFON DETECTABLE McASUREHENTS ONLY ~ FRACTIGN OF DETECTABLE MEASUREMENTS AT SPECZFIED LOCATIONS
IS IKDICATcb IN PAREiVTH S S (F) ~





NAHE OF FACILITY c ROhMS FERRY
LOCATIOH OF FACILITY L~tiESTONc

TABLE H-9

RADIOACTIVITY IH CORN

PCI/K. 0 ~ 037 BO/KG (McT WEIGHT)

DOCKET NO 50-259'63i 296
RE>ORTING PERIOD 1987

TYPE AND
TOTAL NUÃ3cR
OF ANALYSIS

PERFORHED

GROSS BETA
2

GANYiA (GELI)
2

K-40

AC-228

LOWER LIt'IT
OF

Dc TECTICN
(LLD)

SEc NOTc 1

9+00 +00

1.5GE+02

hOT ESTAB

ALL
IilDICATCR LCCATICNS

iAEAN (F)
RANGE

Scc HOTc 2
3.648+C3( 1/ 1)
3 '4E+C3 3 '4 +03

l.CCATIOH hITil HI cH=ST ANNUAL
NAHE Y. A'N

DISTANCE AND DIRECTION RAtlG
S E:- ."lC

7 YILE S NNW 3 ~ 64E+C3 (
3.54E+03

(F)

TE
1/ 1)
3.64E+C3

1 ~ 928+03 ( 1/ 1)
1 'iE+03 - 1 '28+03

6 '8E+00( 1/ 1)
5 ~ ?8E<00 - 5 '8E+GO

1.92E+03( 1/ 1) 7 YILES NNM
1.92c+03 - 1.928+03
5 ~ 78f+CO( 1/ 1) 7 HILES tlNW
6.75E+CO - 6.73E+OG

CONTROL
LOCATIONS

HcAH (F)
RANGE

SEc HOTc 2
95c+0~( 1/ 1)

3 '5E+03 3 '5E+03

2 ~ 18E+03( 1/ 1)
2 1cE+03 - 2 18E+03

1 VALUES <LLD

NUH3ER OF
NONROL'TINE

REPORTED
YicASURENENTS

Ci

NOTE: 1 NOtlINAL LO'WER LIYIT OF DET CTION (LLD) AS DESCRIB D IM TABLE E-t.
NOTE: 2 ~ YEAN AND RAtlGE BAScD UPON DETECTALLE HEASURcHENTS ONLY~ FRACTION OF DETECTABLE HEASURENEHTS AT SPECIFIED LOCATIONS

IS INDICATED It( PAREtiTHESES (F) ~





TA"LE H-10

NAMc OF FACILiTY BROGANS (ERRY
LOCATICN CF FACILiTY L

JIVE

TChi

RADIOACTIVITY IN SR=EN qEAhS

PCI/KC 0 ~ 037 BQ/KG (WET WEiGHT)

ALAQAHA
DOCKET ho. SO-259,2Sn,Zoo.
REPORTiNG PERIOD 19/7

TYPr At/5
TOTAL NUMBER
OF ANALYSIS

PERFORMED

GROSS Br.TA
2

GAMMA (CFLI)
2

K-40

Bi-21 4

LOWER Lil',IT
OF

DcTECTION
(LLD)

ScE NCTc 1

9 'GE+OG

1 '0E+02

2.00E+01

ALL
INDiCATCR LCCATICNS

MEAN (F)
RANGE

S- HOTc
3.74E+03( 1/ 1)
3 74E+C3 " 3.74E+03

1.71E+C3( 1/ 1)
1 71E+C3 - 1 '1E+03
3.22E+C1( 1/ 1)
3 22E+G1 - 3 '2E+01

4 MILES N

HILcS N

1 ~ 71E+03( 1/ 1)
1.71E+03 - 1 '1E+03

3 '2r+01( 1/ 1)
3 '2E+01 - 3oZZE+01

1.CCATION WITH NIGHEST 4NNUAL PEAN
NAME M=AN (F)

DISTAhCE AND CiRECTION RANGE
SEcc "CT= 2

4 "„ILES N 3.74E+C3 ( 1/ 1)
3.74c403 - 3.74E+03

CONTROL
LOCATIONS

MEAN (F)
RANGE

ScE NOTE 2
4e42E+03( 1/ 1)
4 '2E+03 - 4 'ZE<03

2 '9E+03( 1/ 1)
2 '9c+03 - 2 '9E+03

1 VALUES (LLD

NUMBER OF
NONROUTIHE

REPCRTED
MEASURE'(cNTS

tiOTE 1 ~ NCMINAL LOWER LIP IT CF DETECTIOH (LLD) AS DcSCRIEED IN TABLc E 1

NOT: 2 ~ MFAtt AND RANGc BASED UPON DETECTABLr. McASUREYENTS ONLY ~ FRACTION OF DETcCTABLE M"ASUREM NTS AT SPECIFIED LOCATIONS
IS INDICATED IN PARcNTHESES (F) o



~
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TABLE H-ll

hANc OF FACILITY BROtiMS FEiiRY
LOCATION OF FACILITY Lgi'.ESTOhE

RADIOACTIVITY IN FCTATOES

PC'/KG - 0 ~ 037 BG/KG (WET WEIGHT)

At ABANA
DOCKcT HOT 5G-259i260i296
RFPORT-NG PERIOD 1987

TYPE Attb
TOTAL NUYiBER
GF ANALYSIS

'PERFO'RNED

GROSS BETA
2

GAttttA (GEI.I)
2

K-40

LOWER LIYIT
OF

DETc CTIOH
(LLD)

SFE NOTE 1

9 'CE+00

1 '0c+02

AL'hDICATCR LCCATIOhS
YiEAM (F)

RANGE
Sc" MOTc 2

8 ~ 27E+C3 ( 1/ 1)
8 2/c+03 - 8 '?5+03

3 ~ 42E>C3( 1/ 1)
3 '2E+03 " 3 '2E+G3

? tt ILE S NHW 3 '2E+03( 1/ 1)
3 '2E+03 - 3.42E+C3

LOCATION WITH HIGH=ST ANNUAL YEAN
NAi4E YEAN (F)

DISTANCE AHD DIRcCTION RANGE
Sc~Sc ttCTBc

7 ttILES NHW 8.27E+C3 ( 1/ 1)
os 27E+03 - 8.27E+03

CONTROL
LOCAT Iota S

REAM (F)
RAttGE

SEc NOTE 2
6 ~ 92 5+03 ( 1/ 1)
5.92c+03 - 6 '2E>03

2 '4E+03( 1/ 1)
2 84E+03 2 '4E<03

NUYBER OF
NOttROL'TINE

REPORTED
t(EASURENENTS

NOT
NOTE:

1. HOtiINAL LOWER LIYIT OF DETECTION (LLD) AS DFSCRIBED IN TABLE E-l.
2 HcAtt AND RAHGc BASED UPON DFTECTABLc 'lEASUREÃcNTS ONLY'RACTIOH OF DETECTABLE tt ASUREttENTS AT SPECIFI D LOCATIONS

IS INDICATED IN PARENTHESES (F) ~
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hAHE OF FACILITY BROkiVS FERRY
LOCATICN OF r AC ILITY LI~'.ESTOHE

TABLE H-l2

RADIOACTIVITY Ih TONATOES

PCI/KC - 0 037 Bl/KG (kET kEIGHT)

ALA3AYA
DOCKET MO. 50-259 260 296
REPORTING PERIOD 1<87

TYPc AHD
TOTAL NUNBER
OF ANALYSIS

PERFORNED

GROSS BETA
2

GAHEA (GELI)
2

K-40

LOl:5 R LItllT
Of

DETECTION
(LLD)

SEE HOTc 1

9 00E+00

ALL
INDICATOR LCCATIONS

NEAH (F)
RANGE

Scc HOTc 2

4 57E+C3( 1/ 1)
4 '7c+C3 — 4 '7c+03

LOCATION LITH HISHcST ANNUAL HcAN
H AHi E tlE Att ( F )

DISTANCE AND DIRECTION RAtiCE
SEc MOTE 2

4 BILES ti 4.57c+03( 1/ 1)
4 '7E+03 - 4 '7c+03

2 ~ 48c+03 ( 1/ 1)
2 '8Ey03 - 2 ~ 4SE403

1 ~ 50E~02 2 ~ 4EE+C3( 1/ 1) 4 s"sIl.r.S H

2 '8c+03 - 2.48c+03

CONTROL
LOCATIONS

t'EAH ( F)
RANGE

S=E h'OT:- 2
4 668+03( 1/ 1)
4.66E+03 - 4 66E+03

2 '58+03( 1/ 1)
2 '5E+03 - 2.75E403

NUHBER OF
HONROUTINE

REPORTED
NEASURENENTS

NOTE:
NOTE

1 ~ NONIHAL LOkrR LIFIT CF DcTECTION (LLD) AS D=SCRIBED IN TABLE E-l.
2 ~ HEAN AND RANGE BASED UPOh DETECTABLE HcASUR YcNTS Ot(LY ~ FRACTION OF D ETECTABL HEASUREil HTS AT SPECIF IED LOCATIONS

IS INDICATED IN PAREti'THEScS (F) ~





TABLc H-13

NAHE OF FACILITY BRQti "t~~ FURR/
LOCATICN CF FACILITY LI.".ESTCNE

RADIOACTIVITY IN TURti'IP GRccHS

PCI/KG 0 ~ 037 BQ/KG (iET MFIGHT)

Al ABAHA
DOCK T NO ~ 50 2 ?r~60r296~ c
REPORTINS PERIOD 1957

TYPE AiVD
TOTAL NUHBcR
OF ANALYSIS

PERFORY,ED

GROSS B ETA
2

GAHYA (GELI)
2

CS-1 37

K-40

PB-212

TL-208

AC-228

LOWER LIYIT
OF

DETcCTION
(LLD)

SE= NOTE 1

9 ~ CCE+00

5 CCE+00

1 50E+02

V OCE+01

NOT ESTAB

ROT ESTAB

ALL
INDICATCR LCCATIOHS

I'lEAN ( F)
RANGE

S"cc hOTE 2

5 96E+C3( 1/ 1)
6 ~ 96E~C3 - 6 ~ 9624G3

1 VALUES <LLD

3 ~ 44E+03( 1/ 1)
3 '4E+C3 - 3 '4 5+03

1 VALUES <LLD

5 ~ 52E+CG( 1/ 1)
5 ~ 52 E+CG 5 ~ 52 c+GC

1 VALUcS <LLD

LYS BF DAVIS F

2 ~ 5 iiILES NSV
3 ~ 44E+G3( 1/ 1)

3 '4E+03 - 3 '4E~C3

LY5 BF DAVIS F

2 ~ 5 Y-ILES MS%

5o 2E+00( 1/ 1)
5 '2E+00 5.52E+CC

LOCATvOV h /TH HI SHcST AHNgAL Y-"A

NAKE NEAR (F )
DISTANCE AiVD DIRECTION 'RANGE

SEc iVCTE 2

LY5 BF DAVIS F 6 95F+G3( 1/ 1)
2 ~ 5 HILES hSh 6 ~ 96E403 - 6 ~ c6c+G3

CONTROL
LOCATIONS

HEAR (F)
RANGE

ScE ROTi 2
6 '3E+03( 1/ 1)
6.53E+03 - 6 '3E+03

1 ~ 2CE+01 ( 1/ 1)
1 'CE+01 - 1 '0E+01
2.66E+03( 1/ 1)
2;66E+03 - 2 '6c+03
4 '6E+01( 1/ 1)
4 '6E+01 -'4 '6E+01
4.95E+01( 1/ 1)
4 '5c+01 — 4 '5E+01
4 '2E+00( 1/ 1)
4 '2E+00 - 4 62E+00

RUHBER OF
RONPOUTINE

RcPCRTED
HEASUREHENTS

ttOTE 1 HONINAL L01t=R L 1'IT GF DETECT ION (LLD) AS DESCRIBED IN TABLE E 1 ~

ROTi: 2 HEAR AND RAhGE BAScD UPON DETcCTABLE HFASUREHENTS ONLY FRACTION OF DET CTABL HEASUREH HTS AT SPECIFIED LOCATIONS

IS INDICATED IN PARENTHESES (f) ~
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TAcLE H-14

RADIOACTIVITY IN APPLES

f'CI/KG - 0 037 BC/KG (WET 1')

h4HE OF FACILITY cR04hS F=RRY
LOCATICtl OF FACILITY Lj<iSTCNcc ALABAMA

DOCKET HO ~ 50-259@?601296
REPORTING ?cRIOD $ 987

TYPE AND
TOTAL kUitBER
OF ANALYSIS

PFRFORHED

GROSS BETA
2

GAMMA (GELI)
2

K-40

TL-208

AC-228

LOllER LIMIT
OF

DETECTION
(LLD)

SE= NOTE 1

9 'OE+00

ALL
INDICATCR LCCATIOHS

MEAN (F)
RANGE

SEE NOTE 2
1.442+C3( 1/ 1)
1 '4cyC3 1 44=+03

1 'CE+02

hOT EST49

7 31E+02( 1/ 1) 7 MILES NHN
7.31E+C2 - 7 '1c+02

1 VALUES (LLD

7 ~ 31 c+02 ( 1/ 1)
7.31E+02 - 7 '1E+02

hOT ESTAB 1 VALUES (LLD

LOCATION LITH HIGhE<T 4NNUAL PEAN
NAHc MEAN (F)

DISTANCc AND DIRECTIOh RANGE
SEE hlOTE 2

7 MILES NN'4 1 ~ 44Eq03( 1/ 1)
1 '4E+03 " 1 '4E+03

8.72E+02(
8.72E+02
1 '8E+00(
1 ~ 1EE+00
6 04E+00(
6 '4E+00

1/ 1)
8 '2E+02
1/ 1)

1.1EE+00
1/ 1)

6.04E+00

COHTROL
LOCATIONS

l"EAN (F)
RANGE

ScE NOTc 2
1 ~ 94E+03( 1/ 1)
1 '4E>03 - 1 '4E+03

NUHBcR OF
HONROUTINE

REPORTED
'EASUREMENTS

NOTE' ~ NOPIhAL LONER LIl IT OF DETECTION (LLD) AS DESCRIB D IN TABLE

g HOTc 2 ~ i Ati AilD RANGE BASFD UPON DETECTA LF HEASUREH NTS ONLY~ FRACTION OF DETECTABLE Hi ASUREH NTS AT SPFCIFIED LOCATIOHS
IS INDICATED IH PARENTHESES (F)
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NAHE OF FACIL TY sROWNS F=RRY
LOCATION OF FACILI'1Y LIMc~TOHE

TAi:L= H-15

RADIOACTIVITY Ii't BEEF

r CI/KG 0 ~ 037 B|)/KG (WET WEIGHT)

ALABAMA
DCCKET HO ~ 50-259i260i296
RcPORTIHG ?ERIOD 1987

TYPE AHD
TOTAL NUi'1BER
OF. ANALYSIS

?ERFORHED

GROSS BETA
2

GAHHA (CELI)
2

K-40

AC-228

LOWER LIYIT
OF

DETECTIOH
(LLD)

ScE NOTE 1

1 'CE+01

V OCE+02

HOT STAB

ALL
IHDICATCR LC

"EAH (
RAhGE

SEE iVOT
3.59E+C3(
3.59c+03

CAT IOMS
F)

1/ 1)
3 '9E+03

1.40E+C3 ( 1/ 1)
1.40E+03 - 1.408+03

1 VALUES <LLD

LCCATIOM WITH
MANE

DISTAhCE AND D

SF.ITH/BEHNETT
5a0 NILES N

HIGHEST AhHLAL tie AH
HEAH (F)

RANGE
SEE MOTE 2

FA 3 '9E+03( 1/ 1)
3o59E>03 - 3.59E+03

IRECTICh

SMITH/BENNETT FA 1.40E+03( 1/ 1)
5 ~ 0 FiILES N 1 '0E+03 1 '0E+03

CONTROL
LOCATIONS

NEAN (F)
RANGc

SEE MOTc 2
3 '55+03( 1/ 1)
3 85E+03 - 3e85E+03

1.998+03( 1/ 1)
1 99E+03 1 99E+03
8 '1c+00( 1/ 1)
8 ~ 01E+00 - 8 '1E+00

NUHiBER OF
NOHROUT IHE

REPCRTED
NEASURENENTS

O

NOTE: 1 hONiINAL-LOWFR LIP IT CF DETECTICH (LLD) AS DESCRIBED IH TABLE E-1.
NOTE 2 ~ NEAN AND RANCE BASED UPON DETECTABLE MEASUREHENTS ONLY ~ FRACTION OF DFT CTABLE NEASURENENTS AT SPcCIFIED LOCATIONS

IS IiVDICAT=D IN ?AREttTHESES (F) ~





TABLi H-16

NAME OF FACILITY R0$ $ $ FFRRY
LOCATIC!t OF FACILITY LTH:STC?'i

RADIOACTIVITY IN SURFACE HATER TOTAL

PCI/L - 0 ~ 037 39/L

ALABAHA
DOCK T NO ~ 50 259r25t)r295
REPORTING PERIGD 1987

TYPE AND
TOTAI. hUHBER
OF ANALYSIS

PERFORYED

SR 89

SR 90

TRITIUM
12

12

GROSS BETA
39

GAHYA (GELI)
39

LOiliR LIYIT
OF

DETECTION
(LLD)

SEE NOTi 1

1 '0c+00

3 ~ OC i<00

1.40F+00

2.50E+02

ALL
INDICATGR LCCATIONS

MEAN (F)
RANGE

SEE hOTc 2
3.42E+CG( 25/ 26)
1 ~ 76c+CG - 1 ~ 143+01

26 VfLUES <LLD
AhALYSIS PER FCRHED

8 VALUcS <LLD
AhALYSIS PERFORYiED

8 VALUES <LLD
ANALYSIS PERFORMED

8 VALUES <LLD
ANALYS S PFRFORYED

LCCATIOtl HITH HIGHEST Atl?lUAL YEAN
tiAY,E MEAN (F)

DISTANCEAND CIRECTIOh RANG=
SF C NOT c 2

TPH 285 ' 3 '6c+GG( 13/ 13)
1.76E+OC - 1 o14i+01

CONTROL
LOCATIONS

iyEAN (F)
ANGE

SFE NOTE 2
2o81E+00( 13/ 13)
1.99i+00 - 4.93EIGG

13 VALUES <LLD

4 VALUcS <I.LD

4 VALUES <LLD

4 VALUcs <LLD

NUMBER OF
NO?lRCUTINE

RcPCRTcD
YiEASUREHFNTS

NOTE: 1 ~ NCHINAL LONER LIYIT CF DETECTION (LLD) AS DESCRI- FD IN TABLE E;1.
NOTE: 2 ~ MEAN AND RANGE BASii> UPON DET" CTABLc HEASUREHENTS OtlLY FRACTION GF DETECTABLE MEASUREMENTS AT SPiCIFIED LOCATIONS

IS INDICATED IN PAREt THESES (F) r
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TABL= H-17

NAHE OF F AC ILITY c ROARS fFPRY
LOCATION OF F ACILITY Qg;4ggjGN=

8 A D I0 A C T IVIT Y IN P U 2 LI C 'll 4 I2 R SUPPLY

PCI/L — 0 ~ 037 BQ/L

ALAgANA
DOCKET NO ~ 50-o59r260r 296z
REPGRTING PERIOD 1987

TYPi AND
TOTAL hUHBER
OF ANALYSIS

PERFORYED

GROSS BETA
104

GAHYA (6ELI)
104

BI-214

TL-208

AC-228

SR 69
20

SR 90
20

TRITIUH
20

LOVER LIYI T
OF

DETECTIGN
(LLD)

Scc NOTE 1

1 'CE+00

2 'Ci+01

NOT ESTAB

hOT cSTAB

3.0Cs+00

1.4CE+00

2 '0c+02

ALL
INDICATCR LCCATIChs

HEAN (F)
RANGE

SE= NOT=" 2
2 '8E+CC( 53/ 7 )
1 ?6E+00 — 7 '62+00

2 ~ 27E+01 ( 1/ 78)
2 '7E+C1 - 2 '?c+01
6 '8E-C1( 2/ 78)
5 '1E-01 - F 058-01
4 '8E+CO( 2/ 78)
4 '1c+00 " 5 '4c+0".
3 '6E+GG( 2/ 12)
3 ~ 66 +GO 4 ~ 2? i+00

12 VALUES <LLD
ANALYSIS PERFORYiD

12 VALUES <LI.D
ANALYSIS PERFORYED

CHAHPION PAPER
TRH 28c ~ 6

CHAHPION PAPER
TRH 282.6

CHAHPION PAPFR
TRH 232.6

CHAHPION PAPiR
TRH 282 '

2 ~ 273+C1 ( 1/ 52)
2»27E+01 - 2 ~ 27E+01

6 ~ 28E-01 ( 2/ 52)
5 ~ 51E-01 - 7 ~ 05E-G1

4 ~ 98i+00( 2/ 52)
4 '1E<00 - 5 '4c+CO

3.96E+00( 2/ 4)
3 '6E+00 - 4 '7E+CO

LCCATION 'LITH HIGHsST ANNUAL YSAtl
NAHE HFAtl (F)

DISTANCc AND DIRECTIOh RANG=
Se = tlGTE 2

2 '5i+CO( 45/ 5 )
1 '6E<00 - 7 ~ 86E+00

CONTROL
LOCATIONS

HEAN (F)
RANGE

ciE NOTe 2
2 69E+00( 25/ 26)
1 . 99 2+00 — 4. 93 i+00

26 VALUES <LLD

1 '1E+00( 4/ 26)
6 '3E-02 - 3 '6F+00
3 ~ 45E+00( 1/ 26)
3.45E+00 - 8.45E+00

8 VALUiS <LLD

8 VALUES <LLD

8 VALUES <LLD

NUH'BE R 0 F

NCMROUTINi
REPCRTcD

HEASUREHENTS

NOTE: 1 ~ NOHINAL LO"ER LIYIT CF DETECTION (LLD) AS DESCRIBcD IN TABLE E1.
NOT:: 2 H AN AND RAtiGi BASED UPOh DETECTABLE 'IEASURFY. NTS ONLY~ FRACTION OF D T CTABLE HEASUREttENTS AT SPcCIF IFD LCCATIONS

IS INDICATED IN PARENTHESES (F) ~
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TABLE 8-18

NAME OF FACILITY 8'R0'«6! S F =PAY
LOCATION Or FACILITY Q j'tgSTObc

RADIOACTIVITY Itl ItELL I«ATER

PCI/L - 0 C37 EC/L

A/ABAPA
DOCKET NO ~ 50-25>i~60i296~ 4
REP(iRT ING PcRIOD 1087

TYP- AND
TOTAL NUMBER
OF ANALYSIS

PERFORMED

LOIIER LIMIT
OF

DETECTION
(LLD)

SEE ttOTE

ALL
INDICATCR LCCATICh'S

NFAN (F)
RAhGE

SEE NOTE 2

LOCATION '4ITit HIGNEST AV>!L'AL NcAN
NAHE yiAtt (F)

DISTAhCr. AND DIRFCTIOh RANCE
S i NCTE 2

CONTRCL
LOC ATIOhS

iiEAN (F)
RANCE

SEE NOTE 2

NU)IBER OF
t!ONROIiTINE

REPORTED
ttEASURENENTS

GAMBA (GELI)
24

BI-214

PB"214

AC"228

SR 89

SR 90

TRITIUM

2 ~ OCE+01

2.008+01

NOT ESTAB

3.0CE+00

1 vGE+00

2.50E+02

4/ 11)
4 '1E+01
4/ 11)

4 '8c+01
1/ 11)

1 '98+01
S <I.LD
RFORKED
S <LLD
RFORYED
S <LLD
RFORivED

3 75E+01(
2.37 E+G1
3.908+G1(
2.68E+01
1«29i+C1(
1 ~ 29E+Ci

4 VALI'=
AtlALYSIS Pc

4 VALUE
ANALYSIS PE

4 VALU"
ANALYSIS PE

LFN itiLL 46
C ~ 02 RILE S 'M

B F!I w ELL C6
C- ~ 02 i'IIL E 8 tt

BFN ViLL 46
G ~ 02 MILES It

3 758+C1(
2 '7E<01

3.90E>01(
2«68E+01

1.29E+Ci(
1 '98>01

4/ 11)
4.91E+G1
4/ 11)
4 ~ 98E+01
1/ 11)
1 29E+01

3 ~ 44 8+02 ( 13/ 13)
9 2C i+01 6 ~ 63E+02
3 ~ 438+02( 13/ 13)
9.44E+01 - 6 '48+02

13 VALUES <LLD

4 VALUES <LLD

4 VALUES <LLD

4 VALUES <LLD

NOTE: 1 ~ NCYINAL LOGIER LIMIT OF DETECTION (I.LD) AS DESCRIBED IN TABLE E I ~

tlOTc. 2 ~ MEAN AND RA!!GE BASED UPON DcTECTA Li tIEASUREFENTS ONLY ~ FRACTION OF DETECTABLE MiASUREMENTS AT S. ECIFI D LOCATIONS
IS INDICATED IN PAREhTNESES (F) ~
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NAiNiE OF FACILITY BROtiNS F F R~Y

LOCATICN OF FACILITY ggtrESTOKE

TAELr. H-19

RAOICACTIVITY It< CRAFPI c (FLc SH)

PCI/C - 0 ~ 037 3C/G (DPY ttEICHT)

ALABAt:A
DOCt(ET HC ~ 5C-25~r 2ogr?96
RE. QRTIttG PERIOD 1cS7

TYPE AND
TOTAL NU)tBER
Or ANALYSIS

PERFORY.ED

GROSS BETA
6

GANYA (G ELI)
6

LOWER L IYiT
0

I'ETECTION

(LLD)
SEc NCTc 1

1 'Cc-01

ALL
iNDICATCR LCCATICNS

NiEAH (F)
RANG"

Scc NOTE 2

2 '2E+01( 4/ 4)
2 '6c+G1 - 2.6EE+C1

HHEELER RES
TRN 275-349

'CATIOiV»ITH HIGHEST ANttUAL YcAN
NAHc YEAtt (F)

DISTANCE AND DIRECTION RAttCE
SEE NCTE 2

2.65=+01( 2/ 2)
2o64E+01 - 2 '8cfG1

COiNTROL
LOCATIONS

NcAN (F)
RANGE

ScE NOTE 2
2.75c~01( 2/ 2)
2.6cE+01 " 2.82E+01

MUNBER OF
NQHROUTINE

REPCRTED
YicAoURENENTS

CS-137

K"40

6.0GE-02

1.00E+OG

7o44E-C2( 1/ 4)
7.44E-C2 - 7.44E-G2
1 ~ 16E+01 ( 4/ 4)
1 ~ GSE+C1 - 1 ~ 272+01

HILSON RESERVCIR
TRN 259-275

MILSON RESERVCIR
TRN 259-275

7 '48-C2(
7 '4E-02

1 '6c+G1(
1.05E>01

1/ 2)
7 '4E 02
2/ 2)
1.27E~C1

1 ~ 052-01 ( 1/ 2)
1 ~ 053-01 - 1.05E-01
1 o 228+01 ( 2/ 2)
1 '2E+01 - 1.23E+01

itCTE: 1 NONIHAL LONER LIYIT CF DETECTION (LLD) AS OcSCRIEED Itt TABLE E-1 ~

NOTE 2 NcAN AND RANGE BAScD UPCK DETcCTABLE NEASURENrNTS ONLY~ FRACTION OF OrTECTABLE NEASUR NENTS AT SPECIFIED LOCATIONS

iS IHDICATED IN PARENTHESES (F).
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TABLE H-20

RADIOACT VITY IN SYALLHOUTH EUFFALO (FLESH)

PCi/6 — 0 ~ 037 5G/G (DRY WEIGHT)

NAME OF FACILITY BROOMS F ERRY
LOCATICN OF FACILITY QTi,iSTONE ALA=AHA

DOCKET NO ~ 50-2594260i296
REPORTING PEPIOD 1>57

TYP c AND
TOTAL NUMBER
OF ANALYSIS

PiRFORHED

GROSS aiTA
6

GAHHA (GiLI)
5

K-40

LOWiR LIMIT
OF

DETECTION
(LLD)

SEE NOTc
VOCE-01

ALL
INDICATCR LCCATICNS

MEAN (F)
RANGE

Sii NOTE 2
2 ~ COE+C1( 4/ 4)
1 ~ 80E>01 - 2 ~ 155+01

LOCAT10N kITH HIGHEST AhNUAL ycAN
NAME MEAtl (F)

DiSTANCc AND DIRECTION RANGE
S "lCTc 2

WHEELER RES 2 ~ 03El C1 ( 2/ 2)
TRM 275-349 2 02EJG1 2 '4Ey01

CONTROL
LOCATIONS

MEAN (F)
RANGE

SEE NOT= 2
2.78E+01( 2/ 2)
1 ~ 93cy01 3 ~ 53i+01

V OCE+00 9.61E+Ci( 4/ 4) WILSON RESERVCIR 9 '5E+00( 2/ 2) 1 '3E>01( 2/ 2)
8 '1c+CO - 1 '45+01 TRH 259-275 9 ~ 56E>00 - 1 ~ 04E>01 1 ~ 03E+01 - 1 ~ 23E>01

NUPEER OF
NONROUTINE

REPORTED
MEASUREMENTS

NOTE: 1 ~ NCHINAL LOWER LIYIT CF DETECTION (LI.D) AS DESCRIBcD IN TABLE E-.1.

NOTE 2 ylEAk AND RANGE BASED UPON DETECTA"LE MEASUR=MENTS ONLY~ FRACTiON OF DcTECTABL M ASUREMENTS AT SPECIFIED LOCATIONS

IS INDICATED IN PARENTHESES (F) ~
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TABLE H-21

RADICACT VITY IN SHALLPCUTH BLFFALO (hHCLE)

PCI/O - 0 ~ 037 =C/G (DRY HEIGHT)

NAKE OF FACILITY BPOWNS FERRY

LOCATION OF FACILITY LItl=STONE al ABAHA
DOC 1(ET NO
P.EPORTit4G

~ 50 259i260i2>6
PERIOD 1987

TYPE AND
TOTAL hUNBER
OF ANALYSIS

PERFORHED

GROSS BETA
6

GAHHA (GELI)
6

K-40

LOWER LIHIT
OF

DETFCTIGN
(LLD)

SEE .'IOTE 1

1.0CE-01

1.0CE+00

ALL
INDICATCR LOCATIONS

HEAN (F)
RANGE

SEE hOT=. 2
1 '5E+01( 4/ 4)
1.GBE+C1 - 1 '95+01

} OCATION WITH HIGH-ST AN lU
NAHE

DISTANCE AND DIR=CTION

AL REt ll
=AN (F)
RANG
c NOTE
1( 2/ 2)
01 - 1 69i+01

S=

1 'CETIC
1 ~ 31 2+

bHEcLER RE~
TRH 275-349

5 '4E+00( 2/ 2)
4.60E+00 - 6.5EE+00

5 ~ 57E+CC( 4/ 4) WHEELER RS
4 '0E+CG 5 'BE+OC TRH 275-349

CONTROL
LOCATIONS

NEAN (F)
RANGE

SEe hOT= 2

1 '7E+01( 2/ 2)
1 35E+01 - 1 '0E+01

5. P3 5+00 ( 2/ 2)
5 '7E+00 5 '8E+00

NUHBER OF
NCNROUTINE

REPCRTED
H ASUREK NTS

NOTE:
NOTE ~

1 ~ NCHINAL LO1'ER LIP IT CF DETECT IO'V (LLD) AS C" SCRIBED IN TABLE E-1 ~

2 H AN AND RAVGE BASED UPON DETECTA LE HEASUR HENTS ONLY~ FRACTION OF DETECTABLE HEASUREH NTS AT SPECIFIED LOCATIONS

IS IhDICATED Itl PARENTHESES (F) ~
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HAHc OF FACiLITY "=ROliNS F "RRY
LOCATICN OF rACILITY f,gHceSjChc

TABLE H-22

RADIOACTIVITY IN SEDINikT

PCI/G - 0 ~ 037 BC/u (DRY HEIGhT)

AQAJAi<$
DOCKET HO ~ eC-?59r260r295~ c,s r
REPORTING PERIOD 1987

TYPi AND
TOTAL hUHBER
OF ANALYSIS

PERFORYED

LOVER LIIij
OF

DETECTICN
(LLD)

SE= NOTe 1

ALL
INDI ATCR LCCATICHS

i'lEAh (F)
RAhGE

S"-c NOTE 2

L C C A T I0 N liIT il H IG H = S T 4 HN U 4 L ~ 8 4 N

NAHE YEAH (F)
DISTANCE AND DIRECTION RANGE

Sie MCTc 2

CONTROL
LOCATIONS

HEAN (F)
RANGE

SEE NOTc 2

HUHBER OF
HCHROLTIkE

REPCRTED
HEASUReHENTS

K-40

BI-214

ai-212

PB-214

PB-212

RA-226

RA-224

BE-7

TL-208

AC-223

PA-234H

SR c9

SR 90
14

14

- —GAliHA (GeLI)
14

CO-60

CS-134

CS-137

1 ~ OGE-02

1.0QE-02

1 'Cr. 02

2 ~ 00 E-01

4 '0e OZ

1 OCi-01

2.0QE-02

2 ~ OGE-02

HOT ESTAB

HOT eSTAB

1 '0c-01
2.9GE-GZ

6.0CE-CZ

hOT ESTAB

1.0CE+QG

3.008-01

2 60e 01(
4 ~ 41E-CZ
5 75c 02(
2 52E-C2
8 ~ 74E-G1 (
6 '9i-C1
1.358+C1 (
o,?1c!CQ
1 '3E+GG(
1.10EtCO
1 ~ 62itCC (
1 '3E+CG
1.54E+GO(
1 ~ 16i+CG
1.51 Et00 (
1 '8i+CC
1 '3itCG(
1 '0ctGO
1 '9E+CC(
1 '0itCQ

9 VALU":

5 ~ 37i-C1 (
4.25e-c1
1 '2"+CG(
1 '4EtCG
4 ~ 1 0 i+GO (
4.10E+CC
1 o44EtCQ(
1.C4itCQ

VALUES

9/ 9)
1. 25FtQO
c/ 9)

1.1CE-C1
9/ 9)

1 ~ 19itCC
9/ 9)

1 '7E+01
9/ 9)

1. 898+00
9/ 9)

2.22EtGO
- 9/ 9)
1e98it00
9/ 9)

2 'QEt00
9/ 9)

1 ~ 89ctGO
7/ 9)

1 '6E+GC
S <LLD

9/ r)

9/ 9)
2+04it00
1/ 9)

4.1CE+CQ
2/ 9)

1 ~ 85 =tGQ
<LLD

TRH 293 F 7
iFN DISCHARGc

TRH 283 '8
Ti'~ 2c

TRH 288 '8
TRH 2cc.78

TRiX 288 '8
TRl". 288.78

TRY. 288'?8

TRH 288 '8
TRY, 277.98

TR" '=cia 78

TRYi 263.?8

TRY. 29'
=FN DISCYARG=

TRH 2?7. 98

5i1?E-01(
7 '0c C2

?o46E-02(
4o01E-02

9s488-61(
7.95E-01

1 '9E+01(
1 '9Et01

1 '0itQG(
1. 28Et00

1.778+00 (
1. 51itOQ

1.70Et00(
1.338+00

1.678+CO(
1 '08+9C

1i69itGQ(
1 'Bet60

1 'I2E!CG(
1 'Zit"i3

6 ~ 17E-C1
c

~ 99e-61
3ct00(

1 '9it00
4.108+00(
4i10etQP

1. 858+CO (
1 'SEtQC

3/ 3)
1.25itCG
3/ 3)
1 19c 61
3/ 3)
1 '1E+00
3/ 3)
1 '7Et01
3/ 3)
1 ~ 77i+GO
3/ 3)
2 '2itOO
3/ 3)
1.96EtQO
3/ 3)
2.00Et00
3/ 3)
1.77EtCQ
1/ .:)
1 '2EtCQ

3/ 3)
7 ~ 25i-01
-"/ 3)
2.G4E+CQ
1/ 3)
4 ~ 10itQO
1/ 3)
1 c SE!60

4.308-01(
ZoZCei-01
1 o 368+01 (
1 31E+01
1 ~ 15it00(
8.94c-01
1 ~ 445+00(
1.16Et00
1 ~ 24ct00(

07 c-01
1 '4Ft00(
9 ~ 75E"01
1 '5it00(
"

~ 942-91
1i58 t00(

~ 17 et00
:- ~ 1 8e-01 (

.18E-01
4.45c-01(
3 '6E-01
1.318+09 (
1i05it00
2 '8it00(
2.31it00

VALUi

5/ 5)
7 '2E-01

5/ 5)
1.45E+01

5/ 5)
1o44Et00

5/ 5)
1 '3Et00

5/ 5)
1.55E+'0

>/ v)
1~44EtQQ

'/

5)
1 '4E+QQ
5/ 5)

2.38E+00
1/ 5)

3.18E-01
5/ 5)

5.04E-01
5/ 5)

1.498+00
2/ 5)

Z.45Et00
S <LLD

4.44E-91( 1/ 5)
4 '48 01 - 4 44E-01

7'c-9~( 5/ c)
1.658-02 - 4 '78-02

5 VALUES <LLD

NOTE 1 ~ NC FINAL LOb R LIYIT CF DETECTION (LLD) AS DESCRIBED IN TABLE E 1

NOTc. c ~ HEAH AND RA~GE B/SFD UPON DcTECTABLE 'liASURENENTS ONLY. F?ACTION OF

IS INDI(ATED Ik PACENTHeSeS (F)
D e-e( TABLE HE AS4R eiltENTS AT SP e Ci F I eD LOCATIONS



~
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NAHE OF FACILITY =ROtihS f cRcY
1 OCATICN OF FACILITY L I«1cSTON c

TABLc H 23

RADIOACTIVITY IN CLAN FLESH

PCI/G - 0 ~ 037 EQ/G (DRY WEIGHT)

ALABAMA
DOCKcT MO ~ 50-259 250i29
REPORT I ttG ? ERI OD 1 987

TYPE AND
TOTAL hUHBER
OF ANALYSIS

PERFORFcD

LO'WER LIt'T
OF

DETECTION
(LLD)

S cc NOTE 1

ALL
INDICATCR LCCAT.

HEAN (F)
RANGE

Sii hOTE 2

ChS LCCATION '«ITH HIGtiiST ANNUAL YEAN
hAHE HEAtl (F)

DISTANCE AND DIRECTION RANCE
SEE NOTE 2

CON ROL
LOCATIQhS

yEAN (F)
RAttGE

SEE NOTF 2

NUHSER OF
ttONROUTINE

REPORTED
t'iiASUREHENTS

GAHHA (CELI)
7

K-40

BI-214

PB-2'14

PB-212

AC-228

2.0CE+00

2 50E-01

2.5GE-01

2e5GE-01

hOT ESTAB

2 ~ 77E+00( 1/
2 '7E<CO - 2.77
3 '68+00( 2/
1 '2c+CO - 5 'C
2.69E+GO( 2/
1 '3E~GO - 3 '6
5 ~ 64E-01( 1/
5.64E-G1 - 5 '4
4 '9E-G1( 1/
4 99E-01 - 4 '9

4)
5+00

4)
8+00

4)
i+00

4)
i-01

4)
E-01

TRH 293.7
cFN DISCNARCE

TRil 288e78

TRH 288.78

TRH 293.7
BFN DISCHARGc

TRH 293 F 7
BFN DISCHARGE

2.77E+CQ(
2 '7EPPO

5.GOE400(
5 V OCE+00

3 '6E+00(
3 '6E+00

5.64E-01(
5 '4E-01

4.99E-C1(
4 99E-01

1/ 2)
2.77E+00
1/ 2)
5.00E+00
1/ 2)
3.56E4GO
1/ 2)
5 '4E-01
1/ 2)
4 99E-C1

3.62E+00(
3 '2iypp
5 '8E-01(
5.288-01
F 202-01(
2.91E-01

3 VALUE

1/ 3)
3.62E>00
1/ 3)

5 '8E-01
2/ 3)

5 '88 01
S <LLD

3 VALUES <LLD

NOTE:
NOT c

1 ~ NOHINAL LCWER LIP IT OF DETECTIOtl (LLD) AS DESCRIBED IN TA"LE E-1.
2 ~ HEA1 AND RANC BAScD UPON D TECTABLE H ASURcHiNTS ONLY ~ FRACTIOtt GF DETiCTABLE HFASUREHENTS AT SPECIFIED LOCATIONS

IS INDICATED IH PARiNTHESES (F) ~
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Figure H-3
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Figure H-4
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Annual Average Gross Beta Activity
Air Filters (pCi/Cubic Meter)
Browns Ferry Nuclear Plant
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Figure H-6

Annual Average Gross Beta Activity
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Figure H-7

Annual Average Gross Beta Activity
Drinking Water (pCi/liter)

Browns Ferry Nuclear Plant
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Appendix I

Special Sampling

Sediment samples collected for the BFN environmental radiological

monitoring program from the routine sampling location near the plant

discharge have contained higher levels of Co-60 than the upstream

stations. Analysis of these samples has indicated that the activity was

not homogenous and could be attributed to particles of stainless steel or

an oxide of stainless steel. In an effort to better identify the

distribution of these particles in the sediment, a set of six special

samples were collected in March 1987. These samples were collected along

a line from the plant discharge to the routine sample collection

location. The gamma analyses of these samples indicated that the levels

of Co-60 increased as the sampling points moved away from the discharge

toward the routine sampling location. The concentrations ranged from

0.08 pCi/gm to 2.4 pCi/gm. These results are included in the attached

table. The highest level was found in the sample collected closest to

the established sampling point. The activity in this sample was found to

be due to a single particle as discussed above. It was concluded from

this study that the sediment containing the particles with elevated Co-60

levels was located in the area of the normal sampling point. This

distribution followed the normal sediment deposition pattern. The

distance below the discharge at which sediment particles are deposited is

a function of the particle size and the water velocity.
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Table I-1

Gamma Analysis Results
Special Sediment Samples

Browns Ferry Nuclear Plant
March, 1987

Activit Ci/ ram
Sam le Point

6
2

Co-60

0.08 + 0.01

0.08 + 0.01

0.14 + 0.01

0.15 + 0.02

0.25 + 0.01

2.36 + 0.03

Cs-137

0.36 + 0.01

0.37 + 0.01

0.59 + 0.01

0.56 + 0.01

0.65 + 0.01

0.76 + 0.02

1. Location nearest the discharge.

2. Location nearest the routine sampling station.
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